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TABLE I
PREPARATION OF ESTERS
Alcohol or Yield, Ester
Acid phenol % M.p.,°C. Ref.mp.
Acetic Cholesterol 88 113-114 114°
Benzoic Resorcinol 80 116-117 115
p-Nitro- Methanol 92  95-96° 95.1°
benzoic Ethanol 90  56-57° 56.3°
2-Propanol 96 109-110° 108.3°
t-Butyl alcohol 85 115-116"* 115.5°
Furfuryl alcohol 90  75-76 75-77¢
Benzyl alcohol 96  84-85  85-86
Benzhydrol 90 130-131 131-132°
Benzoin 90 122-123 123"
Phenol 78 127-128 129
2-Naphthol 88 166-167 1697
3,5-Dinitro-  Methanol 90 107-108 107.9
benzoic 2-Proparnol 90 120-121 122.1F

¢-Butyl alcohol 92 140-141 141.5

2,3-Dimethyl-2-

butanol 78 109-110 111™
Cyclohexanol 82 111-112 112-113
I-Menthol 89 153-154 153"
d-Borneol 85 154-155 156-157°
1-Phenylethanol 88 95-96 95?7
Cinnamylaleohol 90 120-121 121°
1-Dodecanol 82  59-60 60"

¢ A, Windaus, Z. physiol. Chem., 101, 276 (1918). * 7],
Ross, J. H. Perry, R. L. Brandt, A. I. Gebhart, J. E.
Mitchell and S. Yolles, Ind. Eng. Chem., 34, 924 (1942).
¢M. D. Armstrong and J. E. Copenhaver, THIS JOUR-
NAL, 65, 2252 (1945). ¢R. Adams, E. K. Rideal, W.
Burnett R. L. Jenkins and E. E. Dreger, zbid., 48, 1758

(1926). ¢R. D. Kleene and S. Fried, ibid., 62, 3516
(1940). 7 R. Kothe, Ann., 266, 313 (1902). ¢ ]. Meisen-
heimer and W. Schmidt, ibid., 475, 157 (1929). *J.Meisen-

heimer, Ber., 38, 874 (1905). ¢ L. C. Raiford, R. Taft and
H. P. Lankelma, THIs JOURNAL, 46, 2051 (1924). /E.
d.B. Barnett and I. G. Nixon, Chem. News, 129, 190
(1924). *G. B. Malone and E. E. Reid, THIS JOURNAL,
51, 3424 (1929). !T. Reichstein, Helv. Chim. Acia,
9, 799 (1926). m P, Sutter, ¢bid., 21, 1266 (1938). = 7J.
Read, W. J. Grubb and D. Malcolm, J. Chem. Soc., 170
(19?3) o W, Hiickel, 4nn., 549, 186 (1941). ? F. Ash-
worth and G. N. Burkhardt J. Chem. Soc. , 1791 (1928).
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¢ F, Willi and F. Knérr, Chem. Ber., 85, 841 (1952). T*R.
L. Shriner and R. C. Fuson, ‘“The Systematic Identifica-
tion of Organic Compounds,’’ 3rd Edition, John Wiley
and Sons, Inc., New York, N. Y., 1948, p. 288. ¢ Mixed
melting point undepressed. ! Infrared spectrum identical
with authentic sample.

tion from ether and mixed pentanes, 909, recovery, m.p.
41.5-42.5° (lit.!2 43°).

Benzanilide.—A solution prepared by adding 6.4 ml. of
benzenesulfonyl chloride to 12 g. of benzoic acid in 20 ml. of
pyridine (see above) was cooled to room temperature under
the tap and then 4.7 g. (0.05 mole) of aniline was added.
The solution became hot; it was cooled under the tap with
stirring until the reaction mixture solidified (about 10 min.).
The product was treated with a solution of 10 g. of sodium
hydroxide and 5 g. of sodium bisulfite in 200 ml. of water.
The dead-white product was collected by filtration and
dried in vacuum; vyield, 9.2 g. (94%), m.p. 160.5-161°
(1it.*® 160-161°).

Other amides made in this way include acetanilide (49%,
crude), m.p. 110-111° (lit.4 m.p. 114°) and 2-furo-p-
toluidide (90%), m.p. 107° (lit.®* m.p. 107.5°).

