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Ssidorenko? found that nitrogen tetroxide acted upon isobutylene in
ether solution to yield a small amount of the so-called bis-(isobutylene
nitrosate), [(CHj;):C(ONO2)C(NO)H,]:(I) and, as the main product, a
blue liquid, which gave a low yield of isobutylenediamine on reduction.
Ipatieff®* showed that the dimeric product (I) and potassium cyanide
yielded potassium nitrate and f-cyanoisobutyraldoxime.* These products,
analogous to those previously obtained by Wallach? from the correspond-
ing isopentane derivative, established the structure of nitric ester I.
We have confirmed this structure: sodium nitrate and a-nitroso-g-phenyl-
sulfidoisobutane [(CH,;):C(SCsH;)CH2(NO)] are formed quantitatively on
treating the nitric ester with sodium thiophenolate, and catalytic reduction
vielded ammonia and S-hydroxyisobutylamine. But the composition of
the blue oil is uncertain. Ssidorenko? obtained only a small yield of
isobutylenediamine in the reduction, and Strack and Fanselow® could not
experimentally confirm the result. This difference in experimental results
led us to re-investigate the reaction and we have also endeavored to
determine the chemical character of the main, complex, oily reaction
product.

Pure nitrogen tetroxide (prepared from lead nitrate), distilled into a
cold ether solution of isobutylene, yielded a bluish-green solution, from
which nitric ester I did not separate. In petroleum ether the nitric
ester appeared in variable yields (0 to 13.7 per cent.) and, although the

1 Previous papers: (a) MicHABL AND WEINER, J. Am. Chem. Soc., 69, 744 (1937);
(b) MrcurazL aND CARLSON, 2bid., 69, 843 (1937); (¢) MicHAEL AND CARLsON, J. OrG.
CaEM., 4, 169 (1939). The mechanism of the tetroxide addition has been discussed
in 10b.

¢ SSIDORENKO, Zentr., 1907, I, 399.

3 IpATIEFF, tbid., 1901, II, 1201.

* The compounds named in this paper belong to the butyl series and are termed
in accordance. These names are simpler and easier to connect with chemieal struc-
ture than those founded upon the Geneva nomenclature, which unnecessarily com-
plicates the chemical terminology of butyl and amyl derivatives. (A. M.)

4+ WaLLACH, Ann., 241, 206 (1888).

5 STRACK AND Fanserow, J. physiol. Chem., 180, 153 (1928).
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experimental conditions were reproduced as far as possible, consistent
results could not be obtained. The results of typical experiments are
given in Table I (see under Experimental). The nitric ester separated
from the crude reaction product in experiment 7 in a yield of only 0.1
per cent., but, after the volatile portion of the product had been distilled
at low pressure, the residual non-volatile oil deposited 6.2 per cent. of the
ester. From the crude products in experiments 8 and 9, the dimeric
nitric ester separated in yields of 6 and 7 per cent., respectively, but the
filtrates deposited more of the ester on longer standing (total yields are
given in Table I). These results show that the nitroso-nitric ester deriva-
tive of isobutane, in contrast to the corresponding derivative of isopen-
tane,® is slowly and incompletely deposited from the crude reaction
product. However, under similar conditions, the oily produect formed in
ether solution did not deposit the nitric ester, even after removal, at low
pressure, of the easily volatile blue oil. Under no conditions could ap-
preciable amounts of the ester be isolated from the products formed in
ether solution (experiments 1-6). Accordingly, the nitroso-nitric ester
of isobutane, as of isopentane, appears in higher yields in petroleum ether
than in ether solution; the maximum yield of the isopentane derivative
was 28 per cent.,”® while the highest yield of the isobutane product was
13.7 per cent.

From the pasty reaction products formed in the absence of solvents
(experiments 10-13), the bis-(nitric ester) was isolated in yields (7-12 per
cent.) approximately the same as those obtained in petroleum ether (6-12
per cent.). While the yields of nitric ester I under comparable conditions
(experiments 12 and 13) differed by 2 per cent., a change in temperature
of 68° altered the yields only 4.6 per cent., (experiments 10 and 13), which
shows that the course of reaction varies only slightly with moderate changes
in temperature.

Nitrogen tetroxide, volatilized slowly at room temperature into a current
of gaseous isobutylene, reacted with evolution of heat; the addition was
accompanied by oxidation, as was shown by the presence of carbon dioxide
in the effluent gas. No solid separated from the green oil obtained with
the tetroxide at ordinary temperature in experiment 14. The nature of
this green liquid could not be determined; reduction with zinc and acetic
acid gave an inappreciable yield of basic product, which apparently con-
sisted largely of hydroxylamine. At first, crystals were formed on the
walls of the reaction tube, when the tetroxide was passed slowly through
8 tube heated to 210° and then into a current of isobutylene diluted with
nitrogen, but a green oil also appeared, which soon dissolved the crystals
initially deposited on the glass surface. From the green solution only a
very small amount of nitric ester I could be isolated and, because con-
siderable oxidation had occurred, the oily product was not examined.



TABLE 1
PREPARATION OF ArprirTioN Propucts

Exer. No........... 19| 2% | 3° | 44 | 5| 6/ | e | g | oF | 107 | 11F | 128 |13m | 140
NOygy gooovnont 9120.2/21.1]16.1115.9/15.5 2020.820.320.215.9!22.220.1 13.4
Isobutylene, g..|13.4(18.9/16.9/13.6:21.527.0; 17| 1619.6/33.1127.720.727.4] Ex-
cess

Solvent, cc.

Ether......... 100, 65 60, 60, 60 60

Petrol........ 60} 60 60
Time, mins..... 50; 90/ 60; 60! 60; 45| 120 135; 40| 60/ 90| 75240
Temp., °C......|~10] —8{—12| —5 —9 —~8 —7| —5| —5/—80/—10/ —8|—12| 40
Product, g.

Bis-nitrate (I) 2/ 2.3/2.4/1.2 3.6 3.9

Liquid (A)....[14.0| 34:31.126.128.027.2| 32(26.8/26.0.22.8/24.9 28.8; 24.6
Cale’d Yield....|14.5/32.5/34.0125.9/25.6125.0/32.2:33.532.7/32.5/25.6/35.7:32.4| 21.6
Dist. gave, g.

Blue dist. (B). 9.8 11.715.0111.4) 3.5

Residue (C).. 22.8 12.9/11.0/13.8
% Bis-nitrate. .. 6.2/10.5(12.2| 7.4| 8.6/ 10| 12

e Zinc dust (12 g.) was added to 5 g. of A in 50 cc. of glacial acetic acid, excess acid
was distilled i¢n vacuo, the residue was made basic and then steam-distilled: the
distillate required 15 ec. of N hydrochlorie acid for neutralization, and, accordingly,
contained, at maximum, 0.7 g. of isobutylenediamine. A similar reduction was made
with zinc and hydrochloric acid and the steam-distillate required 6 cc. of N hydro-
chloric acid for neutralization; the neutral solution, evaporated to dryness <n vacuo,
gave 0.1 g. of unidentified solid.

b Oil B deposited no solid during 3 days at room temperature; 2 g. of B, added to
a solution prepared from 0.5 g. of sodium, 20 ce. of methyl alcohol and 3 g. of thio-
phenol, gave no inorganic salt and, as the only identified organic product, 1 g. of
diphenyl disulfide.

A portion of B (5.1 g.) was solidified at —80°; the centrifuged mixture yielded
3.4 g. of blue solid, which, erystallized from an ether-petrol solution at —80°, gave
2 g. of white solid. Washed with ether at room temperature, the solid turned blue
and fused to a wax, which, pressed on tile, gave 0.05 g. of the bis-nitroso-nitro deriva-
tive of isobutane, m.p. 80-82°.

¢ A solution of 5 g. of C in 50 cc. of ether was extracted at 0° with a solution of
7 g. of sedium hydroxide in 75 cc. of water, and the aqueous solution was shaken
with small portions of benzoyl chloride until acidic: the product (0.7 g.) was gummy
and could not be identified.

Five grams of C and 7 g. of potassium cyanide in 50 cc. of methyl alcohol gave,
during 24 hours, 4.6 g. of insoluble salts: solvent was distilled in vacuo from the
filtrate, the residue was acidified and gave 2 g. of oily product which decomposed
at room temperature.

40il C (mol. wt. cale’d for C.HsN,O4, 148; found 188.7) decomposed when
distilled at low pressure (bath temperature, §0°).

¢ Oil C decomposed at low pressure (bath-temperature, 50°): 8.5 g. of crude C,
treated with 12 g. of dimethylaniline, gave 4.5 g. of oily product (b.p. 155-165°),
which could not be identified.

/ Two grams of B, added to a solution prepared from 0.6 g. of sodium, 20 cc. of
methyl aleohol and 3 g. of thiophenol, gave no inorganie salt and the organic product
(1.1 g.) gave 0.6 g. of diphenyl disulfide as the only identifiable product.

¢ Qil A deposited 0.05 g. of impure nitric ester I, m.p. 102°. At low pressure, the
filtrate evolved gas rapidly for 4 hours; when evolution of gas ceased, distillation
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gave: (1) 3.5 g. of blue distillate and (2) a green residual oil, which deposited 2 g.
of nitric ester I (m.p. 110-111°; mol. wt. cale’d for C;HsN:O,, 296; found 292). The
filtrate (16.6 g. of green oil) could not be distilled at low pressure: 3 g. of the oil,
added to a solution prepared from 1 g. of sodium, 25 cc. of methyl alcohol and 7 g.
of thiophenol, gave 0.8 g. of inorganic salt (found Na, 29.7; mixture contained 42%,
of NaNO; and 58%, of NaNO.) and 2.6 g. of oil, from which 0.9 g. of diphenyl di-
sulfide was isolated as the only identifiable product.

k Qil A deposited 1.5 g. of nitric ester I: the filtrate (21.8 g.) decomposed during
low-pressure distillation.

i Oil A deposited 1.7 g. of nitric ester I: the filtrate (21 g.) was steam-distilled
and gave: (1) 5.8 g. of blue and (2) 1.1 g. of green distillate; leaving 5.4 g. of viscous
oil, which was not examined.

Qil 1, added to a solution prepared from 1.8 g. of sodium, 30 cc. of methyl alcohol
and 8.7 g. of thiophenol, gave 0.8 g. of inorganic salt (found Na, 30.57; 30.519%;
mixture contained 55% of NaNOj; and 45% of NaNOQ;) and 4.4 g. of oil, which yielded
3.7 g. of distillate (3), b.p. 145-170° at 5 mm., leaving 0.3 g. of residue.

Chromic anhydride (1.5 g.) was added slowly to a solution of 1 g. of 3 in 15 ce. of
hot glacial acetic acid; the solution was poured into ice-water and yielded 0.5 g.
of product, m.p. 85-89° from which 0.05 g. of diphenyl disulfone, m.p. 193-194°,
and 0.2 g. of 8-phenylsulfonyl-a-nitroiscbutane, m.p. 89-90°, were isolated.

A solution of 2.7 g. of 3 in 20 cc. of glacial acetic acid was treated with 15 g. of
309 hydrogen peroxide in 25 ce. of acetic anhydride and, until the vigorous reaction
subsided, the mixture was maintained at 35-40°. The mixture, kept at room tem-
perature overnight, and poured into ice-water, gave 0.7 g. of g-phenylsulfonyl-
a-nitroisobutane; m.p. 80-90° (4nal. Cale’d for C,cHi:NOS: C, 49.45; H, 5.35;
N, 5.76; 8, 13.15. Found C, 49.43; H, 5.44; N, 5.72; S, 13.60).

i The pasty reaction product was diluted with ether: the solid was removed by
filtration, but began to decompose and was immediately suspended in ether at —80°
and again filtered. The bis-(nitric ester) (I), centrifuged from a methyl alcohol
suspension, melted at 117-118°, Solvent was distilled ¢n vacuo from the ether fil-
trates; the residual oils, 12.8 g. and 10 g., respectively, decomposed violently within
3 minutes after isolation.

k¥ Qil A, during 60 hours, deposited only a trace of solid. A solution of 20 g. of
A in 50 ce. of glacial acetic acid, containing platinum oxide catalyst, absorbed 170
cc. of hydrogen during 6 hours. Catalyst was filtered off, the filtrate added to
water; the oily product (13.7 g.) deposited 1 g. of nitric ester I.

! The reaction mixture was stored at 0° for 10 hours and the bis-nitric ester (I)
filtered off: the filtrate (23.1 g. of green oil) decomposed rapidly.

= The reaction mixture was stored at 0° for 36 hours, ether was added, nitric
ester I was removed by filtration; the solvent, distilled from the filtrate, left 28.8
g. of green oil. At low pressure, the oil (27 g.) gave: () 3.8 g. of blue distillate and
and (2) 22.7 g. of green residual oil, which solidified to a glass at —80°. A solution
of 17.7 g. of 2 in 50 ce. of glacial acetic acid containing platinum oxide catalyst
absorbed only 10 cc. of hydrogen during 12 hours.

» The excess isobutylene contained carbon dioxide, and water appeared in oil A.
An ether solution of A was washed with water, dried and the solvent distilled, gave
15.7 g. of green oil (7). One gram of dimethylaniline and 0.5 g. of 1 gave only an
oily product. Five grams of 1, reduced with 5 g. of zinc in 25 cc. of acetic acid, gave
0.2 g. of product as the hydrochloride, which gave a positive test for hydroxylamine
by the Bamberger method. A solution of 3.7 g. of 1 in 3 vols. of ether, treated with
5 g. of anhydrous potassium carbonate and 5 g. of benzoyl chloride, gave 5 g. of
red oil, which, as it decomposed on distillation, could not be identified.
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The oil, which was separated from the pasty product in experiment 10,
decomposed rapidly while still below room temperature. In experiment
12, too, the green oily product, although formed at —8°, decomposed
violently after nitric ester I had been removed by filtration. Yet, the
product formed under similar conditions in experiment 13 was stable and
could be distilled at low pressure. It yieded an easily volatile blue, and
a much less volatile green, viscous oil, which, like the crude product of
experiment 11, could not be reduced catalytically.

Decomposition of the green liquid formed in petroleum ether solution
in experiment 7 was brisk at room temperature; the liquid, contained in
an all-glass distilling apparatus, evolved gas so rapidly for four hours that
a pressure below 5 mm. could not be maintained. When the evolution
of gas had ceased, distillation at low pressure separated the residue into
a volatile blue, and a non-volatile green, oil, which, after separation of
nitric ester I, was treated with sodium thiophenolate. The products, a
mixture of sodium nitrate and nitrite and diphenyl disulfide, gave no
insight into the composition of the oily addition product. During steam-
distillation, about one-half of the oil from experiment 9 decomposed with
evolution of brown fumes; the volatilized green, mobile oil yielded with
sodium thiophenolate a mixture of sodium nitrate and nitrite and an
organic product, which, on oxidation, gave pg-phenylsulfonyl-a-nitro-
isobutane. The sulfone was undoubtedly formed from the corresponding
thio-ether, which, although the source is not definitely established,}
probably was formed from «,B-dinitroisobutane; accordingly, the latter
compound constituted at least 3 per cent of the crude addition product.

Although the liquid product formed in petroleum ether solution, or
without solvent, decomposed easily, the product obtained in ether solu-
tion, could be distilled at low pressure, and yielded a volatile, blue, and
a non-volatile, green oil. With sodium thiophenolate, the blue distil-
late (experiment 2) gave diphenyl disulfide as the only identifiable product,
which gave no insight into the composition of the blue oil. However,
this oil solidified at —80° to a blue mass, from which the adhering oil
was centrifuged. The solid was crystallized from an ether-petroleum
ether solution at —80° and gave a white solid, which, when washed with
a few drops of ether at room temperature, changed to a waxy substance.
From this wax a small amount of the poorly named, bis-(isobutylene
pseudonitrosite), <.e., [(CH;),C(NO2)C(NO)H,], (III), was isolated. The
appearance of this product indicated that some nitrogen tetroxide had
been reduced to the trioxide before the addition.

Catalytic reduction of the distilled blue oil in experiment 4 (Table II)

t+ The thio-ether may be derived from the nitro-nitrous or the nitroso-nitrous
ester derivative of isobutane. The mechanism of the formation of the sulfide is
not known, see l¢, footnote 11.
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TABLE II
CataryTIC REDUCTION OF ADDITION PRODUCTS

PRODUCT REDUCED H; ABSORBED PRODUCTS

oit E;gf,ln g L Tﬁ;‘;_e' N}éfch Fractions, g. B.p., °C.
1 Ether 35.2-35.5
2 3.3 Mainly ether

A 32 31.1 14,1 | 24.1 5.1 3 0.7 Up to 140
4 2.9 140-160
5 1.8 180-200
1 Ether 34-35.5

B 4b 11.7 | 7.06| 56 1.4 2 1.7 40-115 (mainly ether)
3 4.8 115-155
1 Ether 34.5-35.3

B 5¢ 15 10.2 |71 1.8 2 3.7 60-100 (mainly at 60)
3 5.8 100-160 (mainly at 145~

160)

1 Ether 34.5-35.3

B 64 9.1 6.3 58 0.6 2 1.9 40-50 (mainly ether)
3 4.1 140-160 (mainly 150)
1 Ether 34.8-35.3

C 6e 13.87 9.2 |85 3.1 2 1.1 Up to 60 (mainly ether)
3 3.2 145-195

“ 1 Ether
.. 2 1.4 Up to 145
Bis-nitrate I 6.7 55130 1.5 3 2.2 145-155 (mainly at 152)

4 Residue

s Catalyst was removed by filtration; gaseous hydrogen chloride was bubbled
into the filtrate; solvent was distilled in vacuo; an aqueous solution of the residue
was extracted with ether (1.5 g. of unidentified oil, b.p. 90-92° at 20 mm. was ex-
tracted); the aqueous solution was evaporated to dryness in vacuo, and the residue,
boiled in secondary butyl aleohol, dissolved 5.1 g. of ammonium chloride. Solvent
was distilled 4n vacuo from the filtrate; the syrupy residue (11.7 g.) was made basic
at 0° and the ether extract was fractionated. Fraction 4 was refractionated and
gave: (6) 1 g., b.p. up to 140°; (?) 1 g., b.p. 140-145° (mainly at 145°); (8) 0.5 g.,
b.p. 145-160°.

With p-nitrobenzoyl chloride (0.5 g.), 0.2 g. of 6 gave 0.7 g. of unidentified oil.

A portion of 7 (0.6 g.), with 3 g. of potassium hydroxide and 3 g. of toluenesul-
fonyl chloride, gave 1.2 g. of toluenesulfonyldiisobutylamide; m.p. 110-111°.
(Anal. Cale’d for Ci;HesNO,S: C, 63.55; H, 8.8; N, 4.95; S,11.3. Found: C, 63.75;
H, 8.95; N, 5.14; 8, 10.95), identical with an authentic specimen. Diisobutyla-
mine (0.5 g.; Kahlbaum preparation, b.p. 136-138°) gave 0.8 g. of the toluenesulfona-
mide, m.p. 110-111°,
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®* The syrupy hydrochloride extracted with boiling secondary butyl alcohol,
yielded 0.6 g. of ammonium chloride: total amount isolated, 1.4 g. Distillate 1
and gaseous hydrogen chloride gave 0.3 g. of a solid hydrochloride; 2 gave 0.3 g.
The combined salts and p-nitrobenzoylchloride gave 1.3 g. of erude product, yield-
ing 1 g. of the p-nitrobenzoate of isobutylamine; m.p., 117-118°, (Anal. Cale’d for
CuHuN0;5: C, 59.45; H, 6.3; N, 12.6. Found: C, 59.49; H, 6.07; N, 12.68).

An ether solution of 8 and gaseous hydrogen chloride gave a syrupy produet (4):
0.5 g. of 4 and 0.9 g. of benzoyl chloride gave 0.6 g. of crude product, from which
0.15 g. of the pure benzoate of 8-hydroxyisobutylamine (m.p. 104-105°; the benzoate,
which did not depress the m.p. of §, was isolated. A portion of 4 (6.2 g.) was basidi-
fied, and the mixture was extracted with ether. The dried solution gave: (5) an
ether distillate; (6) 2.1 g., b.p. 35-120° (mainly ether) and (7) 3.4 g., b.p. 120-150°.
Combined 4§ and 6 gave, with gaseous hydrogen chloride, less than 0.1 g. of a solid
precipitate.

A portion of 7 (0.5 g.), 0.9 g. of sodium carbonate and 2.1 g. of p-nitrobenzoyl
chloride, gave a product, which was fractionally crystallized from acetone, and
gave 0.6 g. of p-nitrobenzoiec anhydride; m.p. 192-193°. (Anal. Cale’d for C; HsN:Or:
C, 53.15; H, 2.53; N, 8.86. Found: C, 53.10; H, 2.47; N, 9.27) and 0.7 g. of the p-
nitrobenzoate of 8-hydroxyisobutylamine; m.p. 137-138°. (Anal. Cale’d for CyHy,
N:0q: C, 55.45; H, 5.87; N, 11.75. Found: C, 55.57; H, 6.11; N, 11.76). The same
vield (0.7 g.) of the p-nitrobenzoate of the amino alcohol (m.p. 137-138°) was ob-
tained when 0.5 g. of 7 was treated with one molecular equivalent (1.1 g.) of the
acid chloride.

¢ Fraction I and gaseous hydrogen chloride gave 1.2 g. of hydrochloride {(4):
0.5 of 4 and 0.9 g. of p-nitrobenzoy! chloride gave 1.1 g. of the p-nitrobenzoate of
isobutylamine, m.p. 117-118°. With 0.9 g. of benzoyl chloride, 0.7 g. of 4 gave an
oil from which 0.3 g. of the benzoate of isobutylamine, m.p. 56°, was isolated [Winans
AND ApKins, J. Am. Chem. Soc., 55, 2051 (1935), state that the benzoate melts at
55°; AsaNo aND KANEMATSU, Zentr., 1981, II, 1867, report 57°].

Fraction 2 and gaseous hydrogen chloride gave 0.6 g. of a solid, which, with 1.1
g. of p-nitrobenzoyl chloride, yielded 1.2 g. of oil, from which 0.7 g. of the p-nitro-
benzoate of isobutylamine, m.p. 115-117°, was isolated.

Fraction 8 contained no appreciable amount of isobutylenediamine (Anal. Cale’d
for C.Hi,Np; C.HiuNO: N, 31.8; 15.7. Found: N, 13.73).

A portion of 8 (0.5 g.) and 1.1 g. of p-nitrobenzoyl chloride gave 1 g. of crude
product, which yielded 0.8 g. of pure p-nitrobenzoate of 2-hydroxyisobutylamine,
m.p. 187-138°. With benzoyl chloride (0.8 g.), 0.5 g. of 3 gave 0.8 g. of crude product,
which solidified almost completely, but, on recrystallization, yielded only 0.3 g. of
pure benzoate of g-hydroxyisobutylamine (5); m.p. 104-105°. (Anal. Cale’'d for
Ci:HisNO,: C, 68.4; H, 7.8; N, 7.25. Found: C, 68.12; H, 7.64; N, 6.92). A portion
of 3(0.5g.) and 1.1¢g. of toluenesulfonyl chloride gave 0.3 g. of toluenesulfonyldiiso-
butylamide, m.p. 108-109°, identical with that described in experiment 3.

¢ Fraction 3 was dissolved in 5 ce. of ether, and, on refractionation, gave: (4)
2.4 g., b.p. up to 120° and (5) 3.7 g., b.p. 145-160° (mainly at 150-152°).

Combined I and 2 gave, with gaseous hydrogen chloride, 0.9 g. of hydrochloride:
0.5 g. of the salt and 1.3 g. of p-nitrobenzoyl chloride gave 1.4 g. of crude p-nitro-
benzoate of isobutylamine, from which 1 g. of the pure product, m.p. 116-117°, was
isolated by fractional erystallization.

Fraction 4 and gaseous hydrogen chloride gave 0.2 g. of hydrochloride, which,
with 0.4 g. of p-nitrobenzoyl chloride, gavs 0.25 g. of pure p-nitrobenzoate of iso-
butylamine, m.p. 116°.
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A portion of § (0.5 g.) and 1 g. of p-nitrobenzoyl chloride gave 1.3 g. of crude
product, which yielded 1.1 g. of the p-nitrobenzoate of 2-hydroxyisobutylamine,
m.p. 137-138°.

s Fraction I and gaseous hydrogen chloride gave 0.6 g. of a hydrochloride; frac-
tion 2 gave 0.1 g. of solid. The combined salts (0.7 g.) and 1.9 g. of p-nitrobenzoyl
chloride gave 1.1 g. of the p-nitrobenzoate of isobutylamine, m.p. 116-118°,

A portion of 8 (0.5 g.) and 2.1 g. of p-nitrobenzoyl chloride gave 0.8 g. of oily
product which could not be crystallized. Analysis indicated that 8 was impure
diisobutylamine (Anal. Cale’d for CsHiN: C, 74.5; H, 14.75; N, 10.85. Found:
C, 72.81, 72.79; H, 14.08, 14.15; N, 10.70, 10.80). Camphorsulfonic acid (0.9 g.) and
0.5 g. of 3 gave a product which was fractionally erystallized from acetic ester and
gave 0.5 g. of pure camphorsulfonate of diisobutylamine (4); m.p. 185° (Anal. Calc’d
for Ci1sHasNOSS: C, 59.8; H, 9.7; N, 3.88. Found: C, 60.08; H, 10.0; N, 3.67). A
portion of 4 (0.16 g.), added to a mixture of 0.1 g. of potassium hydroxide and 0.08
g. of p-toluenesulfonyl chloride in 7 cc. of water, gave (5) 0.09 g. of crude, p-toluene-
sulfonamide of diisobutylamine, m.p. 108-109°.

Diisobutylamine (0.5 g.; Kahlbaum preparation, b.p. 136-138°) and 0.9 g. of
camphorsulfonic acid in 30 cc. of hot acetic ester gave (6) 1.2 g. of the camphor-
sulfonate of diisobutylamine; m.p. 185° (Anal. Cale’d for CisH;3;:NO,S: C, 59.8; H,
9.7; N, 3.88; S, 8.86. Found: C, 59.78; H, 9.77; N, 3.81; S, 9.11), identical with 4.
A hot solution of 0.3 g. of 6 and 0.1 g. of potassium hydroxide in 7 cc. of water, treated
with 0.16 g. of p-toluenesulfonyl chloride, gave (7) 0.2 g. of crude toluenesulfonamide
of diisobutylamine, m.p. 108-109°. This crude product did not depress the melting
point of the toluenesulfonamide of experiment 3.

7 Fraction I and gaseous hydrogen chloride gave 0.8 g. of a syrupy hydrochloride,
which, with p-nitrobenzoyl chloride, gave 0.9 g. of crude product, yielding 0.7 g.
of pure p-nitrobenzoate of 8-hydroxyisobutylamine, m.p. 137°.

A portion of 3 (0.5 g.) gave, with p-nitrobenzoyl chloride, 1.2 g. of the p-nitro-
benzoate of g-hydroxyisobutylamine, m.p. 138°.

Residue 4 was distilled over a free flame, and gave 0.7 g. of viscous distillate
which, with p-nitrobenzoyl chloride, gave 1 g. of an unidentified oil.

yielded ammonia, isobutylamine and g-hydroxyisobutylamine (IV).
Similar results were obtained in experiments 5 and 6, but the relative
yields of these products varied considerably. The yield of isobutylamine,
probably formed largely from nitroisobutene, indicated that the blue
liquids contained about 5, 10, and 12.6 per cent. of nitroisobutene, respec-
tively, in experiments 4, 5 and 6. The divergence in the yields showed
that the composition of the volatile addition product varied, but the
differences may be partially attributed to the experimental difficulties
involved in isolating and separating the reduction products. In experi-
ment 5, the yield of ammonia is practically equivalent to that of the amino
alcohol (IV); in 4 the yield slightly exceeded that of the amino alcohol,
while the latter exceeded that of ammonia in experiment 6. This dis-
crepancy in yields may be due to the difficulty of separating the products;
the appearance of ammonia and the amino alcohol in approximately
equimolecular amounts (experiments 4 and 5) suggests that these products
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were derived from the o-nitro-g-nitrous ester derivative of isobutane,
(CHy).C(ONO)C(NO2)H, (V). Although amino alcohol IV may have
been formed from nitric ester I, or the corresponding nitroso-nitrous ester,
(CH;).C{ONO)C(NO)H, (VI), the first product could not be detected
in the distilled blue oil. The bis-(nitric ester) (I) and sodium thiophen-
olate yielded sodium nitrate quantitatively, but the salt was not formed
from the mercaptide and the distilled blue oils in experiments 2, 5, 6
and 7 (Table I) and the presence of an appreciable amount of nitroso-
compound VI in the addition products, formed in a dilute, cold solution,
seems improbable. Accordingly, nitrous ester V was probably the source
of the amino alcohol; the yield of the latter product indicated that the
crude addition products in experiments 4, 5 and 6 contained 16, 25, and
23 per cent., respectively, of this nitrous ester.

Isobutylenediamine could not be detected in the high-boiling product
obtained by reduction of the distilled blue oil. The yield of crude p-nitro-
benzoate of 8-hydroxyisobutylamine in experiment 5 showed that the
amino alcohol represented at least 75 per cent. of the high-boiling reduction
produet; this result and the analyses of the crude amino alecohol show
that an appreciable amount of isobutylenediamine could not have been
present. Nor was the diamine formed by catalytic reduction of the
non-volatile green product; an oil which consisted mainly of monomeric
addition products, as was shown by a molecular-weight determination
(experiment 4) (mol. wt. cale’d for C.HsN:Q4, 148; found, 188.7). Re-
duction of the non-volatile, green oil (experiment 6) gave ammonia,
isobutylamine and a high-boiling liquid, which, although a complete
purification was not realized, gave values on analysis corresponding closely
to CgH;;)N. The amine was characterized as a secondary base by the
insolubility of its acyl derivatives in alkali and was identified through
the camphorsulfonate as diisobutylamine. Small amounts of this second-
ary amine were apparently present in the basic liquids obtained on
reduction of the volatile blue products, but the yields were low and iso-
lation succeeded only in experiment 5. The secondary base constituted
40-50 per cent. of the basic products obtained by reducing the crude blue
oil in experiment 3 and at least 42 per cent. of the amines in experiment
6. The amine is formed from a slightly volatile addition product, and
o, B-dinitroisobutane appears to be the source. Undoubtedly, the latter
product was only incompletely separated from the more volatile oils by
low-pressure distillation; accordingly, the yields of diisobutylamine ob-
tained on reducing the distilled blue oils should have varied with the
extent of separation of the volatile from the less volatile products. While
the yield of the p-nitrobenzoate of p-hydroxyisobutylamine in experiment
5 indicated that the crude, high-boiling reduction product (fraction 3,
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Table II) contained 75 per cent. of amino alcohol IV, the corresponding
liquids in experiments 4 and 6 gave the p-nitrobenzoate in yields of 52
and 97 per cent., respectively. Accordingly, since the concentration of
diisobutylamine in the reduction products in experiments 5 and 6 was
relatively low, failure to isolate the base in experiment 6 may be attributed
to the difficulty of separating the reduction products and their acyl
derivatives. However, with a decrease in the yield of amino alecohol IV
in experiment 4, no increase in the yield of the secondary amine was
observed, nor could another basic product be isolated. The reason for
this discrepancy in the relative yields of the reduction produects is not
clear. However, assuming that the diisobutylamine was formed from
a,B-dinitroisobutane, the results would indicate that the latter compound
constituted at least 17 and 12 per cent., respectively, of the crude ad-
dition produects in experiments 3 and 6.

The formation of piperazine derivatives has been observed in the
reduction of certain addition products of nitrogen tetroxide and alkenes,®
and Demjanoff,” on reducing the product formed by the action of nitrogen
pentoxide upon trimethylethylene, apparently obtained a secondary amine,
although the yield was so low that positive identification could not be
made. However, since no secondary amine appeared in the reduction
of the products formed by the action of “nitrous fumes” upon trimethyl-
ethylene,'* the formation of diisobutylamine was not expected. This
secondary amine is probably derived from «,B-dinitroisobutane (II),
through reactions related to those through which certain vicinal dinitro
compounds yield piperazines. At a certain stage of the reduction a nitroso-
amino derivative of the alkane may appear and, if the fully and partially
reduced groups can interact, the intermolecular reaction of two molecules
may lead to a labile, tetranitrogen octacyclic derivative, which, upon
further reduction, may yield a stable piperazine, or a secondary, aliphatic
amine, according to the following formulations:

RCH——(|JHR’ R(IJH—|CHR’
., NO NH NOH NH
2 RCH(NO,)CH(NO,)R’ 222, + 6 HO0 — | [
(A) 1|\TH2 1{\10 1|\H I\ITOH
R'CH—CHR R'CH—CHR

8 DEMJANOFF [Bull. soc. chim., 22, 549 (1899); Bull. Acad. Sci. USSR., 7, 1123
(1931)] showed that the product formed by the action of nitrogen tetroxide upon
butene-2 yielded a piperazine derivative when reduced with metal and acid. Wig-
LAND [Ann., 424, 75 (1921)] found that, irrespective of the method of reduction,
sym~diphenyldinitroethane yielded tetraphenylpiperazine.

" DEMJIANOFF, Annales de U'Institut Agronomique de Moscow, 4, 155 (1899).
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R R
CH—CH
! / AN <
N N Vs CH—CH
| I+ 2HO0 R R
N N \
| ‘ N RCH——CHR'
R'CH—CHR §Hz
(B) ONH + 3 NH,
&
R'CH——CHR

Possibly derivative A may also yield a primary amine, and the appearance
of isobutylamine in the above reductions would then be attributed to
the reduction of «,B-dinitroisobutane; however, as the dinitro compound
is only slightly volatile, the isobutylamine obtained by reducing the
distilled, blue oils must have been formed largely from nitroisobutene.
Whether reduction of the dinitro derivative A takes one or the other
course undoubtedly depends upon the nature of the groups R and R’;
a,p-dinitroisopentane gave the corresponding diamine in a yield of 87
per cent.,'* while dinitroisobutane gave mainly diisobutylamine.?
Indirect determinations of the yields of dinitro derivative III indicate
that the crude addition products in experiments 9, 3, and 6 contained
3, 21, and 12 per cent., respectively, of the dinitro compound, but ihese
estimated values are probably much lower than the actual yields and
may approach 30-50 per cent. Other methods of determining the com-
position of the oily addition produects were tried: although the oil dissolved
almost completely in dilute alkali, treatment of the solution with benzoyl
chloride gave only a small yield of insoluble, oily product (experiments 2
and 14); dimethylaniline apparently not only eliminated nitrous acid,
but also underwent oxidation; potassium cyanide yielded products which
decomposed very easily, and could not be identified (experiment 2);
the non-volatile addition product and sodium thiophenolate gave mixtures,
or very small yields, of inorganie salts and diphenyl disulfide as the only
identified organic product (experiment 7). On reduction with metal
and acid, the crude and the non-volatile green addition products (experi-
ments 1 and 14) gave inappreciable yields of basic products. Although
the chemical composition of the crude addition product could not be

8 WINANS AND ADKINS [J. Am. Chem. Soc., 68, 2051 (1935)] observed the formation
of this secondary base on reduction of isobutyraldimine (polymer), and attributed
the formation to the elimination of ammonia in the condensation of the imino
and amino derivatives postulated as intermediate reduction products.
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definitely determined, the results indicate that nitroisobutane constituted
about 10 per cent. of the crude product, that the a-nitro-g-nitrous ester
and the «,B-dinitro derivatives of isobutane are the main constituents,
and that the former compound probably represents about one-half of
the addition product.

EXPERIMENTAL

General procedure.—Isobutylene, prepared by heating tertiary butyl alecohol with
109 hydrochloric acid, was passed through a trap and two large U-tubes, filled with
potassium hydroxide pellets and cooled to 0°. The gas was then passed, at room
temperature, through a tower charged with potassium hydroxide pellets, and was
condensed in an all-glass ampoule, which was then sealed. The weighed, cooled
ampoule was opened, and the butene was distilled slowly through a suitably arranged
tube connected with the cooled reaction flask. Anhydrous nitrogen tetroxide, pre-
pared from dry lead nitrate®, was similarly distilled into the reaction flask, arranged
as previously described®. The reactants were mixed in an all-glass system of con-
centric nozzles® in the gas-phase reactions. Solvents were dried with phosphoric
anhydride and distilled.

The solvent was distilled from the reaction product at reduced pressure after the
crystalline bis-(nitric ester) {I), when present, had been removed by filtration. In
experiments 10-13, made without solvent, the reaction products were diluted with
ether, the bis-(nitric ester) (I) was removed by filtration, and the filtrates were
treated as described in the notes to Table I. Low-pressure distillations were made
in an all-glass apparatus at the pressure of a mercury vapor pump. A summary of
typical experiments is given in Table I.

Action of sodium thiophenclate on nitric ester I.—Three grams of the nitric ester,
added to a solution prepared from 0.7 g. of sodium, 25 ce. of ethyl alcohol and 3.6 g.
of thiophenol, gave 1.6 g. of sodium nitrate (dnal. Cale’d for NaNQ;; Na, 27.06.
Found: 26.96) and 4.2 g. of organic product, m.p. 80-84°, which yielded 3.8 g. of
pure a-nitroso-g-phenylsulfidoisobutane; m.p. 86-87°.

Anal. Cale’d for C,H;3NOS: C, 61.5; H, 6.66; N, 7.17; S, 16.4,

Found: C, 61.7; H, 6.66; N, 6.95; S, 16.04.

Catalytic reductions.—The products were reduced in glacial acetic acid (50 cc.)
in the usual manner, using platinum oxide catalyst with hydrogen only slightly
above atmospheric pressure. Catalyst was removed by filtration, and hydrogen
chloride was bubbled into the filtrate. The precipitated ammonium chloride was
removed by filtration (except in experiments 3 and 4, see footnotes), solvent was
distilled from the filtrate in vacuo, the residue was made basic, and the mixture was
extracted with ether. The dried ether solution was fractionated as shown in Table
II. The basic product, or its hydrochloride, was acylated in the usual way, using
benzoyl, p-nitrobenzoyl, or p-toluenesulfonyl chloride. The results are summarized
in Table II.

SUMMARY

1. The action of nitrogen tetroxide on isobutylene has been investigated
under varied experimental conditions.

2. In our experiments, the bis-(a,8-nitroso-nitric ester) derivative of
isobutane did not separate from the addition product formed in ether
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solution. Without solvent, liquid isocbutene gave the bis-(nitric ester)
in yields of 7-12 per cent.; in petroleum ether the yields varied more
considerably (0-13 per cent.), although the experimental conditions were
reproduced as far as possible.

3. The course of the reaction does not vary appreciably with moderate
changes in low temperatures; the yields of the bis-(nitric ester) were 12
and 7.4 per cent., respectively, at —12° and —80°.

4. Nitrogen tetroxide formed mainly oily products with gaseous iso-
butene; they were not examined because pronounced oxidation had
occurred. Those formed in petroleum ether solution also readily decom-
posed and could not be separated into component parts. On the other
hand, the liquid product formed in ether solution was relatively stable
and could be distilled at low pressure.

5. The product formed in petroleum ether solution yielded with sodium
thiophenolate a mixture of sodium nitrate and nitrite and an organic
product, which gave B-phenylsulfonyl-e-nitroisobutane on oxidation.
Although the thio-ether corresponding to this sulfone was probably
formed from «,B-dinitroisobutane, that compound could not be isolated,
nor could the corresponding diamine be obtained by catalytic reduction of
the crude, or the distilled, addition product formed in the ether solution.

6. Isobutylamine was formed on catalytic reduction of the crude, and
the distilled, addition product. This amine was probably formed mainly
from nitroisobutene and from e,B-dinitroisobutane, through a series of
reactions, which also yielded diisobutylamine.

7. Ammonia and S-hydroxyisobutylamine appeared in practically equi-
molecular proportion on reduction of the distilled blue oil; it is probable
that these products were formed from the same compound, viz., the
a,B-nitro-nitrous ester derivative of isobutane.

8. Based on the yields of the reduction products, a-nitroisobutene
constituted 5-12 per cent. of the crude addition product, and the «,8-
nitro-nitrous ester derivative of isobutane represented 16-23 per cent.
Assuming that the isolated diisobutylamine was formed from «,B-dinitro-
isobutane, the latter compound constituted at least 12 per cent. of the
crude addition product.
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ON 1,2- AND 1,4-ADDITION.! V. NITROGEN TETROXIDE AND
TETRAMETHYLETHYLENE

ARTHUR MICHAEL anxp G. H. CARLSON

In an investigation on the addition of nitrogen tetroxide to tetramethyl-
ethylene, Demjanoff (1) obtained the crystalline, nitro-nitric ester,
(CH,;)2:C(ONO;)C(NO)(CHy). (1), a blue oil and, also, a bluish solid.
The latter was considered to be the nitroso-nitric ester, (CH;):C(ONO,)-
C(NO)(CHs): (II); because it was blue and, like the corresponding nitro
ester 1 (2), it yielded 2-amino-2,3-dimethylbutanol-3 on reduction. On
the other hand, Schmidt (3) concluded from his experimental results
that the dinitrous ester, (CH;);C(ONO)C(ONO)(CHjs), (I1I1), was formed
as the main, and the dinitro compound, (CH;):C(NO2)C(NO,)(CHj)e (IV),
as the minor product in the addition of nitrogen tetroxide, or ‘“‘nitrous
fumes,” to the alkene in ether solution. The dinitro compound (IV) was
obtained in a very low yield and was imperfectly investigated, but the
structure of the dinitrous ester (III) was considered definitely established,
as only ammonia was formed on reduction and, on hydrolysis with alkali,
sodium nitrite appeared in practically quantitative yield. However, the
other possible product, pinacol, was not isolated; indeed, no attempt was
made to determine the nature of the organic product. In view of these
divergent experimental results, Demjanoff and Ssidorenko (4) examined
the action of ‘“nitrous fumes” upon the alkene, and the results largely
confirmed Demjanoff’s earlier work. However, the bluish solid, pre-
viously believed to be nitroso-nitric ester (II), was completely purified
and, in agreement with Schmidt, was identified, by reduction to tetra-
methylethylenediamine, as the dinitro compound (IV). Besides the
dinitro compound (IV) and nitro-nitric ester (I), Demjanoff and Ssidorenko
(4) isolated a third, crystalline solid (V), which was considered an in-
separable mixture of nitro-nitric ester (I) and dinitro compound (IV).
This conclusion was supported by analytical data, and by the formation
of 2-amino-2,3-dimethylbutanol-3 and tetramethylethylenediamine on
reduction. In this, as in the previous investigation, the formation of the
dinitrous ester (I1I) could not be detected, yet Schmidt’s result is generally
accepted in the literature. Because of these conflicting statements, the ac-
tion of nitrogen tetroxide on tetramethylethylene has been re-investigated.

! Previous papers; (a) MicHAEL AND WEINER, J. Am. Chem. Soc., 69, 744 (1937);
(b) MicuEAEL AND CARLSON, tbid., B9, 843 (1937); (¢) J. Org. Chem., 4, 169 (1939);

B, 1 (1940).
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Practically constant yields (19.5-229;) of 2,3-dinitro-2,3-dimethyl-
butane (IV) were obtained on treating tetramethylethylene with nitrogen
tetroxide in ether solution (Table I, experiments 1-3), but the addition of
gaseous tetroxide without solvent (experiments 4-5), or in petroleum
ether solution (experiment 6), gave only small yields of the compound.
Although a perfect separation of the components of the blue oil (experi-
ments 4-6) could not be realized, our results show that the nitric ester of
2-nitro-2,3-dimethylbutanol-3 (I) constituted a considerable part of the
reaction product. This nitric ester readily formed a double compound
with the dinitro compound (IV) to yield a fairly soluble, crystalline sub-
stance; from a similar compound formed with diphenyldisulfide (experi-
ment 4), the nitric ester component could be recovered only after the
disulfide had been destructively oxidized. Since nitric ester (I) appeared
in a relatively high yield only under the oxidizing action of the tetroxide
(experiments 4-6), the disappearance of dinitro compound (IV) in these
experiments may be attributed to a conversion to double compound (V).
Nitrogen tetroxide appears to unite with tetramethylethylene under all
experimental conditions to yield some dinitro compound (IV), but, al-
though this product is relatively insoluble in organic solvents, isolation
was only possible when the amount of nitrie ester (I) present in the reaction
mixture was insufficient for the complete conversion of the dinitro deriva-
tive into double compound (V).

Deep blue reaction products were formed (experiments 1-3 and 6) in
the presence of and, also, in the absence of solvents (experiments 4-5),
when the alkene was used in excess of the molecular proportion of the
tetroxide. The blue substance, either the nitroso-nitric ester (II) or, for
reasons mentioned below, the nitroso-nitro derivative (CHs):C(NO)C(NOy)-
(CHs)s, (VI), could not be isolated. While these products, like the
nitrosyl chloride and bromide addition compounds of tetramethylethylene
(5), are undoubtedly monomolecular, the nitrogen trioxide and tetroxide
products, unlike the halogen compounds, failed to crystallize from the
crude reaction product and a separation by distillation could not be realized.
However, at a low temperature, the crude, and the distilled, blue oil
solidified almost completely, but centrifuging the mixture at —80° (experi-
ment 6), or with an ether-petrol mixture as diluent (experiment 4), did not
effect a complete separation of the solid from the oily product. The
crude, and the distilled, blue oils were not acted upon by sodium methoxide
or thiophenylate in the cold (experiments 1 and 6), but, in sealed tubes at
100°, mixtures of sodium nitrate and sodium nitrite were formed; with the
mercaptide, a practically quantitative conversion to diphenyldisulfide
occurred (experiments 4 and 6) and only a small amount of an oil appeared
as a by-product. Although inert towards aniline, the nearly colorless oil
in experiment 8, like the blue oils of other experiments, rapidly polymerized
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phenylisocyanate, but yielded no addition compound. The chemical
nature of the oily products could not be established.

In experiments 7-9, tetramethylethylene, dissolved in ether, was treated
with approximately three molecular equivalents of nitrogen tetroxide.
The white, crystalline solid, which appeared at first in the blue reaction
mixture, redissolved as the excess of the tetroxide was added and a pale
green solution was formed. After removal of the solvent at reduced pres-
sure, a practically colorless product was obtained, which solidified almost
completely. However, separation of the small amount of adhering oil by
filtration (experiment 7), or by centrifuging a suspension of the oily product
in methyl alcohol at 0° (experiment 9), involved loss of considerable
material; purification by steam-distillation was unsatisfactory because
much of the product was decomposed. Analysis of the crystalline product
(experiment 7) indicated that it was composed of 189 of the dinitro and
829, of the nitro-nitric ester derivative of tetramethylethane. Fractional
crystallization did not change the properties of the solid, nor could it be
separated into its components by sublimation at low pressure. On
catalytic reduction, the sublimed product yielded ammonia, 2-amino-
2,3-dimethylbutanol-3 and tetramethylethylenediamine. The diamine
was precipitated practically quantitatively as the dihydrochloride on
treating an acetic acid solution of the reduction product with hydrogen
chloride; the yield indicated that the double compound (V) contained
229, of 2,3-dinitro-2,3-dimethylbutane, while the analytical data showed
18%,. The semi-quantitative reduction and the analytical results are
in fair agreement and establish the composition of V.

Under the oxidizing action of an excess of the tetroxide (experiments
7-9), product V appeared in a relatively high yield, but, under conditions
tending to minimize the oxidative action, »iz., using ether as diluent and the
alkene in excess, mainly the free dinitro compound was isolated (experi-
ments 1-3). Although the tetroxide was used in an approximately equi-
molar proportion to the alkene in experiments 4 and 5, made without
solvent, the yield of the double compound V was appreciable; it also
constituted a large part of the reaction product formed in petroleum ether
solution (experiment 6). These results lead to the conclusion that nitrie
ester (I}, though formed under all conditions, appears only under oxidative
conditions in amounts sufficient to combine with all of the dinitro com-
pound (IV), which, probably, is mainly formed by direct addition of the
tetroxide to the alkene. The reaction products in experiments 1-3 con-
tained about 209, of the dinitro derivative (IV); the latter compound
was completely incorporated into double compound (V) under the oxida-
tive conditions of experiments 7-9. In view of the composition of V,
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these results indicate that the crude reaction product, when formed under
sub-oxidative conditions, (experiments 1-3), contained at least 609, of
nitroso-nitric ester (II), which, under favorable conditions, was oxidized
to the corresponding nitro-nitric ester (I) and used in forming double
compound (V) (experiments 4-9). Accordingly, the appearance of the
dinitrous ester (III) as the main reaction product, as reported by Schmidt
(3), is very improbable.

Immediately after preparation, 839, of the reaction product in experi-
ment 4 was volatile at low pressure, but, 15-20 hours later, the distilled
oil, which had been kept at —80°, yielded 579, of a very slowly volatile
oil, from which nitric ester I was isolated in a yield of 469,. Refractiona-
tions of the reaction product in experiment 5 gave green, oily residues,
from which nitric ester (I) and double compound (V) were isolated. These
results indicate that the easily volatile, blue product, probably nitroso-
nitrie ester (II), or the nitroso-nitro compound (VI), underwent an autoxi-
dation. The blue oil became discolored spontaneously, with apparent
conversion of blue nitroso- to colorless, oxidized products, since correspond-
ing reduction products could not be detected. However, the gradual
separation of the more slowly from the easily volatile oils in experiments
4 and 5 may be attributed to an incomplete separation of these products
by a single distillation, rather than to a slow chemical change of easily
volatile into less volatile products. The isolated, pure products, even the
high-melting dinitro compound (IV), sublimed readily at low pressure, but
the liquid and the solid products have nearly the same vapor pressure
and, therefore, a semi-quantitative separation of the reaction products by
distillation was impossible. Separation of the products by crystallization
entailed considerable loss of material. Accordingly, the relative yields of
the primarily-formed reaction products could not be determined even
approximately, and our experiments do not definitely establish the mode of
formation of nitro-nitrie ester (I).

Nitrogen tetroxide may act upon the easily oxidizable tetramethylethyl-
ene with formation of the corresponding alkylene oxide, which may unite
with the tetroxide to yield nitro-nitric ester (I). However, the appearance
of this ester, as was suggested by Demjanoff (4, 6), may also be attributed
to oxidation of nitroso-nitric ester (II), which is probably formed primarily
in the action of nitrogen tetroxide upon the alkene. Since nitro-nitric
ester (1) appeared in a comparatively high yield in experiments 4-6, not-
withstanding that the tetroxide and the alkene were used in approximately
equivalent amounts, the primarily formed nitroso-nitric ester must undergo
oxidation facilely and its conversion to the nitro-nitric ester undoubtedly
proceeds concurrently with the addition of the tetroxide to the alkene.
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Therefore, under the conditions of the above experiments, products formed
from nitrogen trioxide? should appear; although such products could not be
isolated, detection may have failed, owing to the difficulty of separating
the components of the liquid reaction mixtures.

Like Demjanoff and Ssidorenko (4), whose experimental results have
been fully confirmed, we found that a deep blue reaction product was
formed when nitrogen tetroxide was added to the alkene in an equivalent,
or a slightly lower, amount. Since Schmidt (3) did not notice a blue
coloration, the appearance of dinitrous ester (III) in his product might be
attributed to the use of the tetroxide in excess, but in experiments 7-9,
in which nearly three molecular equivalents of the tetroxide was gradually
added, a deep blue color appeared at first and was then only slowly dis-
charged. From the nearly colorless solutions, no dinitrous ester (III)
could be isolated and, with anhydrous nitrogen tetroxide, Schmidt’s
compound (III) could be obtained neither under mildly (experiments 1
and 2), nor strongly oxidative conditions (experiments 7-9); nor was this
product isolated in experiment 3, in which the tetroxide was not dried with
phosphoric anhydride. A trace of moisture did not noticeably alter the
course of the reaction and under no conditions could the formation of this
anomalous compound be confirmed.

EXPERIMENTAL

General procedure.—Tetramethylethylene dibromide was prepared by bubbling
hydrogen bromide into pinacol hydrate (40 g.) at 0° until the solution fumed strongly.
After 12-15 hours, the precipitated dibromide (27-29 g.) was filtered and washed
with methyl alecohol; the combined filtrates from two preparations yielded 5.4 g.
of an unidentified, lachrymatory bromine product? and 7 g. of pinacolone. The
dibromide (40 g.) was reduced according to Thiele’s (7) method and yielded 6-9 g.
of tetramethylethylene, b.p. 73°.

Nitrogen tetroxide, prepared from anhydrous lead nitrate, was dried with phos-
phoric anhydride, condensed in a glass ampoule and then distilled into the reaction
flask (experiments 4-6). In experiments 1-3, a weighed amount of the tetroxide was
absorbed in ether, cooled to —20°, and the solution was added to the alkene; the
tetroxide was not dried in experiment 3. The lead nitrate was decomposed slowly
in experiments 7-9 and the evolved, cooled gas was passed directly into the alkene
solution.

The solid reaction products were filtered, solvents removed from the filtrates and
the liquid products were then treated as described in the footnotes to Table I. A
mercury vapor pump was used for low pressure distillations.

Catalytic reduction.—The solid substance was dissolved in 25 cc. of glacial acetic

2 With tetramethylethylene, as with isopentene-2'c and isobutene, the trioxide
should yield a nitroso-nitro addition compound, (CH;).C (NO;)C(NO)(CHj), (VI),
which the oxidizing action of the tetroxide may convert to the dinitro compound (IV).

3 KoNDAKOFF [J. pr. Chem., B4, 429 (1896)], using hydrochloric acid, observed the
formation of an analogous product.
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TABLE 1
P o e 2 3 44 5¢ 8 70 g 9¢
Tetramethyl-
ethylene, g.. 4 5.5 5.5] 10 11 10 3 3 3
Nitrogen Tetrox-
ide, g....... 4 4.8 5.1 10.8 9.3] 10.1 9 10.8] 9
Solvent ce.
Ether......... 25 30 30 10 30 30
Petrol......... 30
Temp., °C....... —18 | ~20 | —-16 |-10 | —10 | —14 | —20 |—18 |—15
Time, mins...... 30 10 20 70 90 40 20 17 30
Produect, g.
Solid (8)...... 1 1.8 1.1 0.02 0.1 3.8
M.p, °C...... 210-211208-210{208-210 209-210(100-102
Liquid (A).... 6.9 7.3 8.2| 20.1 20.2 1.9{ 6.7] 6.1
Cale’d Yield, g.. 7.6 9.2 9.7 20.7| 17.8
Dist. gave
Blue dist.
B),g....... 17.1 17.7
Green, res
©C)eg...... 2.5 1.8
% Dinitro com-
pound....... 19.8| 19.6] 22

In the footnotes, nitro-nitric ester (I), the dinitro- (IV) and the double compound
(V) are represented, respectively, by D, E and F.

o Qil A, diluted with 5 cc. of petrol, deposited 0.5 g. of impure E, m.p. 195-205°.
A suspension of E (0.2 g.) in 25 cc. of NaOH (0.1045 N) was heated in a sealed tube
at 100° for 2 hours. The cooled mixture required 21.9 cc., and a control solution
(25 ce.) 22.3 cc., of HCI (0.1169 N): the recovered E (0.2 g.) melted at 205-208°.

Two grams of A, treated with 0.3 g. of Na in 15 ce. of methyl aleohol gave no
inorganic salt; solvent was distilled off in vacuo, the residue (0.7 g.) was acidified
and yielded 0.01 g. of impure E, m.p. 200°, as the only identifiable produect.

One gram of A, in 15 ce. of methyl alcohol containing platinum oxide catalyst,
absorbed no hydrogen during 3 hours.

¢ Solid S was filtered off, the filtrate washed with water and sodium carbonate
solution, dried and the solvent removed in vacuo. Oil A deposited 0.7 g. of blue
solid (1), m.p. 160°: a portion of I, recrystallized from ether, gave E, m.p. 208-210°.
A portion of crude I, exposed on tile for 12 hours, melted at 185-190°. The oil
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separated from ! was diluted with petrol and, during 24 hours, deposited 0.3 g. of E,
which was orystallized from ether and then melted at 210-211°.

40il Csolidified. The solid, recrystallized from ether at —80°, gave 1.1 g. of D,
m.p. 88°: low pressure sublimation did not alter the m.p.

Oil B solidified at —80°. An ether solution of B, cooled to —80°, deposited a blue
golid (I); solvent was distilled in vacuo from the decanted, ether solution. The
residual oil (2) began to decompose at 2 mm. (bath-temperature 45°), but was rapidly
cooled and a portion (3 g.), treated with a solution of 0.8 g. of Na in 25 cc. of methyl
alcohol and 4 g. of thiophenol, gave 0.3 g. of inorganic salt (a mixture of sodium
nitrate and nitrite; Found: Na, 31.6%) and 1.2 g. of diphenyldisulfide.

Solid 1 fused at about —50°; the blue liquid (7-8 g.) was distilled at low pressure
and gave (3) 2.2 g. of blue distillate and (4) 4.6 g. of green, residual oil, which, erys-
tallized from ether at —25°, gave 2.1 g. of D, m.p. 87°. Solvent was distilled from
the filtrate and the residue, crystallized from methy! alcohol at —20°, gave D, m.p.
87°. When sublimed at low pressure, D melted at 88-89°. Anal. Cale’d for
CeH12N,Os: C, 37.5; H, 6.3; N, 14.58. Found: C, 37.73; H, 6.07; N, 14.1. Mol. wt.:
Cale’d: 192. Found: 179.

Two grams of D and a hot, methyl aleohol solution of 1.4 g. of sodium thiophenylate
gave no inorganic salt; solvent was distilled, the residue was extracted with ether
and the extract yielded (§) 1.5 g. of a double compound of nitric ester (I} and di-
phenyldisulfide, m.p. 64-65°, which, sublimed at low pressure, melted at 64-65°.
A portion of § (0.5 g.) was treated with 0.5 g. of chromic anhydride in 15 ec. of hot
glacial acetic acid; the solution, poured into water, yielded a solid, which was sub-
limed and gave 0.3 g. of D, m.p. 88-89°.

¢ Oil A deposited no solid during 24 hours. At low pressure, A gave ({) a blue
distillate and (2) 5.6 g. of greenish, residual oil. Crystallized from methy! alcohol
at —80°, 2 gave 2 g. of a solid, from which, by low pressure sublimation, 1 g. of F,
m.p. 100-103°, and 1 g. of a mixture of D and F, m.p. 90-95°, were obtained.

Oil 1, distilled at low pressure, gave: (3) 5.2 g. of blue distillate and (4) 3.6 g. of
greenish, residual oil, which solidified partially at —80° and yielded (6) 1.5 g. of a
solid. On fractional sublimation, § gave (6) 0.8 g. of D, m.p. 88-89° and (7) 0.7 ¢.
of impure D, m.p. 85-87°. Combined 6 and 7, after resublimation, gave 1.2 g. of D,
m.p. 86-87°, which was used for catalytic reduction (experiment 2, Table II). Re-
fractionation of 8 gave (8) 1.4 g. of blue distillate and (9) 1.7 g. of residual oil, from
which, by erystallization at —80° and sublimation of the crude solid at low pressure,
0.6 g. of impure D, m.p. 80-85°, was isolated.

/ Solid S was filtered off, solvent distilled ¢n vacuo from the filtrate and the residual
oil distilled at low pressure (bath-temperature 20°). 0il C solidified; the product D
was crystallized from ether at —25° and then sublimed at low pressure, m.p. 88-89°.

Oil B could not be separated into its components by distillation; the liquid (15.7
g.), diluted with 5 cc. of ether and cooled to —80°, deposited (1) 12.6 g. of a blue
solid, which was separated by centrifuging at —80°. Solid 1 melted (at about —50°)
to a blue oil (2), which, during 36 hours, deposited 1 g. of impure D, m.p. 75-77°;
the solid was pressed on tile and then melted at 83-84°,

Three grams of 2 and a solution of 0.4 g. of sodium and 1.9 g. of thiophenol in 25 cc.
of methyl aleohol, heated for 1 hour at 100°, gave 1.3 g. of inorganic salt (a mixture
of sodium nitrate and nitrite, Found: Na, 29.2%) and 2 g. of oil, which yielded
1.6 g. of diphenyldisulfide.

¢ Crude 8, recrystallized from an ether-petrol mixture, gave 3.5 g. of F, m.p.
100-102°. Anal. Found: C, 37.99, 38.34, 38.02; H, 5.58, 7.02, 6.04. Oil A solidified,
but could not be purified. A solution of 0.5 g. of F and 0.6 g. of sodium in 25 cc.
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of methyl alcohol was boiled, solvent was distilled from the clear solution, the
residue was extracted with ether and from the extract 0.4 g. of unchanged F, m.p.
100-101°, was recovered.

& After 24 hours, the reaction mixture was washed with water, dried and the
solvent distilled in vacuo. Oil A distilled very slowly at low pressure. A portion
of A (4.1 g.) was steam-distilled; the volatilized oil (1.7 g.) and 2 g. of aniline gave
no solid product.

¢ After 24 hours, the green, ether solution of the reaction product was poured
into water, washed with sodium carbonate solution, dried and the solvent distilled
invacuo. Oil A solidified, but most of the solid fused in an attempt to separate oily
product by filtration; the filtrate was solidified and the oil separated by centrifuging
at 0°. The combined, isolated solids were recrystallized from methyl alcohol at 0°;
the mixture, centrifuged at 0° gave 1.8 g. of F, m.p. 104-105°.

TABLE II
PRODUCT REDUCED H: ABSORBED PRODTUCTS g,
EXPERIMENT L, Syrupy
; D
g Ce. Min, NH(CI FriToN Dydro

1e E 2.8 2155 2895 2.4

2 D 1.2 1005 2595 0.25

3e F 2.5 2055 3935 1.9

Letters D, E and F designate the same compounds as in Table I.

@ After removal of the dihydrochloride, less than 0.1 g. of oily product was iso-
lated from the acetic acid solution. A portion of the dihydrochloride (0.5 g.) and
1 g. of p-nitrobenzoyl chloride gave 1 g. of di-nitrobenzoate of tetramethylethyl-
enediamine, m.p. 213-214°. Anal. Calc’d for C;oH,N4.Og: C, 58.00; H, 5.25; N,
13.55. Found: C, 57.93; H, 5.22; N, 13.81.

® The weight of the syrupy hydrochloride was not determined; the syrup and
1.2 g. of p-nitrobenzoyl chloride gave 0.2 g. of p-nitrobenzamide and an oil, from
which 0.7 g. of the p-nitrobenzoate of 2-amino-2,3-dimethylbutanol-3, m.p. 137°,
was isolated. After crystallization from benzene, the nitrobenzoate melted at 139°.
Anal. Cale’d for Ci3H1sN2O4: C, 58.6; H, 6.77; N, 10.55. Found: C, 58.75; H, 6.63;
N, 10.74.

¢ The precipitated hydrochlorides (1) (0.9 g.) and 3.1 g. of p-nitrobenzoyl chloride
gave 1 g. of impure di-p-nitrobenzoate of tetramethylethylenediamine, m.p. 203-
210°, which, crystallized from benzene, gave (2) 0.6 g. of pure dinitrobenzoate, m.p.
211-212°, and (3) 0.4 g. of slightly impure product, m.p. 210°: accordingly, ! con-
tained 0.4 g. of ammonium chloride.

The syrupy hydrochloride (1.9 g.), which was isolated from the acetic acid solu-
tion of the reduction product, gave, with 2.5 g. of p-nitrobenzoyl chloride, 1 g. of
solid (4) and 1.8 g. of oil (§), which, diluted with ether, deposited 0.9 g. of solid (6),
m.p. 130°, Fractional crystallization of 4 gave 0.1 g. of p-nitrobenzamide, m.p.
198°, and (7) 0.7 g. of solid, m.p. 130°. Two forms of crystals were present in 6 and 7,
which could not be separated by crystallization. After two extractions with hot
water and crystallization of the insoluble product from benzene, the combined
solids (6 and 7) gave 0.6 g. of pure p-nitrobenzoate of 2-amino-2,3-dimethylbutanol-3,
m.p. 139°, and 0.3 g. of impure product, m.p. 130-133°. The aqueous extracts yielded
0.2 g. of slightly impure nitrobenzoate of the amino aleohol, m.p. 136-137°.
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acid (15 cec. of acid used in 2) and reduced in the usual manner, using platinum
oxide catalyst and hydrogen slightly above atmospheric pressure. Catalyst was
removed by filtration, hydrogen chloride bubbled into the filtrate and the precipi-
tate was separated by filtration. The solvent was distilled ¢n vacuo and the residue
treated as described in the footnotes to Table II.

SUMMARY

1. The action of nitrogen tetroxide on tetramethylethylene has been
examined under varied experimental conditions.

2. Practically constant yields (19.6-229%,) of 2,3-dinitro-2,3-dimethyl-
butane are formed in ether solution; addition of gaseous tetroxide to the
alkene without solvent, or in petroleum ether solution, gave only low
yields of the dinitro compound.

3. The nitric ester of 2-nitro-2,3-dimethylbutanol-3 appears to be
formed in variable amounts under all the examined, experimental condi-
tions. In the absence of solvent and under strong oxidative conditions,
the yield of the nitric ester is considerable. The nitric ester readily unites
with 2,3-dinitro-2,3-dimethylbutane to form a double compound. Under
the oxidizing action of an excess of the tetroxide, all of the dinitro com-
pound is incorporated into this double compound. Accordingly, isolation
of the dinitro compound is realized only under conditions tending to
depress the oxidizing action of the tetroxide and the yield of the nitro-
nitric ester. The composition of the double compound was deduced from
the analytical data and from the relative amounts of the basic products
obtained by catalytic reduction; v»iz., ammonia, 2-amino-2,3-dimethyl-
butanol-3 and tetramethylethylenediamine.

4, The formation of the nitric ester of 2-nitro-2,3-dimethylbutanol-3 is
discussed. The possibility is suggested that nitrogen tetroxide may oxidize
tetramethylethylene to the corresponding oxide and then act upon the
latter to yield the nitro-nitric ester. However, it is more probable that the
nitro-nitric ester is formed by oxidation of the corresponding nitroso-
nitric ester, which probably is formed primarily by direct addition of the
tetroxide to the alkene.

5. With the alkene in excess and ether as diluent, 2,3-dinitro-2,3-
dimethylbutane was obtained in yields of about 209,. Under the oxidizing
action of excess tetroxide, all of the dinitro derivative appeared combined,
as a double compound, with the nitric ester of 2-nitro-2,3-dimethylbutanol-
3. These results, and the composition of the double compounds, indicate
that the crude reaction product, formed with the reactants in approxi-
mately equivalent molecular amounts, consisted mainly of the dinitro
derivative and the nitric ester of 2-nitroso-2,3-dimethylbutanol-3 and that
the latter ester, under the oxidizing action of the tetroxide, was converted
to the corresponding nitro-nitric ester, which combined with the dinitro
derivative to the double compound.
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6. Our results confirm those of Demjanoff and Ssidorenko. In agree-
ment, the appearance of Schmidt’s dinitrous ester could not be observed;
until the precise conditions leading to the formation of this product are
established, it should be omitted from the list of known organic compounds.

CAMBRIDGE, Mass,
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Of the various methods which have been used for the preparation of
alkanesulfonic acids, perhaps the method most widely used is that of
oxidizing mercaptans or disulfides to the corresponding sulfonic acids.
Although the Hemilian modification of the Strecker reaction! has been
used extensively with the lower members of the series, thus far no member
above n-pentanesulfonic acid has been prepared by the Hemilian method.?
Even when the latter method was used, in some cases no yields were
reported, while in others there was no general agreement between the
various authors.

This work was undertaken to determine whether sulfonic acids above
n-pentane- could be prepared by the Hemilian method and, if so, whether
the method could be justified by the yields and purity of product. It
also seemed desirable to investigate the factors which might cause the
discrepancies in the yields of those members reported.

The general procedure involved in the Hemilian method is that of
heating a given quantity of an alkyl halide with an excess of ammonium
sulfite. Since the reaction products have similar solubilities in water and
in the common solvents, it is difficult to separate the ammonium alkane-
sulfonate from the ammonium bromide. They are best separated by
converting them into their corresponding barium salts, whereupon the
barium bromide can be rather easily extracted from the barium alkane-
sulfonate with absolute ethanol.

Since there are a number of variable factors involved during the prepa-
ration and purification of the barium alkanesulfonates by this method,
it is quite likely that wide discrepancies in yields would result unless
suitable precautions are taken.

The water-solubilizing property of the sulfonic group is well known,

* This paper is an abstract of part of the dissertation submitted by P. H. Latimer
to the Graduate Faculty of the University of North Carolina in partial fulfillment
of the requirements for the degree of Doctor of Philosophy in June 1939.

** Du Pont Fellow.

! STRECKER, Ann., 148, 90 (1868).

? HemILiaN, ibid., 168, 145 (1873).
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hence it is to be expected that, in separating the barium sulfonate from
the barium bromide during the purification, considerable amount of barium
alkylsulfonate may be lost with the bromide extraction. This is to be
expected particularly with the lower members of the series where the
percentage of carbon is low. Furthermore, since the reaction mixture
consists of two liquid phases, the alkyl bromide and the aqueous ammonium
sulfite phases, the conditions for an optimum reaction would be greatly
enhanced by employing a more concentrated solution of the sulfite than
has hitherto been employed. Also the rather low thermal stability of the
ammonium sulfite and the extreme volatility of the lower alkyl halides
are factors which must be considered in this reaction. The length of time
which the reactants were heated is also a factor, although this has been
shown by Bost and Williams® not to be as important as the temperature
during the induction period.

It was found by Bost and Williams, and in later more thorough studies
by us, that the best yields of barium alkanesulfonate are obtained when
one mole of alkyl halide is allowed to react with two moles of ammonium
sulfite. The most suitable concentration of sulfite is that obtained when
the salt is dissolved in an equal weight of distilled water.

EXPERIMENTAL

The alkyl halide, distilled water, and the ammonium sulfite are placed in a one-
liter, three-necked flask fitted with a stirrer, a thermometer which is set so that the
bulb dips into the reaction mixture, and an efficient reflux condenser. The mixture
is heated on a steam bath, below the refluxing point of the alkyl halide, for three or
four hours, after which time the heat is increased until a gentle refluxing sets in.
The heating is continued for thirty or forty hours for the preparation of the barium
salts of n-hexane- and n-heptanesulfonic acids. Even after heating for one hundred
hours the reaction was found to be incomplete in the case of thejreaction of n~heptyl
bromide with ammonium sulfite.

At the end of the heating period the mixture is diluted with three volumes of dis-
tilled water, and one-half of a mole of barium hydroxide is added. The mixture
is heated over a hot-plate, with constant stirring, until ammonia is no longer
evolved. It is then filtered to remove the barium sulfite. It is suggested that the
barium hydroxide be added in two portions, each followed by a filtration, so that
there will be no trouble from bumping during the heating. The excess barium
hydroxide is removed as barium carbonate by passing a slow current of carbon dioxide
into the solution as long as any precipitate is formed, after which the mixture is
heated to boiling and the barium carbonate is removed by filtration. The solution
now contains the barium salt of the sulfonic acid and the barium halide. In the
cases of barium methane, ethane, and propane-1 sulfonates the solution is taken to
dryness over a steam plate and most of the halide removed by a continuous extraction
with absolute alcohol using a Sohxlet apparatus. The halide is reduced to a trace
by continuous extraction for a period of twenty-four hours; however, some of the
barium sulfonate is lost in this process due to a slight solubility in alcohol. To

3 W. W. WiLLiams, Doctoral Dissertation, University of North Carolina, 1936.
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remove the last trace of the halide the barium alkane sulfonate is fractionally recrys-
tallized from 809 aleohol. In the cases of barium butane sulfonate-1 and higher
members the material separates on concentration of the reaction mixture and is
purified from the last trace of halide by fractional recrystallization from distilled
water. The yields of the first seven barium alkane sulfonates prepared using the
above modification of the Hemilian method are given in Table I.

TABLE I
BARIUM n-ALKANESULFONATES
% Ba WATER OF M.P,
RADICAL HALOGEN| wiELD |__ | CRYST'N PEENYLEYDRA-
Cale'd Obs'd (MOLER) ZONIUM SALT, °C.
CH; ................. I 81.6 38.91 38.62 1.5 193-194 (dec.)
CoHg. ................ I 83.0 36.84 36.87 1.0 182.8
CeHr (). ............ Br 89.0 34.27 34.31 1.0 204.5 (dec.)
CHs (). ............ Br 86.5 32.03 32.27 1.0 114-115
CeHuy (). Br 82.0 30.07 30.14 1.0 108-108.2
CHi(n)............. Br 68.7 28.33 28.38 1.0 101-101.6
CHpi (n)...ooooi Br 70.0 26.78 26.72 1.0 100-100.5
TABLE 11
n~ALKYLSULFONYL-D-TOLUIDIDES
% SULFUR
ALEYL GROUP M.P., °C. % YIBLD
Cale'd Obs'd
Methyl. ... 102.0-102.7 17.33 17.36 66.7
Ethyl. .. ... ... 80.0-80.5 16.10 16.13 45.0
n-Propyl.......... .. ... ... .. ... 67.0-67.8 15.06 15.34 49.5
n-Butyl.......... ... 74.2-75.2 14.12 14.28 58.4
n-Amyl..... ... 48.4-49 .4 13.39 13.46 56.0
’n-ALKYLSULFONYL-]J-PHENETIDIDES
Methyl...... ... ... . 126.5-127.4 14.90 14.73 54.5
Ethyl. ......... ... ... 80.4-81 13.99 13.87 38.4
n-Propyl............ ... ... . ... 101.0-101.5 13.18 13.21 61.0
n-Butyl....... .. ... 78.2-79.0 12.47 12.41 48.5
n-Amyl............ ... 69.0-70.0 11.83 11.95 34.5

Since the barium alkanesulfonates do not melt, a convenient method for deter-
mining their purity and identity is the method of Latimer and Bost¢in which the free
sulfonic acid is allowed to form the phenylhydrazonium salt.

The free sulfonic acids will undergo the Hell-Volhard-Zelinsky reaction giving
the corresponding a-bromosulfonyl bromides. The a-bromosulfonyl bromides are
light-yellow liquids which show considerable tendency to lose hydrogen bromide on
distillation. These will be reported in detail in a later communication.

4+ LaTiMER AND Bost, J. Am. Chem. Soc., 59, 2500 (1937).
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As the next step in this investigation it was thought advisable to study the intro-
duction of the n-alkylsulfonyl group into various aromatic amines. Since the
alkylsulfonyl chlorides react more readily and do not have the extreme hygroscopic
nature possessed by the free alkanesulfonic acids, it was found to be more practical
to use the alkylsulfonyl chlorides rather than attempt to use the free sulfonic acids,

TABLE III
METHANESULFONIC AcID DERIVATIVES
9%, SULFUR
COMPOUND M.P., °C, % YIELD

Cale’d Obs'd

o-Benzoxyphenyl methanesulfonate. . 92-93 10.97 11.04 56
B-Naphthyl methanesulfonate........ 103.5-104.5 14.44 14.39 50
TABLE IV
ANTIPYRETIC ACTION
MINIMAL EFFECTIVE
PRODTCT ! TEST ANIMAL ’:&lgvvgg' o e
1 per kgm. mi){lge;f)er
Methylsulfonyl-p-phenetidide. . ......... . Rat 10 15¢ 70.5
n-Propylsulfonyl-p-phenetidide. . . ......| Rat 10 20 92.4
1 ¢ Rat 10 10 49.7
Methylsulfonyl-p-toluidide............. { Rabbit 3 100 540 0
n-Propylsulfonyl-p-toluidide . . .......... Rat 10 162 69.7
Phenacetine Rat 10 12.5 70.0
SRRy Rabbit 3 50.0 280.0

e These doses caused a slight hyperpyrexia instead of hypothermia.

TABLE V
Toxrciry TEsTS

APPROXIMATE LDso
PRODUCT TEsT annaar, |N0: OF AN Tn milli
Inmem. | oo e

per kgm. kgm.
Methylsulfonyl-p-toluidide.............. Mice 17 300.0 1620.0
Phenacetine.............. ... ... Mice 18 70.0 280.0

in the reactions with the amines. There are two different methods by which the
n-alkylsulfonyl chlorides may be prepared: (1) by the action of phosphorus penta-
chloride or thionyl chloride on the barium n-alkane sulfonate, or (2) by the method
of Sprague and Johnson® which consists of the action of gaseous chlorine on an

5 SPRAGUE AND JOHNSON, tbid., 68, 1348 (1936).
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aqueous solution of the n-alkylthiouronium chloride. The lower cost of the starting
materials and the saving in time afforded by the second method make it the most
feasible method to use in preparing the n-alkylsulfonyl chlorides.

The first amines to be treated with the sulfonyl chlorides were p-toluidine and
p-phenetidine. They were allowed to react with a series of five sulfonyl chlorides
from methyl- to n-amylsulfonyl chloride.

These compounds are best prepared by the action of a slight excess of the sulfonyl
chloride on a pyridine solution of the amine. The reaction mixture is poured into
ice and water, and the tan crystalline product which is formed is collected by filtra-
tion. This crude produet is put into solution in cold 5 per cent. sodium hydroxide
and precipitated by the addition of hydrochloric acid. The resulting precipitate,
usually white or light-grey in color, is recrystallized from 95 per cent. alcohol,
decolorizing if necessary. The product separates as white needles. Two recrystalli-
zations are usually sufficient to obtain a constant melting point. In general these
compounds are soluble in sodium carbonate and sodium bicarbonate solutions, very
soluble in aleohol, and only slightly soluble in water.

In Table III will be found data on other derivatives of alkanesulfonic acids which
were prepared in this work.

The action of the sulfonyl chlorides on urea, salicylic acid, methyl salicylate and
dibutylaminopropy! alcohol has been studied but the results were not encouraging.

The n-alkylsulfonyl-p-toluidides and n-alkylsulfonyl-p-phenetidides were checked
for chemotherapeutic action by the Eli Lilly and Co., to whom grateful acknowledg-
ment is made. They were found to afford no protection to mice infected with Pneu-
mococcus Type I, Type II, Puerto Rican Strain #8 Influenza Virus, or Staphy-
lococcus. One compound, methylsulfonyl-p-toluidide, showed antipyretic action
which, however, was not constant between rats and rabbits.

SUMMARY

1. n-Alkanesulfonic acids containing as many as seven carbon atoms
can be made in good and consistent yields by the Hemilian modification
of the Strecker reaction.

2. An improved method of isolation and purification of the barium
n-alkanesulfonates has been developed.

3. The n-alkylsulfonyl-p-phenetidides and -p-toluidides from methyl-
through n-amyl- have been prepared, and their chemotherapeutic and
antipyretic action studied.
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In a previous paper! it was demonstrated that pentaarylethanes undergo
reversible dissociation into free radicals, the position of equilibrium being
nearly entirely in favor of the pentaarylethane.

R:C~CHR; = R;C— + R.CH—

From studies on the reaction of oxygen with solutions of the pentaaryl-
ethanes, it was concluded that the rate of oxygen absorption was a measure
of the rate of dissociation of the pentaarylethane. It was found that at
100° pentaphenylethane dissociates into the triphenylmethyl and diphenyl-
methyl radicals approximately as rapidly as hexaphenylethane dissociates
at 0°. From the velocity constants from the dissociation of pentaphenyl-
ethane at different temperatures, the energy of activation of the dissocia-
tion process was calculated to be 27.6 keal., a value 50 per cent. greater
than the corresponding value for hexaphenylethane.

If the rate of reaction with oxygen is actually a measure of the rate of
dissociation of the pentaarylethane, then substantially the same rate of
reaction should be observed with other reagents capable of reacting rapidly
with the radicals formed on dissociation, and it was highly desirable that
this point be tested. Accordingly, we decided to explore another reaction
of this type, and we chose iodine as the reagent, since it is well-known that
triarylmethyl radicals react rapidly with iodine as well as with oxygen.
Preliminary experiments showed that at temperatures of 70-100° solutions
of pentaphenylethane absorbed iodine, and the reaction appeared to be
suitable for development as another method of determining the rates of
dissociation.

For the reaction we employed a solution of iodine in a suitable solvent
which contained some ethanol and pyridine, a mixture similar to that
used by Ziegler, Ewald, and Orth? in their studies on the rate of dissociation
of hexaarylethanes. The ethanol served to convert the triphenylmethyl
iodide to triphenylmethyl ethyl ether as fast as it was formed; it was

* From the ph.D. dissertation of Gerald Osborn.
1 BACHMANN AND WisELOGLE, J. Ora. CHEM., 1, 354 (1936).
? ZIEGLER, EwWALD, AND ORTH, Ann., 479, 277 (1930).
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necessary to do this since the reaction of triphenylmethyl and iodine to
give triphenylmethyl iodide is reversible. Pyridine was added to combine
with the hydrogen iodide which is formed in the reaction giving the ether;
this was done in order to prevent a reaction between the free radicals and
the hydrogen iodide.

It was found that in the presence of ethanol and pyridine the radicals
formed by dissociation of pentaphenylethane reacted with practically the
theoretical amount of iodine; the final products proved to be triphenyl-
methyl ethyl ether and diphenylmethylpyridinium iodide. From this
result it was apparent that the diphenylmethyl iodide formed by the union
of the diphenylmethyl radical and iodine combined with the pyridine to
give a quaternary salt in preference to forming an ether by reaction with
the ethanol. The following equations indicate the reactions that take
place when pentaphenylethane is employed.

(CeHs)sC—CH(CsHs); =2 (CeHi)sC— + (CeHs):CH—
2(CeHs)sC— + I; & 2(CsHs)sCI
2(CeH5):CH— 4 I, — 2(Ce¢H;).CHI
(CsHs)sCI + C.HiOH — (CeH;)sCOC.H; + HI
HI + GH:N — G:H:;NHI
I

/
(CsHs)zCHI + CaHsN - CsHaN
CH(CeHz),

Since it was necessary to work at a temperature of 80° or higher in order
to have an appreciably rapid reaction, the choice of solvent was limited to
those having boiling points above 100° when working at atmospheric
pressure. Another requirement of the solvent was that it must not react
with any of the compounds present in the reagent mixture. It was found
that o-dichlorobenzene, bromobenzene, xylene, and a-bromonaphthalene
were satisfactory solvents, while ethylene dibromide, anisole, and cyano-
benzene were unsuitable. The rate of iodine absorption was determined
by adding a weighed sample of the pentaarylethane to a measured volume
of a solution of iodine in a solvent containing ethanol and pyridine. The
reaction mixture was kept in a constant-temperature bath for a definite
interval of time, then removed quickly and chilled. An excess of standard
sodium thiosulfate solution was added to the mixture, and the excess was
titrated with a standard solution of iodine. At a given temperature a
series of samples identical in weight were run for different intervals of time,
and an absorption-time curve was then plotted, from which the rate con-
stant was determined.
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In agreement with the results obtained on oxygen absorption, the rate-
controlling step proved to be a reaction of the first order, corresponding
to the unimolecular process of dissociation. Letting Z = z/a, the fraction
of pentaphenylethane reacting, the equation for the first order reaction
may be written:

—-2.3
k l

—log (1 — 2)
Z was calculated as the ratio of the actual absorption of iodine to the
theoretical absorption. When —log (1 — Z) was plotted against ¢,

straight lines were obtained (Fig. 1); the slopes of the lines multiplied by
2.3 gave the velocity constants k.. The data given in Table I show the

TABLE I
TypicaL DATA OBTAINED IN REPRESENTATIVE EXPERIMENT

Wt. pentaphenylethane in each run, 0.1025 g.
o-Dichlorobenzene, 89.3%,; pyridine, 4.7%; ethanol, 6.0%.
Theoretical absorption of 0.1 N iodine, 5 cc.

Temp., 94.9°,

.1 *

TEME, MIN. fnsgiuxs%g!,!::?:. ~log(1-2) FOEND mfc’n“ DIF¥.
1.0 0.31 0.0278 0.062 0.061 +0.001
2.0 0.56 0.0516 0.112 0.115 —0.003
3.0 0.90 0.0856 0.180 0.166 +0.014
4.0 1.07 0.1046 0.214 0.215 —0.001
5.0 1.33 0.1343 0.266 0.278 —0.012
6.1 1.54 0.1600 0.308 0.309 —0.001
8.0 1.95 0.2147 0.390 0.384 -+0.006

8 Z* cale’d is from the rate constant, 0.605, obtained from the curve (upper line,
Fig. 1).

agreement between the actual results and those calculated on the basis of
a first order reaction. The rate constant was found to be independent of
the volume of solvent or concentration of iodine, as the results recorded in
Table II indicate.

In Table I1I is presented a comparison of the velocity constants and half-
life periods (¢;) for pentaphenylethane as determined by the iodine reaction
and by the oxygen reaction. In both reactions o-dichlorobenzene was
used as the solvent; however, pyridine and alcohol were present in the
iodine reaction, while pyrogallol was present in the oxygen reaction. With
due consideration for this difference, there is agreement between the two
sets of values. A further comparison is obtained in the values of the
energy of activation determined by the two reactions.

The energy of activation of the dissociation process was determined by
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plotting —log k against 1/7 in the customary manner (Fig. 2) and multi-
plying the slope of the line by 2.3R. From the curves a value of 27.1 keal.
was obtained for the energy of activation by the iodine reaction, which is
in good agreement with the value 27.6 keal. obtained by the oxygen method.

TABLE II
ErrecT OF VARYING CONCENTRATIONS OF REAGENTS
Temp. 94.9°; solvent, o-dichlorobenzene

CONC. IODINE ’ CONC, PENTAPHENYLETHANE RATE CONSTANT k
0.10 ¥ l 0.050 molar 0.0603
0.10 0.025 0.0605
0.05 0.025 0.0602

T T T T T T T T T T T 1 L
949°
ol .
89.8°

153

lis

~Log (£-2Z)

=
[} A 3
TIME IN MINUTES
F16GURE 1.—IODINE ABSORPTION BY PENTAPHENYLETHANE IN 0-DICHLOROBENZENE
Z = fraction of pentaphenylethane reacting

The rate of dissociation of pentaphenylethane was determined not only
in o-dichlorobenzene but also in xylene, bromobenzene, and a-bromo-
naphthalene. Although the specific rate constants varied in the different
solvents, as is seen in Table IV, the value for the energy of activation
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remained fairly constant, the average of the values obtained in the four
solvents being 28.0 keal.

