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TABLE 1
ARVLALKYLIDENEMALONONITRILES
Reaction Analyses, %,
time, Yield,® M. p.,b Carbon Hydrogen Nitrogen®

Ethylidenemalononitriles Formula hr. %% ° (.I,, Caled. Found Caled. Found Caled. Found
1-Phenyl- CuHsN, 12 70 94 L .. ..
1-(p-Chlorophenyl)- CuH;N,Cl1 10 75 96 65.19 65.49 3.46 3.50 13.83 14.06
1-(p-Fluorophenyl)® CnH:N;F 5 79 122 70.94 71.14 3.79 3.89 15.05 15.51
1-Xenyl- CiiH,sN 2 74 159 83.56 83.34 4.96 4.93 11.47 11.73
1-(p-Nitrophenyl)- CuHy0.N; 4 80 154 61.90 61.58 3.31 4.38 19.71 19.20
1-(p-Ethoxyphenyl)- C1sH 20N, 2 78 88 73.56 73.58 5.70 5.79 13.18 13.47
1-(p-Tolyl)- Ci2HjoN. 11 85 97 79.09 79.30 5.563 5.54 15.38 15.72
1-(2’,6’-Dimethylphenyl)-  CisH;3N; 5 60 87 79.56 79.44 6.17 6.22 14.28 14.37
1-(p-Ethylphenyl)- CiaH, 2N 10 60 67 79.56 79.84 6.17 5.99 14.28 13.74
1-(p-Isopropylphenyl)’ CiH N, 4 63 . 79.95 79.82 6.72 6.62 13.33 13.88
1-(p-t-Butylphenyl)-’ CisHj N 3 67 LA 80.31 80.29 7.19 7.10 12.48 12.83
1-(m-Ethylphenyl)- CiaH;eNe 7 61 67"  79.56 79.74 6.17 6.17 14.28 14.34
1-(3/,5'-Diethylphenyl)- CisH; N 6 60 83-84 80.31 80.43 7.19 7.54 12.48 12.38
1-(a-Thienyl)- CiHeN;S 8 71 86 61.71 62.14 4,03 3.56 15.99 15.90

Other Malononitriles

1-Phenylbutylidene- CisH 3N, 14 70 57 79.56 79.61 6.17 6.31 14.28 14.41
1-Phenylhexylidene- CisHeNs 16 61 A 80.31 80.25 7.19 7.12 12.48 12.60
1,2,3,4-Tetrahydro-1-

naphthylidene- CiHiNe 4 79 109 80.27 80.21 5.20 5.29 14.43 14.60

s Actually conversion.
thermometers uncorrected for stem exposure.
low. 9 Mowry, loc. cit., b. p. 122-124° (2 mm.).

The yields were all in excess of 909, based on unrecovered ketone.

b Taken with calibrated

¢ By the micro Dumas method. Kjeldahl values were often somewhat
¢ p-Fluoroacetophenone obtained through the courtesy of Miss Mary

Renoll. The condensation product had 10.38%, F (caled. 10.21%). / p-Isopropylacetophenone and p-i-butylaceto-

phenone obtained through the courtesy of Dr. W. Frederick Huber.

158-159° (2 mm.), n¥p 1.5700.
156° (3 mm.), n¥D 1.5484.

uct after the first recrystallization or first distillation. The
solid products were then recrystallized, usually three or
four times, to constant melting point. The crystalline
malononitrile derivatives were all colorless or pale yellow
needles with the exception of the a-tetralone condensation
product which formed well-defined plates.

Summary
The effect of variation in structure and position

¢ Mixed m. p. with 1-(p-ethylphenyl)-ethylidenemalononitrile, 53-60°.

¢ B, p. 152-154° (2 mm.), »%p 1.5740. ? B. p.
iB. p. 154~

of substituents of aryl alkyl ketones on their re-
action rate in the Knoevenagel condensation with
malononitrile has been studied. Sixteen new
malononittile derivatives are reported.