When the molar ratio of the aromatic sulfonyl halide to
the carboxylic acid is greater than one-half the product is
orange colored and difficult to purify. The conversion of
carboxylic acid to its substituted amide drops due to the
formation of sulfonamide from the excess of sulfonyl halide.
The sulfonamide can be recovered from the alkaline mother
liquors by acidification and is obtained in the amounts to
be expected from the excess of sulfonyl halide over that re-
quired for formation of the symmetrical anhydride.

Preparation of Esters.—The following procedure is the
most generally successful so far devised for this reaction.
With highly reactive alcohols it may prove desirable to mod-
ify this procedure by using less sulfonyl halide and to add
it more slowly. The acid is dissolved in 20-50 parts of pyri-
dine (in some cases a salt separates) and two molecular
equivalents of benzenesulfonyl or toluenesulfonyl chloride
is added. The solution is chilled in ice and one molecular
equivalent of the alcohol or phenol is added. The solution
is kept cold for about one hour and then poured into three or
four volumes of an ice and water mixture. Solid esters are
collected by filtration. Esters which have been prepared
in this way are listed in Table I.

(12) H. T. Clarke and E. J. Rahrs, in H. Gilman and A. H, Blatt,
**Organic Syntheses,”” Coll. Vol. I, 2nd Ed.. John Wiley and Sons,
Inc.,, New York, N. Y., 1941, p. 01.

(13) C. N. Webb, ibid., p. 82.

(14) J. H, Matthews, THIS JoURNAL, 39, 1125 (1917).

(13) E. Baum, Ber., 87, 2949 (1904).
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A number of salts of N-(¢-butyl)-acetamide (A) corresponding to A-HX, As-HX, and A, HX; have been prepared (X =

halogen); the latter compounds are halogenating agents.

carboxylic acid dimers.

During an attempted nitrosation of N-(¢-butyl)-
acetamide (A) with nitrosyl bromide,? orange-
colored crystals separated which contained active
bromine and analyzed for CiyH#N3O;Br;, A mix-
ture of A (C¢H;3NO) and bromine in carbon tetra-
chloride on recrystallization yielded only the amide;
however, after exposure to the atmosphere (HBr

(1) E. H. White, Tri8 Jour~ar, 77, 6008 (1955).

(2) Nitrosyl bromide is partially dissociated into bromine and nitric

oxide at 0° (C. M. Blair, Jr., P. D, Brass and D. M. Yost, bid., 86,
1916 (1934)).

1 A structure is proposed for the 2:1 complexes similar to that of the
Complexes of this type are apparently general for monosubstituted and unsubstituted amides.

formed) the same orange-colored crystals were ob-
tained, suggesting that the analysis above corre-
sponded to (A);-HBr-Br,. Subsequently the same
compound was prepared by the step-wise procedure
shown below, thereby confirming this partial struc-
ture. The same compound was also obtained
from a mixture of standard solutions of A, bromine
and hydrogen bromide in the correct proportion.
The properties of these intermediates as well as
those of the related iodine complex IV are given in
Table I. The hydrochlorides corresponding to I
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TABLE I
SALTS OF N-(#-BUTYL)-ACETAMIDE (A), ANALYSES,” %
Calculated Found
Mol. Mol
Salt Ap., °C. b < H N Halogen wt./2 C H N Halogen  wt. ¢
Pure salts
A-HBr (I} 132, dec.  36.75 7.20 T7.14 40.75 36.91  7.07 7.41 40.80
A,-HBr (1) 126127 46.30 8.74  9.00 25.67 156 46.42 891 8.71 25.66 139
Ay+HBr-Br, (111 126-127 30.59 577 5.95  50.89 232 30.66 5.81 5.92 30.82 232
Ay HILT, (IV) 114-115 23.54  4.45  4.538 62.20 306 23.68 4.65 4.68 62.32 304
Impure salts
Ay-HBr-Cl (V) 126-127 7.33  39.5" 6.77  34.3
As'HBr-I, (VI) 125-127 25.50  +.82  4.96  39.06" 26,47 5.00 4.88 38.0
26.04 4.80 5.51 58.2
ArHCI 104-110 13.29¢ 12.59
AHCIl:Br; (VII) 109-111

@ Schwarzkopf Microanalytical Laboratory, Woodside 77, L. 1., N. Y.
tions by the isothermal distillation technique (E. P. Clark, Anal. Chem., 13, 820 (1941)).

zene solution was 909 (i.e., association). ¢ Total halogen.