With the successful development of a rapid and convenient method of
measuring the rate of dissociation of a pentaarylethane, we were in a
position to determine the effect of a series of aryl groups on the rate of

dissociation. This was accomplished by measuring the rate of dissociation
TABLE III
Rate ConsTANTS AND HALF-LIFE PERIODS
Todine reaction
Temp., °C.............. 69.95 75.00 79.90 84.80 89.80 94.90
ke .0042 .0075 .0122 .0205 .0339 .0605
t (min.)................ 165 92 56.7 33.8 20.4 11.4
Oxygen reaction
Temp., °C.............. 79.85 84.70 89.55 94.40 99.30 104.15
koo .0163 L0274 .0462 .0765 .1260 .2010
t(min.)................ 42.5 [ 25.3 15.0 9.06 5.50 3.44
oY= T T T T T
o6 4
agl- .
LoF -
12
Il
bl
Pl
« R0 |
& 22
~
! RS
N 1 L 1 1 L
4S5 70 R EX ] RES R90
+ (x 10%)

Fiaurg 2.—Open circles: iodine reaction; E = 27.1 keal. Shaded circles: oxygen

reaction; E = 27.6 kcal.

of seven pentaarylethanes at the same temperature (80°) and in the same
solvent. These pentaarylethanes all had the same general formula
(CeHs):C— CH(CeH;)R differing from one another only in the one group R.
In Table V are shown the rate constants and half-life periods of the penta-
arylethanes as determined by the iodine reaction. It is seen that the
9-phenanthryl, o-naphthyl and 2-fluoryl groups are most effective in
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promoting a rapid dissociation, the p-biphenyl and p-anisyl groups have
an intermediate effect, while the p-tolyl and phenyl groups are least
effective. Work is now in progress to determine the effect of other groups

TABLE IV
ENERGY OF ACTIVATION OF PENTAPHENYLETHANE
BOLVENT 70° 75° 80° 85° 90° 95° E (keal.)
0-Dichloro- k .0043 .0075 .0124 .0209 .0341 .0607] 27.1
benzene ty (161 92.4 56.0 33.2 20.3 11.4
Xylene k L0111 .0198| .0345; .0575| 28.1
iy 62.3 34.4 20.1 12.1
Bromobenzene k .0108 .0216 .0361 .0575; 28.5
t 64.2 32.1 19.2 12.1
a-Bromonaph- k .0123] .0225] .0407, .0690] 28.4
thalene iy 56.3 30.8 17.0 10.05
TABLE V

Rate CoNSTANTS OF PENTAARYLETHANES
(CeH;)sC—CH(CHs)R

Temp., 80°
GROUP, R k HALF-LIFE, MIN.

Phenyl.. ... oo 0.0124 56.0
p-Tolyl.. .. 0.0131 52.8
p-Anisyl...... .. .. 0.0166 41.8
p-Biphenyl. .. ... ... ... 0.0241 28.8
2-Fluoryl. .. ..o 0.0404 17.2
a-Naphthyl...... ... i 0.0437 15.9
9-Phenanthryl.......... ... ... oo 0.0506 13.7

TABLE VI

RATE CoNsTANTS AND HaLr-LIFE PERIODS OF 1,1,1,2-TETRAPHENTYL-
2-(9'-PHENANTHRYL)ETHANE

o-Dichlorobenzene, 89.5%,; pyridine, 4.7%; ethanol, 5.8%

Temp., °C.................. 65 70 75 80 85
koo .0094 .0154 .0308 .0506 .0828
b 73.7 45.0 22.5 13.7 8.4

in the molecule. When more data are at hand it will be apparent whether
there is any correspondence between the effect of the groups in inereasing
the rate of dissociation of pentaarylethanes and in promoting the extent
of dissociation of hexaarylethanes.
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Two of the pentaarylethanes, 1,1,1,2-tetraphenyl-2-(9’-phenanthryl)-
ethane (I) and 1,1,1,2-tetraphenyl-2-(2’-fluoryl)ethane (II), are new;
they were prepared by interaction of triphenylmethylsodium and the
appropriate diarylmethyl chloride.

@9_9 =

C————C—

H OH,

11

In view of the marked effect of the 9-phenanthryl group on the rate of
dissociation of the pentaarylethane molecule, we determined the energy
of activation of the dissociation process for 1,1,1,2-tetraphenyl-2-(9'-
phenanthryl)ethane. Table VI shows the values of the rate constants
and the half-life periods for this pentaarylethane in o-dichlorobenzene.
The energy of activation was found to be 26.6 keal., a value similar to
that observed for pentaphenylethane.

EXPERIMENTAL

Phenyl-2-fluorylcarbinol.—Following the directions of Bachmann3, 5.4 g. of 2-
benzoylfluorene* was reduced by 60 g. of 2 per cent. sodium amalgam and 2.5 ce. of
absolute alcohol in 25 cc. of anhydrous ether and 25 ce. of dry benzene, During the
thirty minutes of shaking the solution became deep-blue and finally pale-green in
color. The yield of recrystallized carbinol was 5.1 g. (94%); m.p. 113-114.5°. Ray
and Levine® reported a somewhat lower yield (82%), but slightly higher melting

3 BACHMANN, J. Am. Chem. Soc., 68, 770 (1933).
¢ BAcEMANN AND BarroN, J. Orae. CrEM,, 8, 300 (1938).
s Ray anp LeviNg, Ibid., 2, 273 (1937).
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point (116°), for the carbinol obtained by reduction of the ketone by zinc dust and
aleoholic ammonia or potassium hydroxide. The ketone gives a yellow color and
the carbinol gives a deep-red color with concentrated sulfuric acid.

Phenyl-2-fluorylchloromethane.—A solution of 4.8 g. of phenyl-2-fluorylearbinol in
50 cc. of benzene containing 2.5 g. of anhydrous calcium chloride was saturated with
hydrogen chloride at 0°. After standing for twelve hours, the solution was filtered,
and the benzene was evaporated under reduced pressure. Recrystallization of the
residue from petroleum ether gave 4.6 g. (88%,) of colorless crystals of the chloride;
m.p. 122.5-123.5° (Ray and Levine, 122°).

Phenyl-2-fluorylbromomethane.—To a solution of 6 g. of phenyl-2-fluorylearbinol
in 6 ce. of benzene was added 2.5 ce. of acetyl bromide; the solution was warmed to
its boiling point and then cooled. Upon addition of petroleum ether (60-70°), 6.7 g.
(91%,) of colorless crystals of the bromide precipitated; m.p. 128-129°. Ray and
Levine? obtained a 509, yield of the bromide melting at 118-119° by the action of
hydrogen bromide on the carbinol.

1,1,1,2-Tetraphenyl-2-(8'-fluoryl)ethane (II).—A solution of triphenylmethyl-
sodium was prepared from 2.79 g. of triphenylchloromethane and coupled with 2.91 g.
of phenyl-2-fluorylechloromethane according to the procedure described previously?.
Recrystallization of the product from benzene gave 2.45 g. (49%) of fine, colorless
crystals of the pentaarylethane. The compound melts at 152-162° in air and at
164-168° in nitrogen to an orange-colored liquid.

Anal. Calc’d for CsHsge: C, 93.9; H, 6.1,

Found: C, 93.4; H, 6.0.

Nearly the same yield of pentaarylethane was obtained when phenyl-2-fluoryl-
bromomethane was employed in place of the chloride.

The structure of the pentaarylethane was proved by cleavage by hydrogen iodide
into triphenylmethane and 2-benzylfluorene. A mixture of 0.1 g. of iodine, 0.3 g.
of red phosphorus, 0.2 cc. of water and 10 cc. of acetic acid was warmed for ten min-
utes; after addition of 0.25 g. of the pentaarylethane the mixture was refluxed for
one hour in an atmosphere of nitrogen. The solution was filtered, and the filtrate
was poured into a solution of sodium carbonate containing some sodium bisulfite.
The products were extracted with benzene, the benzene solution was dried and then
concentrated to a small volume. From the solution 90 mg. of triphenylmethane
crystallized. By evaporation of the filtrate and solution of the residue in 30 cc. of
hot aleohol and cooling, 55 mg. of 2-benzylfluorene was isolated in the form of color-
less leaflets. The 2-benzylfluorene was found to exist in two forms; the crystals
first melted at 94-95°, the melt solidified and remelted at 104-105.5°. The dimorphic
state explains the wide range of melting points, varying from 99° to 106°, previously
reported for this compound.

A sample of 2-benzylfluorene was prepared for comparigon in the following manner.
To 0.25 g. of phenyl-2-fluorylearbinol was added 0.3 g. of red phosphorus, 0.1 g. of
iodine, 0.2 cc. of water and 10 cc. of acetic acid. The mixture was refluxed for one
hour and then worked up in the manner described for the cleavage reaction; yield,
0.19 g. (80%); m.p. 94-95°; 104-105.5°. When this material was mixed with the 2-
benzylfluorene obtained in the cleavage reaction, the melting points remained
unchanged.

Phenyl-9-phenanthrylcarbinol.—Eleven and three-tenths grams of 9-benzoyl-
phenanthrene® and 50 ce. of anhydrous isopropy!l aleohol were added to the aluminum
isopropoxide solution prepared from 1 g. of aluminum wire and 20 cc. of anhydrous

¢ BAcEMANN AND KLoETZEL, Ibid., 2, 363 (1937).
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isopropy! alcohol according to the procedure of Lund’. The mixture was heated on
a steam bath so that the acetone formed in the reaction was distilled off slowly with
the isopropyl alcohol. When no more acetone could be detected in the distillate by
means of 2,4-dinitrophenylhydrazine, the isopropyl alcohol was removed under
reduced pressure, and the residue was treated with ice-cold dilute sulfuric acid.
Recrystallization of the dried product from benzene-petroleum ether gave 10.6 g.
(93%) of colorless crystals of the carbinol; m.p. 139-140°. The product was identical
with the carbonol prepared by interaction of 9-phenanthrylmagnesium bromide and
benzaldehydes.

Phenyl-9-phenanthrylchloromethane.—A cold solution of 852 g. of phenyl-9-
phenanthrylecarbinol in 70 ec. of dry benzene containing 3 g. of anhydrous calcium
chloride was saturated with hydrogen chloride. After twelve hours at room tem-
perature the benzene solution yielded 7.7 g. (85%) of fine, colorless needles of phenyl-
9-phenanthrylchloromethane; m.p. 114-116°.

Anal. Cale’d for CH5Cl: Cl, 11.7. Found: Cl, 11.6.

Phenyl-9-phenanthrylbromomethane,—A mixture of 5.9 g. of phenyl-9-phenanthryl-
carbinol and 2.4 cc. of acetyl bromide was heated on a steam bath for one-half hour.
The acetic acid was removed under reduced pressure, and the residual oil was dis-
solved in a mixture of warm benzene and ligroin. On cooling, 6.87 g. (95%) of the
bromide crystallized in clusters of colorless plates; m.p. 115-116°,

Anal. Cale’d for CyHysBr: Br, 23.0. Found: Br, 22.6.

1,1,1,8-Tetraphenyl-8-(9'-phenanthryl)ethane (I).—This pentaarylethane was ob-
tained in 809, yield by reacting a solution of 3.03 g. (0.01 mole) of phenyl-9-phen-
anthrylchloromethane in 5 cc. of benzene with an ice-cold solution of triphenyl-
methylsodium (0.01 mole) in the customary manner!. After recrystallization from
benzene the compound melted at 176-188° in air and at 190-193° in nitrogen to a
reddish-orange liquid.

Anal. Cale’d for CyoHyo: C, 94.1; H, 5.9.

Found: C, 93.8; H, 5.7.

A 0.25-g. sample of the pentaarylethane was cleaved by hydrogen iodide according
to the procedure described for the 2-fluoryl derivative. The mixture of the two
methanes, triphenylmethane and 9-benzylphenanthrene, was dissolved in 4 cc. of
90-100° petroleum ether; on being cooled slightly the solution deposited 45 mg. of
9-benzylphenanthrene; m.p. 155-156°, alone and when mixed with an authentic
specimen. The filtrate was evaporated and the residue dissolved in hot benzene;
from the solution 55 mg. of triphenylmethane crystallized.

Reaction between pentaphenylethane and iodine.—A solution of 0.4 g. of penta-
phenylethane, 0.2 g. of iodine, 1 cc. of absolute alcohol, 1 cc. of pyridine, and 10 ce.
of benzene was refluxed on a steam bath. After two and one-half hours the iodine
color had praetically disappeared. On cooling, 0.48 g. of yellow crystals precipi-
tated; by recrystallization from water 0.37 g. of diphenylmethylpyridinium iodide
was obtained as yellow prisms. The salt had no definite melting point; it decom-
posed between 162° and 194°.

Anal. Cale’d for CisHiNI: I, 34.0. - Found: I, 33.9.

The benzene filtrate from the diphenylmethylpyridinium iodide was evaporated,
and the residue was dissolved in hot petroleum ether. After removal of 40 mg. of
precipitated pentaphenylethane, the solution was concentrated and cooled, where-
upon 0.26 g. of triphenylmethyl ethyl ether crystallized.

7 Lunp, Ber., 70, 1520 (1937).
8 BACHMANN, J. Am. Chem. Soc., 56, 1366 (1934).
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Diphenylmethylpyridinium todide.—To a solution of 5 g. of sodium iodide in 50 ce.
of acetone was added 10 cc. of an acetone solution of 3.14 g. of diphenylbromo-
methane. After one hour the sodium bromide was removed by filtration, and 10 cc.
of pyridine was added to the clear solution of diphenyliodomethane. After twelve
hours the acetone and pyridine were removed in a current of air, and the solid residue
was recrystallized from hot water, yielding 3.9 g. (89%) of diphenylpyridinium iodide
as yellow prisms; m.p. 162-194° with decomposition.

Anal. Cale’d for CisHieNI: I, 34.0. Found: I, 33.9.

Rate measurements.—The pentaarylethanes were dried for several hours in high
vacuum at 80-100°; the purity of the samples was established by analysis for carbon
and hydrogen. The iodine solution was made up by adding o-dichlorobenzene (or
other solvent) to a solution of 6.5 g. of iodine in 32.5 ce. of pyridine until the total
volume was 500 ce. The samples (0.1025 g. each) of pentaphenylethane were weighed
into glass vials, 12 mm. deep and 8 mm. in diameter, having flat bottoms. Ten cubic
centimeters of the iodine solution and 1 ce. of absolute alcohol were placed in a 125-cc.
Erlenmeyer flask bearing a glass stopper. The flask was suspended in a water bath
kept at the desired temperature to within 0.05°. The vial containing the sample of
pentaphenylethane was then lowered in an upright position into the Erlenmeyer
flask by means of forceps and allowed to float on the surface of the organie solution of
iodine. The flask after being stoppered loosely was allowed to reach the temperature
of the bath, for which ten minutes proved to be sufficient. The vial was then tipped
over by swirling the flask, a stop-watch being started at this time; the pentaphenyl-
ethane dissolved very rapidly. When the desired interval of time had elapsed, the
flask was removed quickly from the bath and immersed in ice-water, the watch being
stopped at this point.

Ten cubic centimeters of sodium thiosulfate solution, slightly stronger than 0.1 N
(strong enough to react with all the iodine originally present in the organic solution),
was added, 50 cc. of water was used to rinse down the sides of the flask, and the
excess of sodium thiosulfate was titrated with a standardized 0.1 N solution of iodine
in potassium iodide and water. From the volume of this standard iodine solution
needed to give the end-point with starch was subtracted the volume of iodine solu-
tion required to give the end-point to a blank. The latter was run with all of the
reagents present except the pentaphenylethane in exactly the same manner as the
regular run. The difference was the volume of 0.1 N iodine which reacted with the
radicals formed by dissociation of the pentaphenylethane. It is apparent that the
strength of only the aqueous solution of iodine must be known accurately. The
other pentaarylethanes were run in the same manner.

The presence of an appreciable amount of the diarylmethyl-pyridinium iodide in
the water solution interfered with the end-point; for this reason the reactions were
not allowed to proceed to any great extent. It is believed that the results which
were obtained are in error by no more than 5 per cent,

SUMMARY

Solutions of pentaarylethanes readily absorb iodine at 70-100° in the
presence of ethanol and pyridine. It has been shown that the reaction
proceeds through the intermediate formation of free radicals produced by
dissociation of the pentaarylethane. The products that are formed under
these conditions are triarylmethyl ethyl ethers and diarylmethylpyridinium
iodides.
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A rapid and convenient method was developed for determining the rate
of dissociation of pentaarylethanes.

The energy of activation for the dissociation of pentaphenylethane was
determined in four different solvents. The energy of activation for the
dissociation of 1,1,1,2-tetraphenyl-2-(9’-phenanthryl)ethane was also
determined.

The rate of dissociation at 80° of seven different pentaarylethanes was
measured. From the results a comparison of the effect of seven aryl
groups on the rate of dissociation was obtained.
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INTRODUCTION

In the course of a series of experiments on the salt-forming power of the
1,2,3-triazoles, 1,2,3-benzotriazole was treated with sodium in liquid
ammonia. It was thought that the hydrogen of the heterocyclic nucleus
would be displaced by sodium with the formation of hydrogen gas. Ex-
periments demonstrated, however, that sodium reacts with 1,2,3-benzo-
triazole in a 1:1 ratio without the liberation of hydrogen. Subsequent
experiments indicated that the benzene nucleus is hydrogenated probably
to a dihydro-1,2,3,-benzotriazole so that the reaction may be formulated

H Na Na
N N N
N NN
2 | + 2Na —— |+ |H
N N

I
— N
Moreover, sodium is entirely ineffective in converting a larger portion of
the 1,2,3-benzotriazole to the dihydro compound. Here is a definite case
where “nascent” (presumably atomic) hydrogen is a more effective reduc-
ing (hydrogenating) agent than the ammonated electron (Na 4 zNH; =
Nat + ¢ .2NH;)!

The literature records cases (1) where the theoretical amount of hydrogen
has not been obtained in the reaction of an ammonia solution of sodium
with compounds containing replaceable hydrogen,? and (2) where it has
been postulated that nascent hydrogen is responsible, in whole or in part,
for the products obtained by sodium reductions in ammonia.? In most
instances of this kind, complete quantitative data is unavailable, and in

1 For a review of solutions of metals in liquid ammonia see FERNELIUS AND WATT,
Chem. Reviews, 20, 195-258 (1937).

2 FERNELIUS AND WATT, loc. cit., pp. 217, 222, 246.

38 FERNELIUS AND WATT, loc. cit., pp. 232, 240, 244-5.
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no instance has such a reaction been studied thoroughly. Wooster and
Godfrey* have observed that the system Na—NH;—H0 reduces toluene
whereas the systems Na—NH; and Na—NH;—NH,* are totally in-
effective. Consequently, they recommend that water not be used to
destroy the excess of sodium customarily employed for reductions in
liquid ammonia but instead that ammonium salts or an ammonolysis
catalyst (e.g., iron) be used. The results of the work described here leave
some doubt as to the reliability of this suggestion.

Other investigators® have shown that an ammonia solution of nitro-
guanidine is readily reduced to aminoguanidine by sodium in the presence
of ammonium chloride whereas sodium alone yields an indefinite mixture.
It is not clear from the published reports whether the failure to obtain
100 per cent. yields of aminoguanidine is to be attributed to side reactions
or to the generation of insufficient hydrogen to effect complete reduction.
To settle the question it would be necessary to determine what fraction
of the total hydrogen generated is retained by the compound undergoing
reduction.

EXPERIMENTAL

Preparation of 1,2,8-benzotriazole.—This substance was prepared by a slight modi-
fication of the method desecribed by Fieser and Martin.® The acetyl derivative of
1,2,8-benzotriazole was conveniently deacetylated by solution in liquid ammonis
at —33°. After evaporation of the ammonia, the residue was dissolved in water,
the solution was neutralized with acetic acid, and the benzotriazole allowed to
crystallize; m.p. 98.5°. The average yield was 95%, starting with the purified
acetate.

Anail. Cale’d for CeHsNs: N, 35.3. Found: N, 35.2, 35.3.

Preparation of the N-methyl derivatives,—The 1- and 2-methyl derivatives of
benzotriazole were prepared by the methylation of benzotriazole with dimethyl
sulfate and sodium hydroxide according to the method of Krollpfeiffer, Rosenberg
and Miihlhausen’ and also by methylation with diazomethane in ethyl alcohol.
The yield in the first method was approximately 379 of l-methyl-1,2,3-benzo-
triazole (m.p. 65°) and 25% of 2-methyl-2,1,3-benzotriazole, (105-7°/15 mm.).
The second method resulted in a 159, yield of the 1-methyl and a 519, yield of the
2-methyl derivative.

Apparatus.—The apparatus used in this work was a modified form of the closed
system described by Johnson and Fernelius® which provided for (f) condensation
of ammonia (usually about 150 ml.), (2) stirring of the solution by means of a current
of gaseous ammonia, (3) addition of a known weight of sample, (4) alternate ad-
dition of weighable quantities of alkali metal and ammonium salt without opening

4 WoosTER AND GODFREY, J. Am. Chem. Soc., 69, 596 (1937).

® FuLLER, L1EBER, AND SMmitH, J. Am. Chem. Soc., 69, 1150 (1937).

¢ FizsER, AND MARTIN, tbid., 67, 1838 (1935).

? KROLLPFEIFFER, ROSENBERG, AND MUHLHAUSEN, Ann., 516, 124 (1935).
8 JouNsoN aAND FERNELIUS, J. Chem. Educ., 6, 444-447 (1929).
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of the system to the air, (5) quantitative collection of gases evolved during reaction,
and (6) complete removal of ammonia prior to the working up of the product.

1,2,8-Benzotriazole and sodium.—1,2,3-Benzotriazole dissolved in liquid ammonia
(very soluble) reacted rapidly with sodium without the evolution of gas. The
solution remained clear until approximately 0.82 gram atom of sodium had been
added when it became yellow. This color intensified upon further reaction and was
orange-yellow near the end-point (dark-green, due to the blue color of dissolved
sodium). The average of five runs gave a ratio of 1.05:1.00 for gram atoms of sodium/
moles of triazole. Excess of sodium over this ratio resulted in no further reaction
over a period of four hours.

The yellow product remsaining after evaporation of the ammonia was readily
soluble in water. Upon neutralization with hydrochloric acid & yellow-brown pre-
cipitate formed, which darkened rapidly in contact with air. Further addition of
acid dissolved the precipitate to form a dark-red solution. With small quantities
of material it was not possible to isolate a pure compound, but with 0.1 mole of
triazole a dark-red precipitate was obtained by working at 0° with the minimum
amount of water and treatment with aqua regia. After filtering and thorough wash-
ing with ether, the red material melted sharply at 137-137.6°. It was extremely
soluble in water, ethanol, and acetone, but only slightly soluble in ether, ligroin,
and chloroform. Yield: 5 g. from 10 g. (0.083 moles) of 1,2,3-benzotriazole.?

Exhaustive ether extraction of the solution remaining after the precipitation of
the above material together with the washings, yielded a residue which upon solu-
tion in hot water, charcoal clarification, and crystallization melted at 98.5° and
showed no depression in melting point when mixed with 1,2, 3-benzotriazole. Yield:
4.768 g., or 47.5%, of the original triazole.

1,2,8-Benzotriazole, sodium, and ammonium bromide.—After addition of sodium
to a solution of 1,2,3-benzotriazole until the end-point was reached, the reaction
mixture was treated alternately with sodium and ammonium bromide until a con-
siderable quantity of hydrogen gas had been liberated (this usually represented a
fivefold excess of sodium over the amount required for the initial end-point). Dur-
ing the early stages of the titration, the neutral solution was yellow. This color,
which could be discharged by excess ammonium bromide, disappeared entirely near
the end of the reaction. The weight of ammonium bromide required to just dis-
charge the blue color of the excess sodium was exactly equivalent to this excess but
the amount of gaseous hydrogen collected was always less than that which would
be equivalent to the excess sodium:

Gram atoms Na.................covviiiiinns 0.0858 0.0909 0.1017
Moles triazole.............. ... ... ... ....... 0.0142 0.0152 0.0171
Gram atoms H; collected..................... 0.0286 0.0272 0.0322
Gram atoms H, taken up..................... 0.0430 0.0485 0.0524
Gram atoms Ny collected..................... 0.0034 0.0029
H/mole............. v 3.01 3.19 3.06

It was found advisable to add a considerable excess of ammonium bromide at the
end of the reaction so that the aqueous solution later obtained would not be strongly
basie.

The presence of o-phenylenediamine in the reaction products was shown by
forming, in separate runs, the phenazine derivative with phenanthraquinone and

? Frerps (unpublished observations) has studied a number of reactions of this
substance with the object of determining its structure. Since permanganate oxida-
tion yields the 4,5-dicarboxylic acid of 1,2,3-triazole, it is very doubtful that the
triazole nucleus has been hydrogenated.
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the dibenzenesulfonyl derivative with benzenesulfony! chloride. The dibenzo
fa, ¢] phenazine melted at 204-6°. The dibenzenesulfonyl derivative melted at
190-191.5°. Neither derivative showed any depression of melting point with authen-
tic samples. In further runs, the dibenzoyl derivative was prepared, d. 305°; yields
48%, 43%.

Sodium 1,2,3-benzotriazolate, sodium, and ammontum bromide.—The soluble
sodium salt of 1,2,3-benzotriazole was prepared by the reaction between excess
sodium amide and the triazole. This salt did not discharge the color of a sodium
solution even on long standing. On alternately treating such solutions with am-
monium bromide and sodium the following results were obtained:

Gramatoms Na........................... 0.1420 0.1546
Moles triazole............... ... ... ..., 0.0161 0.0176
Gram atoms H, collected.................. 0.0489 0.0544
Gram atoms H; takenup............ ...... 0.0931 0.1002
H/mole. ...t 5.78 5.69
Yield: N,N’-Dibenzoyl-o-phenylene
diamine............. o 3.94¢. (77%) 5.01 g. (89%)

Hydrogenation of 1,2,8-benzotriazole in basic solution.—1,2,3-Benzotriazole was
dissolved in liquid ammonia and sufficient potassium added to produce a permanent
blue color (no gas evolved). Excess potasgsium was then added, together with an
iron wire to catalyze the reaction between potassium and ammonia. Hydrogen was
evolved at a moderate rate and the solution became yellow-red in an hour.

Gramatoms K. . ... ... . . 0.1113 0.1003
Moles triazole. . ... 0.0154 0.0139
Gram atoms Hycollected . ............................. 0.0717 0.0631
Gram atoms Hytakenup. ................. ... . ... ... 0.0242  0.0233
H/mole. . 1.57 1.67

Yield: N,N’-dibenzoyl-o-phenylene diamine............ 0.14g. 0.21g.

2-Methyl-1,2,8-benzotriazole, sodium, and ammonium bromide.—A liquid ammonia
solution of the 2-methyltriazole did not decolorize sodium. Ammonium bromide
and sodium were then added alternately until a considerable volume of hydrogen
had been collected. No gas was liberated until 5.65 equivalents had been generated.
During the early stages of the titration, the neutral solution was yellow. This color
which could be discharged by excess ammonium bromide disappeared entirely near
the end of the reaction.

Gramatoms Na.........covvivnnnnnunn 0.1061 0.0979

Moles triazole. . ..., 0.0149 0.0125

Gram atoms H; collected. ............... 0.0185 0.0254

Gram atoms Hy takenup................ 0.0876 0.0725
H/mole. ...oovii it 5.87 5.80

Yield: dibenzo [a,c] phenazine........... 2.98 g. (73%) 3.06 g. (89%)

1-Methyl-1,2,38-benzotriazole, sodium, and ammonium bromide.—A suspension of
the 1-methyltriazole did not discharge the color of dissolved sodium. The mixture
was then treated alternately with ammonium bromide and sodium until a consider-
able volume of gas had been collected. The solution at the end.-poir;t was red-grange .

Gram atoms Na . ..ooveettit e e iiiieeeanas 0.0675 0.0927
Moles triazole. ........... ... 0.0113 0.0104
Gram atoms Hycollected. ........... ... ... ... 0.0159 0.0400
Gram atoms Hatakenup. ..............oooiiii, 0.0516  0.0527
Gram atoms Nacolleeted. ......... ... it 0.0079 0.0096

H/Imole .o 4.56 5.06
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The product from reaction 1 was converted to the dibenzoyl derivative (light-tan)
and recrystallized three times from 95% ethanol (white), m.p. 152.8-153.8°.
Anal.* Cale'd for CuH,sN:0.: C, 76.3; H, 5.5; N, 8.5
Found: C, 75.9; 75.9; H, 5.4, 5.5; N, 9.0, 9.3.
The produet from reaction 2 was converted to the dibenzenesulfonyl derivative
and recrystallized four times from 95% ethanol (colorless needles), m.p. 156-157°.1
Anal. Cale’d for CyeH,158:04N,: C, 56.7; H, 4.5.
Found: C, §7.2, &7.1; H, 4.4, 4.5.

DISCUSSION

The reactions described above demonstrate that hydrogen is not evolved
in the reaction between a liquid-ammonia solution of 1,2,3-benzotriazole
and sodium. Half of the 1,2,3-benzotriazole may be recovered at the
end of the reaction; the other half is apparently reduced to an unstable
dihydrobenzotriazole.?

H

N N—- N-

X N /Ny

2 ——IHI + 2 — g————lﬂI + | H; IHI
o

The above mixture of salts, sodium 1,2,3-benzotriazolate alone, and the
1- and 2-methyl derivatives of benzotriazole are not affected by a sodium
solution.

The generation of hydrogen by the interaction of sodium and the
ammonium ion,

NHI + ¢ — NH; + H,

reduces sodium 1,2,3-benzotriazolate and the 2-methyl derivative to
o-phenylenediamine,

Na

N NHNa
/NN %
IUT + 6H —— + NH,

NH,

* Microanalysis by H. 8. Clark.

+ Apparently the dibenzoyl and dibenzenesulfonyl derivatives of N-methyl-o-
phenylene diamine have not been described in the literature.

1 Microanalysis by J. H. Walker.

1 Fries, GUTERBOCK, AND KUHN, Ann., 511, 214 (1934), state (without giving
experimental details) that they have investigated the catalytic hydrogenation of
1,2,3-benzotriazole. With a palladium or platinum catalyst they obtained tetra-
hydro-1,2,3-benzotriazole; with a nickel catalyst, o-phenylenediamine and ammonia.
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N NH,
N N

NCH; + 6H —— 4+ H,NCH;

NN\ AVANS
N NH.

Although the uptake of hydrogen approaches six atoms in both cases, this
value was never realized in practice probably because (1) the hydrogena-
tion is accompanied by some splitting of the ring as evidenced by the
presence of nitrogen in the gases collected and (2) the hydrogenation of the
last portion of the triazoles is inefficient because of the low concentration.
Since the uptake of hydrogen in the case of an equimolecular mixture of
the sodium salts of 1,2,3-benzotriazole and its dihydro derivative is only
slightly in excess of 3 atoms, it appears that the dihydro compound resists
further reduction.

The hydrogenation of 1-methyl-1,2,3-benzotriazole is complicated by
its insolubility and the marked splitting of the ring. In practice an up-
take of 5 atoms of hydrogen has been obtained, but not 6 as would be
expected,

CH;
NHCH;

N
/w/ NN
b | + 6H —— 4+ NH;
——N

NH,

The hydrogenation of 1,2,3-benzotriazole in basic solution where the
hydrogen is liberated by the reaction,

K= K" + ¢; NH; 4+ ¢ Tewtabst, NH; + H,

is by no means as effective as hydrogenation with sodium and ammonium
ion. This difference may be due to (1) the greater basicity of the solution,
(2) the fact that hydrogen is liberated only at the surface of the iron, or
(8) the possibility that iron promotes the combination of hydrogen atoms,
2 H — H;. There seems to be no obvious reason why the hydrogen
liberated from 1,2,3-benzotriazole and that from the ammonium ion
should reduce the benzene ring in the first case and the heterocyeclic ring
in the latter.

Reduction by electrons vs. hydrogenation.—There are two widely accepted
theories as to the mechanism of the reduction of organic substances by
active metals. One view regards the active hydrogen formed by the
reactions of the metal with a solvent as the effective agent. According
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to the other view organometallic compounds are first formed which are
solvolyzed giving rise to the hydrogenated product.’! Studies in liquid
ammonia have brought to light a number of instances of this latter type of
reduction. It is now evident that active hydrogen may also play an
important réle and that the effects of the two mechanisms may be sepa-~
rately evaluated, at least for the substances involved in these studies.
The question is really one of the relative ease of addition of electrons and
of hydrogen atoms. The triazole nucleus is stable toward electrons but is
broken down by hydrogen atoms.

Destruction of excess sodium following a reduction.—The usual practice
in using an ammonia solution of sodium as a reducing agent is that of
adding an excess of metal and later destroying this excess by treatment
with water or an ammonium salt. Since reduction may take place both
before and after the addition of ammonium salt, it is desirable to know
which is involved, or if both are. In case active hydrogen is effective,
yields may be increased, or more extensive reduction obtained by providing
those conditions which will yield an ample amount of such hydrogen.
As an example, dibenzothiophene is converted to the dihydro derivative
by sodium in liquid ammonia,'? but is more completely reduced with excess
sodium and ammonium bromide.®

The subject of reductions in ammonia presents another aspect. Sup-
pose one wishes to obtain only the reduction due to the electron and not
that due to active hydrogen. Suppose, further that it is desirable for
speed, completeness, ete. to have an excess of sodium present initially,
If the use of water, ammonium salts, and even ammonolysis catalysts,
introduces ecomplications, how may this excess metal be destroyed without
liberating hydrogen or introducing other complications? Sodium nitrate
reacts with three atoms of sodium without the evolution of any gas.1
The probable reaction is:

NaNO; 4 3Na 4 NH; — Nay;NO; + NaOH + NalNH,.»®

Preliminary studies indicate that sodium nitrate may be used safely and
effectively to destroy excess sodium, provided the disodium nitrite so
formed, is decomposed by ammonium salts before the evaporation of the
ammonia. Advantage may also be taken of the fact that mercury, in

i For literature references see WoOSTER AND GODFREY, J. Am. Chem. Soc., 69,
596 (1937).

2 GILMAN AND JacoBy, J. Ore. CuEM., 8, 116 (1938).

18 CAPPEL AND FERNELIUS, unpublished observations.

1 Burgess AND HoupEN, J. Am. Chem. Soc., 59, 461 (1937).

18 For formation and properties of Na,NO; see MaxTED, J. Chem. Soc., 111, 1016
(1917); ZinTL aND KOEN, Ber., 61, 189 (1928).
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contact with an ammonia solution of a metal, removes the metal from
ammonia.!®

Further studies on the relative reducing tendencies of the electron and
active hydrogen are in progress.

We are indebted to Mr. Karl E. Blumenberg for help with the gas
analyses involved in this work.

SUMMARY

1. 1,2,3-Benzotriazole reacts with sodium in ammonia solution to form
equimolecular quantities of the sodium salts of 1,2,3-benzotriazole and its
dihydro derivative. Active hydrogen (NH it + ¢) reduces the former
salt to o-phenylenediamine but not the latter.

2. An ammonia solution of sodium does not react with I-methyl- or
2-methylbenzotriazole, nor with the sodium salts of 1,2,3-benzo- and
dihydro-1,2,3-benzotriazole.

3. Active hydrogen (NH,* + ¢} reduces 2-methyl-2,1,3-benzotriazole
to o-phenylenediamine and 1-methyl-1,2,3-benzotriazole to N-methyl-o-
phenylenediamine.

4. Hydrogen generated by the interaction of potassium and liquid
ammonia in the presence of iron is relatively ineffective in reducing potas-
sium, 1,2,3-benzotriazolate to o-phenylenediamine.

5. The bearing of these results on the general subject of reductions in
liquid ammonis is discussed.

18 BergsTROM, J. Am. Chem. Soc., 46, 2791 (1923).
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ALLENES. II. THE PREPARATION OF 1-CYCLO-
HEXYL-2,3-PENTADIENE

FRED ACREE, Jr., axp F. B. LAFORGE
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The structure of the five-membered side-chain of pyrethrolone, the
cyclopentenolone component of the pyrethrins, still remains the only
feature of the molecule which has not been definitely established.
Staudinger and Ruszicka!, who first isolated and studied pyrethrolone,
concluded that a side-chain containing a cumulated system of double
bonds corresponded best to its chemical behavior. LaForge and Haller?
have reported results of experiments directed to the solution of this prob-
lem, but without reaching a definite conclusion. Their experimental
results, especially in regard to the behavior of pyrethrolone and its reduc-
tion product, pyrethrone, toward bromine, were difficult to explain with
the assumption of the presence of the cumulated system, and they were
still more contrary to the known behavior of conjugated systems.

The purpose in preparing substituted allenes was to perform on these
compounds the reactions that had been applied to pyrethrolone and
pyrethrone and to compare their respective behaviors.

In the first article of this series® the preparation of 1-phenyl-1,2-
butadiene, CsH;CH=C=CHCH,, was reported. Since this hydrocarbon
contains but four members in the side-chain, its analogy with pyrethrolone
was not considered sufficiently close. Moreover, it is now contemplated
to extend the investigation into the field of ultraviolet absorption study,
and for this purpose 1-phenyl-1,2-butadiene is unsuitable as a reference
compound because of the presence of the phenyl group. A compound
offering a closer analogy with pyrethrone, on the assumption that it
contains the cumulated system, and at the same time one that would
satisfy the requirements of ultraviolet absorption spectrum study, would
be l-cyclohexyl-2,3-pentadiene, the preparation of which is the subject
of this article. It was obtained by the following series of reactions: a-
chlorocrotonic aldehyde furnished 1-cyclohexyl-2-hydroxy-3-chloro-3-pen-
tene, CeH;1CH,CHOHCCl=CHCH; (I), by the Grignard reaction with

1 STAUDINGER AND Rvuzicka, Helv. Chim. Acta, T, 212 (1924).
? LaFoRGE AND HALLER, J. Ora. CHEM., 2, 546 (1938).
3 Acree AND LaFoRrcE, Ibid., 4, 40 (1939).

48
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hexahydrobenzyl iodide. Substitution of chlorine for the hydroxyl group
gave l-cyclohexyl-2,3-dichloro-3-pentene, C¢H,,CH,CHCICCl=CHCH,
(II)*. Dehalogenation of the dichloro compound furnished 1-cyclohexyl-
2,3-pentadiene, CeH,;CH,CH=C=CHCH,; (III).

Hg H2
C C H H OHC H
/\/H2 H Cl H /\/Hz\/ L]
HC  C-—-C.Mgl |l B¢ C—C—C—C=C—CH,
| + CH—C=C—C=0— | |
H,C cm H,C CH;
N S
C
He H, 1+1>015
H2 HZ
CH H H H H ClClH
/ N/ H | | /\/Hz\/ |
HC C—C—C=C=C—CH, o HC C—C——C—C=C—CH;,
| é — I |
H,C H, N HC CH,
II1 . C 11
H, AN H,
N\
103 Q‘%\Qo'
AN
AN
H, H, \ H,
C H H C H 0 C H 0
/ N/ H | SN/ H g/ SN/ B g/
Hzclz (I)—-C—~C=O HC C—C—C—OH H,(lz (])—C~C—~OH
HC CH, + H,‘g CH, HC CH T 0
/ V4
C CH;C—OH
Hg Hz H2
i

* Regarding the possibility of the allylic rearrangement having occurred in the
process of chlorination with the formation of 1-cyclohexyl-3,4-dichloro-2-pentene,
see the previous article®.



50 FRED ACREE, JR., AND F. B. LAFORGE

The structure of IIT was proved both by ozonization and by oxidation
with permanganate. Acetaldehyde was isolated as its dimethone deriva-
tive from the water-soluble reaction products after decomposition of the
ozonide, while from the product soluble in the organic solvent both cyclo-
hexylacetaldehyde and cyclohexylacetic acid were isolated, the former as
its semicarbazone, and the latter as its amide. Oxidation of III with
permanganate furnished acetic acid, which was characterized as acetyl-p-
toluidide, and cyclohexylacetic acid which was isolated as its amide.

An attempt to apply the general series of reactions used previously for
1-phenyl-1,2-butadiene?® to the preparation of l-cyclohexyl-2,3-pentadiene
failed because hexahydrobenzylmagnesium iodide reduced 2,2,3-trichloro-
butanal to the alcohol instead of giving the expected addition reaction.

EXPERIMENTAL

1-Cyclohexyl-8-hydroxy-3-chloro-3~pentene (I).—Thirty-five grams of e«-chloro-
crotonic aldehyde* dissolved in 200 cc. of dry ether was added slowly to the ice-cold
Grignard reagent prepared from 84 grams of hexahydrobenzyliodide® and 10 grams
of magnesium in 300 cc. of ether.

The reaction was allowed to continue in the cold for 16 hours. The Grignard
reaction product was added slowly to a stirred solution of 25 grams of ammonium
chloride in 150 ce. of water to which ice was added in quantity sufficient to maintain
a temperature of 0°. Fifteen cubic centimeters of glacial acetic acid was added to
break the emulsion that formed, and the reaction products were extracted with
ether. The ethereal solution was washed successively with a cold saturated solution
of sodium bisulfite, cold 5 per cent. sodium carbonate solution, and water, and then
dried over anhydrous sodium sulfate. The solvent was removed by evaporation, and
the residue was distilled, yielding 30 grams of oil boiling at 130-135°, = 9 mm.;
ng = 1.4893. The distillate erystallized after standing several hours in the refrigera-
tor. It was recrystallized by dissolving in 1 to 2 volumes of low-boiling petroleum
ether, cooling to —18°, and filtering at the same temperature. It melted at 39-40°.

Anal. Cale’d for Ci1HsClO: Cl, 17.5. Found: Cl, 17.2.

The compound did not form a crystalline phenylurethane.

Hydrogenation of 1-cyclohexyl-2-hydrozy-3-chloro-8-pentene (I).—One and one-half
grams of the alcohol was reduced in the presence of palladium-caleium carbonate
catalyst® in ethanolic potassium hydroxide solution, absorbing 310 cc. of hydrogen
(calc’d for 2 moles, 332 cc.). The reaction product was isolated and distilled, yield-
ing 1 gram of material boiling at 112-114°, p = 9 mm. ; n5 = 1.4620. From its method
of preparation this material hardly could be other than 1l-cyelohexyl-2-pentanol, a
compound that does not appear to be deseribed in the literature.

Anal., Cale’d for C Hp0: C, 77.64; H, 12,94,

Found: C, 77.64; H, 12.73.
It did not form a crystalline phenylurethane.
1-Cyclohexyl-2,3-dichloro-3-pentene (II}*.—S8ix grams (10 per cent. excess) of

¢ MoUREU, MURAT, AND TAMPIER, Bull. soc. chim., [4], 29, 32 (1921).

5 Gurr, Ber., 40, 2067 (1907). [Hexahydrobenzyl alcohol was prepared according
to FAvORSKY AND BoRraMANN, Ber., 40, 4865 (1907)].

® HouBgeN, ‘‘Die Methoden der organischen Chemie,”” 3 ed., vol. 2, p. 360.
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powdered phosphorus pentachloride was slowly added to 5.2 grams of 1-é§¢lohexyl-
2-hydroxy-3-chloro-3-pentene (I) dissolved in 25 ce. of cold petroleum ether. When
the initial vigorous reaction had subsided, the mixture was boiled for a few minutes
on the steam bath and then poured into water containing ice. The petroleum ether
solution was separated and washed with dilute sodium bicarbonate solution and then
with water. After drying over anhydrous sodium sulfate, the solvent was removed
by evaporation, and the residue was distilled, yielding 4.2 grams of product which
boiled at 131-133°, p = 11 mm.; n} = 1.4965.

Anal. Cale’d for CyHi5Cly: Cl, 32,1, Found: Cl, 31.7.

1-Cyclohexyl-2,3-pentadiene (III).—Ten grams of l-cyclohexyl-2,3-dichloro-3-
pentene (II) dissolved in 25 cc. of ethanol was dropped into a stirred suspension of
25 grams of zine dust in 25 ce. of boiling ethanol. (The zine dust had been treated
previously with a large volume of very dilute hydrochloric acid to remove zine oxide,
and then washed free of acid with water and finally with ethanol.) The reaction
flask was provided with a dropping funnel and a reflux condenser. The solution of
the dichloride was introduced at the rate necessary to cause uniform boiling without
the application of heat. Finally, the reaction solution was boiled for 15 minutes,
cooled, filtered from the excess zine, and diluted with several volumes of water.
The separated oil was extracted with ether, and the solution was washed repeatedly
with water and finally with dilute sodium carbonate solution, and then dried over
sodium sulfate. After removal of the solvent by evaporation, the residue was dis-
tilled, yielding 4.6 grams of product boiling at 82-85°, p = 12 mm.; nj = 1.4810.

Anal, Calc’d for CyyHs: C, 8800; H, 12.00.

Found: C, 88.50; H, 12.06.

In comparison with 1-phenyl-1,2-butadiene the compound is relatively stable.
The 1-cyclohexyl-2,3-pentadiene (III) showed no evidence of reaction when treated
in the usual manner with freshly prepared maleic anhydride.

Hydrogenation of 1-cyclohezyl-2,3-pentadiene (III).—One-half gram of III in
ethanol solution, when reduced with hydrogen in the presence of platinum oxide
catalyst, absorbed 165 cc. of hydrogen in a few minutes (cale’d for 2 mols, 149 cc.).
The reduction product was isolated and on distillation boiled at 200-205°C., p =
atmos.; ny = 1.4474; yield, 0.35 gram. The boiling point of n-amyleyclohexane is
reported’ as 198°C., p = atmos.; ny = 1.4466.

Ozonization of 1-cyclohexyl-2,3-pentadiene (III).—An excess of ozone was passed
into an ice-cold solution of 1.2 grams of III dissolved in 5 cc. of carbon tetrachloride.
The ozonide was decomposed by shaking with a few cubic centimeters of water con-
taining ice and finally by warming. The aqueous solution was separated and added
to a solution of 1.6 grams of dimethone dissolved in 400 cec. of water. The crystalline
material that had formed by the end of 16 hours was separated and recrystallized
from ethanol. It weighed 0.2 gram, melted at 138-140°, and was identified as ethyl-
idenedimethone by the mixture melting point, 137-138°,

The carbon tetrachloride solution was extracted with 5 per cent. aqueous potas-
sium hydroxide solution, washed with water, and dried over sodium sulfate. The
solvent was removed by evaporation, and the residue was distilled, yielding 0.4 gram
of product boiling at 70-120°, p = 10 mm. This distillate was dissolved in 2 cc. of
ethanol and added to a solution of 0.4 gram of semicarbazide hydrochloride in 1 ce. of
water and 1 cc. of pyridine. After standing overnight, the reaction mixture was
diluted with a few cubic centimeters of water. The crystalline material that sepa-
rated was removed by filtration, and reerystallized from ethanol. It weighed 0.1

7 STrRATFORD, Chem. Zentr., 1929, II, 1286.



52 FRED ACREE, JR., AND F. B. LAFORGE

gram and melted at 157-159°. Skita® records the melting point of cyclohexyl-
acetaldehyde semicarbazone as 153°.

Anal. Cale’d for C;H4N;O: C, 59.02; H, 9.29.

Found: C, 58.80, 58.70; H, 9.28, 9.28.

The aqueous alkaline extract from the carbon tetrachloride solution was concen-
trated to a small volume and acidified. The oil that separated was dissolved in
petroleum ether, washed with water, and dried over sodium sulfate. The solvent
was removed by evaporation, yielding 0.4 gram of residue. By treatment with
thionyl chloride this acid reaction product was converted into its acid chloride.
The addition of concentrated ammonium hydroxide precipitated a erystalline mate-
rial, which was isolated and recrystallized from water. It melted at 169°C. Gutt?
records the melting point of cyclohexylacetic acid amide as 171-172°C.

Anal.t Cale’d for CsHi;NO: N, 9.93. Found: N, 10.00.

Ozidation of 1-cyclohexyl-2,8-pentadiene (III).—One gram of III was oxidized
with 2 grams of potassium permanganate in 60 ce. of acetone previously treated with
permanganate. The acetone solution, after being filtered from the manganese
dioxide, yielded 0.5 gram of unchanged starting material.

The aqueous extract from the manganese dioxide was acidified and extracted
with petroleum ether. The petroleum ether solution was washed with water, dried
over sodium sulfate, and the solvent was removed. The residue was treated with
thionyl chloride to convert the acid reaction product into the acid chloride. The
addition of concentrated armmonium hydroxide precipitated a crystalline material,
which was isolated and recrystallized from water., It weighed 0.1 gram and melted
at 169°. It was identified as cyclohexylacetic acid amide by the mixture melting
point method.

The aqueous solution that had been extracted with petroleum ether was steam
distilled. The distillate was made alkaline and evaporated to dryness, yielding 0.4
gram of residue. Treatment of this residue with p-toluidine?!® yielded 0.15 gram of
recrystallized material which melted at 148-149°. It was identified as acetyl-p-
toluidide by the mixture melting point, 147-148°.

Reaction of 2,2,3-trichlorobutanal with hexahydrobenzylmagnesium todide.—Sixty-
five grams of 2,2,3-trichlorobutanal dissolved in 200 cc. of dry ether was added
slowly to the cold Grignard reagent prepared from 12 grams of magnesium and 102
grams (20 per cent. excess) of hexahydrobenzyl iodide dissolved in 200 cc. of the
same solvent. The reaction was allowed to continue for 4 hours. The reaction
mixture was then added slowly to a stirred solution of 25 grams of ammonium chlo-
ride dissolved in 150 cc. of water to which sufficient ice was added to maintain the
solution cold. Fifteen cubic centimeters of glacial acetic acid was added to break
the emulsion, and the reaction products were extracted with ether. The ethereal
solution was washed with a cold saturated solution of sodium bisulfite, cold 5 per
cent. aqueous sodium carbonate, and water, and then dried over sodium sulfate.
The solvent was removed by evaporation and the residue was distilled, yielding 58
grams of oil which boiled at 76-95° » = 1 mm. After being kept cold for several

8 SkITA, Ber., 48, 1694 (1915).

® Gurr, 1bid., 40, 2068 (1907).

t This nitrogen analysis was performed by T. H. Harris, Bureau of Agricultural
Chemistry and Engineering, U. 8. Department of Agriculture.

10 MuLLIREN, ‘‘Identification of Pure Organic Compounds,’’ 1st ed., John Wiley
and Sons, Inc., New York City, 1904, vol. 1, p. 80.
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hours, the distillate crystallized. The crystalline material was separated from the
non-crystalline portion by filtration at —18° and washing with cold petroleum ether.
It weighed 22 grams, and melted at 53-55°. On redistillation it boiled at 97-98°,
p = 18 mm. The material was obtained pure, melting point §8-59°, by one recrystal-
lization from petroleum ether.

Anal. Cale’d for C.H,Cl;0: Cl, 60.0. Found: Cl, 59.5, 60.0.

The properties of the compound agree with those reported for 2,2,3-trichloro-1-
butanol prepared by Garzarolli-Thurnlackh™ by the action of ethylzinc on 2,2,3-
trichlorobutanal.

SUMMARY

The Grignard reaction of hexahydrobenzylmagnesium iodide with a-
chlorocrotonic aldehyde furnished 1-cyclohexyl-2-hydroxy-3-chloro-3-pen-
tene, which was converted into 1-cyclohexyl-2,3-dichloro-3-pentene by the
action of phosphorus pentachloride. The 1-cyclohexyl-2,3-dichloro-3-
pentene was dehalogenated with zine to 1-cyclohexyl-2,3-pentadiene, the
structure of which was proved by the identification of its products of
ozonization and oxidation, namely, cyclohexylacetaldehyde, acetaldehyde,
cyclohexylacetic acid, and acetic acid.

The Grignard reaction of hexahydrobenzyl iodide with 2,2,3-trichloro-
butanal yielded the abnormal reaction product 2,2,3-trichloro-1-butanol.

11 GARZAROLLI-THURNLACKH, Ann., 213, 369 (1882).
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INTRODUCTION

Since the advent of cocaine as a local anesthetic, a large amount of
literature has appeared on the synthesis of related compounds. The pur-
pose of most of this work was to obtain active local anesthetics which
would be less toxic than cocaine. These aims have been accomplished to
some extent and there are now available a large number of compounds,
mostly benzoates or p-aminobenzoates of N-substituted amino aleohols,
which compare favorably with cocaine. In general, however, they lack
the vasoconstricting power shown by cocaine and consequently must be
used in conjunction with adrenaline. The latter, by decreasing the rate
at which the anesthetic is carried away from the point of injection, permits
the use of lower concentrations and also acts as a hemostatic agent.

Attempts have been made by several workers to combine structures
essential for vasoconstriction and structures essential for anesthetic activity
with the hope that the physiologica! effects might be cumulative. In
general, pressor activity has been found in compounds possessing the

l

grouping Ar—C—C—N and local anesthetic activity in compounds con-

o
]

taining the grouping Ar—CO—O—C—C—N—R. Most of the com-
l

pounds prepared up to this time that contain both of the required groupings

have not been entirely satisfactory. This work has been reviewed in two

excellent papers by Hartung (1) and by Alles and Knoefel (2).

More recently, Coles and Loth (3) prepared some aromatic esters of
N-g-hydroxyethyl- and N-y-hydroxypropyl- ac-tetrahydro-g-naphthyl-
amine. Although ac-tetrahydro-8-naphthylamine has been shown to have
definite pressor action, the new derivatives were lacking in this property.

Osborne (4) reported that the synthesis of a-(3,4-dihydroxyphenyl)-8-
(p-aminobenzoyl-g-diethylaminoethanol)-a-ethanone hydrochloride (epi-

54
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caine) produced a drug which combines both local anesthetic and vaso-
pressor action.

It does not seem possible to draw any definite conclusions from the
above work, since the evidence for the various compounds does not agree
very well. In some cases both anesthetic and pressor activity were re-
ported and in other cases for closely related compounds pressor activity
was lacking. The fact that none of these compounds appears to be in
general use might indicate that the problem has by no means been solved.

Since certain morpholino compounds have been shown to possess local
anesthetic action (5), it was planned to condense morpholine with strue-
tures known to exert vasopressor action, hoping to obtain compounds of
medicinal value. Therefore morpholine was condensed with phenacyl
bromide, a-bromopropiophenone, p-hydroxyphenacyl chloride, 3,4-di-
hydroxyphenacyl chloride and phenylethyl bromide, to yield amino
ketones which in turn were catalytically reduced to the corresponding
carbinols. Where R equals H, the side chain

CH,.CH, CH,.CH,

/ /
ArCOCH. N 0 ArCHOH.CH.N 0
| AN / | AN /
R CH,.CH, R CH,.CH,
R=H,CH, Ar=CiH;  p-HOGH,, 3,4-(HO).CeH,

is structurally similar to adrenaline and where R equals CHj, the side chain
is similar to that found in ephedrine. The condensation product from
phenylethyl bromide, of course contained no alcohol group in the side
chain. Since aromatic esters of amino alcohols usually possess anesthetic
activity, the benzoates of 1-phenyl-2-morpholinoethanol-1 and 1-phenyl-
2-morpholinopropanol-1 were prepared as well as the cinnamate of the
ethanol derivative.

Magee and Henze (6) have recently prepared a series of 5-alkylamino
hydantoins. Certain hydantoins substituted in the five position have
been shown to pgssess hypnotic activity. Since four new amino ketones
were prepared in the course of the present work, it was thought that the
corresponding hydantoins might be of some interest. Attempts to prepare
these hydantoins by the Bucherer method (7) were successful only in the
case of w-morpholinoacetophenone from which 5-phenyl-5-morpholino-
methyl hydantoin was obtained. These compounds are being tested and
the pharmacological report will be made later.

EXPERIMENTAL

Analysis.—The semi-micro Kjeldahl method was used for the nitrogen determina-
tion. The distillate was absorbed in 15 cc. of 4%, boric acid solution and titrated
to a methyl-red endpoint according to the method of Meeker and Wagner (8).
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Preparation of catalyst.—The catalyst employed in most cases was 10% palladium
on charcoal prepared according to the method of Hartung (9). The 209, palladium
on charcoal catalyst was prepared similarly. In all cases the catalyst was shaken
under an atmosphere of hydrogen until no more gas was absorbed, immediately
before the introduction of the sample.

Preparation of phenacyl bromide.—To 30 g. (0.25 mole) of acetophenone dissolved
in 3540 cc. of glacial acetic acid, 40 g. (0.25 mole) of bromine was added all at once.
The flask was then immediately attached to a reflux condenser suitably connected
for the absorption of hydrogen bromide, shaken in order to make the mixture homo-
geneous and then allowed to stand. After a few minutes a vigorous reaction took
place with the evolution of hydrogen bromide. The straw-colored liquid was poured
into a mixture of ice and water and was permitted to stand approximately one hour.
At the end of this time the solid was removed by filtration and the oil well pressed
out. The solid was then immediately recrystallized from 95% aleohol. Yields of
25-30 g. (50-60%) of pure product melting at 49.5-50° were obtained. This method is
similar to that employed by Schmidt (10) for the preparation of a-bromopropiophe-
none. The method of Rather and Reid (11) gave lower yields of a considerably
darker product.

Preparation of a-bromopropiophenone.—This was prepared similarly to the phe-
nacyl bromide according to the method of Schmidt (10). The reaction mixture after
being poured into ice water was carefully separated and washed with sodium bicar-
bonate solution, then with water and finally dried over anhydrous sodium sulfate.
This product, obtained in 909, yields, was used without purification in further
reactions.

Preparation of p-hydroxyphenacyl chloride.—This was prepared according to
Tutin, Caton and Hann (14), using ligroin, however, instead of carbon disulfide as
the solvent. The use of ligroin greatly reduced the amount of gum formed. Thirty
grams (0.277 mole) of anisole and 36 g. (0.318 mole) of chloroacetyl chloride were
dissolved in 300 cc. of ligroin. To the rapidly stirred solution, 75 g. (0.56 mole) of
anhydrous aluminum chloride was added over a period of three-quarters of an hour,
the mixture permitted to stand one hour and then 45 g. (0.34 mole) more of aluminum
chloride was added in about half an hour. The resulting mixture was heated for
four hours on the water-bath. At the end of this time the solvent was removed by
distillation and the complex was decomposed by ice, followed by 30 cc. of concen-
trated hydrochloric acid. The mixture was taken up in ether and extracted first
with 59 ammonium carbonate solution and then with 109 sodium carbonate solu-
tion. Acidification of the sodium carbonate extract after treatment with charcoal
yielded 17.0 g. of a yellow product. It may be recrystallized from methyl alcohol;
m.p. 147.5°.

Preparation of 3,4-dihydrozyphenacyl chloride.—This was prepared essentially
according to Mannich and Hahn (15). A mixture of 50 g. (0.454 mole) each of cate-
chol, monochloroacetic acid (0.53 mole) and phosphorus oxychloride (0.325 mole)
was placed in a large flask fitted with a reflux condenser and a tube to lead away
hydrogen chloride. It was heated on & hot plate until gas was evolved and then
immediately removed from the plate. The reaction proceeded spontaneously. By
avoiding too long heating at this point a better yield was obtained. At the com-
pletion of the reaction, 500 ce. of boiling water was added to dissolve the mass, and
the solution allowed to stand in an ice chest for two days. The product was then
filtered and dried. Yields averaged from 40-47 g. (52-61%). Recrystallization
from hot water, employing charcoal for decolorization, yielded s light colored prod-
uct melting at 173°.
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Preparation of 4-(-B-phenylethyl)-morpholine hydrochloride.—To 18.5 g. (0.1 mole)
of phenylethyl bromide dissolved in 30 cc. of alcohol was added 17.4 g. (0.2 mole) of
morpholine dissolved in 25 cc. of alcohol. The mixture was refluxed for two hours
on a water-bath, and then cooled, whereupon a crystalline precipitate separated.
The reaction mixture was diluted with one and one-half times its volume of ether,
allowed to stand a short time and was then filtered. The crystalline residue, consist-
ing of morpholine hydrobromide, was washed well with ether and the washings added
to the filtrate. Dry hydrogen chloride was passed into the cooled filtrate and yielded
17.75 g. (78%) of crystalline hydrochloride. Recrystallization from hot alcohol
gave a colorless product melting at 246° (corr.). This compound has been reported
(16) as melting at 238°,

Anal. Cale’d for C,H;sCINO: N, 6.15; Cl, 15.57.

Found: N, 5.98; Cl, 15.64.

Preparation of w-morpholinoacetophenone hydrochloride.—To 9.95 g. (0.05 mole) of
phenacyl bromide mixed with 30-40 cc. of alcohol and cooled to 0°, 8.7 g. (0.1 mole)
of morpholine was slowly added with stirring, the addition being made at a rate such
as to maintain the temperature below 15°. The mixture was then allowed to warm
up to room temperature and allowed to stand for two hours, at the end of which time
150 cc. of ether was added. After standing overnight, it was filtered, and the crystal-
line morpholine hydrochloride was washed with ether, which was added to the
filtrate. The amino ketone hydrochloride was precipitated by passage of dry hydro-
gen chloride over the ether. After collecting on a filter, washing with ether, and
drying, 9.5-11 g. (79-91%) of crystalline material was obtained. Recrystallization
from hot alcohol yielded a colorless product melting with decomposition at 222-223°
(corr.). This compound has just been patented and reported as melting at 213-214°
with decomposition (12).

Anal. Cale’d for CioH6CINO,: N, 5.80; Cl, 14.68,

Found: N, 5.76; Cl, 14.69.
This compound may also be prepared in 70-75%, yield by refluxing one equivalent of
amine with one equivalent of phenacyl bromide in alcohol solution in the presence
of a slight excess of anhydrous potassium carbonate. The free base was obtained
only as an impure oil.

Preparation of a-morpholinopropiophenone hydrochloride.—This was prepared
similarly to the w-morpholinoacetophenone hydrochloride in yields averaging 80-859%,
employing either two equivalents of morpholine or one equivalent of morpholine
with anhydrous potassium carbonate. Recrystallization from hot alcohol yielded a
colorless product melting at 224° (corr.) with decomposition. This compound has
just been patented and reported as melting with decomposition at 224° (12).

Anal. Cale’d for Ci3H;sCINO,: N, 5.48; Cl, 13.98.

Found: N, 5.42; Cl, 13.78.

Preparation of w-morpholino-p-hydrozyacetophenone.—To 6 g. (0.035 mole) of
p-hydroxyphenacyl chloride in 10 cc. of aleohol, 6.12 g. (0.07 mole) of morpholine was
slowly added, maintaining the temperature below 15°. Ten cubic centimeters of
ether was added during the addition in order to keep the mixture from becoming
solid. More ether was then added and the mixture allowed to stand overnight. It
was then filtered and dried. The dried product was suspended in water to dissolve
out the morpholine hydrochloride. The residue was filtered, washed well with water
and dried, yielding 7.0 g. (90%) of product. Recrystallization from alcohol, using a
small amount of charcoal, yielded colorless needles of melting point 201-201.7° (corr.).

Anal. Cale’dfor C;oHisNO;: N,6.33. Found: N, 6.13.
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The hydrochloride was prepared by suspending the base in alcohol and passing
hydrogen chloride into the solution. It melts with decomposition at 242-243° (corr.).

Anal. Calc’d for CioH;CINO,: N, 5.44; Cl, 13.76.

Found: N, 5.34; Cl, 13.79.

Preparation of w-morpholinoe-8,4-dihydroxzyacetophenone.—This was prepared
similarly to the p-hydroxyacetophenone derivative from morpholine and 3,4-di-
hydroxyphenacyl chloride. The compound was obtained in 85-90% yields. The
base was best recrystallized from 509, alcohol. The colorless product melted at
207° (corr.) with decomposition.

Anal. Cale’d for CH1:INO4: N, 5.86. Found: N, 5.84.

The hydrochloride was obtained by passing hydrogen chloride over an alcoholie
suspension of the base. The hydrochloride decomposes at 224-2256° (corr.).

Anal. Cale’d for Ci:H(CINO,.: N, 5.12; Cl, 12.95.

Found: N, 5.05; Cl, 12.97.

Preparation of 1-phenyl-2-morpholinoethanol-1 hydrochloride.—This compound
was prepared by the catalytic reduction of the corresponding ketone in 95% alcohol
solution, employing 10% palladium on charcoal as the catalyst (9). Ten grams of the
amino ketone hydrochloride was added to 200 cc. of alcohol containing 4.5 g. of dry
hydrogen chloride and 3.3 g. of catalyst. This was then shaken under an atmosphere
of hydrogen in an apparatus similar to that of Schaefer (13) until the calculated
volume of hydrogen had been absorbed. At the completion of the reduction the
solution was filtered free of catalyst and evaporated to a small volume. After
cooling, twice the volume of ether was added, and the mixture was allowed to stand
in ice for complete precipitation. After filtration, washing with a small amount of
ether and drying, 8.8 g. (87.5%) of product was obtained. Recrystallization from
hot alcohol yielded a colorless product melting at 188-188.7° (corr.).

Anal. Cale’d for Ci2H1sCINO,: N, 5.75; Cl, 14.56.

Found: N, 5.65; Cl, 14.58.

Preparation of 1-phenyl-2-morpholinoethanol-1.—This compound was prepared
from the hydrochloride by the addition of dilute ammonia or dilute sodium hydroxide
to an aqueous solution of the hydrochloride. It was recrystallized from dilute
aleohol; m.p. 80.9-81.3° (corr.).

Anal. Cale’d for CioH17NO,: N, 6.76. Found: N, 6.68.

Preparation of 1-phenyl-2-morpholinopropanol-1 hydrochloride.—This compound
was prepared similarly to the ethanol derivative by catalytic reduction, in 80-85%
yields. After the reduction, due to the lesser solubility of the propanol derivative,
it was necessary to filter the solution hot. Recrystallization from alcohol yielded a
colorless product melting at 235° (corr.).

Anal. Cale’d for CiH,CINO,: N, 5.44; Cl, 13.87.

Found: N, 5.45; Cl, 13.80.

Preparation of 1-phenyl-2-morpholinopropanol-1.—This was prepared from the
hydrochloride by the addition of dilute ammonium hydroxide or dilute sodium
hydroxide. A pure product, m.p. 73-73.5° (corr.) was obtained by recrystallization
from dilute alcohol.

Anal. Cale’'d for CaHioNO:2: N, 6.33. Found: N, 6.25.

Preparation of 1-(p-hydrozyphenyl)-2-morpholinoethanol-1 hydrochloride.—This
was prepared by catalytic reduction of the corresponding ketone hydrochloride in
water solution employing 20% palladium on charcoal as the catalyst. After filtering
off the catalyst, the aqueous solution was evaporated almost to dryness, cooled, and
acetone added. The compound was obtained in 78% yield. Recrystallization of
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the compound from aleohol yielded a colorless product melting with decomposition
at 178° (corr.).

Anal. Calc’d for C,oH;sCINO;: N, 5.39; Cl, 13.65.

Found: N, 5.36; Cl, 13.67.

Preparation of 1-(8,4-dihydrozyphenyl)-2-morpholinoethanol-1 hydrochloride.—
This was prepared similarly to the p-hydroxy derivative employing 10% palladium on
charcoal. After the removal of the catalyst by filtration the solution was evaporated
to dryness. Crude yields of 81-989, were obtained. Recrystallization from alcohol
and ether and employing charcoal yielded a colorless product decomposing at 250°
(corr.).

Anal. Cale’d for CioHysCINOq: N, 5.08; Cl, 12.86.

Found: N, 4.96; C], 12.98.

Preparation of the benzoate of I1-phenyl-2-morpholinoethanol-1 hydrochloride.—
Heating the amino aleohol hydrochloride with excess benzoyl chlorideon a steam-
bath for three hours failed to cause complete esterification. Benzoylation attempted
in benzene solution, heating until no more hydrogen chloride was evolved, yielded
the apparently unchanged amino alcohol hydrochloride. The ester was best pre-
pared by heating 4.0 g. (0.0164 mole) of the amino alcohol hydrochloride with 15 ce.
(0.13 mole) of benzoyl chloride for three hours at 120-130° in an oil-bath. At the
end of this time, the solution was cooled, ether was added, and the mixture allowed to
stand overnight. The crystalline product was then filtered, washed repeatedly with
ether and dried. Recrystallization from hot alcohol and ether yielded 60-65%, of a
colorless product melting at 173.5-175° (corr.).

Anal. Cale’d for C;yH2,CINO;: N, 4.03; Cl, 10.09.

Found: N, 3.97; Cl, 10.20.

Preparation of the cinnamate of I1-phenyl-2-morpholinoethanol-1 hydrochloride.—
To 3.35 g. (0.02 mole) of cinnamoyl chloride dissolved in 35 ce. of dry xylene was
added 3.11 g. (0.015 mole) of l-phenyl-2-morpholinocethanol-1 dissolved in 50 ce.
of dry xylene. This mixture was heated in an oil-bath maintained at 150° for two
hours. At the end of this time, the reaction mixture was cooled, filtered, and the
product washed with ether. The yield was 4.96 g. (88%). Recrystallization from
aleohol yielded a colorless product melting at 220-221° (corr.).

Anal. Calce’d for CxH,CINO;: N, 3.75; Cl, 9.49.

Found: N, 3.69; Cl, 9.49.

Preparation of the benzoate of I-phenyl-2-morpholinopropanol-1 hydrochloride.—
The ester was obtained in 85% crude yield by heating the amino alcohol hydro-
chloride with excess benzoy] chloride for five hours to 120-125°, similar to the ethanol
derivative. Recrystallization from hot aleohol and ether yielded a colorless product
melting at 210-211° (corr.).

Anal. Cale’d for C30H24CINO;: N, 3.87; Cl, 9.80. Found: N, 4.04; Cl, 10.23.

Preparation of 6&-phenyl-6-morpholinomethyl hydantoin.—This hydantoin was
prepared according to the method of Bucherer and Steiner (7). Five grams (0.02
mole) of w-morpholinoacetophenone hydrochloride was dissolved in 40 ce. of 50%
aleohol. To this was added 2 g. (0.03 mole) of potassium cyanide and 8 g. (0.083
mole) of powdered ammonium carbonate. This mixture was shaken well and heated
on the water-bath for eight and one-half hours, maintaining the bath between 55-65°.
Needles started to separate at the end of two hours. The mixture was allowed to
cool, diluted with water, and filtered. The ecrude yield was 5.3 g. (93%). Recrystal-
lization from hot aleohol yielded colorless needles melting at 204-204.5° (corr.).

Anal. Calce’dfor CisHsN3sO;: N, 15.26. Found: N, 15.17.
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The hydrochloride of this base was prepared by suspending the base in aleohol
and passing in dry hydrogen chloride. Recrystallization from aleohol yielded a
product melting at 206° (corr.) with decomposition.

Anal. Cale’d for Ci,H,sCIN;O0;5: N, 13.48; Cl, 11.37.

Found: N, 13.40; Cl, 11.26.

Attempts to prepare the hydantoins of a-morpholinopropiophenone, w-morpho-
lino-p-hydroxyacetophenone and w-morpholino-3,4-dihydroxyacetophenone using
the method of Bucherer (7) failed.

SUMMARY

1. The following amino ketones, w-morpholinoacetophenone, e-morpho-
linopropiophenone, w-morpholino-p-hydroxyacetophenone and w-mor-
pholino-3,4-dihydroxyacetophenone, have been prepared.

2. The corresponding carbinols have been prepared by catalyticreduc-
tion employing palladium on charcoal as the catalyst.

3. The benzoates of 1-phenyl-2-morpholinoethanol-1 and 1-phenyl-2-
morpholinopropanol-1, as well as the cinnamate of the ethanol derivative,
have been prepared.

4. The compound 5-phenyl-5-morpholinomethyl hydantoin has been
prepared by the method of Bucherer. Attempts to prepare hydantoins
of the other amino ketones failed.

PHILADELPHIA, Pa.
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Some years ago, Gardner and Borgstrom (1) showed that the reaction
between a single Grignard reagent and silver bromide results in the pro-
duction of the compound formed by the union of two of the organic radicals
to form a symmetrical molecule. More recently, Gardner, Joseph and
Gollub (2) found that the reaction of a mixture of phenyl- and p-anisyl-
magnesium bromides with silver bromide results in the formation of the
three products which would be expected to result from the union of similar
and dissimilar radicals. In view of the isolation of a number of silver aryls
as the result of the reaction of aromatic Grignard reagents with silver
bromide, by Krause and Wendt (3) and by Reich (4), and their demonstra-
tion that these compounds decompose to yield metallic silver and biaryls,
it has been generally accepted that the coupling reaction proceeds accord-
ing to the equations:

RMgX + AgBr = RAg + MgBrX O
RAg = R— + Ag (1D
2R— =R, (I11)

This view is supported by the isolation by Danehy and Nieuwland (5) of
silver n-butylacetylide formed as the result of the action of n-butylacetyl-
enemagnesium bromide on silver bromide. If this mechanism is correct,
it should be possible to predict with a fair degree of accuracy the result
of the reaction of a mixture of Grignard reagents with silver bromide on
the basis of the stability of the intermediate silver compounds, since silver
compounds of equal stability would be expected to give the highest yields
of unsymmetrical coupling products. The present work shows that the
situation is more complicated than had been previously believed.

At the outset, a study was made of the reaction of a series of mixtures

1 Based upon a Dissertation submitted by Lionel Joseph in partial fufilment of the
requirements for the degree of Doctor of Philosophy, Washington University, June,
1937.
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of alkylmagnesium bromides with phenylmagnesium bromides. Since it
is known that phenylsilver is sufficiently stable to be isolated and to exist
for a short time at room temperature (3, 4), whereas such alkylsilvers as
have been worked with are immediately decomposed at —18° (4, 6), it
would be expected that, in these cases, there would be little or no coupling
of dissimilar radicals. It was found, however, that in every case where
the alkyl group was primary or secondary, considerable quantities of the
unsymmetrical coupling products were obtained, the amount in the case
of the primary alkyl groups usually exceeding that of the symmetrical
coupling products.

This study was followed by a similar series of reactions using mixtures
of alkylmagnesium bromides with benzylmagnesium chlorides. The re-
sults of both series of experiments can be correlated in terms of the electro-
negativity of the radicals involved, as will be seen later in this paper.

EXPERIMENTAL

Materials,—The bromobenzene used in these experiments was obtained in part
by the distillation through an efficient column of material prepared by undergraduate
students. The rest was Eastman ‘‘Practical’’ which was found to be of satisfactory
purity by distillation tests. Benzyl chloride obtained from the Mallinckrodt Chemi-
cal Works was redistilled and the fraction boiling at 176-177° was used. The alkyl
bromides were obtained from the Eastman Kodak Company and were used without
further purification except that the isobutyl bromide was distilled immediately
before use. The magnesium was Mallinckrodt’s “Turnings for Grignard’s Reac-
tions.”” 8ilver bromide was prepared by the method of Gardner and Borgstrom (1).

Preparation of Grignard reagenis.—The two Grignard reagents used in each experi-
ment were prepared separately, the alkyl or aryl halide dissolved in ether being added
to an excess of magnesium during the course of a half hour, with vigorous mechanical
stirring. The mixture was then boiled another half hour. Whenever a halide was
used for the first time, an aliquot was taken and decomposed with standard nitric
acid and the excess acid titrated with sodium hydroxide. Halogen was determined
volumetrically on the same sample. The hydroxyl-halide ratios so obtained indi-
cated yields comparable to those reported by Gilman and his co-workers (7). In the
case of tert.-butylmagnesium bromide, 2.5 moles of magnesium was used for each
mole of fert.-butyl bromide. Since it was found that the yield of Grignard reagent
in this case was 30-409%,, these runs were carried out with the reagents prepared from
0.5 mole of fert.-butyl bromide and 0.25 mole of the other halide. In all other cases,
the pairs of Grignard reagents were made up from equimolar quantities of the halides.

Reaction with silver bromide.—The two Grignard reagents were mixed in a three-
necked flask provided with two reflux condensers and a stirrer of the type deseribed
by Joseph (8). The flask was placed in an ice-salt bath. Two equivalents of silver
bromide was added slowly, with stirring, through one of the condensers. The flask
was allowed to stand in the ice and salt bath for a half hour with continuous stirring.
The cooling bath was then removed and the mixture boiled gently for an hour. In
some of the earlier experiments, the mixture was then treated with 200 cc. of water
acidulated with hydrochloric acid, for each mole of Grignard reagent. The ether
layer was separated, dried over caleium chloride, and the produects isolated as de-
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scribed below. In most of the experiments, the flask was removed from the reflux
condensers and connected to a condenser set for distillation. In the other necks there
were placed a thermometer and a dropping funnel. The acidulated water was then
added at such a rate as to cause the ether to distil quietly. When all of the ether had
come over, the flask was arranged for steam distillation and the products were steam
distilled. The organic layer was separated from the aqueous layer and dried over
calcium chloride. Forisolation of the products, the material was distilled through a
70 em. Vigreux column, taking fractions over fairly large temperature ranges on the
first distillation. The biphenyl or bibenzyl which was left in the distilling flask was
further purified by steam distillation and drying. The liquid hydrocarbons were
washed with concentrated sulfuric acid and redistilled, the final products being
collected over a 1-2° range. The results obtained by the two methods of separating
the organic material from the reaction mixture agreed well within the limits of
experimental error.

RESULTS AND DISCUSSION

The yields of the chief products formed when silver bromide was added
to mixtures of phenylmagnesium bromide and various alkylmagnesium
bromides are shown in Table I. It will be noted that in all cases except
where the alkyl group was tert.-butyl, some of the unsymmetrical product
was formed. The yields of the unsymmetrical coupling products and of
biphenyl are collected in Table II, all calculated to a basis of one mole of
each Grignard reagent to facilitate direct comparison. In this table, the
alkyl groups are arranged in order of decreasing electronegativity, accord-
ing to the series of Kharasch and Reinmuth (9), with the exception that
sec.-butyl has been placed below rather than above isopropyl. The radi-
cals are thus placed also in the order of decreasing yields of alkylbenzene,
with the exception of methyl and ethyl, with both of which, experimental
difficulties due to the volatility of the halides lead us to doubt whether
these data are really quantitatively significant. In all other cases, dupli-
cate runs agreed within a maximum variation of about ten per cent.

The same order of listing the alkyl radicals places them in the order of
increasing vields of biphenyl, with the exception of the first and last.
The general agreemeént with the electronegativity of the alkyl radicals
seems too pronounced to be without significance.

A similar regularity was noted in the case of benzylmagnesium chloride
and the same series of alkylmagnesium bromides. The results of these
experiments are given in Table III and the yields of benzylalkanes and of
bibenzyl are collected for ease of comparison in Table IV, again calcu-
lated to the basis of one mole of each Grignard reagent. In this case, the
yields of benzylalkane increase and those of bibenzyl decrease as we
descend the series, except in the case of tert.-butyl. This is what is to be
expected as the benzyl radical is less electronegative than any of the alkyl
radicals in the series except the last. Kharasch and Swartz (10) have
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recently shown that the tert.-butyl radical is less electronegative than
benzyl. Consequently, the relative yields in that case are unpredictable.
On the basis of the yield of benzylalkane, the results with ethylmagnesium
bromide appear to be out of line, but even in this case the yield of bibenzyl
follows the regular course.

There is no regularity in the yields of bialkyls, which is not surprising
in view of the fact that the yields of the isomeric octanes in simple coupling
experiments carried out under strictly comparable conditions vary mark-
edly with the structure of the butyl radicals involved (11, 12). While
these yields are given in this paper, it is felt that they are not to be regarded
as significant data for a theoretical interpretation of the general results.
Further work on the coupling of aliphatic radicals is in progress at the
present time.

TABLE II
Propucts FrRoM THE REACTION OF C:H;:MgBr 4+ RMgBr 4+ AgBr
R— CesH:R (MOLES) CsH:CoHs (MoLxs)

CHi. oo 0.088 0.220
CoHs. oo 0.190 0.170
n-CsHrz ... 0.384 0.180
n-CaHo. ... 0.381 0.200
180-CsHo. ..o 0.340 0.214
180-CsHy. oo 0.110 0.270
sec-CaHy. ... 0.070 0.370
tert.-CHo. ... .o 0.000 0.340

From the results here presented it seems reasonable to conclude that in
the reaction of phenylmagnesium bromide or benzylmagnesium chloride
with alkylmagnesium bromides, the course of the reaction is determined
by the relative electronegativities of the radicals involved, even when
these include phenyl and alkyl radicals, in spite of the great difference in
the stability of the corresponding silver compounds. The fact that the
course of the reaction is very greatly affected by the nature of the halogen
of the Grignard reagent, as will be shown in the next paper of this series
(11), indicates that the electronegativity of the radicals is by no means
the only significant factor. However, it seems reasonable to believe that
the effect of the halogen atom is confined to the initial stage of the reac-
tion, that is, the formation of the organosilver compounds, whereas the
electronegativity of the radicals very probably determines the relative
stability of the organosilver compounds. From the fact that it is possible
to obtain quite large yields of the products formed by the coupling of
radicals derived from organosilver compounds of such greatly differing
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stability as phenylsilver and n-butylsilver, it seems reasonable to believe
that the decomposition of a relatively stable organosilver compound is
promoted by the presence of a less stable compound undergoing decompo-
sition. If this is so, the reaction probably involves an interaction of two
molecules of organosilver compound, either the same or different. This
is in agreement with the demonstration described in the following paper
(11) that free radicals are not involved. As yet it has not been possible
to devise any means for the direct measurement of the velocity of these
reactions in order to settle these points more definitely.

TABLE IV

YieLps or PropucTs FrRoM THE REacrion or CeH;CH,MgCl + RMgBr + AgBr
R— CsHsCH3R (MoLES) {CeH:CHz): (MOLES)

CHs. ..o 0.020 0.320
CoHs. oo 0.060 0.320
L O - 0.020 0.310
n-CHy. oo 0.030 0.300
i80-CeHp. oot 0.024 0.230
iSO-CaH:' .............................. 0.420 0.110
sec-CeHo. ... 0.432 0.090
tert.-CeElo. ..o oo 0.176 0.244

SUMMARY

1. The action of silver bromide on a number of pairs of Grignard reagents
has been studied.

2. It has been found that there is a definite relation between the course
of the reaction and the relative electronegativities of the radicals involved.

3. The significance of these results on the determination of the mecha-
nism of the reaction has been discussed.

St. Louis, Mo.
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Diphenylecarbamyl aldoximes may be represented in geometrically iso-
meric forms by (I) and (I1I), while pieryl ether derivatives (which react
like acyl derivatives) may be represented by (III) and (IV). Among
acyl aldoximes, the more stable a-isomers are assigned the syn configura-
tion, while the relatively unstable S-isomers are assigned the ants configura-
tion.

syn Derivatives («) antt Derivatives (8)
R——C”}-—H CH) (ﬁ R——(“}—H
N—O—C—N(CsHy), (C¢Hs)eN—C—0—N
I 1I
B—=0—H o, No, FH
N—0—__ >No, yo  >—0-N

NO, NQ.
111 v

Actually, diphenylcarbamyl and picryl ether derivatives have been iso-
lated in but one form. Brady and co-workers (1) have prepared the
former by heating a suspension of the sodium salts of syn aldoximes in
chloroform with diphenylcarbamy! chloride. These workers reported that
the same derivatives were obtained from the sodium salts of the cor-
responding anti aldoximes and diphenylcarbamyl chloride. Picryl ether
derivatives (2) have been prepared by treating syn aldoximes in alcoholic
alkali with picryl chloride; antt aldoximes under the same conditions give
the corresponding nitrile and aldehyde directly.

Although one should expect to obtain the more stable syn isomers under
these conditions, the earlier workers considered that the diphenylcarbamyl
and pieryl ether derivatives prepared as described above were the rela-

1 Paper II of this series, Rainsford and Hauser, J. Org. Chem., 4, 480 (1939).
68
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tively unstable anti isomers, because, when they were heated with alkali,
a nitrile or the corresponding acid was obtained. Hence, the preparation
of these derivatives from syn aldoximes was considered to involve an in-
version of configuration. This view seemed reasonable at the time, since
in the two cases in which acyl derivatives have been isolated in two
geometrically isomeric forms, namely, the acetyl, and carbanilino aldox-
imes, only the anti isomers with alkali give mainly nitrile; the syn isomers
with this reagent give almost entirely the corresponding syn aldoxime.
Evidence is presented in this paper, however, that the diphenylearbamyl,
and picryl ether derivatives actually have the syn configuration and not
the ants configuration as was formerly assumed.

We have found that the diphenylearbamyl derivatives prepared by
Brady and co-workers (1) from the sodium salts of syn aldoximes and
diphenylcarbamyl chloride in chloroform may be prepared equally well by
carrying out the reaction in warm alcoholic alkali solution; in certain
cases, a little nitrile also was obtained, but this was avoided by carrying
out the reaction at lower temperatures. Under the same conditions ant:
aldoximes give nitrile directly.

These results are best explained as follows: The syn aldoximes (as
sodium salts) react with diphenylearbamyl chloride to give the correspond-
ing syn derivative, which in the presence of warm alkali is slowly decom-
posed to give nitrile. The anis aldoximes (as sodium salts) with diphenyl-
carbamyl chloride under the same conditions give the corresponding
antt derivative, which in the presence of the alkali is immediately decom-
posed to nitrile. It should be expected that the anii derivatives would
give nitrile more readily than the syn isomers. Therefore, on the basis
of these results alone, one may conclude that no inversion of configuration
occurs in the reaction of the sodium salts of syn aldoximes with diphenyl-
carbamyl chloride. How these diphenylcarbamyl derivatives can have
the syn configuration and yet give nitrile with hot alkali becomes more
understandable on the basis of the following considerations.

It has been pointed out previously (3) that the reactions of a pair of
geometrically isomeric acyl aldoximes differ only in degree, not in kind.
While the antr isomers probably always eliminate HOOCR’ to form
nitrile much more readily than the syn isomers, certain of the latter also,
under certain conditions, may give mainly nitrile. Moreover, both the
syn, and ant{ isomers may undergo hydrolysis to form the corresponding
syn, or antt aldoxime. The relative yields of nitrile and aldoxime formed
in any case depend upon the relative rates of these two competing reac-
tions. Apparently, an elevation of temperature accelerates the elimina-
tion reaction more than the hydrolysis, since for example, acetyl anti
aldoximes give mainly the corresponding ant: aldoxime with cold alkali
{(at 0°), but mainly the nitrile with hot alkali (at 30° or above) (3).
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Although acetyl syn aldoximes with hot alkali undergo mainly hydroly-
sis giving syn aldoxime, this is not so with certain other acyl syn deriva-
tives. Thus, carbethoxy syn aldoximes with hot alkali give considerable
or even largely nitrile (4). There is little doubt that these carbethoxy
derivatives have the syn configuration, since (similar to acety! syn aldox-
imes) they give practically entirely the corresponding syn aldoxime (4)
with cold alkali. The fact that a carbethoxy syn derivative with hot
alkali gives a higher yield of nitrile, and a correspondingly lower yield of
syn aldoxime, than the analogous acetyl syn aldoxime is explained on the
basis that the former undergoes hydrolysis less readily, and/or the elimina-~
tion reaction, more readily than the acetyl derivative.

The diphenylecarbamyl derivatives are regarded as examples of acyl
syn aldoximes which undergo hydrolysis only with great difficulty; con-
sequently, the elimination reaction predominates on heating with alkali.
Attempts to hydrolyze these derivatives with hot or cold alkali or with
aleoholic ammonia resulted in the formation of only traces of aldoximes.

