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TrlBLE I 
KETENE ACETYLATION PRODUCTS OF AMIDES 

A rnide 
Cata- Wl’., “C. _.__ Mol. ___- w t .  -__ sc;: Recyst. 

Solvent lvst Obs. Lit. Found Calctl. Found C‘:tlcd. Solvent 

-\cetaniide Ligroin HgSOa 
Acrylamide Ether CUSOc 
Benzamide Benzene H2SO4 
Formamide‘ Ether + ethanol H2SOa 
Methacrylamide Ether None 

p-Toluvmide Benzene Hi304 
Cyano:tcetamide Benzene HzSO4 

79 78-79’ 100 101 . . .  . . . Acetone 
200 . . .  . . .  . . .  12.8 12.4 Insol. 
114 115* 162 163 . . .  . . , Ethanol 
10T . . .  130 120 10.5 10 .8  Water 

Dec. a t  . . . . . .  . . .  11.1 11.0 Ether 
300 
145 147d 179 177 . . .  . . . .hetone-H?O 
115 . . .  126 126 22.0 22.2 .Acet,one 

‘ W. Hentschel, Ber., 23, 2394 (1890). * C. E. Colby and F 
diacetyl formamide. Anal. Calcd. for C S H ~ N O ~ :  C, 46.5; H, 
2650 (1888). 

by Bolstad and DunbarJ6 together with a suitable solvent, 
and an acetylation catalyst3 or a polymerization6 inhibitor 
in one instance. 

B typical acetylation is that of benzamide, which is de- 
scribed in detail. Exceptions to this procedure for other 
amides will be noted. A suspension of 3.6 g. (0.03 mole) 
benzamide and two drops of concentrated sulfuric acid in 
70 ml. of benzene was agitated with a magnetic stirrer a t  
room temperature while 0.03 mole of ketene was passed 
through the suspension. Care was taken to avoid any appre- 
ciable excess of ketene. The resulting product was soluble 
in the solvent. ilt the end of the run the solution was washed 
with 25-ml. portions of water until the washings were neu- 
tral to litmus, and the solvent was then allowed to evaporate 
a t  room temperature. The resulting product was recrystal- 
lized from a minimum amount of 9570 ethanol. Yields were 
essentially quantitative except for mechanical loss in han- 
dling and recrystallizing the product. The molecular weights 
were determined by the Rast method? using camphor as 
the solvent. The nitrogen content was determined by the 
micro-Kjeldahl method.* Physical constants and other sig- 
nificant data are recorded in Table I. 

Concvntrated sulfuric acid proved to be a satisfactory 
catalyst for most of these acetylations. The unsaturated 
amides, however, when acetylated in the presence of sulfuric 
acid, formed gelatinous polymeric products. Methacryl- 
amide was acetylated satisfactorily without any catalyst, 
but acrylamide had to be stabilized with copper sulfate. 
When acetamide was acetylated in hot ligroin it formed an 
oily insoluble product that was isolated with a separatory 
funnel, jolidified at - 5 ” ,  and was recrystallized from ace- 
tone. The diacetamide, contrary to most of the reaction 
products, was relatively stable a t  elevated temperatures. 

Formamide was so insoluble in most inert organic solvents 
as to make acetylation nearly impossible even when the sus- 
pension was vigorously agitated. However, when the forma- 
mide was dissolved in an equal volume of ethanol, the re- 
sulting inivture mas then found to be soluble in ether and 
the sarnt’ could then be successfully acetylated. For this p r e p  
aration 1.35 g. of formamide was, therefore, dissolved in 3 
ml. of 9570 ethanol and 70 ml. of anhydrous ether was then 
added, Ketene was then passed into the solution until two 
equivalents had been provided on the assumption that the 
ethanol would react with an equal amount of ketene. How- 
ever, a t  the end of this period, the ketene was being ab- 

( 5 )  I,. L. Bolstad and R. E. Dunbar, Z n d .  Eng. Chem., 
Anal. Ed., 15, 498 (1943). 

(6) “Technical Bulletin Acrylamide,” American Cyana- 
mide Co., Petrochemical Department, Yew York, N. Y. 
(1956). 

( 7 )  A. SteyermarK, Quantitatioe Organic Microanalysis, 
McGraa-Hill Publishing Co., New York, 1951, p. 82. 

(8) T. S. M a  and G. Zuazaga, Ind. Eng. Chem., Anal. Ed., 
14,280 (1942). 