3,5-Diethylacetophenone has been prepared
and an improved synthesis of 3,5-diethylbenzoic
acid is described.

DavroN, OHIO RECEIVED JaANUARY 2, 1945
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Polymethylene-bis-(p-aminophenyl Sulfones)

By H. B. CurTER, C. A. DANIELSON AND H. R. GOLDEN

A series of polymethylene-bis-(p-aminophenyl
sulfones) has been prepared with a view to their
possible therapeutic use. However, since their
preparation and properties have not previously
been reported, it appears desirable to give a brief
description of the work.

With the exception of the methylene deriva-
tive, the polymethylene-bis-(p-aminophenyl sul-
fones) are readily obtained by the action of the
sodium salt of p-acetamidobenzenesulfinic acid
on the corresponding alkyl dihalide in aqueous
ethanol solution, followed by hydrolysis of the
resulting acetamido compound to the free amine.

2 CH;CONHCH,SO;Na -+ Br(CHy)nBr —>
CHQCONHCCHASOQ(CH;)nSOzC‘}LNHCOCH; + 2NaBr

CH,CONHCH,S0:(CH;).S0;CHINHCOCH; +
H,0HCl) —>» H,NCeH,S0.(CH,).80,CeHNH,-2HC! +
2CH;COOH
The methylene compound could not be pre-
pared by the condensation of sodium p-acetamido-

- benzenesulfinate with methylene bromide or

iodide. One molecule of the salt reacted readily
forming p-acetamidophenyl iodomethyl sulfone,
but a second molecule of the salt could not be
made to react. This is probably owing to the
well-known effect of the sulfone group in de-
activating alpha halogens toward double de-
composition reactions.! The compound was

(1) Ziegler and Connor, THIS JOURNAL, 62, 2596 (1940); Michae!
and Palmer, Am. Chem. J., 6, 254 (1884).
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TaBLE I
M. p., Reflun.,, Vield, Nitrogen, % % Sulfur
Name Formuia °C. time, hr. 9 Caled. Found  Cal Found
Methylene-bis-(#-acetaminopheny! sulfide) Cr7H4N20:8: 212 4 98 8.09 8.06 18. 51 18.50
Methylene-bis-(p-acetaminopheny! sulfone) CrrH 1 N20852 319 85 6.85 6.64 16.62 15.48
Methylene-bis-(p-aminophenyl sulfone)? CuHuN2048: 234 83 18.62 18.80
p-Aminopheny! icdomethy! sulfone C7H3IN O25 172 8 30 4.71 4.90 10.77 10.60
Ethylene-bis-(p-acetaminophenyl sulfone) CraHzoN 2085 284 7 80 6.60 6.41 15.11 15.20
Ethylene-bis-(p-aminophenyl sulfone)® CreHisN:O4b5e 328 90 %.23 8.18
Ethylene-bis-(p-aminophenyl sulfone) dlhydrochlonde CrH s N:O4Se 2HCH 328 90 15.51 15.53
Trimethylene-bis-(p-acetaminophenyl! sulfone) C1oH22N2OsS: 244 8 75 6.39 6.41 14.62 14.54
Trimethylene-bis-(p-aminopheny! sulfone) Ci:HigNoOi S 130 85 7.90 7.93 18.09 18.02
‘Trimethylene-bis-{#-aminopheny! sulfone) dihydro-
chloride® C1sH1aN2048:-2HC1 230
Tetramethylene-bis-(p-acetaminopheny! sulfone)4 CuoHaulN20652 266 12 85 6.19 5.96 14.17 14,17
Tetramethylene-bis-(p-aminophenyl sulfohe) CieHyoN204S: 28Y 90 7.60 7.51 17.40 1762
Tetramethylene-bis-(p-aminopheny! sulfone) dihydro-
chloride® Ci1sHzoN2045:-2HCI 284 90 6.34 6.24
Pentamethylene-bis-(p-acetaminophenyl sulfone.)f CorHasN20482 157 8 40 13.74 13.80
CoHzsN2048:-C:HyOH 75~ 77 5.4% 5.29 12.51 12.87
Pentamethylene-bis-(p-aminopheny! sulfone) C17H22N20,5: 116 90 7.33 7.38 16.76 16.64
Pentamethylene-bis-(p-aminopheny! sulfone) dihydro-  CizHzeN20O5:2HCL 246-248 90 6.15 6.29