H O
| NOBr
t~Bu-N—C—CIl, (A)»-HBr Br.
A HBr 111
\
HBri TBr-_.
A
AHBr —— e e e ———> (A)HBr
I 11

and IT proved to be rather unstable; their proper-
ties as well as those of AyHBr.Cly (V), A,HBr I,
(VI) and A,-HCI1.Bry(VII}, which were not obtained
in the pure state® (presumably because of fraction-
ation of the halogens), are listed also, to illustrate
the possible variations of composition. The simple
salts (I and II) are quite hygroscopic, whereas the
perhalides are only slightly so. The perhalides are
decomposed by hydroxvlic solvents; III decou-
poses immediately in water whereas IV is stable
for several days under the saine conditions. The
simnple sults can be deterinined acidimetrically and
the perhalides iodimetrically.

The amide perhalides may be useful for con-
trolled halogenatious, just as pyridinium hydro-
bromide perbromide* and the dioxane-bromine
complex® have proved useful. In the only case
tested, cyclohexene and IIT reacted instantaneously
at —60° in chloroform to yield, exclusively, trans-
1,2-dibromocyclohexane.®

A number of salts related to the ones described
in this paper are known  The salts of formamide’
and acetamide® corresponding to II have been re-
ported?; also Frost! has prepared salts of glycine

(3) No intensive efforts were made to prepare the pure compounds.

(4) C. Djerassi and C. R. Scholz, THiS JourRxaAL, 70, 417 (1948);
R. Lombard and G. Heywang, Bull. soc. chim., 331 (1932).

(3) L. A. Yanovskaya and A. P. Terent'er, J. Gen, Chem. U.S.S.R.,
22, 1594, 1598 (19532); O. Hassel, Acta Chem. Scand. 8, 873 (1934).

(6) Determined by comparison of the infrared spectrum with those
of the authentic ¢is and (rans isomers (kindly furnished by Professor
H. L. Goering, see THi$ JoURNAL, T4, 3588 (1952)),

(7) P. Walden, Chem. Zenir., 83, I, 122 (1912).

(8) A. Werner, Ber., 36, 154 (1903).

(9) Two interesting compounds which are related stoichiometrically
(but not insofar as bonding is concerned) are [(pyridine):Br] *C104 - (H.

Et
(Ya. A. Fialkov and 1. D. Muzyka, J. Gen. Chem., U.S.S.R., 21, 505
(1951)).
(10) W. S. Frost, THis JOURNAL, T4, 1346 (1932).

[e] +
I /Bt
Carlsohn, ibid., 68B, 2209 (1933)) and CsI—Is—C-——N\ Ij ICh-
2

¢ Determined in acetonitrile solu-
The value found for II in a ben-

b Uncorrected.

and hydriodic acid containing two moles of the for-
mer per mole of hydriodic acid. In addition, nu-
merous perhalides of various types are known!®!!; 4
few more closely related to III are salts of the type
Y -HBr-Br, where Y pyridine,* 2-phenylamino-
benzothiazole!? and 2-phenylamino-4-mnethyl-5-bro-
mothiazole.!?

TaBLE I1
ULTRAVIOLET SPECTRA"
Com- Amax., Lit.
pound Solvent Conen., M mu log e ref,
IV Methanol 5.49 X 1075 221%  4.49°
202 4.66¢
359 4. 41¢
Ether 4.01 X 105 294  4.52¢
364  4.25¢
CCl, 300 /
364
KI;  Methanol  4.50 X 10 2220 4.52° ¢
292 4.59"
358 4.34%
I, Ether 3.20 X 10—+ 249 3.78 k
468 3.06
CcCly 3.87 X 10 518 295 ¢