It should be pointed out that the resemblance of the diphenylcarbamyl
derivatives to authentic anii derivatives in giving nitrile with hot alkali
is not as close as might at first appear. The acetyl anti aldoximes are
readily decomposed by alkali even at room temperatures, whereas hot
alkali is required to decompose the diphenylcarbamyl derivatives at an
appreciable rate; in fact, diphenylearbamyl derivatives may be prepared
even in the presence of warm alcoholic alkali with only slight decomposi-
tion to nitrile (see experimental). It would probably be very difficult or
impossible to prepare acetyl ants derivatives in the presence of alkali. On
the other hand, the diphenylecarbamyl derivatives resemble acetyl syn
aldoximes (as well as other acyl syn derivatives) in their reactions with
certain bases. At room temperature, acetyl syn derivatives are stable in
pyridine solution, whereas acetyl anti derivatives are decomposed readily
by this base, giving nitrile (5). Like an acetyl syn aldoxime, a diphenyl-
carbamyl derivative is stable in pyridine solution and may be recovered
unchanged even after standing in pyridine solution at room temperatures
for several days. When treated with n-butylamine, acetyl syn aldoximes
react without noticeable rise of temperature, giving the corresponding
syn aldoxime, whereas acetyl anii aldoximes react vigorously, generating
considerable heat and giving mainly nitrile. Like an acetyl syn aldoxime,
a diphenylcarbamyl derivative, when treated with n-butylamine generates
no appreciable amount of heat and on standing with this base (using
pyridine as solvent) gives some (10-159, yield) of the corresponding syn
aldoxime. In order to show that ant aldoximes were not first formed in
this aminolysis and then converted to the syn isomers, anti aldoximes
were treated with n-butylamine (and pyridine) under the same conditions;
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the original anti aldoximes were recovered practically unchanged from the
amine solutions. Although only low yields of syn aldoxime were ob-
tained from diphenylecarbamyl derivatives, the result may be taken as
evidence supporting the view that the derivatives have the syn
configuration.

These results show that the diphenylcarbamy! derivatives have the syn
configuration ; therefore, their preparation from syn aldoximes involves no
inversion of configuration as was formerly assumed. The reactions of
syn, and antz aldoximes with diphenylcarbamyl chloride in alkaline solu-
tion and the reactions of the derivatives with certain bases may be repre-
sented as follows.

ROH wact, TOCH ceoeinmine RCH
| + CICN(GsHy): —= | -butylamine,
NONa I

NO?{DN(CeHs) 2 NOH
stable in pyridine . low yield
D
R
RCH
RCH NaCl | 1d NaOH
|+ CICN(GsHs): —== {(C:H) . NCON | ST55=s RCN
NaON I (Il)

not isolated

Picryl ether derivatives have been prepared from certain representative
syn aldoximes, picryl chloride and aleoholic alkali according to the method
of Brady and co-workers (2). It seems likely that these derivatives have
the syn configuration, since under the same conditions, anti aldoximes react
with picryl chloride to give nitrile and aldehyde. The nitrile is obtained
presumably by the decomposition of intermediate picry!l ether antz deriva-~
tives. The formation of the aldehyde apparently involves the hydrolysis
of the carbon-nitrogen double bond. Brady and Klein (2) have suggested
that the formation of aldehyde in the similar reaction of 2,4-dinitrochloro-
benzene with the sodium salt of an anii aldoxime involves the intermediate
formation of a N-substituted derivative.

Similar to the diphenylecarbamyl derivatives, the pieryl ether derivatives
appear to be very difficult to hydrolyze. Nevertheless, it has been found
that at least the picryl ether derivative of syn-3,4-methylenedioxybenz-
aldoxime undergoes some hydrolysis in the presence of alkali (at room
temperature or below) giving the corresponding syn aldoxime. It has
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been shown that under the same conditions, the isomeric anti-3,4-methyl-
enedioxybenzaldoxime may be recovered practically unchanged; conse-
quently, the ants aldoxime was not first formed and then isomerized, but
the syn aldoxime was formed directly. Although the yield of syn aldox-
ime obtained from the picryl ether derivative was low (10-15%,), this
result supports the view that the derivative has the syn configuration.
The pyridine-n-butylamine test for configuration was not applicable to
the picryl ether derivatives.

In connection with this work it has been shown that anti-3 ,4-methylene-
dioxy-, and anti-4-methoxy- benzaldoximes are relatively stable in solu-
tions of pyridine and n-butylamine, alcoholic alkali and alcoholic ammonia.
After standing for some time, the anis aldoximes were recovered practically
unchanged from these basic solutions. The results are given in Table I.

TABLE I
MEeLTING POINTS OF anii BENzZALDOXIMES RECOVERED FROM Basic SorLuTions
DATS M.P. AUTHENTIC M.P.'8
BUBSTITUENT BASIC #0LN. STANDING Ricn%\;EUIZ'EED - ‘} —
i
3,4-CH.0, Pyridine-n-butyl- 8 144-145 110 146
amine 1 |
3,4-CH,0, 5% ale. NaOH ‘ 50 140-143 | 110 146
3,4-CH.0, 4 N ale. NH; 50 142-143 110 146
4-CH,0 Pyridine-n-butyl- 8 129-131 64 133
amine
4-CH,0 5% ale. NaOH 50 130-132 64 133
4-CH,0 4 N ale., NH; | 50 130-132 64 133

EXPERIMENTAL

Diphenylcarbamyl derivatives were obtained when the sodium salts of syn-4-
methoxybenzaldoxime and syn-3,4-methylenedioxybenzaldoxime were refluxed with
chloroform solutions of diphenylearbamyl chloride aceording to the method of Brady
and Dunn (1a); the melting points of our products agreed with those reported by
these earlier workers. Attempts to prepare these derivatives from the correspond-
ing ant? aldoximes, however, were unsuccessful.

Reactions of syn, and anti aldoximes with diphenylcarbamyl chloride in alkaline
solutton.—When syn-3,4-methylenedioxy-, syn-4-methoxy-, syn-3-nitro-, and syn-4-
dimethylamino- benzaldoximes dissolved in alcoholic alkali (prepared from sodium
and 95% alcohol) were treated with warm aleoholic solutions of diphenylearbamyl
chloride, the corresponding carbamyl derivatives were obtained in yields of 65-75%.
In the reaction of syn-3,4-methylenedioxybenzaldoxime, a small yield of the cor-
responding nitrile was also obtained. No nitrile could be isolated, however, and a
good yield of the diphenylcarbamyl derivative was obtained, when syn-3,4-methyl-
ene dioxybenzaldoxime was allowed to react with diphenylcarbamyl chloride and
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alkali at 0-10°, using acetone and alcohol as solvents. It was shown that the
diphenylearbamyl derivative of syn-3,4-methylenedioxybenzaldoxime on standing
with warm aleoholic alkali slowly formed the corresponding nitrile.

The reactions of anti-3,4-methylenedioxy-, anti-4-methoxy-, and anii-3-nitro-
benzaldoximes with diphenylcarbamyl chloride and alcoholic alkali under similar
conditions gave the corresponding nitrile and diphenylamine; no diphenylcarbamyl
derivative was obtained.

Treatment of diphenylcarbamyl derivatives with pyridine and n-butylamine.~—One-
gram samples of the diphenylcarbamy! derivatives prepared from syn-3,4-methyl-
enedioxy-, syn-4-methoxy-, and syn-3-nitro- benzaldoximes were shaken with 20 ce.
of pyridine and the mixture allowed to stand at room temperature. Most of the
solid derivative dissolved in the pyridine. After standing eight days, the mixture
was poured on to ice and water. The diphenylcarbamyl derivatives were recovered
in almost quantitative yields.

The three diphenylcarbamyl derivatives mentioned above were apparently un-
affected when shaken with n-butylamine; they appeared to be practically insoluble
in this amine. One-gram samples of the derivatives were shaken with a mixture of
10 cc. of n-butylamine and 10 cc. of pyridine. After standing for eight days at room
temperature, the mixture was poured on 100 cc. of ice and water. The aqueous mix-
ture was filtered and the precipitate washed with 2 N sodium hydroxide. From the
filtrates and washings were isolated 10-159, yields of the syn aldoxime corresponding
to the diphenylcarbamyl derivative used. In order to avoid the conversion of any
ant? aldoxime that might possibly have been present, no strong acids were used dur-
ing the isolation of the aldoximes. The procedure was as follows. The mixture was
saturated with carbon dioxide. A rapid stream of carbon dioxide served to remove
some of the butylamine. The mixture was extracted with ether and the ether solu-
tion extracted with 2 N sodium hydroxide. The aldoxime was precipitated from the
alkaline layer by means of carbon dioxide in the usual manner.

Stabilities of anti aldoximes in basic solutions.—It is well known that antZ aldox
imes readily revert to their syn isomers in the presence of acids (especially strong
acids); however, anii aldoximes are much more stable in basie solutions. In Table
I are given the melting points of anti-3,4-methylenedioxy-, and anti-4-methoxy-
benzaldoximes recovered from basic solutions after standing at room temperatures
for various lengths of time. The alcoholic solutions were evaporated in a current
of air at room temperature, the residue dissolved in alkali, and the oxime precipi-
tated with carbon dioxide in the usual manner. The amine solutions were poured
onto ice and water and the ant? aldoximes isolated according to the procedure de-
scribed in the preceding section. It can be seen that the anti aldoximes were re-
covered practically unchanged from the basic solutions.

Results with picryl ether derivatives.—Picryl ether derivatives were prepared from
syn-3,4-methylenedioxy-, and syn-4-methoxy- benzaldoximes with picryl chloride
in alecholic alkali according to the methed of Brady and co-workers (2). Samples
of these derivatives were allowed to stand with 5% alcoholic sodium hydroxide at
0° and at room temperature. After 40 days, the alcohol was evaporated and the
residue stirred with alkali and the mixture filtered. The filtrate was saturated with
carbon dioxide. From the derivative of 3,4-methylenedioxybenzaldoxime, the
corresponding syn aldoxime was obtained (a yield of 109% at room temperature, and
a yield of 15% at 0°), but only a trace of oxime could be isolated from the picryl
ether derivative of 4-methoxybenzaldoxime.
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SUMMARY

1. Evidence is presented that the diphenylcarbamyl derivatives ob-
tained from the sodium salts of syn aldoximes and diphenylcarbamyl
chloride have the syn configuration, not the anii configuration as was
formerly assumed.

2. It seems likely that the corresponding picryl ether derivatives pre-
pared from the sodium salts of syn aldoximes and picryl chloride likewise
have the syn configuration.

3. These results are in agreement with the hypothesis held in this
laboratory that the acylation of syn aldoximes in the presence of a suffi-
ciently strong base involves no change in configuration.

4. A method for preparing diphenylearbamyl syn aldoximes from the
sodium salts of syn aldoximes and diphenylearbamyl chloride in aleoholie
solution is described.

DurbaM, NorTHE CAROLINA.
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THE ACYLATION OF ALDOXIMES. IV. THE BENZOYLATION
OF syn, AND anti ALDOXIMES!

GERTRUDE VERMILLION, EARL JORDAN axp CHARLES R. HAUSER

The purpose of this investigation has been to study the benzoylation
of certain syn, and ant: aldoximes in the presence of bases. Earlier in-
vestigators? have shown that anti aldoximes (II), as well as syn aldoximes
(I), react with benzoyl chloride in the presence of aqueous alkali to give
benzoyl syn derivatives (III), instead of the expected anti derivatives (IV)
or nitriles. They reported? also that ant/ aldoximes give syn derivatives
when the reaction with benzoyl chloride is carried out in pyridine solu-
tion, in spite of precautions to avoid isomeric change.

R—ﬁ—H R——(ﬁ-——H R—-(lf—H R——CHJ—H
N—OH HO—N N—OCOC¢H; C:H:COO—N
(D) syn (a) (I1) antsi (8) (III) syn (a) (IV) anti (8)

We have confirmed the result of the earlier investigators that anti
aldoximes with benzoyl chloride in aqueous alkali give syn derivatives.
Our results in pyridine solution, however, are not entirely in agreement
with theirs, in that the product obtained in this solvent is largely or wholly
nitrile. We have shown also that, although benzoyl syn derivatives are
obtained from antZ aldoximes and benzoyl chloride in the presence of
aqueous alkali, nitriles are obtained when the reaction is carried out in a
water-dioxane solution (or emulsion) of alkali. Similarly, nitriles are ob-
tained when anti aldoximes are benzoylated with benzoic anhydride in an
aqueous-dioxane solution (or emulsion) of alkali. The nitriles are formed
presumably by the decomposition of intermediate benzoyl antz aldoximes
(IV), which, although never isolated, would undoubtedly react with alkali
or pyridine to give nitriles. It is well known that the corresponding
acetyl antr aldoximes are decomposed by these bases to give nitriles.

In connection with the change of configuration that occurs during the
benzoylation in the presence of aqueous alkali, it should be mentioned
that an oil is first formed when the benzoyl chloride is added to the aqueous-
alkaline solution of anit aldoximes. It seems likely that the change of
configuration is in some way connected with the presence of this oil, since

1 Paper (II1), J. Org. Chem., 5, 68 (1940).
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no change of configuration takes place when the benzoylation is carried
out in the presence of a suitable solvent (dioxane).

The benzoylation of ants aldoximes in pyridine solution requires further
comment. Preliminary experiments were carried out with three repre-
sentative anti aldoximes, 3,4-methylenedioxy-, 3-nitro-, and 4-methoxy-
benzaldoximes, at 0° and at room temperatures, and in all cases high
yields (70-909%,) of nitriles were obtained ; with the first two oximes, small
yields (5-109;) of the syn derivatives were obtained under certain condi-
tions, but no syn derivative was obtained from aniti-4-methoxybenzal-
doxime under the conditions studied. A more thorough study with anti-
3,4-methylenedioxybenzaldoxime showed that when the benzoylation was
carried out (either at 0° or at room temperatures) in the presence of a
relatively small amount of pyridine, some (5-109, yield) of the syn deriva-
tive was formed, but when the benzoylation was carried out in the presence
of a relatively large amount of pyridine, only nitrile was obtained. Also,
it was found that the benzoylation of this anti aldoxime in the presence
of a relatively small amount of pyridine together with a small amount of
triethylamine gave only nitrile. Thus, at least with anii-3,4-methylene-
dioxybenzaldoxime, no change of configuration takes place when the ben-
zoylation is carried out in a sufficiently basic solution.

Apparently, no one hsas studied the reaction of syn aldoximes with
benzoyl chloride in pyridine solution; it was probably considered obvious
that the corresponding syn derivative would be formed. Contrary to
what one might expect, however, we have found that syn-3,4-methylene-
dioxybenzaldoxime with benzoyl chloride in pyridine solution at room
temperature gives partly syn derivative and partly nitrile, while syn-4-
methoxybenzaldoxime with benzoyl chloride under similar conditions gives
entirely nitrile. Since benzoyl syn derivatives are stable in pyridine, the
nitrile is formed presumably by the decomposition of benzoyl anti deriva-
tives; the formation of the latter from syn aldoximes obviously involves
an inversion of configuration. Previously, inversion of configuration has
been shown to occur in the presence of pyridine (and ether) during the
reaction of syn aldoximes with phenylisocyanate (1). Since, in the reac-
tion with phenylisocyanate, the presence of a stronger base, for example,
triethylamine, prevents inversion, it seemed probably that inversion would
likewise be prevented during benzoylation if the reaction were carried out
in the presence of triethylamine; this has been found to be the case. The
reaction of benzoyl chloride with either syn-3,4-methylenedioxybenzal-
doxime or syn-4-methoxybenzaldoxime in pyridine solution in the presence
of triethylamine (two to four equivalents) gives entirely the corresponding
syn derivative.

The significant results obtained with syn- and an#i-3-4-methylenedioxy
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benzaldoximes and benzoyl chloride in the presence of bases are sum-
marized in Table I.

From these results it can be concluded that, although changes of con-
figuration may occur under certain conditions of benzoylation of syn-,
and ant; aldoximes, no change of configuration takes place when the
benzoylation is carried out in a sufficiently basic solution (conditions
listed in 2 and 4 of Table I).

Finally, it should be pointed out that the formation of syn derivatives
from anti aldoximes under certain conditions is not especially surprising,
since the more stable configuration of aldoximes and their acyl derivatives
is the syn. The formation of the relatively unstable ant: derivatives (or
nitriles) from syn aldoximes, however, is rather remarkable and may in-

TABLE I

PropucTs OF BENZOYLATION OF 8Yn-, AND antt-3,4-METHYLENEDIOXYBENZALDOXIMES
IN THE PRESENCE oF Basms

CONDITIONB 8yn ALDOXIME anti ALDOXIME
1. With aqueous alkali syn derivative syn derivative
2. With alkali in a water-dioxane solu- | syn derivative (antz deriv.)s —
tion or emulsion nitrile
3. In pyridine solution at room tempera- | Partly syn deriva- | (anti deriv.)s —
ture tive, partly ni- nitrile, plus syn
trile derivative,b in
yields of 0-10%
4. In pyridine and triethylamine solution| syn derivative (antt  deriv.)s —
nitrile

e gnits Derivative not isolated.
t In the presence of a large excess of pyridine only nitrile is obtained.

volve the formation of salt-like intermediates (1). The factors governing
this inversion of configuration during the benzoylation of syn aldoximes
in pyridine solution is being further studied.

EXPERIMENTAL

Benzoylation of syn and anti aldoximes in the presence of alkali.—In agreement with
Brady and co-workers,? the corresponding benzoyl syn derivative was obtained when
either the syn, or the aniti isomer of 3,4-methylenedioxybenzaldoxime-, or of 4-me-
thoxybenzaldoxime was treated with benzoyl chloride in the presence of aqueous
sodium hydroxide; however, the yields of syn derivatives obtained from the ant:
aldoximes were lower than those obtained from the syn aldoximes.

Although anti oximes with benzoyl chloride and aqueous sodium hydroxide give
syn derivatives, it has been found that only nitriles are obtained when the reaction is

2 See especially Brady and McHugh, J. Chem. Soc., 127, 2415 (1925).
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carried out in the presence of alkali in an aqueous-dioxane solution or emulsion.
Two cubic centimeters of benzoy! chloride dissolved in 25 cc. of dioxane was added,
with shaking, to 2 g. of anti-3,4-methylenedioxybenzaldoxime dissolved in 25 ce. of
4 N aqueous sodium hydroxide solution at room temperature. The mixture was
emulsified by shaking. The temperature rose to 60-70°. After standing for several
hours, the mixture was evaporated almost to dryness in a current of air. Water was
added to the residue, and, after the mixture was shaken, the solid was filtered off
and washed with water. The solid was identified as 3,4-methylenedioxybenzonitrile
by the mixture melting point method. The yield of nitrile was 60% of the theoretical
amount. Fifteen per cent of the original oxime was recovered by saturating the
filtrate with carbon dioxide in the usual manner. Similar results were obtained with
anti-4-methoxy-, and anti-3-nitro- benzaldoximes.

anti Aldoximes with benzoic anhydride in the presence of aqueous-dioxane mix-
tures of sodium hydroxide likewise give nitrile. To a solution of 2 g. of anti-3,4-
methylenedioxybenzaldoxime in 50 cc. of 2 N sodium hydroxide was added slowly,
with constant stirring, a solution of 3.5 g. of benzoic anhydride in 10 cc. of dioxane.
After the mixture had stood for several hours, a 609, yield of nitrile was obtained.
Some oxime was isolated from the filtrate in the usual manner. Similar results were
obtained with anti-4-methoxy-, and anti-3-nitro- benzaldoximes.

Benzoylation of anti-aldozimes in pyridine solution.—Eastman’s pyridine was dried
over “Drierite’’ and distilled; the fraction boiling at 114-115° was collected for use.
Eastman’s benzoyl chloride was distilled under diminished pressure before use.

To1g. of anti-3,4-methylenedioxybenzaldoxime dissolved in 5 cc. of pyridine was
added slowly 1 cc. of benzoyl chloride dissolved in 3 cc. of pyridine. The reaction
was carried out both in an ice-bath and at room temperature. After standing for
several hours, the mixture was poured on approximately 75g. ofice. The precipitate
that formed was filtered off and washed with water until free from pyridine. Some
nitrile was obtained by working up the filtrate. The solid remaining in the funnel
was washed with alcohol. 'The nitrile dissolved, leaving the relatively insoluble
benzoyl syn derivative on the funnel; the nitrile was obtained by evaporation of the
aleoholic solution. The yield of benzoyl syn derivative was 5-10%, while that of the
nitrile was 70-75%,.

When the reaction described above was carried out either in an ice-bath or at room
temperature, using more than twice as much pyridine (20 cec.), only nitrile was
obtained. Also, nitrile was the only product that could be isolated when 1 ce. of
benzoyl chloride dissolved in 1 cc. of pyridine was added to 1 g. of anii-3,4-methyl-
enedioxybenzaldoxime dissolved in a mixture of 2 cc. of pyridine and 2 ce. of tri-
ethylamine.

anti-3-Nitro-, and gnti-4-raethoxy- benzaldoximes were benzoylated in pyridine
solution but no attempt was made to determine the effect of the relative amount of
pyridine used. A 10%, yield of the benzoyl syn derivative has been obtained from the
former oxime, but no derivative has been obtained from the latter oxime. The
yields of nitrile were 70-909% of the theoretical amounts.

Benzoylation of syn aldozimes in pyridine solution.—syn-3,4-Methylenedioxy-, and
syn-4-methoxy- benzaldoximes were benzoylated in pyridine solution at room tem-
perature, using purified reagents. The former oxime gave partly benzoyl syn deriva-
tive and partly nitrile, while the latter oxime gave apparently only nitrile. When
the benzoylation of either syn aldoxime was carried out in the presence of two to four
equivalents of triethylamine, however, the corresponding benzoyl syn derivative
was obtained in yields of 60-809; no nitrile could be isolated.
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SUMMARY

1. A study has been made of the benzoylation of certain syn, and ants
aldoximes in the presence of bases.

2. ants Aldoximes with benzoyl chloride, in the presence of aqueous
alkali, give benzoyl syn derivatives, but, in the presence of a water-dioxane
solution (or emulsion) of alkali, give nitriles. anti Aldoximes with benzoyl
chloride in pyridine solution give largely or entirely nitriles; in the pres-
ence of triethylamine, nitrile is obtained.

3. syn Aldoximes with benzoy! chloride in pyridine solution give partly
or entirely nitriles, but, in the presence of triethylamine, give entirely
benzoyl syn derivatives.

4. From these results it is concluded that, although changes of con-
figuration may occur under certain conditions, no change of configuration
takes place when either syn, or anti aldoximes are benzoylated in a suffi-
ciently basic solution.

Duraawm, N. C.
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There are a number of references in the literature to the use of chlorine
in the presence of water as an oxidizing agent for organic sulfur compounds.
For example, alkyl sulfides have been oxidized to sulfoxides and sulfones
(1); aryl mercaptans have been converted to sulfoenyl chlorides (2); sulfonyl
chlorides have also been obtained from S-alkyl isothioureas (3), mercaptans,
disulfides, thiol esters, and other types of sulfur compounds (4). Kostsova
(5) reported that chloromethane sulfonyl chloride is formed in 509 yield
when chlorine is passed into a water suspension of trithiane (5).

This paper is mainly concerned with the action of chlorine on normal
alkyl and benzyl mercaptals, and trithiane when the compounds are dis-
solved or suspended in a mixture of acetic acid and water. It was found
that the formaldehyde mercaptals of ethyl, n-butyl, n-amyl, and benzyl
mercaptans reacted to form the alkane sulfonyl chlorides in good yields.
Formaldehyde was liberated in each case, and it was assumed that the
reactions proceeded approximately as follows:

I R—S—CH,—S—R + 5H,0 + 6Cl; —
2RS0,Cl 4+ 10HCl 4+ HCHO.

Acetone diethyl mercaptol behaved similarly, yielding ethane sulfonyl
chloride and a mixture of the chlorination products of acetone. It was
also found that the reagent, as used, acted upon both di-n-butyl and di-
benzyl sulfides to give the corresponding sulfonyl chlorides.

The question arose, at what stage in the above reactions scission of the
sulfur-methylene bond occurred. In order to determine whether the
oxidation proceeded first to the sulfone stage, sulfonal and di-n-butyl
sulfone were treated in the manner mentioned above. Both compounds
were obtained from this and even more drastic treatment unchanged. On
the other hand, butane sulfonyl chloride was formed from dibutyl sulf-
oxide. Spring and Winssinger (6) obtained similar results with diethyl
sulfoxide. Thus it may be said that the breaking of the sulfur-carbon

1 DuPont Fellow for the year 1938-39.
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bond occurs before the sulfone stage of oxidation is reached, but may take
place after the formation of the sulfoxide. More positive information was
obtained with the mercaptals by carrying out the reaction with an amount
of chlorine insufficient to complete the process as indicated in equation (I).
In particular, with formaldehyde dibenzyl mercaptal, dibenzyl disulfide,
and dibenzyl “disulfoxide” were isolated in rather large amounts. Evi-
dently the initial step is substantially as follows:

(I1) CsHi—CH,—S—CH,—S8—CH,—C:H;s + Cl; + H,0 —
CsH;—CH,—S—S8—CH,—C:H; + HCHO + 2HCI.
This is followed by:
(II1) CeH;—CH,—S—8—CH,—CsHs + 2Cl, + 2H,0 —
0
CeHs—CHz—S——%—CHz—CGHs + 4HCl.?

The oxidation continues at least to the “disulfoxide” stage before scission
of the sulfur-sulfur bond occurs. No other intermediate oxidation prod-
ucts could be isolated, so that it cannot be said definitely at what stage of
oxidation the actual breaking of the sulfur-sulfur bond takes place.

From equations (II) and (I), it is evident that the action of chlorine on
alkyl disulfides dissolved in acetic acid and water should produce alkane
sulfonyl chlorides in yields as high as those obtained from the mercaptals
(70-959,). This is the fact with diethyl, di-n-amyl, and dibenzyl di-
sulfides. As a method of preparation for normal or aryl substituted
alkane sulfonyl chlorides, this process is probably superior to the more
common procedures.

It was thought that Kostsova’s (5) reaction involving trithiane might
be similar to that which the mercaptals undergo. That is, trithiane may
be considered to be a cyclic mercaptal, which would pass through the
steps outlined for those compounds, .., (a) loss of a methylene group as
formaldehyde, and (b) conversion of the resulting cyclic disulfide to two
molecules of chloromethane sulfonyl chloride. Also, according to this
mechanism, one atom of sulfur would be liberated, either as free sulfur,
or as an oxide or a chloride of sulfur. The overall reaction would be
represented by the approximate equation:

2 There is some question about the structure of ‘‘disulfoxides’’ of this kind. The
other possible structure is C¢H;—CH;—S80—S0—CH;—CH.



PROPERTIES OF THE THIOMETHYLENE RADICAL 83

CH,
[\
S

S
av) (JJ | + 7Cl; + 5H,0 — 2CICH,S0,Cl + HCHO
H, CH,
N 4+ S + 10HCIL

This equation accounts for all the products obtained when Kostsova’s
work was repeated. His low yields may be explained by his assumption
that each molecule of trithiane is capable of forming three molecules of
chloromethane sulfonyl chloride.

EXPERIMENTAL

The general procedure in the experiments reported was to dissolve the sulfur com-
pound in acetic acid (two to five volumes) containing enough water to furnish the
required amount of oxygen, and to pass chlorine gas into the solution at a slow rate
until a permanent excess was present. The reactions were as a rule complete in a
few minutes, and continued addition of the chlorine for several hours did not notice-
ably alter the yield of the desired products. The reaction-flask was cooled ex-
ternally, and maintained at about room temperature. The acetic acid-water solution
of the compound was sometimes saturated with gaseous hydrogen chloride previous
to the addition of the chlorine; this gave a slightly higher yield of the alkane sulfonyl
chlorides. At the end of the reaction, when liquid product was expected, two to three
volumes of cold water was added to the reaction-mixture, whereupon the water-
insoluble, dense alkane sulfonyl chloride formed a bottom layer. This layer was
separated and washed once with cold water. The product was purified by distilla-
tion, at atmospheric or reduced pressure, and identified by boiling point, density,
and refractive index determinations. In the compounds containing the benzylthio-
radical, this separation and purification was not needed, for toluene-alpha-sulfonyl
chloride, m.p. 92-93°, crystallized from the reaction-mixture. In some experiments,
as previously noted, the starting materials were not changed under the conditions of
the reactions.

The Action of Chlorine in Aqueous Acetic Acid (I) on Certain Sulfides and Disulfides

Di-n-butyl and dibenzyl sulfides. Eight grams of di-n-butyl sulfide gave 6.5 g. of
n-butane sulfonyl chloride (about 80% of the theory), of boiling point 100-103°/27-8
mm., of d 1.215, and n 1.4548. These constants compare favorably with those
reported by Douglass and Johnson (4).

Five grams of dibenzyl sulfide yielded 3 g. of toluene-alpha-sulfonyl chloride
crystals, m.p. 92-93°. This was converted to the corresponding sulfonamide, m.p.
105-106°, Two grams of benzyl chloride was extracted from the filtrate with petro-
leum ether.

Diethyl, di-n-amyl, and dibenzyl disulfides. Twelve and two-tenths grams of
diethyl disulfide yielded 22 g. of ethane sulfonyl chloride (b.p. 172-175°, d¥ 1.351,
and n} 1.4518, all in aceord with accepted values). This represented a yield of 90%.

Ten grams of di-n-amyl disulfide was converted to 7 g. of n-pentane sulfonyl
chloride, b.p. 83-5°/5-6 mm., d% 1.171, and n) 1.4565. (Cf. values of Douglass and
Johnson (4)).
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Dibenzyl disulfide (5 g.) gave 7.4 g. of toluene-alpha-sulfonyl chloride, m.p. 92-93°.
In experiments in which the amount of chlorine added was in slight excess of that
required in equation III, benzyl toluene-alpha-thiosulfonate (dibenzyl ¢‘disulf-
oxide’’) was isolated in good yields. (This parallels the experiment of Douglass and
Johnson (4).) This ““disulfoxide’’ was best crystallized from absolute alcohol, and
melted at 108°. Cale’d for CisH,40:8;: S, 23.0; Found: 8, 22.9. This compound
was quantitatively converted into toluene-alpha-sulfonyl chloride by treatment with
a slight excess of chlorine. The reaction required only a few minutes for completion.

The Action of (I) on Certain Formaldehyde Mercaptals and on Acetone Mercaptol

Diethyl, di-n-amyl, and dibenzyl mercaptals of formaldehyde. Twenty-five grams
of formaldehyde diethyl mercaptal (free from formaldehyde) gave 28 g. of ethane
sulfonyl chloride, or 72% of the theory. The acetic acid-Water layer from this
reaction was about two-thirds neutralized with sodium hydroxide solution, and
tested for formaldehyde with dimethyldihydroresorcinol. A copious precipitate
was obtained, which melted at 189° after one crystallization from alcohol. A mixed
melting point with the known product from formaldehyde and dimethyldihydro-
resorcinol showed no depression.

Seventeen and six-tenths grams of normal primary amyl mercaptan was converted
into its formaldehyde mercaptal, by saturating the acetic acid solution of the mer-
captan and formalin with hydrogen chloride gas. The mercaptal was not isolated,
but was chlorinated directly. It yielded 26 g. of n-pentane sulfonyl chloride. This
represents a yield of about 95%.

Formaldehyde dibenzyl mercaptal gave toluene-alpha-sulfonyl chloride in yields
of 80-85%. The product was of high purity. In experiments in which the chlorine
was added in small, measured amounts, it was possible to isolate appreciable quanti-
ties of dibenzyl disulfide, m.p. 69-70°. A mixed melting point with authentic
disulfide likewise melted at 69-70°,

Acetone diethyl mercaptol. Sixteen and four-tenths grams of acetone diethyl
mercaptol was converted into chlorination products of acetone, and 18 g. of ethane
sulfonyl chloride. The properties of the sulfonyl chlorides obtained from the
mercaptals and the mercaptol were the same as those noted in the preceding
experiments.

The Action of (I) on Trithiane

Trithiane. Fourteen grams of formaldehyde-free trithiane gave 22.5 g. of chloro-
methane sulfonyl chloride, about 75% yield on the basis of equation IV. The
compound had the following properties: B.p. 70-72° at 23 mm., d” 1.600, n' 1.4788,
n} 14771,

The acetic acid-water layer from this reaction contained at least one-third of the
formaldehyde to be expected from the equation. The formaldehyde was estimated
as in the above experiment. In some experiments, this layer gave a positive test
for the sulfate ion; in others, the third sulfur atom appeared as a chloride of sulfur.

The Action of (I) on Di-n-butyl Sulfozide

Di-n-butyl sulfoxide. Five grams of di-n-butyl sulfoxide gave 2 g. of n-butane
sulfonyl chloride. No attempt was made to isolate the butyl chloride formed.

SUMMARY

1. The reactions of several types of organic sulfur compounds with
chlorine and water, in acetic acid as a medium, have been studied.
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2. Normal! and aryl substituted alkyl sulfides are oxidized and con-
verted by the reagent to alkane sulfonyl chlorides and alkyl chlorides.
The splitting of the molecule may occur after oxidation to the sulfoxide
stage; it must occur before oxidation to the sulfone stage is reached.

3. Several formaldehyde mercaptals and acetone mercaptol have been
converted to alkane sulfonyl chlorides and their parent carbonyl com-
pounds. This reaction probably proceeds stepwise from the mercaptal
to the disulfide, the ““disulfoxide,” and finally by oxidation and splitting
to the alkane sulfonyl chloride.

4. If one starts with the alkyl disulfide, this reaction offers an excellent
method of preparing the corresponding alkane sulfonyl chloride.

5. This reaction of trithiane has been found to be similar to that of the
structurally related mercaptals.

PrinceToON, N. J.
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INTRODUCTION

A simple method can be devised for obtaining the number of stereo-
isomers of any carbon chain compound, whether simple or branched,
which can readily be applied to chains containing units of geometric
isomerism alone or in combination with asymmetric atoms.

This general method consists in working from the periphery of the
molecule inward, by treating each region successively in a manner de-
termined by the arrangement of the groups, until finally the complete
golution is made about an initially determined part of the molecule.

A structural formula only shows which atoms are bonded together,
and a single formula may represent two or more compounds. In the
same way, parts of a structural formula may be identical as far as the
structural formula goes, and yet represent different things, When two
structural formulas or two parts of a structural formula are the same, we
shall say that the things represented are structurally identical, but when
the things represented are the same, we shall use “identical” without
any qualifying adverb. We shall follow the same convention with respect
to ‘““different”’. The things represented by a region of a structural formula
we shall call the possibilities of the region, and their number will be ex-
pressed by the symbol p. The number of stereoisomers may be obtained
from the p-values of all the regions, and the number of possibilities of a
compound region from the p-values of the component regions. To do
this it is necessary to have certain formulas to express the number of
possibilities of a compound region in terms of the p-values of the com-
ponent regions. These formulas will depend on the procedure adopted
for dividing the structural formula into regions and the order of combining
the regions, as well as upon the stereochemistry of the elements in the
compound. It appears that if we follow certain rules for selecting and
combining regions, quite simple formulas are adequate for noncyclic
carbon compounds that contain no elements having stereochemical prop-
erties other than those characteristic of carbon.

86
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OPTICAL ISOMERISM

In the present section we shall restrict ourselves to saturated com-
pounds. For these the fundamental assumption is that a region contain-
ing one atom with four different groups attached to it has two possibilities.
If the groups are structurally different such an atom may be recognized
from the structural formula, and we shall call such an atom asymmetriec.
This does not quite conform to common usage. For instance text books
refer to compounds of the type a;CCupCab - -+ Cap+Ca, having either an
odd or an even number of asymmetric atoms, while in our use of asym-
metric atom such a compound cannot have an odd number of such atoms,

In using the test of four structurally different groups, a group includes
everything that can be reached by passing along bonds, and has an order
starting with the bond. Thus

01\ /CBrz
HC
N
CH,

has an asymmetric atom as the groups —CBr,CH; and —CH,CBr, are
not structurally identical.

In a saturated noncyclic compound no atom can have four different
groups attached to it unless the molecule contains atoms with four struc-
turally different groups.

When structurally different regions are combined, the number of possi-
bilities is given by the formula N = ps-pu-p. - - - , where N is the number
of stereoisomers or the number of possibilities in the compound region
according as a + b + ¢ - .- is the whole structural formula or part of it.

If in a formula, or part of one, there are no structurally identical regions
for which p > 1, there are no atoms except asymmetric ones that can
have four different groups, and N = 2» where n is the number of asym-
metric atoms. N may refer to the whole molecule or to a region con-
nected by bonds. When we speak of structurally identical regions, the
identity must exist not only in the contents of the region but also in any
groups to which they are bonded. Thus in H;,C—CHCI—CH,—CHj; the
two methyl groups are not identical regions, but the three hydrogen atoms
attached to one carbon atom are.

When a formula contains structurally identical regions for which p > 1,
we use the following procedure for selecting and combining regions. Work-
ing inwards from the periphery we select the first region that includes an
asymmetric atom. From this we proceed along the bonds until another
region is found containing an asymmetric atom, and these regions are
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TABLE
NuMBER OF INacTIVE FORMS FOR THE VARIOUS TYPES OF STRUCTURE
Greek letters represent simple or complex groups of asymmetric or geometric units

Structural type Equation

a
d—(\g—b N;=0

[

a—f Ni = PaiPsi
a\ /a
a—aor C Ni=1I}+4 P
VAN 2
[+ 8
a a
\C/ N +
i=p Pa
AN
a/ b
/a
a—C<a Ni=I}'— piCs + paps
o
o

a—é—‘a Ni=I" - piCo+ %(Ipi +piCo) + %a

[+
a B Ny= DX I — p,yCs X puCe + 228 (I3 + pu Cy)
\C/ 2
7 s + 2 (130 + pu C)
a\ a
b b
oz\ /8
C=C N = I"' + p;C;
/TN P
o b
@ a

C= ¢ N; = ps(15* + pa C)
N 2
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Pas Dsi Pai Pga PaaPsa
2 + 2 * 2

o
|
“
|

= 1% X I3 4 paiCe X pu G +

N /
/C=C\ N; = papyi(15® + puCa)

a Y
\C C N
= i = 2Dai Psi Py Do
Vs N Pai Pai P11 Ps
B8 [
/a
N
C=C N; = 2[b=iPsi n
Y N 2 ~+ PuaPss
8 8
@ o Paj 84 PaDi p Pa . .
N Ni=12'+12‘+-—2—+2><12“’2+4>< EszWhlchpM=
/C=C ( 1)
a, (2] IE‘ and S; = p—‘—l plz—‘

combined, this process being carried on until a region is obtained which
is bonded directly to a region structurally identical with it, or bonded to
the same atom as one or more regions identical with it. These regions are
then combined. When structurally identical regions are attached to the
same atom, this atom and the structurally identical regions are combined
to give R;.  One then starts at another part of the periphery and proceeds
as before until a region, R, attached to Ry, or to the same atom as R,
is obtained. R; and R, are then combined. Constant repetition of this
procedure eventually leads to the inclusion of the whole formula.
We shall show the procedure by applying it to

a—B3 a8 a4 B—a

N
VRN
a— f—a

in which Greek letters indicate regions with asymmetric atoms. Working
from the periphery we find the first simple region . This is then com-
bined with the next such region to give the compound region a—pg. This
is structurally identical with another a—g region attached to the same
carbon atom. We combine the two o—f regions and the atom to which
they are attached to form (a—@3):C.~. This region is structurally identical
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with and bonded to the other (a—g):C.~, and these are combined, the
whole formula being then included. Had the group “a” contained asym-
metric atoms it would have been necessary to start at the periphery and
calculate p for a and combine a and (a—p),C before the final combination
of (a—B)C. with (a—8):C..

In the above example the p value of a—p is p.-ps or 22, But multipli-
cation cannot be used to obtain the p values for other compound regions,

a

as all the combinations of the possibilities of a—8 and a—8 or of —C(a).

8

and —C(af): do not represent different things. Also the atom repre-
sented by C can have four different groups according to the possibilities
chosen for the two af-groups even though C is not an asymmetric atom
by our definition. Although this atom does not have four structurally
different groups it has no structurally identical groups that do not contain
asymmetric atoms. We shall call this type of atom quasiasymmetric.
When we include unsaturated compounds it will be necessary to modify
slightly the above definition. The central atoms in C,,, Cuga, Cagat, Case,
are quasiasymmetric. In the first two of these, if @ has only two possi-
bilities, the quasiasymmetry will not contribute to the stereoisomerism.

In combining identical regions about a central atom, we divide the
groups of this atom into two parts, A and B. One of these, A, contains
all structurally identical groups, the other, what is left. The central atom
will produce an extra possibility when all four groups are different. This
number is 84 -Sg, in which S, is the number of ways in which the groups
comprising A may be chosen from their possibilities so that none are
identical. Sg has the same meaning for B. If B is composed of one
group or of structurally different groups, it cannot introduce any identity
in the groups attached to the central carbon atom, and the number of
possibilities of the region A plus the central atom can be taken as py + S4,
and we may proceed to the next region. When B is composed of struc-
turally identical groups, the value of Sp is zero, if the groups have only one
possibility, but Sg has a finite value if the groups have more than one
possibility. In this case the whole formula is ACB or «Cf;. The
number of possibilities for 8 must be calculated by starting at the pe-
ripheral point. The total number of isomers is then N = p,s-ps 4+ Ss-Sp.

The essence of the method of selecting and combining regions is that
we never combine structurally identical regions that are neither attached
to the same atom nor form two identical halves of the molecule. In this
way we combine structurally identical regions having the same equiva-
lence as that between identical groups attached to a carbon atom. This
we shall call complete equivalence. It is defined by the condition that if
the structurally identical regions, a;, a; - - - are replaced by a set of non-



CALCULATION OF STEREOISOMERS IN COMPOUNDS 91

identical regions, m, n - - -, the struetural formula obtained is independent
of the order of the changes. That is, if in the formula A, a;s,, a1, 82, and ag
are completely equivalent, then Amno, Amony, Anmo, Anom, Acmn, 80d Aonm
are all the same formula, even though more than one substance may be
represented by this formula. We shall call the number of completely
equivalent regions the degree of equivalence and represent it by the symbol
qg. The number of possibilities obtainable from the combination of q
completely equivalent regions is a funection of g and p for one of the com-
ponent regions, and we shall represent this function by the symbol | ;.
When the regions are attached to a quasiasymmetric atom, S, extra forms
are introduced when the quasiasymmetric atom is included. That is
N=|q+8.

It is obvious that |§ is the number of combinations of p dissimilar
things taken q at a time, when repetitions of the p elements are allowed.
This is equal to the number of combinations of p + q — 1 dissimilar
things taken q at a time. 8 is the number of combinations of p dissimilar
things taken q at a time.

p_G@+1@+2-.-@+p—-1) _{@+p—VDg+p—2)...(p+ Dp

a - D! q!
- 1!
= (-—————‘gp“L_pl)!q!) = (o +a-1C

_pp—-DpP-2.--(p—q+1) _ p! -
5= q! = e olg Pl
The fundamental formulas are:

N = pa'pPu-Pe --- = 27, when structurally different regions are com-
bined:

N =|q = (p + g — 1)C,, when completely equivalent regions are
combined.

N=|34+8=({p+qg— 1)Cq + pCq, when completely equivalent
regions and a quasiasymmetric atom are combined:

N =ps-ps + S48 = [ 5[5 + 84S = (pa + DNCa-(ps + G
4+ p.Cs-psCs;, when two pairs of completely equivalent regions and a
quasiasymmetric atom are combined, that is, when the compound belongs
to the type Ce,s,. Often it is convenient in compounds of the type Ca,sq
to use the formula N = pa-ps + Sa-Sp in which B is the region 8v.
Sg is then equal to pp, and N = | §%.pg + p.Cs-ps = | £%-Ds- Dy + PaCa-
Ps*Dr.

When q = 2 and there is only one center of equivalence the formulas
N =2 and N = | { + 8 reduce to the common expressions, N = 21 4
25/;71 and N = 271 used for the number of stereoisomers of a compound
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of the type a;CCabCab ... CabCoy, according as n is even and odd
respectively. With our definition of an asymmetric atom, the latter case
is one with an even number of asymmetric atoms plus a quasiasymmetric
atom. It becomes N = 27, when n is the number of carbon atoms having
four structurally different groups. This formula, N = 27 holds whenever
completely equivalent regions having p > 1 occur only in pairs attached
to the same atom, as in examples V and VI. The formula N = 2o +
20/2-1 holds whenever completely equivalent regions having p > 1 occur
only in pairs, but finally reduce to one of the types, a—a, a2Cas or a;Cpe.
Examples I and II and IV are cases of this. For the above formulas to
hold for complex cases, it is necessary that n is the number of asymmetric
atoms by our definition.

It should, perhaps, be pointed out that although the method outlined
is general and can be applied to any type of non-cyclic stereoisomerism of
tetrahedral atoms by the use of a few simple formulas, it is only in certain
cases involving equivalence that Senior’s (1) formulas are not also ap-
plicable.

Examples.—The application of the above method can best be shown
by considering a variety of examples. In the following examples the
Greek letters, o, 8, etc. represent asymmetric units, the letters a, b, etc.
represent symmetrical groups, capital letters A, B, ete. stand for regions
of the molecule, N4, Ng, etc. are the number of possibilities in regions
A, B, ete. respectively, and N is the total number of stereoisomers.

B
| A Example I
........... ? NA = NA' = 22 = 4.
o o 3.4.5
g A/ ThenN -_ 12 -_— ?T hd 10.
a a4 «
\(Ij/ A Example II
............. (’} Ny=Ny=I+8= + ; i 4
JIN A For the whole molecule, N = I; = 10.
[s4 a 21
B8
| A Example III
A i Ny = NoNg» = 20 = 4, Np = 2.
f—a—C—a—B Then N = pp’ + S8 = Ij.p’ + Sp’ =
AR 4.5.6 4.3.2 _
g7 A 521t 2N =%



AN / Example IV
a [21
\/ Ny = Ny = P =4, N—Iz—lo
C The S8’ term is dropped since the two sym-
a/ AN metrical groups are identical.
a
B
AN /S A
a a a Example V
\(.3/ NA=NAI=22=4,NB=23=8.
............... é Ny = I; +8=10+ ;__? = 16
/ ]L\B Finally, N = pp’ = 8.16 = 128.
Y
B
Aa a aAl
N |/
C Example VI
VRN / N\ 0.1
..... e Nt Na=Ny=T48=3+20-14
/ \\ /b Naa = I = 10. Np = 2° = 32.
4 o Then N = pp’ + 88 = pp’ + Sp’ =
INg 10-32 + 5332, and N = 512
|
) B
[24
| A
Illa— @
A \ Example VII
[+
2.1.0
a__(:;_c_(};_a Na=I+8= 4+3;1 4.
e o 567 4.3.2.1
@ l o N=IL+8=:20+ 7555 =3
a—C—a
A// | AI
23
A
‘T Example VIII
a—C—«a
/?——-———(ﬁ——-a NAA = Iz = 10 NB = I 3, N = pp' +
2.
& 8w A 8% = 10.3 4+ 30210 = 36.
B

93
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GEOMETRIC ISOMERISM

A pair of doubly bonded carbon atoms having different groups attached
to each carbon atom allows two possibilities for a region including the
pair of carbon atoms. If both the differences are structural they can be
recognized from the structural formula, and the double bonded system
may be called a geometric unit. But the isomerism exists whether the
differences are structural or not. Hence it is possible to have a quasi-
geometric unit analogous to the quasiasymmetric atom. Further, since
two structurally identical geometrie units can exist in different forms, it
is possible to have four different groups attached to an atom that is not
asymmetric without having an asymmetric atom in the molecule. It is
therefore advisable to modify the definition of quasiasymmetry. A
quasiasymmetric atom is one whose four groups are not all structurally
different, but has no structurally identical groups that contain neither an
asymmetric atom nor a geometric unit. Similarly, a quasigeometric unit
is a pair of doubly bonded carbon atoms that has two structurally identical
groups attached to at least one of the atoms, but in which neither carbon
atom has structurally identical groups that contain neither an asymmetric
atom nor a geometric unit. Thus the central carbon atom in

a

|
O
b

C C
VAN 7\
a b a b
is quasiasymmetrie, and the central pair of doubly bonded carbon atoms in
a—C C (")—a
C

| |
C

C
N AN 7N\
a ba ba b
and the pair of doubly bonded carbon atoms in

a\ /a
C

I
C

7N\
a b

are quasigeometric units. When both the carbon atoms of a quasigeomet-
ric unit are different an extra possibility or stereoisomer can exist.
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When a structural formula or part of one shows no structurally identical
regions for which p exceeds unity no quasiasymmetric atom nor quasi-
geometric unit is present. For such a formula or part of one, N =
Pa'Po-Po --+ and N = 22, where n is the sum of asymmetric atoms and
geometric units.

When structurally identical regions having p > 1 are present, quasi-
asymmetric atoms and quasigeometric units may exist, and all combina-
tions of the possibilities of component regions are not different. Hence
N need no longer be equal to the product of the numbers of possibilities
of component regions, Structurally identical geometric units attached
to the same carbon atom or to themselves, or two structurally identical
regions attached to a doubly bonded carbon atom, have the same complete
equivalence that exists in structurally identical regions in a saturated
chain compound. Hence, except when the double bond introduces a
new kind of equivalence, the method of selecting and combining regions
described in the previous section and the formulas used will enable us to
calculate the number of stereoisomers for a given structural formula
whether it contains asymmetric atoms, geometric units, or both. In
most cases doubly bonded carbon atoms introduce no new equivalences
or methods of combination. Thus for

a—C C——C—a

L
SN /N N\
a ba ba b

aC

I
°_ has two possibilities and there are two of these groups joined by

7N\
a b

a quasigeometric unit, so N = |; + S = 3C; + 2C; = 4, just as for

-

a a a8
b-}C—l‘J—C—/—b
/S 1\
e b ¢

N =|3+4+8 =3C;+2C; = 4. The following examples show fundamental
cases of complex quasigeometric units, and geometric units and the cor-
responding analogous cases of quasiasymmetric and asymmetric atoms.
For each member of an analogous pair, the number of stereoisomers is
the same and is also given. In the formulas Greek letters have been used
to represent regions resulting from any combination of asymmetry,
quasiasymmetry and geometric and quasigeometric isomerism.
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IX X XI XII XIII
«@ @ @ @ o @ @ «a @ B
\C/ \ﬁ/ \C \C/ \C/

ook b
7\ 7\ RN 7\ /7 N\
a b a B B B B ¥ Y é
IX/ X’ XTI XIr XIIr

@ a a a @ @ a a « 8
\C/ \C/ \C/ \C/ \C/
VRN 7\ VRN VRN VAR
a b a B B BB Y 6

Pa _ DPafpa = 1)
9 + S where S = e

a o a_l
123_*_p(p2 )]ps

Examples IX and IX/, N=

Examples X and X', N = [

Examples XI and XI', ~ N = pa-ps + S1-Sp where ps = iga’ Pe

_ ‘pa
12’
S, = pa(paz— D onds, = ps(paz— D

a @ a‘—l

Examples XIII and XIII', N = 2p.-ps-py-Ps.

However, geometric isomerism does include a type of equivalence not
found in saturated compounds. This is the possibility of the structural
identity of the two carbons of the geometric unit. The analogous case
is not possible in optical isomerism as the fundamental unit, the asym-
metric atom, consists of one atom. Examples are

Examples XITand XII' N = [

N2 A N AN
C=C , =C =C ,and C=
SN N N /N
b b b b 8 8 « o

In the first of these the equivalence is immaterial. The next two are
essentially the same, so we shall give the solution for the more complex
of the two. Hence we have the two special cases



/
C=C  (XIV) and
AN

The solutions are:

[+ 4
=c/ (XV).
AN

Example XIV. N = 2 | Pa where pa = Pa-Ps.

12

Example XV. N =

Pa ]SA _ ‘pa . pcs(pa— 1)
9 +12 ,WherepA-—12 and S, = =2

2

The following are more specific examples (here «, 8 ete. are again single,

asymmetric units):

v D
AN
A C=C—a—p—C—a
aun |
v 8 C
VRN
B a b
B
B d a a D
N LN
C=C C
S |
b « C—e
N/
,,,,,,,,,,,,,,,,,,,,,,, C,..,,,_,,, I
RN
a— C—a
I I
C C
A /N /N A
B i
N

Example XVI

Np=2'=16, N = 2,
NBD = 16.2 = 32, and
N, =13 = 3.

Then N = pp’ + S8’ =
pp’ + Sp’ = 3.32

2.1
+ ﬂ'32 = 128.

Example XVII

NB=23=8,ND=1,
Na=Nuy=I}+8=
3+1=4,andNBD=
8.1 = 8.

N =pp’ + 88" = pp’ +

Sp'=I§-8+%—3-8=
10.8 4 6.8 = 128,

Example XVIII
Ng=2"=8 Ne=13+
2.1
S=3+4 57— 4, and

Np =2Ng Ny = 2.8.4
= 64.

NB = 2, NA = NA' = 2,

whence Ny = I = 8.

Then NBD = 2.64 = 128.

Finally, N = pp’ + 8§

= pp’ + Sp’ = 3.128
2.1

+ 2_._1'128’ N = 512.
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Groups of the spirane type,
a a
AN /
C=C=C...=C ,
/ N
b b

are analogous to geometric units and may be included in this method as
geometric units, as long as no distinction between optically active and
inactive forms is made. When the number of unsaturated atoms is odd,
these units produce optical, and when even, geometric isomers.

Isomerism resulting from steric hindrance has not been included in
our method. The assumption is made that rotation about a single bond
is sufficiently easy to prevent isomerism, and that about a double bond is
sufficiently hindered to produce isomerism.

OPTICALLY INACTIVE FORMS

The method of working from the periphery to a chosen final group can
be used to obtain the number of meso forms. It is necessary to keep
account of both active and inactive possibilities. The number of inactive
possibilities in a region, pi, or of inactive isomers in the molecule N; can
be calculated for different types of structures by the equations given below.
The number of active possibilities or active isomers, p, or N,, can be
obtained by difference.

The fundamental rules used to obtain these formulas are as follows:

(a) A geometric unit produces inactive isomers;

(b) an asymmetric atom produces active isomers;

(c) an asymmetric atom assures optical activity unless its mirror image
is also present;

(d) even then, compounds of the type

o* a a* g*
\C=C/ and \C/
7\ VRN
a b @ B
are active;

(e) Compounds of the type abC=C, — Cu — C, = C, have two

inactive and two active forms.

We are indebted to Dr. James K. Senior for some valuable criticism.

SUMMARY

A method for calculating the number of stereoisomers of straight or
branched carbon chain compounds is described.
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It is pointed out that the method is applicable to compounds containing
asymmetric carbon atoms, units of geometric isomerism, or both.

The method can be used to calculate the number of optically inactive
forms, but it is then necessary to introduce a number of additional equa-
tions. These additional equations are given, with the type of structures
to which they are applicable.

BrRgELEY, CALIF.
REFERENCE
(1) SeniOR, Ber., 80B, 73 (1927).
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The interesting work of Professor Shriner and co-workers (1), (2) on the
reactions of the salts of nitro compounds with organic halides suggested
the present investigation. This paper deals with the preparation of
dinitro compounds by the reaction of salts of nitroparaffins with halo-
nitroparaffins. The halonitro compounds have the halogen atom and
nitro group on the same carbon atom. The reaction (I) involves the
formation of a new carbon-to-carbon linkage.

R’ 1’{// 1|\1'02 IT'OZ
R—(_ll——NogM + X—C-—-NOQ; —» MX + R—C——C—R" (D
ll-{/// I‘{I :é{u/

Nenitzescu (3) has shown that 1,2-dinitro-1,2-dibiphenylene ethane
was formed by treatment of the potassium salt of 9-nitrofluorene with
iodine. Nenitzescu and Isacescu (4) obtained an almost quantitative
yield of 1,2-dibiphenylene ethane by heating a solution of 9-iodo-9-
nitrofluorene. These reactions indicate that the new carbon-to-carbon
linkages might be formed according to the equations (II) and (III).

X, + R:CNOM — MX + R,C(NO»)X (I1)
These equations may account for the formation of symmetrical dinitro
compounds, but they do not account for the formation of unsymmetrical

dinitro compounds.
A study was made of the reaction (IV).

ll\IOz 1]\102 1?102
CHa—(l)NOzNa + CI—-—IC——CHs — NaCl 4 CH3—?~———C-—CH3 (Iv)
CH; CHs CH; CH;

A solid compound of melting point 208.4-209° was isolated from the

reaction-mixture. This compound was identified as 2,3-dimethyl-2,3-

dinitrobutane. The percentage conversion to the dinitro compound was
100
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dependent upon the halogen compound used. With the chloride the con-
version was approximately 99, with the bromide 299, and with the crude
iodide 439,. No other product was isolated from the reaction-mixture.
A 149, conversion to the dinitro compound was obtained by allowing the
calcium salt to react with 2-bromo-2-nitropropane. Refluxing a mixture
of sodium bicarbonate, 2-bromo-2-nitropropane, and 2-nitropropane gave
a 149, conversion to the dinitro compound.

The sodium salt of 2-nitrobutane was allowed to react with 2-bromo-
2-nitrobutane. A white solid having a camphoraceous odor and melting
at 78° was isolated from the reaction-product. This solid was found to
be 3,4-dimethyl-3,4-dinitrohexane. The conversion was 16%,. Sub-
stituting crude 2-iodo-2-nitrobutane for the bromo compound in the reac-
tion gave a 349, conversion to the dinitro compound. No other product
was isolated from the reaction-mixture.

The reaction between the sodium salt of 2-nitrobutane and 2-bromo-2-
nitropropane produced 2,3-dimethyl-2,3-dinitropentane of melting point
88-88.6°. The conversion to the dinitro compound was 89%,. The equa-
tion for this reaction is shown in (V).

NO;
CH,—CH,—C—NO;Na + Br—('J—OH3 —
CH; CH,
NO, NO,
NaBr + CHLa———CHz——(l]———(I?—CHs V)
¢u, dn,

A small quantity of 2,3-dimethyl-2,3-dinitrobutane was isolated from
the reaction-mixture.

A solid of melting point 140-141° was obtained when the sodium salt of
nitrocyclohexane was allowed to react with 2-bromo-2-nitropropane.
The analysis of this compound indicated that it was 1-nitro-1-(2-nitro-
isopropyl)-cyclohexane. The conversion to the dinitro compound was
approximately 199. The reaction-mixture in these experiments con-
tained a small amount of insoluble unreacted halonitro compound. The
remainder of the solution, which was not analyzed, was water-soluble.

No product was obtained when the sodium salt of nitroethane was
allowed to react with 1-bromo-1-nitroethane or with 2-bromo-2-nitro-
propane, or when the sodium salt of l-nitropropane was allowed to react
with 1-bromo-1-nitropropane, or when the sodium salt of 2-nitropropane
and 1-bromo-l-nitroethane was used. These results seem to indicate
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that carbon-to-carbon linkages are not produced when primary nitro
compounds are involved. Nenitzescu and Isacescu (4) obtained 1,2-
diphenyl-1,2-dinitroethane by allowing phenyliodonitromethane to react
with the sodium salt of phenylnitromethane. The reaction tending to
form the dinitro compounds is competing with other reactions and the
vield of the dinitro compounds depends upon the reaction rates. It
appears that the formation of the dinitro compounds is determined by the
nature of the group or groups attached to the carbon atom holding the
nitro group.

EXPERIMENTAL

2-Chloro-2-nitropropane. This compound was prepared by stirring 2-nitropropane
with an aqueous solution of sodium hydroxide until all of the nitro compound dis-
solved. The alkaline solution was cooled and chlorine was bubbled into the
vigorously stirred solution (5). The chloronitro compound separated as an oil.
The oil was washed with sodium hydroxide solution, with water, dried over an-
hydrous caleium chloride, and rectified in & modified Podbielniak column. The
boiling point of the material was 57° at 50 mm. The boiling point corrected to
760 mm. was 131° (6).

2-Bromo-2-nitropropane. This compound was prepared in a manner similar to
that of the chloro compound. The calculated amount of bromine was added to the
alkaline solution from a dropping-funnel. The liquid boiled at 73-75° at 50 mm.
The boiling point corrected to 760 mm. was 150-152° (7).

9-Iodo-g-nitropropane. This compound was prepared by adding a water solution
of iodine and potassium iodide to the vigorously stirred solution of the sodium salt
of 2-nitropropane. It was washed with water and dried. The crude, dry iodo
compound was used in the synthesis, since efforts to purify it by rectification resulted
in its decomposition.

2-Bromo-2-nitrobutane. This compound was prepared in the same manner as
2-bromo-2-nitropropane. The boiling point was 78° at 30 mm. The boiling point
corrected to 760 mm. was 171° (8).

2-Iodo-2-nitrobutane. The method used to prepare 2-iodo-2-nitropropane was
used. The crude material was used in the synthesis.

1-Bromo-1-nitroethane. The method described for 2-bromo-2-nitropropane was
used. The fraction boiling between 69 and 76° at 50 mm. was collected. The
boiling point corrected to 760 mm. was 146-152° (9).

1-Bromo-1-nitropropane. This compound was prepared by the method described
previously. The material boiled at 82-85° at 50 mm. The boiling point corrected
to 760 mm. was 159-164° (10).

2,3-Dimethyl-2,8-dinitrobutane. A. From sodium salt of 2-nitropropane and
2-chloro-2-nitropropane. The sodium salt of 2-nitropropane was prepared by adding
sodium to absolute alcohol, followed by the addition of 2-nitropropane in absolute
ether. The solid salt which precipitated was filtered and dried.

One-tenth mole of the sodium salt was refluxed with one-tenth mole of 2-chloro-
2-nitropropane and 100 ml. of absolute alechol for seven hours. The reaction-
mixture was cooled, and a white crystalline solid formed. The solid was filtered
and recrystallized from absolute alcohol. The conversion was approximately 9%.
The solid had the melting point 208.4-209°,
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Anall Cale’d for CeH2N:O4: C, 40.88. Found: C, 41.34.

The previous experiment was repeated. Sodium iodide was added to the mixture.
A 2%, conversion to the dinitro compound was obtained.

The use of 2-methoxyethanol, methanol, 809 ethanol, or 1,4-dioxane as a solvent
did not increase the percentage conversion. The most convenient procedure was to
dissolve the nitro compound in a solution of sodium hydroxide in 809, ethanol.
The chloronitro compound was added and the solution was refluxed for three hours.
A 6% conversion was obtained by this method. Substitution of caleium oxide for
sodium hydroxide did not increase the percentage of conversion.

B. From the sodium salt of 2-nitropropane and 2-bromo-2-nitropropane. 2-Nitro-
propane (0.2 mole) was added to a solution of sodium hydroxide in 80 ml. of 509,
alcohol. This alkaline solution was added dropwise to a refluxing solution of
2-bromo-2-nitropropane (0.2 mole) in alcohol over a period of 3.5 hours. The
reaction-mixture was cooled and diluted with a small amount of water. The dinitro
compound separated. After recrystallization from alcohol the material melted at
208-209°. The conversion to the dinitro compound was 29%.

C. From the sodium salt of 2-nitropropane and crude 2-iodo-2-nitropropane.
One-tenth mole of 2-nitropropane was dissolved in 100 ml. of 809 aleohol containing
one-tenth mole of sodium hydroxide. One-tenth mole of crude 2-iodo-2-nitro-
propane was added to the solution. The solution was refluxed for one hour. Upon
cooling, 6.5 g. of the solid of melting point 208-209° separated. This corresponds
to a 37% conversion. By adding the iodonitro compound dropwise to the refluxing
solution of the sodium salt in alcohol, the conversion was increased to 43%.

D. From 2-nitropropane, 2-bromo-2-nitropropane and sodium bicarbonate. One-
tenth mole of 2-nitropropane and one-tenth mole of 2-bromo-2-nitropropane in
50 ml. of 809 alcohol was refluxed for sixteen hours with a 209, excess of sodium
bicarbonate. The dinitro compound was separated in the usual manner. A 149
conversion to the dinitro compound was obtained.

3, 4-Dimethyl-3, 4-dinitrohezane. A. From the sodium salt of 2-nitrobutane and
2-bromo-2-nitrobutane. The nitro compound was dissolved in 809 alecohol con-
taining sodium hydroxide, 2-bromo-2-nitrobutane was added, and the solution was
refluxed for seven hours. The product separated as white flakes. A 169, conversion
was obtained. After recrystallization the solid was identified as 3,4-dimethyl-3,4-
dinitrohexane by its melting point of 78° (11).

B. From the sodium salt of 2-nitrobutane and crude 2-iodo-2-nitrobutane.
2-Nitrobutane (0.2 mole) was dissolved in 100 ml. of 80%, alcohol containing 0.2 mole
of sodium hydroxide. Two-tenths mole of crude 2-iodo-2-nitrobutane was added
slowly to the refluxing alkaline solution over a two-hour period. Fourteen grams
of the dinitro compound was obtained. This corresponds to a 349, conversion.

2,8-Dimethyl-2,3-dinitropentane. 2-Nitrobutane (0.2 mole) was dissolved in 100
ml. of 80% alcohol containing 0.2 mole of sodium hydroxide. Two-tenths mole of
2-bromo-2-nitropropane was added to the alkaline solution, which was refluxed for
three hours. Three grams of a white solid was obtained. This corresponds to
approximately an 8%, conversion, assuming that all of the solid was the expected
product. The melting point of the material was 104-109°. Reecrystallization from
alcohol separated the material into two fractions, the smaller of which melted at
204-205° and was found to be impure 2,3-dimethyl-2,3-dinitrobutane. The lArger

1 Analyses in which only carbon was determined were carried out by the wet
method.
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fraction had the melting point 88-88.6°. A portion of the second fraction was
sublimed. The melting point of the sublimed material was 88-88.4°,

Anal. Cale’d for C;HysN:04: C, 44.17; H, 7.42,

Found: C, 43.28, 44.41; H, 7.50, 7.41.

1-Nitro-1-(2-nitrotsopropyl)-cyclohexane. Nitrocyclohexane was obtained by the
vapor-phase nitration of cyclohexane. One-tenth mole of nitrocyclohexane was
dissolved in 75 ml. of 809, alcohol containing one-tenth mole of sodium hydroxide
and refluxed with one-tenth mole of 2-bromo-2-nitropropane for three hours. Four
grams of a white solid was obtained. This corresponds to a 19% conversion. The
solid was dissolved in acetone and the solution was filtered. The solid was pre-
cipitated by the addition of water, filtered and recrystallized several times from
alcohol. The melting point was 140-141°,

Anal. Cale’d for CoH;1eN:04: C, 49.97. Found: C, 50.50, 50.60.

Attempted Syntheses. A. From the sodium salt of nitroethane and 1-bromo-1-
nitroethane. This reaction was carried out in a manner similar to that used for
preparing 2, 3-dimethyl-2,3-dinitropentane. The only product isolated was a small
amount of 2,3-dimethyl-2,3-dinitrobutane. It is believed that this compound is
derived from the small amounts of 2-nitropropane present. It is very difficult to
separate nitroethane completely from 2-nitropropane and the bromo derivatives
also offer the same difficulty.

B. From the sodium salt of 2-nitropropane and 1-bromonitroethane. No product,
other than a small amount of 2,3-dimethyl-2,3-dinitrobutane, was isolated.

C. From the sodium salt of nitroethane and 2-bromo-2-nitropropane. No
product, other than a small amount of 2,3-dimethyl-2,3-dinitrobutane, was isolated.

D. From the sodium salt of 1-nitropropane and l-bromo-l-nitropropane. No
product was isolated from the reaction-mixture.
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SUMMARY

A method has been described for preparing tertiary dinitroparaffins by
condensing a halogen derivative of a secondary nitroparaffin with the
sodium salt of a secondary nitroparaffin.
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INTRODUCTION

In view of the possible rdle played by organoaluminum compounds? in
various hydrocarbon reactions catalyzed by aluminum halides,® the
synthesis of a number of these compounds was undertaken. This paper is
limited to the methods used for these syntheses. The physical properties®
and reactions®* of the compounds will be discussed in subsequent papers.

The number of theoretically possible aluminum compounds represented
by the simple types AlA;, AlA;B and AIABC, and derivable from n

n{n-+1)(n-+2)
—%

substituents is This mounts rapidly from 220 with 10

substituents to 1540 with 20.® The radicals from which our compounds
are derived are as follows:

Alkyls Aryl Alkoxy Halide
Methyl Phenyl Methoxy Chloride
Ethyl p-Tolyl Ethoxy Bromide
n-Propyl Iodide

! Presented in part at the 97th Meeting of the American Chemical Society at
Baltimore, Md., in April 1939.

2 This idea finds recent support in the work of Hall and Nash (J. Inst. Petroleum
Tech., 28, 679 (1937); 24, 471-95 (1938)) who report the formation of large quantities
of ethylaluminum chlorides during the polymerization of ethylene with aluminum
chloride in the presence of aluminum metal.

3 See especially Ipatieff and Grosse, articles in J. Am. Chem. Soc. and J. Org.
Chem. since 1935.

s Of., Grosse and Mavity, Abstracts of Papers presented before the Organic
Division at the 95th Meeting of the American Chemical Society at Dallas, Texas,
in April 1938, p. M-14; Library Bulletin of Abstracts, Universal Oil Products Co.,
13, 69 (May 4, 1938).

% These figures include in addition to the organoaluminum compounds, any
combinations which can be made from inorganic substituents.

4 In the text, ‘Die Chemie der metall-organischen Verbindungen’’ by E. Krause
and one of the authors, the term ‘“‘alphyl’’ is used to denote the aliphatic radieals,
and “alkyl’” in a broader sense to include both aliphatic and aromatic groups. Con-
forming to common usage in this country, the term alkyl as used in the present paper
refers only to aliphatic radicals.

106
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In addition to these simple types of aluminum compounds, there is the
possibility of forming a large number of alumonzides, those saltlike com-
pounds which may be considered as being derived from the combination
of compounds of these simple types with alkyls and alkoxides of the more
electropositive metals. Since the Werner coérdination number of alumi-
num is four or more rarely six the formulas of the compounds are

MI[AIR] or  M:[AIR]

M! being a monovalent metal, and R an alkyl group. By substituting the
organyl groups in the above formulas step by step with halogens or other
acidic groups, a gradual transition into the purely inorganic tetra- or
hexa-acido aluminates takes place. The compounds

Na [AICL] and Na [AlF]

may serve as examples of the limiting cases. Alumoniides, such as
Li [AI(C,Hj)4] or Na [Al(CeH;);0C.H;], will be discussed in a subsequent
paper.®

HISTORICAL

The best approach in the preparation of organoaluminum compounds
is through the old but practically unused reaction of alkyl and (to a more
limited extent) aryl halides with metallic aluminum. The reaction results
in the formation of an equimolecular mixture of two compounds as follows:

3RX + 2Al1 — R,AIX + RAIX, @O

(For the sake of convenience these mixtures will be hereafter referred to
as alkyl~ or arylaluminum “‘sesquihalides.””)

This reaction was recognized as early as 1859 by Hallwachs and Schafarik
(1) who describe the disitllation of a liquid of the general composition
(C.Hy):ALIL obtained by reacting ethyl iodide with aluminum. Cahours
(2) at about the same time investigated this product as well as that formed
from aluminum and methyl iodide. Several decades later Firstenhoff (3)
studied the reaction of ethyl bromide with aluminum. Spencer and
Wallace (4) also reacted aluminum with a number of alkyl and aryl] halides.
Leone (5) and his co-workers in a series of publications have described
the preparation and reactions of a number of solutions of alkyl and aryl
aluminum sesquihalides. None of these workers ever isolated or identified
their compounds. V. Grignard and R. Jenkins (6), in 1924, first separated

5 Cf., Grosse and Mavity, Abstracts of Papers presented before the Organic
Division at the 96th Meeting of the American Chemical Society at Milwaukee,
Wisconsin, in September 1938, p. M-11; Library Bulletin of Abstracts, Universal Oil
Products Co., 18, 164 (October 12, 1938).
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such a mixture into its two constituents. They were able to do this in
the case of ethylaluminum sesquiiodide by fractional vacuum distillation.
The two iodides isolated by them, namely (C,Hj;),All and C.H;All; were
the only known organoaluminum halides when our work was begun. Sub-
sequently Hall and Nash (7) described the isolation of diethylaluminum
chloride; and Hnizda and Kraus (8) reported the separation of the two
methylaluminum chlorides prepared from the reaction of methyl chloride
with aluminum. The latter reaction was also investigated by Walker and
Wilson (9). Just recently Gilman and Apperson (10) have described the
reaction of ethyl chloride with aluminum and have presented evidence
for the formation of phenylaluminum chlorides in reactions of organolead
compounds with aluminum chloride.

DISCUSSION OF METHODS
1. Reaction of alkyl or aryl halides with aluminum

The successful application of this reaction (see equation I) to methyl
and ethyl chlorides, bromides and iodides, n-propyl todide and to the aromatic
todides, phenyl and p-tolyl is described in the experimental part of this paper.

Preliminary experiments have as yet beenunsuccessful® with the other propyl
halides, and with several butyl and amyl halides which were tried, due to a vigorous
decomposition reaction involving the formation of saturated hydrocarbon containing
the same number of carbon atoms as the alkyl halide, some aluminum halide and
some gummy material. This decomposition reaction also occurred several times
during attempted preparations of ethylaluminum chlorides; and likewise during the
preparation of n-propylaluminum iodides. In the last reaction, the decomposi-
tion could be prevented by proper cooling and by keeping the metallic aluminum
completely covered with liquid. Although the factors (of which some may be
catalytic) influencing this side-reaction are still not entirely clear, the fact that it
has been controlled in the reactions of ethyl chloride and n-propyl iodide shows
that it is not always a structural property of the alkyl halide, and points to the
possibility of eventually obtaining higher alkylaluminum halides by these methods.

Of the aryl halides (with the halogen in the nucleus), only the iodides
have thus far been made to react.

The formation of the sesquihalides is a practically quantitative reaction.
In the aliphatic series, these mixtures were mobile liquids, with the excep-
tion of the methyl chloride derivative, which was obtained as a mixture of
liquid and crystals. Although all of the aliphatic mixtures were readily
distillable at reduced pressures, satisfactory separation by a single vacuum

¢ Leone (loc. cit.) has desceribed the reaction of isoamyl! iodide with aluminum to
form a colorless crystalline compound, and the reaction of octyl bromide with alu-
minum to give a viscous mass.
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Podbielniak fractionation was effected only with the methyl derivatives.
Disproportionation according to the reaction

2RAIX; — RAIX + AlX, (ID)

was pronounced during the distillation of the methylaluminum bromides,
and was so complete with the methylaluminum iodides that the distillate
was almost wholly dimethylaluminum iodide. The alkylaluminum
dihalides were further purified by ecrystallization from n-pentane, using a
three bulb apparatus described by E. Krause and Polack (11). These
are white crystalline solids.

2. Reactions of two or more aluminum compounds to produce another

Equation IIT is typical of a rather obvious general method of preparing
dihalides. It was particularly useful with mixtures of sesquihalides which
were difficult to separate.

R,AIX + AlX; — 2RAIX, (I1T)

Aluminum alkyls, employed in an analogous manner, converted ses-
quihalides to monohalides.

Similarly, combinations of aluminum alkyls or aryls® with aluminum
halides produced either mono- or di-halides. The reaction to form the
latter was used to advantage in the aryl series where the sesquichlorides
and sesquibromides were not available (equation IV).

Mono- and di-alkylaluminum alkoxides, new types of organoaluminum
compounds; resulted from the reaction of aluminum alkyls with aluminum
alkoxides.?

Extension of these methods to include the production of aluminum
compounds with three different substituents although not yet tried, should
be possible. A convenient application would consist in adding to an
alkylaluminum sesquihalide some aluminum compound with the third
substituent (equation V),

((CH;)2AIC] 4+ CH,AICL) + Al(CeHjs)s — 3(CHs) (CeHs)AICL (V)

7 Disproportionation went still further, in fact, during the removal of the first
dimethylaluminum iodide fractions, giving a distillate containing 2 to 3% of alu-
minum trimethyl.

8 Aluminum triphenyl was prepared in the conventional manner from mercury
diphenyl and aluminum. Cf., Hilpert and Gruttner, Ber. 45, 2828 (1912).

? Prepared in the customary way by reacting activated aluminum with the aleohol.
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3. Use of other metals in the preparation of
organoaluminum compounds

A. Dialkylaluminum halides. The direct preparation of dialkylaluminum
halides was accomplished by the reaction of alkyl halides with an aluma-
num-magnesium alloy (equation VI),

(2A1 + Mg) + 4RX — 2R,AIX + MgX, (VI)

The alloy called for by this equation has the composition 699, Al, 319,
Mg, and is closely approximated by the commercial alloy, magnalium
(Dow Chemical Co., 709, Al, 309 Mg). The monohalides prepared
from the commercial alloy were 90 to 959, pure by analysis, containing a
small percentage of the dihalide, due to the slight excess of aluminum
in the alloy.

The compounds were isolated either by direct distillation from the
reaction mixture, or by preliminary filtration of the colorless aluminum
compound from the white precipitate of magnesium halide, using an inert
wash solvent.

Another method of preparing dialkylaluminum halides consists in
treating the sesquihalide with an alkali mefal. Metallic aluminum is
precipitated and the monoalkylaluminum compound in the mixture is
converted to the dialkyl according to the equation:

2RAIX; 4 3Na — R,AIX + Al 4 3NaX (VII)

Since the alkali metal will react further with the reaction product as
shown below, the quantity used must be carefully controlled.

B. Aluminum trialkyls. By using larger amounts of alkali metal than
those required for the conversion of the sesquihalides to the dialkylalumi-
num halides, the sesquihalides were converted to the aluminum trialkyls
(see equations VIII and IX). The reaction can, of course, also be
applied to the dialkylaluminum halides.

(R.AIX + RAIX,) + 3Na — AlR; + 3NaX + Al (VIII)
3RAIX + 3Na — 2AIR; + 3NaX -+ Al (IX)

These reactions make the simple aluminum alkyls readily obtainable
from the corresponding alkyl halides. The classical method for preparing
these compounds involved refluxing the rare and toxic mercury alkyls
with aluminum, and the yields were none too good.

From crude methylaluminum sesquichloride, by refluxing, first over
sodium ribbon, and finally over liquid sodium-potassium alloy, a 639
yield of aluminum trimethy! was obtained. The liquid alloy was found
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useful since sodium alone became coated with a hard crust of aluminum,
retarding the reaction.

Aluminum triethyl was prepared in yields of 40 to 509, from ethylalumi-
num sesquibromide and sodium, or 609, from diethylaluminum bromide
and sodium. With the ethyl derivatives, an excess of the alkali metal is
to be avoided! since it will react with the aluminum triethyl to form
- non-volatile tetraethylalumoniides:

3Na + 4(C;H;);Al — 3NaAl(C,Hy) + Al X)

[a7Xs] [ra/%] Barx] Be Al ] e pin]

-2 RPX
L
T Mg + 4 (6)
R ___(_7)_
@
(10)

FIGURE 1

R=ALKYL OR ARYL
X =INorGaNIC GROUP (HALOGEN)
M=AvLgaLl METAL

In one instance where this occurred, aluminum triethyl was obtained by
adding more ethylaluminum sesquibromide to the non-volatile residue.
A reaction such as the following evidently takes place:

(Csz)zAlBl‘ + Na[Al(CzH5)4] - 2A1(02H5)3 -+ NaBr (XI)

This reaction is not reversible; aluminum triethyl can be recovered quanti-
tatively from sodium bromide by distillation.

Resumé of methods

The methods used in alkylating the aluminum to successively higher
degrees, up to the tetraalkyl stage, are illustrated in Figure I.

The different reactions between two alkylaluminum compounds, leading
to an intermediate stage of alkylation, are summarized in Figure II.

10 This precaution is apparently unnecessary with the methyl derivatives, since
no appreciable reaction occurs between aluminum trimethyl and the alkali metals.
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Each of the five vertical columns represents a different alkylation state
(from 0 to 4 alkyl groups (R) per aluminum atom). Methods for produe-
ing a given type are indicated, the white circles representing the compounds
entering into the reaction, the dark circles the reaction product;* where
more than one molecule of a starting material enters into the reaction this
number is indicated next to the circle. Examples illustrating the particular
reactions are indicated in the last column by numbers corresponding to
the equations of the text. Those reactions which have not yet been
accomplished are indicated by a question mark.

[A7xs]  [PATX) RAIX] A7) FeB777)

&)

(11)
4

M
®
™
M
™

FIGURE II

R=ALRKYL OR ARYL
X =1IxorcaNIic GroUP (HALOGEN OR ALXKOXY)
M=ArLkaLl METAL

EXPERIMENTAL

Since organoaluminum compounds are all decomposed by moisture and since
the majority of them react with oxygen, many to the extent of spontaneous inflam-
mability, it was necessary to carry out their preparation in an atmosphere of dry,
inert gas, according to the general procedure developed by A. Stock and W. Schlenk.!?
For this purpose nitrogen, stored under pressure over alkaline sodium hydrosulfite
(Na28,0,) was used.’? It was dried with phosphorus pentoxide immediately before
using.

11 In some cases the reaction product may not correspond to the simple for-
mula given at the head of the table, but exists as an alumoniide (e.g., instead of
(CyHs):AlBr as (C:H;),AlBr-KBr or K{Al(C.H;),Br.].

12 See E. Krause and A, V. Grosse, ‘“Die Chemie der metall-organischen Ver-
bindungen,’’ Gebriider Borntraeger, W 35 Koester Ufer 17, Berlin, 1937, pp. 802-811.
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Analyses.—The aliphatic compounds were analyzed by measuring the volume
of gas evolved by hydrolysis of a weighed sample. This is a quantitative reaction;
and can also be used for binary mixtures (e.g. R;AlX 4+ RAIX,; R;Al 4+ RpAlX; or
RAIX, 4+ AlX;) to determine the percentage of each constituent present.!® The
gas was investigated in several experiments and found to consist only of the pure
paraffin hydrocarbon having the same number of carbon atoms as the original alkyl
group. The aromatic and several aliphatic compounds were analyzed gravimetri-
cally for aluminum and halogen. The sample was dissolved in ether, and the ether
solution decomposed with water containing sufficient nitrie acid to prevent pre-
cipitation of the aluminum. Aluminum was determined as the 8-hydroxyquinolate.

I. Reaction of alkyl or aryl halides with aluminum

This reaction is conveniently carried out in glass apparatus by adding the alkyl
or aryl halide dropwise or in small portions to aluminum, preferably in the form of
turnings. The mixture is mechanically stirred. It is important that the reaction
be properly catalyzed at the start, either with iodine, an aluminum halide, a previous
preparation of an organoaluminum halide or, for the aryl iodides, with a small
amount of ether.’* Since the reactions of the aliphatic halides are decidedly exo-
thermie, cooling is advisable. The halides which are gases at ordinary temperatures
(methyl chloride, methyl bromide and ethyl chloride) are best reacted in autoclaves,
either of the rotating or stirrer type.

1. Ethyl chloride and aluminum.—A mixture of 38 g. of aluminum turnings and
38 g. of granular aluminum was placed in a stirrer-autoclave of 1 liter capacity.
The autoclave was closed, evacuated and 1.4 g. of ethylaluminum bromide was
added as catalyst. The autoclave was cooled in ice water and ethyl chloride pressed
in from a charging cylinder, in several portions, until 149 g. had been added. After
each addition the temperature of the mixture rose sharply, necessitating cooling,
and then dropped as the ethyl chloride all reacted. After the reaction was complete,
a small amount of gas was released from the autoclave. This amounted to 1.2 liters
and contained 939, ethane, probably due to traces of water in the apparatus and
reagents.

The liquid product decanted from the bomb amounted to 181 g., unreacted alu-
minum, 33 g. The molar ratio of ethyl chloride to aluminum reacting amounted
to about 1.45, in line with equation I.

The liquid was distilled in a vacuum through a Podbielniak column. The com-
position® of three of the fractions as determined by gas evolution (reaction with
water) is included in Table I. It will be noted that ethylaluminum dichloride
concentrates in the lower boiling fractions.

2. Methyl chloride and aluminum.—This reaction was usually carried out in an 800
cc. Ipatieff rotating autoclave (12) equipped with a simple glass liner. The induc-
tion period was usually longer than with the other halides, sometimes amounting
to several days.

18 Tn all such calculations, the true molecular volumes of the hydrocarbon gases
were used. These volumes were calculated from the selected values of Blanchard
and Pickering (Bureau of Standards Secientific Papers, No. 529, p. 175 (1926)) and
are as follows at N.T.P.: CH,, 22.38 1.; C,H,, 22.17 1. and C;Hj;, 21.83 1.

4 In general, the use of ether was avoided in order to preclude the possibility
of forraing etherates.

15 Each fraction is considered as a binary mixture of mono- and di-ethylaluminum
chloride.
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Satisfactory separation of the mono- and di-methylaluminum chlorides was ef-
fected by fractionation in a Podbielniak column.

a) Dimethylaluminum chloride.—A fraction distilling chiefly at 70-76° (100 mm.)
was redistilled. The main fraction was a water-white liquid boiling at 83-84° (200
mm.). Anal. Sample, 0.1662 g. Gas @ N.T.P.: Found, 77.8 cc.; Cale’d for
(CH;) zA]Cl, 80.4 cc.

b) Methylaluminum dichloride.—The fraction distilling at 97-101° (100 mm.) was a
white crystalline solid melting at 72.7°.

Anal. Calc’d for CH,AICL,: Al, 23.88; Cl, 62.80.

Found: Al, 23.81; Cl, 62.27.
Gag evolution: Sample, 0.6359 g. Gas @ N.T.P.: Found 127 cc. Cale’d for
CHAICl,, 126 cc.

This compound is quite soluble in n-pentane and can be purified by crystalliza-
tion from this solvent.

3. Methyl bromide and aluminum.—This reaction proceeded vigorously in a stir-
rer-autoclave. Fractionation in a Podbielniak column resulted in fair separation.

TABLE 1
Charge 176.5 g.
FRACTION Bmﬁ&% iﬁf ae GRAMS Cz“ﬁ's A?’(;h REMABKS
In dry ice trap 2.9 Water-white liquid
1 80-120° 7.4 Some crystals at room temp.
2 120° 30.2 65.7 Water-white liquid
3 120-122° 100.5 62.4 Water-white liquid
4 122° 18.4 Water-white liquid
5 122° 4.6 44.8 Water-white liquid
Residue 12.4 Dark, viscous liquid
Losses 0.1

@ An equimolecular mixture of C,H;AlCl; and (C.H;),;AlC] contains 51.3% by
weight of the former.

That some disproportionation occurred during distillation was evident from the
fact that the residue contained an excess of aluminum bromide.

a) Dimethylaluminum bromide.—This compound was obtained as a water-white
liquid distilling at 74-77° (50 mm.). It crystallized to beautiful white needles at
dry ice temperature. Anal. Sample, 0.9408 g. Gas @ N.T.P. 300 cc. Calc’'d for
(CH,);AlBr, 307 ce.

A portion of this material further purified by distillation in a high vacuum ap-
paratus had the following analysis: Cale’d for (CHj;)AlBr: Al, 19.69; Br, 58.36.
Found: Al, 19.46; Br, 58.68.

b) Methylaluminum dibromide.—The fraction which distilled at 124-139° (50 mm.)
was practically pure methylaluminum dibromide. The purest sample was obtained
by crystallization from pentane, in the form of large transparent plates melting at
79°.

Anal. Cale'd for CH;AIBr,: Al, 13.36; Br, 79.19.

Found: Al, 13.34; Br, 79.33.
Gas evolution: Sample, 1.4220 g. Gas, @ N.T.P. Found, 158 cc. Calc’d for CH,-
AlBr;, 158 ce.
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4. n-Propyl todide and aluminum.—Aluminum turnings (25.4 g.) were placed in a
Pyrex flagk and covered with a weighed quantity of n-propyl iodide. Reaction was
started by heating a small portion of the mixture in a test tube withiodine and adding
this to the flask. The mixture was mechanically stirred and kept at 40 to 50° by
cooling. n-Propyl iodide was added until a total of 229 g. was introduced. After
3 hours the temperature dropped. The mixture was finally stirred at 100° for 1 hour.