chloride?
& The hydrochloride is water soluble and unstable.

On heating it decomposes below 110°.

b In this series many of

the hydrochlorides have the same melting points as the free bases, because the hydrochlondes decompose to the free base

below their meltmg points.

congo red paper is turned blue when held above the heated solid.

This can be shown by heating the hydrochloride gently in a test-tube—a piece of moist

¢ Neutral equivalent, caled. 213; found, 215. 4 In

this case the halide used was 1,4-dichlorobutane, and an equivalent amount of potassium iodide was added to the mixture.

¢ Neutral equivalent, caled. 221; found, 214.

m, p. 75-77°.

cquivalent, caled., 228; found, 232.

On drying in a vacuum at 70° the ethanol is lost and crystals melting at 157 °
» Fourneau, Tréfouel, Nitti and Bovet, Compt. rend. soc. biol.,

/ This compound crystallizes with one mole of ethanol of crystallization,

are obtained. 7 Neutral
127, 393 (1938),

mention this conmipound but do not record its properties or mnethod of preparation.

finally obtained by condensing p-acetamidothio-
phenol with methylene iodide or formaldehyde,?
and oxidizing the resulting mercaptal to the di-
sulfone.?

Experimental

Methylene-bis-(p-acetamidophenyl Sulfide).—(1) »-
Acetamidothiophenol, 3.3 g., was dissolved in 100 ml. of
ethanol containing 0.46 g. of sodium; 2.7 g. of methylene
iodide was added and the mixture refluxed gently under
an inert atmosphere for four hours. The mixture was
cooled to room temperature and sufficient water added to
precipitate the product as a yellowish-white solid. Re-
crystallization from 959, ethanol yielded white crystals,
m. p. 212-213°; yield, 3.4 g. (98%,).

(2) p-Acetamidothiophenol, 25 g. was suspended in a
mixture of €& ml. of 35% formalin and 50 cc. of glacial
acetic acid.  Dry hydrogen chloride gas was passed into
the mixture until it was saturated, and the yellow solution
placed in the ice box for twenty-four hours. The mer-
captal separated as a yellowish-white solid.
off and washed with 50 ml. of glacial acetic acid. Re-
crystallization from 959, ethanol yielded 10 g. of white
crystals, m. p. 211-212°.

Methylene-bis-(p-acetamidophenyl Sulfone).—Methyl-
ene-bis-(p-acetamidophenyl sulfide), 3.5 g., was suspended
in 15 ml. of glacial acetic acid containing 6 ml. of 309,
hydrogen peroxide. The mixture was cooled in ice for
three to four hours and then allowed to stand at room
temperature for twenty-four hours. The sulfone was
precipitated by addition of 50 ml. of water. The sulfone
was filtered, washed with cold water and dissolved in 250
ml. of 5% sodium hydroxide in which it is difficultly soluble.
This solution was filtered and acidified with hydrochlonc
acid to precipitate the sulfone. The yield was 3.5 g. (83%)
of white crystals, m. p. 319-320°.

Methylene-bis-(p-aminopheny! Sulfone).—Methylene-
bis-{p-acetaminophenyl sulfone), 0.6 g. was suspended in
15 ml. of concentrated hydrochloric acid and warmed on
the steam-bath until completely dissolved. The free

(2) Taylor, THIS JoURNAL, 87, 1067 (1935).
(3) Pomerantz and Connor, thid., 61, 3386 (1939).