@ Spectra taken with a Cary recording spectrophotometer,
model 11 S. ? This band wasfound at 223 my for an aqueous
soln. of KI;. Spectra in thisregion apparently have not been
determined previously for the triiodide ion, probably because
of the interference of the iodide ion which absorbs at 226 myu
(H20, log ¢ 4.11; Awtrey (ref. g) reports ca. 226 my, log
4.1). ¢ These values increase with dilution. ¢ These
values decrease with dilution. ¢ F. L. Gilbert, R. R. Gold-
stein and T. M. Lowry (J. Chem. Soc., 1092 (1931)) report
Amax, 290 (log € 4.55), Amax. 358 (log e 4.38) for p-bromo-
phenyltrimethylammonium triiodide i1 ethanol. / R. E.
Buckles, J. P. Yuk and A. I. Popov (TH1is JOURNAL, 74,
4379 (1952)) report 295 myu (log € 4.65) and 365 mu (log e
4.40) for tetramethylammonium triiodide in ethylene chlo-
ride. ¢ For water solutions, A. D, Awtrey and R. E. Con-
nick (¢bid., 73, 1842 (1951)) report Amax, 288 (log e 4.60),
Amax. 393 (log e 4.42). For absolute ethanol solutions,
Lowry (footnote ¢) reports Amax. 290 (log € 4.60), Amax. 360
(log € 4.46). *H. A. Benesi and J. H. Hildebrand (THis
JourNaAL, 71, 2703 (1949)) report Amax. 462 (log e 2.94).
*0. J. Walker (Trans. Faraday Soc., 31, 1432 (1935))
reports Amax. 518 (log e 2.95).

(11) (a) W. A. Bonner, tbid., T4, 5078 (1852); () J. A. Vona and
P. L. Merker, J. Org. Chem., 14, 1048 (1949).

(12) R. F. Hunter, J, Chem. Soc., 125 (1930),

(13) R. F. Hunter and E. R. Parker, #bid., 1175 (1034).
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Structure.—The molecular weights of II, IIT and
IV (Table I) in acetonitrile were approximately
equal to one-half of the formula weights, indicating
a dissociation into two particles. Since the ultra-
violet spectrum of IV in methanol was practically
the same as that of KI; (Table 1I),4 one of the par-
ticles from IV is the triiodide ion, I;~. Similar
spectra (indicative of I3~) were obtained in less po-
lar solvents (Table II), although the bands were
slightly shifted in position. The spectrum of io-
dine in these solvents was markedly different from
that of IV.

The second particle from IV (and by analogy
from II, III, V, VI and VII) must be (by differ-
ence) a cation with the general formula A H*
(VIII). This unit is rather stable inasmuch as (i)
compounds II, IIT and IV could be sublimed un-
changed 4% vacuo, i.e., no hydrohalic acid was lost,
(ii) the reaction of the 1:1 bromide I with bromine
vielded an oil; however, during two days at 0.1
mm., hydrogen bromide was lost and the crystal-
line 2:1 tribromide® 111 was formed, and (iii) the
cation exists as such in solution, 4.e., the infrared
spectra are characteristic of the cation (vide infra).
By analogy with the structures proposed for di-
mers of the carboxylic acids'® and for é-valerolac-
tam, the following structure is proposed for the
cation (A,H*).1B

R’ ®
/
O H—N
R—cZ O>C—R
N—H:: .-
VAN
R B
VIII

The infrared spectra of the 2:1 complexes (from 7
to 15 u) are far more intense than the sum of the
spectra of the components (amide + 1:1 amide hy-
drohalide) and are characterized by broad, contig-
uous absorption bands. Other than the differ-
ences at 3.1, 4.1 and 6.2 u, the spectra of the simple
complexes (7.¢., II and the corresponding hydro-
chloride) and the perhalides (IT], etc.) are identical.
The infrared spectra of the various perhalides (III,
IV, V, VI and VII) are identical; the spectra,
therefore, are characteristic of the cation alone.
The spectra of 11T in acetonitrile, chloroform, nujol
or potassium bromide pellets were essentially the

(14) Direct comparison with the spectrum of iodine in methanol
was not practical because of a rapid reaction yielding the triiodide ion.
In the presence of ozone, however, the Amax, of iodine itself has been
found in methanol at 477 my, log ¢ 5.98 (A, Batley, Trans. Faraday
Soc., 24, 438 (1928)).

(15) Similarly, the 1:1 hydrobromide of acetamide loses hydrogen
bromide to form the 2:1 salt (A. Pinner and F, Klein, Ber., 10, 1896
(1877)).