D. Dodge, Am. Chem. J . ,  13, 1 (1891). 
5.42. Found: C, 47.2% and H 5.50%. 

Product isolated was 
G. Glock, Ber., 21, 

sorbed so completely and readily that a third equivalent was 
provided. The crystalline product was isolated by permit- 
ting the solvent to evaporate a t  room temperature, and add- 
ing water to the femaining liquid. Bccording to Smirnova and 
co-workersJ3 the literature regarding acetylated amides is 
“erroneous and contradictory. ” They report that triacetyl- 
ammonia is a liquid a t  room temperature and leave the 
reader with the impression that this is the case with all 
similarly trisubstituted ammonias. It has been found, how- 
ever, that treatment of formamide with excess ketene 
yielded a solid product with a molecular weight of 130 cor- 
responding to the diacetyl derivative and a nitrogen con- 
tent of 10.57,, also corresponding to the diacetyl deriv- 
ative. Their conclusion is supported only by a nitrogen 
determination while this study reports not only the nitrogen 
percentage, but percentages of carbon and hydrogen, as well 
as molecular weight. 

SCHOOL OF CHEMICAL TECHSOLOGY 

FARGO, ?;. D. 
NORTH DAKOT.4 ST.4TE COLLEGE 

Alkylations of Alkali Diphenylmethides with 
@Diethylaminoethyl Chloride and 

Ethylene Oxide‘ 

CIIARLE~ R. HAUSER, MARVIN T. TE r E s R  iuv, A N D  
R. S. Y o s ~  

Received Decenzber 6, Ifis7 

Sodium diphenylmethide prepared from di- 
phenylmethane and sodium amide in liquid 
ammonia has recently? been alkylated TTith alkyl 
halides in this medium t o  form hydrocarbons of the 
type (CeH&CHR, where R is an alkyl group or a 
phenyl-substituted alkyl group. 

This reagent has nom been alkylated similarly 
with P-diethylaminoethyl chloride to form ter- 
tiary amine I in 83y0 yield (Equation 1). 

KaiYHz ClCHrCH2N(CzHs)z 

l iq .  NHI 
(C8H&CH2 --+ (CGKS)&HNa P 

~~ 

(1) Supported by the Duke University Research Council. 
( 2 )  C. R. Hauser and I’. J. Hamrick, ,Jr., J .  Am. Chem. 

floc., 79, 3142 (1957). 
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For convenience the commercially available hy- 
drochloride salt3 of P-diethylaminoethyl chloride 
was used. It was added to one equivalent each of 
sodium diphenylmethide and sodium amide, the 
latter base serving to liberate the amine. 

The analogous potassium reagent was alkylated 
with this tertiary amine halide in ether to form 
amine I in 72% yield. The potassium diphenyl- 
methide was prepared from diphenylmethane and 
potassium amide in liquid ammonia, and the am- 
monia replaced by ether before adding the halide. 

Both of these procedures of alkylation of di- 
phenylmethane with p-diethylaminoethyl chloride 
appear superior to those described previously 
employing sodium amide in toluene4 and phenyl- 
sodium in b e n ~ e n e , ~  which have given amine I in 
yields of only 14% and 27% ,respectively. 

Another type of alkylation of potassium di- 
phenylmethide was realized in the present investi- 
gation with ethylene oxide in ether to form al- 
cohol I1 in 78% yield (Equation 2 ) .  

KNHz 1, NHr replaced by ether 
(C,H,)?CHr - (CsH5)zCHK > 

liq. NIT2 2, C H z C H z  
'O/ 

(C~H~)ZCHCHZCH~OH ( 2 )  
I1 

This introduction of the benzhydryl group into 
the molecule appears more convenient than the 
method employed previously, involving the reduc- 
tion of @,@-diphenylpropionic acid6 or its ethyl 
ester.' 

The structure of alcohol I1 was established by 
converting it to hydrocarbon 111 through its 
benzenesulfonate (Equation 3a). Hydrocarbon 111 
was independently synthesized from sodium di- 
phenylmet hide and ethylene chloride (Equation 
3b). The details of the latter reaction will be pub- 
lished later.* 

(3) The free p-diethylaminoethyl chloride has been ob- 
served to decompose slowly; see D. S. Breslow, R. S. Yost, 
H. G. Walker, and C. R. Hauser, J. Am. Chem. SOC., 66, 
1922 (1944). Presumably cyclization to form the cyclic 
quaternary ammonium chloride occurs; see E. E. Royals, 
Advanced Organic Chemistry, Prentice-Hall, Inc., New York, 
1954, p. 357-8. 
(4) 0. Eisleb, Ber., 74B, 1438 (1941). 
(5) G. Benoit, R. Delavigne, and F. Eliopoulo, Ann. 

(6) E. D. Bergmann and Z. Pelchowicz, Bull. SOC. chim. 