It was filtered .

amine was precipitated by neutralization with ammonium
hydroxide. The yield was 0.4 g. (83%) of a white solid
which easily turned yellow on standing, m. p. 234-235°.
p-Aminophenyl Jodomethyl Sulfone.—p-Acetamido-
benzene sulfinic acid, 24 g., was dissolved in 200 ml. of 7569,
ethanol and exactly neutralized with sodium hydroxide.
Then 16 g. of methylene iodide was added and the mixture
refluxed for eight hours. A crystalline compound con-
taining iodine separated. This was purified by recrystal-
lization from 95%, ethanol and refluxed with concentrated
hydrochloric acid to convert it to the amine hydrochloride.
Treatment with cold dilute sodium hydroxide yielded the
free amino compound as white crystals, m. p. 172-173°
Ethylene-bis-(p-acetamidopheny! Sulfone).—p-Acet-
amidobenzenesulfinic acid, 60 g., was dissolved in 200 ml.
of 759, ethanol and exactly neutralized by sodium hydrox-
ide. Ethylene dibromide, 18.8 g., was then added and the
mixture refluxed for eight hours At the end of one hour a
white solid separated. The mixture was not allowed to
become alkaline during the refluxing as sodium hydroxide
decomposes ethylene disulfones.* At the end of eight
hours the solid was removed by filtration, washed with
water and then with ethanol and dried. The yield was 50
g. of white solid, m. p. 270-275°. Recrystallization from
ethylene glycol yielded white crystals, m. p. 284-285° with
decomposition.

Ethylene-bis-(¢~aminopheny! Sulfone) Dihydrochloride.
—Ethylene-bis-(p-acetamidophenyl sulfone), 20 g., was
refluxed for one hour with 350 cc. of concentrated hydro-
chloric acid. The resulting white solid was filtered
through a fritted glass filter, washed with concentrated
hydrochloric acid and then with ethanol and dried in an
oven at 100°; yield, 18 g. of white crystals. m. p. 328~
330° with decomposition.

Ethylene-bis-(¢-aminopheny! Sulfone).—Ethylene-bis-
(p-aminophenyl sulfone) dihydrochloride, 5.1 g., was sus-
pended in 100 ml. of cold water and 1.2 g. of potassium
hydroxide added. The mixture was thoroughly stirred,
and dilute potassium hydroxide solution added drop by
drop until the mixture was exactly neutral. The resulting
white solid was filtered, washed with water, ethanol and

(4) Stuffer, Ber., 28, 3226 (1830); Otto and Damkd&hler, J. praks.

Chem., [2] 80, 171, 321 (1884).
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then ether and dried; yield, 4.3 g., in. p. 328-330° with
decomposition,

The other members of the series were prepared in a
similar manner. p-Acetamidobenzenesulfinic acid, 0.12
mole was dissolved in about 200 ml. of aqueous (50~75%)
ethanol and exactly neutralized with sodiumn hydroxide;
0.05 mole of the alkyl] dihalide was added and the mixture
refluxed for from eight to twelve hours. If the acetamido-
phenyl! sulfone had precipitated, it was removed by filtra-
tion, otherwise it was precipitated by pouring the mixture
into 700 ml. of water. The crude material was purified by
recrystallization from ethanol.

The hydrolysis to the aminophenyl sulfone dihydro-
cll;loride and to the free amine was carried out as described
above.
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We wish to thank Parke, Davis and Company
for generously supplying the p-acetamidobenzene-
sulfonyl chloride and the pentamethylene bro-
mide used in this work.

Summary

A series of polymethylene-bis-(p-acetamido-
phenyl sulfones) has been prepared. These have
been hydrolyzed to the corresponding amino com-
pounds and their properties recorded.