The reaction products consisted of gas, 1.4 g., which proved to be propane; de-
canted liquid 237 g. and unreacted aluminum 3.3 g.

Fractionation of the decanted liquid in a Podbielniak column under reduced
pressure gave partial separation of the two constituents (see Table II). The last
fraction contained some aluminum iodide due to disproportionation.

a) n-Propylaluminum ditodide.—A sample (32.2 g.) of fraction 5 (Table II),
which was shown by analysis to be about 97.5%, pure, was sealed in a three bulb ap-
paratus (11) with n-pentane (66 cc.) and crystallized several times at —78°. Pure

TABLE 1II
PODBIELNIAK DISTILLATION OF 7-PROPYL ALUMINUM lODIDES
Charge 237.1 g.

FRACTION ng;‘g}vusc. PBEDS‘Sh:BE, GRAMS COMPOSITION % BY WT.%
In dry ice traps 7.3 Hydrocarbons + propyl iodide
1 80-128 1.0-0.8 16.9 Pr,All, 77.4; PrAll,, 22.6
2 128 0.8-0.7 37.5 ¢ 629; ¢ 81
3 128-127 0.7-0.5 56.6
4 127-142 0.5-0.7 36.5
§b 142-143 0.7-0.5 59.3 PrqAll, 2.5; PrAll,, 97.5
6 143-139 0.5-0.4 5.1 | PrAll,, 73.7; All,, 26.3
Residue 5.3
Losses 12.5

e Calculated from gas evolution data.
t Sample, 2.3410 g.; Gas @ N.T.P., Found, 164.5 cec.

white crystalline masses of n-propylaluminum diiodide were deposited. The purest
fraction (25.8 g.) melted at 3-4°.

5. Methyl iodide and aluminum.—This reaction proceeded smoothly at the reflux
temperature of methyl iodide. Distillation at 50 mm. resulted in disproportionation
of the product, producing s distillate which was chiefly dimethylaluminum iodide, a
residue of aluminum iodide and a relatively small intermediate fraction.

a) Dimethylaluminum iodide.—The fraction distilling at 109-110.5° (50 mm.) was
essentially dimethylaluminum iodide. Gas evolution in excess of the theoretical
indicates further disproportionation to aluminum trimethyl to the extent of 2 or 3%,.
Anal. (1) Sample, 1.0128 g. Gas @ N.T.P.: Calc’d for (CH;)Al11, 247 cc. Found,
269 ce. (2) Sample, 0.5440 g. Gas @ N.T.P.: Cale’d 132 ce. Found, 141.5 ce.

6. Other halides and aluminum.—Ethyl bromide and ethyl iodide reacted readily
with aluminum. Separation of the mono- from the dialkyl compounds by a single
Podbielniak distillation was not satisfactory; these constituents were more readily
obtained in pure form by other methods (see below).

The reactions of phenyl fodide and p-tolyl iodide with aluminum are described
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below in connection with the preparation of the corresponding arylaluminum di-
iodides.

II. Interaction of two aluminum compounds to produce a third

1. Ethylaluminum dichloride.—To an ethylaluminum sesquichloride distillate
(57.60 g.), which was equivalent by analysis to 21.17 g. of diethylaluminum chloride
and 36.43 g. of ethylaluminum dichloride, was added 22.8 g. of anhydrous aluminum
chloridel® 17 (97.5%, of the theoretical). The materials were heated to a temperature
of 180-190° and became a clear colorless liquid. On cooling to room temperature
this liquid erystallized, forming beautiful, large, thick transparent plates (4 and 6
sided). The product was distilled from an ordinary flask into the following
fractions:

Fraction No. B.p. at 50 mm. °C, Grams
1 113 ~114.5 7.41

2 114.5-115.5 57.16

3 115.5-118 12.99
Residue 3.21

Fraction 2 was analyzed by measuring the gas evolved on decomposing a weighed
sample with water. Sample, 1.381 g. Gas @ N.T.P.: Found, 243 cc.; Cale’d for
CszAlCla, 241.1 ce.

This fraction was further purified by crystallizing a sample (9.6 g.) from dry n-pen-
tane (25 cc.) in a three bulb apparatus. The white crystals thus obtained melted
at 32°. Cale’d for C.H;AICl,: Al, 21.25; Cl, 55.86. Found Al, 20.88; Cl, 55.81.

2. Diethylaluminum chloride.—To an ethylaluminum sesquichloride which was
equivalent by analysis to 17.3 g. of diethylaluminum chloride and 26.0 g. of ethyl-
aluminum dichloride, was added 23.09 g. of aluminum triethyl. Appreciable warm-
ing oceurred. The product was fractionated in a Podbielniak column., Over 51 g.
(T7%) distilled at 125-126° (50 mm.). Anal. Sample, 0.5482 g. Gas @ N.T.P.:
Cale’d for (CoHs)s AlC), 201.6 ce. Found, 200 ce.

3. Ethylaluminum dibromide.—This preparation from ethylaluminum sesqui-
bromide and aluminum bromide!” was entirely analogous to that of ethylaluminum
dichloride. The fraction distilling at 120-122.5° (10 mm.) crystallized from n-pen-
tane in clear, colorless, interlocking plates melting at 23.5-24.4°. Anal. Sample
1.2509 g. Gas @ N.T.P.: Cale’d for C,H;AlBr,, 128.5. Found, 124 cc.

4. Methylaluminum diiodide.—Dimethylaluminum iodide (18.4 g.) and aluminum
iodide (38.5 g.) were melted together by heating to a temperature of 170°. The
product was cooled and distilled from an ordinary flask at 0.2 mm. (vapor tempera-
ture 85 to 100°). Disproportionation was bad even under these conditions and 15 g.
of residue, essentially aluminum iodide was obtained. The middle cuts (27.3 g.),
crystallized three times from n-pentane (60 cc.), gave pure white, diamond-shaped
crystals of methylaluminum diiodide (11.9 g.). The compound melted chiefly in
the range 68-71° softening at 63°. The lack of a sharp melting point is probably due
to disproportionation at this temperature. Anal. Sample 1.7377g. Gas @ N.T.P.:
Cale’d for CH3AlL,, 131 ce. Found, 129 ce.

§. Diethylaluminum todide.—This compound was prepared by vacuum distillation
of a mixture of aluminum triethyl (10.0 g.) and aluminum iodide (17.5 g.). Anal.
Sample, 1.8638 g. Gas @ N.T.P.: Calc’d for (C,H;),All, 389.8. Found, 385 cec.

18 Purified by melting under pressure with aluminum metal.
17 An excess of the aluminum trihalide is to be avoided since it tends to crystallize
from pentane along with the dialkylaluminum halide.
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6. Ethylaluminum ditodide.—During the vacuum fractionation of ethylaluminum
sesquiiodide some disproportionation occurred and the higher fractions contained
as much as 10% aluminum iodide. By recombining them with selected intermediate
fractions a mixture containing by analysis some 97 to 989 ethylaluminum diiodide
and 2 to 3%, diethylaluminum iodide was obtained. Fifty-one grams of this mixture
was crystallized several times from n-pentane. The purest fraction (30.5 g.) was
obtained in the form of beautiful large diamond-shaped plates melting at 39.0 to 40.0°.
Anal, Sample, 1.2902g. Gas @ N.T.P.: Calc'd for C.H;All,, 92.3. Found, 91.5 ce.

?. Phenylaluminum dichloride.—A mixture of aluminum tripheny! (6.63 g., 25.7
millimoles) and anhydrous aluminum chloride (6.92 g., 51.8 millimoles) was heated
in a distilling flask at 200° for 20 minutes. The completely molten mixture was
then cooled and distilled at reduced pressure into a series of bulbs, sealed directly to
the side arm of the distilling flask (see Table III).

Fraction 2 distilled as a water-white liquid which crystallized slowly on standing.
Crystallized from dry benzene (15 cc.) in a three bulb apparatus (11), it yielded
4.3 g. of white thick needles or prisms melting at 93-95.5°.

TABLE III
DisTiLLATION OF PHENYL ALUMINUM DICHLORIDE
FRACTION B.P, aC. PRESS, MM, GRAMS REMARES
In dry ice trap 0.24 Benzene, AlCl;
1 103-177 7-15 2.79 White, crystallines
2 177-208 15- 0.5 7.87 Crystallized slowly
Residue 2.53 Some white crystals

@ Analytical data indicate that this fraction is chiefly aluminum chloride in all
probability mixed with some phenylaluminum dichloride. Anal. Al, 18.75, 18.70;
Cl, 68.27, 68.14. Atomic Ratio: Cl:Al 2.77.

Anal. Cale’d for CsHGAICL,: Al, 15.41; Cl, 40.53.
Found: Al, 14.49; Cl, 39.68.

Atomic Ratio: Cl: Al, 2.08.

A sample sublimed at a pressure of 2 X 1073 mm. gave pure white needles melting
at 94-95°, ;

8. Phenylaluminum dibromide.—This preparation was carried out in the manner
already described for phenylaluminum dichloride, from aluminum triphenyl (4.12 g.,
16.0 millimoles) and aluminum bromide (13.96 g., 52.5 millimoles). The distillate,
after crystallization from benzene, still contained aluminum bromide, as shown by
analysis,

Crystal fraction 1 melted from 73.5 to 78°, fraction 2 from 73.5 to 87° (mostly
liquid at 80°). Amnal. Calc’d for CsH;AlBry: Al, 10.22; Br, 60.56. Found: Frac-
tion 1: Al, 10.15, 10.11; Br, 69.89, 70.05; Atomic Ratio: Br: Al, 2.33, 2.34. Fraction
2: Al, 10.07; Br, 66.99; Atomic Ratio: Br: Al, 2.25.

9. Phenylaluminum diiodide.—Phenylaluminum sesquitodide was prepared from
a mixture of 16.8 g. of aluminum turnings and 172.0 g. of phenyl iodide (5). After
starting the reaction by heating a small portion of the materials in a test tube and
adding these to the reaction flask, the bulk of the reactants was introduced in several
portions. The mixture was kept at a temperature of 100° and was mechanically
stirred during 44 hours. Separation of the reaction product from unreacted alumi-
num was accomplished by diluting with dry benzene (40 cc.) and filtering while hot
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through a coarse sintered-glass filter. Benzene and unreacted phenyl iodide were
separated by heating to 100°!® and reducing the pressure to 2 mm. The products
recovered consisted of unreacted aluminum, 1.8 g.; unreacted pheny! iodide, 6.7 g.;
and phenylaluminum sesquiiodide 178.6 g. (90-100 cc.). The phenylaluminum
sesquiiodide was a viscous liquid whieh slowly crystallized at room temperature,
becoming completely solid. It was sparingly soluble in hot heptane, erystallizing
from this solvent in white needles.

Phenylaluminum diiodide was prepared by melting together phenylaluminum
sesquiiodide (49.9 g., 75 millimoles) and aluminum iodide (30.5 g., 75 millimoles).
Heated at 100° for § hour, the mixture became completely liquid. It was dissolved
in benzene (75 ce.) and the solution filtered through an alundum cup to separate
suspended material. The clear, pale brown filtrate was concentrated; on standing
over night it deposited lustrous, hard, white prisms. The mother liquor was de-
canted and the prisms were again crystallized from benzene in a three bulb apparatus.
Two fractions were obtained consisting of 32.5 g., melting at 106-101° (fraction 1);
and 3.2 g., melting at 100-110° (fraction 2).

Anal. (fraction 1). Cale’d for CoH;All,: Al 7.54; I, 70.92. Found: Al, 7.34;
I, 71.37.

This compound crystallized very slowly and could often be kept at room tempera-
ture for 24 hours or longer as a very viscous, colorless liquid. It is quite soluble in
benzene and carbon disulfide, sparingly so in pentane and heptane. Attempted
distillation always resulted in decomposition even at low pressures.

10. p-Tolylaluminum ditodide.—p-Tolylaluminum sesquitodide was prepared from
aluminum and p-tolyliodide. It reacted with aluminum iodide to give p-tolylalumi-
num ditodide. The procedure was similar to that described for the preparation of
phenylaluminum diiodide, toluene being substituted for benzene as the solvent for
crystallization.

The crystallized product melted chiefly from 140 to 145° but traces of liquid began
to appear as low as 111°,

Anal, Cale’d for C;HZALL,: Al 7.25; 1, 68.25.

Found: Al, 6.79; I, 69.35.

11. Dimethylaluminum methozide.—Aluminum methoxide!® (5.80 g., 48 millimoles)
was placed in a distilling flask and aluminum trimethyl (6.95 g., 96 millimoles) added
portionwise. Considerable heat was evolved during the addition. The mixture
was heated for 20 minutes at 100° and finally the temperature was raised to 135°,
The mixture became completely liquid and remained liquid at room temperature.
It distilled chiefly at 119-122° at 50 mm., leaving a residue of 1.0 g. The distillate
was fractionated further in a 20 inch wire spiral column to give the following
fractions:

Charge 11.5 g.

Fraction Boiling Range Pressure Grams Remarks
1 73-87 10 1.8 Liq. at room temp.
2 87-88 10 7.3 M.p. 30-33°
3 3 0.8 M.p. 30-33°
Residue 0.9 Turbid lig. at room temp.

18 Temperatures above 100° were avoided since phenylaluminum iodides de-
compose at elevated temperatures.

19 Prepared by reacting activated aluminum with methanol and distilling off
the excess methanol. Cf., Adkins, J. Am. Chem. Soc., 44, 2178 (1922).
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Fractions 2 and 3 erystallized at room temperature to a beautiful translucent
mass.

Anal. (fraction 2) 0.4749 g. gave 254 ce. of gas at N.T.P. Calc’d for (CHs).
AlOCH;, 242 ce.

12. Methylaluminum dimethoxide.—Aluminum trimethyl (6.51 g., 90 millimoles)
was added gradually to aluminum trimethoxide!® (21.7 g., 180 millimoles). Con-
siderable heat was evolved during the addition. In an attempt to distil, the produet
was heated as high as 280° at a pressure of 2 mm. but only 1 ce. of distillate was
obtained. The residue was a bulky white solid, resembling aluminum trimethoxide
in non-volatility and infusibility. In contrastto the more volatile organoaluminum
compounds, decomposition with water was vigorous but not violent.

Anal. 1.38 g. gave 288 ce. of gas at N.T.P. Calc’d for CH;AI(OCHs),, 297 cec.

18. Diethylaluminum ethozide.—A mixture of aluminum ethoxide® (3.34 g., 20.6
millimoles) and aluminum triethyl (4.51 g., 39.5 millimoles) was heated to 170°
to form a clear liquid. Fractionated in a 20-inch column (wire spiral type), 80%
distilled at 108-109° (10 mm.). The main fraction (4.2 g.) crystallized when chilled
in ice, to a translucent mass, distinguishable only by careful observation from a
slightly turbid liquid. It melted at 2.5 to4.5°. Anal. Sample, 0.5221g. Gas @
N.T.P. Calc’'d for (C2H,;).AI0C,H;: 1779 ce. Found: 181 cc. After further frac-
tionation in a high vacuum apparatus: Cale’d for (C.H:).AlOC.H:: Al, 20.72.
Found: Al, 20.12.

14. Ethylaluminum diethozide.—Ethylaluminum diethoxide prepared in a similar
manner from aluminum ethoxide® (15.24 g., 94 millimoles) and aluminum triethyl
(5.62 g., 49 millimoles) distilled from an ordinary distilling flask at a practically
constant temperature of 137° (0.1 mm.). The fractions, originally clear, colorless
liquids, slowly became turbid (after several hours). On standing for several days
they became more and more viscous, finally changing to a jelly-like solid. This
material had no definite melting point but changed to a perfectly clear liquid on
warming. Anal. Sample 0.8944 g. Gas @ N.T.P.: Cale’d for C:H;Al(OC.Hs)s,
135.7 ce.: Found: 134 cc.

III. Use of other metals in the preparation of organoaluminum compounds

1. Aluminum triethyl.—Diethylaluminum bromide was prepared in a one liter
3-necked flask equipped with a reflux condenser, a dropping funnel, an efficient
mechanical stirrer, and an inlet for dry nitrogen. Magnalium turnings (107 g.; 30%
Mg, 709 Al) were placed in the flask and a small quantity of ethyl bromide was
added. The reaction was catalyzed by iodine, and started after about 20 minutes.
The flask was surrounded by an oil bath to dissipate the heat and ethyl bromide
was added over a period of 2% hours until a total of 496 g. had been added. The
temperature was kept at 120 to 140° for 1 hour to insure complete reaction. The
reaction product was then distilled from the precipitated magnesium bromide ¢n
vacuo. The water-white distillate boiled chiefly at 75° at 2 mm. The yield was
376 g. (91%,).

Anal. 0.7001 g. gave 188 cc. of gas @ N.T.P. Calculated composition: (C:Hj)»
AlBr, 97.8%; C:H;AlBr;, 2.2%.

Sodium ribbon (50.3 g.)?! was pressed into a three-necked round-bottom flask in

2 Prepared by Mr. R. C. Wackher from activated aluminum and ethanol. Cf.,
Adkins, loc. cit.
21 This represents an excess of 5%,.
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a nitrogen atmosphere, and diethylaluminum bromide (150 g.) was added. The tem-
perature was raised to 105° and after 15 minutes a powerful reaction started, causing
the mixture to reflux and necessitating cooling. After the first reaction subsided,
additional diethylaluminum bromide (186 g.) was added. The mixture was heated
for 1 hour at 110° and finally for 16 hours at 200-210.22 On cooling, most of the liquid
was soaked up by the gray and white porous mass. The volatile product was dis-
tilled off 7n vacuo. Most of the material distilled before the bath temperature
reached 220° at a pressure of 2 mm. The yield of distillate was 107.4 g., residue
368.2 g.

Anal. Gas from 0.2619 g. of sample, 143.5 cc. @ N.T.P. (94% of theor. for
Al(C;Hj)s). Caleulated composition, Al(CiHj)s, 89.0%; (C:Hs)2AlBr, 11.0%. A
qualitative test confirmed the presence of halogen.

To purify the product, 106.7 g. was again heated with sodium (2.1 g.), this time
under efficient mechanical stirring, for 1 hour at 110-120° and finally for % hour at
155-160°. The product was distilled in vacuo. Yield, 93.71 g. Residue 14.60 g.

Anal. Gas from 0.2702 g., 1565 cc. @ N.T.P. (98.5% of theor. for A1(C,Hs)s).

Final purification consisted in vacuum Podbielniak distillation. The aluminum
triethyl distilled at 128-130° at 50 mm. and gave 999, of the theoretical quantity of
gas on hydrolysis.

2. Diethylaluminum bromide.—In an early attempt to prepare aluminum triethyl
by the reaction of sodium with ethylaluminum sesquibromide incomplete reaction
occurred in the first treatment, and the distillate proved to be pure diethylaluminum
bromide. This was obtained as a colorless liquid boiling at 147-148° (50 mm.).
Anal. Sample 1.2501 g. Gas @ N.T.P.: Calc’d for (C,H;).AlBr, 335.9. Found,
340 ce. :

8. Aluminum trimethyl.—Methylaluminum sesquichloride (216 g., erude product)
was treated several times with an excess of sodium ribbon (146 g. in all). Each
treatment consisted in refluxing, followed by removal of the liquid from the solid
mass by vacuum distillation. Formation of a crust on the sodium apparently pre-
vented the reaction from going to completion. This difficulty was overcome by two
final treatments with liquid sodium-potassium alloy? (35 g.; 239 potassium) in-
cluding efficient agitation. The yield of aluminum trimethyl was 48 g. or 639, of
the theoretical. It distilled at 125-126° (755 mm.) and crystallized readily when
chilled in ice water.

4. Di-n-propylaluminum iodide.—n-Propy! iodide (213 g.) was added portionwise
during 3 hours to magnalium turnings (24.1 g.; 309 Mg, 70% Al) with mechanical
stirring. The reaction was catalyzed by heating a small portion of the reactants
in a test tube and adding this to the main mixture. After heating for 1% hours at
100°, the colorless supernatant liquid was decanted from the precipitate of white
magnesium iodide and the latter washed with pentane. The liquid was fractionated
in a Podbielniak column at reduced pressure. Yield 99 g. or 669, of the theoretical.

The main fraction distilled at 153-156°, (4.2-4.7 mm.}. Anal. Samples 0.8608 g.;
1,049 g. Gas @ N.T.P. Calc’d for (C;Hy).All: 156.6 ce.; 190.8 ce. Found: 153 cc.;
181 cc.

32 Heating for such a long period at this temperature is probably unnecessary,
and if so, should be avoided since it causes slow decomposition.

23 If the material treated in this step still contains considerable halogen, the
accumulation of a large excess of unreacted alloy at any time is to be avoided, since
the reaction may become quite vigorous.
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SUMMARY

1. Organoaluminum compounds have been prepared by the reaction of
aluminum metal with a series of alkyl halides. These halides are methyl
and ethyl chlorides, bromides and iodides, and n-propyl iodide.

2. By diverse methods each of the dialkylaluminum halides and alkyl-
aluminum dihalides corresponding to the above alkyl halides has been
obtained in pure form.

3. The preparation of phenylaluminum dichloride, dibromide, diiodide
and p-tolylaluminum diiodide is described.

4, Alkylaluminum alkoxides have been prepared by the reaction of
aluminum alkyls with aluminum alkoxides.

5. Dialkylaluminum halides have been prepared directly by the reac-
tion of alkyl halides with an aluminum-magnesium alloy.

6. A new method for preparing aluminum alkyls involving the reaction
of alkylaluminum halides with alkali metals is described.

Riversipg, ILL.
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Ketene is now commonly prepared by the pyrolysis of acetone. This
is accomplished by passing acetone vapors either through a hot tube (1)
or over an electrically heated metal filament (2). An apparatus of the
latter type which gives very satisfactory results is the improved lamp
described in this paper. It serves efficiently also in the preparation of
1,3-butadiene from cyclohexene (3, 2¢).

The lamp contains a shorter heating element than is used in the devices
previously described. It uses an inexpensive Chromel A filament, which
is more efficient than platinum or tungsten. Less carbonization occurs
when Chromel A is used. Use of the smaller filament results in a shorter
contact time, and a higher percentage yield may be obtained (in the case
of ketene).

DESCRIPTION OF APPARATUS

The apparatus consists essentially of a Chromel filament (O in fig. IT), suspended
from the top portion of ground glass joint H so that the filament may be removed
from chamber E whenever desired.

Filament O is prepared from 175 ecm. B. and S. gauge 24 Chromel A wire, an alloy
of 80% nickel and 209, chromium, by wrapping the wire tightly in a spiral around a
rod 3 mm. in diameter, and stretching the coil thus formed to a length of 70 c¢m.
The filament is supported on platinum hooks, N, 15 mm. in length and sealed into
the Pyrex glass rod which supports them. The three hooks at the bottom of the rod
are spaced 120° apart. Two platinum hooks support the filament at a distance of
11 ¢m. above the end. The ends of the filament O are connected to tungsten leads
by means of the nickel sleeves P, which are 10 mm. in length, 3.5 mm. internal di-
ameter and are equipped with two set screws. The tungsten leads are of B. and S.
gauge 24 wire and are sealed into the glass at the points Q, and above these junctions
are soldered to B. and S. gauge 24 copper wire (S) at the points R. The copper
leads 8 are insulated by pieces of 6 mm. glass tubing T, which are held by the cork
stopper W.

The copper wire leads are connected to a source of 110 volt A.C., preferably
through a variable resistance, such as a Variac transformer. A satisfactory fixed

1 Present address: Chemistry Dept., University of North Carolina, Chapel
Hill, N. C.
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resistance may be made of Chromel wire wound around a porcelain form. The
proper length of resistance wire necessary to keep the filament heated at a dull red
must be determined by experiment.

All the glass used in the apparatus is Pyrex. The ground glass joint H is a 55/50
standard taper. Chamber E is constructed from a 25 cm. length of glass tubing of
70 mm. internal diameter. Connecting tube D is 12 mm. tubing, side arm F is 15
mm. tubing and reflux return tube G is 6 mm, tubing. Joint I is a 19/38 standard
taper.

X
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Condensers J and K may be of any efficient type. In the apparatus illustrated
J is a double spiral condenser 50 cm. long, and K is a single spiral 90 em. in length.
The two are connected at the tops by a glass seal. The liquid trap L sealed to the
lower end of condenser K is constructed of 35 mm. tubing and is 125 mm. long, with
a stopcock for removal of liquid from the trap. The ketene or butadiene is con-
ducted away through the tube M, of 8 mm. diameter.
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OPERATION

The reagent (acetone or cyclohexene) is placed in A, a 2-liter, round-bottomed
flask which is attached to the lamp by means of a rubber stopper C. Through
this stopper extends a piece of 6 mm. glass tubing B which may be used to introduce
more reagent when needed. It must be closed when the apparatus is being operated.
The introduction into A of sufficient glass wool to extend a few cm. above the surface
of the liquid serves to prevent bumping.

After M is connected to the proper apparatus, the stopcock on L is closed and
the liquid in A is heated until it refluxes gently from condenser J. Five minutes re-
fluxing should be allowed to drive the air from chamber E. The current may then
be passed through filament O, which should be heated to a dull red glow (tempera-
ture 700-750°).

After the starting operations the apparatus needs little attention. Ocecasionally
condensed liquid must be removed from trap L, the amount collecting there being
dependent upon the temperature of the water in condensers J and K. If J and K
allow too much acetone or cyclohexene to pass, a trap surrounded by ice water may
be placed between M and the reaction flask.

At the end of a run the following operations must be carried out rapidly in this
order: (1) the source of heat is removed from flask A, (2) the filament current is
turned off, and (3) the stopcock on L is opened.

CALIBRATION

The amount of ketene produced per hour may be determined either by weighing
the acetanilide produced on passing the effluent gas stream through excess aniline
for a measured period of time, or by passing the gas stream through standard alkali
with subsequent titration of the unused alkali. By the second method the apparatus
described was found to deliver 0.45 mole of ketene per hour. In a continuous run
of ten hours 4.53 moles of ketene was produced with a net consumption of but 350 ml.
of liquid from flask A. If the residual liquid and condensate were pure acetone,
this would represent a 959, yield, but the figure is too high, for although the liquid
is chiefly acetone, it also contains small amounts of acetic anhydride, acetic acid
and acetylketene. The lamp should be operated for fifteen minutes to expel air
from the system before starting to calibrate the apparatus.

To determine the yield of butadiene, the gas from M may be absorbed in a solu-
tion of bromine in carbon tetrachloride and the resulting butadiene tetrabromide
weighed, or it may be liquefied at —80° and distilled {(at about —5°) by means of a
Davis column (4). By the first method the present apparatus was found to produce
0.28 mole of butadiene per hour. The unrecovered cyclohexene was 0.45 mole, which
represents a 62% yield.

By increasing the filament temperature to 800-850°, a flow of 0.55 mole of butadiene
per hour may be obtained. The yield under these conditions, however, is only 32%.
Hershberg and Ruhoff (2¢) report that Chromel C, a nickel-iron-chromium alloy, is
superior to Chromel A for butadiene production. They obtained a 65-75% yield
under conditions giving 0.46-0.55 mole per hour.

In a similar apparatus constructed with an uncoiled filament made of 150 cm. B.
and 8. gauge 22 platinum wire, the flow of ketene (5) per hour was 0.1 mole, and the
flow of butadiene (6) was 0.11 mole.

The authors are indebted to Dr. R. H. Munch for his suggestion that a ground
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glass joint be used in the top of the lamp, and to Professor N. L. Drake for his sug-
gestion that coiled Chromel A wire be tried as a filament.

SUMMARY

A lamp is described which is capable of delivering 0.45 mole of ketene
per hour from acetone, or 0.28 mole of 1,3-butadiene per hour from cyclo-
hexene. The lamp contains a coiled, electrically-heated Chromel filament.
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In the first paper of this series (1), it was shown that the reaction of
silver bromide with certain Grignard reagents results in the coupling of
the organic radicals of the Grignard reagents. In succeeding papers
(2, 8), it has been shown that, with a mixture of two Grignard reagents,
silver bromide reacts with the production of all possible coupling products.
In this case, it was found that there is a systematic variation in the yields
of the several products with the electronegativity of the radicals involved,
the more nearly equal the relative electronegativities, the higher being the
yield of the unsymmetrical coupling product. It was further noted that
relatively stable organosilver compounds such as phenylsilver decompose
more rapidly in the presence of a decomposing unstable organosilver
compound than they do alone (3). This suggests that the reaction in its
final stages is bimolecular, two molecules of organosilver compound
reacting with the production of the coupling product and silver. The
present investigation is a study of the mechanism of this reaction from
a number of viewpoints.

In order to determine whether the solvent plays an essential part,
p-tolylsilver and p-anisylsilver were prepared free of unchanged Grignard
reagent, magnesium salts, and solvent, and were then mixed and decom-
posed by heating. From the products of this reaction, after demethylation,
bi-p-tolyl, 4,4’-dihydroxybiphenyl and p-tolylphenol were isolated, show-
ing that all possible coupling products were formed in the absence of a
solvent, and that the solvent, when present, probably plays no part in the
reaction.

In the earlier papers of this series, it was postulated that the coupling
of organic radicals through organosilver compounds involved the initial
formation of silver and free radicals followed by the union of the radicals
to form the coupling products (1, 2). In the last paper (3), reasons for

! Based upon a dissertation submitted by E. Allen Bickley in partial fulfilment
of the requirements for the degree of Doctor of Philosophy, Washington University,
June, 1939.
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discarding this view were presented. In the present investigation, an
atternpt was made to obtain a more definite answer to this question.

In a large number of reactions in which it seems certain that free phenyl
radicals are produced in solution, it has been found that the radicals
always react with the solvent and never with each other (4). Thus, with
carbon tetrachloride, chlorobenzene is formed, with aliphatic hydrocarbons,
benzene, and with aromatic liquids, derivatives of biphenyl. Biphenyl
is formed only in the presence of benzene. In an effort to detect any sign
of free phenyl radicals in the decomposition of phenylsilver, samples of
this compound were allowed to decompose under a number of solvents.
In no case was there any evidence of reaction with the solvent, biphenyl
always being obtained in good yield and high purity. While the criticism
may be advanced that, since phenylsilver is extremely insoluble in all
solvents used, the reaction may not be carried out under conditions such
as to produce phenyl radicals in solution, it seems most probable that,
since the phenylsilver was in intimate contact with the solvent in every
case, some reaction with the solvent should have been detected had any
free radicals been formed. This indicates that the reaction occurs through
a binary reaction between two molecules of phenylsilver rather than
through an initial dissociation of a single molecule into silver and a free
radieal.

The entire reaction from Grignard reagent to coupling products can be
divided into two distinet parts, the formation of the organosilver com-
pounds, and their decomposition. Because of the instability of the silver
compounds, the separate study of these two parts is virtually impossible
in the majority of cases, but an observation by Joseph (5) that the results
are sometimes affected by the nature of the halogen of the Grignard reagent
suggests a means by which some information as to the first part of the.
reaction chain may be obtained. As an initial series of experiments,
silver bromide was made to react in the usual way with n-butylmagnesium
chloride, bromide and iodide separately. It was found that the yield of
n-octane obtained from the bromide was about 709, higher than that
from either of the others. Similarly, phenylmagnesium bromide gave
nearly twice as great a yield of biphenyl as did the iodide. Similarly,
using mixtures of phenyl- and n-butyl- magnesium halides or mixtures of
benzylmagnesium chloride and sec.-butylmagnesium halides, very con-
siderable variations in the yields of the various coupling products were
noted. Since all of these results involve the halogen atom, they must be
due to occurrences during the first part of the reaction chain, and may be
connected with differences in reaction velocity.

A number of attempts were made to estimate roughly the relative
velocities of the reactions between various Grignard reagents and silver
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bromide by the disappearance of the Michler’s ketone test (6). Nearly
always, the reaction proceeded too rapidly to be measured in this way, so
indirect methods had to be found. Such a method was provided by the
reaction between pairs of Grignard reagents and one-half of the amount
of silver bromide theoretically required to react with them. After com-
pletion of the reaction, the unchanged Grignard reagents were decomposed
with dilute acid and the amount of each radical coupled was determined
by isolating the reaction products. It is obvious that in this procedure,
when two Grignard reagents react with silver bromide at equal rates, the
amounts of the radicals coupled will be equal. Further, when the reaction
rates are unequal, the radical of the reagent reacting most rapidly will be
coupled to the greatest extent. By carrying out this experiment with
suitably selected pairs of Grignard reagents, it is possible to set up a series
in terms of reaction velocity. This was done for phenylmagnesium bro-
mide with n-butylmagnesium chloride, bromide and iodide and for phenyl-
magnesium iodide with n-butylmagnesium bromide. In this way, it was
found that these reagents react with silver bromide in the order of in-
creasing velocity:

CsHsMgI < CsHaMgBI‘ < C4th/.[gBI' < C4H9MgCl < C4H9Mg1

The detailed results upon which this series is based are given in the Ex-
perimental Part.

With this series in mind, the results obtained in coupling experiments
in which silver bromide was present in excess become understandable.
Using phenyl- and n-butyl-magnesium halides, the largest yield of n-butyl-
benzene was obtained when both were bromides, that is, in the case in which
the relative reaction velocities with silver bromide were most nearly equal.
The yields with n-butylmagnesium chloride and iodide decreased in that
order. When phenylmagnesium iodide was used, the yield of n-butyl-
benzene was always less than with the bromide, and again the yields
decreased in the order n-butylmagnesium bromide > chloride > iodide. It
is probable that a similar correlation between reaction velocity and yield
of the unsymmetrical coupling product could be shown in the series of
reactions between benzylmagnesium chloride and the three n-butyl-
magnesium halides, but time did not permit determination of the relative
rates in this case.

An interesting and perhaps important side-reaction was noted in the
course of this work. It was found that, whenever iodides were used, the
octane fraction always contained considerable quantities of the corre-
sponding butyl iodide. In order to determine the source of this material,
n-butylmagnesium bromide was mixed with an ethereal solution of
magnesium iodide, with and without the addition of silver bromide. It
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was found that when silver bromide was present, n-butyl iodide was
formed in large yield, but none was detected in the absence of silver
bromide. This may be accounted for on the basis of the equation:

n-CiHoAg + Mgl, = n-C.H,I + Ag + Mgl

Similarly, phenylsilver reacted with magnesium iodide to give iodobenzene
and a phenylmagnesium halide. No evidence of similar reactions was
noted with the other halides. These reactions are to be further
investigated.

TABLE 1
n-BUTYLMAGNESIUM HALIDES AND SiLVER BROMIDE

YIELD OF n-OCTANE
GRIGNARD REAGENT

-3 Per Cent
n-CHMgClL............ .. 10.8 37.8
n-C4HngBr ................................ 18.4 64.4
CHMgI. .o 10.4 36.4

TABLE II
PHENYLMAGNESIOM HALIDES AND SILVER BROMIDE

YIELD OF BIPHENYL
GRIGNARD REAGENT

| g. ’ Per Cent
CeHsMgBI‘ .................................. 1 25.0 64.8
CeHsMgI. ... l 10.5 27.2

EXPERIMENTAL

Thermal decomposition of a mixture of p-tolylsilver and p-anisylsilver.—The silver
compounds were prepared separately by the action of the Grignard reagents on silver
bromide, washed with dry ether until Michler’s ketone test was no longer given,
centrifuged from the ether and mixed. The mixture was heated for one-half hour
at 100°. The products were extracted from the silver residue and demethylated
with constant boiling hydriodic acid in an equal volume of glacial acetic acid. The
precipitate formed on dilution with water was extracted with 2%, sodium hydroxide.
The residue wag di-p-tolyl, m.p. 119-120°, from alcohol. Ullmann and Meyer give the
m.p. 121-122° (7). Acidification of the extract gave a precipitate which was crystal-
lized from benzene. The fraction more soluble in benzene was 4-methyl-4’-hydrox-
ybiphenyl, m.p. 152-153°, benzoate, m.p. 185-186°. Kliegel and Huber give the
respective melting points 154-155° and 188° (8). The fraction less soluble in benzene
was 4,4/-dihydroxybiphenyl, m.p. 266-268° from acetic acid, diacetate, m.p. 157-
159°. Schmidt and Schultz give the respective melting points 272° and 159-160° (9).

Attempts to capture free radicals in the decomposition of phenylsilver.—Phenylsilver
was prepared by the reaction of phenylmagnesium bromide and silver bromide and
washed with dry ether until no test was given for a Grignard reagent. Portions were
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then decomposed successively under carbon tetrachloride, chlorobenzene and nitro-
benzene. In all experiments the only product isolated was biphenyl; no evidence
of reaction with the solvent was found.

Reaction between n-butylmagnestum halides and silver bromide.—These experiments
were carried out according to the procedure of Gardner and Borgstrom (1), using one-
half mole of alky! halide in each. The n-octane from n-butylmagnesium iodide was
contaminated with n-butyl iodide, and the actual yield was estimated from a compo-
sition-refractive index curve for n-octane and n-butyl iodide. The results are given
in Table I.

Reaction between phenylmagnesium halides and silver bromide.—These experiments
were conducted according to the procedure of Gardner and Borgstrom (1), using one-
half mole of the halide in each case. The results are given in Table II.

Reaction of miztures of phenyl- and n-butyl- magnesium halides with silver bromide.—
Grignard reagents were prepared separately from one-half mole of each halide,

TABLE III
CourLiNG PRODUCTS FROM PHENYL- AND 7-BUTYL-MAGNESIUM HALIDES
YIELDS, G,
REAGENTS -~ n-Butyl- Biphenyl
Bocthy | gpossme | DG
CeH;MgBr with
n-CHMgBr................o 6.0 25.0 12.0
n~CHMgCl.....................oi il 4.8 18.0 13.3
n-CHMgl..........coo i 10.7 1.5 27.0
CeH: Mgl with
n-CHMgBr.................. 11.2 4.0 23.0
n-CHMgClL. ... 8.5 2.0 23.5
n-CHMgl.......................... 8.8 1.0 23.5

mixed, and caused to react with one mole of silver bromide according to the procedure
of Joseph and Gardner (3). Whenever an iodide was used, the n-octane was con-
taminated with n-butyl iodide and the yield was estimated from a composition-
refractive index curve. The results are given in Table III.

Reaction of miztures of benzylmagnesium chloride and sec.-butylmagnesium halides
with silver bromide.—These experiments were carried out according to the procedure
of Joseph and Gardner (3), using one-half mole of each halide and one mole of silver
bromide in each. The 3,4-dimethylhexane from the runs in which sec.-butyl iodide
was used was contaminated with sec.-butyl iodide. The yield in this case was
estimated from a refractive index-composition curve. The results are given in
Table IV.

Relative rates of reaction of phenyl- and n-butyl- magnesium halides with silver
bromide.—These experiments were carried out as before except that only one-half
mole of silver bromide was used for a mixture of Grignard reagents prepared from
one-half mole of each of two halides. The results are expressed in terms of moles
of phenyl hydrolysed, detected as benzene in the final product, moles of phenyl
coupled (biphenyl + n-butylbenzene), and moles of n-butyl coupled (n-butyl-
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benzene 4 n-octane). Since the unreacted n-butylmagnesium halide was finally
converted into n-butane, the amount of unreacted n-butyl Grignard reagent was
not determined. The results are given in Table V. The radical which is coupled
to the greater extent corresponds to the Grignard reagent in the pair which reacts
the more rapidly with silver bromide.

Reaction of n-butylmagnesium bromide with magnesium todide in the presence of
stlver bromide.—Slightly more than the equivalent amount of silver bromide was
added to an ethereal solution of 0.25 mole of n-butylmagnesium bromide and 0.25
mole of magnesium iodide. The mixture was stirred at 0° for a half hour and then
for an hour at the boiling point. The reaction mixture was treated with very dilute

TABLE IV

CourLiNGg PropUCTS FROM BENZYLMAGNESIUM CHLORIDE AND $ec.-BUTYL-
MAGNESIUM HALIDES

YIELDS, G.
BEAGENTS 3,4-Dimethyl- | 2-Benzyl- Bibenzyl
B0 | Bopisea | M.p.5i8
CoHsCH:MgCl With
sec.-CHMgCL. ... il 34.0 11.0
sec.-C.HMgBr. ... 1.5 32.2 11.0
sec.-CQHMgIL. .....................o. 13.7 13.0 21.0
TABLE V
Data ForR RELATIVE RATES
PHENYL PHENYL n-BUTYL
REAGENTS HYDROLYSED COUPLED COUPLED
MOLES MOLES MOLES
CeHMgBr with
n-CHMgBr............ooo 0.207 0.223 0.293
n-CHMgCl............... oo 0.264 0.198 0.250
n-CHMgI. ..., 0.292 0.165 0.379
CeH:Mgl with
n-CHMgBr.........o.oooii 0.350 0.089 0.387

hydrochloric acid and the products were steam-distilled, dried over calcium chloride
and distilled. There was obtained in this way 15 g. of a mixture of n-octane and
n-butyl iodide, b.p. 122-129°, d 1.200, nj 1.4480. The refractive index corresponds
to that of a mixture containing 329 n-octane and 689 n-butyl iodide. A blank
experiment in which the silver bromide was omitted yielded neither n-octane nor
n-butyl iodide.

Reaction of phenylsilver and magnesium iodide.—Phenylsilver prepared from 0.20
mole of phenylmagnesium bromide was washed free of the Grignard reagent with
dry ether and was then stirred with an excess of magnesium iodide in dry ether
solution for two hours at 0°. The ether solution then gave a strong Michler’s ketone
test for Grignard reagent. After stirring an additional two hours at the boiling
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point, the suspended solids became brown. After hydrolysis with very dilute
hydrochloric acid, there were isolated from the organic layer 3.0 g. of benzene,
b.p. 78-80°, n3 1.4980, 1.0 g. of iodobenzene, b.p. 180-190°, n¥ 1.5962 and 2.0 g. of
biphenyl m.p. 64-65°. When phenylsilver was stirred in the cold for two hours
with dry ether, the liquid gave a negative Michler’s ketone test.

SUMMARY

1. Organosilver compounds have been shown to decompose by a bi-
molecular reaction not involving free radicals.

2. It has been shown that the course of the reaction between Grignard
reagents and silver bromide is determined by reaction velocities.

3. Various side-reactions have been studied.

Sr. Louis, Mo.
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Amidines may be regarded as ammonia-system analogs of carboxylic
acids or esters:

NH, OH
s
R.C R-C
N N
NH 0
NHR/ OR’ OR’
/ / /
R.C R.C R.C—OR'.
N N N
NR/ 0 OR’

There is some evidence that this structural analogy is validated by a func-
tional analogy. Examples include the condensation of isatin-e-anil and
indoxyl, and the condensations of formamidines with reactive methylene
compounds (1). Others are discussed by Franklin (2). Both the above
examples involve the essential reaction

| / ./
~-NH.C==NR _+ H, c\ — -—NH-C=C\ + RNH;,

which is the ammonia-system counterpart of the reaction

i ./
—o.c=c< — -c=c\ + H0.

In these reactions only part of the amidine structure is involved, so that
the functional analogy suggested above is only partially revealed. A re-
action whose extension permits a more searching test of the analogy is the
closure of 1,3-diazole (imidazole) or 1,3-diazine (pyrimidine) rings by
action of formie acid or ester, or of their homologs, upon compounds with

1 Presented in part at the 97th meeting of the American Chemical Society, Balti-
more, Md., April 3 to 7, 1939.
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two nitrogen atoms in —NH, or —NH— groups separated by two or
three carbon atoms:

——C—NHz ——C—N\
— C— + 2H,0 (O
| _i_ 1
—-—C—NH HO
H H
o \C/
——C—-C——NH
“ [: C \(u/ \lf— -
Y P
R

The expectation that these reactions might be duplicated by use of ami-
dines has been realized for certain of the N, N’ -diaryl formamidines and
acetamidines, the essential changes being ammonia-system counterparts of
(1) and (II), viz.,

AN
} CR — “ /CR + 2ArNH,  (III)
—O—NyH ArN —C—N
\ H
\ p \C/
C—NH ArNH \C/ \N
4 + CR— | | 4+ 2ArNH,. (IV)
| % C CR
C—NE; ArN | /S N\
/S N

Similarly the formation of the oxazole ring by acetic acid (anhydride)
was duplicated by use of diaryl acetamidine:

\C—N‘Hﬁ \C—N
H \ )
C.CH, /C-CHa + 2H,0 V)
o—o ( C—0

/
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AN
C——N H ArN | C—N
| L——ﬂ \., N
C —0OH ArNH /C —0

It appears that formamidines enter into such reactions more readily
than do amidines of homologous or other acids. Acetamidines were used
in a few trials, successfully in reactions (III) and (VI) and unsuccessfully
in reaction (IV). Preliminary experiments indicated diphenylbenzami-
dine to be unreactive according to equation (III) under conditions favor-
able to reactivity of formamidines and acetamidines.

Reactions with amidines were carried out in general by simple fusion
of the reactants, used either in equivalent amounts or with the amidine
in excess. The following reactions are described in the experimental
section.

I. Formation of imidazole ring (reactions I and III): (a} Conversion
of o-phenylenediamine to benzimidazole by formic acid and by diaryl-
formamidines; (b) Conversion of o-phenylenediamine to 2-methylbenzimi-
dazole by acetic anhydride and by diphenylacetamidine.

II. Formation of pyrimidine ring (reactions IT and IV): (a) Conversion
of o-aminobenzylarylamines to 3,6-disubstituted dihydroquinazolines by
formic acid and by diarylformamidines; (b) Conversion of anthranilanil-
ides to 3-substituted-4-ketoquinazolines by formic acid, by ethyl ortho-
formate and by diarylformamidines; (¢) Conversion of 1,8-diaminonaphtha-
lene to perimidine by formic acid and by diphenylformamidine.

1I1. Formation of oxazole ring (reactions V and VI): Conversion of
o-aminophenol to 2-methylbenzoxazole by acetic anhydride and by
diphenylacetamidine.

In two other cases preliminary experiments showed formamidines to
react like formic acid or ethyl formate, viz., (a) Conversion of 3-p-tolyl-
6-methyl-1,2,3,4-tetrahydroquinazoline to the corresponding dihydro-
quinazoline by formic acid (3) and by di-p-tolylformamidine, a reaction
whose course is as yet obscure; and (b) Conversion of phenylbiguanide to
a single product (m.p. 230°, and presumably a sym-triazine derivative) by
either ethyl formate (4) or diphenylformamidine.

EXPERIMENTAL

The required o-aminobenzylarylamines were prepared by the procedure described
in a previous paper (5§). The anthranilanilides were made from isatoic anhydride
and suitable amines by the method of Kolbe (6). Diarylformamidines were made
by interaction of arylamines and ethyl orthoformate (7). Diarylacetamidines were
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prepared from arylamines, N-arylacetamides and phosphorus trichloride by a modifi-
cation of the method of Sen and Ray (8). The other compounds were Eastman
Kodak Company chemicals. Diaminonaphthalene was obtained also by hydro-
genation of 1,8-dinitronaphthalene in an Adams and Vorhees apparatus, using Raney
nickel, about thirty pounds per square inch pressure of hydrogen, and dioxane as
solvent. The hydrogenation was slow and incomplete, the yield of diamine as
hydrochloride being 559,. The reduction liquid was intensely purple in color, and
yielded a dark blue by-product.

1. Formation of imidazole ring

Ring-closure by acids. Benzimidazole was obtained in 85%, yield from o-phenyl-
enediamine and formic acid by the method of Wundt (9), described in modified form
in Organic Syntheses (10). Methylbenzimidazole was obtained from o-phenylenedi-
amine and acetic anhydride in dilute hydrochloric acid by the method of Phillips (11).
The yield of crude material was nearly quantitative, and was decreased to 85.5%
after crystallization from water (m.p. 176° obs.), with 7.8%, recoverable from the
mother liquor as picrate (m.p. 212-215° obs.) (12).

Ring-closure by amidines. Benzimidazole was obtained by heating a mixture of
o-phenylenediamine and somewhat more than one equivalent of diphenyl- or di-p-
tolyl-formamidine at about 125° for several hours. The mixture was submitted to
steam distillation, and the distillate was acidified with hydrochloric acid and evap-
orated to dryness to recover as hydrochloride the amine liberated in the reaction.?
The residual liquid in the flask was made alkaline with sodium hydroxide and steam
distillation was resumed, in order to decompose unused amidine and remove the
resultant amine. The liquid was then acidified slightly with acetic acid, neutralized
with sodium bicarbonate, digested with charcoal, filtered, and concentrated by
evaporation. When the solution was chilled, benzimidazole separated as crystals
of m.p. 171° obs., raised to 172° by recrystallization from water. A further small
quantity of benzimidazole could be recovered as picrate (m.p. 223° obs.) from the
first mother liquor.

By this procedure 1.08 g. (0.01 mole) of o-phenylenediamine and 3.0 g. (about
0.015 mole) of diphenylformamidine gave benzimidazole in 81.49%, yield, with 3.9%
more recovered as picrate; total indicated yield 85.3%. The aniline liberated in
the reaction (2.84 g. of aniline hydrochloride) was 83% of the theoretical. The
vield of benzimidazole was 63% when one equivalent of diphenylformamidine
was used.

2-Methylbenzimidazole. A mixture of 1.08 g. (0.01 mole) of o-phenylenediamine
and 3.15 g. (0.014 mole) of phenyl-o-tolylacetamidine was heated for two hours at
180°. The mass was treated with sodium hydroxide and the mixture submitted to
steam distillation to remove aniline and o-toluidine. The liquid in the flask was
acidified with acetic acid, made barely alkaline with ammonium hydroxide, digested
with charcoal, filtered hot, and then chilled. The methylbenzimidazole weighed
0.84 g. (63.6% of the theoretical), melted at 176° obs., and was identified by mixed
melting point test.

II. Formation of pyrimidine ring

(1) Formation of substituted dihydroquinazolines from o-aminobenzylarylamines.
Ring-closure by formic acid or orthoformic ester. By heating the o-aminobenzyl-

2 Steam distillation in absence of acid or alkali does not decompose these diaryl-
amidines appreciably.



AMIDINES AND AMMONO-CARBOXYLIC ACIDS OR ESTERS 137

arylamine with excess of 909, formic acid on the water-bath (13) small yields (20 to

39%,) of the corresponding dihydroquinazolines were obtained (14), viz.,
3-p-tolyl-6-methyldihydroquinazoline, m.p. 160° obs.,
3-p-chlorophenyl-6-chlorodihydroquinazoline, m.p. 186-7°, obs.,
3-p-bromophenyl-6-bromodihydroquinazoline, m.p. 200° obs.

Ethyl orthoformate was used similarly by v. Walther and Bamberg (13), who re-

ported a 709 yield of 3-tolyl-6-methyldihydroquinazoline from 2-amino-3-methyl-

N-tolyl-benzylamine.

Ring-closure by diarylformamidines. A mixture of the o-aminobenzylarylamine
(0.01-0.02 mole), slightly more than one equivalent of the diarylformamidine and
about 0.2 equivalent of the corresponding amine hydrochloride was heated on the
water-bath for four hours or in an oil-bath at 130-140° for about two hours. The
mixture was made alkaline with sodium hydroxide and was subjected to steam dis-
tillation. The residual solid was crystallized from dilute alcohol, and the mother
liquor treated to recover a further quantity of product as picrate. Results were
as follows:

DIHYDROQUINAZOLINE
0~AMINO-N-ARYLBENZYLAMINE FORMAMIDINE
Yield % m,p. C.°

2-Amino-5-methyl-N-(p-tolyl)-benzyl- Diphenyl 78 161 obs.

amine
2-Amino-5-chloro-N-(p-chlorophenyl)- “ 69 186.5 ¢

benzylamine Di-p-chlorophenyl 69 187 “
2-Amino-5-bromo-N-(p-bromophenyl)- | Diphenyl 48 198 ¢

benzylamine

In these reactions the amine hydrochloride was probably dispensable, as appears
elsewhere in the experimental section. Its use in these early experiments was sug-
gested by analogous use of amine salts in reactions which involve initial cleavage of
methylene-N, N’-bis-arylamines (15).

An attempt to effect this ring-closure by means of an acetamidine was unsuccess-~
ful. After heating a mixture of 2-amino-5-methyl-N-(p-tolyl)-benzylamine and
diphenylacetamidine in equivalent amounts for two hours at 190-200°, there was no
steam-volatile oil present, and apparently little or no reaction had occurred. Most
of the aminobenzylarylamine was recovered, in the form of its benzal derivative,
and the other isolable compound was unchanged acetamidine.

(2) Formation of substituted dihydroguinazolones from anthranilamide and anthra-
nilanilides.

Ring-closure by formic acid or ethyl orthoformate. Anthranilanilide, when
heated with excess of formic acid or ethyl orthoformate for an hour at refluxing
temperatures, yielded in either case 3-phenyldihydroquinazolone-4, m.p. 136° obs.,
or 139° corr., and identical with the product made by heating anthranilic acid and
formanilide under open reflux for three hours at 130-140° (16). The picrates also
were identical.

3-Phenyldihydroquinazolone-4 picrate. On mixing concentrated alcoholic solu-
tions of 0.5 g. of the base and 1.10 g. of picric acid (slightly more than two equiva-
lents), there separated 0.95 g. of the salt, a 949 yield of the 1:1 picrate. After
crystallization from ethyl alcohol, the pure picrate melted at 177° obs., or 180.6° corr.

Ring-closure by formamidines. A mixture of the amide (0.01 mole) and diaryl-
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formamidine (slightly more than 0.01 mole) was heated under reflux for two to three
hours at temperatures which ranged from 130° to 160°. The reaction mixture was
subjected to steam distillation to remove amine liberated in the reaction, and the
residual crude product was dissolved in hot dilute aleohol and obtained by crystalli-
zation. Results are as follows:

DIHYDROQUINAZOLONE
AMIDE FORMAMIDINE
Yield 9%* m,p. C°
Anthranilamide Di-p-tolyl 56 213 obs.
Anthranilanilide Diphenyl 82 140 «
¢ Di-p-chlorophenyl 82 137
p’-Bromo- Diphenyl 75 190 ¢

* Including product recovered as pierate.

An attempt to effect this ring-closure by means of an acetamidine was unsuccess-
ful: no isolable quinazolone was obtained after heating anthranilanilide with 1.5
equivalents of diphenylacetamidine at 190° for two hours.

3,4-Dihydroquinazolone-4 picrate. When alcoholic solutions of 0.37 g. of
dihydroquinazolone and 1.20 g. of picric acid (1.15 g. is two equivalents) were
mixed 0.81 g. of the salt separated, an 85.3%, yield of the 1:1 picrate. The melting
point was 204° obs., with a color change from orange to yellow at 180-190°.

(8) Formation of perimidine from 1,8-diaminonaphthalene.

Ring-closure by formic acid. The procedure of Sachs (17) gave 78.7% and 79.7%
of perimidine as light olive-green plates. The melting point (‘‘about 222°’) reported
by Sachs could not be duplicated with certainty. On heating the substance in 2
capillary tube obvious decomposition was in progress around 220°. In several trials
a drop separated around 226°. The nearly black mass appeared to be wholly liquid
at 233° to 238°, with brown oily droplets on the walls of the tube. On the Dennis
bar the melting point was equally uncertain, but was judged to be in the neighbor-
hood of 238°. The picrate, reported by Sachs to melt at 226°, was found to decom-
pose with effervescence around 249-250°. To establish more firmly the identity of
the product with that described by Sachs it was analyzed for nitrogen:cale’d.:16.6%,;
found: 16.3%.

Ring-closure by diphenylformamidine. A mixture of 1.58 g. of diaminonaphtha-
lene (0.01 mole) and 2.0 g. of diphenylformamidine (0.01 mole) was heated at 160°
for 90 to 150 minutes. Water was added to the cooled mass, which was submitted
to steam distillation, the aniline being recovered and weighed as aniline hydro-
chloride. The solid residue in the flask was dissolved by addition of the minimum
necessary hydrochloric acid. The solution was digested with charcoal, filtered, and
the filtrate was treated with concd. hydrochloric acid in moderate excess (about
one-fifth volume). The greenish-yellow crystalline perimidine hydrochloride thus
salted out weighed 1.65 g. (80.7%). The aniline of reaction (1.97 g. of hydrochloride)
was 79.7% of the theoretical. In other experiments the crude product (after the
steam distillation) was crystallized from dilute aleohol, using decolorizing carbon,
in some cases after first dissolving the crude material in dilute hydrochloric acid,
digesting with charcoal, and precipitating by addition of sodium hydroxide and
then sodium bicarbonate. The yields so obtained were comparable with the val-
ues above.

Perimidine thus obtained was similar in appearance and properties to the com-
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pound made by use of formic acid, and a mixture of the two showed in the melting
point determination the same behavior as either substance separately. The picrate
of the base made by use of diphenylformamidine decomposed with effervescence
at 247°, and a mixture with the picrate of the perimidine made by use of formic acid
decomposed at the same temperature. The identity of the compounds made in the
two ways was supported by the physical appearance of crystals obtained by sublima-
tion. These were yellow-green needles, showing identical colors in polarized light,
and a like extinction angle of about 14°,

III. Formation of the ozazole ring

Preparation of 2-methylbenzoxazole. The method of Ladenburg (18), which in-
volves heating o-aminophenol with acetic anhydride, was used in the modification
described by Phillips (19).

The same ring-closure was effected by use of diphenylacetamidine (instead of
acetic anhydride), but the yield could be determined only approximately because of
difficulty in separating the methylbenzoxazole from the aniline liberated in the
reaction. The boiling points for these compounds (202° and 184°) appear to be
favorable for separation by distillation, but this proved to be not feasible because
of the high vapor pressure of methylbenzoxazole near the boiling point of aniline.
Methylbenzoxazole was estimated by taking advantage of its ready conversion to
o-acetaminophenol by mild acid hydrolysis (18), the acetaminophenol being obtained
by chilling the solution. The procedure was as follows.

A mixture of o-aminophenol (0.02 to 0.05 mole) and slightly more than an equiv-
alent amount of diphenylacetamidine was heated under reflux at 190-195° for two
hours. The leek-like odor of methylbenzoxazole became noticeable after a short
time and was finally strong. The methylbenzoxazole and aniline were removed
together by distillation (184-205°). The mixture was suspended in water and
treated with enough acetic acid to effect complete solution. The liquid was boiled
gently for about thirty minutes, some charcoal was stirred in, and the mixture was
filtered and the filtrate chilled. The acetaminophenol separated as colorless plates;
m.p. 207° obs.; yield 569,. The filtrate smelled strongly of methylbenzoxazole, but
after further boiling, and concentration by evaporation, no more acetaminophenol
was obtained. By working up the mother liquor some o-aminophenol was isolated,
corresponding to 4% of methylbenzoxazole, from which it had presumably been
formed by complete hydrolysis.?

The o-acetaminophenol, after crystallization from dilute alcohol and then from
95% alcohol, melted at 208° obs., or 209.6° corr. It was identical with a specimen
of o-acetaminophenol made from methylbenzoxazole prepared by the method of
Phillips.

2-Methylbenzoxazole picrate. A solution of 2.7 g. (0.02 mole) of methylbenzox-
azole in a little alcohol was added to a strong solution of 5.0 g. of pieric acid (4.58 g.
is 0.02 mole) in alecohol. The picrate separated only upon chilling the solution.
The yield was 3.04 g. (429%), the picrate being fairly soluble in alcohol, probably
because of separation into its components. The melting point was 117-118° obs.;
melting was accompanied by volatilization of methylbenzoxazole, the odor of which
was pronounced when the determination was made on a Fisher-Johns melting point

3 As o-aminophenol sublimes on heating, it is possible that the recovered sub-
stance was aminophenol which had not reacted with diphenylacetamidine and which
passed into the distillate with the methylbenzoxazole and aniline.
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apparatus. This value, while close to the melting point of picric acid, is apparently
a reproducible constant of the picrate, a mixture of which with picric acid melted
badly from 103° to 115°.

Conversion of Tetrahydroguinazoline to Dihydroguinazoline. The conversion of
3-p-tolyl-6-methyl-1,2,3,4-tetrahydroquinazoline to the corresponding dihydro-
quinazoline by heating with formic acid under pressure was reported in an earlier
paper (3). The same transformation was effected also by use of diphenylformami-
dine instead of formic acid.

A mixture of 0.99 g. of tolylmethyltetrahydroquinazoline and 1.7 g. (about 2
equivalents) of diphenylformamidine, in a test tube provided with a reflux con-
denser, was heated in & metal-bath for a hour at 190-200°. The test tube was broken,
and the solid mass (which gave off an isonitrile odor) was transferred to a flask,
where it was treated with water and about 8 g. of sodium hydroxide. The mixture
was submitted to steam distillation to remove aniline. The residue was dissolved
in hot 95% alcohol; on chilling the solution there separated 0.47 g. of unchanged
tetrahydroquinazoline (m.p. 139° after recrystallization from alcohol). The mother
liquor was treated with picric acid, and yielded 0.75 g. of a picrate of m.p. 203° obs.
A mixture of this compound with the picrate of tolylmethyldihydroquinazoline
(m.p. 204° obs.) melted at 203-204° obs. The yield of dihydroquinazoline obtained
in the reaction was 38%,.

Interaction of phenylbiguanide and ethyl formate or diphenylformamidine. By al-
lowing arylbiguanides and ethyl formate* to stand in alcoholic solution, products
separate which are believed to be derivatives of sym-triazines (4). The compound
thus obtained from phenylbiguanide and ethyl formate is a white solid, of m.p.
230-232°. Formation of the same compound by use of a formamidine instead of
ethyl formate was effected as follows. A mixture of 3.54 g. (0.02 mole) of phenyl-
biguanide and 4.0 g. of diphenylformamidine (0.02 mole) was heated near 145° for
an hour. The mixture first melted and later solidified. The odor of ammonia and
that of isonitrile were detectable during the heating. The cooled mass was dissolved
in hot dilute hydrochlorie acid. The solution was digested with decolorizing carbon,
filtered, and then neutralized by addition of sodium hydroxide solution and finally
solid sodium bicarbonate. The product separated as a white powder; m.p. 227-
230° obs. ; yield 1.52 g. (40.6% calculated as the triazine). A mixture of this product
and that made by use of ethyl formate melted at 230° obs. This and analogous
compounds are the subject of continued study.

Grateful acknowledgment is made to the Faculty Research Committee
of the University of Pennsylvania for a grant to assist this study.

SUMMARY

A clear functional basis for regarding amidines as ammonia-system
analogs of carboxylic acids or their esters was established experimentally
by effecting with several diarylformamidines and acetamidines certain
ring-closures characteristically effected also by formic acid or ester or by
acetic acid or anhydride. The reactions were essentially alike in type,
and yielded the same products whether the reagent was acid (ester) or

4 This reaction was called to the writer’s attention by Dr. J. K. Simons, Mellon
Institute, Pittsburgh, Pa.
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amidine, the former splitting out water (alcohol) and the latter splitting
out amine. The ring-closures studied are of the following types:

1. Closure of imidazole ring. ortho-Phenylenediamine, when heated
with either formic acid or diarylformamidines, was converted into benzi-
midazole. Similarly acetic acid or diphenylacetamidine gave 2-methyl-
benzimidazole.

2. Closure of pyrimidine ring. N-(2-aminobenzyl)-arylamines, when
heated with formic acid, ethyl orthoformate, or diarylformamidines,
yielded the corresponding 3-aryl-3,4-dihydroquinazolines. Anthranil-
amide or anthranilanilides, heated with formic acid, orthoformic ester, or
diarylformamidines, yielded the corresponding 4-ketodihydroquinazolines.
Peri-diaminonaphthalene, heated with formic acid or with diphenyl-
formamidine, yielded perimidine.

3. Closure of oxazole ring. ortho-Aminophenol, when heated with either
acetic anhydride or diphenylformamidine yielded 2-methylbenzoxazole

PHiLADELPHIA, Pa,
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It has long been known that the substitution of metallic zinc for the
tin ecommonly used with hydrochloric acid in reducing an aromatic nitro
compound to amine may introduce difficulties. Kock (1) found with
nitrobenzene that nearly 259, of the quantity taken was diverted into
monochloroanilines when zinc was used. With iron, no chloroaniline
appeared. Apparently no explanation has been offered for the contrast
in behavior of metals in such a reaction, and it is to this point that the
present report is directed.

Bamberger (2) has shown that g-phenylhydroxylamine is rearranged in
the presence of hydrochloric acid (through the possible intermediate N-
chloroaniline) to give not p-aminophenol, but p-chloroaniline, which
incidentally is the principal chlorinated by-product from the zinc process
cited above. Accepting the assumption of Haber (3) that nitrobenzene is
transformed into the hydroxylamine before the ultimate reduction to
aniline, one finds no difficulty after all in accounting for the strange reac-
tion in which a strong reducing agent seems to be able to replace hydrogen
with chlorine. The proportions of aniline and chloroaniline obtained from
the zinc process therefore depend largely upon the relative efficiencies of
the two reactions, reduction and rearrangement, which compete for the
transient supply of phenylhydroxylamine.

This plausible mechanism still offers no direct explanation of the fact
that different metals yield greatly different fractions of chloroaniline.
Accordingly, a long series of simple reduction experiments was carried out
with numerous variations in choice of metallic reagent and conditions to
suit various hypotheses.

EXPERIMENTAL

In each experiment a small sample of nitrobenzene was treated with concentrated
hydrochloric acid and a quantity of metal somewhat more than the theoretical
requirement to reduce the nitro compound completely to aniline. Reaction mixtures
were usually cooled by hand in tap water. If the reduction was not complete, the
excess of nitrobenzene was expelled from the acid solution by steam distillation.
The aniline was isolated in the usual manner described in elementary manuals, save
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that no final distillation was made, since it was desirable to preserve and sample
the entire amine product for analysis.

Weighed samples of the aniline mixtures were heated in aleoholic sodium ethoxide,
and chloride ion estimated in the resulting solutions by the Volhard method. The
table shows the percentages of chloroaniline in the amine products in a group of
significant experiments.

TABLE
CHLORINATED COMPOUNDS IN THE ANILINE PRODUCTS

METAL cnr.?;%i?::ﬂxm METAL cnnl’onizlzoii?&rtm
Iron.................... 0 Cu-Zn alloy (1.29% Cu)..| 3.9, 4.35
Tin..................... 2.75, 3.47 Cadmium............... 23.1, 24.3
Tin, rod, rotated........ 7.5 Aluminum.............. No reduction
Zinc.........ooviiiiinn 26.07, 27.08 || Caleium................ No reduction
Zinc, rod, rotated.......| 9.46, 11.46 || Magnesium............. No reduction
Zine, rod, rot., temp. 25°.| 2.6, 3.5 Magnesium, below 0°,
Zinc-tin alloy (909% Zn).. 23.06 (solid COg)....ev. ... 62.0, 66.4
Zinc-tin alloy (10% Zn). . 6.7

Note.—Metals were in the form of mossy fragments, or turnings, except in three
experiments, in which cylindrical rods of the metals were rotated rapidly in the acid
solution by mechanical stirrer during the reactions.

These analytical values, like those of Kock, are at best only approximate. There
were 80 many variables, such as purity, size and form of metallic fragments, tem-~
perature, concentration, methods of stirring and cooling, ete., that it was scarcely
possible to line up the experiments by rigorous standards. Results with different
metals were so widely variant, however, that general trends are evident.

The suggestion that certain metals have peculiar valence-shell configurations
responsible for a specific, perhaps catalytic, effect on chlorination was rejected as
intangible and improbable. Too many metals cause entry of chlorine. It seemed
preferable to seek a correlation of chlorination behavior with some definite and
known gradation of properties.

Admitting the existence of competition between the reactions of reduction and
rearrangement one would naturally expect metals of high reduction potential to
accelerate the former reaction and thus cut down the yield of chloroaniline. A
comparison of the above table, however, with the electromotive series reveals no
correlation which supports this hypothesis.

In like manner the theory that metals of high hydrogen overvoltage might effect
reduction more rapidly, and thus minimize chlorination, met no better success, as
tables of overvoltage will show. After all, any of the base metals under consider-
ation has ample potential to effect any of the steps of reduction involved with nitro-
benzene, and an explanation depending on thermodynamics is not convincing.

The fact that tin and iron exist as reducing agents in the form of ions of lower
valence, while zinc does not, suggested the possibility of the better reduction in the
former cases by such ions. Unfortunately, however, the addition of ferrous or
stannous ions to a zinc-nitrobenzene reacting mixture does not prevent the chloro-
aniline reaction. Ferrous ion in particular seems to have no significance here.
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Numerous additional variations, more or less backed by hypotheses, were tested
without significant results. These introduced such features as organic solvents,
impressed external eleetric potentials, high temperatures, amalgamated metals and
metal powders. Although almost any variation affected chlorine content, the actual
changes did not seem to be related in any consistent and convincing way to the
specific variable chosen.

There is one correlation, however, which seems to be valid, namely: the fraction
of nitrobenzene diverted into chloroaniline varies directly with the velocity of the
reaction producing hydrogen gas. The tabular data for tin, zinc and magnesium
illustrate this assumption consistently. This relation naturally suggests two
postulates, (a) that the chloroaniline rearrangement is favored by a high rate of
elimination of hydrogen ion, or (b) by an excessive output of hydrogen gas.

The well known fact that reduction of nitrobenzene stops at the hydroxylamine
stage in neutral solution throws light on option (a) above. In a mixture of hydro-
chloric acid and metallic fragments there is one location where the neutral state is
attainable, namely just at the surface of the metal, where the content of acid has
been largely eliminated by the metal itself. The more active the metal, the more
thorough this neutralization of the interfacial layer of electrolyte. Substantial
quantities of phenylhydroxylamine should then be formed from the droplets of
nitrobenzene which reach this layer. Agitation now removes part of the hydrox-
ylamine to regions which are out of reach of the additional metal needed to complete
the reduction. Such outer regions, while devoid of metal, contain ample hydro-
chloric acid which promptly effects the Bamberger rearrangement to chloroaniline.
Less active metals, likeiron, are unable to maintain the neutral zone, and accordingly
the complete reaction to aniline proceeds smoothly with iron and nitrobenzene as
prime reagents in close contact. This agrees with the common industrial knowledge
that iron will reduce nitrobenzene in the presence of much less than the equivalent
amount of hydrochloric acid.

Confirmation of this hypothesis of reduced activity is seen not only in the rela-
tively high chloroaniline yield from active metals, but also from the experiments
with rotated metallic rods. With zinc the sharply reduced yields of 9 to 119 suggest
that the neutral zone of electrolyte tends to be forcibly stripped off, admitting more
of the nitrobenzene globules to the active metal surface in the presence of strong
acid. Continuation of the rotating rod technique, and reduction of temperature
with consequent reduction in activity of the metal, virtually transforms zinc into a
metal comparable with tin at a higher temperature, and the resulting figures of
2.6 to0 3.5% show the added advantage.

Alloying of tin with zine has no significance beyond an interpolative effect, but
addition of a noble metal (copper) to the zine is another matter. In the latter case
the usual coating of copper mud promptly forms, and the undesirable reaction
2H;0* — H; gas + 2H,0 occurs on the surface of copper instead of zinc, as in the
voltaic cell. It is thus reasonable to expect less tendency for a neutral solution to
form at the surface of the zinc. Zinc is free to react directly with nitrobenzene, and
the amine product is almost all aniline, as shown in the table.

Postulate (b) is a question of reaction time. If a nitrobenzene molecule, in con-
tact with a moderately active metal, does not have time to get beyond the phenyl-
hydroxylamine stage before a lively outburst of hydrogen gas pushes it away, chloro-
aniline would naturally result. It would not matter whether a zone of neutral
solution had been present. Zine and cadmium are good illustrations.

If now an extremely active metal be chosen, such as magnesium, postulate (b)
might predict so vigorous an evolution of hydrogen that nitrobenzene could not
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even reach the metal surface. No reduction would occur, as indeed experiments
indicate. As a test of this reasoning, the usual nitrobenzene-acid mixture was
chilled with solid carbon dioxide until the reaction with magnesium was greatly
retarded. A slow, inefficient and incomplete reduction of nitrobenzene was then
attained. The high chloroaniline yield (62-669%,) suggests that the magnesium was
forced to play a réle more like that of zine, and that a large fraction of the nitro-
benzene molecules was unable to maintain contact with the metal long enough to
get past the phenylhydroxylamine stage.

Postulate (a) operates counter to (b) in the experiment of reduction with motor-
driven rods. Since the motor action in the case of zinc actually causes a lowering
of chloroaniline content, one is inclined here to credit postulate (a). With tin,
however, rotation causes greater chloroaniline content. Tin is relatively inactive,
and ig scarcely able to maintain a neutral zone. Accordingly one may well expect
the operation of the motor would enhance chlorination by the mechanism of pos-
tulate (b). It must be admitted at least that neither (a) nor (b) alone will explain
experimental results in general.

We wish to thank Messrs. S. Tierney, L. S. Trimble, and V. Morgan for
assistance in laboratory tests of various methods.

SUMMARY

The formation of chloroaniline as a by-product in the preparation of
aniline from nitrobenzene in the usual manner apparently varies directly
with the rate of the wasteful reaction of metal with acid to yield hydrogen.
This correlation is explained by assuming either that a zone of neutral
solution is maintained at the surface of a more active metal, hindering
complete reduction of the nitro group, or that the excessive output of
hydrogen drives the nitrobenzene away before it is completely reduced.
Incompletely reduced molecules are then rearranged to p-chloroaniline.
Experimental data are given showing the great differences in yields of
chloroaniline.

Los AxcrLES, CAL.
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When either stereoisomeric form of ~-bromo-y-nitro-8,+-diphenyl-
butyrophenone (I) was heated slightly above the melting point, gas was
evolved; the late Professor Kohler suggested to the senior author that a
study of its decomposition would be of interest. In this paper are de-
seribed the results secured when these and other bromonitro compounds
are pyrolyzed.

Both forms of the nitro ketone (I) gave off a brown gas and yielded the
same chemically inactive, white substance, CpH;sBrO, formed by a loss
of nitrogen dioxide and water. From the empirical formula and non-
reactivity, it was assigned the structure, 2,3,5-triphenyl-4-bromofuran,
(II) and the correctness of this was shown by

CH;CHCH.,COC:H; C:H;C ?IJBr CsH:C=—=CH
HBr

| L.
C(,H,-,(I:—No2 4 CJ—ISC\ /CCGHS &= CHCO OCC:H;

Br
I II

a synthesis from «,B-dibenzoylstyrene and hydrogen bromide (1). In a
similar manner homologs were secured from other corresponding bromoni-
tro ketones.

v-Nitro-8, y-diphenylbutyrophenone (I, H for Br) also decomposes
on heating, with evolution of oxides of nitrogen. The other products
are benzaldehyde and benzalacetophenone. This decomposition is of an
entirely different nature from that of the bromonitro ketone; the products
are what one would expect if the nitro ketone dissociated into its com-
ponents, phenylnitromethane and the unsaturated ketone, the former
being the source of the aldehyde and oxides of nitrogen.

B-Bromo-B-nitrostyrene (I1I) was next submitted to pyrolysis. It, too,
evolved nitrogen dioxide when heated above its melting point. In this
case the reaction was not as clean, considerable carbonaceous matter being

146
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formed, but the principal product was «,8-dibromostyrene, IV; there was
also a small amount of benzoic acid. The structure of the dibromide (2)
(IV) was shown by repeating Nef’s procedure, namely, debromination with
zinc dust to yield phenylacetylene and synthesis from the latter and
bromine.

Br H
7 A d Zn
C:H;CH=C — C¢H;,C=C ——— CH;,C=CH
AN RN Iy
NO, Br Br
II1 v

When B-bromo-g-nitro-«,e-diphenylethylene (V) was pyrolyzed, it
gave 8,B8-dibromo-a,a-diphenylethylene (VI) as shown below. The latter
was identified by comparison with a specimen secured by a known
procedure (3).

Br
YN
(CeHs) QC=(3\ —— (CeH;),C=CBr,

NO,
A VI

A search of the literature revealed a few additional instances of the
decoraposition by heat of bromonitro compounds in which the bromine atom
and the nitro group are on the same carbon atom. 9-Bromo-9-nitro-
fluorene (VII) yields fluorenone (4); several aryl bromonitrocyanomethanes
yield

BI‘ NOz O
VII
aroyl cyanides (5);
Br Br
/ /
RC:H,C—NO; — RCH.,COCN CH;CH
CN NO,

VIII
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bromonitromalonic ester gives oxomalonic ester (6); polynuclear o-bromo-
o-nitro ketones give o-quinones (7);

BI‘ NOz

0 — ==()

/

and a nitrobromo ketone (a) in the benzene series gives a toluquinone
(8), (b) in the camphor series gives camphorquinone (9), and (c) in the
pyrazolone series gives a pyrazoldione (10).

A considerable number of liquid halonitro compounds of the aliphatic
series has been desecribed, many of which decompose on distillation or
cannot be distilled. The nature of the decomposition products has seldom
been determined and no distinction has been made between bromine and
nitrogen dioxide, both possible and both reddish-brown gases. A careful
study of chloropicrin has shown that it slowly decomposes at its boiling
point, and that the products are phosgene and nitrosyl chloride, CCl;NO;
— COCly; + NOCL! Even with bromonitroethane (VIII), which is re-
corded in the literature as distilling without decomposition, it has been
found that during the distillation enough gas is evolved to color iodo-
starch paper deeply, indicating the presence of nitrogen dioxide and/or
bromine. It will be seen that in practically all the instances in which
the nature of the products has been determined, the net result of the de-

Br

/
composition has been to replace \C by \C% and that the for-
/ /s

NO,
mation of a ketone “appears to be characteristic for secondarily bound
Br
o . .
groups (4) /C ", That this conclusion cannot be wholly correct
NO.

is evident from the variety of examples described in this paper.
The formation of the bromofuran (II) from the bromonitroketone (I)
would, at first sight, seem to be of an entirely different nature. One would

! Gardner and Fox, J. Chem. Soc., 1156, 1189 (1919). The nitrosyl chloride was
not identified, but the gases evolved passed through concentrated sulfuric acid to
absorb nitric oxide. ‘‘Hydrogen chloride was either allowed to escape or in some
experiments collected in copper sulfate seclution.”
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expect to find desylacetophenone (IX). However, it has been shown (11)
that when desylacetophenone is brominated, the only product is triphenyl-
bromofuran (II), except under special experimental conditions. Thus, the
production of the bromofuran would be expected if the intermediate step
of the pyrolysis were the ketone IX, and it may be safely assumed that
the reaction proceeds in this manner. On comparison of the formulas
CH;CHCH.COC:H; CeH;CHCHBrCOC:H; CeH;C—CBr
| — — L
CeH;CO CeH;CO CeH:C  C—CeHs

N
0

IX 11

T and II, it will be noted that in the bromofuran the bromine atom appears
in combination with the carbon atom that was alpha to the earbonyl
group in the bromonitro ketone. This might seem to indicate that the
bromine was always there and never in the gamma position. Other evi-
dence excludes this possibility. The bromonitro ketone was secured by
bromination. of the nitro ketone in the form of its sodium derivative; it
has been shown by Hantzsch (12) that in aliphatic nitro compounds only
the hydrogen atom in the alpha position to the nitro group is replaced by
bromine when the salt of the aci-nitro compound is so treated. Further,
the four possible stereoisomeric a-bromo-y-nitro ketones (XII) are all
known and different in melting points and reactions (13).

CeH;CHCHBrCOCsH; CsH:CHCH,COC¢Hjs CeH;C——CBr

| [
CsH;CHNO, CeH;C—NO, CeH,;C CCeHjs
1 ANV
Br (6]
X1 I II

A few other instances of the formation of 4-bromofurans by heating
bromonitro ketones (X) are known; these ketones are of a different type,
however. In boiling aleoholic solution they give the unbrominated furans

CH—CH .. CsHsCH-?HCHQCOCamR A CH—(HjBr
— -
CeHaC\: CCGH4R Br N Oz CeHsC CCGILR
NS N

0]
X

(14), which may indicate that ring closure precedes bromination during the
pyrolysis. However, this reaction is not strictly paraliel to the one under
discussion. The formation of 2,5-diphenyl-3-bromo- and -3,4-dibromo-
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furans by heating an acetic acid solution of y-bromo-y-nitro-y-phenyl-
butyrophenone is readily accounted for by the mechanism proposed for
the triphenylbromofuran II.

The ethylenic bromonitro compounds, III and V, fall into a different
category. If the pyrolysis took the same course, ketenes or their reaction
products (e.g., diphenylacetic acid) should result. There is no evidence
that such is the case, since none of the anticipated substances was found.
Their non-isolation, however, is inconclusive, as the decompositions were
not quantitative, and there was in these instances a considerable amount
of tar,

The assumption of the transitory existence of a bivalent free radical
during the pyrolysis enables one to account for the products in a more
satisfactory manner. Thus, the diphenylbromonitroethylene (V) would
yield radical XI; the latter might combine with either the bromine or
oxygen present. Addition of the former would yield the dibromide (VI)
actually found, whereas oxygen should give diphenylketene. If this

Br
(C(;Hs) 20%/ — [(C@Hs) 2C=C/} —_— (CsHs) 2C=CBI‘2
N N

NO.
v X1 VI

mechanism were applied to 9-bromo-9-nitrofluorene, one might expect to
isolate the known 9,9-dibromofluorene, whereas fluorenone is actually
obtained. Further, 9-nitrofluorene pyrolyzes to fluorenone (4) which may
indicate that oxidation rather than bromination occurs with the saturated
bromonitro compounds.

2-Bromo-2-nitroindandion-1,2 (XIX) and the 2-chloro analog decom-
pose when heated; in this instance not only is the expected ketone ninhy-
drin (XX) formed (15), but also a larger amount of 2,2-dibromoindandion-
1,3 (XXI), the combined yields accounting for nearly all of the starting
material. These results would lead one to prefer the mechanism involved
in the intermediate formation of a bivalent radical, which then combines
with either bromine or oxygen, or both, as in this example.

0 0 0
: é‘; !
N Br N
>c< ., >CBr2 + c=0
\b/ NO, C/ C/
| I [
0 0

¢
XX XXI XX
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In the case of the bromonitrostyrene (III), the intermediate radical
would undoubtedly be even less stable, since it has a hydrogen atom
that could rearrange to yield a more stable form, phenylacetylene. The
addition of bromine to this would furnish the dibromostyrene actually
found and also independently synthesized by this very reaction.

Br
/ /
C:H:CH=C — [05H50H=C :l — CsH;C=CH — CsH;C=CHBr
AN AN |
NOz Br
111 v

8,8-Dibromo-a ,a-diphenylethylene (VI) is unchanged at the temperature
of the pyrolysis; this may indicate that the bromine adds to the bivalent
radical (XI) before it has time to rearrange, i.e., that a phenyl group
migrates less readily than a hydrogen atom. When this dibromo deriva-
tive is heated in boiling benzene with metallic sodium, it loses the bromine
and tolane results (26), showing that the radical is capable of rearrangement.
Tolane has also been secured from the monobromodiphenylethylene by
the action of sodium hydroxide at high temperature (16). Since the
monobromide undergoes a Wurtz synthesis, a reaction that is known to
proceed via radicals, it is evident that a fragment of this type is capable
of transitory existence; hence, there is sufficient basis for the assumptions
above as to the nature of the intermediates in the pyrolysis reaction.
When 1,1,2-triphenyl-2-bromo-2-nitroethane (XIII) is heated, the
produet is bromotriphenylethylene (XIV) (17). This behavior is different
from that of all the other bromonitro compounds. The authors explain

CsHs CsHa CsHs CGHG
CH—c—cBr —2, c—=C
AN / AN
H NO, CoH, Br
XII1 X1V

it as a simple loss of HNO,;. However, it can be accounted for by the
bivalent radical mechanism following a sequence of reactions similar
to that for bromonitrostyrene. The radical XV has an available hydrogen

CeH; CeH; rCGHs CeH; C.H; CoH,
AN / AN
CH;—C—C—Br — jCH—C—C. — C=C
N ADZAN J /7N
H NO. CeHs H

XIII XV XVI
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for rearrangement and the rearranged product, XVI, might be easily
brominated to XIV.

If bivalent radicals of this nature were intermediary in the case of the
bromonitro ketones, the products anticipated would be of an entirely
different nature from those actually found. Hence, this mechanism, if
correct, is only of limited application.

In view of the many above instances, it would seem that “the transfor-
mation of phenylbromocyanonitromethane into its metabromo isomeride”
is not a “case of intramolecular meta migration’ (27) but a bromination,
the bromine coming from the decomposition of a second molecule.

EXPERIMENTAL

A. Bromonitro ketone series,—The general procedure for securing the ~y-nitro
ketones was as follows: a mixture of 2 g. of phenylnitromethane, an equivalent
quantity of unsaturated ketone, and 17 ce. of methanol was made alkaline with con-
centrated sodium methoxide; an immediate white precipitate formed—this usually

TABLE 1
ProPERTIES OF ADDITION PRODUCTS
s L.dPTEOEL Mg om0 | TRF
Br N Br N
XXIIT | -4-Chloro-butyrophenone | 171 | CpH;sCINO; 3.7 3.6
XX1V | -4-Chloro-butyrophenone | 116 “ 3.7 3.7
XXV | -2-Methyl-5-i-propylbu- | 147 | C,HNO; 3.5 3.4
tyrophenone
XXVI | -4-Phenylbutyrophenone | 180 | C,sH,sNO; 3.3 3.3
XXVII | -4-Bromobutyrophenone | 180 | CzH;sBrNO; | 18.9 18.6
XXVIIT | -4-Bromobutyrophenone | 125 ¢ 18.9 18.7

gradually dissolved with refluxing. After an hour, or sooner, if the flask contents
solidified, the whole was acidified with 3 cc. of acetic acid in 17 cc. of methanol.
After boiling for 5 minutes and cooling, the addition products were triturated and
filtered. When the sterecisomers were separated, the high-melting form erystallized
first, in yields of 60-80%; the yield of the low-melting form, which was slowly de-
posited from the filtrate, was 5-15%,. v-Nitro-8,vy-diphenylbutyrophenone (13),
the p-methoxy (18) and one stereoisomeric form of the p-bromo (19) homologs have
already been described. The properties of the other addition products are collected
in Table I.

Since benzal-4-phenylacetophenone was insoluble in hot methanol, the reaction
was carried out in 25 ce. of dioxane, and the solvent evaporated on the steam-bath.

The bromonitro ketones (I) were prepared by suspending 3 g. of the addition
productin 40 cc. of hot methanol, adding slightly over one equivalent of concentrated
sodium methoxide, and stirring until dissolved; an excess of methoxide was avoided.
The solution was then chilled in ice-water and bromine was added until a permanent
color resulted; after standing for some time sodium bromide separated. Water
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(15 ce.) was added, the whole shaken vigorously, and the excess bromine removed by
a little sodium bisulfite. The crude bromination product was filtered and washed
with methanol; the yield was practically quantitative. Recrystallization was from
chloroform-methanol. In most instances the mixture of stereoisomers was used
for pyrolysis. Two have been deseribed previously (13, 18). y-Nitro-y-bromo-8,
y-diphenylbutyro-(4-chloro)-phenone, m.p. 126° (XXIX), vy-nitro-y-bromo-g,~y-
diphenylbutyro-(4-bromo)-phenone, m.p. 157° (XXX), and y-nitro-y-bromo-g,y-
diphenylbutyro-(2-methyl-5-i-propyl)-phenone, m.p. 138° (XXXV) are new.