(18) W. Klyne, "Progress in Stereochemistry,”” Butterworths Scien-
tific Publications, London, 1954, p. 224.

(17) S. Mizushima, Adv, Protein Chem., 9, 304 (1954); on the other
hand, the association of monosubstituted amides apparently involves
trans-hydrogen bonding leading to long chains of amide molecules.

(18) Structures with a single hydrogen bond are unlikely, since N,N-
diethylacetamide did not form a 2:1 complex with hydrogen bromide,
whereas complexes of this type were prepared containing N-(¢-butyl)-
acetamide alone as well as those containing one mole of this amide
with one mole of N,N-diethylacetamide. In view of the molecular
weights in acetonitrile (Table I) and the similarity of the infrared spec-
tra in this solvent and in the solid state, the cation is not polymeric in
nature.
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same,!® indicating that the complex cation exists
in both the solid state and in solution. The spec-
trum of IV is very similar to that of [ N-(n-butyl)-
acetamide]y-HI;, and the spectrum of II is very
similar to that of the mixed complex [A + N,N-di-
ethylacetamide]-HBr; the infrared spectrum of
VIIT, therefore, in general nature is essentially inde-
pendent of R’.

Analogs.—N-(n-Butyl)-acetamide was converted
into the 2:1 complex salt of HI; as shown by the
infrared spectra and by titration; it was not ob-
tained crystalline, however. Diethylacetamide (I)
formed a 1:1 hydrobromide but did not form the
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Fig. l.—Infrared spectra: 1, compd. A (0.30 3/ in
CHCly); 2, compd.II1{0.31 MinCHCly); 3,compd.I (0.37 M
in CHCl;); 4, compd. III (0.31 M in CHCl;); 5, compd. IV
(KBr pellet); 6, mixture of A and diethylacetamide hydro-
bromide (1:1) in CHC1, (0.3 27).

(19) However, the shapes of some of the bands are slightly altered
in the solvent absorption regions. In addition, a band at 6.2 u is
missing in the nujol and KBr spectra (Fig. 1).
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2:1 bromide corresponding to II. On the other
hand, an equimolar mixture of this 1:1 hydrobro-
mide (E-HBr) and N-(¢-butyl)-acetamide (A) did
form a 2:1 complex salt (general formula, [A +
E]HBr).1®

Experimental®

N-(t-Butyl)-acetamide Hydrobromide (I).—~Anhydrous hy-
drogen bromide was passed into a solution of 4.36 g. (0.0379
mole) of N-(¢-butyl)-acetamide® (A) in chloroform (25 ml.)
for ca. 30 min. Upon the addition of carbon tetrachloride,
7.06 g. (0.0360 mole, 959%,) of the hygroscopic salt crystal-
lized, m.p. 152° dec. Titration to a phenolphthalein end-
point with 0.1 N sodium hydroxide gave, in a single trial,
an equivalent weight of 205 (caled. 196).22

AHBr (II).—N-(:-Butyl)-acetamide (0.451 g., 3.93
mmoles) and the hydrobromide (I) (0.77 g., 3.93 mmoles)
were dissolved in chloroform (ca. 5 ml.). Carbon tetra-
chloride was added until crystallization was complete, to
vield 1.06 g. of the hygroscopic salt (3.41 mmoles, 87%),
m.p. 126-127°.22 The m.p. on admixture with the amide A
was 79-94°, and with the 1.1 hydrobromide I was 143° dec.
Impure samples were purified by sublimation at 0.01 mm.
and ca. 50°.

AHBr; (III).—This compound was prepared by the fol-
lowing methods: (1) The stoichimetric amounts of broniine
and the bromide complex (II) were dissolved in chloroform
and the orange crystals were precipitated with carbon tetra-
chloride. (2) Standard solutions of bromine, hydrogen
bromide, and the amide (A) in carbon tetrachloride were
mixed in the correct proportion. The perbromide crystal-
lized out immediately. Occasionally oils were obtained
which crystallized after seeding or upon the addition of
ether. (3) An excess of bromine was added to the hydro-
bromide I and the mixture was held at 0.01 mm. for 50 hr.
at 25°. The crystalline residue was pure III. (4) An ex-
cess of bromine was added to a concentrated solution of the
amide in ether and the solution was exposed to the atmos-
plere for several days.