DETROIT, MICHIGAN RECEIVED APRIL 6, 1945

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY, THE OHIO STATE UNIVERSITY]

The Reaction of Bromomagnesium Derivatives of Acetylenic Alcohols with
Formaldehyde

By MELvIN S. NEwMAN, WiLLiaMm S. Fones! aND WiLLiaM T. Boots, JR.

The organomagnesium compounds of acetylenic
alcohols have been shown to react with a variety
of carbonyl functions? including aldehydes (but
not formaldehyde), ketones and carbon dioxide.
In this paper we show that the dibromomagnesium
compound of dimethylethynylcarbinol reacts
smoothly with formaldehyde to yield 4-methyl-2-
pentyne-1,4-diol,® I. This compound was char-
acterized by means of its di-p-nitrobenzoate and
a monotrityl derivative. On treatment with
acetyl chloride and pyridine under conditions
similar to those involved in the preparation of the
di-p-nitrobenzoate, a monoacetate was formed.
On catalytic reduction of I two moles of hydrogen
were absorbed to yield 4-methyl-1,4-pentanediol

authentic glycol made by treating butyrolactone
with methylmagnesium iodide.*

The selective dehydration of the tertiary hy-
droxyl was accomplished by pyrolysis of the liquid
dibenzoate of I. The structure of the resulting
4-methyl-4-penten-2-yn-1-ol obtained on hy-
drolysis was established by comparison with an
authentic sample using the crystalline 3,5-dinitro-
benzoate. The structure of the authentic 4-
methyl-4-penten-2-yn-1-ol, prepared by treating
3-methyl-3-buten-1-ynylmagnesium bromide with
formaldehyde, was supported by its method of syn-
thesis and the absorption of 3 moles of hydrogen
on catalytic reduction to form 4-methylpentanol-1.
These reactions are summarized in the chart.

CH; CH; CH;,
| 2C;H,MgBr | 2H, |
CH3—$—C_=_CH (CH,0) CH;—C—C=CCH:0H ——> CH,—C—CH.,CH,CH.0H
2 n
OH OH 1 . OH
l—HZO l(via dibenzoate) CHM
2 1
CH, CH, HMg
CHMgBr
CH:—_— —C=CH £ CHF&-CECCHon O=C—CH2CH2CH2
(CH;0)n | |

CH,
(CH20)x

|
CH;

|
CH:—&H—CHQCHQMEBT — CHa—CH—CHzCHzCHzOH

the structure of which was established by com-
parison of the di-p-nitrobenzoate with that of the

(1) Part of the material herein presented was taken from the
thesis presented by William S. Fones to the Ohio State University,
1942, for the M. A, degree.

(2) Ouvert, Compt, rend., 148, 294 (1908); Zalkind and Ivanov,
J. Gen. Chem., U. S. §. R., 11, 803 (1941); Marvel and co-workers,
THIS JoOURNAL, 68, 972 (1936); 61, 2006 (1939); 63, 1880 (1940);
J. Org. Chem., 7, 93 (1942); Heilbron and co-workers, J. Chem. Soc.,
140, 141 (1944).

(3) A compound, b. p. 102-104° at 2 mm, made by condensing
dimethylethynylcarbinol with aqueous formaldehyde has been re-
ported, U. S. Patent 2,238,471 (1941), but no proof of structure was
given,

In addition to I, we have also prepared 3-(1-
hydroxycyclohexyl)-2-propyn-1-ol by condensing
the bromomagnesium derivative of l-ethynyl-
cyclohexanol with paraformaldehyde.

Experimental®
Dimethylethynylcarbinol.—In a 5-liter three-necked
flask containing 2.5 liters of liquid ammonia and equipped
with a sealed stirrer and an all-metal reflux condenser

(4) Henry, Compt. rend., 148, 1221 (1907).

(5) All melting points corrected. Analyses marked ®* by J. E.
Varner, P by The Arlington Laboratories, Fairfax, Virginia, © by
Sterling Olsen.