Anal. Cale’d for szHuBl'ClNOs (XXIX): N, 31, for 022H17BI'2NO3 (XXX):
Br, 31.8; for CyeH2BrNO; (XXXV): N, 2.9.

Found: (XXIX) N, 2.8; (XXX) Br, 31.5, 31.6; (XXXV) N, 2.7.

Pyrolysis.—The bromonitro ketone (20 g.) was heated in a wide-mouthed flask
at 180-200° as long as gases were evolved (15-20 minutes). If pyrolysis was in a
closed system, the brown gas at first given off soon became colorless, but was re-
oxidized to nitrogen dioxide when air was blown through. A few water-drops col-
lected and an odor similar to benzonitrile was noted. The cooled melt was dissolved
in chloroform and filtered into 3 volumes of methanol; the bromofuran soon separated
in rosettes of needles. The yields were 60-70%, being much lower when air was

TABLE II
ANALYSES
o, QROUP msposm‘xon P, FORMULA Calo'd % Found* %,
C |H| Br C H Br
II {Phenyl 129 CHi;BrO  [70.4/4.0] 21.4/70.1 |4.0 22.0
XXXTI |4-Xenyl 193 CysH14BrO 17.7 17.4
XXXII 4—Br0mophenyl‘, 157 CyH14Br,0 35.2 35.1, 35.3

* These substances were very difficult to burn, or destroy by fuming nitric acid.

excluded during the pyrolysis. In oneinstance a trace of benzoic acid was isolated.
Three of the bromofurans have been described previously (1); the properties of the
others are collected in Table II. Whenever possible the identity was assured by
comparison with the original specimens and mixed melting points (4-chloro, 4-bromo,
4-methoxy). DBoth stereocisomeric forms of the bromonitro ketones gave the same
furan in the same yield. 2,3-Diphenyl-5-(4’-xenyl)-4-bromofuran (XXXI) was
also synthesized from the corresponding dibenzoylstyrene (1).

B. Bromonitrostyrene series.—The pyrolysis of g-bromo-g-nitrostyrene (20) was
carried out in the same manner, at 190-200°; when gas was no longer evolved, the
liquid was distilled, leaving a considerable carbonaceous residue. The distillate
(3 g. from 5 g. of the styrene) had an odor resembling benzonitrile, and contained
small amounts of benzoic acid. On redistillation the greater portion was found to
be «,B-dibromostyrene, b.p. 253-4°.

Anal. Cale’d for CsHgBr,: C, 36.6; H, 2.3. Found: C, 36.2; H, 2.4.

When 75 g. of the bromonitrostyrene was submitted to pyrolysis, 29 g. of crude
dibromostyrene and 1.3 g. of benzoic acid were obtained; 2.5 g. of the starting ma-
terial was recovered. It was not possible to isolate or identify benzonitrile from
any fraction of the distillate.

The bromine was removed from the dibromostyrene by zine, following Nef's
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procedure (2), and the phenylacetylene converted into the characteristic bright
yellow copper derivative. A portion of the dibromostyrene was oxidized to benzoic
acid by potassium permanganate, showing that no bromine had entered the nucleus.
C. Diphenylethylene series.—The necessary p-nitro-a,a-diphenylethylene was
secured by Lipp’s procedure (21); though the yields were erratic (48-57%), the
method proved to be consistently better than the apparently simpler methods (22).
B-Nitro-a-phenyl-a-(4-xenyl)ethylene (XXXVI) was obtained as follows:

4—CoH;CH, 4—CeHzCeH,
C=CH2 — C*CHzNOg —_—
/ /)
CeH; CH; OH
XXXIII XXXIV
4—CoH,GeH,
C=CHNO,
/
CeH,
XXXV1

Six grams of the hydrocarbon XXXIII (23) in 35 ec. of carbon tetrachloride was
chilled to —10-0° and the gases, generated by dropping concentrated sulfuric acid
upon solid sodium nitrite and dried by phosphorus pentoxide, were passed through
for 4 hours. The temperature was not sllowed to rise above 0°. The solution was
then washed with 25 cc. of water, dried with calcium chloride, and the solvent al-
lowed to evaporate spontaneously. The resulting semi-solid mass was triturated
with ether-petroleum ether, and filtered. The carbinol XXXIV separated from
ether, on dilution with petroleum ether, in fine white needles, m.p. 136°.

Anal. Calc’d for CzoH;7NO;y: N, 4.4, Found: N, 4.3.

The solvent was evaporated from the residual solution from the isolation of the
above carbinol, and the gum taken up in 25 cc. of acetyl chloride. After refluxing
for an hour, the mixture was decomposed by iced sodium carbonate, the sticky,
insoluble product taken up in ether and dried by potassium carbonate. Petroleum
ether was then added to incipient cloudiness; on chilling, yellow crystals of the
nitroethylene (XXXVI) separated. They crystallized from petroleum ether or
methanol in fine prisms, m.p. 134°. The filtrate deposited a mixture of both possible
geometrical isomers, which was separated mechanically; the low-melting form
crystallized in needles, m.p. 114°,

Anal. Cale’d for C;oHisNO,: C, 79.7; H, 5.0; N, 4.7.

Found: (134°) C, 79.6; H, 5.1; N, 4.4; (114°) C, 79.8; H, 5.3; N, 4.7.

That the nitro group was not on one of the aromatic nuclei was shown by oxidation
of the unsaturated nitro compound to the known phenyl-4-xenyl ketone, by refluxing
an acetone solution with excess potassium permanganate for 15 minutes, destroying
unused oxidizing agent by alcohol, filtering, evaporating, and recrystallizing the
ketone from methanol; the melting point was 101°, and was not depressed on admix-
ture with an authentic specimen (24).

B-Bromo-g-nitro-a, a-diphenylethylene (V).—Three lots, of 5.1 g. each of g-nitro-
a,a-diphenylethylene (XXII) were dissolved separately in 10 cc. of chloroform,
and 5 g. of bromine in 10 cc. of the same solvent added. There was no immediate
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action, but after several hours hydrogen bromide was slowly given off. After 24 -
hours, the solutions were combined, unused bromine was removed by sodium bisulfite
solution, and the solvent was evaporated from the washed and dried (sodium sulfate)
golution. The residue was taken up in methanol, and, on addition of water to in-
cipient crystallization, 14 g. of yellow prisms separated. Purification from methanol
gave 9 g. (43%) of pure compound, m.p. 91°,

Anal. Cale’d for CisH,¢BrNO;: N, 26.3; Br, 4.6. Found: N, 26.0; Br, 4.7.

Pyrolysis.—The procedure was, in general, the same as with the other bromonitro
compounds. Gas bubbles first appeared at 145-150°, and the highest temperature
of the bath was 300°; 8 g. of substance lost 1 g. in weight. The residue was removed
by ether and methanol, and steam-distilled; only 0.2 g. of product was carried over
while 2 liters of water was being collected. The residual mixture was extracted with
ether, and this solvent replaced by methanol; the latter was treated with Darco
and the filtrate diluted by 1 cc. of water. On standing for some time, 1.5 g. of the
dibromoethylene (VI) was obtained as fine, white needles, m.p. 83.5°.

Anal. Cale’d for Ci4H;oBrs: Br, 47.3. Found: Br, 47.3, 474,

It was compared with an authentic sample secured by the directions of Gold-
schmiedt (3); the melting points and mixed melting points were 83.5°.

Pyrolysis of v-Nitro-8,y-diphenylbutyrophenone.—The nitro ketone (3.5 g.) was
heated in an oil bath in the same manner as described under the bromonitro com-
pounds; oxides of nitrogen, and steam, were given off. After one hour, the cooled
melt was taken up in alcohol-chloroform, and treated with Darco and Norit. The
oil that remained after evaporation of the solvent smelled strongly of benzaldehyde;
since it failed to crystallize, the aldehyde was removed by steam distillation. The
oily residue was removed, a portion dissolved in methanol and converted into the
2,4-dinitrophenylhydrazone of benzalacetophenone (25), m.p. 245°.

a-Bromo-a-nitroethane.—There is no mention in the literature of any decomposi-
tion of this substance during distillation. However, when 8 g. was distilled in the
ordinary manner, using a water condenser, starch-iodide paper was turned deep
blue, even at the outlet of the receiving flask, throughout the distillation. This
indicated that decomposition was occurring.

SUMMARY

1. Pyrolysis of y-bromo-y-nitro ketones yields bromofurans.

2. With ethylenic bromonitro compounds, the products are «,B- or
B,B-dibromostyrenes.

3. Mechanisms have been proposed to account for both reactions.

RocHESTER, N. Y.
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THE RELATION BETWEEN THE ABSORPTION SPECTRA AND
THE CHEMICAL CONSTITUTION OF DYES. XV. THE IN-
FLUENCE OF SULF¥ONIC ACID GROUPS IN AMINOAZO DYES.
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Absorption spectra studies of monoazo dyes (1) have been extended to
simple aminoazo dyes sulfonated in one or both of the aryl nuclei. The
dyes chosen for this study were those normally obtained by coupling
benzenediazonium chloride and its three monosulfonic acid derivatives to
1- and 2-naphthylamine and their monosulfonic acids. Of the forty-
eight dyes prepared and studied, thirty-six are listed together with their
structural formulas in Figures T and II. The twelve dyes omitted from
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Figure I. FREQUENCIES OF THE PRINCIPAL MaXiMA OF DyEs oF TypE I

In Figures I and II the lengths of the lines are relative measures of the intensities
of the maxima which they represent. Lines pointing upward represent neutral
maxima; suspended lines represent acid maxima. A, S, M, and O indicate aniline,
sulfanilic, metanilic, and orthanilic acids diazotized and coupled to alpha- or beta-
naphthylamine (a or 8) and the indicated sulfonated alpha- and beta-naphthylamines
(1:2, 2:3, ete.).
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this listing are those prepared by the coupling of the indicated benzene
intermediate to the 3-, 4-, and 5-monosulfonated alpha-naphthylamines,
where coupling takes place in the 2 position. The coupling of the dyes
listed in Figure I is in the 4 position.

These dyes were prepared in the usual manner from purified inter-
mediates.! The dyes containing two sulfonic acid groups were purified by
the diphenyl guanidine method of Rose (2). The remainder were puri-
fied by recrystallization from appropriate solvents. All of the sulfonated
dyes were obtained as their sodium salts.

§Z§ ! : T l ' T
M"',a ' 1 'l Il
S ——
$-2:5 . L L, |
M=-2:5 L 1
A—2:5 ] i I
o-2:6 . . T ] i
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. " 1
o-2:7 ‘r. ' \ ' ,
§-2:7 ) . ] ]
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A=2:7 i ) i ; |
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Figure 1I. FREQUENCIES OF THE PRiNcIPAL MaxiMa oF Tyer III Dyms, SHowing
THE EFFECT OF VARYING THE PosITION OF SULFONIC AciD GROUP SUBSTITUTION
IN THE BENZENE NUCLEUS

The absorption spectra measurements were made with a Bausch and
Lomb spectrophotometer in the visible range, and with a Hilger sector
photometer and Bausch and Lomb spectrograph in the ultraviolet, ac-
cording to methods already described (1a). Only two solvents, hydro-
chloric acid and water, were used. The concentration of acid was chosen
to bring out the full acid color.

GENERAL DESCRIPTION OF CURVES

In this series of dyes the relationship between azo and amino groups produces
three different dye types, namely: Type I, derivatives of 1-naphthylamine-4-azo-

! Part of the intermediates were donated by the Jackson Laboratory of E. I.
duPont de Nemours & Co., Inc. of Wilmington, Del.
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benzene; Type II, derivatives of l-naphthylamine-2-azobenzene; and Type III,

derivatives of 2-naphthylamine-1-azobenzene,
H,
.

NH.

N

Type I Type II
=
NH,
Type 111

The absorption spectra curves of the dyes of any particular type are quite different
from those of dyes of either of the other types. Dyes of Type I are characterized
by their rather intense absorption in the visible and near visible range as compared
to that in the ultraviolet. Shift to acid solvent increases the intensity of this
primary band several fold over that of the same band in neutral solvent. Change of
solvent has comparatively little effect on the intensities of the primary bands of the
other dye types. Dyes of Type II show in both solvents more absorption in the
ultraviolet than those of Type I, the neutral curves being characterized by three
intense and well separated bands. Dyes of Type 1II show weak primary bands in
both solvents, while farther into the ultraviolet the absorption rapidly increases
until, in the frequency range beyond 1000 fresnels, the absorption becomes intense
and general in character. Examples of these curves are given in Figures I1I to VIII.

DISCUSSION OF DATA

From g study of the charts of absorption maxima (Figures I and II) and of the
curves themselves, it is evident that the substitution of a sulfonic acid group in a
simple azo dye has, in general, considerable effect on the position of absorption
bands, and that the nature and magnitude of this effect is influenced by the position
of attachment and substitution. Thus, in dyes of Type I, introduction of a sulfonic
acid group into the naphthalene nucleus at position 8 produces a pronounced batho-
chromic effect (absorption shifted towards red) while substitution in position 2
produces as strong a hypsochromic effect (absorption shifted towards blue). Substi-
tution in positions 6 and 7 is moderately hypsochromic. In Type Il dyes, the order
of decreasing bathochromic effect is positions 5, 4, and 3. The unsubstituted parent
dye of Type II was not available for study. The substituted dyes of Type III are
all distinetly hypsochromie with respect to the parent dye, the 5 position averaging
the highest frequency with 6 and 7 positions intermediate and of about equal value.
Substitution of sulfonic acid groups in the diazo component invariably produced
bathochromie effects, the magnitude of these effects again depending upon which
dye type undergoes substitution. A para substitution in dyes of Types I and II
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produces the greatest bathochromic effect with meta second and ortho least, al-
though dyes from 1-naphthylamine-3- and l-naphthylamine-4-sulfonic acids show
but slight change as the sulfonic group is rotated about the benzene nucleus. Type
III dyes show effects markedly different from those exhibited in Types I and II.
The order of decreasing bathochromic effect is ortho, para, and meta with the bands
distinctly and evenly separated.

Meuly (3) and Dinner (4) have investigated the absorption spectra in the vigible
only of a large number of sulfonated disazo and trisazo dyes. They found that the
introduction of sulfonic acid groups produced a bathochromic effect. Para substitu-
tion was more effective than either ortho or meta. The lack of agreement between
their results and the data herein reported may be due to the very strong effects of
the additional azo groups in their dyes. They also reported that shift to acid solvent
reversed the order of effect, that is, substitution of sulfonic acid groups produced
hypsochromic rather than bathochromic effects. This effect was found to be but
partially true with our simpler dyes. In general, dyes of Type I showed this reversal
of trend. Dyes from l-naphthylamine-8-sulfonic acid are more bathochromic in neu-
tral solution but a change to acid solution shifts the frequency a relatively small
amount. On the other hand, dyes from l-naphthylamine-2-sulfonic acid are less bath-
ochromic in neutral solvent but the frequency shift is very large, making them the
more bathochromic in acid solution. The other dye types show in general the same
frequency trends in both solvents. However, this reversal of trend is again exhibited
when dyes differing only in the position of substitution in the diazo component are
compared, the dyes derived from aniline being more hypsochromic in neutral solvent
and more bathochromic in acid solvent. The effects just discussed have concerned
the primary band in the visible only. However, extension to a consideration of the
bands in the ultraviolet shows that many of the same effects are also produced there.
The close proximity of various bands in this region prevents the exact determination
of the positions of their maxima, so that relationships are less evident.

The intensities of the primary absorption bands show the same general relation-
ships as their frequencies. The intensity variations are greater in acid medium than
in neutral. In the latter medium, dyes from l-naphthylamine-8-sulfonic acid as the
second component show the greatest average absorption intensities of the entire
group. Shift to acid increases the intensities of the bands of dyes of Type I, the
1,8 derivative again showing the least increase. Dyes from sulfanilic acid and from
orthanilie acid produce the greatest intensity of color.

In an earlier paper in this series (l¢) it was pointed out that for simple benzene-
azophenol dyes there appeared to be a definite mathematical relationship between
the frequencies of the observed bands in a given solvent. Dyes of Type II (-2-azo-1-
naphthylamine) exhibit in water three well-separated bands which appear to be
multiples of two times, three times, and four times a fundamental frequency of 310
to 330 fresnels. Other absorption curves do not show such good agreement, possibly
in part because of the difficulty of accurately locating bands which are influenced by
closely adjacent bands.

SUMMARY

A spectrophotometrie study has been made of forty-eight dyes of the
benzeneazo-1- and benzeneazo-2-naphthylamine series containing not
more than one sulfonic acid group in each of the aryl nuclei. The data
obtained permit the following conclusions.
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Introduction of a sulfonic acid group into an aminoazo dye of the type
studied has a definite effect upon its absorption spectra. The nature of
this effect is dependent upon both the position of entrance of such a
group and the position of the azo group with respect to the amino group.

Sulfonic acid groups introduced into the naphthylamine component
usually produce a hypsochromic effect which is greatest for dyes from
l-naphthylamine-2-sulfonic acid. Only dyes from 1l-naphthylamine-8-
sulfonic acid are bathochromic. Introduction of sulfonic acid groups into
the diazo component produces only bathochromie effects which are greatest
for para substitution, least for ortho, and intermediate for meta, except
when the second component is a derivative of 2-naphthylamine, in which
case the ortho shows the greatest influence and meta the least.

Change of solvent from neutral to acid produces a nearly complete
reversal of frequency trend for dyes of the 1-naphthylamine-4-azo type
but not for dyes of either the 1-naphthylamine-2-azo or the 2-naphthyla-
mine-1-azo types. For the diazo component, the frequency trend is
reversed with change of solvent. The greatest decrease in frequency
oceurs with dyes from 1-naphthylamine-2-sulfonic acid on the basis of the
second component and from aniline on the basis of the diazo component.

Intensity of absorption follows the same general trends as frequency.
Substitution in the 8 position in the naphthalene nucleus and in the 4 or
para position in the benzene nucleus produces the greatest intensity.

The dyes derived from l-naphthylamine-2-azobenzene exhibit absorp-
tion curves in neutral solution in which the frequencies of the three princi-
pal maxima are consistently two, three, and four times that of a funda-
mental frequency of 310 to 330 fresnels.

CorumBUs, O.
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RELATION BETWEEN CHAIN LENGTH AND ORIENTATION IN
THE ACYLATION OF PHENOL

A. W. RALSTON anp 8. T. BAUER
Recetved October 17, 1939

Although considerable work has been done upon the acylation of phenol,
the question of the influence of the length of the hydrocarbon chain of the
acylating agent upon orientation has not been systematically studied.
Auwers and Mauss (1) state that the Friedel-Crafts acylation of most
phenols gives p-acyl phenols. Nencki and Stoeber (2), and Coulthard,
Marshall and Pyman (3) reported a 29 yield of o-hydroxyacetophenone
and 79, of p-hydroxyacetophenone by the action of glacial acetic acid upon
phenol in the presence of zinc chloride.

The work of Skraup and Poller (4), and later of Cox (5), suggests that a
correlation exists between the Fries rearrangement of phenolic esters to
hydroxy aromatic ketones and the Friedel-Crafts reaction of acyl chlorides
with phenol. These authors contend that the mechanism of the Fries re-
arrangement is a scission of the ester to yield the acyl chloride, in which
case the reaction is quite correlated to a Friedel-Crafts acylation. This
contention finds support in the work of Rosenmund and Schnurr (6) who
stated that in many instances the synthesis of ketones from phenols occurs
with an initial formation of the phenyl esters.

Since there is strong evidence in support of the belief that the mechanism
of the Fries rearrangement is a cleavage followed by an acylation, the rela-
tive yields of isomers reported for the rearrangement of the phenyl esters
should approximate those obtained in the acylation of phenol. Hartung,
Munch, Miller and Crossley (7) studied the action of aluminum chloride
upon phenyl propionate. These investigators reported a 33.29 yield of
o-hydroxypropiophenone and a 45.89, yield of p-hydroxypropiophenone
from this reaction. Coulthard, Marshall and Pyman (3) reported a 609,
yield of o-n-butyryl phenol and a 199} yield of p-n-butyryl phenol by the
action of aluminum chloride upon phenyl butyrate. They also reported
a 509, yield of o-n-hexoyl phenol and a 589, yield of o-n-heptoyl phenol
by the action of aluminum chloride upon phenyl hexoate and phenyl
heptoate, respectively. No mention was made of the yield of the para
isomer which was obtained in either of these examples. Edkins and
Linnell (8) obtained a 40.49, yield of p-hydroxyacetophenone by the action
of aluminum chloride upon phenyl acetate. In their study of the Fries
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isomerization of the fatty acid esters of m-cresol, Baltzly and Bass (9)
reported that the formation of the o-hydroxy ketones greatly exceeded
that of the para isomers and that this tendency becomes more marked with
the esters of the higher acids. These authors stated that the nature of the
migrating group exercises a constant effect, and that larger groups tend
to go to the ortho position. This is modified, however, by the statement
that this effect is small when compared to the effect of the structure of the
phenol and the temperature of the reaction.

A consideration of the previous work shows that very little has been
done concerning the influence of the chain length of the acylating agent
upon orientation in the Friedel-Crafts reaction of acid chlorides upon
phenol. The data upon the influence of the chain length upon orientation
in the Fries isomerization are somewhat more complete but in both reac-
tions the observations have not been extended over a sufficient range.

The question whether the Friedel-Crafts reaction and the Fries isomer-
ization yield similar products as regards the relative proportion of isomers
formed has not been answered. It is the purpose of this study to determine
the influence of the chain length of the acylating agent upon the orienta-
tion in the Friedel-Crafts reaction between phenol and acyl halides, and
also to determine whether the directing influence of the chain length of the
acyl group in the Fries isomerization and the Friedel-Crafts reaction is
similar. If the products are found to be similar it lends weight to the
belief that both reactions involve acylation by acyl halides. This paper
reports the first part of this work, namely, the determination of the in-
fluence of the chain length of the acylating agent upon orientation in the
Friedel-Crafts acylation of phenol. The work comparing the Friedel-
Crafts reaction and the Fries isomerization is now under way and will be
reported at a later date.

In summarizing the earlier work, it appears that the para position is
favored in the Friedel-Crafts acylation of phenol with acyl chlorides of low
molecular weight. As the molecular weight of the acylating agent in-
creases there is evidence supporting the belief that the tendency towards
the formation of the ortho isomer is substantially increased. In this work
we have studied the acylation of phenol with caprylyl, lauroyl, myristoyl,
palmitoyl, and stearoyl chlorides. The isomers were separated by the
method employed by Baltzly and Bass (9), which method depends upon
the preferential solubility of the para isomers in alkaline solutions. Identi-
fication of the para isomers was made by oxidation of the ketones with
nitric acid. A number of oxidizing agents such as alkaline permanganate,
chromic acid, etc., were investigated but were found to be unsatisfactory.

The data presented in Table I show that the total yield of ketone is
essentially independent of the chain length of the acylating agent for the
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compounds studied. No formation of meta-hydroxy ketones was observed.
There was a marked preference for the ortho position with hydroxycaprylo-
phenone, which became less with hydroxylaurophenone. The amount of
para isomer exceeded the amount of ortho isomer for hydroxymyristo-
phenone and hydroxypalmitophenone and was approximately equal in
hydroxystearophenone. It appears, therefore, that the tendency to
orient ortho decreases as one goes from eight to eighteen carbon atoms.
Previous work indicates a preference for the formation of the para isomers
in acylations with acid chlorides of low molecular weight. This preference
appears to become less with increasing molecular weight and is evidently
reversed as one studies the hydroxy ketones of higher molecular weight.

EXPERIMENTAL

Preparation of hydrozylaurophenones. Phenol (14 g., 0.15 mole) was dissolved in
30 ce. of tetrachloroethane previously cooled to 10°. Anhydrous aluminum chloride
(20 g., 0.15 mole) was added at such a rate that the temperature did not rise over 15°.
The cooling bath was removed, and lauroyl chloride (22 g., 0.1 mole) was added
through a dropping-funnel, over a period of thirty minutes. The resulting mixture
was heated and stirred at 55-60° for six hours, and was hydrolyzed by pouring onto
ice. The product was steam distilled to remove the solvent and excess phenol.

Separation of isomeric hydroxylaurophenones. The low-melting solid (weight
28 ¢.) was separated and washed free of mineral acids. It was further washed with a
golution of 3 g. of sodium hydroxide and 40 ce. of ethyl aleohol in 160 cc. of water.
The insoluble portion was separated by filtration (weight 10 g.). This product gave
a deep red-violet coloration with a solution of ferric chloride. The alkaline filtrate
was acidified with hydrochloric acid and the solid filtered (weight 14 g.). This
product gave no coloration with ferric chloride. This separation is in accordance
with the findings of Baltzly and Bass (9) who stated that the ortho isomers are
precipitated by excess alkali and give colorations with ferric chloride whereas the
para isomers are alkali-soluble and give no colorations with this agent.

The alkali-insoluble product was crystallized from Skellysolve “B’’ and gave
9.05 g. of white, flaky crystals melting at 43-45°. Recrystallization gave a compound
which melted at 44-45.5°.

The alkali-soluble product was dissolved in 200 cc. of Skellysolve “B’’. The prod-
uct crystallized at room temperature, and 6.85 g. of colorless crystals melting at
71-72° was obtained. These crystals were assumed to be p-hydroxylaurophenone.
Further cooling of the filtrate gave crystals of lauric acid.

Identification of the isomeric hydrozylaurophenones. One-half gram of the alkali-
goluble compound (m.p. 71-72°) was dissolved in 20 cc. of acetone containing a small
amount of sodium hydroxide (0.1 g.). The solution was cooled to 10° and dimethyl
sulfate (0.5 g.) added. The mixture was heated for one hour, diluted with water,
and the white solid filtered. Crystallization from alcohol gave a white solid (pearly
plates) melting at 57-59°. This compound showed no depression in melting point
when mixed with a sample of p-methoxylaurophenone which was prepared by the
Friedel-Crafts acylation of anisole.

The oxidation of both the p-methoxy- and the p-hydroxy- laurophenones was
attempted using neutral and alkaline permanganate, sodium hydroxide fusion,
chromic acid, and various concentrations of nitric acid. Heating the methoxy com-
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pound with 50% by volume nitric acid was the only satisfactory oxidation method
found. The following procedure was used: One-half gram of the p-methoxylauro-
phenone was heated for 20 hours in 30 cc. of 50% nitric acid until the oily layer on the
surface had disappeared. The solution, on cooling, deposited white, needle-like
crystals which melted at 181-184° after one recrystallization from water. This
product proved to be identical with anisic acid.

The 2,4-dinitrophenylhydrazones were prepared by refluxing 0.5 g. of the hy-
droxylaurophenones dissolved in 20 cec. of aleohol with 0.3 g. of 2,4-dinitrophenyl-
hydrazine. A few drops of concentrated hydrochloric acid were added, and the
mixture again heated for 5 minutes, cooled, and filtered. The 2,4-dinitrophenyl-
hydrazones were crystallized from alechol. The o-hydroxylaurophenone gave a
2,4-dinitrophenylhydrazone (orange flakes), which melted at 92-93°. The p-hy-
droxylaurophenone gave a 2,4-dinitrophenylhydrazone (dark red needles) melting
at 150-151°,

Preparation and separation of hydrozycaprylophenones. The acid chloride used
was prepared by the action of phosphorus trichloride upon caprylic acid. Aluminum
chloride (66 g., 0.5 mole) was added over a period of one-half hour to 75 cc. of tetra-
chloroethane which contained 50 g. of phenol (0.52 mole). The temperature was
held at 10° during the addition of the aluminum chloride. The mixture was allowed
to come to room temperature and caprylyl chloride (40.5 g., 0.25 mole) was added
through a dropping-funnel over a period of one and one-half hours. The mixture
was then heated and stirred at 55° for four hours, after which it was hydrolyzed by
pouring onto ice, and the solvent and excess phenol were removed by steam
distillation.

The oily layer was separated and treated with 500 ce. of a 259, aleohol solution
containing 4 g. of sodium hydroxide. The insoluble portion was extracted with
petroleum ether and acidified by heating with hydrochloric acid. The solution was
wagshed with water and dried with anhydrous sodium sulfate. The solvent was
removed and the product was distilled, giving a water-white liquid (36 g.) boiling at
100-104° at 1 mm. The product was redistilled and a fraction (27.5 g.) boiling at
97-99° at 1 mm. was obtained.

The alkali-soluble compound was removed from solution by acidification with
hydrochloric acid, followed by extraction with petroleum ether. Crystallization
from petroleum ether gave white, pearly plates (6.8 g.) which melted at 62.5-63.5°.

The 2,4-dinitrophenylhydrazones were prepared as previously described. The
constants were as follows: o-hydroxycaprylophenone-2,4-dinitrophenylhydrazone,
orange erystals, m.p. 140-141°, p-hydroxycaprylophenone-2,4-dinitrophenylhydra-
zone, red needles, m.p. 176-178°,

Preparation and separation of hydrozymyristo-, hydroxypalmito-, and hydrozy-
stearo-phenones. The myristic acid used for the preparation of the myristoyl chloride
was purified by crystallization from acetone. The melting point was 53-54°. The
myristoyl chloride prepared from this acid and phosphorus trichloride boiled at
119.5-123° at 1 mm. The hydroxymyristophenones were prepared, separated, and
identified by the same procedure used for the hydroxylaurophenones. The hy-
droxypalmito- and hydroxystearo- phenones were prepared in a similar manner.
The palmitoyl chloride boiled at 139-140° at 1 mm. and the stearoyl chloride at
186-190° at 5 to 6 mm.

The physical characteristics and melting points of the 2,4-dinitrophenylhydra-
zones were as follows: o-hydroxymyristophenone-, orange plates, m.p. 92-92.5°;
p-hydroxymyristophenone-, dark red needles, 142-143°; o-hydroxypalmitophenone-,
yellowish-orange plates, 94-05°; p-hydroxypalmitophenone-, dark red needles, 141-



ORIENTATION IN ACYLATION OF PHENOL 169

142°; o-hydroxystearophenone-, yellow powder, 96-97°; p-hydroxystearophenone-,
dark red needles, 139.5-140°.
Table I shows the relative yield of isomeric hydroxyphenyl ketones obtained.
Table IT shows the melting or boiling points and the analyses of the various iso-
meric hydroxyphenyl ketones.

TABLE I
CoMPARATIVE YIELDS OF IsomERrICc HYDROXYPHENYL KETONES
YIELD (%)
COMPOQUND

Ortho Para
Hydroxycaprylophenone.......................... 50 12
Hydroxylaurophenone. ........................... 32.6 24.6
Hydroxymyristophenone.......................... 31.9 36.7
Hydroxypalmitophenone.......................... 25.4 28.5
Hydroxystearophenone. . ......................... 27.8 28

TABLE II
MEeLTiNG PoINTS AND ANALYSES OF IsoMERIC HYDROXYPHENYL KETONES
ANALYSES?

COMPOUND M.P. (°C.) Cale'd (%) Found (%)

C H o} H
o-Hydroxycaprylophenone............. b.p. 97-99 | 76.32 | 9.15| 76.13 | 9.15

at 1 mm.

o-Hydroxylaurophenone. .............. 44 -45.5 | 78.21 | 10.21 | 78.40 | 10.30
o-Hydroxymyristophenone. .. .........| 52 -55 78.89 | 10.59 | 78.70 | 10.41
o-Hydroxypalmitophenone. . .......... 54 -56 79.51 | 10.92 | 79.70 | 10.67
o-Hydroxystearophenone........... ... 64 -66 79.94 | 11.18 | 79.78 | 10.86
p-Hydroxycaprylophenone. . .......... 62.5-63.5 | 76.32 | 9.15| 76.57 | 9.06
p-Hydroxylaurophenone............... 71 -72 78.21 | 10.21 | 78.01 | 9.93
p-Hydroxymyristophenone. ........... 78 -80 78.89 | 10.59 | 79.22 | 10.33
p-Hydroxypalmitophenone?. . .........| 84.5-85 79.51 | 10.92 | 79.73 | 10.78
p-Hydroxystearophenone.............. 87 -89 79.94 | 11.18 | 79.68 | 10.90

@ Analyses by Dr. T. S. Ma, University of Chicago.
b Previously prepared by Auwers, Ber., 36, 3891 (1903).

SUMMARY

1. The yield of ortho- and para-hydroxy ketones has been determined in
the Friedel-Crafts acylation of phenol with caprylyl, lauroyl, myristoyl,
palmitoyl, and stearoyl chlorides.

2. The ortho position is favored for the lower members of this series,
but the ratio of the ortho- to para-hydroxy ketones decreases as the molec-
ular weight of the acylating group is increased.

Cuicaco, Inz,
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THE SYNTHESIS OF CONDENSED RING COMPOUNDS. II. THE
REACTION OF 1,3,5-HEXATRIENE WITH
1,4-NAPHTHOQUINONE?

LEWIS W. BUTZ, ELEANORE W. J. BUTZ, anop ADAM M. GADDIS
Received October 23, 1939

Although most of the known naturally occurring steroids are non-
benzenoid, the total synthesis of this type has not yet been accomplished.
It should be possible to build up a large variety of such compounds by
means of successive Diels-Alder diene additions. The Diels-Alder reac-
tion has the great advantage that it always proceeds stereoselectively to
give polycyelic compounds with c¢is configuration at the ring junctions,
and furthermore two successive additions lead exclusively to one of the
possible ¢is,cis isomers (1). Dane and collaborators (2) have employed
this reaction for the synthesis of steroids containing one benzene ring, and
Cook and Lawrence (3), Meggy and Robinson (4), Butz (5), Goldberg,
and Miiller (6), and others have reported applications of the reaction
which might be extended to the synthesis of steroids.

We have explored some of the possibilities making use of compounds
which contain an open chain of six carbon atoms as the basis of the syn-
thesis. From these, the angular tetracyclic skeleton of the steroids might
be built up by successive diene additions according to the schemes in
diagrams A, B, and C, in which the broken lines represent new carbon-to-
carbon links. 1,3,5-Hexatriene, 1,3-hexadien-5-yne, 1,5-hexadien-3-yne,
and their derivatives would be examples of six-carbon chains potentially
capable of adding successively two molecules of dienophile® We have
found that both 1,3,5-hexatriene and 2,5-dimethyl-1,5-hexadien-3-yne
form adducts of interest in this connection. This paper will present only
the results obtained with hexatriene and a single dienophile, 1,4-naphtho-
quinone.

1 This work was supported by an appropriation from Bankhead-Jones funds
(Bankhead-Jones Act of June 29, 1935), and is part of an investigation of the animal
metabolism of substances related to the steroid hormones being carried out under the
Physiology of Reproduction Project, a codperative project of the Bureau of Animal
Industry and the Bureau of Dairy Industry.

z A part of the work reported here was presented before the Chemical Society of
Washington, May 11, 1939.

3 There is need for such a word. Several writers have used ‘‘philodiene,’”’ but
‘‘dienophile’’ seems better.
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One scheme for the synthesis of a steroid from 1,3 ,5-hexatriene is illus-
trated by formulas I-1V; ITI is an anticipated by-product. For a success-
ful outcome, the following requirements must be fulfilled: (a) The hexa-
triene must react with suitable dienophiles at temperatures where side
reactions, e.g., polymerization, do not occur to any considerable extent.
(b) The 3-vinylcyclohexene system in the primary adduct (I) must be
mobile, so that isomerization to II will oceur. (¢) Isomerization must not
proceed exclusively to III, unless I can rearrange to II under the condi-
tions of the second diene addition leading to IV. (d) Further isomeriza-
tion of IIT to cyclohexadiene derivatives must not be considerable, for
these add dienophiles, though possibly not at temperatures where addition
to IT would readily occur (7).
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There is no very pertinent information in the literature on which can
be based a prediction how far all of these requirements will be met. Prior
to our work,? hexatriene had been added only to maleic anhydride (8).
An unsuceessful attempt to add it to 3-methyl-2-cyclohexenone had been
reported (9). Farmer and Warren (8) found that ¢rans-1,3,5-hexatriene
combined with maleic anhydride at 100° to give, in nearly quantitative
yield, 6-ethylidene-1,2,3,6-tetrahydrophthalic anhydride (V). Cis-
1,3,5-hexatriene gave, after extensive manipulation of the crude reaction-
products, the same anhydride. We have been able to add 4-acetoxy-
2,5-toluquinone and cyclopentene-1-aldehyde (5), and, more recently,

+ The addition of hexatriene to itself and to allyl chloride has recently been
reported [Kharasch and Sternfeld, J. Am. Chem. Soc. 61, 2318 (1939)].
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several other cyclohexene and cyclopentene derivatives. Most of these
additions occur at low temperatures and give good yields of adducts, so
that the first requirement is fulfilled.

Information on the mobility of the hydrogen atoms in derivatives of
3-vinyleyclohexene is very meager. Moreover, such information as is
available on this and related systems refers almost entirely to hydro-
carbons, whilst we have to deal with compounds containing the carbonyl
and other groups, which may exhibit quite different equilibria. Levina
and Levina (10) have found that 3-vinylcyclohexene itself gives a mixture
of ethyleyelohexane and ethylbenzene when passed over a platinum-carbon
catalyst at 200°. Slobodin (11) states that 4-vinyleyclohexene isomerizes
only with difficulty in the presence of floridin even at 240°. On the other
hand, 6-vinyl-1,2,3,6-tetrahydrophthalic anhydride (VI) might, from
the work of Farmer and Warren (8), be expected to isomerize readily,
since they isolated none of this isomer from the reaction-products of hexa-
triene with maleic anhydride at 100°. If the analogous compounds, XI
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and XII, from naphthoquinone and hexatriene are similarly unstable, the
isolation of XIII and XIV can be expected.

Whether requirements ¢ and d will be fulfilled can not be predicted.
In simple systems, such as that of the isomeric butenes (12) an equilibrium
mixture is formed in the presence of catalysts at temperatures ranging
from 26° to 300°. This mixture can contain up to 669 of a vinyl isomer
at 100° in the presence of one catalyst and 319, of a vinyl isomer at 300°
with another catalyst; but it is doubtful to what extent these results apply
to the more complicated compounds I, II, and III. It seems probable
from a study by Lyubarskii (13), that under the conditions obtaining
during the high-temperature production of Russian turpentine, p-ter-
pinolene (VII) is converted to dipentene (VIII), and m-terpinolene (IX)
to sylvestrene (X). The isomerization of abietic acid (14) and terpenes
containing a pair of isolated double bonds (15) to compounds containing a
conjugated system has been observed on heating with dienophiles. The
isomers formed are probably derivatives of cyclohexadiene, and the isomer-
ization is influenced by the presence of water and acids in the case of the
terpenes.

If the observations of Farmer and Warren (8) concerning the product of
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reaction between hexatriene and maleic anhydride were correctly inter-
preted by them, it is essential to determine whether other primary adducts
from hexatriene (3-vinyleyclohexenes) isomerize so readily to the ethylidene
compounds (IIT) exclusively. If this tendency proved to be general and
unavoidable, the project of using hexatriene for synthesis might well be
abandoned. If, on the contrary, an adduct containing the vinyl group
were obtained, we should then be in a position to investigate systematically
its ability to isomerize and to add a second molecule of dienophile. 1,4-
Naphthoquinone was chosen because it has been shown (16) that this
quinone reacts with dienes to give tetrahydroanthraguinones which are
easily oxidized in alcoholic potassium hydroxide by air to readily char-
acterizable anthraquinones. 1-Vinyl-9,10-anthraquinone had not pre-
viously been prepared, but this should be easily converted to known com-
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pounds. 1,4-Naphthoquinone has the additional advantage that it is
symmetrical about the reactive double bond, and hence can lead to only
two primary products, cis-1-vinyl-cis-1,4,4a,9a-tetrahydro-9,10-anthra-
quinone (XI) and trans-l-vinyl-cis-1,4, 4a,9a-tetrahydro-9,10-anthra-
quinone (XII). The relative quantities of cis- and trans- isomer formed
might be influenced by the composition of the hexatriene used, which
probably contained both ¢is- and #rans- hexatriene.

When hexatriene and naphthoquinone in ethanol were heated together
at 50°, two products were obtained, a liquid of the expected composition
Ci1sH102 in 709, yield, and a colorless crystalline compound, m.p. 134-
136°%, of the same composition, in 259, yield. The liquid was converted

5 All the melting points reported in this paper are corrected unless it is otherwise
stated.



SYNTHESIS OF CONDENSED RING COMPOUNDS 175

in ethanol to the red potassium enolate, and this was oxidized with air to
a yellow compound, CieH100s, m.p. 163-164°. This is the new substance,
1-vinyl-9,10-anthraquinone (XV), for catalytic hydrogenation gave a
tetrahydro derivative which was oxidized, without being isolated, to
1-ethyl-9,10-anthraquinone (XVI), identical with a sample prepared from
l-acetylanthracene by the method of Waldmann and Marmorstein (17).
Further evidence for the structure of the yellow substance of m.p. 163-164°
was provided by ozonization and hydrolysis, followed by oxidation of the
unstable product (9,10-anthraquinone-1-aldehyde?) to the known 9,10-
anthraquinone-i-carboxylic acid. Since the yield of pure vinylanthra-
quinone obtained from the liquid C;sHuO: is 859, of the calculated quan-
tity, and since this liquid will be shown later to contain 109, of the solid
isomer, the liquid contains 85-909], of vinyl derivatives. It is unlikely
that the vinyl group would be formed by isomerization of an ethylidene or
ethyl derivative during the oxidation, which was carried out at 30° in
fifteern minutes. Therefore, with naphthoquinone and hexatriene at 50°,
in contrast to maleic anhydride (8) and hexatriene at 100°, vinyl com-
pounds, and not an ethylidene compound, are the principal products.
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The erystalline product of m.p. 134~136° also gave a red enolate with
potassium hydroxide in ethanol, and the enolate was oxidized by air to a
brilliant yellow compound, but in this case, with the composition CisHi20,.
The oxidation had stopped at the dihydroanthraquinone stage. This
resistance to further dehydrogenation was reminiscent of that of 1,1,3-
trimethyl-1,4-dihydro-9,10-anthraquinone investigated by Diels and
Alder (18), and suggested that the 1-carbon atom in the compound CeH 50,
carried no hydrogen. This consideration would limit the possible struc-
tures to XVI, XVII and XVIII. The structure XVI was excluded by the
behavior of the compound when heated. There was no visible change
up to 187°, where the substance rapidly decomposed without melting, with
evolution of gas and formation of a nearly colorless product which melted
at 281-283° (uncorr.). 1-Ethylanthraquinone (17) has the melting point
96°. A final choice between XVII and XVIII, implying structures XIV
and XIIT respectively for the solid CisH140s, was not possible, although
we preferred XIV and XVII because it seemed likely that the dehydro-
genation of XIIT would have proceeded all the way to l-vinylanthra-
quinone if XVIII were an intermediate. The solid product from the



176 L. W. BUTZ, E. W. J. BUTZ, AND A. M. GADDIS

decomposition of the compound C;sH120; was shown to be 9,10-anthra-
quinone, and the gas was ethylene. Both were formed in quantitative
yield. The ethylene was determined by elementary analysis and further
identified by the preparation of a solid derivative. An attempt was made
to formulate a mechanism for the decomposition of a substance XVII to
give anthraquinone and ethylene.

At this stage in the work, it was pointed out to us that the melting point
of the solid compound C;sH140; and the behavior of its yellow dehydrogena-
tion product toward heat were identical with the properties of a compound
prepared by Diels and co-workers (19) from cyclohexadiene and naphtho-
quinone. On heating the compound Ci;sH1O: they obtained ethylene and
a quantitative yield of anthraquinone. The method used for the identifica-
tion of the ethylene was not stated. When a similar dehydroadduct from
a-phellandrene and naphthoquinone was heated, these investigators
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showed that the gas eliminated was isopropylethylene by conversion to
the dibromide. The structures assigned to the two compounds by Diels
were XIX and XX, and the failure of XX to dehydrogenate further to a
compound Cy;H;00; was explained by an increased stabilization of the
H-C bonds at positions 1 and 4 by the endo-ethylene bridge.

Preparation of the solid adduct of m.p. 135° from cyclohexadiene and
naphthoquinone according to the method of Diels, and comparison with
the eompound from our hexatriene demonstrated that the two were indeed
identical. Therefore, either the hexatriene isomerized in part during the
reaction with naphthoquinone, or our hydrocarbon contained cyclohexa-
diene. The hydrocarbon we used was prepared by heating 1,5-hexadien-
3-ol, obtained from allylmagnesium bromide and acrolein, with phthalic
anhydride, and it is possible that a rearrangement-product such as 2,4-
hexadien-1-0] underwent a cyclodehydration or that hexatriene was cy-
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clized at the temperature of its formation. A decision between these
various possibilities requires further experimental work.

The possibility that our hexatriene contained cyclohexadiene and the
fact that the liquid C,eH1O, prepared from the hydrocarbon is not pure
do not affect the finding that the principal product of the reaction of
hexatriene with naphthoquinone is a vinyleyclohexene derivative or a
mixture of several isomeric vinylcyclohexenes. Indeed, one can now
predict, on the assumption that hexatriene does not give cyclohexadiene
at 50° in the presence of naphthoquinone and ethanol, that pure hexatriene
would give a quantitative yield of vinyl isomers of composition CigH1Oo.
It will be interesting to test this prediction by employing hexatriene pre-
pared by the new low-temperature method of Kharasch and Sternfeld (20).

The considerable stability of the vinyl linkage in the liquid CieH140,
was demonstrated by heating in a bath at 200-236° and at 2.5 mm. for
one hour. Three products were obtained; a nearly colorless solid (109%,),
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a yellow crystalline solid (509;), and an oil. The oil no longer gave an
insoluble quinone by oxidation in alcoholic potassium hydroxide, and
was not further investigated. The nearly colorless solid was oxidized by
ferric chloride to the quinone XX of Diels and Alder, and was therefore
probably the corresponding 1,4-diphenol formed by enolization of XIX.
The principal product separated from the xylene mother liquors from this
diphenol after several days in contact with air. The substance melted
at 97-99°, and elementary analysis indicated the probable® composition
CigH120,. These properties suggested that the compound might be
1-ethyl-9,10-anthraquinone which melts at 96° (17). However, a mixed
melting point determination showed a depression of 20-25°. We have
not observed the formation of ethylanthraquinone or an ethyldihydro-
anthraquinone at any time, although we anticipated that these might be

8 Three separate determinations gave discordant results, one set of which cor-
responded to the composition given. See experimental part.
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found as a result of the isomerization and oxidation of compounds such
as XI. The substance gave 1-vinyl-9,10-anthraquinone when oxidized in
ethanolic potassium hydroxide and therefore contains the vinyl group.
The most probable structure is XXI, which could be formed from XI or
XII by enolization and oxidation. Structure XXII is not excluded by the
available evidence. The conception of the principal thermal reaction as
an enolization is supported by the isolation of the same yellow compound
of m.p. 97-99° by treating the liquid Ci;gH10, with hydrogen bromide in
acetic acid and oxidizing the product with air, and is further supported
by the observation of Bergmann and Bergmann (21), who record the forma-
tion of a 1,4-diphenol during a Diels-Alder addition to a quinone at
150-170°.

EXPERIMENTAL

1,3,5-Hexatriene was prepared by heating 1,5-hexadien-3-0l with phthalic an-
hydride. In our hands the procedure described below gave more consistent yields
than the methods (22) previously described.?

1,5-Hezadien-8-0l. This alcohol has been prepared by Le Heux (22b) and by
Levene and Haller (23). We prepared it by the interaction of allylmagnesium
bromide and acrolein. As a satisfactory yield depends heavily on conditions, these
will be given in detail. To 80.5 g. (1 mole) of dried magnesium turnings were added
300 cc. of anhydrous ether, a crystal of iodine, and 5 g. of allyl bromide. The allyl
bromide, obtained from the Eastman Kodak Company, was shaken with phosphorus
pentoxide for five minutes. After decanting, the fraction which distilled at 70-71°
was collected. The reaction was started by careful warming until spontaneous
refluxing occurred. When the refluxing became slower, 75 g. of allyl bromide (0.5
mole) in 1800 cc. of ether was added at a rate such that steady refluxing was main-
tained; the time from the beginning of reaction to the completion of the addition of
allyl bromide was four to five hours. The best yields were obtained when the mixture
presented a milky-white appearance throughout the reaction period. If it became
gray to blue-gray, possibly because of too slow addition of bromide, the yields were
smaller. The reaction-mixture was refluxed gently for thirty minutes, after which
20.6 g. of acrolein (0.28 mole) was added during thirty minutes. Stirring was con-
tinued fifteen minutes after the addition of acrolein and the mixture allowed to
stand overnight. The acrolein, containing preservative, was used as received from
Eastman Kodak Co., since it was found that freshly distilled acrolein was less satis-
factory. On the following day the mixture was decomposed in the usual way with
ice, followed by just enough dilute sulfuric acid to dissolve the sludge. After re-
moval of the ether and volatile products (biallyl?), the crude aleohol boiled at 45~
65° at 25 mm. The yield was 74-79% based on the acrolein taken, 41-449%, based on
the allyl bromide. About 90% of this product had the b.p. 130-137° and 42-48°/17
mim.

If a theoretical proportion of acrolein was used the yield was only 35-409, (based
on acrolein), and twice the theoretical quantity gave only about 20%.

1,8,6-Hexairiene. A one-liter distilling flask was used for the dehydration of

7 The new method of Kharasch and Sternfeld (loc. cit.) appeared after the prepara-
tion of this paper.
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the hexadienol. The side arm of the flask should be 0.3 inch in diameter and be
attached 9.6 inches from the bottom of the flask. A mixture of 22.7 g. of phthalic
anhydride, a few crystals of hydroquinone, and 15 g. of hexadienol, b.p. 130-137°,
was placed in the flask. The flask was placed in a Wood’s metal-bath, previously
heated to 130°, to such a depth that two-thirds of the contents of the flask was
immersed. The products of pyrolysis were condensed in a water-cooled condenser,
and then received in a tube cooled to —50°. During the first hour the temperature
of the bath was gradually increased to 160°, After the first half hour the flask should
be insulated with an asbestos shield, since air cooling decreases the yield of hexa-
triene. After the first hour the temperature of the bath was gradually raised until
at about 1.5 hours distillation accompanied by a crackling sound began, and the
vapor temperature rose to 80°. The bath temperature at this point was 190-200°.
Thereafter heat was applied at such a rate that the vapor temperature remained
between 80° and 90°. The total period of heating ranged from 3.75 to 4.5 hours.

The two-phase distillate was separated by freezing the lower layer and decanting;
the upper layer was dried with calcium chloride and distilled; 5.5 g. boiled at 70-95°.
Redistillation over sodium then gave 4 g. (32.7%) of hexatriene8, b.p. 80-82°/757 mm.,
di 0.7754, np 1.4924, MR 29.96. Previously reported constants are: hexatriene from
1,5-hexadien-3,4-diol diformate (22a), b.p. 78.5-80°/766 mm., di, 0.7565, n¥ 1.40856;
trans-hexatriene purified through a dibromide (22¢), b.p. 80-80.5°/755 mm., d% 0.740,
nl 1.517; cis-hexatriene, containing probably 2-2.5% of the trans isomer (24), b.p.
78.5°/760 mm., d¥ 0.7175, ng 1.4577.

Reaction of 1,8,6-hezatriene with 1,4-naphthoguinone. Six and six-tenths grams
of naphthoquinone, 5 g. (1.5 moles) of hexatriene, and 25 cc. of ethanol were heated
in a sealed tube at 50° for 6 hours. Heating for 23 hours did not affect the yield or
character of the products. After cooling to —15° crude crystals were separated.
One recrystallization of these from ethanol gave 2.7 g. (27%) of a nearly colorless
product. Two more crystallizations, first from hexane and then from ethanol,
gave a colorless solid, m.p. 134-136°,

Anal.® Cale’d for CisH1,02: C, 80.67; H, 5.88.

Found: C, 80.91, 80.96; H, 5.96, 5.70.

The ethanol was removed from the mother liquors from the crystalline product,
the residual oil was dissolved in hexane at 50°, the solution separated from a small
quantity of dark insoluble oil, and the hexane was evaporated. The residue was a
pale amber oil (XI or XII) of the composition Cy¢H1402. The yield was 7 g. (70%).
Sublimation at a low pressure (below 0.5 mm.) removed about 1%, of naphthoquinone.
The crude undistilled liquid was analyzed, since distillation at 2.5 mm. resulted in
partial decomposition.

Anal, Cale’d for CieH140,: C, 80.67; H, 5.88.

Found: C, 80.12, 80.10; H, 5.63, 5.72.

Ozidation of the liquid C1eH 1.0, to 1-vinyl-9,10-anthragquinone. One cubic centi-

meter of ethanol saturated with potassium hydroxide was added to a solution of

8 The product may contain 1,3-cyclohexadiene as it gives the same adduct (in
309, yield) with 1,4-naphthoquinone as does cyclohexadiene. The higher density
points to the same conclusion. D?%? for 1,3-cyclohexadiene, 0.8404 [Willstitter and
Hatt, Ber., 46, 1464 (1912)].

9 All the microanalyses were done by the Arlington Laboratories, Arlington,
Virginia. The authors are grateful to the Arlington Laboratories for carrying out
the special analysis of the gas from the decomposition of XX,
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1.87 g. of the liquid C;sH1.0; in 25 cc. of ethanol, and air was drawn through the
mixture at 30°. After 5-10 minutes the reaction was completed. The supernatant
liquid remained dark red or brown and crude yellow quinone was precipitated.
Thorough washing with water and drying gave 1.5 g. of 1-vinyl-9,10-anthraquinone,
m.p. 163-164°, from acetone,

Anal. Cale’d for CieH100,: C, 82.05; H, 4.27,

Found: C, 82.34, 81.91; H, 4,50, 4.35.

Conversion of 1-vinyl-9,10-anthraquinone to 9,10-anthraguinone-1-carbozylic acid.
The vinylanthraguinone (0.362 g.) in 100 cc. of acetic acid was saturated with ozone,
the products refluxed for five minutes with 20 cc. of water and allowed to stand
overnight, Concentration to 10 cc. gave 0.174 g. of yellow substance (dried over
potassium hydroxide) which melted partially at 167-169°. The acetic acid mother
liquor yielded 0.2 g. more of less pure product. Chromic acid (0.14 g.) in 4.5 ce. of
acetic acid and 1.5 ce. of water was added to 0.14 g. of the substance m.p. 167-169°,
suspended in 1.5 cc. of acetic acid, at 60-80°. It was held at this temperature for
ten minutes, then raised to 80-90° for five minutes. At this point yellow solid
began to separate. The mixture was cooled, let stand one hour, the solid filtered out,
washed thoroughly with water, dried, and recrystallized from acetic acid. From
the total products of ozonization, there was thus obtained 0.205 g. of anthraquinone-
1-carboxylic acid, m.p. 288-290° (uncorr.).

Anal. Cale’d for CisHs04: C, 71.43, H, 3.19.

Found: C, 71.40, 71.34; H, 3.56, 3.24.

Conversion of 1-vinyl-9,10-anthraquinone to 1-ethyl-8,10-anthraquinone. Vinyl-
anthraquinone (0.150 g.) in 17 cc. of acetic acid absorbed, in the presence of 0.018
g. of a commercial palladium black (from A. H. Thomas Co.), four atoms of hydrogen
in one-half hour, after which the rate of absorption decreased. The products of
hydrogenation were then oxidized with chromic acid. The acetic acid solution
was concentrated to 6 cc., 0.064 g. of chromic acid in 5 ce. of acetic acid and 2 ce.
of water was added, the mixture held at 30° for fifteen minutes, and then evaporated
to 2 cc. on a steam-bath. After cooling, addition of 10 cc. of water precipitated a
yellow solid, which, after drying and crystallization from ethanol and ligroin, had
the m.p. 95-97°, and showed no depression with a sample of l-ethylanthraquinone
prepared according to Waldmann and Marmorstein (17).

Ozidation of the solid CieH 140, to the quinone XX of Diels and Alder. Nine cubic
centimeters of N potassium hydroxide in ethanol was added to 0.45 g. of the solid
tetrahydroanthraquinone, m.p. 134-136°, suspended in 8 cc. of ethanol. Aeration of
the red solution for two minutes decolorized it and precipitated a brilliant yellow
crystalline solid. This was washed thoroughly with water and reerystallized from
acetone. It decomposed at 187-188° to a nearly colorless solid which melted at
281-283° (uncorr.). The yield was 0.387 g.

Anal. Cale’d for CisH120.: C, 81.36; H, 5.00.

Found: C, 81.40, 81.71; H, 5.14, 5.19.

Effect of heat on the vinyltetrahydroanthraguinones (XI and XII). (a) Five-tenths
gram of the liquid C;¢H140; in 5 cc. of ethanol was heated in a sealed tube at 50-55°
for fourteen days. Cooling and concentration of the solution gave no erystals of
the solid isomer. Oxidation of the heated material gave 0.33 g. of vinylanthra-
quinone. This is a 67% yield; the unheated liquid Ci¢H1.0: gave 70-85%, yields of
vinylanthraquinone in a series of preparations.

(b) Liquid vinyltetrahydroanthraquinone (5.7 g.) was heated without solvent
in a bath at 200-236° for one hour at 2.5 mm. pressure. Less than 109, distilled.
The residue was extracted with hot xylene, in which all but 0.6 g. was soluble. The
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ingoluble part, after recrystallization from xylene, was colorless, decomposed at
147-150°, and became reddish when exposed to air. This substance was oxidized
by ferric chloride in boiling ethanol (0.5 hour) to a yellow compound which was
identical with XX, and is therefore probably the corresponding diphenol. The
xylene extract of the residue from the pyrolysis, on standing five days in contact
with air, deposited a yellow crystalline compound, m.p. 97-99°, from ethanol. This
is not identical with 1-ethyl-9,10-anthraquinone (17) m.p. 94°, mixed m.p. 70-75°.
Inall, 2.8 g. of the new compound was isolated from the xylene solution. Elementary
analysis gave discordant results.

Anal, Cale’d for C¢H1:0,: C, 81.36; H, 5.09.

Found: C, 82.835, 83.71, 81.32; H, 5.22, 5.27, 4.99.

The xylene mother liquor from this substance gave an oil which did not yield an
insoluble quinone when oxidized in ethanolic potassium hydroxide with air. The
oil was not examined further. Similar oxidation of the yellow compound, m.p.
97-99°, gave a yellow substance of m.p. 163-164°, which did not depress the m.p.
of 1-vinyl-9,10-anthraquinone. This demonstrates that it contains the viny!
group. In contrast to the liquid (XI and XII) and solid C;¢H140; (XIX), the vinyl-
dihydro compound with potassium hydroxide in ethanol gave an evanescent green
solution which rapidly changed to red.

9,10-Anthraquinone from compound XX. When the temperature of 310 mg. of
XX was gradually raised, evolution of gas began at 160° and the brilliant yellow
color had vanished after five minutes, when the temperature was 165°. The tem-~
perature was then raised to 250° during fifteen minutes to ensure complete reaction!®.
The nearly colorless residue weighed 270 mg. (cale’d 272.8 mg.) and melted at 281-
283° (uncorr.) to a nearly colorless liquid. The mixed m.p. was 282-284° with a
commercial sample of anthraquinone once recrystallized from acetone, and having
the melting point 282-283° with charring.

Anal. Cale’d for CiH;0:: C, 80.76; H, 3.87.

Found: C, 80.52, 80.87; H, 4.05, 4.02.

Ethylene-bis-p-tolyl-disulfone from the quinone (XX). XX (310 mg.) was heated
slowly up to 250°. Change of color and evolution of gas began at 160°. The gas
entered two tubes, in series, containing 10 cc. and 20 cc. of a solution of bromine
in ether (40 mg. Br/cc.). The tubes were cooled to —15° and atmospheric moisture
was excluded. The total period of heating from 160° to 250° was 15 minutes. The
absorption tubes were disconnected after 5 minutes at 250°, when bubbling of gas
had stopped. The two portions of ether solution were combined, washed with
sodium thiosulfate solution and water, and dried over sodium sulfate. The ether
solution was then refluxed with 580 mg. of p-CH;3;CH,SO,Na + 2H,0 in 20 cc. of
ethanol for 8 hours. The solvents were evaporated, and the residue dried over
phosphorus pentoxide. The solid residue was extracted repeatedly with ether,
the ether was evaporated from the extract, and the residue crystallized from hot
ethanol, The product melted at 201-202° (corr.); the m.p. of a mixture with a sample
of disulfone, prepared according to Otto (25), was 200-201° (corr.). The yield was
very small, about 5%. Otto prepared the disulfone in 65% yield by heating ethylene
bromide and sodium p-toluenesulfinate in ethanol. We obtained 409, starting
from 200 mg. of ethylene bromide, but when an equal volume of ether was added to
the mixture before refluxing, the yield was decreased to 5%. It would probably
have been better to absorb the ethylene in bromine without solvent, but the reaction
is hardly suitable for the quantitative determination of small amounts of ethylene.

10 Thig was subsequently shown to be unnecessary. When heated quickly, the
substance decomposes completely at 187-188°,
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Elementary analysis of the gas from the quinone (XX). XX was heated at 160-
180° for 20 minutes. Gaseous products were passed through a trap cooled to —55°,
to remove any condensable material, and were then burned by the usual microana-
lytical procedure.

Anal. Weight of XX taken 48.70 mg.
¢ ¢ gnthraquinone formed
Cale’d: 42.92 mg.
Found: 42.93 “«
Weight of gas (by difference) 5.77 «
“ GO, 18.21 ¢
173 113 H20 7.62 ¢

“ ¢ gag (from CO; and H,Q0)  5.76

Cale’d for C;H,: C, 85.71; H, 14.28.
Found: C, 86.06; H, 14.67.

Reaction of cyclohexadiene with naphthoguinone. Naphthoquinone (1.8 g.),
1.4 g. of cyclohexadiene (26) (1.5 moles), and 4 cc. of ethanol were heated in a sealed
tube for 6 hours at 50°. There was isolated 1.9 g. (709, yield) of crude crystals,
which after two crystallizations from ethanol melted at 134-136°. The melting
point was not depressed when this product was mixed with the solid, CieH14O,,
obtained from the hydrocarbon prepared from 1,5-hexadien-3-ol.

SUMMARY

1. A crude 1,5-hexadien-3-0l, on dehydration with phthalic anhydride,
gave a hydrocarbon consisting chiefly of 1,3,5-hexatriene, but which may
contain as much as 35%, of 1,3-cyclohexadiene.

2. This hydrocarbon reacted with 1,4-naphthoquinone to give 1-vinyl-
tetrahydro-9,10-anthraquinones in 609, yield.

3. The 1,4-endo-ethylene-1,4,4a,9-tetrahydro-9,10-anthraquinone of
Diels and Alder was formed at the same time in 309, yield. This indicates
either that the hydrocarbon consisted in part of 1,3-cyclohexadiene, or
that 1,3,5-hexatriene was cyclized at 50° in the presence of the naptho-
quinone.

4. Oxidation of the 1-vinyltetrahydro-9,10-anthraquinones gave the
new substance 1-vinyl-9,10-anthraquinone.

5. The vinyl group in the 1-vinyltetrahydroanthraquinones is quite
stable to heat. Atmospheric oxidation of the thermal rearrangement
products gave a new compound which is probably 1-vinyl-1,4-dihydro-9,
10-anthraquinone.

6. The product of the addition of naphthoquinone to hexatriene is
probably a mixture of cis- and trans- 1-vinyl-cis-1,4,4a,9a-tetrahydro-
9,10-anthraquinones. The ability of this product to rearrange to the
1-vinyl-3,4,4a,9a-tetrahydro isomer and subsequently add dienophiles is
under investigation.

BeLrsviLLE, Mb.
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MOLECULAR REARRANGEMENTS INVOLVING OPTICALLY
ACTIVE RADICALS. VII. THE REARRANGEMENT OF
OPTICALLY ACTIVE ALKYL PHENYL ETHERS!

WILLIAM I. GILBERT anxo EVERETT 8. WALLIS
Recetved October 24, 1989

The early work carried out in this laboratory and published in Parts I,
II, and III (1) of this series has demonstrated that in molecular rearrange-
ments of the Curtius, Lossen, and Hofmann types involving optically
active radicals, the optically active group maintains an asymmetric con-
figuration during rearrangement. It has also been shown that no appre-
ciable racemization occurs during such transformations.

The mechanism by which the radical originally attached to the carbon
atom migrates to the nitrogen atom has been the subject of much dis-
cussion.? Its electronic nature has also been variously interpreted. In
Part IV (2) of this series, however, experiments were described which
clearly show that the migration of the optically active group does not take
place in any free form, either as a positive carbonium ion, a negative carbanium
ion or a neutral free radical.

At first thought, this might suggest that the electronic nature of the
tercovalent group plays no vital part in the production of optical stability
or instability during rearrangement. For, if the migrating group is never
completely free either as a negative ion, positive ion, or neutral free radical,
but by some means is always within the sphere of influence of the rest of
the molecule during the rearrangement process, then, regardless of whether
or not the asymmetric carbon atom is without its complete octet of elec-
trons, it might happen that the rearrangement would take place in a
manner that insured an asymmetric configuration in all stages of the
reaction. A study of the literature, however, strongly suggests that this
is not the case. Experimental facts have been recorded which demon-
strate quite conclusively that the optical stability of a tercovalent group
(3) is dependent on its electronic nature.

1 The experimental results herein described were placed before the Society in a
paper read before the Division of Organic Chemistry at the Society’s meeting in
Boston, September 11-15, 1939. Present address of W. I. Gilbert, Western Mary-
land College, Westminster, Md.

2 For references see earlier papers in this series.
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In Part V (4) of this series Sprung and Wallis studied from this point of
view the nature of the products formed in the Claisen rearrangement of
d- and l-s-butyl m-cresyl, and d, and I-s-butyl p-cresyl ethers. Although
they found that the substituted phenols so obtained always were optically
active, they did observe that the rearrangement is accompanied by partial
racemization. Their results, together with those of other investigators in
allied fields, indicated to them that a particular electronic arrangement of
the migrating group was of fundamental importance in maintaining optical
stability, and that consequently the stability was not wholly determined
by some other phenomenon such as solvation or the like. In their dis-
cussion these authors did point out, however, that another explanation
involving a bimolecular process had to be considered, especially in the
light of certain experiments described by Short and Stewart (5) and by
Sowa, Hinton and Nieuwland (6). They formulated such a possible
mechanism as depicted in formulation I.

H
O—(:J—Csz OH
N /
’ SN l "{' CiHs
N
CtHs H,
H @
OH o0&, OH 1 on
G+0™ —0=(
\A N\ N e \
CH, éHa CH; (|3H3

In this paper we wish to describe the results of certain experiments
which were devised to test this mechanism, and to determine whether an
alkyl radical containing an asymmetric carbon atom is actually able to
enter a foreign nucleus without resultant loss of optical activity. For
this purpose d-, and I-s-butyl mesityl ethers were prepared and the nature
of their rearrangement products was determined. If the above meta-
thetical mechanism is responsible for the optically active products obtained
by Sprung and Wallis, then the reaction of d-, or l-s-butyl mesityl ether
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with p-cresol in the presence of either zine chloride or sulfuric acid should
lead to the formation of an optically active 4-methyl-2-s-butylphenol, as
shown in formulation IIL.

i
O0—C—CyH,
| OH OH OH g
/‘ v 7 I\
CH.g‘I j—CHa +‘ ‘ Py CHy— ]——CHs +' l C,H,
\ N 1,50, N\ U -
CH; CH, CH, CH,

Preliminary experiments with racemic s-butyl mesityl ether showed that
when a mixture of it with p-cresol was allowed to react in acetic acid solu-
tion in the presence of zinc chloride at 115°, only small yields of 4-methyl-
2-s-butylphenol were obtained. The main products were butylene,
mesitol, the unchanged mesityl ether, p-cresol, and s-butyl acetate. When
sulfuric acid was substituted for zinc chloride, better yields of the 4-methyl-
2-s-butylphenol were produced.

Similar treatment of d-s-butyl mesityl ether ([«]% 4+ 6.97°) gave in all
cases d,l-4-methyl-2-s-butylphenol. The crystalline acetic acid derivative
was also inactive. The same results were of course obtained with the
incompletely resolved l-ether ([«]¥® — 3.94°). Therefore it can be defi-
nitely concluded that an intermolecular mechanism of the above type can
not be used to explain the retention of optical activity in the experiments
reported by Sprung and Wallis, and their alternative mechanism is much
the more probable.

Recently Hurd and Pollack (7) have suggested an oxonium type of
mechanism to explain the rearrangement of alkyl phenyl ethers by the use
of acidic catalysts. The first phase of the reaction is the combination of
the ether with a proton to give an oxonium salt. This salt then re-
arranges and finally gives off a proton to form the rearranged product.
To us, however, the most interesting step of the process is the one in which
the actual rearrangement occurs, for it is to be noted that in the formula-
tion of their mechanism, the alkyl group, because of resonance phenomena
at the double bond in the benzene nucleus, must migrate with its full
quota of electrons. It is also to be concluded from their formulation that
the group s at all times within the sphere of influence of the molecule as a
whole, this latter conelusion again illustrating a prineiple so often stressed
by us in this laboratory.

With the above reasoning in mind, the formation of inactive products
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which we have observed in the present investigation is easily explained.
A scission of the s-butyl mesityl ether oceurs to give butylene and mesitol.
This is then followed by the reaction of the butylene with p-cresol to give
d, l-s-buty!l p-cresyl ether. The last compound then rearranges to give
d,l-4-methyl-2-s-butyl phenol.

In order to make certain that the experimental facts are not to be ex-
plained on the basis of some other type of bimolecular reaction, we pre-
pared isopropyl phenyl ether and inactive s-butyl p-cresyl ether and
rearranged them in the presence of each other by means of sulfuric and
acetic acids. If a bimolecular reaction occurs, one would expect to find
products resulting from the exchange of isopropyl and s-butyl radicals
between the phenol and p-cresol residues respectively. However, if an
intramolecular reaction occurs, then one would expect only the normal
products, namely, isopropylphenol and 4-methyl-2-s-butylphenol. We
were able to isolate and identify as products of the reaction only o-iso-
propylphenol and 4-methyl-2-s-butylphenol. No other products could
be isolated and identified. The rearrangement was carried out in the
same manner as the previous reactions and the products worked up in the
usual way. The phenols were identified by means of their acetic acid
derivatives.

We are of the opinion, therefore, that the true course of the alkyl phenyl
ether rearrangement is by way of an intramolecular path, and it appears
that at present an oxonium electronic mechanism best explains the existing
facts.

EXPERIMENTAL PART

Preparation of mesitol. Mesitylene was converted to mesitylene sulfonic acid
by treatment with sulfuric acid at room temperature (8). The sulfonic acid so
prepared was fused with powdered potassium hydroxide and converted into the
phenol. The fused mass was leached with water. The solution was then acidified
and steam distilled. Recrystallization of the product from petroleum ether gave
crystals which melted at 69°.

It was found that larger quantities of mesitol could be more easily obtained from
the ““Remington Phenols’’ which were procured from the E. I. du Pont de Nemours
Co. When this crude mixture was chilled, a large portion of the mesitol present
crystallized. The crude product was filtered and recrystallized several times from
petroleum ether. When pure it melted sharply at 69°.

Preparation of d, l-s-butyl mesityl ether. Fifteen-hundredths mole of s-butyl
bromide and 0.15 mole of mesitol were dissolved in 900 cc. of absolute alcohol. To
this solution was added an equivalent amount of sodium ethoxide dissolved in 100
cc. of alcohol. The mixture was refluxed on the steam-bath for eight hours, after
which it was concentrated at reduced pressure to about 100 cc. The reaction-
product was then added to 75 cc. of a 109, solution of potassium hydroxide and the
mixture was extracted with ether. The ether solution was worked up in the usual
manner and the produet purified by distillation at reduced pressure.
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d, l-s-Butyl mesityl ether is a liquid which can not be distilled at atmospheric
pressure without decomposition. It boils at 72-73° at 1 mm.: dy 0.9268, np 1.40886;
M.R. (cale’d) 60.64; M.R. (obs.) 60.90.

Anal. Cale’d for C;3HpO: C, 81.19; H, 10.48.

Found: C, 81.1; H, 10.37.

Preparation of the optically active s-butyl mesityl ethers. s-Butyl alcohol was
resolved through its phthalic acid ester according to the method of Pickard and
Kenyon (9) using the time-saving steps suggested by Sprung and Wallis. The
d-s-butyl alcohol so obtained had a rotation [x]3 +11.67° (pure liquid 1 dm.) as
compared with [e]p +12.0° reported by Sprung and Wallis. The mother liquors
gave an [-s-butyl alcohol [a]h —10.84° (pure liquid 1 dm.).

The active alcohols were converted to the corresponding bromides by saturation
at 0° with dry hydrogen bromide gas according to the method of Levene and Marker
(10). The dextrorotatory alcohol gave a bromide of rotation [a]f —23.13° (pure
liquid 1 dm. tube) as compared with [] —13.79° reported by Levene and Marker
and [a]p —19.77° reported by Sprung and Wallis.

The levorotatory alcohol gave a bromide of [a]j 4-12.71° (pure liquid 1 dm. tube).

The corresponding d-, and I-s-butyl mesityl ethers were prepared according to
the procedure described above for the racemic modification. The mesityl ether
from the bromide ([«]® — 23.13°) had a rotation [«]2 +46.97° (pure liquid). The
ether which was prepared from the bromide ([«]5 +12.71°) had a value [2]y —3.94°
(pure liquid).

Experiments with d, 1-s-butyl mesityl ether. (a) Rearrangement in the presence
of p-cresol with zinc chloride and acetic acid.

1. In a typical experiment 48 g. (0.25 mole) of ether and 27 g. (0.25 mole) of pure
p-cresol were placed in a 500 cc. round bottom flask and shaken with gentle warming
until the mixture was homogeneous. To this solution was added 250 g. of a zine
chloride solution prepared by dissolving 75 g. of anhydrous zine chloride in 200 cec.
glacial acetic acid. A reflux condenser and a gas measuring burette with reservoir
were connected to the flask and the mixture heated gradually in an oil-bath. At
105° gas was evolved rapidly. The temperature was raised to 115° and kept there
until no more butylene was evolved. At this temperature considerable gas absorp-
tion occurred. The heating was discontinued when a decrease in volume began
to take place.

2. Treatment of reaction product. The procedure used in working up the prod-
uets of the reaction was essentially that described by Sprung and Wallis. The
reaction-mixture was treated with ice-cold alkali until only very slightly acid. Then
it was extracted with ether. The ether extract was washed repeatedly with 100-cc.
portions of 4% sodium hydroxide solution until the alkaline layer was no longer
colored. After the ether solution was washed with a 5% solution of sodium car-
bonate, and finally with water, it was dried with sodium sulfate and the ether dis-
tilled. The residue (56.5 g.) was distilled at reduced pressure in an atmosphere of
nitrogen. The fractions collected are described in Table I.

3. Identification of products. None of the above fractions could be induced to
crystallize, but crystalline acetic acid derivatives were prepared according to the
directions of Niederl and Natelson (11). Fractions I, II, and III gave a product
that melted at 144-145° and gave no depression of the melting point when mixed with
an authentic sample of mesitoxyacetic acid (m.p. 145°). Fraction IV gave a product
that melted at 74-75° and was found to be identical with an authentic specimen of
4-methyl-2-s-butylphenoxyacetic acid (m.p. 75-76°). From the material in the trap
it was possible to isolate 11.2 g. of pure s-butyl acetate.
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4. Material soluble in 49, alkali. The alkaline extract obtained above was
acidified and extracted with ether. On working up the ether solution, 37.2 g. of
residue was obtained. Distillation of this material at 2 mm. gave 23.4 g. of pure
p-cresol and 2.8 g. of pure mesitol.

(b) Rearrangement of d, l-s-butyl mesityl ether in the presence of p-cresol by
means of sulfuric and acetic acids. A procedure was used similar to that described
above. Twenty grams of the inactive ether and 11.2 g. of p-cresol were treated with
28.5 ce. of Niederl’s reagent (12.5 cc. of conc’d sulfuric acid was dissolved in an
amount of glacial acetic acid sufficient to make the total volume 62.5 cc.) for one hour
at 120-1253°. The mixture was then refluxed for an additional half hour. Gas
evolution took place, and 375 cc. of butylene was collected. The reaction-product
was worked up in the usual manner and gave (1) 12.6 g. of material soluble in 4%
alkali of which 5.5 g. was p-cresol and 7.1 g. was mesitol; (2) 18.0 g. of product in-

TABLE 1
FRACTION BOILING RANGE AT 1 MM,, °C, WT., G,
I 65-75 8.9
II 75-80 16.6
ITI 80-85 6.0
v 85-95 1.2
Residue 2.3
Trap 16.3
TABLE II
FRACTION BmmNg;;;;;‘;;f’fg? 2 . WT., 6
I 73-80 2.6
11 80-85 3.0
111 85-90 2.6
v 90-110 4.4
Residue 1.5
Trap 2.5

soluble in 4%, alkali. This latter fraction on distillation yielded the fractions
described in Table II. Fractions I and II were found to be mesitol as shown by their
acetic acid derivatives (m.p. 143° and 142° respectively). Fraction III was a mix-
ture of mesitol and 4-methyl-2-s-butylphenol. The mixture of their crystalline
acetic acid derivatives, on fractional crystallization, gave two products. The less
soluble melted at 143° and gave no depression when mixed with a sample of mesitoxy-
acetic acid. The more soluble fraction melted at 73° and was identical with the
acetic acid derivative of 4-methyl-2-butylphenol. Fraction IV was practically
pure 4-methyl-2-butylphenol. s-Butyl acetate was the principal constituent in
the trap. From the original aqueous solution it was possible to isolate some sodium-
p-cresol sulfonate.

Rearrangement of d-s-butyl mesityl ether in the presence of p-cresol with sulfuric
and acetic acids. A mixture of 4.5 g. of the dextrorotatory ether [a]f +6.97°, and
2.53 g. of p-cresol was treated in the usual manner with 7.2 ec. of Niederl’s reagent.
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The following products were obtained: (a) 49.2 ce. of butylene; (b) 3.4 g. of material
insoluble in 49, alkali; (¢) 2.7 g. of material soluble in 49, alkali (d) 1.4 g. of sodium
p-cresol sulfonate; (e) a very small amount of s-butyl acetate. All products were
optically inactive. As in the previous experiments, the material insoluble in 4%
alkali was found to be a mixture of mesitol and d, I-4-methyl-2-s-butylphenol.
Completely inactive products were also obtained when the l-ether [e]? —3.94° was
used.

Rearrangement of isopropyl phenyl ether and s-butyl p-cresyl ether in the presence
of each other. The isopropyl phenyl ether was prepared from isopropyl bromide
and phenol by the method of Smith. The s-butyl p-cresyl ether was prepared by
the action of s-butyl bromide on sodium cresolate by the method of Sprung and
Wallis (4).

Forty-five grams (.275 mole) of s-butyl p-cresyl ether and 37.4 g. of isopropyl
phenyl ether were treated with 153 cc. of Niederl’s reagent. The reaction-mixture
was heated slowly to 115° where gas was very vigorously evolved. The tempera-
ture was held at 115-120° for one hour, after which the solution was gently refluxed
for an additional hour. The following products were obtained: (a) 3004 cc. gas
(a mixture of propylene and butylene); (b) 21.0 g. of material soluble in 4% alkali;
(c) 40 g. of material insoluble in 49, alkali; and (d) 2.3 g. of sulfonates.

TABLE III
FRACTION BOILING RANGE AT 4 MM, °C., WT., G
I 105-109 6.1
II 109-120 9.6
III 120-124 6.4
Residue 8.0
Trap 4.7

The material insoluble in 4% alkali was distilled and gave the fractions described
in Table III1.

Fractions I and II formed crystalline acetic acid derivatives which melted at
130° and 128-130° respectively. Smith gives 130° as the melting point of the acetic
acid derivative of 2-hydroxy-1-isopropylbenzene.

Fraction III was combined with the residue and fractionally distilled at atmos-
pheric pressure. The fraction so obtained gave acetic acid derivatives which
melted at 73-75° the melting point observed for the acetic acid derivative of 2-s-
butyl-p-cresol.

A careful examination of the mother liquors from the derivative preparations,
and from the recrystallizations, yielded no crystalline products corresponding in
melting point to the compounds one would expect to be formed if an exchange of
alkyl groups between the two molecules in question takes place.

We wish to take this opportunity to express our thanks to Merck and
Company for the analyses published in this article.

SUMMARY

Optically active s-butyl mesityl ether has been prepared and rearranged
in the presence of p-cresol by treatment with a mixture of sulfuric and
acetic acids.
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In all the cases studied, optically inactive 4-methyl-2-s-butylphenol was
produced.

Isopropyl phenyl ether and s-butyl p-cresyl ether have been prepared
and rearranged in the presence of each other. There was no evidence of
an intermolecular exchange of alkyl groups.

A discussion of these facts is given in the light of certain mechanisms for
the reaction.

Princeron, N. J.
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DONALD C. PEASE! anp ROBERT C. ELDERFIELD
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The occurrence of so-called ‘“loco weeds” in the range country of the
Western states has been the cause of rather serious economic losses result-
ing from the consumption of such weeds by grazing live stock. At the
present time, knowledge of the toxic agent or agents in the weeds is meager.
The general group of “loco weeds” may be conveniently divided into two
classes: those containing selenium, in which part, if not all, of the toxicity
is attributed to the presence of compounds of this element, and the non-
seleniferous weeds, in which the toxicity is due to substances other than
selenium compounds. The more extensive investigations of the selenif-
erous ‘“loco weeds” have been reviewed by Trelease and Martin (1), and
the less detailed work on the non-seleniferous weeds is summarized in
various Government publications (2). Investigations of both classes of
weed have been largely in the pharmacological and veterinary field.

We have been able to find but two records of recent chemical investiga-
tions of non-seleniferous ‘‘loco weeds.”” Couch (3) succeeded in freeing
the toxic principle of Ozytropis lambertit, or white loco, from many harm-
less substances, but did not obtain it in crystalline form. Fraps (4)
reported the isolation of an admittedly impure, although highly toxic,
crystalline tartrate of an alkaloid from Astragalus earlet, or Big Bend loco.
To the alkaloid he gave the name ‘“locoine.” To these studies may be
added the earlier work of Prescott (5), Power and Cambier (6), and
Crawford (7).

Through the kind cooperation of Dr. Frank P. Mathews, of the United
States Department of Agriculture Loco Weed Laboratory at Alpine, Texas,
we have secured considerable quantities of Astragalus earlei. This mate-
rial served in the present investigation. At the outset, careful quantitative
selenium determinations on the whole weed by the method of Williams
and Lakin (8) showed that this element, if present at all, was present to
the extent of less than one part per million of the dried weed. Since con-
centrations of selenium in excess of this amount appear to be necessary to
produce selenium poisoning in animals (9), complications from this source
appear to be excluded.

1 Du Pont fellow in chemistry, 1938-1939.
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At first, when the general method of Fraps (4) was applied to the extrac-
tion of the weed, the impure tartrate described by him was apparently
obtained. The finely ground, dried weed was extracted with alcohol and
the extract was clarified with basie lead acetate. The toxic principle was
then dissolved from much resinous material by boiling absolute alcohol.
Precipitation with phosphotungstic acid, followed by decomposition of
the precipitate with barium hydroxide, gave an aqueous solution suitable
for the preparation of salts. Further recrystallization of the crude tartrate
prepared from such a solution resulted in the isolation of pure potassium
tartrate. The toxic material accumulated in the mother liquors. We
therefore conclude that Fraps’ crude “locoine tartrate” contained potas-
sium tartrate mixed with toxic material.

The problem of the isolation of nitrogenous organic substances was thus
complicated by the presence of relatively large amounts of potassium in
the weed, a difficulty rendered more annoying by the fact that the solu-
bilities of various salts of the organic bases closely approximated those of
the corresponding salts of potassium. Elimination of the troublesome
potassium ions by the use of various zeolites was explored. The aqueous
extract of the dried weed, after clarification with basic lead acetate, was
passed through a column of “Zeo Karb H” (a zeolite manufactured spe-
cifically for exchanging hydrogen ions for alkali or alkaline earth ions),
which had been activated prior to use by two per cent hydrochloric acid.
The anticipated exchange of potassium ions for hydrogen ions took place,
but the effluent from the column contained no detectable nitrogen, nor
did it contain material precipitable with phosphotungstic acid. Elution
of the column with dilute hydrochloric acid gave no better results. Better
success attended the use of “Decalso” (a zeolite which exchanges alkaline
earth ions for those of the alkali metals). Passage of the clarified aqueous
extract of the weed over “Decalso,” which had been activated previously
with barium chloride solution, gave a solution which contained nitrogen
and which also contained bases precipitable with phosphotungstic acid.
From this solution we have succeeded in isolating two presumably pure
nitrogenous bases in the form of their salts, and a considerable amount of
d-pinite. The details of the purification of the latter, and its isolation
from white loco are described in the following paper. As more information
concerning the properties of the two bases accumulated, it was possible to
eliminate the use of “Decalso,” although it appears that this material
will be helpful in the isolation of other constituents of the weed.

We suggest the names a- and B-earleine for the two nitrogenous sub-
stances. The bases are strikingly similar in their general properties, and
their separation was accomplished only by chromatographing a solution of
their picrates over aluminum oxide. The empirical formula of a-earleine,
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as derived from analyses of the picrate, styphnate, and hydrobromide,
corresponds to that of a triacidic base, (CisHs7N3O7)x. B-Earleine simi-
larly appears to be a triacidic base, (CisH3:N3Ou)x. With the amount of
material available it has not been possible to determine exactly the molecu-
lar sizes of the two bases. Both substances resemble quarternary am-
monium hydroxides in their general behavior, and apparently contain a
methyl carbinol group, and at least one primary amine group. They are
optically inactive.

In the isolation of a- and B-earleine we have used cats to follow the
course of the toxic activity of the weed. Our observations in general
parallel those of Fraps (4). It is necessary to feed a crude extract of from
one to two kilos of dried weed in order to produce definite symptoms of
locoism. The disease manifests itself by lack of muscular cotrdination
which may result in collapse when the cat jumps voluntarily from a height
as low as six inches. The hind legs seem stiff and the animal walks with a
crouching gait. The eyes assume a staring appearance and the head shakes
continuously. Drs. Abner Wolf and Homer Kesten, of the College of
Physicians and Surgeons, have examined the gross and micropathological
symptoms of a number of locoed cats. Their findings will be reported
elsewhere.

Neither a- nor 8-earleine appears to be toxic to cats. However, we have
secured several other fractions of material from the weed which are highly
active and from which impure crystalline material has been isolated.
Work on these fractions as well as structural studies on the two bases here
described is being continued.

We wish to express our appreciation for the kind cooperation of Dr. F.
P. Mathews in collecting the weed used in this investigation, and of the
Permutit Company, who generously contributed the special zeolites used.

EXPERIMENTAL

All melting points are corrected.