Yields of ca. 909, were obtained by methods 1 and 2. The
orange crystals melted at 125-126°; sublimation at 0.01
mm. (ca. 50 °) raised this value to 126-~127° (compounds II,
ITII, V and VI have the same m.p.). On admixture with
A, the melting point was 75-108°; with the hydrobromide
I, 113-147°; and with the bromide complex II, 100-115°.
The equivalent weight determined iodimetrically was 239
(caled. 235.6).22

The distillation of a large amount of chloroform (con-
taining ethanol as a preservative) from III, resulted in the
co-distillation of bromine, leaving the 2:1 hydrobromide II
in solution. The infrared spectra of III and IV in chloro-
form were identical. In potassium bromide, the spectrum
of IIT was the same as that of IV except that in the region
near 7 u, the curve was identical to the solution spectrum, in
contrast to that of IV,

A;-HI; (IV).—A solution of 5.0 g. (0.0435 mole) of "the
amide A i water (ca. 100 ml.) was added to 47.8 ml. of a
solution 0.454 M in both iodine and hydriodic acid (0.0217
mole of each) (prepared by dissolving iodine in the con-
centrated acid and diluting). The precipitate after drying
weighed 12.4 g. The complex was extracted from this pre-
cipitate with ether, leaving crystals with a metallic luster
which were insoluble in ether but soluble in chloroform.
}\I'iéhout further purification, these analyzed for A-HI-/,

Anal. Caled. for CH;NOysI: C, 28.58; H, 6.00; N,
5.56; 1, 50.84. Found: C, 28.93; H, 5.82; N, 5.37; I,
50.87. Pentane was added to the ether extracts to yield
deep-red needles of Ay-HI;, m.p. 114-115°.22

Attempted Preparation of A,-HBr.Cl, (V).—Chlorine was
passed into chloroform (20 ml.) for ce. 15 min. and the
solution was then added to a solution of the complex bro-
mide IT (1.89 g., 6.08 mmoles) in chloroform (10 ml.). Car-
bon tetrachloride was added and the solution cooled to
vield 1.91 g. (5.0 mmoles, 829%) of the yellow crystalline
complex V, nm.p. 126-127°.22

(20: Tahle 1, footnntes ¢ und b, NMost of the experimental work
reported was carried ont in a drv-box,
(21) J. 1. Ritter and P. . Minieri. Turs Tomrnar, T0, 405 (1048).

22 Ree s Tahle !
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The equivalent weight determined iodimetrically was 198,
caled. 191. Only partially liquid products were obtained by
sublimation at 0.01 mm. ’

Attempted Preparation of A,-HBr-I, (VI).—A solution of
the complex bromide II (0.95 g., 3.05 mmoles) in chloroform
(10 ml.) was added to 31.8 ml. of 0.096 M I. in chloroform
(3.05 mmoles). The addition of carbon tetrachloride
yielded VI (1.47 g., 2.60 mmoles, 85%), m.p. 125-127°,22

The equivalent weight determined iodimetrically was 280,
caled. 282.5. Sublimation of this complex iodide at 0.01
mm, resulted in decomposition. Attempts to prepare A, -
HBr1; by doubling the amount of iodine used in the prepa-
ration given led only to non-crystalline products.

Hydrochlorides of N-(t-Butyl)-acetamide.—The 1:1 hy-
drochloride?? was prepared by passing hydrogen chloride
through a solution of the amide A in chloroform for several
hours. The large crystals obtained melted at 115-119°
(77-100° in a sealed tube). Titration with sodium hydrox-
ide to a phenolphthalein end-point gave an equivalent weight
of 121, caled. 151.6. The salt lost hydrogen chloride rap-
idly after two days in a dry-box; the equivalent weight was
146. After evacuating the crystals for 4 lir. at 0.1 mm., the
value was 269 (caled. for A,-HCI, 267). At this point,
the m.p. in open and in sealed tubes was 107-108°. After
a181 additional day at 0.1 mm., the equivalent weight was
4850.