(7) M. Protiva, Chem. Zisty, 45, 20 (1951). 
(8) P. J. Hamrick, Jr., C. F. Hauser, and C. R. Hauser, 

pharm. franc., 10, 185 (1952). 

France, [5], 20, 809 (1953). 

unpublished method. 

EXPERIMENTAL 

Alkylation with P-diethylaminoethyl chloride. To a stirred 
suspension of 0.2 mole of sodium amide in 500 ml. of com- 
mercial anhydrous liquid ammonias was added 16.8 g. (0.1 
mole) of diphenylmethane in an equal volume of anhydrous 
ether. The resulting orange-red mixture of sodium diphenyl- 
methide and sodium amide was stirred for 15 min., and 17.2 
g. (0.1 mole) of solid P-diethylaminoethyl chloride hydro- 
chloride was added. After stirring 2 hr., the liquid ammonia 
was evaporated on the steam bath as an equal volume of 
anhydrous ether was added. The resulting gray, ether sus- 
pension was refluxed for 30 niin., and then decomposed with 
ice water. The ethereal layer was separated and combined 
with an ether extract of the aqueous alkaline layer. The 
ethereal solution was dried over Drierite, and the solvent 
was removed. The residual oil was distilled Ln vucuo t o  give 
22 g. (83%) of l-diethylamine-3,3-diphenylpropane (I) as a 
colorless oil, b.p. 150-153' a t  3 mm., n y  1.5446; reported 
b.p. 160-165' a t  4 mm.,5 n y  1.5438.10 

When an ethereal suspension of 0.1 mole of potassium 
diphenylmethidell was treated with 0.1 mole of p-diethyl- 
aminoethyl chloride (freshly liberated from the hydrochlo- 
ride salt),3 there was obtained a 72% yield of amine I, b.p. 
144-145" at 1 mm. The hydrochloride salt of the product 
melted a t  142-143"; reported m.p. 143-144°.4 

Alkylation with ethylene oxide. To a stirred solution of 0.2 
mole of potassium amide in 500 ml. of liquid ammonia was 
added 33.6 g. (0.2 mole) of diphenylmethane in an equal 
volume of anhydrous ether, and the liquid ammonia was 
replaced by ether." To the resulting orange-red suspension 
of potassium diphenylmethide in ether was added 8.8 g. 
(0.2 mole) of ethylene oxide in an equal volume of anhydrous 
ether, the color being discharged. After stirring for 90 min. 
the reaction mixture was cooled, and decomposed with iced 
hydrochloric acid. The ethereal layer was separated and 
combined with several ether extracts of the aqueous layer. 
After drying over Drierite, the solvent was removed. The 
residue was distilled in vucuo to give 9 g. of recovered di- 
phenylmethane, and 33 g. (78%) of 3,3-diphenylpropanol-l 
(11) as a viscous oil, b.p. 164-166" a t  2.5 mm., 204-208" a t  
26 mm., n y  1.5814; reported b.p. 203" at  25 mm.6 

An ethereal solution of 0.1 mole of carbinol I1 was added 
to 0.1 mole of sodium amide in liquid ammonia, and the 
liquid ammonia was replaced by ether. After refluxing for 
several hours (to remove traces of ammonia) the resulting 
ethereal suspension of the sodium salt of the carbinol was 
treated with 0.1 mole of benzenesulfonyl chloride in ether 
(refluxed 1 hr.). The mixture was filtered, and the solvent 
was removed from the filtrate. The thick, residual oil was 
heated with water (steam bath) to hydrolyze unreacted 
benzenesulfonyl chloride and washed with water to remove 
benzenesulfonic acid. The resulting crude benzenesulfonate 
of carbinol I1 was dissolved in ether, and, after drying over 
Drierite, the solution was added to 0.1 mole of sodium 
diphenylmethide in liquid ammonia. The liquid ammonia 
was replaced by ether, and the resulting suspension (after 
refluxing 1 hr.) was decomposed with ice water. There was 
isolated from the ethereal layer 11 g. (667,) of recovered 
diphenylmethane and 11 g. (30%) of hydrocarbon 111, m.p. 
120-122" (recrystallized from ether). After recrystallization 
from ethanol, the melting point was 121-122"; reported m.p. 
120-121.6°.12 The melting point was not depressed on ad- 
mixture with an authentic sample of I11 (m.p. 122-123' 

(9) See C. R. Hauser, F. W. Swamer, and J. T. Adanis, 

(10) R. L. Clarke and A. Mooradian, J. Am. Chem. Soc., 

(11) See R. S. Yost and C. R. Hauser, J. Am. Chem. SOC., 

(12) K. Scholtis, Ann., 557, 88 (1945). 

OTQ. Reactions, 8 ,  122 (1954). 

71, 2826 (1949). 