Exzxtraction and isolation of a- and B-earleine. As finally developed, the procedure
for the isolation of the two bases as picrates is as follows. One hundred pounds
of finely ground Astragalus earlet was soaked overnight in 20 gal. of 70% alcohol
and was then pressed out in a hydraulic press. The process was repeated twice
more, the third extract being used for the first extraction of a subsequent batch,
The combined extracts were concentrated at reduced pressure at 40° to a volume
of about 5 1. Fifteen liters of water was added to the concentrate, and the clear,
supernatant liquor was decanted from the water-insoluble portion. Ten liters more
of water was added to the residue and, after agitation, the supernatant liquor was
again decanted. The combined aqueous extracts were treated with excess basic
lead acetate solution and the precipitate was filtered through a layer of diatomaceous
earth. After removal of the excess lead with hydrogen sulfide, the solution retained
practically all of the toxic activity of the original weed.
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The solution was divided into four equal parts and concentrated at reduced
pressure at 40° to a thick syrup. The residual water was removed by repeated
concentration with absolute alcohol and benzene. Each of the resinous residues
was extracted with 3 1. of commercial absolute alcohol with vigorous agitation
at 55° After standing overnight in the refrigerator, the supernatant alcoholic
extract was decanted and the residual resin was again extracted with 11. of absolute
alcohol per portion. The combined alcoholic extracts from the four portions were
concentrated to about 5 1. and refrigerated. On standing, with occasional scratch-
ing, d-pinite gradually crystallized. After the pinite was filtered, the solution was
concentrated to about 31. and again refrigerated. After 2 or 3 days, crystallization
of pinite was substantially complete. The filtrate from the pinite was concentrated
to a resin, 2 1. of water was added, and about 1 1. of solvent was removed under
reduced pressure in order to remove traces of alcohol. The volume was then made
up to about 7 1. with water and the solution was filtered from a slight amount of
insoluble material. This solution contained the major portion of the toxic material
present in the original weed.

A 24% solution of phosphotungstic acid in 4% sulfuric acid was added to the
aqueous solution obtained above until precipitation was complete. The supernatant
liquid was immediately decanted from the heavy curdy precipitate, which was
quickly washed with five 500-cc. portions of water before it congealed. The pre-
cipitate was combined with any that had come down in the mother liquor and
washings, suspended in a mixture of 1.5 1. of water and 1 1. of acetone, and then
decomposed as usual in the cold with barium hydroxide. About one-half of the
original toxic material was present in the solution of the decomposed phosphotung-
states. This solution was concentrated to dryness under reduced pressure and the
residue was dissolved in 1400 cc. of warm 95% alcohol. Saturated alcoholie pieric
acid solution was added until the solution was just acid to bromphenol blue. Two
and eight-tenths liters of benzene was added and the solution was cooled.

This solution of picrates was passed by gravity through an adsorption column of
aluminum oxide (Baker and Adamson, reagent grade) 120 cm. long and 3.3 cm.
in diameter. The column gradually became completely colored and the liquid
running out the bottom was yellow. After passage of all the solution, the column
was sucked as dry as possible at the water-pump.

a-Earleine. The upper two-thirds of the aluminum oxide column was eluted
with hot 95%, alecohol. On concentration of the eluate, a picrate crystallized. The
yield was about 1.5 g. per 100 lb. of dried weed. After five recrystallizations from
alcohol, the picrate formed long, silky, yellow needles and melted constantly at 250°.
It was optically inactive, Although the picrate appeared to be homogeneous, it
apparently contained sodium and deflagrated on attempted combustion. A sodium-
free picrate was obtained by dissolving the substance melting at 250° in water,
acidifying the solution with sulfuric acid, extracting the picric acid with benzene,
and reprecipitating the base as the phosphotungstate. a-Earleine picrate, obtained
as before by decomposition of this phosphotungstate, melted constantly with some
decomposition at 184° after recrystallization from alcohol.

Anfd. Ca.lc’d for (C13H37N307‘300H3N307)x! C, 38.1, H, 43, N, 157.

Found: C, 38.3; H, 4.1; N, 15.6.

a-Earleine styphnate melted with decomposition at 186-188° after recrystalliza-
tion from alcohol.

Anal. Cale’d for (CisH3s:N307-3CH;N;303)x: C, 36.5; H, 4.2; N, 15.0.

Found: C, 36.8; H, 4.1; N, 15.0.
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a-Earleine hydrobromide was prepared by adding cold, dilute alcoholic hydro-
bromic acid to an alcoholic solution of the base. The hydrobromide crystallized
from its strongly chilled alcoholic solution as rectangular prisms which melted at
225° with partial sublimation.

Anal. Cale’d for (Ci¢HsNsO7-3HBr),: C, 30.7; H, 6.6; N, 6.7; Br, 38.4.

Found: C, 81.1, 30.8; H, 6.2, 6.6; N, 7.0; Br, 40.1.

The free base, a-earleine, formed colorless prisms from absolute alcohol. It is
insoluble in acetone and ethyl acetate. It is so hygroscopic that an accurate melting
point determination was impossible. The analytical data are probably unreliable
for the same reason.

Anal. Cale’d for (CisH3:N3O7)x: C, 50.1; H, 9.7; N, 11.0.

Found: C, 48.1; H, 10.2; N, 11.2.

a-Earleine is saturated as far as immediate reaction with permanganate is con-
cerned, but is slowly oxidized by this reagent when warmed on the steam-bath.
Bromine water is not decolorized by the base. Dilute ferric chloride gives neither
a color nor a precipitate. The base gave a positive iodoform test, but did not react
with the usual carbonyl reagents. Its behavior with nitrous acid and with benzene-
sulfonyl chloride indicates the presence of at least one primary aliphatic amine
group. Its alcoholie solution gives a precipitate with alcoholic mercuric chloride
solution. The Molisch test and biuret test were negative. The substance did not
contain methoxyl groups.

B-Earleine. The solution which passed through the aluminum oxide column was
concentrated, and gave about 25 g. of crude B-earleine picrate per 100 lb. of dried
weed. After 5 recrystallizations from alcohol, the picrate formed bright yellow,
rectangular prisms and melted constantly at 247°. Although this melting point
is close to that of a-earleine picrate before removal of sodium, a mixture of the
two melted at 190°. When either the sodium-containing a-earleine picrate or
B-earleine picrate is chromatographed over aluminum oxide in 2:1 benzene-alcohol
solution, but a single ring is formed. A mixture of the two picrates under similar
conditions gives two rings. B-Earleine picrate is optically inactive.

Anal. Calc’d for (016H37N304'305H3N307)x2 C, 39.8, H, 44:, N, 16.5.

Found: C, 39.8, 39.6; H, 4.7, 4.7; N, 16.6.

The styphnate melted with decomposition at 209° with sintering above 180° after
recrystallization from alcohol.

Anal. Cale’d for (CisH3:N304-3CsHN3Og)x: C, 38.1; H, 4.3; N, 15.7.

Found: C, 37.9; H, 3.9; N, 15.5.

B-Earleine hydrobromide formed irridescent crystals on strong chilling of its
alcoholic solution. It melted with decomposition at 296° on slow heating, and at
304° on more rapid heating. It isso hygroscopic that accurate analytical data could
not be obtained.

The free base, B-earleine, melted with decomposition at about 187° after recrys-
tallization by careful addition of dry acetone to its solution in absolute alcohol. The
base is so hygroscopic that analytical data were impossible to obtain. Itissaturated
towards permanganate in the cold but is slowly oxidized by this reagent on standing.
It does not decolorize bromine water. Ferric chloride solution gives a dark pre-
cipitate, and excess of the reagent dissolves the precipitate with evolution of gas.
The action of nitrous acid and of p-toluenesulfonyl chloride indicates the presence
of at least one primary aliphatic amine group. The base gives a very strong iodo-
form test but does not react with the usual carbonyl reagents. Precipitates were
obtained with silicotungstic acid and with aleoholic mercuric chloride solution.
The biuret and Molisch tests were negative. When B-earleine is heated in a test
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tube, it decomposes and gives off a gas with the odor of a lower aliphatic amine.
We have not had sufficient material to identify this amine, but the general behavior
is characteristic of quarternary ammonium bases. Crystalline acetyl and benzoyl
derivatives of B-earleine have been prepared, but in insufficient quantity for
purification.

The micro-analyses here reported were performed by Mr. Saul Gottlieb of these
laboratories.

New York, N. Y.
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In the preceding paper (1) the isolation of two organic bases from
Astragalus earler, or Big Bend loco weed, was described. At the same time
considerable quantities of d-pinite were encountered in the weed. In
addition, we have commenced a preliminary study of the constituents of
Ozxytropis lambertii, or white loco weed, which had previously been investi-
gated incompletely by Couch (2). Inasmuch as the same sugar has been
isolated from both weeds in approximately the same amounts, we are
taking this opportunity to record our observations.

d-Pinite, the monomethyl ether of inosite, has been obtained chiefly
from the sap of Pinus lambertiana Dougl. (3), and as a by-product in the
preparation of coniferin (4). Griffin and Nelson (5) later made a some-
what more detailed study of the sugar and prepared a number of deriva-
tives. The substance isolated by us from both varieties of loco weed is
identical in every respect with the material of Griffin and Nelson. We
were fortunate in having available samples of the original compounds pre-
pared by Griffin and Nelson.

EXPERIMENTAL

For the isolation of d-pinite from Astragalus earlet in best yield, the procedure
is slightly different from that given in the preceding paper. The extraction of the
ground weed, clarification of the extract with basic lead acetate, and concentration
to a resin were carried out as for the isolation of the nitrogenous components. The
resin was then extracted several times with boiling commercial absolute aleohol,
rather than at 55°. The combined alcoholic extracts were clarified by liberal use
of Norit and diatomaceous earth. On standing in the refrigerator, with occasional
scratching, the pinite gradually crystallized. The yield was about 10 g. per kilo
of dried weed. More of the sugar may be obtained by concentrating the mother
liquors, as well as by further extraction of the original resin.

d-Pinite, as thus obtained, melted at 188° after recrystallization four times
from alcohol. A sample of Griffin and Nelson’s (5) pinite melted at 186°, and mix-
tures of varying amounts of the two showed no depression. The specific rotation
was [a] 5 +65° (¢ = 2.480 in water); Griffin and Nelson report [e] b 465° for d-pinite.

1 DuPont fellow in chemistry 1938-1939.
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Anal. Cale’d for C/H..06: C, 43.3; H, 7.2; OCH;, 15.7.
Found: C, 43.3; H, 7.5; OCH;, 16.0.

Acetyl pinite prepared from our sugar melted at 98°. Griffin and Nelson’s ma-
terial melted at 98°, and a mixture of the two showed no depression. For our acetyl
derivative, [a]p +8.6° (¢ = 1.970 in alcohol); for Griffin and Nelson’s acetyl deriva-
tive, [2]5 +8.7° (¢ = 1.960 in alcohol).

Anal. Cale’d for Cy1H2i011: C, 505, I'I, 5.9.

Found: C, 50.7; H, 6.2.

Substantially the same procedure was used in isolating pinite from Ozytropis
lambertii in about the same yield. The sugar was identical in all respects with
pinite from the other two sources. The acetyl derivatives were also identical.

The micro-analyses here reported were performed by Mr. Saul Gottlieb of these
laboratories.

NEw Yorgk, N. Y.
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Although the methylene group in phthalide is not sufficiently reactive
to condense with aldehydes, the introduction of a nitro group in the 6-posi-
tion has been shown to cause the 6-nitrophthalide (I) to condense with
aromatic aldehydes (1). In the present work an attempt was made to
carry out the Mannich reaction (2) on 6-nitrophthalide in order to obtain
the 3-diethylaminomethyl-6-nitrophthalide (II). Reduection of the nitro
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group would then give a 6-amino derivative whose pharmacological
properties would be very interesting. However, up to the present, it has
not been possible to carry out the Mannich reaction on 6-nitrophthalide,
although a variety of experimental conditions were tried. Hence, atten-
tion was turned to the products obtainable by condensation with aryl
aldehydes.

6-Nitrophthalide condensed smoothly with p-dimethylaminobenzalde-
hyde in the presence of piperidine to give an 879, yield of the benzal com-
pound III. This compound existed in three polymorphic forms. Crys-
tallization from acetone or chloroform gave shining green hexagonal
plates, while cooling of a saturated solution of the compound in benzene
or dioxane yielded dark purple, almost black, plates. When the melting
point of each of those forms was determined on the Koéfler hot stage under
a microscope, it was observed that as the melting point was approached,
both changed over to a third form which consisted of reddish rhombic
plates. This change was complete before melting occurred and only one
melting point of the three forms was noted: viz. 283-284°.

The intense color of this compound is not surprising in view of its close
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structural relationship to the phthaleins and the stilbene dyes (3). 4-
Nitro-4'-dimethylaminostilbene (IV), which contains a system of con-
jugated double bonds and resonating groups identical with that in com-
pound III, is a red dye (4).

Since the base (III) dissolved in ten per cent hydrochloric acid but pre-
cipitated on dilution, it was found possible to dye wool directly by treating
the wool with a hydrochloric acid solution of the base and then washing
thorcughly with water. The wool so treated was colored a bright autumn
rust which was fast to washing and ultraviolet light.

Catalytic reduction of the base (IIT) using Raney nickel and hydrogen
at a pressure of about 2000 pounds gave first the bright, irridescent,
orange 3-(p-dimethylaminobenzal)-8-aminophthalide (V) and then, after
filtering and addition of fresh catalyst, the canary yellow 3-(p-dimethyl-
aminobenzyl)-6-aminophthalide (VI). Both formed acetyl derivatives on
treatment with acetic anhydride.

The 3-(p-dimethylaminobenzyl)-6-aminophthalide (VI) is a vinylog (5)
of the 6-amino compound derived from II. Its salts with mineral acids
were very hygroscopic. It failed to dissolve completely in one equivalent
of dilute hydrochloric acid, but yielded a clear solution with two equiva-
lents of acid. This solution proved to be so acidic that it was extremely
irritating to the eyes and skin of a rabbit. Hence, no definite pharma-
cological studies of its action could be made.

EXPERIMENTAL

6-Nitrophthalide. The method of Borsche, Diacont and Hanau (1) was used in
the preparation of this compound. A mixture of 26.8 g. (0.2 mole) of phthalide in
80 cc. of concentrated sulfuric acid was added dropwise to a mixture of 23 g. of
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potassium nitrate in 50 ce. of concentrated sulfuric acid cooled to 0°. The tempera-
ture was not allowed to rise above 5° at any time during the addition. After all
of the phthalide solution had been added, the mixture stood twelve hours and was
then decomposed on cracked ice. The crude product so obtained weighed 36 g.
Recrystallization from dilute acetic acid yielded 28 g. (789 of the theoretical) of
fine, pale yellow needles which melted sharply at 145°.

3-(p-Dimethylaminobenzal)-6-nitrophthalide. Twelve grams (0.08 mole) of p-di-
methylaminobenzaldehyde was heated at 185-190° for one hour with 14.4 g. (0.08
mole) of 6-nitrophthalide and four drops of piperidine as catalyst. Water was
evolved and the mixture became molten and turned dark purple. After cooling,
the cake which formed was broken up and ground in a mortar to a fine powder. It
was then extracted repeatedly with one liter of dioxane until none of the original
powder was left. Concentration of the dioxane solution yielded very fine dark
purple crystals amounting to 21.7 g. (87% of the theoretical). The product so
prepared melted at 283-284° with decomposition. Borsche, Diacont and Hanau (1)
mention this compound in a footnote and give a melting point of 270° but no addi-
tional data.

Anal. Cale’d for Ci;HyN:04: C, 65.80; H, 4.55; N, 9.03.

Found: C, 65.98; H, 4.66; N, 9.09.
3-(p-Dimethylaminobenzal)-6-aminophthalide. A suspension of 6.2 g. (0.02 mole)
of the benzal compound and 6 g. of Raney nickel in 700 cc. of purified dioxane was
hydrogenated in a high pressure reducing machine (6) at a pressure of 2100 pounds
at 90° for one hour. The catalyst was then filtered and the filtrate concentrated to
50 cc. Three grams (53.6% of the theoretical) of the bright orange erystals melting
at 259-262° separated.
Anal. Calc’d for Ci;H1eN:0;: C, 72.84; H, 5.76; N, 10.00.
Found: C, 72.80; H, 5.99; N, 10.25.

The 3-(p-dimethylaminobenzal)-6-aminophthalide was also prepared by catalytic
reduction using platinum catalyst (7) in a 509 sulfuric acid solution under approxi-
mately three atmospheres pressure.

8-(p-Dimethylaminobenzyl)-6-aminophthalide. A mixture of 7.3 g. (0.0235 mole)
of the nitrobenzal compound dissolved in 1000 cc. of dioxane was hydrogenated
for one hour at a pressure of 2315 pounds, and a temperature of 100° using 6 g. of
Raney nickel catalyst. The catalyst was filtered and fresh catalyst added to the
highly fluorescent solution. The mixture was again hydrogenated for an hour at a
pressure of 2140 pounds and a temperature of 100°. The catalyst was filtered and
the dioxane distilled under reduced pressure until only about 50 ce. of liquid re-
mained. The produect separated in the form of bright yellow erystals which weighed
3.5 g. (53% of the theoretical) and melted at 204.5°.

Anal. Cale’d for Cy;Hy3N,0,: C, 72.31; H, 6.43; N, 9.94.

Found: C, 72.30; H, 6.66; N, 10.05.

This compound was likewise prepared by reduction in a 509, sulfuric acid solution
using platinum catalyst. The aminobenzal compound was not isolated in this case
but after the initial reduction of the nitro group, the catalyst was filtered and fresh
catalyst added. The yields in these reductions in strong sulfuric acid were much
lower, being on the order of 5%.

3- (p-Dimethylaminobenzal)-6-acetylaminophthalide. This compound was pre-
pared by boiling about a tenth of a gram of the aminobenzal compound for one
hour with acetic anhydride. The excess acetic anhydride was decomposed by
pouring the mixture into boiling water. The bright orange powder thus obtained
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was recrystallized by evaporation of an alcohol solution of the compound which
had been diluted with a small amount of water. The light fluffy plate-like crystals
melted at 287°.

Amnal. Cale’d for CipH1sNOs: N, 8.690. Found: N, 8.44.

3-(p-Dimethylaminobenzyl)-6-acetylaminophthalide. This was prepared by a pro-
cedure similar to that followed in the preparation of the acetyl derivative of the
aminobenzal compound. However, on decomposition of the excess acetic anhydride,
the free base did not precipitate. Neutralization with dilute sodium hydroxide
solution, however, yielded the yellow acetyl derivative. This powder was recrys-
tallized from a water-alcohol mixture prepared by adding water dropwise to a hot
aleohol solution of the compound until a slight cloudiness, which was then destroyed
by addition of a drop of alcohol, was produced. The granular yellow crystals melted
at 210°.

Anal. Cale’d for C;sH»N,Os: N, 8.64, Found: N, 8.69.

SUMMARY

6-Nitrophthalide did not undergo condensation in the Mannich reaction,
but did condense with p-dimethylaminobenzaldehyde to produce 3-(p-
dimethylaminobenzal)-6-nitrophthalide. This compound was highly col-
ored and was found to be a direct dye for wool.

Catalytic reduction of 3-(p-dimethylaminobenzal)-6-nitrophthalide pro-
duced first the substituted 6-aminophthalide, and complete reduction
formed 3-(p-dimethylaminobenzyl)-6-aminophthalide.

Urnana, ILL.
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The position taken by a radical that enters a benzene substitution
product is determined largely by the character of the substituent already
there. The rules formulated to cover this behavior (1) apply in general
to those cases where but one substituent is present in the starting material,
and they predict the structures of the chief products only. When two or
more substituents are present, the position taken by a new one is less
easily predicted; consequently it was desired to study compounds in which
this behavior could be tested further.

In such studies another consideration is of interest, viz., the extent to
which the directive influence of hydroxyl may be modified or suppressed
by changing its composition through acylation or alkylation’. The deriva-
tives of vanillin? and isovanillin offered an opportunity to extend such
studies.

Derivatives of vanillin. In previous work it has been found that treat-
ment of vanillin, 3-methoxy-4-hydroxybenzaldehyde, with chlorine (2),
bromine (3), iodine (4), and nitric acid (5), respectively, gives high yields
of derivatives in which the entering substituent takes position 5§ (CHO=1).
Since that position is ortho with respect to hydroxyl and meta with respect
to the aldehyde group it might be assumed, on the basis of the above
observations alone, that these radicals exercised equal influence in deter-
mining the position taken by the entering substituent. That this is
probably not the case is indicated by the work of Martinsen (6), who found
that ortho-para directing groups facilitate substitution in the benzene ring,
while groups of the meta directing type have a retarding influence. There-
fore, in the reactions cited above it would appear that the chief directive
influence was probably exerted by hydroxyl. When acetylvanillin is used,

! Data on the behavior of alkyl derivatives of vanillin, soon to be published,
have been obtained by R. P. Perry formerly of this laboratory.

2 In recent years all the chlorine and bromine substitution products of vanillin
demanded by theory have been obtained in this laboratory [J. Am. Chem. Soc., b7,
2500 (1935)].
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bromination gives 879, of the 6-bromo derivative (7), while nitration gives
as much as 809, of the 2-nitro compound and about 59, of the 6-isomeride
(8). Benzoylvanillin gives similar results (9), indicating that acylation
of hydroxyl suppresses its activity to such an extent that the directive
influence in the acyl derivatives is due to the methoxyl radical®. Appar-
ently, the aldehyde radical, which occupies position 1, exercises no influence
in these types.

In view of these observations, it was of particular interest to study the
behavior of related compounds in which position 1 was occupied by some
meta-directing radical other than the aldehyde group. For this purpose
vanillonitrile, vanillic acid, methyl vanillate, and l-nitro-3-methoxy-4-
hydroxybenzene [4-nitroguaiacol (OH = 1)] were selected. Treatment of
these with bromine gave, in each case, the 5-bromo derivative in high yield,
indicating again that the position taken by halogen must be determined
chiefly by the hydroxyl group. Next, each starting material was acety-
lated and the products were tested with bromine as beforet. The aldehyde,
the acid, and the ester gave the corresponding 6-bromo derivatives in
yields shown below. From the nitrile and the nitro compound no reaction
products could be isolated, but starting material was recovered as shown
in Table I.

Derivatives of tsovanillin. Bromination of isovanillin was carried through
in accordance with the general directions of Henry and Sharp (10), with
a much larger quantity of material than they used. The product consisted
of 3397 of 2-bromoisovanillin and 559, of the 6-isomeride. With the hope
of securing the 5-bromo compound by use of the Sandmeyer reaction,
acetylisovanillin was nitrated as directed by Pschorr and Stéhrer (11), and
the 5-nitro compound, which melted at 119-120.5%, was subjected to the
action of several reducing agents. With ferrous hydroxide in the presence
of ammonia water (12), the required amino compound seemed to be pro-
duced, but it could not be isolated in pure form. In another experiment
sodium amalgam was used and the mixture was kept faintly alkaline by
addition of hydrobromic acid. When the change seemed to be complete,
the liquid was decanted from the mercury, and rendered neutral by addi-
tion of acid. The precipitate obtained was dissolved in hydrobromic acid,

3 This difference in directive influence between acyloxyl and alkoxyl has been
noted by Klemenc [Monatsh., 33, 701 (1912)] and by Cardwell and Robinson [J. Chem.
Soc., 107, 256 (1915)] in the nitration of acetylguaiacol.

4 In thege experiments sodium acetate was added to the reaction-mixture to
interact with the hydrogen bromide liberated and thus prevent the hydrolysis of
the acetyl derivative, This precaution was found necessary by Raiford and co-
workers [J. Am. Chem. Soc., 49, 1078 (1927); 63, 1057 (1931)] in the study of closely
related cases.

5 Pschorr and Stéhrer, loc. cit., reported 113°.
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cooled to 0°, and diazotized with sodium nitrite. Treatment of the result-
ing product with a hydrobromic acid solution of cuprous bromide gave a
black, resinous material from which nothing could be identified.

To obtain isovanillonitrile, isovanillin was converted to the oxime and
this was changed to the acetoxynitrile by boiling with purified acetic
anhydride (13),® as directed by Marcus and elaborated by Raiford and
Potter (14). The nitrile was obtained by hydrolysis of the acetoxy deriva-
tive with normal potassium hydroxide solution at room temperature for a
few hours. Treatment of the nitrile with bromine gave 329, of the 2-
bromo and 159, of the 6-bromo derivative, both in purified form. Next

TABLE I
BROMINATION OF VANILLIN AND RELaTED COMPOUNDS
STARTING MATERIAL ;‘: isc;lgrg:: Tl POSITIHOAI:‘S‘QEKNEN BY YIELD %
Vanillin......................ooh CHO 5 88
Acetylvanillin. . .............. ... .. 6 87
Vanillonitrile. ....................... CN 5 85
Acetovanillonitrile ................... No reaction prod- @
uct obtained
Vanillicacid...................ooi 0. COOH 5 82
Acetylvanillicacid. .................. 6 80
Methyl vanillate. .................... COOCH; 5 97
Methyl ester of acetylvanillic acid. ... 6 30%
1-Nitro-3-methoxy-4-hydroxybenzene
(4-nitroguaiacol)................... NO. 5 87
1-Nitro-3-methoxy-4-acetoxybenzene. . No reaction prod- ¢
uct isolated

2 999, of starting material was recovered.

b This represents purified compound. The crude product contained considerable
resin and starting material.

¢ Starting material was recovered to the extent of 88%,.

the nitrile was hydrolyzed to the acid by boiling with potassium hydroxide
solution, though it was subsequently found that oxidation of an acetic
acid solution of acetylisovanillin with potassium permanganate was more
satisfactory for the preparation of the acid. Bromination of isovanillic
acid gave but one of the expected products, the 6-isomeride in a yield of
139, while 279, of purified starting material was recovered.

¢ When the available C. P. grade was used, the acetoxynitrile obtained was con-
taminated with resin and was difficult to purify. In subsequent work the anhydride
was purified by fractionation in an apparatus with ground glass joints, and the por-
tion that distilled at 137.5-139° was collected for use. With some lots of C. P.
grade, more than one-fourth was rejected in this way.
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Attempts to brominate acetylisovanillin were unsuccessful. With
acetic acid solution at 50-60°, and iodine as a catalyst, starting material
was recovered to the extent of 959,. When sodium acetate was present
in the above mixture and bromine was added at the temperature of the
steam bath, the aldehyde was oxidized” and acetylisovanillic acid m.p.
216-218°% was obtained. In subsequent experiments attempts were made
to protect the aldehyde group. Isovanillin was converted into 3-acetoxy-
4-methoxybenzal diacetate (see below), and this was subjected to the
action of bromine. Starting material only could be recovered.

Bromination of acetylisovanillic acid proved to be impossible under any
conditions here tried. When an acetic acid solution of the acetyl acid in
the presence of sodium acetate was treated with 509, excess of bromine for
eight to ten hours on a steam-bath, the product turned out to be a mixture
with a wide melting range. By fractional crystallization the portion
containing halogen was obtained in nearly pure form in a yield of about
129,. It melted at 62-64° and was identified as 2-methoxy-5-bromophenyl
acetate, previously obtained by Jona (15) by acetylation of 5-bromoguaia-
col (OH = 1) and by Hindmarsh, Knight and Robinson (16) by the bromi-
nation of acetylguaiacol. In the present work the carboxyl group was
replaced by halogen.

Treatment of an acetic acid solution of acetylisovanillonitrile, to which
sodium acetate and iodine had been added, with 509, excess of bromine, in
the cold and at the temperature of the steam-bath failed to give a bromine
substitution product. About 759, of starting material was recovered.
These relations are shown in Figure I.

EXPERIMENTAL

Methyl 5-bromovanillate. The methyl ester of vanillic acid, previously prepared
by Matsmoto (17), who recorded no yield, wag here obtained in 539, yield of purified
material as follows: Gaseous hydrogen chloride was bubbled for about five hours
through a boiling solution of 40 g. of vanillic acid in 200 ce. of absolute methyl aleohol
under a reflux condenser, the upper end of which was protected by a drying-tube
containing calcium chloride. The solution became dark brown. About two-thirds
of the solvent was distilled off, the residue poured into four volumes of water, the
oil that separated was extracted with ether, the solution was dried with calcium
chloride, and the ether distilled. The greater portion of the oil distilled at 140-
141° at 4 mm., and after several days at about —5° gave colorless needles that melted
at 63-64°. Matsmoto recorded 62-63°.

A mixture of equal quantities of this ester and anhydrous sodium acetate was
dissolved in about three times its weight of acetic acid, a crystal of iodine was added,

? Raiford and Milbery [J. Am. Chem. Soc., 66, 2729 (1934)] found that attempts to
brominate acetic acid solutions of 4-benzoyloxybenzaldehyde and & number of its
substitution products, in contact with air, gave the corresponding acids.

8 Matsmoto [Ber., 11, 130 (1878)] reported 206-207°.
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and slightly more than one molecular proportion of bromine was run in slowly.
The mixture was allowed to stand overnight and was then diluted with 200 ce. of
water, which precipitated the product. A yield of 97% was obtained. Crystal-
lization from alcohol gave tan leaflets that melted at 152-152.5°.

Anal. Cale’d for CoHBrOy: Br, 30.65. Found: Br, 30.76.

Hydrolysis of the above product with caustic potash solution gave 5-bromovanil-
lic acid that melted at 231-232°, as previously recorded by Raiford and Potter (14).

Bromination of the acetyl derivative. Ten grams of methyl vanillate was dissolved
in 40 cc. of freshly distilled acetic anhydride, a drop of concentrated sulfuric acid
was added, the whole was allowed to stand overnight, and the solution poured into
water, which precipitated an oil. Gentle warming and stirring caused the oil to
solidify. A yield of 93% was obtained. Crystallization from 509 alcohol gave
colorless fibrous masses, resembling cotton, that showed a melting point of 75.5-
76°. Attempts were made to analyze the compound by determination of acetyl
by the method used by Freudenberg and Harder (18). Non-uniform results varying
from 18.78%, to 21.39%, of acetyl were obtained, while the theory requires 19.209%,.
Analysis for carbon and hydrogen showed that the product was nearly pure.

Anal. Cale’d for C11H1,0s: C, 58.92; H, 5.35.

Found: C, 58.74; H, 5.40.

When 10 g. of the acetyl derivative was brominated as described above for the
ester, and the product was poured into water, 11 g. of a solid precipitated; it con-
tained resin and was difficult to purify. Crystallization from butyl alcohol gave
6.5 g. of colorless material that showed a melting range of 60-65°. This material
was shaken with slightly warm alcohol, which removed starting material and left a
residue that, after further crystallization from aleohol, separated in nearly color-
less needles that melted at 95-95.5°.

Anal. Cale’d for C;;H13:BrOs: Br, 26.40. Found: Br, 26.43.

Hydrolysis of this derivative with potassium hydroxide solution gave 6-bromo-
vanillic acid that melted at 190-191° (19).

Acetylisovanillin, To a solution containing 152 g. of isovanillin and 56 g. of
potassium hydroxide in 500 cc. of water, which was cooled to about 0° a solution
of 100 ce. of specially purified acetic anhydride in 100 cc. of ether was added dropwise,
with constant shaking and continued cooling. The product separated as a liquid
which soon solidified in colorless pellets. Crystallization from 50% alcohol gave
thick colorless needles that melted at 88-89%. By working up the mother liquor,
a yield of 859, was obtained. Analysis indicated that our product was nearly pure.

Anai. Cale’d for CioH,004: C, 61.85; H, 5.15.

Found: C, 61.80; H, 5.18.

3-Acetoxy-4~methozybenzal diacetate. Five grams of isovanillin was dissolved in
25 cc. of acetic anhydride and a drop or two of concentrated sulfuric acid was added.
The liquid, which developed a dark purple color and became warm, was allowed
to stand about an hour and was then poured into a solution of sodium carbonate,
which precipitated a yellowish solid. Repeated crystallization from alcohol gave
large, nearly colorless plates that melted at 118-119°, The yield of purified material
was 629%.

® Pschorr and Stohrer [Ber., 35, 4397 (1902)] obtained, by boiling isovanillin
with acetic anhydride, a product which they recorded as melting at 64° but which
they reported as having the composition of the one here under consideration. Later,
Pacsu and Vargha [Ber., 69, 2822 (1926)] prepared this product in two different ways
but did not analyze it. They found 88° as the melting point.
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Anal. Cale’d for C;(H,40:: C, 56.75; H, 5.40.
Found: C, 56.70; H, 5.501,
Analytical data and additional properties for other derivatives of isovanillin
which were obtained by standard methods are given in Table II,

SUMMARY

1. A number of new derivatives of vanillin and isovanillin have been
prepared and some of their reactions studied.

2. All attempts to prepare 5-bromoisovanillin, in which the halogen
atom would be adjacent to the methoxyl group, have been unsuccessful.
This failure, considered in the light of other reactions carried through in
this work, shows that the alkoxyl radical tends to direct more strongly
toward the para than toward the ortho position.

3. Additional data have been obtained to support the view that acyla-
tion of hydroxyl in a benzene derivative suppresses its directive influence.

Iowa City, 1A,
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Chroman, produced by the action of phosphorus pentoxide on phenyl
v-hydroxypropyl ether (1), CsH;OCH,CH,CH,0OH, is a liquid with these
properties; b.p. 98-99° (18 mm.), 214° (742 mm.); n2 1.544; d3° 1.0610.
The same substance is obtained from coumarin (2) by reduction and
subsequent ring closure.

/O———CO /OH CH.OH
CH=CH CH,—CH,
0——CH,
/
CeH,
AN
CH,—CH,

2-Methylcoumaran, its isomer, is produced by heating o-allylphenol
with pyridine hydrochloride (3) or with other acidic reagents such as
hydrogen bromide in acetic acid, or absolute formic acid. It has these
properties: b.p. 82-83° (14 mm.), 197-198° (760 mm.); n% 1.531; d3* 1.032.

OH
/ 7N
CeH, - cem\ CHCH,
CH,CH=CH, CH,

In general the chromans possess somewhat higher boiling points, higher
densities, and higher indices of refraction than the isomeric 2-methyl-
coumarans. This correlation holds with 6-methylchroman and 2,5-
dimethylcoumaran, 8-methylchroman and 2,7-dimethylcoumaran, 6-
bromochroman and 2-methyl-5-bromocoumaran.

212
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Claisen observed that a small amount of 2-methylcoumaran was formed
during the pyrolytic rearrangement of phenyl allyl ether into o-allylphenol.
Since the 2-methylecoumaran is formed from o-allylphenol by addition of
the phenolic hydroxyl to the allylic double bond, it is significant that no
chroman was formed concurrently.

Recent work in the development of the chemistry of vitamin E has shown
that chromans do form by ring closure of certain substituted o-allylphenols,
whereas the isomeric methylcoumarans come from others. For example,
the methyleoumaran type was shown (4) to result from the action of acids
on 2-allyl-3,5,6-trimethylhydroquinone:

CHa CHB

N
CHs;— OH CH,— CHCH,
—

l
CH, CH,

whereas the chroman type was produced in similar work with 2-(dimethyl-
allyl)-3,5,6-trimethylhydroquinone:

CH; CH;
N
CH;— OH CH;— C(CH,),
—_—
HO— CH;—CH=C(CH,), HO— N /CHz
CH,
CH,; CH,

The present investigation was undertaken to see if the direction of
cyclization of allylphenol and related compounds to coumarans and
chromans could be controlled. These types of ring closure may be re-
garded as a special case of addition to an olefinic double bond. The exten-
sive studies of Kharasch and co-workers have shown conclusively that a
trace of peroxide frequently governs the direction of addition of reagents
to open-chain unsaturated compounds. If the ‘“peroxide effect” were to
hold with o-allylphenols, this would be its first apphcatlon in.the synthesis
of cyclic or heterocyelic compounds.

The transformation of o-allylphenol into 2-methylcoumaran, especially
in the presence of hydrogen bromide, may be visualized as occurring in one
of two ways. Addition of the phenolic function to the ethylenic double
bond of the allyl group may occur directly, or perhaps the first stage of the
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reaction is addition of hydrogen bromide to yield an intermediate which at
once splits out hydrogen bromide to give the coumaran.

ol BB on HE,
CH,CH==CH, CH.CHBrCH;
0
ci HCHCH:
CH,

This direction of addition would be anticipated under peroxide-free
conditions. Hydroquinone, a dihydric phenol, is frequently used to
maintain such a condition, but it was realized that allylphenol itself
might be capable of doing the same thing. As a matter of fact this was
found to be true. 2-Methylcoumaran was formed from o-allylphenol and
hydrogen bromide whether under peroxide-free conditions or not. Air,
ascaridole, or benzoyl peroxide failed to promote the formation of chroman.

To eliminate the effect of the phenolic hydroxyl, which may have
inhibited the effect of peroxides in these experiments, the phenols were
acetylated. As before, reaction with hydrogen bromide in the presence
of hydroquinone gave rise to 2-methylcoumaran, presumably by this
reaction:

/OCOCHa OCOCH,
HBr

PhemtaY —_—

H,CH=CH, “\CH,CHB:CH,
0
\?HCHa
CH,

When ascaridole or other peroxides were present in plaee of the hydro-
quinone, the course of the reaction changed and chroman was formed.

OCOCH OCOCH,
8 HBr 4 Ocm,
HBr, — é
/CH:
CH,CH==CH, CH,CH,CH,Br .

Yields were comparably good in the two reactions.
The acetate of o-allyl-p-cresol was treated similarly. It gave rise to
2,5-dimethylcoumaran under peroxide-free conditions and to 6-methyl-
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chroman when peroxides were present. It was established also that ring
closure either to coumarans or to chromans could be achieved satisfactorily
with o-allyl-o-cresol, o-allyl-p-bromophenol, and o-crotylphenol.

Ketene was used to acetylate the several phenols in this work. Yields
in all cases were excellent, usually between 90 and 969,. This extends
the reaction which was reported recently by Hurd and Roe (5). They
found that although ketene and phenol were inert towards each other at
room temperature, they reacted readily in the presence of a trace of
sulfuric acid.

H,S0,
———)

ArOH + CH=C=0 ArOCOCH;

Like phenol, the allylphenols were found to be inert towards ketene unless
a trace of sulfuric acid was present. In this manner ¢-allylphenyl acetate,
o-allyl-p-tolyl acetate, o-allyl-o-tolyl acetate, o0-allyl-p-bromophenyl acetate,
and o-crotylphenyl acetate were made, the last two of which are new
compounds.

An extensive side reaction was encountered with o-(8-methylallyl)-
phenol, C.;H4<8II;20 (CH;) = CHy in its reaction with ketene. Acetyla-
tion was cut down markedly because the sulfuric acid catalyst promoted a
concurrent exothermic isomerization to 2,2-dimethylcoumaran,

Success in the directed ring closure of o-allyl- and o-crotyl- phenols to
either coumaran or chroman types lent encouragement to the hope that the
coumaran isomer (II) of vitamin E (III) might be synthesized from 2-
phytyl-3,5,6-trimethylhydroquinone (I).

CH,
ICHs—— OH
HO— CH2~CH=C—CH¢—(CH20H¢C‘THCH2) +—CH,CH,;CHCH,
CHa CHs CH; Hs
CH,
CH, 0
- \C!H—"(EH—CHT"‘(CHchg(fHCHz) +—CH,CH,CHCHj,
v —CH, CH; CH; CH;
HO I

CH;
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CH,

CH
CHn A O/ "
- C——CHz—(CH20H20HCH2)g—CHchz(,JHCHg
AN / H2 H8 CH3
10 “CH,
CH;

Instead of starting with I, however, it seemed simpler to study o-(y,~-
. _OH

dimethylallyl)phenol, CeH,<C CH,CH = C(CHy)y
this phenol with ketene in the presence of a trace of sulfuric acid gave a
fair yield of o-(y,y-dimethylallyl)phenyl acetate but it yielded 2,2-
dimethylchroman as a major produet. This tendency for chroman forma-
tion was so great with o-(v,y-dimethylallyl)phenyl acetate in its reaction
with hydrogen bromide that 2,2-dimethylchroman was formed regardless
of whether the experiment was performed in the presence of benzoyl
peroxide or hydroquinone!. Since coumaran formation was not obtained
with o-(v,y-dimethylallyl)phenol, no experiments more closely related
than this to vitamin E were carried out.

first. Acetylation of

EXPERIMENTAL PART
Preparation of the Phenols

Five of the unsaturated phenols and cresols required in this study were syn-
thesized by pyrolysis of the corresponding allyl ethers in an atmosphere of carbon
dioxide? (6). The phenols prepared were o-allylphenol, o-allyl-p-cresol, o-allyl-o-
cresol, o-allyl-p-bromophenol, and 8-(methylallyl)phenol in yields, respectively, of
90, 80, 78, 68, 63%. It will be recalled that the yield of o-allylphenol was only 42%,
when the rearrangement was performed (7) without the atmosphere of carbon
dioxide.

o-Crotylphenol. This substance was prepared by a modification of the Claisen
and Tietze (8) procedure which consisted in condensing sodium phenoxide in anhy-
drous benzene with crotyl bromide (9), b.p. 13.6° (15 mm.), nh 1.4795, at 0° with good
stirring over a period of nine hours. A 419, yield of crotylphenol, b.p. 117-118°
(13 mm.), ny 1.5415, was obtained.

o-(v,y-Dimethylallyl)phenol. ~v,v-Dimethylallyl bromide (10) was prepared by
addition of hydrogen bromide to isoprene. It was collected at 48-50° and 37 mm.
A suspension of sodium phenoxide, prepared by refluxing in 400 cc. of anhydrous
benzene for four hours 37.8 g. (0.4 mole) of phenol and 9.2 g. (0.4 mole) of metallic
sodium, was cooled to 0° and to it was added, with good stirring, 59 g. (0.4 mole) of

t Walling, Kharasch, and Mayo, J. Am. Chem. Soc., 61, 1711, 2693 (1939) have
reported recently that dilution promotes the abnormal addition of hydrogen bromide
to trimethylethylene. Similarly, dilution might be helpful in bringing about the
abnormal coumaran type of ring closures, but this has not been tested yet.

2 Dry nitrogen was used with allyl-p-bromophenyl ether.
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the v, v-dimethylallyl bromide over a period of three hours. After stirring for five
hours longer and then standing overnight, the solvent benzene was removed under
reduced pressure and 100 cc. of water and 100 cc. of petroleum ether were added.
The mixture was extracted with three 40-cc. portions of 109 sodium hydroxide solu-
tion and with 25 cc. of “Claisen’s alkali.”” To make the latter, a mixture of 30 g. of
potassium hydroxide in 25 cc. of water is diluted to 100 cc. with methanol. The
combined alkaline extracts were acidified with dilute sulfuric acid, extracted with
ether, and dried over anhydrous calecium chloride. Distillation gave 28.1 g. (43.8%)
of the phenol, b.p. 120-122° (12 mm.), nh 1.5365, d% 0.9947. M.R. Cale’d. 50.46;
Obs. 50.89.
Anal. Cale’d for C1Hy40: C, 81.44; H, 8.69.
Found: C, 81.06; H, 8.53.

Acetylation of Phenols by Ketene

o-Allylphenyl acetate. The required amount of ketene, prepared by passing ace-
tone vapors over a red hot filament (11), was passed into 20 g.’of o-allylphenol, b.p.
101° (14 mm.), to which had been added three drops of concentrated sulfuric acid.

TABLE I
ACETYLATIONS BY KETENE
2 YIELD
PHENOL TAKEN | B.P., °C/MM. | GRAMB | ACETATE FORMED B.P., °C/MM. ny d:o
g | %
o-Allyl-p- 117/15 15.4| o-Allyl-p-tolyl| 126-128/164 1.5085¢ 18.1] 91
cresol
o-Allyl-o- 120-122/26| 30 | o-Allyl-o-tolyl| 127/14% 1.5085% 34.8| 90
cresol
o-Allyl-p-bro- {149-150/18; 19 | o-Allyl-p-bro-| 154-155/18 | 1.5430 |1.361|22 |:96
mophenol mophenyl
0-Crotyl- 117-118/13) 12 | o-Crotyl- 132/15 1.5100 |1.019(14 | 91
phenol phenyl

s Constants recorded (12b), b.p. 139°/22 mm., nj 1.507.
b Constants recorded (12b), b.p. 128°/14 mm., nj 1.507.

Reaction took place at once. The reaction-flask warmed up as the ketene was in-
troduced, and reached 100° as the reaction progressed. The reaction-product was.
distilled, giving 19.7 g. of o-allylphenyl acetate, b.p. 110-110.5° (11 mm.), nj 1.5085.
This is 749, of the theoretical. Presumably this yield could be increased to 90-95%,
without difficulty (see Table I). Physical constants previously recorded (12) are:
b.p. 117-118° (15 mm.), 123-124° (20 mm.), ng 1.508. A run in which sulfuric'acid
was omitted gave no reaction at room temperature. )

Acetylation of other phenols. The above procedure was typical of that adopted.for
other phenols. The reaction was exothermic in all cases, and the reaction-mixture
with o-allyl-p-cresol became so hot (180°) that external cooling was advisable,
Ordinarily, no solvent was employed, but with o-allyl-p-bromophenol 30 cc. of dry
petroleum ether was present. The data for the acetylation of four phenols are col-
lected in Table I. Two of these acetates are new compounds, analyzed as follows.

o-Allyl-p-bromophenyl acetate: Anal. Cale’d for CnHyuBrO,: Br, 31.47; M.R.
58.80. Found: Br, 31.34, 31.59; M.R. 58.81.
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o-Crotylphenyl acetate: Anal. Cale’d for CioH,,0,: C, 75.76; H, 7.42; M.R. 55.20.
Found: C, 75.85; H, 7.49; M.R. 55.84.

o-(8-Methylallyl)phenyl acetate. This ester was prepared by refluxing 30 g. of
o-(-methylallyl)phenol with 41.4 g. of acetic anhydride for two hours. It wasthen
dissolved in 100 cc. of ether, extracted with 5% sodium hydroxide solution, dried,
and distilled. About 27 g. was collected at 122-123° (15 mm.); n5 1.5175. Bartz,
Miller, and Adams (13) listed these constants: b.p. 98° (6 mm.); nh 1.5177.

Acetylation wag tried also with ketene. When one drop of sulfuric acid was added
to 30.6 g. of o-(8-methylallyl)phenol the liquid became very warm. Ketene was
passed in for two hours. Distillation at 12 mm. gave these fractions: (b.p., g.) 76~
100°, 15.9; 100-115°, 3.1; 115-116°, 12.8; residue, 2 g. The last fraction was the acetic
ester. Redistillation of the first fraction, after washing it with sodium hydroxide
solution, yielded 11 g. of material boiling mostly at 83.5-85° (16 mm.); np 1.5175.
For 2,2-dimethylcoumaran, these constants are recorded (13): b.p. 62° at 7 mm.;
ny 1.5190.

o-(v, y-Dimethylallyl)phenol with ketene. Ketene was passed into 31.7 g. of the
above phenol to which had been added one drop of sulfurie acid. Distillation under
reduced pressure gave approximately 21.8 g. of 2,2-dimethylchroman and 10.4 g. of
o0-(y,vy-dimethylaliyl)phenyl acetate, b.p. 134-135° (12 mm.), ns 1.5105, d%° 1.019.
M.R.: Calc’d, 59.82; Found, 60.00.

Anal. (By E. M, Washburn)

Cale’d for C13H1405: C, 76.44; H, 7.89. Found: C, 76.66; H, 8.13.
o-Allylphenol and ascaridole. Four grams of o-allylphenol and 0.5 g. of ascaridole
wére heated at 100° for two days. There was 0.5 cc. of alkali-insoluble material,
b.p. 122-130° (33 mm.), np 1.5270, chiefly 2-methylcoumaran.

RING CLOSURE OF THE ACETIC ESTERS
o-Allylphenyl Acetate and Hydrogen Bromide

With hydrogquinone. A mixture of 8 g. of ¢-allylphenyl acetate, 0.15 g. of hydro-
quinone, and 10 ce. of dry carbon tetrachloride gave a negative test (14) for peroxides
with crystals of ferrous ammonium sulfate and 109, ammonium thiecyanate. The
mixture was cooled in a 15-mm. tube to —78° and hydrogen bromide, prepared by
the action of 3 ce. of liquid bromine on 15 cc. of boiling tetralin, was passed in. The
tube was sealed and allowed to stand at room temperature for thirty-eight hours,
after which it was opened, the solvent removed, and the reaction-mixture was taken
up with dilute sodium hydroxide solution. The alkali-insoluble layer was separated,
and refluxed for two hours with a solution of 5 g. of potassium hydroxide in 25 cc. of
water and 50 cc. of 95% alcohol. The product was extracted with ether, dried over
calcium chloride, and distilled at 15 mm. At 80-81° 1.8 g. (309 yield) of 2-methyl-
cormaran was collected; nh 1.5309. The residue weighed 0.5 g.

With air. Ten grams of o-allylphenyl acetate in 54 cc. of dry carbon tetrachloride
was shaken with air at —8°. Then an excess of hydrogen bromide was passed in
during forty-five minutes. The solvent was distilled off, and the mixture worked up
as before. The chroman obtained weighed 2.3 g. (309 yield), b.p. 95-96° (13 mm.);
ny 1.5438. Acidification and extraction of the aqueous alkaline solution remaining
after ether extraction gave 2.3 g. of o-allylphenol, b.p. 97-98° (12 mm.), n} 1.5430.

With ascaridole. To10g. of o-allylphenyl acetate and 0.8 g. of ascaridole disselved
in 45 cc. of dry carbon tetrachloride at 0° was added an excess of hydrogen bromide
during forty-five minutes. The mixture was treated as in the preceding run. The
product was dried over ealcium chloride and distilled at 15 mm. About 0.7 g. was
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collected at 85-95°, then 4.4 g. (57%) of chroman was collected at 95-96°; na 1.5472,
The residue weighed 2 g.

o-Allyl-p-tolyl Acetate and Hydrogen Bromide

With hydroguinone. Ten grams of o¢-allyl-p-tolyl acetate in 30 cec. of carbon
tetrachloride was placed in a 20-mm. Pyrex tube. To this was added 0.2 g. of hy-
droquinone and five drops of thiophenol. The mixture was cooled to 0° and satu-
rated with hydrogen bromide, after which the tube was sealed and left for three
days. The contents were worked up as outlined above. Distillation at 13 mm.
gave 2.5 g. of 2,5-dimethylcoumaran at 95-96°, nh 1.5265. Also, 0.4 g. (nh 1.5265)
was collected at 96-97° and 0.2 g. (nh 1.5265) at 97-103°, The total distillate
corresponds to a yield of 40%. The reported values (l¢) for 2,5-dimethylcou-
maran are: b.p. 99-99.5° (14 mm.), np 1.5251, n'57 1,528,

With ascaridole. To 10 g. of o-allyl-p-tolyl acetate, 0.5 g. of asearidole and 30 cc.
of carbon tetrachloride at 0° was added an excess of hydrogen bromide. The reac-
tion-mixture was set aside for seven hours and again saturated with hydrogen bro-
mide at 0°. After standing overnight at room temperature the product was worked
up in the usual manner. The product was 3.0 g. of liquid, b.p. 110-111° at 15 mm.,
ny 1.5355. Another 0.5 g. of distillate was collected at 111-112° (15 mm.), n} 1.5382,
and there was 2 g. of residue. The 3.5 g. of product make up a 449, yield. The
physical constants suggest that the product was mainly 6-methylchroman with a
small amount of 2,5-dimethylcoumaran. Reported physical constants (le, 15) for
6-methylchroman are: n's® 1.542; b.p. 107° (12 mm.). The low refractive index of
the above material may be influenced a little by a trace of ascaridole, since this distils
at 115° (15 mm.), n) 1.4743.

o-Allyl-o-tolyl Acetate and Hydrogen Bromide

With hydroquinone. Ten grams of the above ester, 0.2 g. of hydroquinone, and
30 cc. of carbon tetrachloride were placed in a Pyrex tube, cooled to 0°, and saturated
with hydrogen bromide during thirty minutes. The tube was sealed and allowed to
stand at room temperature for forty-eight hours, and the product was worked up in
the usual manner, Distillation at 15 mm, yielded 0.2 g. at 90-95° (np 1.5250), 1.6 g.
at 90-96° (np 1.5288), 0.8 g. at 96-105° (np 1.5288), and 2.4 g. of residue. The dis-
tillate (31% yield) was chiefly 2,7-dimethylcoumaran, for which the reported con-
stants (lc, 16) are: b.p. 92-92.5° (13 mm.), n'5% 1.530. A small amount of phenolic
material (1.5 g.) remained after acidifying the alkaline solution and extracting with
ether.

With benzoyl peroxzide. This run was identical with the preceding, except that
0.2 g. of benzoyl peroxide was used in place of the hydroquinone. Distillation at
15 mm. produced 1.4 g. at 105-105.5° (np 1.5380), 1.4 g. at 106-108° (n2 1.5420), and
3.2 g. of residue. The 2.8 g. represented 36.5%, of the theory. The reported con-
stants (1a) for 8-methylchroman are: b.p. 114-116° (20 mm.), nh 1.542.

o-Allyl-p-bromophenyl Acetate and Hydrogen Bromide

With hydroguinone. In this experiment 16 g. of the above ester, 0.6 g. of hydro-
quinone, and 50 cc. of carbon tetrachloride in a Pyrex tube were treated at 0° with
an excess of hydrogen bromide. The tube was sealed and allowed to stand at room
temperature for twenty-four hours, then opened and the carbon tetrachloride dis-
tilled off. The brown oil which remained was refluxed for two hours with a mixture
of 6 g. of potagsium hydroxide and 100 ce. of 85%, alcohol. The alcohol was evapo-
rated on the water-bath, 150 cc. of water was added, and the product was extracted
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with ether, dried, and distilled under diminished pressure. From the aqueous ex-
tract, 2 g. of o-allyl-p-bromophenol was recovered. The distillate became blue on
standing, indicating the presence of some of the phenol. Hence, it was dissolved
in ether and washed with two 20-cc. portions of Claisen’s alkali. On drying and re-
distillation, 8.5 g. of material was collected between 142-144° (20 mm.), n 1.5725,
df 1.430, compared with the literature values (la, 1b) for 2-methyl-5-bromocouma-
ran: b.p. 139-140° (18 mm.); ng 1.570; d; 1.434, 1.403.

With benzoyl perozide. An excess of hydrogen bromide was passed into a mixture
of 16 g. of o-allyl-p-bromopheny! acetate, 1.2 g. of benzoyl peroxide, and 50 cc. of
carbon tetrachloride at 0°. The reaction-mixture was carried through the same
procedure as in the preceding experiment, including treatment with Claisen’s alkali
and a second vacuum distillation. 6-Bromochroman was formed in 719, yield
9.5 g.); b.p. 149-150° (22 mm.), n5 1.5850, d® 1.467. M.R. (Cale’d) 47.37, M.R.
(Obs.) 47.56. Valuesin the literature (1a, 1b) for 6-bromochroman are: b.p. 143-144°
(18 mm.), np:1.580, dys:1.465. About 0.5 g. of o-allyl-p-bromopheno! was recovered.

0-Crotylphenyl Acetate and Hydrogen Bromide

With hydroquinone. Five grams of o-crotylphenyl acetate, 0.5 g. of hydroquinone,
and 40 ce. of carbon tetrachloride were treated with an excess of hydrogen bromide
at 0°. The tube was sealed, and after twenty-four hours the reaction-product was
worked up as in the previous experiment. There was obtained 0.3 g. of liquid, b.p.
224° (micro method), ny 1.5325. Harries (17) reported for 2-methylchroman, b.p.
224-225°. There was recovered 2.9 g. of crotylphenol arising from hydrolysis of un-
reacted o-crotylphenyl acetate.

With benzoyl perozide. One gram of benzoyl peroxide was added to a solution of
5 g. of o-crotylphenyl acetate in 40 cc. of carbon tetrachloride. The mixture was
treated with hydrogen bromide exactly as in the preceding experiment. Distillation
gave 1.6 g. of 2-methylchroman, b.p. 92-94° (10 mm. ), np 1.5335-1.5340. The slightly
colored distillate was washed again with 109 sodium hydroxide solution and redis-
tilled from a small molecular still. Constants: b.p. (micro method) 224°; n} 1.5325;
dP 1.034; M.R. (Calc’d) 44.22, (Obs.) 44.34.

This produet appeared to be identical with that obtained in the preceding experi-
ment. Both liquids gave a red color with concentrated sulfuric acid as observed by
Claisen (8). The boiling point is somewhat lower and the refractive index slightly
higher than recorded by Baker and Walker (18), who gave b.p. 100-102° (11 mm.),
ny® 1,532, Stoermer and Schaffer (19) gave for the boiling point, 223°.

o-(8-Methylallyl)phenyl Acetate and Hydrogen Bromide

With hydroguinone. Ten grams of the above ester, 1 g. of hydroquinone, and 50 cc.
of dry carbon tetrachloride were saturated at —5° with hydrogen bromide. After
standing at room temperature in a sealed tube for twenty-four hours the products
were worked up as before by hydrolysis with hot alcoholic potash, removing the
alcohol, ether extracting, washing the ether extract with Claisen’s alkali, and dis-
tilling. There was obtained 2.7 g. of liquid, b.p. 102-104° (15 mm.), n 1.5335, d%
1.004. This was presumably 3-methylchroman rather than 2,2-dimethylcoumaran:
b.p. 83-83.5° (16 mm.); n5 1.5190; d2 0.996. Two grams of o-(8-methylallyl)phenol
was recovered. The 3-methylchroman was -analyzed.

Anal. Calc’d for CioH:20: C, 81.04; H. 8.16.

Found: C, 81.00; H, 8.18.
With benzoyl perozide. Ten grams of the above ester, 1 g. of benzoyl peroxide,
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and 50 cc. of carbon tetrachloride were treated with hydrogen bromide as in the pre-
ceding experiment, The distillate weighed 2.8 g., b.p. 102-104° (16 mm.), np 1.5335,
da 1.013. This material is evidently the same as that obtained when the reaction
was carried outin the presence of hydroquinone. The yield was 369, of the theoreti-
cal; 2.2 g. of the original phenol was recovered.

o-(v,v-Dimethylallyl) phenyl Acetate and Hydrogen Bromide

With benzoyl peroxide. Five grams of this ester, 0.5 g. of benzoyl peroxide and
30 cc. of carbon tetrachloride were placed in a Pyrex tube through which was passed
a stream of oxygen for five minutes, followed by saturation with hydrogen bromide
at 0°. The tube was sealed and alloweq to stand overnight at room temperature.
The reaction-mixture was worked up in the usual manner. Upon distillation, 1.8 g.
(46%) of a clear liquid was obtained: b.p. 102-102.5° (15 mm.); ny 1.5270-1.5275;
d; 1..07. This material appears to be 2,2-dimethylchroman for which Claisen (20)
has reported the following physical constants: b.p. 98-98.5° (11.5 mm.), d 1.009.

With hydroquinone. Excess hydrogen bromide was passed into an ice-cold mixture
of 5 g. of 0-(v,v-dimethylallyl)phenyl acetate, 0.7 g. of hydroquinone, and 30 cc. of
carbon tetrachloride. The treatment was as in the preceding experiment. The
product weighed 2.1 g. and possessed these constants: b.p. 102-103° (16 mm.); np
1.5275-1.5285; d% 1.009. This liquid appeared to be essentially the same as that
obtained in the other experiment where benzoy! peroxide was present.

SUMMARY

Directed ring closure of o¢-allylphenols to 5-membered or 6-membered
heterocyclic rings has been achieved with o-allylphenol, o-allyl-p-cresol,
o-allyl-o-cresol, and o-allyl-p-bromophenol. For this purpose, the phenolic
hydroxyl was protected by acetylation. Then a little hydroquinone was
added, to maintain peroxide-free conditions, if coumarans were desired.
If chromans were desired, oxygen or some peroxide was introduced. In
both reactions, hydrogen bromide effected the ring closure.

Acetylation of these phenols and also of o-crotylphenol was performed
in 90-969, yields by ketene in the presence of a trace of sulfuric acid.

o-Crotylphenyl acetate, o-(3-methylallyl)pheny! acetate, and o-(y,y-
dimethylallyl)phenyl acetate reacted with hydrogen bromide to give
chromans regardless of whether peroxide conditions or peroxide-free con-
ditions were maintained.

Acetylation of o-(8-methylallyl)phenol by acetic anhydride proceeded
smoothly, but acetylation by ketene and a trace of sulfuric acid promoted
a concurrent isomerization to 2,2-dimethylcoumaran.

Acetylation of o-(v,y-dimethylallyl)phenol by ketene and a trace of
sulfuric acid yielded 2,2-dimethylchroman and o-(y,y-dimethylallyl)-
phenyl acetate, the former predominating,

o-Allyl-p-bromophenyl acetate, o-crotylphenyl acetate, o-(v,y-dimethyl-
allyl)phenyl acetate, and 3-methylchroman are new compounds.

EvansTon, ILL.
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FRIEDEL AND CRAFTS REACTION. II.

THE CONDENSATION OF ortho- AND meta- DICHLOROBENZENE
WITH CHLOROFORM AND CARBON TETRACHLORIDE

STANLEY D. WILSON anp YUAN-YING CHENG
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Triphenylmethane derivatives with two or more halogen atoms on each
of the three benzene rings were needed in one of our studies. A search of
the literature indicated that while numerous triphenylmethane compounds
with two or more halogens on one or two of the three rings have been
prepared, there was no report of any with two or more on each of the three
rings. Norris and Green (1) attempted to prepare this type of compound
by condensing p-dichlorobenzene with carbon tetrachloride in the presence
of aluminum chloride with carbon disulfide as a solvent. They obtained
only tetrachlorobenzophenone chloride.

In a previous paper from this laboratory (2), we have shown that in
the absence of solvents p-dichlorobenzene will condense with chloroform
to give the expected hexachlorotriphenylmethane. But with carbon
tetrachloride the product of the reaction is 1,4,7,9-tetrachloro-9-(2,5-
dichlorophenyl)fluorene (I) if the reaction is carried out at 55°, while if
the reaction is carried out at room temperature the product is the tetra-
chlorobenzophenone chloride.
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We have recently extended this study to include the condensation of
the 0- and m-dichlorobenzenes with chloroform and carbon tetrachloride.
Further study of these compounds is planned, but the disturbed conditions
in China, together with the approaching furlough of the senior author
leads us to make a record of our present results.

o-Dichlorobenzene condenses with chloroform in the absence of solvents
and in the presence of aluminum chloride to give a product which is prob-
ably 3,4,3’,4',3",4"-hexachlorotriphenylmethane (II), though the struc-
ture 2,3,2',3’,2”,3"- has not been definitely 'ruled out for this com-
pound.

m-Dichlorobenzene under similar conditions gives a product which is
most probably 2,4,2’,4/,2" ,4"-hexachlorotriphenylmethane (III), since,
when carbon tetrachloride condenses with this dichlorobenzene under the
same conditions, it gives a known tetrachlorobenzophenone with the
chlorines in the 2,4,2’,4’ positions.

When these dichlorobenzenes are treated with carbon tetrachloride in
the absence of solvents and in the presence of aluminum chloride we have
so far obtained only derivatives with two benzene rings rather than those
with three rings attached to the central carbon atom. With the ortho
compound the product first formed was probably 3,4,3’,4’-tetrachloro-
benzophenone chloride, but the purification of this product proved some-
what difficult, and in this process it was hydrolyzed to give the correspond-
ing tetrachlorobenzophenone. However, it is possible that the chlorine
atoms in these two compounds occupy positions 2,3,2/,3’,

On the other hand, the product from m-dichlorobenzene was purified
without hydrolysis, and proved to be 2,4,2’,4'-tetrachlorobenzophenone
chiloride.

We have thus found it possible to obtain triphenylmethane derivatives
with each of the three dichlorobenzenes when we condense them with
chloroform in the presence of aluminum chloride and in the absence of
solvents. But when carbon tetrachloride is used, it has been proved
possible only with p-dichlorobenzene to obtain a compound with three
benzene rings joined to the central carbon atom. However, one molecule
of hydrogen chloride splits off between two of these rings to give a fluorene
compound. With the o- and m-dichlorobenzenes, only two rings have
been joined to the central atom. We are carrying on further work to
enable us to determine the conditions under which the triphenyl com-
pounds can be obtained, and to determine why these condensations with
carbon tetrachloride take a course different from that taken when chloro-
form is used.
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EXPERIMENTAL

The chloroform, carbon tetrachloride, and aluminum chloride employed were ob-
tained from E. Merck, Darmstadt. The dichlorobenzenes were from the Eastman
Kodak Company and were employed without further purification.

Condensation product with o-dichlorobenzene and chloroform (III). Our best
vields were obtained as follows. To a mixture of 7 g. of chloroform and 26 g. of
o-dichlorobenzene was added 10 g. of powdered anhydrous aluminum chloride.
This was heated at 55-60° for eight hours. Condensation at higher temperatures
gave chiefly tarry products while at lower temperatures the reaction was slow. On
cooling, the reaction-product solidified. This was broken up and poured into cold
water. The mixture of water and solid was extracted three times with ether. The
ether solution was washed with dilute hydrochloric acid to remove aluminum com-
pounds, and finally with water. On evaporation of the ether, a reddish-yellow
liquid remained. On standing two weeks, abundant crystals separated from this
oil. These were washed with small portions of acetone and finally recrystallized
from hot acetone. The final product consisted of white ecrystals in the form of
elongated microscopic plates with beveled sides and square ends, m.p. 160.5-162°.
The yield was 15% of that calculated from the chloroform used. These crystals
were soluble in hot benzene, ether, and acetone.

Anal. Cale’d for CisH1oCls: C, 50.57; H, 2.24; Cl, 47.19.

Found: C, 50.82; H, 2.25 (semi-micro); Cl, 47.04 (semi-micro bomb).

2,4,2',4',2” 4”-Hexzachlorotriphenylmethane (III). This was prepared from
chloroform and m-dichlorobenzene, as above, except that the best yields were ob-
tained by heating at 60-65° for 12-14 hours. The condensed mass was a dark red,
viscous liquid. This was poured into cold water, the mixture was then extracted
with ether, and the ether solution washed first with dilute hydrochloric acid and
finally with water. On evaporation of the ether a red liquid was obtained. This
was purified in two different ways. On treatment with alecohol, one fraction of the
oil dissolved. The alcohol solution was then diluted with water, when white crystals
separated. The second method consisted in washing the original oil with acetone.
The colored portion dissclved in the acetone and a white residue remained. The
two white products proved to be the same substance, which was further purified
by reerystallization from hot acetone, to give characteristic white crystals that
melted at 227-228.5°. The yield was 18% of the calculated. These crystals are
soluble in benzene, toluene, ether, acetone, and alcohol.

Anal. Cale’d for CisH1oCls: C, 50.57; H, 2.24; Cl, 47.19.

Found: C, 50.88; H, 2.28 (semi-micro); Cl, 46.90 (semi-micro bomb).

Condensation product of o-dichlorobenzene and carbon tetrachloride. In this re-
action, the condensation was carried out between carbon tetrachloride and somewhat
more than three equivalents of o-dichlorobenzene in the presence of powdered
anhydrous aluminum chloride. Many runs were made, with the time varying from
2 to 24 hours and temperature varying from 20° to 100°, in efforts to obtain products
with three rings on the methane carbon, but only products with two rings resulted.
These products were gummy and proved difficult to purify except by treating with
hot 95% alcohol, which caused hydrolysis of the chlorine on the methane carbon,
and gave the ketone as the final product. This ketone was isolated by treating the
gummy products with hot alcohol and diluting the alcohol solution with water, when
white crystals separated. By recrystallization from hot alcohol or hot acetone, the
pure white, flat, rod-shaped crystals were obtained, m.p. 141-142°. The yield was
409, of the theory, based on carbon tetrachloride used.
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Anal. Cale’d for Ci1:H,C1,0: C, 48.77; H, 1.89; Cl, 44.33.
Found: C, 49.04; H, 1.88 (semi-micro); Cl, 44.44 (semi-micro bomb).
2,4,2’,4'-Tetrachlorobenzophenone chloride. Attempts here were again made to
obtain products with three rings on the methane carbon, but without success, even
though the temperature was varied from 60-140° in various rung, and the time of
heating extended from 2 to 24 hours. In all experiments, carbon tetrachloride was
treated with somewhat more than 3 equivalents of m-dichlorobenzene in the presence
of powdered anhydrous aluminum chloride. The product of the condensation was
poured into cold dilute hydrochloric acid. The aluminum compounds dissolved,
leaving slightly pinkish crystals, which were washed with cold water followed by
small amounts of cold alecohol, and were finally recrystallized from hot acétone,
giving crystals in the form of white plates, m.p. 139-140.5°. Here the yield was
60% of the theory, based on carbon tetrachloride used. Jaeger (3) reports that this
compound melts at 140°.
Anal, Cale’d for Ci1sHCly: C, 41.62; H, 1.61; Cl, 56.78.
Found: C, 41.73; H, 1.89; CI, 56.50.
All these compounds proved to be difficult to decompose in the sodium peroxide
bomb.,

SUMMARY

1. 0~ and m-Dichlorobenzene have been condensed with chloroform in
the presence of aluminum chloride and in the absence of solvent to give
the corresponding hexachlorotriphenylmethane. These compounds are
new.

2. o0-Dichlorobenzene, when condensed with carbon tetrachloride in the
presence of aluminum chloride as above, gave a tetrachlorobenzophenone
chloride which most probably has the chlorine in the 3,4,3',4’ positions.
During purification this was hydrolyzed to tetrachlorobenzophenone.
This is also a new compound.

3. m-Dichlorobenzene with carbon tetrachloride gave 2,4,2',4'-
tetrachlorobenzophenone chloride.

Prrring, CHINA
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Coincident with the recent developments in the field of clinical radiog-
raphy, a demand has arisen for suitable contrast agents. Various organic
iodine derivatives have attained a prominent position in this capacity.
The sucecess attending the use of sodium o-iodohippurate (Hippuran)
suggested a study of other iodinated hippuric acids.

The first phase of this study, ¢.e., the synthesis of the desired iodo-
hippurie acids, is the subject of this and other reports to be published
later. The pharmacological and radiological investigations of these de-
rivatives are problems for subsequent studies.

With o-aminobenzoic acid as the starting point, 2,5- and 3,5- diiodo-
hippuric acids were synthesized as indicated below:

I COOH [ COOH [ OCl I CONHCH,COOH
— — —
Ve NH, I I 1
/

COOH

NH,
\ I COOH [ COOH I OoCl I CONHCH,COOH
—_— — —
NH.
1 I 1 I

while 3,4-diiodohippuric acid was obtained from p-aminobenzoic acid
through the following steps:

COOH COOH COOH
—_ — —
H:N H:N I
1 1

1 From a portion of a thesis submitted by James H. Hunter in partial fulfilment
for the degree of Doctor of Philosophy, August, 1938.
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OCl CONHCH,COOH
—
I I
I I

The preparation of 2-amino-5-iodobenzoic acid has been effected by a
number of different methods. Grothe (1) prepared it as early as 1878
by reduction of the corresponding nitro-iodo acid; Wheeler and Liddle
(2) by acid hydrolysis of 2-acetamino-5-iodobenzoic acid; Wheeler and
Johns (3) by the action of finely powdered iodine on a solution of anthranilic
acid in potassium hydroxide; Schoeller and Hueter (4) by treating the
anhydride of 5-hydroxymercuri-anthranilic acid with iodine in potassium
hydroxide; and Borsche, Weussmann, and Fritzsche (5) by the action of
iodine monochloride on an acetic acid solution of anthranilic acid?.

The method of Wheeler and Johns (3) appeared to afford a convenient
means of preparing 2-amino-5-iodobenzoic acid for our study. However,
in our experience, this method proved unsatisfactory owing to an extremely
contaminated crude product and low yields. By chance, our attention
was attracted to a reaction between anthranilic acid and nascent iodine?.
Based on this reaction, we have developed a satisfactory method for the
preparation of this amino-iodobenzoic acid. It is not without interest
to mention that 2-amino-5-iodobenzoic acid can also be prepared by
application of the iodination method of Datta and Prosad (6). This
procedure was not critically studied; however, in our preliminary experi-
ments, the yields were found to be low.

2-Amino-5-iodobenzoic acid was converted into the 2,5-diiodo acid by
diazotization and treatment of the diazonium compound with aqueous
potassium iodide according to the directions of Wheeler and Johns (3).
This acid, upon treatment with thionyl chloride, readily yielded the cor-
responding acid chloride, and the latter, when shaken with glycine in
the presence of dilute sodium hydroxide, gave the sodium salt of 2,5-diiodo-
hippuric acid. The free acid was liberated from the sodium salt by treat-
ment with dilute mineral acid.

2-Amino-3,5-diiodobenzoic acid, the essential intermediate for the
synthesis of 3,5-diiodohippuric acid, has been prepared by iodinating
2-amino-5-iodobenzoic acid with iodine monochloride (3), and by the

2 Since the completion of this work, a detailed procedure for the preparation of
2-amino-5-iodobenzoic acid has appeared in Organic Syntheses, John Wiley and
Sons, New York City, 1989, Vol. XIX, p. 52.

3 A brief description of this method of iodination is given by Kempf in Houben’s
“Die Methoden der organischen Chemie,’’ Georg Thieme, Leipzig, 1928, Zweite
Auflage, Vol. III, p. 877.
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action of two moles of this reagent on o-aminobenzoic acid in dilute hydro-
chloric acid (3). Preparation of this acid for our purpose was based on
the latter method.

Wheeler and Liddle (2) originally obtained 3,5-diiodobenzoic acid by
diazotizing 4-amino-3,5-diiodobenzoic acid and decomposing the resulting
diazonium compound with boiling alcohol. Later (7) they reported
the preparation of this acid from 3-iodo-5-aminobenzoic acid. We have
used a procedure of Wheeler and Johns (3), based on the deamination of
2-amino-3,5-dilodobenzoic acid. From 3,5-diiodobenzoic acid, 3,5-di-
iodohippuric acid was obtained by the aforementioned procedure for the
isomeric 2,5-diiodohippuric acid.

3-Iodo-4-aminobenzoic acid was first prepared by hydrolysis of 3-iodo-
4-acetaminobenzoic acid (2). In 1909, Wheeler and Liddle (2) reported
that 3-iodo-4-aminobenzoic acid could be prepared by passing the vapors
of iodine monochloride into a solution of p-aminobenzoic acid in cold,
concentrated hydrochloric acid. We sought to employ the latter method
for producing this acid. In spite of repeated attempts, we were unable
to repeat their preparatory directions, and it was necessary to modify
their procedure by using glacial acetic acid rather than concentrated
hydrochloric acid. With this modification, 3-iodo-4-aminobenzoic acid
was prepared, although in poor yields.

An attempt to apply the method developed for the preparation of
2-amino-5-iodobenzoic acid, i.e., iodination with nascent iodine? to the
preparation of the isomeric 3-iodo-4-aminobenzoic acid naturally suggested
itself. While a small amount of the latter compound was obtained by
adapting this method to p-aminobenzoic acid, the principal product formed
was 2,4-diiodoaniline. Preliminary experiments on the iodination of
p-aminobenzoic acid with elementary iodine in the presence of ammonia
(6) gave no promise of being satisfactory. Efforts to iodinate p-amino-
benzoic acid by treatment with the calculated quantities of potassium
iodide and potassium iodate in dilute sulfuric acid were likewise unsuccess-
ful. For use in the present investigation, 3-iodo-4-aminobenzoic acid
was prepared both by the action of gaseous iodine monochloride on an
acetic acid solution of p-aminobenzoic acid, and by the action of nascent
iodine on aqueous potassium p-aminobenzoate. Neither of these methods
may be regarded as practical.

3-Iodo-4-aminobenzoic acid gave, upon diazotization and treatment
with aqueous potassium iodide, the corresponding diiodo acid (2). This
acid has also been prepared by Wheeler and Johns (8) from 2-amino-4,5-
diiodobenzoic acid. Conversion of 3,4-diiodobenzoic acid into its chloride
and the latter into 3,4-diiodohippuric acid was effected in a manner similar
to that mentioned above for the 2,5-diiodo derivative.
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Iodine was estimated, in most cases, by alight modifications of the
official method described for tetraiodophenolphthalein (9). A potenti-
ometric method was used for analysis of the iodo acid chlorides. In brief:
A sample of the compound was decomposed by fusing with anhydrous
sodium carbonate and the fusion filtrate, in excess dilute sulfuric acid,
titrated with N/10 silver nitrate using a silver-silver chloride indicator
electrode and a reference electrode of mercurous sulfate. Molecular
weight determinations were made by titration of an alcoholic solution of
the appropriate compound in accordance with a recognized procedure for
neutral equivalent determinations (10).

EXPERIMENTAL

2-Amino-6-iodobenzoic actd. With mechanical stirring, 25 g. (0.184 mole) of re-
crystallized anthranilic acid (m.p. 145°)* was dissolved in a solution of 16.9 g. of stick
potassium hydroxide in 500 cc. of water contained in a 2-liter beaker. A solution of
46.5 g. (0.184 mole) of iodine in 250 cc. of water containing 24.75 g. of stick potas-
sium hydroxide was slowly run into the well-stirred potassium anthranilate solution.
After one minute, 100 cc. of glacial acetic acid was quickly added and the reaction-
mixture immediately diluted with 500 cc. of water. A dark precipitate began to
appear almost at once; stirring was continued for one hour, during which time this
precipitate assumed a light brown color. After standing undisturbed for two hours,
excess iodine was removed by adding 25 ce. of 15% sodium bisulfite and thoroughly
agitating. The mixture was allowed to stand a short while. The precipitate was
collected, repeatedly washed with water and air-dried. Yield of crude product,
41.69 g. (86.8%). One crystallization from dilute alcohol gave, after working up the
mother liquor, 34.84 g. (72.2%) of a pure product melting at 210-211.5°. A portion of
this product, when mixed with an authentic specimen of 2-amino-5-iodobenzoic acid,
caused no depression of the melting point of the latter. Identity of our product was
further confirmed by converting it into 2, 5-diiodobenzoic acid, and identifying the
latter by a mixed melting point with a known sample of this diiodobenzoic acid.
Several repetitions of this preparatory procedure with different amounts of starting
materials gave equally good yields.

8,5-Diiodobenzaic acid. This compound was prepared in good yields according to
the directions reported by Wheeler and Johns (3). The alkali-acid purification step
described by these investigators was omitted. The crude product was directly
crystallized from dilute alcohol. Thus, from 15.0 g. (0.0593 mole) of 2-amino-5-
iodobenzoic acid, 17.8 g. (83.6%) of crude 2,5-diiodobenzoiec acid was obtained.
Crystallization from dilute aleohol gave 14.6 g. (68%) of the pure compound, m.p.
180.5-181.5°%,

2,5-Diiodobenzoyl chloride, TFifty grams (0.134 mole) of pure 2,5-diiodobenzoic
acid was treated with 50 cc, of thionyl chloride (Eastman’s ‘Practical’’) and the
mixture gently refluxed on a steam-bath for two hours, Excess thionyl chloride was
distilled from a steam-bath and the residue crystallized from carbon tetrachloride.

4 All melting points are uncorrected.

§ Wheeler and Johns (3) reported a quantitative yield for the crude diiodo acid;
the yield of purified acid, m.p. 183°%, is not reported. Following their procedure, we
have obtained, after purification, an acid melting at 181° instead of 183°.



SYNTHESIS OF IODOHIPPURIC ACIDS 231

After washing once with petroleum ether, the pale yellow erystals melted at 93-95°.
Yield: 45 g. (85.8%). For analysis, the compound was recrystallized from carbon
tetrachloride. This gave pale, yellowish-green needles, melting at 93-94.5°.

Anal. Cale’d for C;H;ClI,0: I, 64.70; Cl, 9.03.

Found: I, 64.56; Cl, 8.79.

Alkaline hydrolysis of the above compound gave, after acidifying and crystal-
lizing from dilute alcohol, an acid melting at 182.5-183°., When this acid was mixed
with pure 2,5-diiodobenzoic acid no depression of the melting point was observed.

2,6-Diiodohippuric acid. Sixteen grams of glycocoll (Eastman) was dissolved in
100 ce. of 5% sodium hydroxide and 20 g. (0.051 mole) of 2, 5-diiodobenzoyl chloride
was added. The mixture was vigorously shaken, whereupon most of the acid chlor-
ide went into solution. The reaction-mixture was diluted with 50 cc. of water
and filtered. The clear, yellow filtrate was poured, with efficient stirring, into a
mixture of 25 ce. of concentrated hydrochloric acid and 150 g. of crushed ice. The
white, gelatinous precipitate was collected, washed, and air-dried. The dry product
was pulverized and extracted with hot ether to remove any 2,5-diiodobenzoic acid
present. Yield: 20.3 g. (92.6%). Crystallization from dilute alcohol gave white
burrs melting at 210.5-211°,

Anal. Cale’d for CoH;I:NOs: N, 3.25; I, 58.67; M.W. 430.9.

Found: N, 3.36; I, 57.53; M.W. 435.9.

8-ITodo-4-aminobenzoic acid. (A) A solution of 3 g. (0.022 mole) of p-aminoben-
zoic acid in 30 ce. of glacial acetic acid was placed in a small suction-flask fitted with
an inlet tube, the lower end of which dipped below the surface of the solution. The
flask was connected to a second small suction-flagk containing 3.5 g. (0.0197 mole)
of iodine monochloride (11) and also fitted with an inlet tube reaching almost to the
bottom. While a current of air was drawn through the system, the iodine mono-
chloride was vaporized by warming on a steam-bath. After all the iodine mono-
chloride had passed over, the reaction-mixture was poured into 150 cc. of water and
allowed to stand for two hours. The brown, flocculent precipitate was collected,
washed with water and air-dried. Yield: 2.1 g. (36.5 per cent) of a substance melting
at 202°. Crystallization from water gave a small amount of a compound melting at
204°. A mixture of this compound and 3-iodo-4-aminobenzoic acid melted at 203-
204°, Repetition of this procedure, using 10 g. of p-aminobenzoic acid and propor-
tional quantities of other reagents, gave a much lower yield (15.6%).

(B) Ten grams (0.073 mole) of p-aminobenzoic acid was dissolved in 200 cc. of
water containing 8 g. of potassium hydroxide. To this was added a solution of
18.6 g. (0.073 mole) of iodine dissolved in 100 cc. of water containing 9 g. of potas-
sium hydroxide. With stirring, 40 cc. of glacial acetic acid was run into the com-
bined solutions and the whole immediately diluted with 190 cc. of water. The mix-
ture was stirred vigorously and allowed to stand overnight. After treating with a
small amount of 15% sodium bisulfite, the brown precipitate was filtered off, washed
with water and air-dried. Yield: 8.85 g. (43.4%).

The crude product was extracted with 40 cc. of 109, ammonia water and the
residue washed with water. The dry, ammonia-insoluble residue weighed 5.04 g.
(26.39%,). Acidification of the ammoniacal extract with acetic acid gave, after long
standing, 2.15 g. (11.2%) of dark crystals melting at 200-201°, Crystallization from
dilute alcohol yielded 1.7 g. (8.85%,) of faintly colored crystals, m.p. 203-204°. Iden-
tity of this product was supported by diazotizing and treating with aqueous potas-
sium iodide; this yielded a product which, after purification, melted at 257-258°.
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Wheeler and Liddle (2) have reported the melting point of 3,4-diiodobenzoic acid
ag 257°.

The ammonia-insoluble product, after crystallizing from dilute alcohol, melted
at 94-96°. It was soluble in dilute sulfurie acid; insoluble in water and alkali.
From these properties, 2,4-diiodoaniline was suspected. Two more crystallizations
from dilute alcohol gave a product which melted at 95.5-96°.

Angl. Cale’d for CH;LN: N, 4.06; 1, 73.6.

Found: N, 4.05; I, 70.22.

Method (B) was carried out under various conditions, particularly of tempera-
ture, but no improvement was observed. Indeed, at temperatures of 0° to 10°,
elementary iodine was deposited.

3, 4-Diiodobenzoic acid was prepared from 3-iodo-4-aminobenzoic acid according
to the procedure of Wheeler and Liddle (8).

8, 4-Diiodobenzoyl chloride. A mixture of 4 g. (0.0106 mole) of 3,4-diiodobenzoic
acid and 10 cc. of thionyl chloride (Eastman’s ‘‘Practical’’) was gently refluxed for
three-fourths of an hour on a steam-bath. Excess thionyl chloride was distilled
from a steam-bath and the residue extracted with four small portions of carbon
tetrachloride. The combined extracts were evaporated to about 3 cc. and chilled.
Separation of the yellow solid was completed by the addition of a small volume of
petroleum ether. The product, after decanting the petroleum ether and drying,
weighed 2.6 g. (62.4%) and melted at 74-76°.

Anal, Cale’d for C;H,C11,0: I, 64.70; C1, 9.03.

Found: I, 64.35; Cl, 9.186.

Hydrolysis of this product gave an acid melting at 258-259°, No depression of the
melting point was observed when this acid was mixed with 3,4-diiodobenzoic acid.

8, 4-Diiodohippuric acid. One and nine-tenths grams (0.0048 mole) of 3,4-diiodo-
benzoyl chloride was added to a hot solution of 2 g. of glycocoll (Eastman) in about
40 cc. of approximately 1% sodium hydroxide. The temperature was held between
85° and 100° for thirty-five minutes. The reaction-mixture was then filtered and
washed. After acidifying the filtrate with concentrated hydrochloric acid, the white
precipitate was collected, washed with water and air-dried. The erude, dry product
was repeatedly extracted with hot ether to remove 3,4-diiodobenzoic acid. The dry,
ether-insoluble residue weighed 1.32 g. (64.0%). Crystallization from dilute alcohol
gave pure white erystals melting at 150-154° after beginning to soften at 148°.

Anal. Cale’d for CoH:I,NO;: N, 3.25; I, 58.67; M.W. 430.9.

Found: N, 3.02; I, 57.61; M.W. 436.8.

2-Amino-3,6-diiodobenzoic acid. The preparation of this compound was based
on the procedure of Wheeler and Johns (3), who treated anthranilic acid in 5% hy-
drochloric acid with aqueous iodine monochloride. In our experience, attempts to
prepare an aqueous solution of iodine monochloride resulted in its prompt decompo-
gition, The following modification was found to be satisfactory. Two hundred
and fifty cubic centimeters of 259, hydrochloric acid contained in a 2-liter beaker
was heated to 80° and stirred mechanically. Twelve and one-half grams (0.091
mole) of recrystallized anthranilic acid was dissolved in this warm solution and a
solution of 29.5 g. (0.183 mole) of iodine monochloride (11) in 30 cc. of 25% hydro-
chloric acid was added. After stirring for one minute, the reaction-mixture was
diluted with 11. of water, whereupon a yellow precipitate began to appear almost at
once. With continued stirring, the mixture was heated at 80-90° for fifteen minutes
and then cooled to 28°. The flesh-colored precipitate was filtered off, washed thor-
oughly with water, and dried in air. The crude product was dissolved in 300 cc. of
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warm (45°) sodium hydroxide and filtered into dilute hydrochloric acid. The floc-
culent precipitate was collected, washed with water, and air-dried. Yield: 17.5 g.
(49.3%), m.p. 226-229°. One crystallization from dilute alcohol, using a little de-
colorizing charcoal, gave 14.0 g. (39.4%) of the crystalline acid melting at 231°.
Wheeler and Johns (3) report yields of 85-90% of crude product. They gave no yield
for the pure compound, m.p. 230-232°,

8,6-Ditodobenzoic acid. This compound was prepared from the foregoing 2-
amino-3, 5-diiodobenzoic acid according to the procedure of Wheeler and Johns (3).