A fairly pure sample of A;-HCl was prepared by passing
hydrogen chloride through a solution of A in carbon tetra-
chlotide; the hygroscopic salt crystallized out as formed,
m.p. 104-110°, equiv. wt. 208 (caled. 267).%?

Attempts to prepare Ax»HCI; from A;HCI and Cl; were
unsuccessful, only the reactants could be isolated.

Attempted Preparation of A;HCl-Br, (VII).—A 1.0 M
solution of A in carbon tetrachloride (14 ml., 14 mmoles)
was added to a mixture of bromine in carbon tetrachloride
(3 ml. of a 2.33 M soln., 7 mmoles) and hydrogen chloride
in the same solvent (69 ml. of a 0.102 3 soln., 7 mmoles).
The precipitate was filtered and recrystallized from chloro-
form—carbon tetrachloride mixtures to yield 1.26 g. of the salt
(2.95 )mmoles, 42%,), m.p. 109-111°, equiv. wt. 454 (caled.
426.5).

Complexes of Normal and sec-Butylacetamide.—N-(sec-
Butyl)-acetamide hydrobromide was prepared following the
procedure given for the tertiary isomer, m.p. 117-120°. At-
tempts to prepare various crystalline 2:1 salts failed, only
oils were obtained.

The complex [N-(#-butyl)-acetamide] sHI; was prepared
as a black oil by the procedure given for the tertiary iso-
mer, equiv. wt. 281 (caled. 306). The infrared spectrum
was the same as that of the crystalline #-butyl isomer, except
for a difference in the shapes of the bands at 9.45 and at
7.52 u, and a reversal of the relative intensities of the 6.09
and 6.22 u bands.

Diethylacetamide Salts.—Diethylacetamide was prepared
from diethylamine and acetic anhydride, and the product
was distilled several times from solid potassium hydroxide
at 20 mm. Hydrogen bromide was passed into a chloroform
solution of the amide for ca. one hr. A mixture of ether
and carbon tetrachloride (the latter alone yielded an oil)
was added to yield a hydrobromide, m.p. 123-125°, equiv.
wt. 144 (caled. 196). The crystals were sublimed at 0.01
mm. to vield the hygroscopic 1: 1 salt, m.p. 120-124°, equiv.
wt. 198 (caled. 196).

Anal. Caled. for CGHuNOBr: C, 36.75; H, 7.20; X,
7.14; Br, 40.75. Found: C, 36.56; H, 7.00; N, 6.82;
Br, 40.83.

The infrared spectrum of an equimolar mixture of the
amide and the 1:1 hydrobromide was equal to the sum of
the spectra of the two compounds, i.c., the characteristic
broad intense absorption bands of the 2:1 complex were
absent. On the other hand, the infrared spectrum of an
equimolar mixture of diethylacetamide hydrobromide and
N-(t-butyl)-acetamide was far more intense than the sun
of the spectra of the components—the intensity values indi-
cated that a true 2:1 mixed complex had been formed, and
not just 0.5 mole of II. This spectrum was the same as
that of Ay HBr (II) except for an extra band at 10.44 u,
and a few minor differences in the inteusities from 6 to 6.8 u

(Fig. 1). This mixture was recrystallized {from chloroform

by gradually adding etlier, then hexane. Tive fractions
(23) R. Sclhioll, A, O, Weil and K. Holdermsann (A»w., 338, 16 (100511
reperted the prepsration of thiz wadt Ty listed ne pliveical ronstants



Dec. 5, 1955

were taken. The second proved to be practically pure di-
ethylacetamide hydrobromide (1:1) and the fifth proved to
be the 1:1 hydrobromide of N-(¢-butyl)-acetamide (from
the infrared spectra). The mother liquid from the fifth
crop on evaporation yielded a mixture of the pure amides.
The complex is apparently unstable in the crystalline state,
relative to the 1:1 amide salts.

The infrared spectra of equimolar mixtures of acetic acid
and diethylacetamide, acetic acid and diethylacetamide
hydrobromide, and trichloroacetic acid with the diethyl-
acetamide were equal to the sum of the spectra of the com-
ponents, i.e., no intense absorption bands characteristic of
the 2:1 complexes were noted.