3,56-Diiodobenzoyl chloridet. A mixture of 2.5 g. (0.0067 mole) of 3,5-diiodobenzoic
acid and 5 ce. of thionyl chloride (Eastman’s ‘“‘Practical’’) was gently refluxed on a
steam-bath for three-fourths of an hour, and the excess thionyl chloride distilled.
The residue was crystallized from a small volume of carbon tetrachloride using a
little decolorizing charcoal. Yield: 2.07 g. (79%) of yellow crystals, m.p. 66-67°.
Recrystallization from carbon tetrachloride gave 1.6 g. (60.8%) of crystals melting
at 67-68°,

Anal. Cale’d for C/H,;Cl1,0: 1, 64.70; Cl, 9.03.

Found: I, 64.25; Cl, 8.66.

Hydrolysis of the above compound gave an acid melting at 237.5-238°. When
mixed with a known specimen of 3, 5-diiodobenzoic acid (m.p. 233-234°), the mixture
melted at 236.5-237.5°,

8,5-Ditodohippuric acid®. Five grams of glycocoll (Eastman) was dissolved in
about 100 cc. of approximately 1% sodium hydroxide and the solution warmed to
90°. Four and eight-tenths grams (0.0122 mole) of 3,5-diiodobenzoyl chloride was
added and the mixture shaken vigorously for ten minutes. During this time, the
temperature was kept between 80° and 90°. After cooling slightly, the supernatant
liquid was filtered off. The filtrate was cooled to room temperature, acidified with
concentrated hydrochloric acid, and cooled to 16°. The white precipitate was
collected, washed with water and air-dried. Yield: 1.7 g.7. The crude product was
extracted with hot ether and the ether-insoluble residue crystallized from dilute
alcohol. Yield: 0.95 g. (39.9%) of white crystals melting at 208-209°,

Anal. Cale’d for CoH,I,NO;: N, 3.25; I, 58.67, M.W. 430.9.

Found: N, 3.11; I, 57.88; M.W. 430.9.

SUMMARY

1. A new and practical method has been developed for the preparation
of 2-amino-5-iodobenzoic acid. It was further found that this acid could
be prepared by adapting the iodination method of Datta and Prosad (6)
to anthranilic acid.

2. A new method for the preparation of 3-iodo-4-aminobenzoic acid
by the iodination of p-aminobenzoic acid with nascent iodine? is reported.
The method can not be recommended as practical; the principal product
formed in this reaction was found to be 2,4-diiodoaniline.

¢ This compound is mentioned in English patent 465,994; Chem. Absir., 81, 7446
(1937).

7 Two and one-half grams of impure 3,5-diiodobenzoyl chloride was recovered
after filtering off the supernatant liquid, hence only 2.3 g. (0.00586 mole) of the acid
chloride actually was used in this reaction,
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3. The preparation of 2,5-, 3,4- and 3,5- diiodobenzoyl chlorides, and
conversion of these into the corresponding diiodohippuric acids is de-
scribed in detail.

LArayYeTTE, IND.
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In Argentina, Uruguay, and Brazil, a beverage called maté, an infusion
of the leaves of Ilex paraguariensts, is extensively used as tea. This has
created special interest in this plant material, and as a result, chemical
investigation of its constituents has been undertaken. The writer, working
in this field, has isolated two constituents, namely, a-amyrin and ursolic
acid. From a phytochemical standpoint, the discovery that a-amyrin
occurs in Ilex paraguariensis is significant, as it is the first report of its
oceurrence in a plant of the Aquifoliaceae family, to which Ilex para-
guariensis belongs. The fact that e-amyrin and ursolic acid occur together
in this plant leads to the belief that the plant converts a-amyrin to ursolic
acid. This is in harmony with the findings of Goodson (1), who has shown
that ursolic acid is an oxidation product of a-amyrin.

While this is the first time ursolic acid has been reported as a constituent
of the leaves of Ilex paraguariensis, attention is directed to a paper by
Hauschild (2) in which he reports that he isolated from the leaves of Ilex
paraguariensts a substance that he thought was a sterol, and consequently
named matésterol. However, from a comparison of the analysis and other
descriptive data of Hauschild’s compound with those of ursolic acid, it
appears that the two materials are identical. This is further confirmed by
the fact that in the present work no indications of a typical sterol were
found in the extractives studied.

EXPERIMENTAL

alpha-Amyrin. Chloroform treatment of finely-ground leaves of Ilex para-
guariensis yielded 10% of extractives. A solution of 10 g. of these extractives in
200 cc. of 5% ethanolic potassium hydroxide solution was refluxed for 3 hours.
Water was then added to the solution, and the mixture was extracted with petroleum
ether, The material obtained after the petroleum ether was removed was a yellow,
gemicrystalline mass. Its solution in acetone was decolorized with ecarbon, and
evaporated until crystallization began. The crude crystals melted at 175-178°.
These were recrystallized from acetone (yield 0.43 g.), and then melted at 183-185°.
The purified material had a specific rotation of {a]h + 90.9° (¢ = 0.958 in benzene),

235
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and when it was mixed with an authentic sample of a-amyrin,! there was no depres-
sion of the melting point.

Anal. Cale’d for CyoHsO: C, 84.50; H, 11.73.

Found: C, 84.33; H, 11.91.

alpha-Amyrin acetate. A solution of 0.25 g. of the above a-amyrin in 2.5 ce. of
acetic anhydride was boiled for 30 minutes. As the solution cooled, crystallization
took place, and 0.25 g. of material was obtained, When this was recrystallized
from acetic acid it melted at 217-219° and had a specific rotation of [a]p +76.1°
(¢ = 1.316 in benzene). When the purified substance was mixed with an authentic
sample of a-amyrin acetate, no depression of the melting point occurred.

alpha-Amyrin benzoate. This compound was made by boiling for 30 minutes a
solution of 0.1 g. of a-amyrin and 0.6 ce. of benzoyl chloride in 2.5 cc. of pyridine.
After the reaction-mixture was cooled, it was poured into water, and the mixture
was extracted with ether. The ethereal extract was dissolved in methanol, from
which the benzoate crystallized. It melted at 193-195°, and it did not depress the
melting point of an authentic sample of a-amyrin benzoate.

alpha-Amyrone. This product was prepared from the Ilez a-amyrin according
to the directions of Ruzicka, Muller, and Schellenberg (3). It melted at 123-125°,
and it did not depress the melting point of an authentic sample of amyrone.

The following is a comparison of certain properties of authentic a-amyrin and
some of its derivatives as reported by Professor Ruzicka and the corresponding data
concerning a-amyrin obtained from the leaves of Ilex paraguariensis.

BEN- | AMY-
H, % lelp :fg“.?c‘ lelp ZOATE | RONE
e e M,P., °C. | M.P., °C.

MATERIAL Mp, % | C, %G

a-amyrin Ruzicka..| 176-179] 84.50| 11.73| -+89° | 224-225| +77.° | 195 125
a-amyrin from Ilex
POTe. e 183-185| 84.33| 11.91] +90.9° 221-222| +76.1° 193 125

Ursolic acid. After storage at 0° for some days, an ethereal extract of ground
leaves of Ilex paraguariensis yielded a deposit of crude ursolic acid. An ethanolic
solution of this material was decolorized with carbon and evaporated until it crys-
tallized. Crystals melting at 279-282° were obtained. Upon recrystallization, this
gave a product which melted at 283.5-285°. [alp (¢ = 1.363 in pyridine) was +65.9°.

Ursolic acid diacetate. This compound was prepared by boiling a solution of
50 mg. of the above ursolic acid in 0.9 cc. of acetic anhydride. Upon cooling the
solution, the diacetate crystallized. The product melted at 200-201°, became solid
at 204-205°, and remelted above 300°. Van der Haar (4) reports the first melting
point of ursolic acid as 200-201° and the second melting point as 320-322°.

Monoacetylursolic acid. This substance was prepared by boiling one-half hour
an ethanolic solution of the above diacetylursolic acid. After recrystallization
from ethanol it melted at 283-285°. [a]h (¢ = 0.468 in chloroform) was +861°,

Some of the properties of ursolic acid and derivatives as reported in the literature,

1 The authentic samples of a-amyrin and its derivatives were kindly furnished
by Professor Ruzicka of Zurich.
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the same data obtained with ursolic acid from Ilex paraguariensis, and the recorded
properties of Hauschild’s matésterol follow:

[ MONOACETATE
SUBSTANCE M.P., °C. C,% | H % lalp D:"'gm;'ém _
T I Mup., °Cl) lelp
Ursolic acid......... 284-285| 78.88 | 10.6 | +67.5° | 200-201| 289-290| +62.4°
Ursolic acid from
Hex par........... 283.5-285 65.9° | 200-201| 283-285|+61.°
Matésterol Hau-
schild............. 276-278) 78.14 | 10.7 | 4-65.0° — 274-276| —

a In ethanolic potagsium hydroxide.
b In pyridine.

SUMMARY

Ursolic acid and a-amyrin have been isolated from the leaves of Ilex
DATAGUATIENSLS,

Matésterol described by Hauschild appears to be somewhat impure
ursolic acid.

BUENOS AIRES, ARGENTINA
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The synthesis of a number of 5,5-dialkyl-2-thiobarbituric acids has
been described, and pharmacological and clinical evidence indicates that
some of these compounds may have therapeutic value (1, 2, 3). Since the
N-alkyl substituted barbituric acids, 1-methyl-5-ethyl-5-phenylbarbituric
acid (Prominal) and 1,5-dimethyl-5-(1-cyclohexenyl}barbituric acid (Evi-
pal), exhibited physiological properties that encouraged their use in
medicine, it appeared worth while to prepare a series of analogous 1,5,5-
trialkyl-2-thiobarbituric acids. The preparation, properties, and a
preliminary study of their pharmacodynamic behavior are described in
this report.

A search of the literature revealed that the following related compounds
have been prepared, namely, l-methyl-6-imino-2-thiobarbituric acid
(4-oxy-6-imino-2-thio-1-methylhexahydropyrimidine)(4); 1,3-diphenyl-2-
thiobarbituric acid (5), 1-allyl-5-phenylamino-2-thiobarbituric acid (1-
allyl-2-thio-7-phenyluramil)(6), 1-methyl-3-phenyl-5,5-diethyl-2-thiobar-
bituric acid (7), and 1,3-di-o-tolyl-2-thiobarbituric acid (8).

Among the 5,5-disubstituted barbituric acids, certain alkyl groups may
be introduced on the nitrogen by allowing the sodium salt of the acid to
react with an alkyl halide. A similar procedure with analogous thio-
barbituric acids, according to Tabern and Volwiler (2), forms compounds
in which the third alkyl becomes attached to the sulfur, the products
being semi-solids from which mercaptans are slowly evolved?. Conse-
quently, the best available method for obtaining the desired products
seemed to be the condensation of an appropriate dialkylmalonic or cyano-
acetic ester with an N-alkylthiourea. Thus far we have examined various
compounds obtained by the condensation of nine dialkyl substituted
malonic or cyanoacetic esters with allyl-, methyl-, or ethyl- thiourea.

The reaction between the dialkylmalonic ester and allylthiourea pro-
ceeded quite normally when the customary ratio of reagents was used,
1.e., 1 mole of the malonic ester, 1.6 moles of allylthiourea, and 3 moles of
metallic sodium dissolved in the required quantity of anhydrous ethanol.

1 Present address: University of Maryland, School of Pharmacy, Baltimore,
Maryland.

2 These reactions were independently observed in our laboratories also. Lee,
J. Am. Chem. Soc., 60, 993 (1938) observed similar reactions with 5-monoalkyl-

thiobarbituric acids.
238
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Satisfactory yields of 1-allyl-5,5-dialkylthiobarbituric acids were ob-
tained. However, when methyl-, ethyl-, or phenyl- thiourea was used, a
product was obtained, but it was not the desired trisubstituted thiobarbi-
turic acid. The present evidence indicates that this product may be a di-
alkyl-N ,N'-bis(alkylthiocarbamyl)malonamide, R,C(CONHCS.NHR"),
or, for certain derivatives, a compound derived from it by ring closure.
The preparation, properties, and identification of these compounds are
under investigation.

By varying the relative amounts of reagents used and the conditions of
the reaction, 1,5,5-trialkyl-2-thiobarbituric acids (II), together with
some of the corresponding ea,a-dialkyl-N-alkylthiocarbamylmalonamic
acids (I), have been obtained in the condensation of dialkylmalonic esters
with N-methyl- and N-ethyl- thiourea. It was found that when the
proportion of malonic ester was increased, the proportion of metallic
sodium decreased, and the refluxing prolonged, the yield of desired 1,5,5-
trialkyl-2-thiobarbituric acid became larger. By employing 1.1 moles of
ester, 1 mole of alkylthiourea, and 1.1 moles of metallic sodium (dis-
solved in ethanol), significant quantities of the thiobarbituric acid deriva-
tive can be obtained. Even under these conditions, however, the main
product is accompanied by appreciable amounts of the other two by-
products. For example, when diethylmalonic ester was condensed with
methylthiourea, the following compounds were isolated: «,a-diethyl-N-
methylthiocarbamylmalonamic acid,® and 1-methyl-5,5-diethyl-2-thio-
barbituric acid. The isolation of the above products in varying amounts,
as conditions were altered, indicates that the reaction parallels that sug-
gested by Fischer and Dilthy (9) in the urea series and may be represented
as follows:

R COOCHs R CONHCSNHR'
N R’NHCSNH, /
c RTNEOSNE c
/ \ EtOH .
R’ COOC:H: R’ COOC.H;
I
~o°‘§

R (I)O—ITIR”

AT

R’ CO—NH

11

3 A gimilar compound, a-butyl-a-ethyl-N-p-ethoxyphenylearbamylmalonamic
acid, was obtained by Hjort and Dox, J. Pharmacol., 85, 155 (1929) from ethyl-n-
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EXPERIMENTAL

The malonic and cyanoacetic esters used in this work are all described in the
literature and were purchased when possible, or synthesized by well-known proce-
dures. Allylthiourea was purchased, and the methyl- and ethyl- thioureas were
prepared by a modification of the method described by Slotta and Dressler (10).

1-Allyl-5,6-dialkyl-2-thiobarbituric acids. Diethylmalonic ester was condensed
with allylthiourea according to the usual procedure for barbituric acid synthesis.
The desired 1-allyl-5,5-diethyl-2-thiobarbituric acid was obtained as an oil which
golidified after vacuum distillation and was purified by crystallization from dilute
ethanol, m.p. 97.5-98°. 1-Allyl-5-ethyl-5-isoamyl-2-thiobarbituric acid was ob-
tained in the same manner. The physical properties of these compounds are given
in Table 1.

TABLE I
TRIALKYLTHEIOBARBITURIC ACIDS
2-THIOBARBITURIC ACIDS N “Ng;:‘““'
FORMULA M,P.,°C,

5-Alkyl 5-Alkyl 1-Alkyl Calc'd|Found
Methyl| Isopropyl Methyl | CsHuN,0.8 107-107.5 13.08[13.02
Methyl| 1-Methylbutyl | Methyl | Ci;H1sN:0,S | b.p. 148-150/1 mm. |{11.57|11.00
Methyl| 1-Cyclohexenyl| Methyl | Ci2H;eN:0.8 140-141 11.11)11.19
Ethyl | Ethyl Methyl | CoH,N,0,8 123-124 13.09(13.08
Ethyl | n-Propyl Methyl | CicH1sN:0:8 79-80 12.28/12.30
Ethyl | Isopropyl Methyl | Ci1oH1eN:0.8 104-104.5 12.28]12.12
Ethyl | Isopropenyl Methyl | CioHisN:0.S 94.5-95 12.38(12.64
Ethyl | Isoamyl Methyl | C12H0N20,8 84.5-85 10.94{10.98
Ethyl | Phenyl Methyl | CiHi1N20.8 120-121 10.69(10.67
Ethyl | Benayl Methyl | C1H;eN0.8 119-119.5 10.15(10.11
Ethyl | Benzyl Ethyl C1sH1sN20:8 | b.p. 170-175/1 mm. | 9.65| 9.89
Ethyl | Ethyl Allyl C1H1eN:0.8 97.5-98 11.66|11.75
Ethyl | Iscamyl Allyl C1H2:N,0:8 | b.p. 175-180/1 mm. | 9.93] 9.85

1,5,6-Trialkyl-8-thiobarbituric acids. The reaction of ethylisopropenylmalonic
ester with N-methylthiourea will serve as an example of the best conditions employed
in preparing the trialkylthiobarbituric acids described in Table I from malonic esters
and methyl- or ethyl- thiourea. While the procedure still leaves much to be desired,
it served to provide sufficient amounts of the thiobarbituric acids for identification
and pharmacological examination. Least satisfactory was the condensation with
diethylmalonic ester, because of the difficulty encountered in separating the thio-
barbituric acid from its by-products.

In 102 ml. of anhydrous ethanol was dissolved 5.06 g. of sodium (0.22 mole); the
golution was cooled to room temperature and 50.2 g. of ethylisopropenylmalonic
ester (0.22 mole) and 18 g. of methylthiourea (0.2 mole) were added. The mixture

butylmalonic ester and p-ethoxyphenylurea. This compound is erroneously listed
in Chem. Abstr., 23, 3024 (1929) as a-butyl-a-ethyl-N-p-phenethylearbamylmalo-
namic acid.
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was stirred at room temperature for one hour and then refluxed from twelve to fifteen
hours. It was then diluted to 500 ml. with water and extracted with benzene to
remove alkali-insoluble matter. Acidification of the aqueous solution gave an oil
which was extracted from the mixture with benzene. The benzene solution was
washed twice with water and extracted with sodium bicarbonate solution to remove
any «,a-ethyl-a-isopropenyl-N-methylthiocarbamylmalonamic acid present. The
sodium bicarbonate extract yielded 2 g. of an oily product on acidification.

The residual benzene solution was then extracted with 2% sodium hydroxide
solution. Acidification of the sodium hydroxide extract gave 22 g. of an oil which
solidified upon long standing. 1-Methyl-5-ethyl-5-isopropenyl-2-thiobarbituric
acid, 10 g., melting at 94.5-95°, was separated from an unidentified by-product con-
tained in the crude material, by four recrystallizations from dilute ethanol.

Condensation of (I-cyclohexenyl)methylcyanoaceiic ester with N-methylthiourea.
(1-Cyclohexenyl)methyleyanoacetic ester (42 g.) was condensed with methylthiourea
under the same experimental conditions as above, to give 18 g. of the iminothio-

TABLE II
D1ALKYL-N-METHYLTHIOCARBAMYLMALONAMIC ACIDS

N-uiﬁmzi?::g?&un- M.P,,°c. (DECOMP, N anavves, %
FORMULA ‘WITH EVOLUTION
OF GAS)

a-Alkyl a-Alkyl Cale’d Found
Methyl n-Propyl CoH1eN:0:8 109-109.5 12.07 12.28
Ethyl Ethyl CeH16N:058 132.5-133 12.07 12.09
Ethyl n-Propyl C10H 15N 0,8 120.5-121 11.38 11.48
Ethyl Phenyl C1sH16N2048 131-132¢ 10.00 10.36
n-Propyl Allyl C1iH1:N048 97-98 10.85 10.99

o After standing for approximately two years, this sample was found to melt at
107.5°, without effervescence, and the nitrogen content had risen to 12.09%,
which corresponds closely to the theory for phenylethylacetylmethylthiourea,
11.86%. The identity was established by synthesis of phenylethylacetylmethyl-
thiourea, m.p. 107-107.5°. Anal. Found: N, 11.85%.

barbituric acid, which upon hydrolysis with dilute hydrochloric acid (1:2) gave
15 g. of 1,5-dimethyl-5-(1-cyclohexenyl)-2-thiobarbituric acid, melting at 140-141°
after recrystallization from anhydrous ethanol.

a, a-Dialkyl-N-methylthiocarbamylmalonamic acids. An increase in the molecular
proportion of sodium and dialkylmalonic ester in the above procedure for the prepa-
ration of l-methyl-5,5-dialkyl-2-thiobarbituric acids led to the production of a
significant quantity of a,a-dialkyl-N-methylthiocarbamylmalonamic acids.

In a typical reaction, 18.4 g. of sodium in 370 ml. of anhydrous ethanol, 69.1 g. of
diethylmalonic ester, and 18 g. of methylthiourea (molar ratio—Na:ester:thiourea::
4:1. 6:1) were refluxed for seven and one-half hours. The golution was concentrated
to one-third its volume on the steam-bath and then acidified with concentrated
hydrochloric acid, whereupon an oil separated. This oil was dissolved in benzene
and the solution extracted with sodium bicarbonate. The bicarbonate extract was
acidified and an oil, which slowly crystallized, was obtained. Yield, 9 g. The
product melted with effervescence at 132.5-133° after several recrystallizations from
a mixture of solvent naptha and benzene. These crystals were identified as «,a-
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diethyl-N-methylthiocarbamylmalonamic acid. Its properties, with those of its
homologs, are summarized in Table II.

A sodium hydroxide extract of the residual benzene solution, on acidification with
hydrochloric acid, gave 8 g. of an oil which crystallized rapidly on stirring, and
upon recrystallization from benzene melted at 142.5-143°. The identity and reac-
tions of this compound are being investigated.

Synthesis of phenylethylacetylmethylthiourea. In a one-liter three-necked flask,
equipped with reflux condenser and mechanical stirrer, were placed 22.5 g. (0.25
mole) of methylthiourea, 45.6 g. (0.25 mole) of phenylethylacetyl chloride, and
250 ml. of toluene. This mixture was refluxed with stirring for fifteen hours. The
toluene was removed by evaporation on a steam-bath and the residue purified by

TABLE III
TRIALKYLTHIOBARBITURIC ACIDS
Results of Pharmacological Tests in White Mice® ?

2-THIOBARBITURIC ACIDS DU"A‘DNI%B‘ AT
ADS0 | AP 100 | D 50 RATIO
MG/XG | MG/EG | M@/EG (LD 50/ap 50 Induc- | Anes-
5-Alkyl 5Alkyl 1-Alkyl tion thesia
Minutes | Hours
Methyl! 1-Methylbutyl | Methyl 45 60 190 4.2 1 0.3
Methyl| 1-Cyclohexenyl| Methyl | 100 125 600 6.0 4 1.3
Ethyl | Isopropyl Methyl 86 100 270 3.2 2 0.5
Ethyl | Isopropenyl Methyl 85 90 320 3.7 3 2.0
Ethyl | Isoamyl Methyl | 125 150 290 2.3 5 0.3
Ethyl | Benzyl Methyl | Convulsions 15
Ethyl | Benzyl Ethyl | Convulsions 100
Ethyl | Ethyl Allyl 250 300 700 2.8 4 0.2
Ethyl | Isoamyl Allyl 300 500 1.7 11 10.3-1.0

e We are indebted to Mr. H, J. Pratt for technical assistance in the pharmacologi-
cal testing of these compounds.

b We have followed the method of testing described by Cope and Hancock, J. Am.
Chem. Soc., 81, 96 (1939), and the terms and symbols used herein have the meaning
defined by them.

crystallization from boiling anhydrous aleohol, yield 38 g. (66% of the theoretical),
m.p. 107-107.5°

Anal. Cale’'d for CiyH; o N4OS: N, 11.86. Found: N, 11.85,

Pharmacolegical data. Pharmacological data obtained by the intraperitoneal
injection into white mice of the sodium salt of the thiobarbituric acids are sum-
marized in Table III. In general, it can be said that all of the compounds are aetive
28 hypnotics, having short induction periods and producing anesthesia of short
duration, except the two containing a bensyl group, which were convulsant, rather
than hypnotic in action. The effective and lethal doaes, as well as the therapeutic
ratios, varied widely within the group.

SUMMARY

The preparation, properties, and preliminary pharmacological data of
several new 1,5,5-trialkyl-2-thiobarbituric acids are described.
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The condensation of dialkylmalonic esters with N-methyl- and N-ethyl-
thiourea gives rise to a series of a,a-dialkyl-N-alkylthiocarbamylmalo-
namic acids, and products as yet unidentified, as well as of thiobarbituric
acids.

GLENOLDEN, Pa.
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The reaction of an aliphatic orthoester with an aldehyde to form an
acetal has been given considerable attention in the past, but generally in
an attempt to develop a method for the preparation of the acetal. A
detailed study of this type of reaction from the standpoint of the réle of
the orthoester has not been undertaken. Claisen (1) reported the prepara-
tion of acetals and ketals by the interaction of carbonyl compounds and
imidoesters in alcohol.

Later, Harries and Schauwecker prepared the acetal of citronellal by
the action of ethyl orthoformate on the aldehyde (2), and Claisen treated
benzaldehyde in the same manner (3), using ammonium chloride as a
catalyst and obtaining the diethyl acetal.

Pauly and von Beuttler found concentrated hydrochloric acid a suitable
catalyst in the preparation of the diethyl acetal of salicylaldehyde from
ethyl orthoformate and salicylaldehyde (4). Similarly, acetalsof meta and
para hydroxybenzaldehydes were also formed. Ammonium chloride
served as the catalyst for the action of ethyl orthoformate on «-ethoxy-
furfural producing the diethyl acetal (5). Wislicenus and Bilhuber studied
the reaction of ethyl orthoformate on ethyl formylphenylacetate (6). A
compound known as “paraldol” was treated with methyl orthoformate by
Bergmann and Kamm (7) to yield a product whose formula was given as
CH;,—CHOH—CH,—CH(OCH3;);. The catalyst was ammonium chlo-
ride. Bergmann continued the work with certain sugar aldehydes (8),
and salicylaldehyde (9). Ewlampieff (10) has also contributed to this
field. Fleischer and Baer prepared the diethyl acetal of acrolein, and from
this compound that of glyoxal by careful oxidation and retreatment with
ethyl orthoformate (11). Ammonium nitrate and ammonium chloride
were both used as catalysts.

The action of ethyl orthoformate on diphenylketene affords a novel
instance wherein a ketone reacts to give a true acetal (12).

COOG,H;s
(I) (CaHa)zC=CO + HC(OCgHs)a = (CsHs)zC

CH(OC,Hy)s
244
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It was the purpose of the work here presented, first, to attempt to place
upon a broader comparative basis the reaction between an aldehyde and
an alkyl orthoformate in the presence of an inorganic acidic catalyst, to
the end that something might be determined with regard to comparative
yields and reactivities, and second, that a possible mechanism might be
set up.

The reaction of an alkyl orthoformate with acetaldehyde proceeds with
the formation of the acetal and the alkyl formate when catalyzed by con-
centrated sulfuric acid.

(1) CH;CHO + HC(OC;H;); = HCOOC;H; + CH;CH(OC;Hy),

In the work reported in Table I no produet was isolated and determined
save the major product, the acetal itself. In each case an impure alkyl
formate was isolated, which had a slowly rising boiling point and showed
physical properties almost identical with those of the expected ester. In
addition, a small amount of intermediate-boiling material was obtained.
It seems safe to say that formate and acetal are the major products. No
unconverted orthoformate was ever found.

The dimethyl acetals of all three monohydroxybenzaldehydes have
already been prepared (4, 9), but on repeating these preparations using
ethyl orthoformate with sulfuric acid as the catalyst, we found the yields
to be very small. In fact no acetal at all was found when the meta or
para isomer was used. The diethyl acetal of salicylaldehyde was prepared
by the method of Pauly and von Beuttler (4) with a yield of only 5 cc. of
impure product from 10 cc. of aldehyde.

Attempts to prepare the diethyl acetals of the isomeric toluic aldehydes
yielded little more than a trace of acetal from the ortho isomer and yields
of 589, and 169, from meta and para respectively.

The proposed mechanism for the action of an alky! orthoformate on an
aldehyde was suggested by the reaction between acetaldehyde and ethyl
thioorthoformate.

(IIT) CH;CHO + HC(SC.H;)s = HCOSC.Hs + CH,CH(SC.Hs),

Dithioacetal was isolated and its physical properties determined (see
experimental part), then synthesized by the action of mercaptan on alde-
hyde in the presence of dry hydrogen chloride gas (13).

When acetaldehyde and ethyl mercaptan were mixed, considerable heat
was evolved, this heat corresponding, according to the discoverers of this
reaction (13), to the formation of the hemiacetal. When dry hydrogen
chloride was pumped into the mixture, the acetal was formed and water
set free. 'This would involve an attachment of acidic mercaptan hydrogen
to the carbonyl oxygen and of mercaptan sulfur to carbonyl carbon.
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Making use of this mechanism, the action of the orthoester on the aldehyde
could be formulated in accordance with equations IV and V.

CH;—CH—O +4 (HC(SC.Hs))* 4+ (SC.H;)~ =

/chHs
v
(V) CH;;—CE
0—CH(SC,Hy),
SC.H;
(V) CH,—CH = CH,CH(SC:H:); + HCOSC,H;
O—CH(SC.Hj),
TABLE II
PREPARATION OF THIOACETALS
REACTANTS PRODUCT YIELD, %
0.15 mole HC(8C:H;); + 0.31 mole CH;CHO CH,;CH(SC:Hj;). 33%
0.30 mole HC(SC,H;); + 0.60 mole CH;CHO CH;CH(SC:H;). 9e
2.0 mole C,H;SH + 1.0 mole CH;CHO CH,CH (SC.Hs). 62
0.06 mole HC(SC;H7)3 + 0.12 mole CHsCHO CHaCH(SCgH7)z 10

a Very small fraction taken for analysis.

The type of reaction expressed in equation V has already been presented
by Erickson (14) in connection with the decomposition of diethoxymethyl
acetate to ethyl acetate and ethyl formate.

EXPERIMENTAL PART

Materials purchased were purified. Their physical properties were found to agree
with values obtained from the literature.

Ethyl thioorthoformate, HC(SC;H;);, was prepared by the interaction of an-
bhydrous formic acid and ethyl mercaptan in the presence of dry hydrogen chloride
(15), b.p. 174° (760 mm.).

Propyl thicorthoformate, HC(SC;H;);, was prepared in the same manner as the
corresponding ethyl compound. The reaction was much slower.

Acetal, CH;CH(OC;H;),, was prepared as indicated above, by the interaction of
acetaldehyde and ethyl orthoformate. The materials were mixed and two drops
of concentrated sulfuric acid added, then the whole shaken to ensure complete
mixing. A rise in temperature was always noted at this point. After twenty-four
hours the mixture was neutralized with sodium carbonate, filtered, and distilled.

Propy! acetal, CH;CH(OC;H1),, was prepared as was acetal, also by the inter-
action of propyl alcohol and acetaldehyde in the presence of calcium chloride after
the manner of Adkins and Nissen (186).
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Butyl acetal, CH,CH(OCH,);, was prepared in two ways, like the propy! com-
pound. The preparation based on Adkins and Nissen was carried out by Mr. Henry
Wolanczyk, formerly of the University of Buffalo (16).

All other acetals were prepared by the interaction of aldehyde and orthoformate

as was acetal.

Ethyl and propyl thiolformates, HCOSC,H; and HCOSC;H;, were isolated in the
preparation of thioacetal and propyl thioacetal respectively.

TABLE II1
Pavsicar CoNsTANTS OF PrRODUCTS
BUBSTANCEH B.P., °C/MM, np d
CH;CH(OC:H;), 102/760 1.3797, 23°
102.2/760° 1.38193, 20°
CH,;CH(OC:H7): 62-63/42° 1.3939, 26°¢ 0.8239, 27°/4°
144/760%.4 1.3949, 26°4 0.824¢
CH,CH(OC.Hy): 95-96/30 1.4045, 25° 0.8293, 25°/4°
188/760 1.4094¢ 0.831300
185/7608
C.H;CH(OC:Hjs). 123/740 1.3872, 25.5° | 0.833, 25°/4°
122.8/744 0.8825, 0°/
C.H;CH(OC:H/), 157-160/760 1.4038, 24° 0.8223, 22°/4°
165.6/747/
CeH;CH(OC:Hj), 222 (corr.)/760 1.4721, 24.5° | 0.906, 22°/4°
222 (corr.)?
CeH;CH(OC;H7): 242/765 1.4761, 25.5° | 0.949, 25.5°/4°
CH;CeH,CH (OC:H;)2-0 125/37 1.4949, 23°
CH,CH,CH(OC,H;):-m | 190 (corr.)/750.5 1.4841, 25° 0.9618, 23°/4°
125/41 1.4890, 23.5° | 0.9642, 23.5°/4°
116-117/30
CH;CH,CH(OC,Hs)s-p 105-106/22 1.4845, 22° 0.9583, 20°/4°
1.47603, 22°
CH;CH(SC.Hj;). 186-189/753¢ 1.4985, 28°% 0.9425, 26°/4°7
185-187¢ 1.4984, 26°/ 0.9550, 27°/4°i
183-185/760¢ 1.5005, 27°i
CH,CH(SC;sH7). 116/13 1.4950, 23.5° | 0.9539, 23.5°/4°
HCOSC.H; 103-106/760 1.4500, 26° 1.019, 25°/4°
HCOSC:H-, 108.5/753 1.4580, 23.5° | 0.9323, 23.5°/4°

a Pinner, Ber., 16, 356 (1883).

b Prepared from orthoformate and aldehyde.

¢ Beilstein, Prager, and Jacobson, 1, 604 (4th Ed.).
d Unpublished, prepared by Mr. Henry Wolanczyk, formerly of the University

of Buffalo, according to the method of Adkins and Nissen (16).
¢ Hinton and Nieuwland, J. Am. Chem. Soc., 52, 2893 (1930).

f Beilstein, Prager, and Jacobson, 1, 629 (4th Ed.).
g Beilstein, Prager, and Jacobson, 7, 209 (4th Ed.).
h J. Pharm. Soc. Japan, 600, 746 (1923); Chem. Abstr., 18, 386 (1924).
% Prepared according to Ref. 13.
J Prepared from aldehyde and thioorthoformate.
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SUMMARY

1. Comparative data are presented on the yields of acetals from the
interaction of an aldehyde with an aliphatic orthoester in the presence of a
little sulfuric acid as catalyst, to show (a) that polymerized aldehydes do
not so react, (b) that the highest yields are obtained from benzaldehyde,
second from acetaldehyde, and third from propionaldehyde, (c¢) that ethyl
orthoformate reacts to the best advantage, propyl second, and butyl third,
of those tried, (d) that ethyl orthoacetate does not so react, and (e) that
certain aldehydes, namely cinnamaldehyde and crotonaldehyde polymerize
under these conditions without further reaction which could be detected.

2. Using acetaldehyde with ethyl or propyl thioorthoformate, the
dithioacetals are obtained. A mechanism is suggested for this reaction.

Burraro, N. Y.
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QUINONES BY THE PEROXIDE OXIDATION OF
AROMATIC COMPOUNDS

RICHARD T. ARNOLD axp RAYMOND LARSON
Recetved December 11, 1939

An attempt to prepare l-naphthoic acid from the aldehyde using
perhydrol in glacial acetic acid gave only a small quantity of the carboxylic
acid and workable amounts of 1,4-naphthoquinone. If the acid was not
isolated the quinone could be obtained in a yield of twenty-seven per cent.

In contrast to the work of Charrier (1) it has been shown that naphtha-
lene can be oxidized under similar conditions to give a twenty per cent
yield of 1,4-naphthoquinone. The conditions of the reaction cannot be
changed materially without seriously affecting the yield of quinone. It
has been reported (2) that anthracene yields anthraquinone and 9,9’-di-
anthrone, and that phenanthrene gives diphenic acid. These results have
been confirmed.

Because of the present interest in quinones, due primarily to the in-
vestigations with vitamins E, K, and K,, the products of bacterial metab-
olism, and carcinogenie substances, we have extended the reaction to in-
clude 1,2-benzanthracene, pyrene, and alkyl derivatives of benzene and
naphthalene. All of these hydrocarbons form the expected quinones., A
typical reaction is shown in formula I.

0
e T el (T
' WA o, ORCO0E ||} _cm,
0]

The yields vary over a wide range depending on, and increasing with,
the reactivity of the aromatic nucleus toward oxidation. It should be
pointed out that 1,2-benzanthracene differs from anthracene in that the
quinone is formed as the chief product.

Boeseken (3) has shown that certain aromatic aldehydes react with
peracetic acid to replace the formyl group with acetoxy in good yields.
This reagent, however, when tried on hydrocarbons gave practically no
quinone.

250
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The authors are indebted to Professors L. I. Smith, W. E. Bachmann,
and L. ¥. Fieser for many compounds used in this study.

EXPERIMENTAL

Ozidation of 1-naphthaldehyde. A solution containing 4.03 g. of 1-naphthaldehyde
in 80 cc. of glacial acetic acid was treated with 25 cc. of perhydrol and heated on a
steam-bath. Within fifteen minutes the solution turned yellow, and in time, to
cherry red. The solution was concentrated by removal of half the solvent, and water
was added dropwise until precipitation began. Two crops of crystals were collected;
m.p. 124-125°; yield 1.1 g. A mixed melting point determination with an authentic
sample of 1,4-naphthoquinone proved the identity of the material.

Ozxidation of naphthalene. Several attempts failed, but the following directions
proved satisfactory. Ten grams of naphthalene, 25 cc. of perhydrol, and 50 cc. of
acetic acid were heated together just above 80° for forty-five minutes. The volume
of the solution was reduced to half by direct distillation at atmospheric pressure.
Water was added slowly until crystallization started. The first crop melted at
121-125°, and the second began to melt at 115°. The odor of naphthalene was evident
in the second crop. After recrystallization, a twenty per cent yield of the quinone
was obtained.

Duroquinone. Five grams of durene in 50 cc. of glacial acetic acid containing
25 ce. of perhydrol was heated on a steam-bath for fifteen hours. After the bulk of
the solvent was removed at diminished pressure, the material was steam distilled.
The substance weighed 2.1 g. and melted at 110-111°. A mixed melting point deter-
mination with pure duroquinone gave no depression.

o-Xyloquinone. The procedure for duroquinone was followed, except that the
temperature was held at 120° for twenty hours; only a trace of the yellow quinone
was obtained. Practically all of the hydrocarbon was recovered in the steam dis-
tillation.

2-Methyl-1,4-naphthoquinone. Five grams of the hydrocarbon was dissolved in
75 cc. of glacial acetic acid and warmed to 50°. To this was added 15 ce. of perhydrol,
and the mixture was allowed to stand at 80° for ten hours. An inductive period of
ten minutes was followed by the usual color changes. After evaporation of the
solvent and steam distillation, 1.8 g. (30%) of the quinone was obtained. The
melting point was 104-105° and the identity was shown by mixed melting point with
an authentic sample from Dr, Fieser.

2,8-Dimethyl-1,4-naphthoquinone. Following the above directions for the mono-
methyl derivative we obtained without steam distillation a seventy-eight per cent
yield of product; m.p. 127°.

1,2-Benzanthraquinone-9,10. One gram of pure 1,2-benzanthracene was dis-
solved in 30 cc. of glacial acetic acid, and 5 ce. of perhydrol was added. The solution
was heated to boiling and the flame removed. The exothermic reaction caused the
mixture to continue refluxing for an additional 10 minutes. The heating was con-
tinued for twenty minutes, and the entire solution then poured into cold water.
The finely divided precipitate was collected by centrifuging. The solid was re-
crystallized twice from acetic acid and melted at 158-160°. A red impurity was
removed by sublimation. The sublimate, after recrystallization, weighed 0.52 g.
(46%) and melted at 166-167°.

Ozidation of pyrene. To 5 g. of pyrene in 80 cec. of boiling glacial acetic acid,
25 cc. of perhydrol was added. After refluxing for twenty minutes, the reaction-
mixture was poured into cold water. The reddish precipitate was collected and
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dried; it weighed 5.1 g. This material is a mixture of the 3,8- and 3,10-pyrene
quinones as shown by our inability to obtain a pure quinone by crystallization
The product was completely reduced by sodium hydrosulfite in the usual manner.
Because of the difficulty involved (4), separation of these two compounds was not
attempted.

SUMMARY

1. It has been shown that many aromatic hydrocarbons and their
simple derivatives can be oxidized by thirty per cent hydrogen peroxide
in glacial acetic acid to give quinones.

2. The yields are comparable to those obtained by dichromate oxidation.

3. It seems that the greatest value of the reaction lies in the selective
oxidation of alkyl polycyclic derivatives.

MinNEAPOLIS, MINN.
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ISOMERIZATION ACCOMPANYING ALKYLATION. II. THE
ALKYLATION OF BENZENE WITH OLEFINS, NAPH-
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Received December 12, 1939

It is well known that alkylbenzenes may be prepared by the reaction of
benzene with olefins (1), naphthenes (2), alcohols (3), alkyl halides (4),
ethers (5), and esters (6) in the presence of suitable catalysts such as
acids and metal halides. However, because isomerization of the alkyl
group in some cases does and in others does not accompany the alkylation,
there is much confusion in the literature with regard to both the structure
of the alkylation produet and the mechanism of the reaction. In this
paper, the results of a study that was undertaken for the purpose of
gaining an insight into the true nature of the alkylation are given.

Both important types of catalyst will be discussed. Since sulfuric acid
and aluminum chloride have been most widely used, they have been chosen
as representatives of the two types.

A consideration of the experimental facts as summarized in Table I
leads to some important conclusions concerning the mechanism of the
alkylation. It is seen at once that the results obtained with aluminum
chloride are different from those with sulfuric acid. It is seen further
that, contrary to the general belief, it is sulfuric acid which is the stronger
isomerizing catalyst insofar as the apparent shifting of a double bond is
concerned, and that in many cases aluminum chloride does not cause
isomerization to accompany the alkylation. There has been considerable
discussion in the literature whether the mechanism of the reaction involves
an olefin or an ester as the alkylating agent. While no experimental data
can be given to prove definitely which is the actual alkylating agent, it
will be shown that the seemingly anomalous results can be explained best
on the assumption of the intermediate formation of esters.

SULFURIC ACID CATALYZED REACTIONS

Alkylation by olefins. The recent study (1h) made in this laboratory
on the isomerization accompanying the alkylation of benzene with 3-
1 Presented before the Division of Organic Chemistry of the American Chemical
Society at Milwaukee, Wisconsin. Sept. 1938.
253
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methylbutene-1 showed that olefins do not always react with benzene to
yield the product that would be obtained if the phenyl radical added to
the least hydrogenated carbon atom of the double bond and a hydrogen
atom added to the other.

In all cases the reaction presumably proceeds by way of the alkyl
hydrogen sulfate. The ester reacts with benzene to yield the alkyl-
benzene, the reaction being catalyzed by concentrated sulfuric acid. With

TABLE 1
ALkYLATION PrODUCTS
SULFURIC ACID ALUMINUM CHELORIDE

Olefins

Pentene-1 2- and 3-Phenylpentane

3-Methylbutene-1 t-Amylbenzene 2-Methyl-3-phenylbutane
Alcohols

n-Propy! alcohol Isopropylbenzene n-Propylbenzene

Isoamyl aleohol t-Amylbenzene No alkylation
Naphthene

Cyeclopropane n-Propylbenzene at 0° | n-Propylbenzene regardless of

Isopropylbenzene at 65°| temperature

Alkyl Halide

n-Propyl chloride Mixture of n- & isopropyl-

benzene

weak acid at low temperatures esters are formed but do not react with
benzene (lc). Isomerization of the intermediate ester may occur prior to
alkylation, resulting, with 3-methylbutene-1, in the formation of {-amyl-
benzene rather than of 2-methyl-3-phenylbutene.

(CH;);—CH—CH=CH, + H.80, = (CH;);CH—CH—CHj;

il OSO.H
(CHy)sC—CH;CH; = [(CHy):C—CHCH;] + HiSO,

SO:H

With pentene-1, the primary reaction-product is more stable, isomerization
is slower, and a mixture of 2- and 3-phenylpentanes is formed. Here,
the rate of alkylation is almost the same as that of isomerization.
Alkylation by alcohols. In the presence of sulfuric acid the primary
product of the reaction is again the monoalkyl sulfate. As before, this
may or may not undergo isomerization, depending on the conditions.
Thus, n-propyl alcohol reacts with benzene in the presence of 809, sulfuric
acid at 65° to yield isopropylbenzene. Similarly, isoamyl hydrogen
sulfate undergoes isomerization even at 0° in the presence of 969, sulfuric
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acid (isoamyl alcohol yields t-amylbenzene). On the other hand, n-amyl
hydrogen sulfate undergoes only partial isomerization (n-amyl aleohol
yields a mixture of 2- and 3-phenylpentanes). It may be expected, then,
that n-propyl aleohol would yield n-propylbenzene in the presence of
sulfuric acid at 0°. However, no alkylation takes place at this low
temperature.

Alkylation by naphthenes. 'The fact that the alkylation of benzene with
cyclopropane in the presence of sulfuric acid yields isopropylbenzene when
the reaction is carried out at 65°, and n-propylbenzene when it is carried
out at 0°(2b), may be considered to show that the alkylation takes place
via the ester. The alkyl hydrogen sulfate, which is more stable at the
lower temperature, is isomerized at higher temperatures, a result that was
predicted on the basis of the mechanism discussed above.

Recently Simons and co-workers (1i, 2¢, 3k, 4f) have shown that the
alkylation of aromatic hydrocarbons is catalyzed by hydrogen fluoride.
The unusual catalytic behavior of hydrogen fluoride, compared with that
of other hydrogen halides, probably lies in the fact that hydrogen fluoride
reacts with olefins to form alkyl acid esters similar to those obtained with
sulfuric acid. Thus, the mechanism of hydrogen fluoride catalyzed
reactions may be formulated as shown in I and II.

I RCH=CH, + HF,H,, — R(IlH——CHs
Fan—l
CH;
/
II. CsHs + RCH—CH3 g CeHsCH + HnFn
F.H, R

ALUMINUM CHLORIDE CATALYZED REACTIONS

Any mechanism advanced for the interpretation of the catalytic action
of aluminum chloride in the alkylation of aromatic hydrocarbons must
explain the following facts:

1. The presence of hydrogen chloride is essential for the alkylation of
aromatics with olefins or naphthenes when aluminum chloride is used as a
catalyst.

2. Alkylation of benzene with alcohols in the presence of aluminum
chloride is not accompanied by isomerization.

3. Alkylation of benzene with cyclopropane in the presence of aluminum
chloride-hydrogen chloride yields n-propylbenzene and not isopropyl-
benzene.

4, Alkylation of benzene with alkyl halides in the presence of aluminum
chloride is often accompanied by isomerization, especially at higher
temperatures.



256 V. N. IPATIEFF, HERMAN PINES, AND LOUIS SCHMERLING

Two mechanisms are proposed for the alkylation of aromatic hydro-
carbons: the first applies to the alkylation of aromatics with olefins,
naphthenes, or alkyl halides; the second, to the alkylation by aleohol.

Alkylation by olefins. The first step in the alkylation of aromatic
hydrocarbons with olefins in the presence of aluminum chloride-hydrogen
chloride is assumed to be the formation of a complex similar to sodium
aluminum chloride.

:51: B
AICL, + HCl — AICLHCI or |:CL:AL:CL: | H*
:Cl:

It may be assumed that hydrogen aluminum tetrachloride forms esters,
analogous to those obtained with sulfuric acid, and that these react
with the aromatic hydrocarbons.

Cl I~
RCH=CH, 4+ HAICl, —» RCH—CH;, .., [ClAlCl] R+

Cl
1A1Cl;
CH,

/
CeHs + RCH—CH; — C.H;CH 4+ HAICL
ClAICI R

However, unlike the alkyl sulfates, the alkyl tetrachloraluminates ap-
parently isomerize slowly, if at all. Hence, for example, isopropylethylene
reacts with benzene in the presence of aluminum chloride-hydrogen
chloride to yield 2-methyl-3-phenylbutane and not {-amylbenzene.

Alkylation by naphthenes. By reacting cyclopropane with benzene in
the presence of aluminum chloride-hydrogen chloride catalyst, n-propyl-
benzene is obtained; this is true whether the reaction is carried out at
0° (2a) or at 71°. The fact that no isopropylbenzene is found in the
reaction-product excludes the possibility that n-propyl chloride was an
intermediate in this reaction, since the latter on reacting with benzene
vields both - and iso- propylbenzene.

The mechanism of the alkylation of benzene with naphthenes involves
the formation, not of alkyl halides but of alkylaluminum tetrachloride,
which, as deduced above, does not undergo isomerization.

CH,—CH,
\. / -+ HAICl, —» CH;—CH,—CH,—CIlAICl,

H,

CH;—CH,—CH,CIAICl; + CeHs — CsHiCH,—CH,—CH; -+ HAICI
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That sulfuric acid and aluminum chloride do not bring about the forma-
tion of the same end-product in the alkylation of benzene with naphthenes
is shown also in the results obtained with methylcyclobutane. In the
presence of aluminum chloride (2a), isoamylbenzene and other isomers
were formed, and f-amylbenzene was very probably not one of these.
On the other hand, when the reaction was catalyzed by sulfuric acid (2b),
only t-amylbenzene was obtained. Its formation was explained on the
basis of the isomerization of the intermediate amyl hydrogen sulfate.

Alkylation by alkyl halides. Konowalow (4b, 4c¢), in investigating the
alkylation of benzene with alkyl halides in the presence of aluminum
chloride, showed that isomerization often accompanied the alkylation,
especially at higher temperatures. Our own experiments have indicated
that n-propyl chloride, on reacting with benzene in the presence of alu-
minum chloride at —6°, yields monopropylbenzene consisting of 609, of
n-propylbenzene and 409, isopropylbenzene; when the reaction is carried
out at +35° 409, of n-propyl- and 609, of isopropyl-benzene is obtained.

In the alkylation of aromatics with alkyl halides, aluminum chloride
being a dehydrohalogenating catalyst, two competitive reactions take place.
At lower temperatures, reaction A predominates; at higher temperatures, B.

A. CH;—CH,—CH.Cl + AIC]; — CH,CH,CH,CIAICl;
7 CH3;CHCICH;
&

>

B. CH,CH,CH,C1 %, [cH,cH—CH, + HOIY ALC
vy
K 4
OB, CHOH,
CIAIC

The recent observations of Bowden (6¢) on the alkylation of benzene
by various esters (formates, acetates, sulfates, etc.) in the presence of
aluminum chloride may be explained in a similar manner. The fact that
the n-propyl ester yielded n-propylbenzene while the n- and iso- butyl
compounds yielded sec.- and t-butylbenzene, respectively, finds analogy
in the fact that n-propyl chloride yields a mixture of n-propyl- and iso-
propyl-benzene at even as high a temperature as 35°, whereas with isobutyl
chloride only t-butylbenzene is formed even at a temperature as low as
—18° On the other hand, McKenna and Sowa (6b) state that in the
presence of boron fluoride, n-propyl formate condenses with benzene to
yield isopropylbenzene.
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It is worth while to point out that there are exaggerated reports in the
literature concerning the ability of aluminum chloride to cause isomeriza-
tion during alkylation. Thus, for example, Calloway (7) states: “Propyl,
butyl, and amyl halides react to yield, largely, branched alkyl substances.
Generally, regardless of the configuration of the alkyl halide, the final
product contains an alkyl group of the highest possible branching.”
Calloway gives the following equation:

“CeHg -+ n- or iso-CHyCl —— tert.-CH,Ce¢Hs"

However, none of his references describes the preparation of t-butylbenzene
from n-butyl chloride. Indeed, except with neopentyl chloride (8),
there has been no evidence for the branching (7.e., the migration of a
methyl group) of the alkyl radical of the halide during alkylation of
benzene in the presence of aluminum chloride.

Alkylation by alcohols. A consideration of the experimental evidence
indicates that the mechanism of the alkylation of benzene with primary
aleohols in the presence of aluminum chloride is similar to that proposed by
Tzukervanik (3e) for secondary alcohols, in contrast to that for tertiary
alcohols. Thus,

n-C;H,OH + AICl; — n-C;H,0AICL; + HCI

n-C3H7OA1012 + CsHs W n-C;;H’]CeHs + HOAIClz
3

Recently, Norris and Ingraham (3i) have studied the alkylation of
benzene with methyl and ethyl alcohols. They state that in the study of
the mechanism of the condensation which they will report in detail later,
it was shown that the alcohols react with aluminum chloride to form
compounds having the formula ROAICl, which decompose when heated
to produce RCl and AIOCL. In the presence of aluminum chloride, the
usual Friedel-Crafts synthesis then takes place. This mechanism can
searcely be considered satisfactory for n-propy! aleohol, since the formation
of propyl chloride by the decomposition of propoxyaluminum chloride
would result in the formation of isopropylbenzene, as well as of n-propyl-
benzene.

For similar reasons, the mechanism proposed by Tzukervanik for
alkylation by tertiary alcohols (3d) (i.e., the decomposition of the alkoxy-
aluminum chloride to yield an olefin and hydroxyaluminum chloride)
cannot be applied to the reaction with primary alcohols.

EXPERIMENTAL

Materials. All the chemicals with the exception of the pentenes were obtained
from commercial sources and, when necessary, were purified by the usual methods.
Pentene-1 was prepared according to the directions of Hurd and Goldsby (9). The
preparation of the 3-methylbutene-1 is described in a previous paper (1h).
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Sulfuric acid catalyzed reactions. The alkylations were carried out following
procedures described by Ipatieff, Corson, and Pines for the reaction with olefins (1c)
and with naphthenes (2b), and by Meyer and Bernhauer for the reaction with alcohols
(3b). In general, a mixture of benzene and sulfuric acid was stirred in a flask
equipped with a mercury-sealed stirrer, a reflux condenser, and either a dropping-
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Figure I. MELTING POINT CURVE FOR MIXTURES OF THE MONACETAMINO
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Fiaure II. MerTiNg PoiNT CURVE FOR MIXTURES OF THE MONOBENZAMINO
DERIVATIVES OF 2- AND 3-PHENYLPENTANE

funnel for introducing the liquid alkylating agents or an inlet tube reaching to the
bottom of the flask for introducing the cyclopropane. The reaction conditions are
given in Table II. The hydrocarbon product was separated from the acid layer,
made alkaline, and steam distilled. The distillate was dried and fractionated
through a vacuum-jacketed, total reflux column (10).

Aluminum chloride catalyzed reactions. The general procedure used in the alkyla-
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tions with 3-methylbutene-1, cyclopropane, and propyl chloride was similar to that
described above for the sulfuric acid catalyst, except that steam distillation of the
product was unnecessary. With the first two alkylating agents, anhydrous hydrogen
chloride was added during the reaction at a rate of 300 cc. per hour.

The alkylation with n-propyl alcohol was carried out according to the directions
of Tzukervanik and Vikhrova (3f). Ina three-liter flask fitted with 8 mercury-sealed
stirrer and a condenser, 20 g. (0.33 mole) of n-propyl alcohol, 120 g. (1.5 moles) of
benzene, and three drops of water were placed. Aluminum chloride (87 g., 0.68
mole) was added during one hour by way of the condenser. The aluminum chloride
dissolved, yielding a pale yellow solution, which gradually turned golden-yellow and
then brown as more catalyst was added. When all the aluminum chloride had been
added, the dark brown solution was stirred for one hour and allowed to stand over-
night. It was then heated under reflux at 110-120° for ten hours, during the first
part of which there was a copious evolution of hydrogen chloride. The product was
worked up in the usual manner and distilled. The yield was 10.5 g. (26% of the
theoretical) of monopropylbenzene.
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The monoalkylbenzenes were identified by the preparation of their mono- and di-
acetamino derivatives (11). The mixtures of n- and iso- propylbenzene were analyzed
by the fractional erystallization (11a) of the diacetamino derivative. The relative
quantities of the two isomers were estimated by weighing the crystals; the purity of
the fractions was checked by observing the crystals under the polarizing microscope.

With the mixtures of 2- and 3- phenylpentanes, it was not possible to separate the
derivative into its components. The melting point curves (Figures I, II, and III)
were, therefore, prepared and used in determining the composition of the mixtures.

SUMMARY

The alkylation of benzene with olefins, aleohols, and naphthenes in the
presence of sulfuric acid leads to the formation of alkylbenzenes different
from those obtained when the reactions are catalyzed by aluminum
chloride.

In the presence of sulfuric acid, isomerization accompanies the con-



262 V. N. IPATIEFF, HERMAN PINES, AND LOUIS SCHMERLING

densation of olefins with benzene; pentene-1 yields a mixture of 2- and
3- phenylpentanes; 3-methylbutene-1 yields {-amylbenzene. In the
presence of aluminum chloride no isomerization occurs; isopropylethylene
yields 2-methyl-3-phenylbutane.

Isomerization occurs during the alkylation of benzene with alcohols
when the reaction is catalyzed by sulfuric acid, but not when aluminum
chloride is used as catalyst; n-propyl alcohol yields isopropylbenzene in
the presence of the acid and n-propylbenzene in the presence of the metal
halide.

Isomerization does not accompany the alkylation of benzene with
naphthenes in the presence of aluminum chloride; cyclopropane yields
n-propylbenzene only. In the presence of sulfuric acid isomerization
occurs, provided that sufficiently high temperatures are used; cyclopropane
yields isopropylbenzene when the reaction is carried out at 65°.

The condensation of alkyl halides with benzene by aluminum chloride
leads to a mixture of isomers. Even when the alkylation is made at
35°, much n-propylbenzene results from the reaction of n-propyl chloride
and benzene.

The mechanism of the alkylations is discussed.

RiversIiDE, ILL.
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In a previous paper (1) it was shown that, after an induction period, the
rate of reaction of magnesium with ethyl bromide was approximately
proportional to the concentration of ethyl bromide and the surface of the
metal. It was also shown that under the experimental conditions em-
ployed a contact was necessary to produce uniform reaction. The results
were not very reproducible and this was ascribed to the nature of the
surface of the metal and the inefficiency of the contact. The present
paper reports an attempt to improve the contact, a method for eliminating
the induction period, and a study of the various contact materials as well
as of the effect of dimethylaniline on the reaction. It will be shown that
dimethylaniline is without effect on the velocity constant after the maxi-
mum rate is reached, and that the velocity constant is independent of the
material used for the contact in the cases studied. It will also be shown
that the velocity constant is greater in the presence of a contact than
without a contact.

EXPERIMENTAL PART

The apparatus was similar to that used in the previous study except that two flat
shoes were used as contacts and greater precautions were taken to exclude air and
moisture. Two shoes of plate glass, designated by (A) in Figure I, served as con-
tacts. The shoes were supported by two bronze springs (B) and & collar (C) so that
they rested in a vertical position when inserted into the reaction-vessel (D). At the
same time, there was just enough spring to (B) so that the shoes assumed a parallel
and symmetrical position about the magnesium cylinder (E) and the glass shaft
(F) on which the cylinder was mounted. Another half ring at the position (G) pre-
vented the shoes from spreading or coming together. The glass joints (H) were
ground to fit so that no grease was necessary. The remainder of the apparatus was
the same as that described in the first paper (1).

Materials Used

Kahlbaum’s pure magnesium was used. The rods, machined to remove the in-
active oxide skin, formed cylinders approximately 0.90 cm. in diameter and 1.35 or

! From the dissertation of Felix C. Gzemski, presented to the Faculty of the
Graduate School of the University of Pennsylvania in partial fulfillment of the
requirements for the degree of Doctor of Philosophy, April, 1937. Paper presented
before the Rochester Meeting of the American Chemical Society, September, 1937.
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2.50 cm. in length. In addition, the cylinders were polished with emery paper and
washed with dry ether on the day of use. If the eylinders were polished and allowed
to stand for several days, the surface became inactive. This statement is based on
the time elapsing to the appearance of an opalescence in the solution when mag-
nesium was reacted with ethyl bromide. For freshly prepared cylinders the time
was often as short as one-half minute, as against three minutes for other cylinders.

(I @)

Dimensrons in mam

Figure 1

Ethyl bromide was dried over phosphorus pentoxide and fractionated with a
three-ball Snyder column. It was freshly distilled for each set of runs.

Ordinary commercial ether was treated with a saturated salt solution, and then
stored over anhydrous calcium chloride for several days. The ether was decanted
and distilled into a dry flask to which fresh sodium wire was added. After standing
over sodium wire for three days, the ether was refluxed for five hours and fraction-
ated. This treatment of the ether was repeated and it was finally stored over
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sodium. A tube with glass wool at the bottom was inserted into the flagk containing
the dry ether and the ether was pipetted from this tube, a procedure which prevented
any particles of sodium or flakes of sodium hydroxide from being drawn into the
pipette., At first phosphorus pentoxide was employed in the final drying, but this
step was eliminated after it was found that a dark brown substance formed on
standing. Langheld (2) pointed out that ether combines with phosphorus pentoxide
to form esters.

During the earlier part of the work, the ether was distilled into a specially designed
separatory funnel. In every case, upon removing a sample, a positive test for water
was obtained. The presence of water was detected by adding a xylene solution of
basic aluminum ethoxide prepared according to the method of Henle (3), who claimed
that it would detect 0.005% of water. However, when ether was pipetted from ether
gtored over sodium, a negative test was obtained. Later, another step was inserted
into the procedure prior to the final distillation. The ether was treated with an
ether solution of Grignard reagent to eliminate all Grignard-reactive substances.

Experimental Technique

All rate experiments were carried out in an oil thermostat regulated at 25 &= 0.05°,
The magnesium cylinders were rotated at constant speed. The reaction-vessels,
shoes, and burettes were baked at 135° and introduced into the system while warm in
order to minimize the admittance of moisture. The system was swept out with dry
nitrogen, and after the introduction of the solution, a small but positive pressure
was maintained on the system to prevent any influx of air. The shaft was rotated
at & speed of 1100 r.p.m. in all experiments. At the completion of an experiment,
the magnesium cylinders were removed quickly, washed with ether, dried, and
placed in a desiccator for later weighing. The solution was hydrolyzed with 0.2 N
sulfuric acid and titrated with carbonate-free sodium hydroxide using phenolphtha-
lein a8 an indicator (4).

The difference between the loss of weight of the magnesium cylinder (AW) and
the C:H:MgBr formed [Mg(G)] gives the MgBr, formed [Mg(W)]. The initial con-
centration of ethyl bromide (expressed in terms of magnesium) is given by:

a = [Mg(G) + 2Mg(W)] final

In this paper the assumption that the greater part of the Wurtz reaction takes
place in the first interval is not made. The velocity constant is computed from the
equation:

238 o (a —x)
Vit -t % (a— %,

where 8 is the average surface, V the volume and (a-x); and (a-x). represent the con-
centrations of ethyl bromide at the times t; and t.. Since the surface of the cylinders
varied somewhat, the most convenient method of computing the velocity constant
is to plot log (a-x) versus (St/V) and to read off the slope —k/2.30. Table I sum-
marizes the first results obtained in the presence of dimethylaniline.

The reproducibility of the results is poor, the (a-x) values in the individual experi-
ments often varying as much as 259%,. Tentatively, we can conclude that dimethyl-
aniline is without effect upon the velocity constant. The variations are attributed
to the small ridges on the metal surface (making for poor contact over the whole
surface), and to the fact that the cylinder was not always perfectly centered on the
shaft.
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Results with the Second Method

Finally a method was adopted which gave much more reproducible results. A
known quantity of ethyl bromide was reacted to completion, a second portion was
added, and the reaction measured over various intervals of time. This method
eliminates any induction period for the part measured, removes moisture and other
Grignard-reactive substances, and during the first period an adaptation of the metal
cylinder to the glass shoes takes place. The method makes necessary careful sets
of experiments carried to completion so that Mg(G) and Mg(W) are known at the
initial and final times. Table II gives such a series of experiments.

Table II shows that the amount of ethyl bromide delivered can be accounted for
quantitatively, and that the ratio of Wurtz to Grignard increases with increasing
concentrations of ethyl bromide. These results are qualitatively in agreement with
those of Gilman (5).

I'ables III and IV give the results for cylinders of two different lengths, and for
three different initial concentrations of ethyl bromide. The reproducibility is good
and the graphs of log (a-x) versus (St/V) show that the line intersects the time axis
at log a. The velocity constants in column seven are calculated from the time of
addition of the second portion of ethyl bromide. It will be noted that the velocity

TABLE I
ErFFecT OF DIMETHYLANILINE
V =150 cc. T =25°

INITIAL CONCEN-

AVERAGE LENGTH| AVERAGE SUR- DIMBTEYL~  \mp\qyoN CoHsBr,| FINAL YIELD, k
CTLINDERS, Cui, [FACE CYLINDERS, | ANILIND, MOLgs |/ ouss e GRIGNARD PuB
2.50 7.18 0.0 0.133 90 0.88
2.50 7.55 0.0078 0.133 92 0.80
2.50 7.38 0.0156 0.133 91 0.88

constant for the short bars is greater than the constant for the long bars. In com-
puting k only the surface of the side of the cylinder was used. If the total surface
is used, the constants for both lengths of bar are the same. There was, however,
no observable reaction on the ends except at the border of the shaft. These observa-
tions are in agreement with the earlier experiments (1), and the higher constant for
the shorter bars is attributed to the better tangential contact.

An examination of the Wurtz-Grignard ratios for the forty-five individual runs
yields the following information: For the experiments with one addition of ethyl
bromide, the yield of Grignard is low for the five minute determinations (81%), and
then increases to a final yield of 90%. This is in qualitative agreement with our
earlier observations, where, however, lower yields were obtained (1). For the ex-
periments with short bars reported in Table II, we have final yields for initial con-
centrations of 0.065 and 0.19 molar ethyl bromide only, namely, 93 and 85%. Table
V summarizes the yields for short and long bars.

From Table V the following conclusions can be drawn.

1. For equal surface the higher the initial concentration of ethyl bromide the
lower the yield of Grignard reagent.

2. The yield of Grignard reagent is constant throughout the reaction of the second
portion of ethyl bromide. Our calculation includes the products formed in the
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TABLE II
Reacmion or ETHYL BROMIDE WiITH MAGNESIUM T0 COMPLETION
Volume 50 cc. Temp. 25°. Surface, 3.5-4.0 cm.?
Ethyl bromide reacted—0.00327 mole, 0.065 mole per liter

GRAMB OF Mg REACTED
TIMB (MIN,)
aw Mg(G) Mg(W) e
50 0.0765 0.0729 0.0036 0.049
50 .0761 .0740 .0021 .028
50 .0748 L0734 .0014 .019
40 .0766 .0738 .0028 .038
Average 0.0760 0.0735 0.0025 0.034
Yield 92.5%

Surface, 7.5-8.0 ¢cm.?
Ethyl bromide reacted—0.00665 mole, 0.133 mole per liter

50 0.1525 0.1439 0.0086 0.060
50 .1530 .1439 .0091 .063
50 .1533 .1463 .0070 .048
50 .1527 .1472 .0055 .037
45 .1530 .1451 .0079 .054
45 .1525 .1451 .0074 .051
Average 0.1528 0.1453 0.0076 0.052
Yield 90%

Surface, 3.5-4.0 cm.?
Ethyl bromide reacted—0.00993 mole, 0.198 mole per liter

50 0.2210 0.2054 0.0156 0.076

50 .2202 .2017 .0185 .002

60 2224 .2048 .0176 .086

60 .2253 .2039 .0214 .105

Average 0.2222 0.2039 0.0183 0.090
Yield 84.5%

ErrEcT OF THE CONCENTRATION OF ETHYL BROMIDE ON THE WURTZ-GRIGNARD RATIO

1 MOLE ggHsBr 3 v v
PER CENT GRIGNARD | PER CENT WURTZ
M::;E;E;Er Ms(al)nfl-w;ﬁs W) Acc?é?v::g!ron
24,32 Based on II
0.00327 0.00323 03.6 6.4 98.8
.00665 .00660 90.5 9.5 99.2
.00993 .00990 84.7 15.3 99.8
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reaction of the first portion, but the same conclusion can be drawn from Tables ITI
and IV where the yields are calculated separately for the second portion.

Effect of Dimethylaniline

Although the experiments in Table I indicated that dimethylaniline had no effect
on the velocity constant, it was thought desirable to reinvestigate the effect of
dimethylaniline under the new experimental conditions. In these experiments, the

TABLE III
RaTte or REAcTioN OF ETHYL BROMIDE WITH LONG BARS oF MAGNESIUM
Mg cylinder length 2.50 cms. Volume 50 ce.

0.00665 mole ethyl bromide reacted to completion
0.00327 mole ethyl bromide reacted to time (t)

TIME 8 AW Mg(G) Mg(W) ﬁ—:gg; X
2.6, 7.03 0.0300 0.0300 1.45
5.0, 7.43 .0488 .0476 0.0012 0.025 1.37
7.54 7.24 .0582 .0580 .0002 .003 1.30
10.0, 7.22 .0663 .0642 .0021 .033 1.41
15.0, 6.97 .0760 .0716 .0044 .061
Average k = 1.38 cm./min.
0.00665 mole ethyl bromide reacted to completion
.00665 mole ethyl bromide reacted to time (t)
5.04 ‘ 7.49 0.0982 0.0041 0.0041 0.044 1.38
10.0s 7.24 .1295 1217 .0078 .064 1.37
Average k = 1.38 cm./min.
0.00327 mole ethyl bromide reacted to completion
.00993 mole ethyl bromide reacted to time (t)
5.0. 7.26 0.1529 0.1451 0.0078 0.054 1.50
7.52 7.17 .1835 .1688 .0147 .087 1.58
10.0: 7.20 .1964 .1850 .0114 .062 1.37
15.0; 7.06 .2139 .2003 .0136 .068 1.33
20.0, 7.06 .2216 .2103 .0113 .054 1.23
Average k = 1.40 cm./min.

¢ Subseript gives number of duplicate experiments.

dimethylaniline was added after the first portion of ethyl bromide had reacted to
completion. Table VI summarizes the results.

The failure of dimethylaniline to affect the velocity constant leads to the conclu-
sion that, although ethyl bromide reacts with magnesium quite energetically in
benzene solutions of dimethylaniline, it does not necessarily follow that in ether
small quantities will have an effect. There is still the possibility that dimethyl-
aniline acts as a cleaning agent for the surface. The experiments in Table VI do
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not offer any evidence on this point, as the surface had already been cleaned by
reaction with the first portion of ethyl bromide.

The Effect of the Nature of the Contact Substance on the Velocity Constant

Johnson and Adkins (6) and Gilman (7, 8) studied the effect of metals on the
Wurtz-Grignard ratio. Copper was studied more intensively than other metals

TABLE IV
ReacTioN oF ETEYL BROMIDE WITH SHORT BARS OF MAGNESIUM
Mg cylinder length 1.35 ems. Volume 50 ce.

0.00327 mole ethyl bromide reacted to completion
.00327 mole ethyl bromide reacted to time (t)

B 8 aw Mg(G) Mg(W) = k
53 3.65 0.0319 0.0304 0.0015 0.050 1.60
10s 3.78 .0537 .0507 .0030 .059 1.71
155 3.91 .0641 .0602 .0039 .065 1.70
205 3.68 .0679 .0641 .0038 .059 1.65
Average k = 1.66 cm./min.

0.00327 mole ethyl bromide reacted to completion
.00665 mole ethyl bromide reacted to time (t)

5, 3.58 0.0661 0.0621 0.0040 0.064 1.62
10, 3.57 .1018 .0967 0061 | .053 1.57
15, 3.68 1274 1195 .0079 .066 1.69
20, 3.91 A373 1 1274 .0099 .078 1.60
254 3.69 .1405 .1319 .0086 .085 1.57

Average k = 1.61 cm./min.

0.00327 mole ethyl bromide reacted to completion
.00993 mole ethyl bromide reacted to time (t)

5 3.72 0.0947 0.0890 0.0057 0.064 1.47
10; 3.65 .1548 .1416 .0132 .093 1.62
154 3.66 .1859 .1698 .0161 .095 1.62
202 3.52 1975 .1820 .0155 .085 1.43
254 3.57 .2110 .1935 L0175 .085 1.64
304 3.70 | .2148 .1987 .0161 .081 1.41

Average k = 1.54 cm./min.

since it affected the Grignard reaction to a greater extent. In some experiments,
copper powder was added to the magnesium, and in others, a copper-magnesium
alloy was used. According to Gilman and Heck, certain copper-magnesium alloys
react more rapidly than pure magnesium. Itisan established fact that the presence
of copper modifies the Wurtz-Grignard ratio. To determine the effect of the nature
of the contact substance, the glass shoes were replaced by metal ones made after the
same pattern. Completion experiments were not carried out for each metal and
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consequently the Wurtz-Grignard ratios given in Table VII apply to the total
product. .

For the silver contact, thin silver sheets were used with a glass shoe as a backing.
The use of a magnesium shoe gave very interesting results. The shoes were weighed

TABLE V
Errect oF CONCENTRATION ON THE YIBLD OF GRIGNARD
Short Bars
FIRST PORTION YIELD S8ECOND PORTION
——— 1 EtBr,
EtBr, | Yield, |MOLBPER Time in minutes AVERAGE
mole per |Grignard| LITER
liter | per cent 5 ! 10 ‘ 15 l 20 25 30 35
0.065 93 0.065 92 92 920 93 92
.065 93 .133 91 91 90 89 90 90
.065 93 .198 89 88 87 89 87 87 87 88
Long Bars
Time in minutes
2.5 5 1.5 |’ 0 | 15 20
0.13 90 0.065 93 93 ' 93 90 92
.13 90 133 91 89 90
.065 .198 91 87 89 89 90 89
TABLE VI

ErrFECcT OoF DIMETHYLANILINE ON THE RATE or REAcTiON OF ETHYL BROMIDE

0.00327 mole of ethyl bromide reacted to completion
.00327 mole of ethyl bromide reacted to time (t)

TIME 8 Me:NPh AW Mg(G) Mg(W) ﬁzgg; k
5y 3.83 0.0078 0.0317 0.0284 0.0033 0.116 1.54
5, 3.68 .0157 .0337 .0319 .0018 .056 1.62
5, 3.74 .0235 .0343 .0311 .0032 .103 1.67
5y 3.68 L0470 .0321 .0300 .0021 .070 1.56

10 4.17 .0078 .0578 .0553 .0025 .045 1.75

10 3.91 0157 .0539 .0523 .0016 .031 1.78

10 3.80 .0314 .0544 .0516 .0028 .054 1.68

10 4.17 .0627 .0568 .0542 .0026 .048 1.69

Me,NPh = moles/liter of dimethylaniline
Average k = 1.66 cm./min.

before and after the experiment and a loss in weight was found. The magnesium
plate reacted only at the contact, a groove being observed in the shoe at the end
of each experiment. Table VIII summarizes the results.

In the experiments reported in Table VIII, no allowance is made for the change
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TABLE VII
TaE EFFecT oF CONTACT MATERIAL ON THE RATE oF REAcTION OF ETHYL BROMIDE
Aluminum

0.00327 mole of ethyl bromide reacted to completion
.00327 mole of ethyl bromide reacted to time (t)

T1ME s AW Mg(G) Mg(W) ﬁzg‘g; k
5, 3.97 0.0346 0.0309 0.0037 0.060 1.61
10, 4.06 .0510 0454 .0056 .069 1.58
15 3.79 .0618 .0556 .0062 073 1.77
Average k = 1.65 cm./min.
Copper
5 4.35 .0303 .0224 .0079 .109 1.68
10 3.77 .0474 .0388 .0086 104 1.65
15 4.02 .0581 .0510 .0071 077 1.54
Average k = 1.62 cm./min,
Silver
53 4.06 .0388 .0363 .0025 .049 1.89
105 4.02 .0565 .0503 .0062 .040 1.89
15 4.07 .0670 0645 .0025 .036 1.77
Average k = 1.85 ¢m./min.
TABLE VIII
TrE ErrFect OF MAGNESIUM CONTACT
TIME aW; AW AWs s Mg(G) | Mg(W) %ﬁ% k
52 0.0351 | 0.0941 | 0.0168 3.98 | 0.0351 0.012 1.50
10, .0524 .1083 .0201 3.87 .0524 .015 1.42
15 .0619 .1222 .0157 4.12 .0604 0.0015 .030 1.35

Average k = 1.42 em./min.

AW, = total loss in weight of magnesium for the time interval £.

AW, = total weight of magnesium dissolved from cylinder for reaction to com-
pletion of 0.003228 mole of ethyl bromide, plus the amount dissolved during the
time interval ¢ following,.

AW = total weight of magnesium dissolved from magnesium shoes under the
same conditions as AW,

S = surface of the cylinder.

in surface with time. It will be noted that the velocity constant is somewhat less
than the average obtained with the glass shoes, while for the other metals, with the
exception of silver, there is little change in the velocity constant. However, an
examination of Tables VII and VIII and the summary given in Table IX indicates
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TABLE IX
TuE EFrFecT oF CONTACT ON THE VELOCITY CONSTANT AND ON THE WURTZ-GRIGNARD
RaTIO
0.00327 mole of ethyl bromide reacted to completion
.00327 mole of ethyl bromide reacted to time (t)

Mg(W) YIELD,
CONTACT M (G) iitnargﬁ k
Aluminum. ............0ci i 0.067 89 1.65
L0703 03+ 3 .097 84 1.62
Silver. ... ..o .042 91 1.85
Magnesium. . ......ooovitiiiiiia .019 96 1.42
Glass. ... e .058 89 1.66
0.00327 mole of ethyl bromide reacted to completion
.00665 mole of ethyl bromide reacted to time (t)

Aluminum. ... e .086 85 1.54
COPPeT . - e .103 83 1.581
Silver... ... e

Magnesium. ...t .046 92 1.59
Glass. ... o .065 88 1.61

TABLE X

TaE REACTION OF ETHYL BROMIDE WITH SHORT BARS OF MAGNESIUM IN THE ABSENCE
oF A CONTACT

Mg cylinder length 1.25 cm. Volume, 50 ce.

0.00327 mole of ethyl bromide reacted to completion in presence of contact
0.00327 mole of ethyl bromide reacted to time (t) in the absence of a contact

— s AW Mg(G) Mg(W) ﬁgg; k
53 3.73 0.0312 0.0308 0.0004 0.013 1.50

104 3.76 0449 .0439 L0010 .023 1.25

155 3.48 .0550 .0533 .0017 .032 1.27

20, | 3.20 .0625 .0611 ,0014 .023 1.28
Av. k = 1.32 cm./min,

0.00327 mole of ethyl bromide reacted to completion in presence of contact
0.00665 mole of ethyl bromide reacted to time (t) in absence of a contact

52 3.40 .0557 .0512 .0045 .088 1.38
10, 3.56 .0872 .0817 .0055 .067 1.31
15, 3.43 .1095 .1045 .0050 .048 1.21
20, 3.30 1197 1124 .0073 .065 1.21

Av. k == 1.28 cm./min.
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an appreciable decrease in the yield of Grignard reagent for the experiments with
copper and aluminum. The decrease in yield with copper is in accord with the find-
ings of Jobhnson and Adkins (6).

In order to determine if the contact was necessary after the initiation of the reac-
tion, the experimental procedure was modified in the following way. The contact
(A) and the glass shaft (F) (Figure I) were shortened so that after reaction with a
portion of ethyl bromide in ether solution, the cylinder of magnesium could be
lowered below the contact, and the reaction with a second portion of ethyl bromide
studied. Previous experiments had shown that exposure of the cylinder to air after
activation decreased the reactivity. Table X summarizes the rate experiments
conducted in the absence of a contact.

The velocity constants in Table X are lower than those in Table IV, and k de-
creases with time. In addition, the individual experiments are not so reproducible
in the absence of a contact.

DISCUSSION

Perhaps the most striking result of this investigation is the fact that
changing the contact material does not alter the velocity constant. This
eliminates any theory of local elements (10) as an explanation of the
contact action. The possibility of an oxygen concentration cell (9), or the
presence of peroxides, is eliminated, as the ether was distilled from the
Grignard reagent and reacted with a first portion of Grignard reagent
before the rate was measured. The possibility that the reacting surface
is at a much higher temperature than 25° has already been mentioned (1)
but discarded. That uniform reaction takes place without activation by
a contact is refuted by the appearance of the surfaces, and by the experi-
ments with magnesium shoes. The shoes presented a large surface of
magnesium, but reaction took place only at the contact of shoes and
cylinder. ‘

In their study of photovoltaic effects, Dufford (11) and Harty (12)
found that the direct-current resistance of a solution of Grignard reagent
was greater than the alternating-current resistance. From this observa-
tion it appears probable that the electrodes were coated with a resistant
layer of adsorbed molecules. Clark (13) has demonstrated, by means of
x-rays, the presence of an adsorbed layer of organic halogen compounds
on metals. The adsorption results in actual chemical reaction at higher
temperatures (14). Such a mechanism is not impossible as a mode of
activation of the ethyl bromide before reaction, but it is difficult to say
just what réle the shoe might play.

Our own picture of the reaction is that the shoe ruptures the coating,
allowing the reaction of ethyl bromide and magnesium to start. More-
over, the shoe tends to prevent contamination of the surface by the
products. During the initial period, the percentage yield of Grignard
reagent based on the ethyl bromide reacted is probably relatively low
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(70-809%,), due in part to hydrolysis of the Grignard reagent and in part
to the formation of Wurtz products. After approximately 509, has
reacted, the yield is practically constant to the end of the reaction, and
will remain so for subsequent runs at the same concentration, provided
the accumulation of the reaction-products does not decrease the amount
of clean or active surface of the metal available for reaction. This point
of view is supported by the results reported in Table X.

The authors would like to make due acknowledgment of the research
grant made to one of us (MK) by the Faculty Research Committee of the
University.

SUMMARY

1. An improved method of studying the dissolution of magnesium in
ethyl ether solutions of ethyl bromide has been found. This method
gives reproducible results.

2. Uniform and reproducible reaction takes place only at a contact.
The rate of reaction is proportional to the concentration of ethyl bromide.

3. The contact initiates the reaction.

4, The nature of the contact substance does not appreciably alter the
velocity constant for the substances studied but it does alter the yield of
ethylmagnesium bromide in some cases.

5. The yield of ethylmagnesium bromide has been computed for all
experiments and the various factors affecting the yield have been discussed.

PHILADELPHIA, Pa.
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MOLECULAR REARRANGEMENTS INVOLVING OPTICALLY
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In 1912 Wolff (1) deseribed a rearrangement which diazoketones undergo
when they are treated with silver oxide in ammoniacal solution.

O 0

r—bcay, 280 g om & N +
NH;
In recent years this rearrangement has received considerable attention,
and has been developed by Arndt and co-workers (2) as a general synthetic
method for lengthening the carbon-carbon chain. It has also been shown
that the transformation is catalyzed by finely divided metals such as silver,
copper, and platinum.

Of the mechanisms that have been proposed for this rearrangement,
the one formulated by Eistert (3) is of special interest. In the presence of
the catalyst, the intermediate (II) follows the course of the reaction in-
dicated by equations (b) and (¢). In the absence of the catalyst, and
in the presence of water and an acid such as formic acid, it adds water to
give a keto alcohol as indicated in equation (d).

L H H
(a) R:C:C:N:::N: — R:C:C + N,
I
18 1 B
®) R:0:0 ¥yt p.§::0::0
.+ anionic migration <

III

1 Oxford University.
2 Oxford University; now at Eastman Kodak Company, Rochester, New York.
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H H(”)
() R:C::0::0 2B R:G:G:A  (A:H=NH,; H,0; RNH,; ROH)
H
| K 11
() R:C:C + H:,0 —» R—C—C—OH

!
H

Evidence that a ketene (III) is formed as an intermediate in rearrange-
ments of this type has been submitted by Staudinger and Hirzel (4).
These investigators were able to isolate the ketene formed in the rearrange-
ment of diazoacetoacetic ester. A similar result has been reported by
Schroeter (5). Usually, however, the rearrangement is conducted in the
presence of water, ammonia, alcohol, or an amine, and consequently an
acid, an amide, an ester, of a substituted amide, as the case may be, is the
first product of the reaction that can be isolated.

In studying the above proposed mechanism, it was of interest to us to
note that this formulation closely parallels that now generally accepted for
the Curtius rearrangement of the acid azides (6), where the first inter-
mediate corresponding to the ketene is an isocyanate. The Curtius
rearrangement, together with the related Hofmann and Lossen rearrange-
ments of amides and hydroxamic acids respectively, has been extensively
studied in recent years, and in the earlier papers of this series (7) describing
experimental results on compounds in which the rearranging group is an
optically active radical, it was shown that in every case the migrating
group retained its asymmetry during the rearrangement process, and
that the reaction was accompanied by no appreciable racemization.

In this paper it is our purpose to present for consideration the results
of a similar study on the behavior of optically active diazoketones when
they undergo the Wolff rearrangement, with a view of showing to what
extent the formal parallelism between this rearrangement and the
Curtius rearrangement may be accepted. d-Benzylmethyldiazoacetone,
(CeHsCH,)(CH;) CHCOCHN,, was chosen for these studies, since the
work of Wallis and co-workers (6, 7) on the Curtius, Hofmann, and Lossen
rearrangements was carried out on optically active compounds which
contain the benzylmethylearbinyl radical. This diazoketone, o2 +
134.3°; 1 dm. tube without solvent, was prepared by the action of diazo-
methane on d-benzylmethylacetyl chloride, o® <+ 24.80°; 1 dm. tube
without solvent. Similarly, an optically impure levo modification, a2 —
14.03° 5 cm. tube without solvent, was obtained from an incompletely
resolved levo-benzylmethylacetic acid.
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Treatment of the completely resolved deztro-rotatory diazoketone with
aqueous formic acid gave the corresponding keto alcohol with no appreci-
able racemization. Portions of the diazoketone were then subjected to
the Wolff rearrangement under two sets of conditions. In the first series
of experiments a small amount of silver ion was used as a catalyst. The
diazoketone was dissolved in methyl alecohol which had been saturated
previously at room temperature with ammonia gas. A small amount of
silver nitrate was added, and then a rapid rearrangement occurred. On
working up the product, an optically active S-methyl-8-benzylpropion-
amide was obtained in a chemically pure state with an inversion of the
sign of rotation. It was soon observed, however, that partial racemization
had taken place during the rearrangement process. Thus, by crystalliza-
tion methods, it was possible to obtain pure fractions of the amide ranging
in activity from [«]® — 2.63° to [«]® — 10.80° (benzene).

In the second series of experiments the diazoketone was dissolved in
a 309, aqueous dioxane solution containing some sodium thiosulfate. The
latter was added to prevent precipitation of the silver salt of the organic
acid which is subsequently formed. A small amount of silver oxide was
then added as a catalyst, and a rapid rearrangement took place. The
substituted propionic acid so obtained, however, showed no appreciable
rotation. Its amide was also found to be completely inactive. In this
instance the asymmetric group completely loses its asymmetry during
rearrangement—a fact that stands out in sharp contrast to observations
in studies on the Curtius, Hofmann, and Lossen rearrangements. In
these rearrangements no appreciable racemization accompanies the re-
action.

These results are also of interest in connection with certain experiments
of Preobrashenski, Poljakowa, and Preobrashenski (8). In their work
on the synthesis of d-homopilopic acid from d-pilopic acid:

x(@) () x(@) (b))
C,Ha(IJH———(l‘)HCO2H — 02H5C|)H—(|)HCOCHN2
O=C\ /CH, O=C\ CH,

0 0]
x(a) x(b) Ag:0 «(a) x(b)
CszClH—(l}HCOCHNz H2 O—) Csz(ﬁH-ﬁ)HCHzCOzH
0=C CH, 0=C CH,
\O/ \O/

these investigators reported that the Wolff rearrangement takes place
with no racemization. It should be remembered, however, that the mole-
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cule studied has two asymmetric carbon atoms, one of which (@) is not
affected by the rearrangement process and thus may influence the stereo-
chemical course of the reaction as a whole. Moreover, these workers
reported rotations on materials only after they were prepared for analysis.
Thus, it may be that in this case also, rearrangement is accompanied by
partial or complete racemization of the asymmetric center (b), one of the
two possible products being lost in the mother liquors during recrystal-
lization.