Bromination of Cyclohexene.—A solution of cyclohexene
(1.64 g., 0.02 mole) in chloroform (35 ml.) was cooled to
—60° and a solution of A;-HBr; (I11) (9.42 g., 0.02 mole) in
chloroform (75 ml.) was slowly added with suitable precau-
tions to keep the stirred mixture anhydrous. The solution
added was decolorized practically instantaneously. The
solution was washed with dilute sodium bisulfite, then ex-
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tracted continuously with water for several hours at 20°
to remove the amide (A). The chloroform was dried and
removed and the product distilled at 46-47° (0.5 mm.) to
yield 3.1 g. (0.0128 mole, 649) of dibromocyclohexane,
m.p. —3°, n®D 1,5495 (lit.2* m.p. —8 to —4°, n%D 1.5490 to
1.5507). A comparison of the infrared spectrum with
those of authentic samples of ¢is- and ¢rans-1,2-dibromocy-
clohexane® showed that the product was exclusively the trans
isomer. The products from the reaction of cyclohexene with
bromine in chloroform at —60° or with the bromine-
dioxane complex® at —60°, were also exclusively #rans-1,2-
dibromocyclohexane.®
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The addition of triphenylsilyllithium to trans-stilbene yields a variety of products, from which 1,2-bis-(triphenylsilyl)-1,2-

diphenylethane and 1-triphenylsilyl-1,2,3,4-tetraphenylbutane have been isolated and identified.

In connection with the

structure proof of these compounds the identity of 1,2,3,4-tetraphenylbutane, m.p. 89-91°, has been confirmed by several

varied syntheses.

The addition of triphenylsilylpotassium in ether
to trams-stilbene yields after hydrolysis the ex-
pected 1-triphenylsilyl-1,2-diphenylethane (II).!
It was therefore surprising to find that the addition
of the analogous triphenylsilyllithium, dissolved in
ethylene glycol dimethyl ether,? to frams-stilbene
did not yield this product, but instead gave a num-
ber of more complex products including 1,2-bis-
(triphenylsilyl)-1,2-diphenylethane (III) and 1-
triphenylsilyl-1,2,3,4-tetraphenylbutane (IV) and
much polymeric material which contained silicon.

l
R;Si Li

R;3SiLi + RCH=CHR —> [RCHCHR:| ‘

I 11
R,SiH / \FCH=CHR

T

Na
RCHBr—SiR; —> RCH—CHR

H,0
——> RCHCH:R
R;Si

Alkaline cleavage of the other product isolated
IV yielded triphenylsilanol and a hydrocarbon
melting at 89-91°, which analysis suggested was
1,2,3,4-tetraphenylbutane (VI). This same coni-
pound (VI), in agreement with Bergmann,® was
isolated from the reduction of tetraphenylthiophene
with sodium and amyl alcohol, together with 1,2-
diphenyl-3-benzylhydrindene (VII) (m.p. 180~
182°). The same two compounds (VI, VII) were
also produced by the reduction of 1,2,3,4-tetra-
phenylbutadiene-1,3 with sodium and amyl alcohol
following published directions,* al-
though these authors isolated only VII
from this reaction to which they, after
others,® incorrectly assigned the struc-
ture of tetraphenylbutane. Finally
hydrogenation of tetraphenylbutadiene
at high pressures yielded only VI.
Thus it seems certain that the hydro-

RCHCHRCHRCH,R carbon melting at 89-91° is tetra-

oL i phenylbutane, and hence the silicon

v 1};?‘ SiRs RsSi compound from which it was isolated
v probably has the structure of 1-tri-

i KOH phenylsilyl-1,2,3,4-tetraphenylbutane.

R = CeHs
VI
The constitution of III was established by alka-
line cleavage, the only products isolated being bi-
benzyl and triphenylsilanol. The question of the
location of the triphenylsilyl groups was settled
when the same compound was produced by Wurtz
coupling of a-bromobenzyltriphenylsilane (V), con-
firming the structure as 1,2-bis-(triphenylsilyl)-1,2-
diphenyletharte.
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R;5i0OH + RCH:CHRCHRCH;R

The complex nature of the reaction
products makes it impossible to specu-
late with certainty about the mecha-
nisimn of the reaction. However the formation of the
dimer IV and of the polymeric material which con-

CeHs

—CH
\‘/ 615
o VII CH,—Cslls
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