In the interpretation of their results obtained in studies on the Curtius,
Hofmann, and Lossen rearrangements, Wallis and his co-workers put
forward the belief that optical stability is most easily explained on the
basis of an electronic mechanism involving a shift of the group with its
pair of electrons. This did not imply, however, that the migrating group
is a carbanion. On the contrary, evidence was obtained (9) by them to
show that at no time is the migrating group ever free from the sphere of
influence of the rest of the molecule. Hence, if the Wolff rearrangement
proceeded according to the mechanism suggested by Eistert as outlined
above, which is strictly analogous to that of the Curtius rearrangement,
then a similar retention of optical activity by the migrating group would
have been expected. The behavior of d-benzylmethyldiazoacetone on
rearrangement, however, shows that this is not the case. Partial or com-
plete racemization of the migrating group occurs, depending upon the
conditions of the experiment.

This striking difference in behavior suggests many possible interpreta-
tions. At first thought it might be argued that the racemization is due to
the occurrence during reaction of a tautomerism involving the hydrogen
atom on the asymmetric carbon atom in the diazoketone or in the inter-
mediate products.

HO

OH
' . L
CeHsCH,—C—C—CHN; —= C,H;CH;—C=C—CHN;

CH, H,

OH

H
| H/ H/
c.mcnz—-*é—c—o — c.H,CHr—'é=J:——C

N
H, H,

We are inclined, however, to reject this interpretation. The diazoketone
is reasonably stable optically, even on distillation, and exhibits no such
tautomerism in the solutions employed in the experiments; these solutions
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are quite stable unless metallic catalysts are introduced. Furthermore,
certain experiments on the optically active diazoketone, methylethyl-
phenyldiazoacetone, (CH;)(C.Hs)(CeHs)C—CO—CHN,, where such tau-
tomerism can be ruled out, indicate here also that racemization accompanies
the rearrangement. It may also be pointed out that the intermediates
in the Curtius, Lossen, and Hofmann rearrangements of derivatives of
d-benzylmethylacetic acid should have an equal opportunity for displaying
this sort of tautomerism; yet this apparently never happens during the
rearrangement process,

The explanation of the difference in behavior of a migrating asymmetric
group in the two types of rearrangement is more probably to be sought
in some divergence of the detailed mechanisms in the two cases. For
example, both Curtius and Wolff rearrangements may proceed by a process
of internal oxidation and reduction such that at no time is the migrating
group free, but that in the former the asymmetric carbon atom retains at
all times its complete octet of electrons, while in the latter it is at some
point left with only a sextet of electrons. It has been pointed out by
Wallis (10), that such a sextet of electrons is, in general, incapable of pre-
serving intact the asymmetry of a carbon atom in such an intramolecular
process and leads to extensive or complete racemization, or sometimes by
a special mechanism to Walden inversion. It is also possible that the re-
arrangement, when catalyzed by silver ions, may be an ionic process in-
volving separation of the asymmetric group as a carbanion or carbonium
ion respectively, depending on the conditions of experiment (dielectric
constant of the medium, catalyst, efc.). The properties and optical
stability of such ions have been investigated in recent years (11), and
it has been found that carbonium ions are on the whole more liable to
racemization than carbanions. Such reactions are markedly influenced
by the solvent and by other ions present in the solution. If the energies
of ionization in the two different ways are comparable, then one or both
types of ionization may be expected, the relative extent of each depending
on the activation energies of each process, which will depend on the par-
ticular nature of the reaction-medium. Thus it is possible that the re-
arrangement of d-benzylmethylacetyldiazomethane in methyl alcohol
saturated with ammonia leads to a product not completely racemized
because the process involves carbanions extensively as intermediates,
while the rearrangement in aqueous dioxane leads to a completely race-
mized product, since the intermediates are largely carbonium ions. It is
interesting to note in this connection that the silver ion in the first case is
present as a complex cation ([Ag(INHj).]*), while in the second it is present
as a complex anion ([AgS:0;]7). We propose to investigate further
whether this is of real significance.
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In conclusion we should like to point out that the decision between the
alternatives discussed in the preceding paragraph, could be definitely
made, were data available on the Wolff rearrangement of the same char-
acter as those obtained by Wallis and Moyer (9) for the Hofmann rear-
rangement. For instance, the optically active diazoketone (V) should
rearrange into the acid (VI) without loss of optical activity unless the

NO, NO.
1
O;N C—CHN, catalyst O.N —CH;CO.,H
H:0O
v VI

mechanism involves the definite separation of the optically active radical
into a free fragment, in which case racemization due to free rotation around
the axial C—C bond should result. A study of this type has not yet
been made, but the diazoketone (V) is now being prepared in this labora-
tory and its behavior will be discussed in a later paper. The influence
of dielectric constant of the medium is also being investigated, since this
also will make itself evident if the reaction is ionic. The connection,
however, between rate of reaction and dielectric constant is difficult to
establish in this case, since the reaction rate is also very sensitive to the
catalyst. It must be remembered that the réle of the catalyst is as yet
completely unknown, although it may be noted in passing that those
catalysts satisfactory for the Wolff rearrangement are among those known
to be effective in weakening the carbon-carbon and carbon-hydrogen bonds
(7.e. the metallic hydrogenation-dehydrogenation catalysts) and may owe
their efficacy to the promotion of reactions of the types discussed above
at their surfaces.

EXPERIMENTAL

Preparation of d-benzylmethyldiazoacetone. This compound was prepared from
d-benzylmethylacetic acid. The acid used in these experiments was prepared ac-
cording to the method of Conrad (12), with a few modifications due to Jones and
Wallis (68). It was resolved into its enantiomorphs by the method of Kipping and
Hunter (13). In a 5 cm. tube without solvent, the acid displayed a rotation ah
+11.35°. It was converted into its chloride by the method of Pickard and Yates
(14). The chloride boiled at 89-90° (1.7 mm.). In a 5 cm. tube without solvent it
gave a rotation ap +12.40°. From the acid chloride, the diazoketone was then
prepared according to the method of Arndt and Eistert (2) for the general prepara-
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tion of diazoketones from acid chlorides. The acid chloride (10 g.) was dissolved
in 25 cc. of pure dry ether, and added drop by drop over a period of one-half hour,
with mechanical stirring, to a solution of 8 g. of diazomethane in 400 cc. of dry
ether, prepared according to the directions of Arndt and Amende (15). The solu-
tion was kept at 0° during the addition of the chloride and for one-half hour there-~
after. Finally it was allowed to come to room temperature and was stirred for an
additional two hours. After filtration of the solution to remove polymethylenes,
the solvent was removed. The diazoketone was obtained as a clear, yellow oil,
which was freed from the last traces of solvent by heating on the water-bath at 60°
for one hour under a pressure of 15 mm.

The diazoketone so prepared showed no trace of chloride either in the Beilstein
test or on treatment with silver nitrate in ethyl alcohol. It was readily soluble in
alcohol, ether, acetone, and benzene, insoluble in water. It was not obtained in
crystalline form. When kept in a glass-stoppered bottle, the inner surface of which
was free from etching, in a refrigerator, it was stable for an indefinite period. Ina
5 cm. tube without solvent it gave a rotation ab +67.2°.

The filtrates from the fractional crystallizations of the quinine salt of benzyl-
methylacetic acid were worked up and a mixed levo acid was obtained. This was
converted to the corresponding mixed levo diazoketone by the method just described
for the preparation of the pure dextro modification. Its rotation in a 5 cm. tube
without solvent was a3 —27.90°. At 0.08 mm. pressure on a bath at 95-100°, the
diazoketone distilled over with slight decomposition. An analysis of the product
for nitrogen gave:

Cale’d for CuHuNzO: N, 14.89. Found: N, 14.17.

Hydrolysis of the mized 1-digzoketone to j-phenyl-3-methylbutan-2-on-1-0l. Three
grams of the mixed I-diazoketone was treated with 30 cc. of 50% formic acid solution
at room temperature, Nitrogen was violently evolved, and the solution became
intensely orange-yellow. After one hour the reaction had stopped, and the solution
was filtered, diluted with water, and extracted with ether. The ether extract was
treated with concentrated sodium bicarbonate solution until neutral. It was then
washed with water, dried over anhydrous sodium sulfate, filtered, and the ether
removed on a water-bath, The residual brownish liquid was distilled at 56-62° at
0.002 mm. pressure. Yield 2 g. or 70.4% of the theory. In a 5 cm. tube without
solvent the keto alcohol showed a rotation ah —14.03°. For identification a sam-
ple of the freshly distilled keto alcohol was treated with p-nitrobenzoyl chloride and
a small amount of pyridine. The p-nitrobenzoate was crystallized from a mixture of
alcohol and petroleum ether. Melting point of pure product, 73°.

Anal. Calc’d for CisH7NO;: C, 66.05; H, 5.20.

Found: C, 65.94; H, 5.12.

Rearrangement of the d-diazoketone in methanol saturated with ammonia. Thirty-
five cubic centimeters of methanol was saturated with dry ammonia gas at 20°.
Three grams of d-benzylmethyldiazoacetone was then added, whereupon the solu-
tion deepened in color to orange-red but remained clear. To the solution was added
slowly and with shaking, 10 ce. of a saturated solution of silver nitrate in 80% (aque-
ous) methanol. Evolution of nitrogen commenced at once. After two hours no
further evolution of nitrogen could be observed. The solution was then freed from
golvent under reduced pressure on the water-bath at 30°, and the oily residue was
extracted with ether until only a small amount of silver nitrate and silver powder
remained. The ether solution was decolorized with animal charcoal, filtered, and
dried over anhydrous sodium sulfate. On removal of the ether from the dried solu-
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tion, a straw-colored oil was left, which was taken up in benzene and examined for
optical activity. A solution of the substance in 10 cc. of benzene showed a rotation
of ap +0.5° (2 dm. tube). On addition of an equal amount of light petroleum ether,
crystals of 8-benzyl-g-methyl-propionamide separated. Some 2.5 g. of crude crys-
tals was obtained. The mother liquor still exhibited a positive rotation. On
evaporation of the solvent, a yellow oil remained which refused to crystallize.
This wag again subjected to a treatment with ammonia and silver in methanol as
described above. This time, when the solvent was finally removed, a crystalline
product was obtained, which was united with the first fraction, Three recrystalli-
zations from a 50% solution of light petroleum ether in benzene gave one gram of
leafy white crystals of melting point 80-81°, It had [a]5 —9.30° in benzene (0.156 g.
of the substance in 5.00 cc. of solution gave ah —0.58° in a 2 dm. tube).

Anal. Cale’d for C,;H ;NO: C, 74.54; H, 8.5.

Found: C, 74.34; H, 8.3.

The mother liquors from the recrystallizations were worked up and 0.5 g. of addi-
tional amide obtained. Melting point: 78-89°; [a]h —2.63° (0.114 g. of amide in
5.00 cc. of benzene gave oy —0.12°).

Anal, Cale’d for C;;Hi:NO: C, 74.54; H, 8.53.

Found: C, 74.43; H, 8.54.

This indicates that the product was partially racemic. This was confirmed by
the change of specific rotation of a portion on recrystallization from water. The
crystals, separated and dried, had a specific rotation [a]; —7.21°, while the amide
left in the mother liquor had a rotation [e]; —10.80°.

Rearrangement of the d-diazoketone in 269, (aqueous) diozxane. Three grams of
d-benzylmethyldiazoacetone was dissolved in 25 cc. of dioxane. To this solution
was added, with shaking, 80 cc. of a suspension of freshly precipitated silver oxide in
100 ce. of 59, sodium thiosulfate solution. Reaction commenced at once, as evi-
denced by a rapid evolution of nitrogen, the solution rapidly turning red. The
mixture was shaken for ten minutes and then heated to 50° on the water-bath for two
or three minutes. Reaction was then complete. The excess silver oxide was filtered
out, and the solution extracted several times with small portions of ether. These
extracts were discarded. The clear aqueous solution was acidified carefully with
dilute hydrochloric acid, saturated with sodium chloride, and extracted four times
with ether. The ether extracts were united and extracted several times with a
solution of 2 N sodium hydroxide. This effected a separation of the organic acid
from sulfur precipitated by the action of hydrochloric acid on sodium thiosulfate.

The united sodium hydroxide extracts were acidified with hydrochloric acid,
saturated with sodium chloride, and extracted with ether as before. The ether
solution of the organic acid was decolorized with animal charcoal, filtered, and dried
over anhydrous sodium sulfate. On final removal of the ether, 2 g. of a straw-col-
ored oil wag obtained which was completely optically inactive.

The B-benzyl-8-methylpropionic acid itself was not obtained in crystalline form,
For analysis it was converted to the acid chloride by treatment with thionyl chlo-
ride. The chloride was then added drop by drop with stirring to 100 ce. of con-
centrated ammonium hydroxide at 0°. The mixture was allowed to stand overnight,
and the precipitated amide was recrystallized from 509, benzene-petroleum ether
solution. Three recrystallizations sufficed to give a pure product of sharp melting
point 83°.

Anal. Cale’d for CiH;;NO: C, 74.54; H, 8.53.

Found: C, 74.55; H, 8.47.
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Rearrangement of d-methylethylphenyldiazoacetone. This diazoketone was pre-
pared by a method similar to that outlined above for d-benzylmethyldiazoacetone.
Five grams of an incompletely resolved methylethylphenylacetic acid, [a]h +6.90°,
prepared by the method of Wallis and Bowman (10), was converted to the acid
chloride by reaction with thionyl chloride. The chloride so prepared was dissolved
in 200 ce. of dry ether and treated with an excess of diazomethane. After the reac-
tion was completed the excess of diazomethane and the solvent were removed at
30° under diminished pressure. Five grams of a yellow viscous oil was obtained.
Qualitative tests showed it to be free from halides.

Two grams of the material was dissolved in 15 ce. of pure dioxane, and to the
solution was added slowly 40 ce. of a mixture of 2 g. of freshly precipitated silver
oxide in 100 cec. of 5% aqueous solution of sodium thiosulfate. A reaction began
immediately as evidenced by the evolution of nitrogen, and the color of the reaction-
mixture changed rapidly to deep red. After two hours the reaction was complete.
The solid silver-silver oxide mixture was then removed by filtration, and the filtrate
was extracted several times with ether. Both ether extract and aqueous solution
were optically inactive. From the aqueous solution was obtained on acidification
0.5 g. of an optically inactive acid.

We wish to take this opportunity to thank Merck and Company, Rah -
way, New Jersey, for certain of the analyses published in this paper and
also to thank Professor F. Arndt, Universite Kimya Enstitusei, Istanbul,
for helpful suggestions made to one of us at the commencement of
this work.

SUMMARY

Benzylmethyldiazoacetone has been prepared in a pure dexrtro and a
mixed levo modification.

Evidence is submitted to show that: (a) On treatment with acids in
the absence of a catalyst, this compound gives an optically active keto
aleohol without appreciable racemization.

(b) On treatment with ammonia in the presence of a catalyst, the com-
pound undergoes a Wolff rearrangement to give a partially racemized
B-methyl-8-benzylpropionamide.

(c¢) On treatment with water in the presence of a catalyst, the compound
undergoes a Wolff rearrangement to give an optically inactive S8-methyl-
B-benzylpropionic acid.

Methylethylphenyldiazoacetone has been prepared in a mixed dextro
modification. When this compound undergoes the Wolff rearrangement
in the presence of water and a catalyst, an optically inactive acid like-
wise results.

A discussion of these results is given with special reference to the relation
of the detailed mechanism of the Wolff rearrangement to that of the
Curtius, Hofmann, and Lossen rearrangements, in which the benzylmethyl-
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carbinyl radical retains its asymmetry without appreciable racemization
during the rearrangement process.

Oxrorp, ENGLAND
PrinceTON, N, J.
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It was observed by Knoll and Co. about 1905 (1) that codeine reacts
with warm ‘‘sulfoacetic acid” (a solution of concentrated sulfuric acid
in acetic anhydride) in such manner that the aleoholic hydroxyl group is
acetylated, and, in addition, the codeine molecule undergoes substitution
by a second acetyl group. In contrast to the acetyl group at the hydroxyl,
the second acetyl has ketonic properties, and cannot be removed by
hydrolysis, whence Knorr (2) believed that the new group was sub-
stituted in the aromatic ring of codeine, at the same position as the bro-
mine atom or the nitro group of bromocodeine or nitrocodeine respectively.
This view was supported by the fact that acetocodeine, like bromocodeine,
does not undergo nitration, an indication that the preferred nitration
position is already occupied. Knorr assumed, on grounds not stated,
that these derivatives all carried the substituent at the 1 position. Later
investigators (6) considered that substitution in the morphine or codeine
molecule may take place at the 2 position, a belief that was perhaps based
on the probable ortho-orienting influence of the morphine phenolic hy-
droxyl at position 3. Schopf and Pfeifer (3), however, have suggested
that bromination of dihydrocodeinone takes place at position 1. Direct
proof of the position of bromination was offered by Small and Turnbull
(4), through identification of the degradation product of bromocodeine
(and consequently of bromomorphine) with synthetic 1-bromo-3,4-
dimethoxyphenanthrene.

More recently, Ochiai and Nakamura (5) have taken up the structural
problem outlined by Small and Turnbull (6) and have demonstrated,
through conversion to 1-bromocodeine, that the aminocodeine (m.p.
228°) resulting from reduction of Anderson’s nitrocodeine (m.p. 221°) (7)
has the amino group in the 1 position. By a parallel procedure, the

1 The work reported in this paper is part of a unification of effort by & number
of agencies having responsibility for the solution of the problem of drug addiction.
The organizations taking part are: The Rockefeller Foundation, the National Re-
search Council, the U. S. Public Health Service, the U. 8. Bureau of Narcotics, the
University of Virginia, and the University of Michigan. Publication authorized
by the Surgeon General, U. S. P. H. 8.

2 Mallinckrodt Fellow in Alkaloid Chemistry 1937-39.
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aminocodeine (m.p. 95-96.5°) resulting from reduction of nitrocodeine
(m.p. 116.5-117.5°) obtained from the supposed nitrosomorphine of
Wieland and Kappelmeier (8) was shown to be 2-aminocodeine. Ander-
son’s nitrocodeine was first reduced by Vongerichten and Weilinger (9)
with tin in glacial acetic acid. Acetylation took place simultaneously with
reduction; the product that they describe as ‘“diacetylaminocodeine’ is,
in the light of Ochiai’s proof, 1-acetylamino-6-acetylcodeine.

If acetocodeine actually has the acetyl group in the aromatic ring, the
obvious method for proof of position of the group is the Beckmann rear-
rangement of the oxime. If acetocodeineoxime has the structure I, the
rearrangement would lead to II, and Ochiai’s aminocodeines would be of
no service.

CHsC-CmHzoOaN O=C"‘C18H2003N
NOH NHCH;
I 11
CH;C—CisH200sN CHs(IJO
HON NHC;3HgOsN
III v

If, on the other hand, the oxime is of the other possible form III, the
rearrangement must lead to the N-acetyl derivative IV of one of the
known aminocodeines.

To carry out the desired structural proof, aceto-6-acetylcodeine was
chosen, since its oxime, in contrast to that of acetocodeine, is a crystalline,
well-defined compound. Attempts to accomplish the rearrangement of
aceto-6-acetylcodeineoxime with concentrated sulfuric acid, or phosphorus
pentachloride, under the customary conditions resulted in unchanged
material, or in extensive decomposition. With ‘“Beckmann’s mixture,”
at room temperature, the rearrangement proceeded smoothly, to give an
excellent yield of acetylamino-6-acetylcodeine. This compound differed
from the “diacetylaminocodeine’’ of Vongerichten and Weilinger in that
it crystallized in the form of a trihydrate, whereas Vongerichten reported
an anhydrous base. The rearrangement-product gave satisfactory
analytical values, however, and was identical with 1-acetylamino-6-
acetylcodeine prepared according to Vongerichten’s directions from
1-aminocodeine.

Although these results leave little doubt about the structure of the
Beckmann rearrangement product, it was desirable to eliminate the
possibility of criticism arising from the disagreement with Vongerichten’s



288 LYNDON SMALL AND JAMES E. MALLONEE

experiments. The acetylamino-6-acetylcodeine from the rearrangement
was therefore subjected to hydrolysis. The product was 1-aminocodeine,
corresponding in melting point and rotatory power with l-aminocodeine
prepared by reduction of Anderson’s (m.p. 221°) nitrocodeine, the struc-
ture of which was demonstrated by Ochiai and Nakamura. Acetocodeine
therefore carries the acetyl group in the 1 position of the codeine aromatic
ring. Reduction-products from acetocodeine will be described in a
later paper.

EXPERIMENTAL

1-Aminocodeine was prepared by electrolytic reduction of 1-nitrocodeine in 209,
gulfuric acid solution (10). From 10 g. of l-nitrocodeine, 5 g. of crude l-amino-
codeine was obtained. Purification was difficult because of the low solubility of
aminocodeine in organic solvents, and was best effected by repeated sublimation
in a high vacuum. The pure base had the melting point 226-228° (evac. tube) and
showed [a]f —178.7° (water, ¢ = 0.91). We were unable to obtain significant am-
ounts of aminocodeine by reduction with sodium hydrosulfite, as described by
Ochiai.

Acetylation of aminocodeine by the method of Vongerichten gave a base that
crystallized from 60% alcohol in lustrous rectangular plates of melting point 112-115°
(Vongerichten described needles, m.p. 120°, anhydrous). In alcohol, l-acetyl-
amino-6-acetylcodeine showed [a]y —220.3°, —220.8° (¢ = 1.16, 1.02). Analysis of
the same compound, obtained from the Beckmann rearrangement described below,
indicated that it was the trihydrate.

1-Aceto-6-acetylcodeine, prepared according to the method of Knoll and Co.,
appeared to be solvated, since the purest samples sintered strongly at 125°. Drying
at 100° in a vacuum resulted in & product having the previously observed melting
point, 146-147°,

The preparation of the oxime of l-aceto-6-acetylcodeine coincided with the
description of Knorr, Horlein, and Staubach (2), except that the oxime hydro-
chloride invariably began to separate as silky needles after a few hours, and the
mixture became solid within 24 hours. The crystals (m.p. 240°, decomp.) were
sucked dry and dissolved in water, and the oxime base was precipitated with sodium
carbonate. From 10 g. of aceto-6-acetylcodeine, 10.2 g. of crude oxime was obtained.

Rearrangement of 1-aceto-6-acetylcodeineoxzime. The action of concentrated
sulfuric acid on the oxime gave only unidentifiable, non-basic material. Treatment
with phosphorus pentachloride in boiling ether, petroleum ether, or benzene, gave
either starting material, or tarry products, depending upon the solvent used.

One gram of the oxime was dissolved in 10 cc. of glacial acetic acid containing
2 ce. of acetic anhydride, and dry hydrogen chloride was bubbled in for two hours.
After one and one-half hours standing, the solution was poured on ice, and sodium
carbonate solution was added to alkalinity. The precipitate obtained weighed 1.05
g. after drying. It contained a trace of high-melting material (m.p. 210-230°,
perhaps aminocodeine) that was removed by crystallization from 60% alcohol.
The pure l-acetylamino-6-acetylcodeine had the melting point 112-115° (with
foaming) and gave no depression of melting point when mixed with the acetylation
product from aminocodeine described above. In alcohol solution it showed [«)2
—214° (¢ = 0.95). The compound was a trihydrate, and lost its water, even in a
high vacuum, only at the melting point.
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Anal. Cale’d for CoH26NOs + 3 H,0: C, 58.4; H, 7.1; H:0, 11.9,
Found: C, 58.5; H, 7.0; H.0, 10.4.

Two grams of acetylaminoacetylcodeine obtained from the Beckmann rearrange-
ment was heated with 3 N hydrochloric acid at 90° for 1.5 hours. The aminocodeine
was isolated as in the preparation from nitrocodeine, and weighed 1.3 g. (93% yield).
It melted (crude) at 223-226° and showed no depression in mixed melting point with
the authentic sample. After sublimation in a high vacuum the hydrolysis product
had [a]5 —181.1° (water, ¢ = 0.81).

SUMMARY

Acetocodeine carries the acetyl group in the 1 position. This has been
proved by Beckmann rearrangement of aceto-6-acetylcodeineoxime, and
identification of the product as l-acetylamino-6-acetylcodeine.

WasgINGgTON, D. C.
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In 1932 Jacobs and Fleck (1) subjected strophanthidin to dehydrogena-
tion with selenium with the purpose in mind of establishing the long-
suspected relationship between the cardiac aglycones and the sterols by
the formation of the so-called Diels’ hydrocarbon which has come to be re-
cognized as methyleyclopentanophenanthrene. Instead of this substance
they reported the isolation of a hydrocarbon, the analytical figures for
which indicated a formula of Ci¢H1s. Later ultra-violet absorption spectra
(2) and x-ray (3) studies on this hydrocarbon indicated a phenanthrene
nucleus bearing a close resemblance to retene. In a reinvestigation of
the dehydrogenation of strophanthidin with selenium, Elderfield and
Jacobs (4) found that the nature of the products formed was closely
dependent on the experimental procedure used. If the reaction was
carried out with slow initial heating of the reaction-mixture and at a final
temperature of 320-340° the Diels’ hydrocarbon could be readily isolated.
However, when the mixture was heated as rapidly as possible to 360°
and then held at that temperature, they reported the isolation of two
unknown hydrocarbons, both of which gave analytical figures corre-
sponding to CisHy, in addition to a small amount of the Diels’ hydro-
carbon. The phenanthrene nature of the two new hydrocarbons was
indicated by the formation of guinones and quinoxalines.

In view of the uncertainty concerning the identity of these two hydro-
carbons and because of the apparent abnormality in the course of the
dehydrogenation reaction induced by a comparatively slight change in
the experimental conditions, it seemed desirable to re-open the question
with the aim of definitely identifying the two hydrocarbons and thus to
throw some light on the changes accompanying their formation. The
latter end assumes increased importance because of the wide-spread use

1 The material used in this paper forms part of a dissertation submitted by Ernest
E. Lewis in partial fulfillment of the requirements for the degree of Doctor of Philos-
ophy in the faculty of pure science of Columbia University.
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of the selenium dehydrogenation method and the reliance placed on
results gained thereby.

We have repeated the dehydrogenation of strophanthidin according
to Elderfield and Jacobs (4) and have been able to isolate one hydrocarbon
which we believe to be pure and which furnished analytical figures cor-
responding to CigHys, or possibly CisHie. Its melting point, 131-132°,
does not correspond to that of either of the Elderfield and Jacobs hydro-
carbons, which melted at 127° and 124-125° respectively. This may be
taken to indicate that the former workers did not have at hand two pure
hydrocarbons, but rather two samples of the same hydrocarbon with
different amounts of contaminating impurities, a view which is strength-
ened by our failure to isolate any second hydrocarbon. A final decision
on this point, however, must be reserved for the future.

Limited by the small amount of pure material available, we were unable
to carry out structural studies on the hydrocarbon by oxidative degrada-
tion as originally intended, and we have therefore turned to the synthetic
approach. The analytical results obtained with the hydrocarbon and
its quinone favor the formula, CisHys, although analyses of its picrate and
trinitrobenzene derivative favor Cy;Hy. In either event, it is difficult
to make a decision with certainty because of the small difference in ana-
lytical figures corresponding to the two formulas. At the start we were
inclined to favor the CieHy possibility, because of the known instability
of the addition compounds, but evidence to be presented renders the
C17H s alternative more likely.

Proceeding on the plausible assumption that the hydrocarbon is an
alkylated phenanthrene, only dimethyl- or ethyl- phenanthrenes need be
considered in connection with the CyHiy, formula. From a consideration
of the structure of strophanthidin (I) the most logical points of attach-
ment for alkyl groups in a phenanthrene appear to be the 1 and 2 positions
(IT). Alkyl residues in these positions could then result simply from a
rupture of ring IV during dehydrogenation, whereas the appearance of
alkyl groups in any other position of the phenanthrene nucleus would
require more or less extensive rearrangements. The investigations of
Haworth, Mavin, and Sheldrick (5) and of Mosettig and van de Kamp
(6), which resulted in the synthesis of all the dimethyl-, ethyl-, and methyl-
ethyl- phenanthrenes with substituents in these positions, rather definitely
eliminate them from further consideration. The strophanthidin hydro-
carbon therefore must result from some rearrangement involving wander-
ing of one or more alkyl groups.

As a point of departure in considering such possibilities we have postu-
lated that the aldehyde group on C atom 10 of the strophanthidin mole-
cule might undergo a shift to C atom 1 (the 5 position in the resulting
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phenanthrene) in & manner similar to the shift taking place during the
conversion of strophanthidin to trianhydrostrophanthidin (7). A methyl
group in position 5 of phenanthrene would then result, barring further
rearrangements as discussed later. The second alkyl group in the hydro-
carbon, if this is C1sH s, could then be (a) a methyl group in the 3 position,
by wandering of the angular methyl group on C atom 13 of strophanthidin,
and leading to the unknown 3,5-dimethylphenanthrene (III), or (b) a

/ CHs CH, 7 }
/ W 7 l\\\ C.H;
\ / )\ YAV
v
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methyl group in the 4 position of phenanthrene, arising from the more
remote and less predictable migration of a methyl group, and leading
to the unknown 4,5-dimethylphenanthrene (IV). All other dimethyl-
phenanthrenes are known and are not identical with the strophanthidin
hydrocarbon. Of the Ci;Hys possibilities with a methyl group in the 5
position, 1,2,5-trimethylphenanthrene and 1-, 2-, or 3- ethyl-5-methyl-
phenanthrene (V, VI, VII) need be considered on the basis of the above
hypothesis.
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In this paper we report the synthesis of 3,5-dimethyl-, 2-ethyl-5-methyl,
and 3-ethyl-5-methyl- phenanthrene. None of these hydrocarbons is
identical with the strophanthidin hydrocarbon. The synthesis of 4,5-
dimethylphenanthrene was attempted unsuccessfully, which confirms the
ides first advanced by Haworth, and Sheldrick (5¢) on the basis of studies
of models that this substance is incapable of formation by ring closure
reactions. The synthesis of 1-ethyl-5-methylphenanthrene was aban-
doned because of the excessive cost of the requisite intermediates. In
all of these syntheses we have used the classical Pschorr method, since
retention of the 5-methyl group would not be expected if a dehydrogena-
tion method were used (5). The details of the various syntheses are
apparent from the experimental part. In the attempted synthesis of
4 ,5-dimethylphenanthrene it was necessary to block the 1 position of the
expected phenanthrene with a removable group in order to force the
ring closure to take place as desired. For this purpose bromine was used.
However, while no tangible product could be isolated from the ring
closure reaction, the experience gained in this unsuccessful synthesis was
valuable in that it showed the impossibility of ring closure by the Pschorr
method leading to a 4,5-dialkylphenanthrene. In the subsequent syn-
thesis of 2-ethyl-5-methylphenanthrene, therefore, it was unnecessary
to block the 1 position since ring closure on that carbon atom is extremely
unlikely. Both ethylmethylphenanthrenes were liquids and were char-
acterized by their trinitrobenzene and trinitrotoluene addition-compounds.

From the non-identity of the strophanthidin hydrocarbon with any of
the dimethylphenanthrenes and with any of the known ethylphenanthrenes
(the 4-derivative is still unknown) we conclude that the former is prob-
ably CisH. While 4-ethylphenanthrene cannot be rigidly excluded,
the low melting points of the known ethylphenanthrenes (all below 70°)
taken in conjunction with the unlikely migration of an alkyl group to
this position on steric grounds render it very improbable. Of the Ci/Hys
possibilities it seems probable that those bearing a methyl group in the 5
position, with the exception of 1,2,5-trimethylphenanthrene, may be
eliminated. This leaves as possibilities 1-, 2-, or 3-propylphenanthrene,
and alkylphenanthrenes analogous to those discussed above containing a
methyl group in the 8 position as a result of a trans-migration of a C-5
methyl group in accordance with the experience of Haworth, Mavin, and
Sheldrick (5). Of these, 1-propylphenanthrene (5) and 1,2,8-trimethyl-
phenanthrene (8) are known to be non-identical with the strophanthidin
hydrocarbon. The synthesis of the other possibilities is being continued.

We wish to express our appreciation to S. B. Penick and Company,
of New York City, for the generous gift of the strophanthus seeds from
which the strophanthidin used in this work was prepared.
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EXPERIMENTAL

All melting points are corrected for stem exposure.

Dehydrogenation of strophanthidin. Anintimate mixture of 300g. of strophanthidin
and 450 g. of selenium was heated very rapidly in an atmosphere of nitrogen to 340°
and the melt was maintained at 340-360° for 32 hours. The cooled melt was ground
and extracted with ether in a continuous extractor. The material extracted by the
ether was distilled at 0.1 mm. pressure and 67.5 g. of distillate boiling from 100°
t0 300° was collected. This wasredistilled through an 8-in. vacuum jacketed Vigreux
column at 0.1 mm. and the following fractions were taken: below 130° 7.1 g. of
liquid; 130-170° 35.2 g. of solid with a bluish fluorescence; 170-210°, 17.6 g. of solid;
above 210°, 7.6 g. of solid.

The fraction boiling from 130-170° was dissolved in ether, ethereal picric acid
was added, and the solvent was removed. The residue was thoroughly extracted
with petroleum ether and the undissolved picrates were decomposed by shaking
their ethereal solution with sodium carbonate solution. After removal of the ether,
9 g. of crystalline hydrocarbon mixture was obtained. After 90 recrystallizations
from alcohol according to the triangle scheme, a fraction weighing 1.7 g. and melting
constantly at 127-128° was obtained. An equal weight of 1,3,5-trinitrobenzene
was added and the addition-compound was recrystallized from alecohol saturated
with trinitrobenzene. After 25 recrystallizations, the addition compound formed
long, yellow, matted needles which melted constantly at 168.5-170.5°. Elderfield
and Jacobs (4) report a melting point of 151-153° for one of their hydrocarbon tri-
nitrobenzene addition-compounds.

Anal. Cale’'d for Ci7His- CeHsN3O6: C, 63.7; H, 4.4,

Calc’d for 016H14‘CQH3N306: C, 630; H, 4,1,
Found: C, 63.6; H, 4.3.

The addition-compound was taken up in benzene and passed through a column
of aluminum oxide (General Chemical Co., reagent grade) which retained the tri-
nitrobenzene but permitted the hydrocarbon to pass through (9). The hydrocarbon
obtained from the effluent of the column was recrystallized from alcohol and melted
constantly at 131-132°. It weighed 1.0 g. Elderfield and Jacobs (4) report melting
points of 124-125° and 127°, respectively, for the two hydrocarbons deseribed by
them.

Anal. Cale’d for Ci7Hye: C, 92.7; H, 7.3.

Cale’d for CyeHiy: C, 93.2; H, 6.9.
Found: C, 93.0, 93.3, 93.3, 93.2, 93.2, Ave., 93.2; H, 7.1, 6.9, 7.0, 6.9, 6.9,
Ave., 7.0.

The picrate of this hydrocarbon formed long, orange rectangular plates and
melted constantly at 142-144° after recrystallization from alcoholic pieric acid.
Elderfield and Jacobs (4) report melting points of 126-127° and 140-141° for their
two hydrocarbon picrates.

Anal. Cale’d for Cy7Hie CeHN;O1: C, 607; H, 39, N, 9.7.

Cale’'d for CisHisr CeHN3O07: C, 61.6, H, 43, N, 9.4,
Found: C, 61.5; H, 4.3; N, 9.5.

The quinone from the hydrocarbon formed brownish-red prisms from alcohol
and melted at 207-208°. Elderfield and Jacobs (4) report melting points of 203-205°
and 208-209° for their quinones.

Anal. Calc'd for C17H1.02: C, 61.6; H, 5.6.

Calc’d for Cmleoz: C, 61.3, H, 5.1.
Found: C, 61.3; H, 5.4,
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8,56-Dimethylphenanthrene

p-Toluylacetic acid was prepared by hydrolysis of p-xylyl cyanide (10) by the
general method of Adams and Thal (11) in 459 yield. It boiled at 159° at 15 mm.
and melted at 93-94°, the latter value agreeing with that of Strassmann (12).
a-(4'-Methylphenyl)-2-nitro-8-methylcinnamic actd. Thirty-seven and six-tenths
grams (0.2 moles) of the potassium salt of p-toluylacetic acid (dried at 120°), 33 g.
(0.2 moles) of carefully dried 2-nitro-m-tolualdehyde (13), and 204 g. (2 moles)
of freshly distilled acetic anhydride were digested with vigorous stirring for 8 hours
at 105-110°. The acetic anhydride was decomposed at 100° by careful addition of
water and the reaction-mass was poured into 11. of cold 5% hydrochloric acid. After
standing overnight, the solid acid was collected, washed with water, and recrystal-
lized first from glacial acetic acid and then from alecohol. It melted at 250.5-251.5°.
Yield: 38.4 g. or 65%.
Angl. Cale’d for Cy7HysNO,: C, 68.7; H, 5.1; N. 4.7,
Found: C, 68.7; H, 5.3; N, 4.8,
a-(4'-Methylphenyl)-2-amino-8-methylcinnamic acid. Thirty-six grams of the
above nitro acid was suspended in 500 cc. of warm dilute ammonia and the suspension
was stirred into a boiling mixture of 240 g. of hydrated ferrous sulfate, 500 ce. of
water, and 500 cc. of concd. ammonia. Boiling was continued for an hour and the
mixtures were then allowed to stand overnight. The combined filtrate and washings
from the iron hydroxide was acidified to Congo red with hydrochloric acid, and the
amino acid was collected and recrystallized from 70% methanol. It melted at
176.5-177.56°. Yield: 27.2 g. or 84%,.
Anal. Cale’d for Ci7H1:NO,: C, 76.4; H, 6.4; N, 5.2
Found: C, 76.6; H, 6.6; N, 5.5.
3,6-Dimethyl-10-phenanthroic acid. Fifteen grams of the above amino acid was
suspended in 150 ce. of 159, alcoholic hydrogen chloride and stirred for an hour
at 0°. To the suspension 20 ce. of freshly distilled isoamyl nitrite was added and
stirring was continued for another hour. The solution was then added to a sus-
pension of 1 g. of copper powder in a solution of 50 g. of sodium hypophosphite in
50 cc. of water containing 2 drops of sulfuric acid (14). A violent evolution of
nitrogen occurred and the phenanthroic acid separated. After stirring for 30 min-
utes with gentle heating, the solution was cooled and the acid was collected. After
reprecipitation from its filtered solution in sodium hydroxide it was recrystallized
with Norit from 809, methanol, from which it formed fine white needles melting at
216-217°. Yield: 10 g. or 71%.
Anal. Cale’d for Ci7H1.0,: C, 81.6; H, 5.6.
Found: C, 81.4; H, 5.7.
3,6-Dimethylphenanthrene. Five grams of the phenanthroic acid was dissolved
in 30 ce. of quinoline and 0.5 g. of basic copper carbonate was added. The mixture
was refluxed in an oil-bath at 240-260° for 1 hour, cooled, diluted with ether, and
extracted with dilute hydrochloric acid until free from quinoline. The residue,
after removal of the ether, was crystallized with Norit from methanol. The hydro-
carbon formed white plates which melted at 53.5-54.5°. Yield: 2.6 g. or 63%.
Anal. Cale’d for CieHis: C, 93.2; H, 6.9.
Found: C, 93.0; H, 6.9.
The picrate formed orange needles from alcohol and melted at 139-139.5°.
Anal. Calc’d for stHu'CsHstoﬁ C, 607; H, 39, N, 9.7.
Found: C, 60.7; H, 4.0; N, 9.6.
The styphnate formed short, yellow-orange needles from alcoholic styphnic acid
and melted at 124-125°,
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Anal. Cale’d for CyeHis CeHsN3Os5: C, 587, H, 38, N, 9.3.
Found: C, 58.9; H, 4.1; N, 9.4.
3,5-Dimethylphenanthraquinone melted at 124.5-125.5° after recrystallization
from ‘‘Skellysolve D.”
Anal. Cale’d for CieHi120:: C, 81.3; H, 5.1.
Found: C, 81.1; H, 5.3.
8,6-Dimethylphenanthrenequinozaline formed pale yellow needles on crystalliza-
tion from chloroform-alcohol and melted at 173-173.5°.
Anal. Cale’d for Cp2H,eN»: C, 85.7; H, 5.2; N, 9.1,
Found: C, 85.6; H, 5.3; N, 9.3.

2-Ethyl-6-methylphenanthrene

m-Allylethylbenzene. The Grignard reagent prepared from m-bromoethyl-
benzene (15) was condensed with allyl bromide according to the method of Hurd
and Bollman (16) for the preparation of o-allyltoluene. m-Allylethylbenzene was
obtained in 65%, yield, and boiled at 88° at 18 mm.
Anal. Cale’d for CHye: C, 90.3; H, 9.7,
Found: C, 90.3; H, 9.8,
m-Ethylphenylacetic acid. This was prepared by oxidation of the above allyl
compound with cold, dilute aqueous potassium permanganate according to the
general method of Hill and Short (17). The acid was obtained in 249, yield and
melted at 62-63° after crystallization from ligroin. Mayer and English (18) gave
a melting point of 62-64° for the acid prepared by hydrolysis of the nitrile. The
above method seems preferable, despite the lower yield, because of the accessibility
of the starting material.
a-(3’-Ethylphenyl)-2-nitro-3-methylcinnamic acid was prepared in 57% yield by
condensation of m-ethylphenylacetic acid with 2-nitro-m-tolualdehyde as in the
previous cage. It formed white prisms from alcohol and melted at 144.5-145.5°.
Anal. Cale’d for CisH7NOy: C, 69.4; H, 5.5; N, 4.5.
Found: C, 69.3; H, 5.5; N, 4.8.
a-(3'-Ethylphenyl)-2-amino-3-methylcinnamic acid was prepared from the nitro
acid by reduction with ferrous hydroxide as before. It formed lemon-yellow,
hexagonal prisms from 70% methanol and melted at 146.5-147.5°. Yield: 85%.
Anal. Cale’d for C1sH (NO,: C, 76.8; H, 6.8; N, 5.0.
Found: C, 77.0; H, 6.8; N, 5.1.
2-Ethyl-6-methyl-10-phenanthroic acid was prepared by ring closure of the above
amino acid exactly as before. The acid formed white needles on crystallization
first from acetic acid and then from methanol, and melted at 171.5-172.5°. Yield:
30%.
Anal. Cale’d for CisH,60,: C, 81.8; H, 6.1,
Found: C, 81.5; H, 6.3.
2-Ethyl-6-methylphenanthrene. An intimate mixture of 2.4 g. of the above phen-
anthroic acid and 2.4 g. of copper powder was heated in a side-arm test tube at
atmospheric pressure until the temperature reached 350° when the phenanthrene
began to distill. The distillation was completed under reduced pressure, and 1 g.,
or 50%, of a light yellow oil which darkened on exposure to air was obtained. The
oil was quite soluble in hot alcohol, methanol, acetic acid, and ligroin, but on cooling,
the hydrocarbon appeared as a liquid which could not be crystallized. Since it
could be purified only with difficulty, no analyses are given, but the hydrocarbon
did give well-defined addition-compounds. No better success attended the use of
other decarboxylation methods.
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The trinitrobenzene derivative formed fine, lemon-yellow needles and melted
at 111-112°,

Anal. Cale’d for Ci7H e CeHiN;Os: C, 63.7; H, 4.4; N, 9.7.

Found: C, 63.5; H, 4.5; N, 9.8.

The addition-compound was decomposed by passing its solution in benzene over
aluminum oxide. The phenanthrene was thus obtained as a light yellow oil which
still resisted all attempts at crystallization. The trinitrotoluene derivative formed
light yellow needles and melted at 49-50°.

Anal. Calc’d for C]7H1G'C7H5N300Z C, 644; H, 4.7, N, 9.4,

Found: C, 64.6; H, 4.9; N, 9.6,

The picrate proved to be unstable. Although it melted constantly at 101-102°,
analyses indicated some decomposition.

Anal. Cale’d for CisHie- CeH:N3O7: C, 61.5; H, 4.3,

Found: C, 62.6; H, 4.4,

Attempts to prepare the quinone and quinoxaline from the phenanthrene failed

to yield any crystalline substances.

3-Ethyl-6-methylphenanthrene

p-Bromoethylbenzene was prepared by bromination of ethylbenzene in the cold
according to Schramm (19). The crude product was washed with coned. sulfuric
acid in order to remove g small amount of the more easily sulfonated ortho isomer.
The para derivative boiled at 86-88° at 15 mm. Schramm (19) reports 202-204°
at 760 mm.

p-Allylethylbenzene, boiling at 94-95° at 23 mm. (yield: 63%), Anal. Found:
C, 90.3; H, 9.9, and p-ethylphenylacetic acid, melting at 88-89° from petroleum
ether (yield: 279%,), were prepared like the meta derivatives. Stamatoff and Bogert
(20) report the latter acid, prepared via the chloromethylation of ethyl benzene,
as melting at 88.5-89.5°.

Likewise, a-{(4'-ethylphenyl)-2-nitro-3-methylcinnamic acid, melting at 182.5-
184.5° (yield: 50%), Anal. Found: C, 69.2; H, 55; N, 4.7, a-(4'-ethylphenyl)-2-
amino-8-methyleinnamic actd, melting at 167-168° (yield: 77%), Anal. Found: C,
76.6; H, 7.1; N, 5.1, and 3-ethyl-5-methyl-10-phenanthroic acid, melting at 186-187°
(yield: 57.5%), Anal. Found: C, 82.0; H, 6.2, were prepared exactly as in the
preceding example.

3-Ethyl-6-methylphenanthrene. Decarboxylation of the above phenanthroic acid
resulted in the formation of an oil in 429 yield, the properties of which paralleled
those of 2-ethyl-5-methylphenanthrene. The trinitrobenzene derivative melted at
124-125°, Anal, Found: C, 63.9; H, 4.5; N, 9.8, and the irinitrotoluene derivative
melted at 74-76°, Anal. Found: C, 64.2; H, 4.8; N, 9.6. The picrate melted con-
stantly at 111°, but again analysis indicated some decomposition; Anal. Found:
C, 62.5; H, 4.6, Attempts to prepare a crystalline quinone and quinoxaline were
likewise unsuccessful.

Attempted preparation of 4,8-dimethylphenanthrene

Chloromethyl-p-bromotoluene. The mixture of 2- and 3- chloromethyl-p-bromo-
toluene was prepared according to Fieser and Seligman (21). A 549, yield of material
boiling at 128° and 12 mm. was obtained.

Cyanomethyl-p-bromotoluene was prepared in the usual manner by treatment of
the chloro derivative with sodium cyanide. A partial separation of the isomers
could be effected by fractional distillation, the 3-isomer boiling at 150-154° and the
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2-isomer boiling at 161-165° at 12 mm. However, no attempt at complete separation
was made at this point.

2-Bromo-6-methylphenylacetic acid. The various cyanide fractions were hy-
drolyzed as usual and the resulting acids were fractionally crystallized from alcohol.
The identity of the isomeric phenylacetic acids was established by oxidation to
known phthalic acids with alkaline permanganate. 2-Bromo-5-methylphenylacetic
acid melted at 122-123° and yielded on oxidation 4-bromoisophthalic acid which
melted at 300° with decomposition. Claus (22) reports an uncorrected melting
point of 287° for the latter acid. -Willgerodt (23) gives 82° as the melting point for
2-bromo-5-methylphenylacetic acid obtained by rearrangement of the corresponding
acetyl derivative by means of ammonium polysulfide in sealed tubes, followed by
hydrolysis of the resulting acid amide mixture. He, however, offers no proof of
structure for his acid, nor does he give analytical figures. Our acid gave the fol-
lowing:

Anal. Cale’d for CeHBrO,: C, 47.2; H, 4.0.

Found: C, 47.4; H, 4.0.

3-Bromo-6-methylphenylacetic acid melted at 93.5-94.5°, and yielded on oxidation
4-bromophthalic acid melting at 166°, which agrees with the melting point reported
by Fries and Hitbner (24) for the latter.

Anal, Found: C, 47.2; H, 4.1.

a-(2'-Bromo-6'-methylphenyl)-2-nitro-8-methylcinnamic acid melting at 190-191°
from 70% methanol (yield: 67%),

Anal. Cale’d for Ci7H BrNO,: C, 54.3; H, 3.8; N, 3.7,

Found: C, 54.3; H, 3.8; N, 4.0,
and a-(2'-bromo-6'-methylphenyl)-2-amino-3-methylcinnamic acid melting at 214~
215° from 50% alcohol (yield: 85%),
Anal. Cale’d for CyH 1 eBrNOQ,: C, 59.0; H, 4.7; N, 4.1,
Found: C, 59.2; H, 4.8; N, 4.3,
were prepared as in the preceding cases.

Attempted ring closure to 1-bromo-4,5-dimethyl-10-phenanthroic acid. Ring
closure of the above amino acid was tried using a variety of procedures involving
changes in the method of diazotization, copper treatment, solvent, and temperature.
In all cases a gummy product was obtained from which no pure material could be
isolated. An attempted chromatographic purification through a column of alumi-
num oxide resulted in the formation of eight more or less well-defined rings, elution
of which gave no tangible pure products. Likewise, treatment of the crude product
of the reaction with diazomethane and benzoyl chloride failed to yield any pure
derivative of a phenol. Attempted decarboxylation of the crude produet, both by
the quinoline and copper powder methods, as well as attempted oxidation of the
decarboxylated material to a quinone, also led to no tangible produects.

The micro-analyses here reported were performed by Mr. Saul Gottlieb of these
laboratories.

SUMMARY

1. The abnormal dehydrogenation of strophanthidin with selenium
has been reinvestigated and one apparently pure hydrocarbon (other
than the Diels’ hydrocarbon) has been isolated. The empirical formula
corresponds to CieHys or Ci7Hys, of which we favor the latter.
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2. 3,5-Dimethyl-, 2-ethyl-5-methyl-, and 3-ethyl-5-methyl- phenan-
threne have been synthesized and shown to be not identical with the
strophanthidin hydrocarbon.

3. The impossibility of the formation of 4,5-dialkylphenanthrenes by
ring closure reactions has been confirmed for 4,5-dimethylphenanthrene.

New Yorx, N. Y.
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When two different acyl radicals derived from carboxylic acids are
introduced into an ortho-aminophenol, only one mixed diacyl derivative
can generally be obtained, regardless of the order of introduction of these
groups; and in this product the heavier and more acidic acyl is usually
found attached to nitrogen. To account for these facts, migration of
acyl from nitrogen to oxygen must occur in one of these reactions (1).
This rearrangement takes place most frequently during acylation, but in
some instances it occurs when the diacyl derivative is partially hydrolyzed
(2).

If one of the acyls is derived from a sulfonic acid and has the composition

|

Ar—8=0, isomeric mixed diacyl derivatives are obtained when the groups

0]
are introduced in different orders and no rearrangement takes place (3),
which shows that the migration in question depends, to some extent, on
the composition and structure of the acyls. On this account, it was of
much interest to test acylating agents other than those previously studied.
In this report, results obtained by the use of certain derivatives of car-
bamic acid will be given.

Herzog (4) noted that diphenylcarbamyl chloride reacts readily with
phenols to give high yields of solid derivatives that crystallize well, and
hence is a suitable reagent for use in identification of such hydroxy com-
pounds. Of particular interest is his statement concerning the behavior
of this reagent with 2-aminophenol. Here he isolated a product that
melted at 177°, and for which complete analysis indicated that only one
position had been acylated. Without further proof he assumed that
acyl was attached to oxygen and that the product had the structure shown
below.

OCON (CeHs):

NH.
300
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Previous to this time, Lellmann and Bonhéffer (5) reduced the 2-nitro-
phenyl ester of diphenylcarbamic acid, m.p., 112-114°, and obtained a
compound that melted at 189-191°, which gave satisfactory analysis for
carbon and hydrogen, and to which they, also, assigned the structure
given above. But the previous work of Béttcher (6) and the later work
of Ransom (7) proved that reduction of 2-nitrophenyl benzoate and 2-
nitrophenyl ethyl carbonate gave phenolic compounds that were identified
as 2-benzoylaminophenol and 2-hydroxyphenylurethane, respectively.
This clearly indicates that the 2-aminophenyl-O-esters, which are the first
reduction-products in such cases, are not stable, and that they readily
rearrange to the isomeric N-acyl derivatives.! It is also interesting to
note that the latter may suffer further change. Moore (8), working in
this laboratory, found that reduction of the methyl, ethyl, n-propyl, and
n-butyl 2-nitro-4-bromo-5-methylphenyl carbonates gave the 2-amino
compounds which, under the usual laboratory conditions, promptly re-
arranged to the isomeric 2-hydroxyphenylurethanes as had previously

CHy " NOCO;R CHy NOCO:R CHy \OH
—_— ——p —_—
B JNO, B\ JNH, B HCO.R
CHy ™ No
>o—o —H >co + HOR
N OR

Figure 1

been shown by Ransom for 2-nitrophenyl ethyl carbonate, and by Stieg-
litz and Upson (9) for the methyl ester. In addition, Moore found that
under similar conditions portions of the urethanes containing the ethyl,
propyl, and butyl radicals lost the elements of the related alcohols and
suffered ring closure to give the corresponding benzoxazolone as shown in
Figure I. The latter change is of the same type as that observed by Rai-
ford and Inman (10), who found that when the N-carboaryloxy derivatives
of o-aminophenol and its substitution-products are dissolved in caustic
alkali solution they are converted into benzoxazolone, and a phenol is
liberated. In some instances the change takes place slowly when the
product is stored at room temperature (11), as indicated.

OH 0
—_— >co + HOC,H;
NHCO,CsHs N

1 Ransom (7, p. 43) found that under special conditions he was able to isolate
2-aminophenyl ethyl carbonate and to observe its rearrangement directly.
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As a proof of the structure of their product, Lellmann and Bonhéffer
state that when it was heated eight to ten hours at 190° it decomposed
into benzoxazolone and diphenylamine. But the observations cited above
show that benzoxazolone ring formation may easily occur when acyl is
bound to nitrogen and the hydroxyl group is exposed, consequently the
interpretations of Herzog, and of Lellmann and Bénhoffer are questioned.

To test this point, the work of the last named authors was repeated.
2-Nitrophenol was converted into the diphenylcarbamic ester, and the
product was found to have the melting point 113-114°, and other physical
properties reported by them. Reduction of this ester gave a compound
that likewise melted at the point recorded for their supposed amino com-

OCON (CeHs), OCON (CeHy)»
—————y
NO. NH,

I ™ o H
O 0—H i

l——* >0ZN(CoH): !

A NH i i

OH III
NO, H. NHCON (CeHs)-
~co + NH(CeHj),
OCH; OCHs OCH,
NO, NH, NHCON (CeHs),

Ficure I1

pound, but whose chemical behavior was not in agreement with the struc-
ture they assigned. The substance was soluble in cold dilute solution of
caustic alkali, and from this solution acids precipitated it in unchanged
form, which indicates a phenol. The presence of the hydroxyl group was
further indicated by the fact that the product in question was obtained
by the direct action of diphenylearbamyl chloride on 2-aminophenol, and
also by the fact that treatment of it with diazomethane gave the same
methyl ether as that obtained by interaction of o-anisidine with diphenyl-
carbamyl chloride, all of which supports structure II rather than I (see
Figure II). In addition, the closure of the benzoxazolone ring may have
taken place through the intermediate III, but it is probable that the latter
could have been formed quite as readily from IT as from I. Finally, when
the compound melting at 190-191° was refluxed with 2 N alcoholic potash,
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it was converted into benzoxazolone and diphenylamine, both of which
were identified by mixed melting point determinations with authentic
samples. Diphenylamine was obtained in nearly quantitative amount.
Analogous results were obtained by the use of halogen substitution-prod-
ucts of 2-nitrophenol.

Diacyl derivatives containing the diphenylcarbamyl radical. In view of
the facts stated above, it was of much interest to test the behavior of the
diphenylcarbamyl radical in the formation of mixed diacyl derivatives of
o-aminophenol. It was found that when a warm 1,4-dioxane solution of
diphenylcarbamyl chloride was added to a warm solution of 2-acetyl-
aminophenol (III, Figure III) in a mixture of pyridine and dioxane, a
product (IV) was obtained that contained both the expected acyl radicals.

OCON (CeHs)2 H H
— _—
NO, NO; H, NHCOCH;

v I 11 I1I
| l
OH Hydrolysis OCON (CsHs),
HCON(CeHs)s NHCOCH;

v

Acylation OCOCH, |
! NHCON(CsHy)s ———TIsomers

Hydrolysis
VII

Figure III

—y <

Hydrolysis of this compound with alcoholic potash caused the loss of acetyl
and gave an almost quantitative yield of product (VI), which had pre-
viously been obtained by the reduction of 2-nitrophenyl diphenylecarbam-
ate, and in this case was also prepared by the direct action of diphenyl-
carbamyl chloride on o-aminophenol. During the hydrolysis of (IV) the
diphenylcarbamyl radical must have migrated from oxygen to nitrogen.
These relations are shown in Figure III for one pair of acyls with o-amino-
phenol. Similar results were obtained when acetyl was replaced by ben-
zoyl, and also when the 4-bromo substitution-product of 2-aminophenol
was used as the free base.

As noted above, when the 2-nitrophenyl ester of diphenylcarbamic acid
was reduced, the resulting amino compound rearranged at once to the
isomeric carbamylaminophenol. This made it a matter of interest to test
the behavior of an ester containing an acyl of somewhat different com-
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position. Accordingly, 2-nitrophenyl methylphenylcarbamate, first ob-
tained by Lellmann and Benz (12), was prepared. When this compound
was reduced by hydrochloric acid solution of stannous chloride (13), as
used by Raiford and Colbert with 3-nitro-4-hydroxydiphenyl, no solid
separated as it did with the diphenylcarbamic ester. With the latter,
reduction was followed by rearrangement, consequently this difference in
behavior suggested that in the compound in question migration of acyl
may not have occurred and that the product might contain an exposed
amino group as indicated by the formula used by Lellmann and Benz,
who offered no proof of structure. Repetition of the experiment with a
larger quantity of starting material gave the same result.

The presence of an exposed amino radical was indicated by the behavior
toward nitrous acid. One portion of the solution thus obtained evolved
nitrogen when it was warmed, and a second was coupled with g-naphthol
to give a deep red precipitate of azo dye. To test this view further the
compound in question was converted into the 4-tolylsulfonyl derivative
and the product formed was compared with that obtained when 2-amino-
phenyl 4-tolylsulfonate was treated with methylphenylcarbamyl ehloride.
It was found that the resulting compounds had different melting points
and that they gave different products when hydrolyzed.?

The failure of 2-aminophenyl methylphenylcarbamate to rearrange
immediately in the reaction-mixture in which it was formed made it a
matter of much interest to study the action of the related acid chloride on
an ortho-aminophenol. In this case it was found that treatment of 2-
aminophenol with one molecular proportion of methylphenylearbamyl
chloride in the presence of dimethylaniline, heating the mixture nearly to
the boiling point for a few moments on the steam-bath, and then allowing
it to stand overnight, gave an 849, yield of a monoacylated compound.?
This substance was soluble in caustic alkali solution and from this liquid
it was precipitated unchanged by acids. It was identified as 2-methyl-
phenylcarbamylaminophenol. When the acylation was carried out in

2 It had previously been shown by Raiford and Shelton, and others whose work
was cited by them (3), that when the N-sulfonyl and O-sulfonyl derivatives of
ortho-aminophenol were converted into diacylated compounds by introduction of
other acyl radicals, isomers were always obtained in the cases thus far examined.
Likewise, when these products were hydrolyzed the sulfonyl radical was found on
nitrogen in every case in which it had been attached there in the starting material,
while in those instances where it had been bound to oxygen in the starting material
it was lost by hydrolysis and the other acyl was found on nitrogen. No rearrange-
ment took place either during acylation or hydrolysis.

3 In a previous trial in which the reaction-mixture was heated for several hours
over the steam-bath about 80% of the aminophenol was converted into benzoxa-
zolone.
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the presence of pyridine instead of dimethylaniline, a mixture of 2-methyl-
phenylearbamylaminophenol and 2-aminophenyl methylphenylcarbam-

CH
OCH; OCH; OH oco1\r<C ’
— — —_— oH 5

NHz NOz 02 NOz
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CH — Isomerg ——8 oH,
NHCON< Z 53 NHSO,C.H,CHs(p)

CoH;
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NHg NHSOQCQH;CH;(}))

Figure IV

ate was obtained, in the proportions of 609, and 359, respectively.
Their relations are shown in Figure IV,
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EXPERIMENTAL

The carbamyl chlorides. The diphenylcarbamyl chloride was Eastman’s best
grade and was used without further purification. Methylphenylcarbamy! chloride
was first prepared by Michler and Zimmermann’s (14) method, but a poor yield was
obtained. The general procedure described by Shriner and Cox (15) was more
satisfactory, Three hundred cubic centimeters of ethyl acetate was saturated with
phosgene and into this warm liquid, while the gas bubbled through continuously, a
golution of 153 g. of freshly distilled methylaniline in 600 cc. of ethyl acetate was
introduced rather rapidly. Phosgene was allowed to run through for five minutes
longer, the solvent was distilled until the contents of the flask showed a temperature
of 140-150°, then the residue was allowed to cool and erystallize. Recrystallization
of the pale brown material from ligroin (65-70°) gave large, nearly colorless rhombo-
hedra that melted at 87-88°. The yield was 92%. The previous workers reported
88°, but recorded no yield.

9-Diphenylcarbamylaminophenol. Five grams of 2-nitrophenyl diphenylecarba-
matet was reduced by stannous chloride as described by Raiford and Colbert (13),
and the oil that separated when the reaction-mixture was diluted with several
volumes of dilute hydrochloric acid stiffened into a plastic mass on standing. Re-
peated crystallization of this material from methanol gave nearly colorless needles
that melted at 190-191°, This substance was found to be identical with the product
obtained by the action of diphenylcarbamyl chloride on 2-aminophenol, and also
with that produced by hydrolysis of 2-acetylaminophenyl diphenylcarbamate (see
Figure III).

9-Diphenylcarbamylaminophenyl methyl ether. One gram of the above-described
phenol was dissolved in 8 cc. of acetone, and an excess of diazomethane (16) dis-
solved in dry ether was added. The vessel was closed with a stopper bearing a capil-
lary tube, it was held in an ice-bath for two and one-half hours, the solvent was
evaporated, and the remaining solid was extracted with a small portion of ether to
remove starting material. Crystallization of the residue from alcohol gave colorless
plates that melted at 106-107° and that did not depress the melting point of the com-
pound obtained by treatment of o-anisidine with diphenylearbamyl chloride.

Anal. Calc’d for CgoH1sN3Oy: N, 8.80. Found: N, 8.85.

9-Nitro-4-bromophenyl diphenylcarbamate. Ten and nine-tenths grams of the
required nitrophenol was treated with diphenylcarbamyl chloride as previously
noted. The yield was almost quantitative. The product was repeatedly crystal-
lized from alcohol, from which it separated in nearly colorless needles that melted
at 137-138°, Korczynski and Grzybowski (17), who previously prepared it, recorded
no yield but reported 129-130° as the melting point. When exposed to bright light
the product became deep purple in color.

Anal. Cale’d for C1sH;3BrN;O4: Br, 19.36. Found: Br, 19.30.

Reduction of the above compound was brought about by treatment of a hot 1,4~

¢ This was prepared in 95%, yield from equimolecular proportions of o-nitrophenol
and diphenylcarbamy! chloride by a modification of Fischer’s method [Ber., 563,
1625 (1920)]. A dry chloroform solution of the acid chloride was added to a pyridine
solution of the nitrophenol, the mixture was warmed on the steam-bath for a few
minutes and allowed to stand for twenty-four hours. Chloroform was distilled and
the residue was poured into dilute hydrochloric acid. Repeated erystallization of
the product from alcohol gave nearly colorless needles that melted at 113-114°, and
agreed in properties with the compound isolated by Lellmann and Bonhéffer (5).



MIGRATION IN CARBAMYLAMINOPHENOLS 307

dioxane solution of it with a hydrochloric acid solution of stannous chloride as
indicated above. After the rearranged product, 2-diphenylcarbamylamino-4-
bromophenol, had been removed, the purple filtrate was diluted with water until
precipitation was complete. The solid obtained, which represented about one-third
of the reduction-product, was highly colored and obviously impure. Crystalliza-
tion from benzene, which involved considerable loss, gave fine, nearly colorless
needles that melted at 216-218°, and which did not depress the melting point of an
authentic sample of 4-bromobenzoxazolone, m.p. 215° (18).

2-Diphenylcarbamylamino-4-bromophenyl methyl ether. Three-tenths gram of the
above N-acyl derivative was dissolved in a few cc. of chloroform in a test tube and
treated with diazomethane. Recrystallization of the product from carbon tetra-
chloride gave brownish rhombohedra that melted at 155-156°. This compound did
not depress the melting point of the produect, m.p. 155-156°, especially prepared for
this comparison by the action of diphenylearbamyl chloride on 2-amino-4-bromo-
phenyl methyl ether.

Anal. Cale’d for CiHsBrN,O.: Br, 20.15. Found: Br, 20.14.

The analytical data and other properties for a number of o-aminophenol deriva-
tives containing the diphenylecarbamyl radical are given in Table 1.

2-Nitrophenyl methylphenylecarbamate. A pyridine solution of 23.4 g. of 2-nitro-
phenol was treated with a chloroform solution of 30 g. of methylphenylcarbamyl
chloride, and the reaction-mixture was worked up as previously noted. Crystalliza-
tion of the product from alcohol gave slightly yellowish needles that melted at 111-
112°. The yield of purified material was 95%. Lellmann and Benz (12), who first
prepared this compound from the potassium salt of the nitrophenol, reported the
melting point 110°, but recorded no yield. Reduction of this compound with a
hydrochloric acid solution of stannous chloride gave 2-aminophenyl methylphenyl-
carbamate, m.p. 105-106°, which was identified as indicated above. The previous
authors recorded 103° but gave no proof of structure.

Action of methylphenylecarbamyl chloride on 2-aminophenol. To a warm solution
of 10.9 g. of 2-aminophenol and 25 cc. of dimethylaniline in 20 cc. of 1,4-dioxane
was added 17 g. of the acid chloride in 90 cc. of dioxane, the mixture was warmed
nearly to the boiling point for a few minutes, and then set aside. A viscous, oily
phase separated. The mixture was shaken vigorously at frequent intervals for
about two hours, and allowed to stand overnight. Considerable solid was formed
in this way. The mixture was then poured into about 600 cc. of dilute hydrochloric
acid, the whole was shaken well, and the solid collected. Crystallization from alco-
hol gave nearly colorless needles that melted at 171-172°, and which were identified
as 2-methylphenylearbamylaminophenol (Table II).

Methylphenylcarbamylaminophenyl meihyl ether. One gram of the product just
described, in acetone solution, was treated with an excess of ether solution of diazo-
methane. The product was dissolved in ether, the liquid was shaken with 5%
solution of sodium hydroxide, then with water. Evaporation of ether from the re-
maining liquid gave nearly colorless transparent crystals that melted at 77-78°
They did not depress the melting point of the product, m.p. 77-78°, obtained by
action of methylphenylecarbamyl chloride on o-anisidine.

Anal. Cale’d for C1sHieN:Os: N, 10.93. Found: N, 10.77.

Acylation of Z-aminophenol with methylphenylcarbamylehloride in the presence of
pyridine. Ten and nine-tenths grams of 2-aminophenol was dissolved by warming
in 20 cc. of pyridine. Seventeen grams of the acid chloride was dissolved in about
30 cc. of pyridine, but very soon crystals of pyridine-acyl-halide complex began to
separate and in a few minutes the mixture had set to a solid mass of crystals. These
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were disintegrated with a rod, 20 cc. of dioxane was added, the resulting suspension
was mixed with the aminophenol solution, the whole was warmed over the steam-
bath until solution occurred, and it was then set aside for twenty-four hours. When
the mixture was poured into 350 cc. of water containing an excess of hydrochloric
acid a reddish solid separated. The yield was 60%. Crystallization of this product
from aleohol® gave mearly colorless needles of m.p. 171-172°, which were identical
with 2-methylphenylearbamylaminophenol described above.

When the filtrate left after removal of the above product was made alkaline with
sodium hydroxide, a brownish colored solid precipitated in a yield of 35%. Re-
peated crystallization of this from alcohol gave pale brown needles of m.p. 105-
106°, which were identified as 2-aminophenyl methylphenylecarbamate, previously
obtained by reduction of the corresponding nitro compound. Analytical data and
other properties for a number of derivatives containing the methylphenylcarbamyl
radical and prepared by standard methods are given in Table II.

SUMMARY

Reduction of 2-nitrophenyl diphenylcarbamate and its substitution-
products caused migration of the diphenylcarbamyl radical from oxygen
to nitrogen to give the corresponding 2-carbamylaminophenol. The
structures of these compounds were established by preparing them by the
direct action of the acid chloride on the required 2-aminophenols, and also
by showing that the methyl ethers prepared by the action of diazomethane
on the carbamylaminophenols were identical with the products obtained
by treatment of the related anisidines with the required carbamyl chloride.

In the reduction of the related 2-nitrophenyl methylphenylcarbamate,
the o-aminophenyl derivative was obtained. This product was also pre-
pared by treatment of 2-aminophenol with methylphenylcarbamyl chlo-
ride, but in this reaction the isomeric 2-methylphenylcarbamylaminophenol
was also formed.

Partial hydrolysis of a mixed diacyl derivative containing either of these
carbamy] radicals attached to oxygen, and another acyl of composition
R(Ph)CO bound to nitrogen, caused loss of the latter acyl and migration
of the former to nitrogen. As in many other examples, the heavier acyl
was ultimately found on nitrogen. When the second acyl had the composi-

tion Ar—8=0 no migration was observed.

0
2-Methylphenylcarbamylaminophenol and 2-diphenylcarbamylamino-
phenol are readily decomposed by alcoholic potash to give benzoxazolone,

Iowa Crty, Ia,

§ In subsequent experiments it was found that this product may be more con-
veniently purified to nearly as high a degree by repeated treatment of its caustic
alkali solution with an acid.
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STUDIES IN THE PHENANTHRENE SERIES. XXYV. DIBENZO-
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[f,b] QUINOLINE!
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In continuation of previous investigations in the naphthoquinoline
series (1), we describe in this communication the synthesis of dibenzo-
{f ,h]quinoline (I) and 7-hydroxydibenzo[f ,h]quinoline (IV) and some of
their derivatives. The quinoline bases I and IV were prepared in satis-
factory yields by applying the Skraup synthesis to 9-aminophenanthrene?
and to 3-methoxy-9-aminophenanthrene. The quinoline bases were
reduced catalytically to the “py-tetrahydro’’ derivatives Il and V. When
we attempted to convert II into the methiodide of III by the previously
(1b) successful procedure with potassium hydroxide and methyl iodide,
only the tertiary base (III) was obtained. The fact that under these
conditions no addition of methyl iodide to base III could be achieved,
points to a sterically hindering effect for which the nearness of carbon atom
12 to the N-methyl group in position 1 may be responsible. Difficulties
were also experienced in preparing the methiodide VIa, either from base
V or base VI. In the latter reaction the yield of methiodide was low.
The salt could be readily decomposed into methyl iodide and tertiary
base. These observations being of qualitative nature only do not justify
speculations on the influence of the hydroxyl or methoxyl group in position
7 on the quaternary salt formation.

EXPERIMENTAL

All melting points are corrected unless otherwise designated.
9-Aminophenanthrene. A mixture of 24 g. of pure 8-acetylphenanthrene?, 19 g. of

1 The work reported in this paper is part of a unification of effort by a number of
agencies having responsibility for the solution of the problem of drug addiction.
The organizations taking part are: The Rockefeller Foundation, the National
Research Council, the U. S. Public Health Service, the U. 8. Bureau of Narcotics,
the University of Virginia, and the University of Michigan. Publication authorized
by the Surgeon General, U. 8. P. H. 8.

2 The synthesis of I (‘‘phenanthroquinoline’’) has been reported previously by
Herschmann (2).

39-Acetylphenanthrene was conveniently prepared by the method of Bachmann
and Boatner [J. Am. Chem. Soc., 68, 2097 (1936)].

313
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hydroxylamine hydrochloride, 84 cc. of pyridine, and 90 ce. of absolute ethano! was
boiled for three and one-half hours. The solution was poured into water and a white
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oil precipitated, which gradually became crystalline. The crystalline material
weighed 26 g. and melted unsharply at 120-130°. It was dissolved in a mixture of 90
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cc. of acetic acid and 60 cc. of acetic anhydride. Hydrogen chloride gas was passed
rapidly through the mixture for thirty-five minutes. The flagsk was stoppered and
allowed to stand overnight. The heavy crystalline precipitate was filtered off, and
the compound was hydrolyzed by boiling in a mixture of 200 ce. of glacial acetic acid
and 200 cc. of 18% hydrochloric acid. The amine hydrochloride was filtered off,
suspended in hot water, and decomposed with ammonia. The base melted at 128-
130°; yield 60% (calculated from the acetylphenanthrene).

Dibenzo[f,hlquinoline (I). Eighteen grams of the crude 9-aminophenanthrene,
8 cc. of nitrobenzene, and 45 cc. of glycerine were well mixed in an Erlenmeyer flagk,
and 18 ce. of C. P. sulfuric acid was added with thorough stirring. The mixture was
heated at 145° for four hours, and was allowed to stand overnight. It was poured
into water and extracted three times with ether. On addition of ammonia to the
aqueous solution, a dark brown solid precipitated, which was filtered off and dried at
100°. It was sublimed at 150° in an oil-pump vacuum. The yellow base obtained
crystallized from benzene in long, fine, felted yellow needles; 10 g., m.p. 167-169°,
Herschmann (2) gives the m.p. 174°,

The hydrochloride crystallized from aleohol in white needles.

Anal. Cale’d for CyyHCIN: Cl, 13.35. Found: Cl, 13.63.

1,2,8, 4-Tetrahydrodibenzolf,hlquinoline (II). Six and one-half grams of di-
benzo[f,h] quinoline in 200 cc. of glacial acetic acid absorbed the calculated amount
(2 moles) of hydrogen (0.4 g. of platinum oxide as catalyst) within thirty hours. The
catalyst was filtered off, and a concentrated aqueous sodium chloride solution was
added to the filtrate, whereby the hydrochloride was precipitated. It was decom-
posed with ammonia, and the base was extracted into ether. The yield was 5.4 g. of
the tetrahydro compound melting at 115-116°. The base crystallized from a benzene-
petroleum ether mixture in pale yellow prisms, m.p, 117-118°.

Anal. Cale’d for Ci:HsN: C, 87.51; H, 6.49.

Found: C, 87.49; H, 6.45,

The hydrochloride, white, shiny leaflets, melted after recrystallization from
aqueous hydrochloric acid at 245-247° (softening at 230°, uncorr., evac. tube).

Anal. Cale’d for Ci7H6CIN: Cl, 13.15. Found: Cl, 13.00.

1-Methyl-1,2,3, 4-tetrahydrodibenzolf, hlquinoline (I1I). To a mixture of 5.4 g. of
the tetrahydroquinoline derivative and 8.5 cc. of methyl iodide was added a mixture
of 9 g. of potassium hydroxide in 10 cec. of water and 50 cc. of acetone. No precipi-
tation was observed when the mixture was allowed to stand at room temperature for
three hours. On evaporation of the acetone, an oil precipitated. This was brought
into solution again with acetone, 4 cc. of methyl iodide and 4.5 g. of potassium
hydroxide in 5 cc. of water were added, and the mixture was heated in a Lintner
bottle at 100° for one and one-half hours. The acetone was distilled off, and the oil
that precipitated was extracted with ether. The residue left on evaporation of the
cthereal solution became gradually crystalline and melted at 65-67° (5.2 g.). The
base was most conveniently purified, practically without losses, by very slow distilla-
tion in an oil-pump vacuum at 110°. The distillate consisted of nearly colorless,
broad, elongated prisms, which melted at 81-83°. The base is easily soluble in
alcohol, ether, and petroleum ether.

Anal, Cale’d for CysH,/N: C, 87.41; H, 6.93.

Found: C, 87.28; H, 6.97.

The hydrochloride was prepared in the usual manner with alcoholic hydrogen
chloride. It crystallizes from an alcohol-ether mixture in balls of fine needles which
gradually change to stout prisms. The melting point is rather indefinite. In a
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vacuum the substance begins to melt at about 200° and gradually decomposes be-
tween 230° and 275°,

Anal. Cale’d for CisHCIN: C, 76.16; H, 6.40.

Found: C, 76.71; H, 6.42.

No methiodide was formed when a mixture of bagse and methyl iodide in a small
amount of acetone was allowed to stand for two days.

7-Hydrozydibenzo[f, hiquinoline (IV). The starting material for the synthesis of
this compound, 3-hydroxy-9-aminophenanthrene, was prepared according to Burger
and Mosettig (3), with the modification, however, that the saponification of the
acetoxy compound and the reduction of 3-hydroxy-9-nitrophenanthrene were carried
out in one procedure. A suspension of 18.5 g. of finely divided 3-acetoxy-9-nitro-
phenanthrene in 200 ce. of 50% sodium hydroxide was heated at 90° until a dark red
golution was formed. A solution of 55 g. of sodium hydrosulfite was added, the tem-
perature not being allowed to rise above 110°. After five minutes, 200 cc. of water
was added, and heating at 90-95° was continued for ten minutes. The solution was
diluted with water to a volume of two liters, and carbon dioxide was passed through.
The heavy, yellowish precipitate was washed first with water containing some
sodium hydrosulfite, and then successively with water and alcohol. The dry reduc-
tion-product weighed 13.5 g. and was used without further purification in the Skraup
synthesis.

Thirteen and five-tenths grams of the above product, 15 ce. of nitrobenzene, 3.0 g.
of ferrous sulfate, and 32 g. of glycerine were well mixed. Fifteen cubic centimeters
of C. P. sulfuric acid was added with thorough stirring, and the mixture was heated
to 145° until the reaction set in. Then the reaction was allowed to proceed without
application of heat. After the reaction had subsided, the mixture was heated at
145° for thirty minutes. The dark reaction-mixture was diluted with water and
extracted with ether. To the aqueous layer concentrated sodium chloride solution
was added, which precipitated a brown hydrochloride. From this the base was
liberated with ammonia as a gray crystalline mass. It was purified by sublimation
in an oil-pump vacuum, and subsequent recrystallization from dioxane; pale yellow
needles, m.p. 270-273° (evac. tube), yield 9 g. The base is sparingly soluble in
alcohol, chloroform, acetone, and ether.

Anal. Cale’d for CyHuNO: C, 83.25; H, 4.51; N, 5.70.

Found: C, 83.47; H, 4.89; N, 6.06.

Hydrochloride. Two-tenths gram of the base was treated with hot dilute hydro-
chloric acid, some insoluble material was filtered off, and concentrated hydrochloric
acid was added to the filtrate. The hydrochloride precipitated in tiny, bright yel-
low, felted needles (0.15 g.) that showed an indefinite melting point. The salt
hydrolyzes strongly.

Anal, Cale’d for Ci7H;,CINO: Cl, 12.59. Found: Cl, 12.68.

7-Hydroxy-1,2,8, 4-tetrahydrodibenzolf, hlquinoline (V). Twelve grams of the
above quinoline base and 1.5 g. of Chromite catalyst in 75 cc. of absolute ethanol
were heated in an Adkins high-pressure hydrogenation apparatus to 150° in about
one hour. Shaking at this temperature and at a pressure of 140 atm. was continued
for forty minutes. From the reduction-mixture, a fraction of 8 g., melting at 228~
230°, and a less pure fraction of 2.5 g., melting at 210-220°, were obtained. The
tetrahydro base crystallized from absolute ethanol in pale green, hexagon-shaped
crystals, which melted at 230-232°. The base may be purified also by sublimation
at 180° in an oil-pump vacuum.

Anal. Cale’d for C7HsNO: C, 81.89; H, 6.07; N, 5.62.

Found: C, 81.97; H, 5.99; N, 5.73.
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The hydrochloride was prepared in the usual manner with alecoholic hydrogen
chloride. It melted, after recrystallization from aqueous hydrochloric acid, un-
gsharply at 279-286° (uncorr.). The salt hydrolyzed readily.

Anal. Cale’d for C;H;sCINO: Cl, 12.41. Found: Cl, 12.55.

7-Methozy-1-methyl-1,2,8, 4-tetrahydrodibenzo[f, hlquinoline (VI). A mixture of
3.2 g. of base V, 8 g. of methyl iodide, 5.1 g. of potassium hydroxide, 5 cc. of water,
and 30 cc. of acetone in a Lintner bottle was heated at 100° for one hour. The fol-
lowing day, 4 g. of methyl iodide and 2.5 g. of potassium hydroxide were added, and
the mixture was heated again for one hour. The solvent was allowed to evaporate
until the methiodide precipitated in brownish crystals. These were filtered off and
decomposed in a water-pump vacuum at 150-170°. The tertiary base was then dis-
tilled over at 200°. The partly oily and partly erystalline distillate was dissolved
in alcohol, from which the base crystallized on cooling in colorless rectangular
crystals; m.p. 131.5-133°, yield 2.2 g.

Anal. Cale’d for Ci1oHisNO: C, 82.26; H, 6.91; N, 5.05.

Found: C, 81.91; H, 6.65; N, 5.21.

The hydrochloride prepared in the usual manner melted at 204-206° with gas
evolution. It hydrolyzes readily.

Anal. Cale’d for CioHyCINO: Cl, 11.31. Found: Cl, 11.39.

The methiodide (V1Ia) was prepared by dissolving 0.2 g. of the N-methyltetrahydro
base (VI) in a mixture of 3 cc. of acetone and 1 cc. of methyl iodide. The crystalline
precipitate (0.1 g.) was collected after two days. The substance has an indefinite
melting point; softening began at 145°, gas evolution took place at 175° and the
melt became clear at 200°. It resolidified on cooling and remelted at 128-130°.
Apparently the methiodide is converted into the tertiary base by melting.

Anal. Cale’d for CzoHsINO: I, 30.29. Found: I, 30.00.

SUMMARY
The preparation of dibenzo[f,h]quinoline and 7-methoxydibenzo-
[f ,hlquinoline and some of their derivatives is described.

WasmiNGgTON, D. C.
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As was pointed out in a previous paper (1), progesterone is the only
naturally occurring compound with pronounced progestational activity.
It manifests a slight “cortin” action, in that large doses are capable of
maintaining the life of adrenalectomized animals (2). Desoxycortico-
sterone (21-hydroxyprogesterone), which was synthesized (3) previous to
its isolation from the adrenal cortex (4), appears to be the simplest type of
chemical compound having adrenal cortical activity. It also has a proges-
tational effect about one-tenth that of progesterone (5). After the dis-
covery of desoxycorticosterone, it was anticipated that this substance
would alleviate equally well all the different physiological manifestations of
adrenal insufficiency. More recent investigations have shown, however,
that although desoxycorticosterone is highly satisfactory in maintaining
the life of adrenalectomized animals, it is less effective than the other
adrenal cortical hormones when, for example, the aggravation of diabetes
(6) or the prevention of muscle fatigue (7) is measured. These other
hormones are derivatives of desoxycorticosterone which are oxygenated
at carbon atoms 11 or 17, or both.

In the light of these physiological facts it appears desirable to synthe-
size other compounds which are derived from progesterone or desoxycor-
ticosterone and contain additional oxygen atoms attached to different
carbon atoms of the sterol nucleus. It remains to be seen to what extent
such compounds will manifest progestational or adrenal cortical action.

At least two different monohydroxyprogesterones with the hydroxyl
group attached to the nucleus have been described. The 12-hydroxy-
progesterone which was synthesized from desoxycholic acid (8) possesses
only slight, if any, progestational action. No reference to adrenal cortical
activity is given. Pfiffner (9) recently isolated from beef adrenal glands

1 Aided by a grant from the Smith, Kline, and French Laboratories in Phila-
delphia.

Read before the American Society of Biological Chemists at the annual meeting
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La., March 15, 1940.

318



INVESTIGATIONS ON STEROIDS 319

a 17-hydroxyprogesterone which probably possesses at carbon atom 17
the same configuration (8) as certain adrenal cortical hormones (17-hy-
droxycorticosterone, 17-hydroxy-11-dehydrocorticosterone, 17-hydroxy-
11-desoxycorticosterone). It has, however, only slight, if any, “cortin”
action. When it was assayed at a five milligram dose level with a modi-
fied Clauberg technique, no progestational activity was found. The
attempts of other workers to obtain by synthetic methods the 17(a)-
hydroxyprogesterone have thus far met with failure. Apparently this
compound is unstable and undergoes rearrangement very readily (10).
Two isomeric monohydroxyprogesterones were recently (11) described
in which the hydroxyl group appears to be attached to carbon atom 2.
They were obtained by the action of lead tetra-acetate upon progesterone.
Physiological data are not available.

In a preceding paper (1) the preparation of 6-oxoprogesterone was de-
scribed. It possessed no progestational activity. In the meantime, D. J.
Ingle has found that this substance does not protect adrenalectomized
rats against the manifestations of adrenal insufficiency when administered
in doses as large as two milligrams per day.

The intermediates in the preparation of 6-oxoprogesterone were the
triols II or III which were obtained by treating 5-pregnene-20-one-3-ol
(I) with hydrogen peroxide or osmic acid respectively. Both triols? have
identical stereochemical structures, presumably coprostane configura-
tions, at carbon atom 5. They differ in configuration at carbon atom 6.
The relative position of the hydroxyl groups at carbon atoms 5 and 6 is
“trans” in compound II and “cis” in compound III. It ought to be pos-
sible to obtain from compounds II and III respectively two stereoisomeric
6-hydroxyprogesterones which differ only with regard to the configuration
at carbon atom 6. Thus far we have been successful only in preparing a
substance which is derived from compound II. By acetylation, the 3,6-
diacetate was obtained (IV). Under special precautions the saponifica-

2 Ellis and Petrow (J. Chem. Soc., 1939, 1078) recently investigated the stereo-
chemical configuration of the cholestane-3,5,6-triols. The triol obtained by treat-
ing cholesterol with osmic acid was assigned the coprostane configuration, which
is in agreement with the stereochemical considerations of our previous paper (1).
The triol obtained by means of hydrogen peroxide was assigned the cholestane con-
figuration. The fact that in our series the procedure with hydrogen peroxide ap-
parently furnished the coprostane configuration is no contradiction. Probably the
hydrogen peroxide treatment of cholesterol acetate and of 5-pregnene-20-one-3-ol
acetate respectively furnished in each case a mixture of two ‘‘trans’’ forms, one
possessing the coprostane configuration and the other the cholestane configuration.
It appears that in the experiments with cholesterol the cholestane epimer was secured
from this mixture, whereas in our experiments with pregnenonol the coprostane
epimer showed the greater tend