69, 2325 (1947). 
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recrystallized from ethanol) prepared from sodium diphenyl- 
methide and ethylene chloride.8 
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Previous work in this laboratory on the selenium- 
catalyzed isomerization of cis -stilbene2 and of cis- 
9-octadecenoic (oleic) acid3 at 200" to their re- 
spective trans isomers established that the rate of 
conversion was essentially independent of the con- 
centration of selenium at  any particular initial 
concentration of selenium, despite tlhe fact that the 
selenium slowly disappeared from the solid phase. 

In the present paper, the fate of the selenium 
during the isomerization of oleic acid is examined 
and there are presented experimental data, con- 
sistent with the requirement that the Concentration 
of the catalytically active species of selenium be 
essentially constant during the course of the iso- 
merization. 

EXPERIMENTAL 

Three forms of the selenium catalyst are present during 
the isomerization of the oleic to elaidic acid a t  200": the 
original black, undissolved or bulk selenium; the active 
form of the selenium in solution, which on cooling, precipi- 
tates as the red modification; and the inactive species which 
remains in "solution" after cooling. In  order to determine 
the approximate quantities of these three forms of selenium, 
pure oleic acid was heated to 200" for varioits time intervals 
using a fixed amount (0.2 weight percent) of black selenium 
powder. 

Apparatus. The apparatus employed for the determi- 
nations consisted of a test tube reactor, equipped with an agi- 
tator passing through a glass-tube bearing in a rubber stop- 
per, and having a side tube connected to a helium supply for 
maintaining an inert atmosphere. The reactor Tyas heated 
by means of a salt bath controlled a t  200" with a heating 
mantle connected through a variac to a Thermocap relay. 

Procedure. The determinations were all carried out in the 
same manner. A typical experiment will be described: 

Pure oleic acid, 40.017 g. was placed in the reactor and 
heated with stirring under a helium atmosphere. After the 
temperatiire had become adjusted to 200" =t 2", the 
stopper was momentarily removed and 0.0800 g. of black 
selenium powder on a fragile glass boat was added. After 
replacing the stopper and starting agitation, the time was 
noted. After 12 minutes, the heating bath and agitator were 
~- 

(1 j Present address: Emery Industries, Inc., Cincinnati 

(2) J. 11. Fitzpatrick and hl. Orchin, J .  Org. Chem., 22,  

(3) J. I). Fitzpatrick and hI. Orchin, J. Am. Chem. Soc., 

2, Ohio. 

1177 (1957). 

79,4765 (1957). 

quickly removed and a filter stick inserted. The contents 
of the reactor were quickly filtered while hot into a tared 
filter flask. The black selenium remaining in the rraction 
vessel was transferred to a weighed, fritted-glass, micro- 
filter funnel with the aid of petroleum ether. Since the ma- 
terial on the filter contained bits of glass from the weighing 
h a t ,  it was necessary to dissolve the scleniuni in the weighed 
mixture with concentrated nitric acid and nash aiid dry 
and reweigh the filter funnel to obtain the true weight. Using 
this procedure it was determined that 0.0390 g. of black 
selenium powder was present. On cooling the oleic-elaidic 
acid mixture in the filter flask, red selenium precipitated. 
The mixture was diluted with petroleum ether and filtered 
through a weighed, fritted-glass micro-filter funnel. After 
washing with petroleum ether and drying, 0.0102 g. of red 
selenium was secured. The weight of "inactivated" selenium 
which remained in "solution" was 0.0218 g., by difference. 
The results are semi-quantitative but ~ufficiently acculate 
to allow appropriate conclusions. 

RESULTS AX'D DISCUSSIOS 

The results of measurements with 0.2 weight percent ini- 
tial selenium at 200" are shown in Table I. 

Disappearance of the solid catalyst is rapid until a certain 
concentration level of the active form is obtained; solution 
by complexing occurs thereafter only as it is needed to main- 
tain this concentration level against an inactivation reaction 
occurring concomitantly. 

The selenium which precipitates in the red form on cool- 
ing is believed to  represent the active species of the cata- 
lyst. Table I shows that the concentration of this form a t  
200" increases rapidly and then remains essentially con- 
stant (within the limits of accuracy of the analytical method 
used) during the reaction or until all the undissolved black 
form has disappeared. These data are in agreement with 
the pseudo firsborder rate equation found for the reversible 
selenium-catalyzed interconversion of olpic (cis) and elaidic 
(trans j acids : 

-~ d[O1eicl = k,'[Oleic] - k2'[Elnidic] 
d t  

TABLE I 
RATE OF SOLUTION OF SELENICM IX PURE OLEIC ACID, 

200", 0.2Yc IEITIAL SELE~VIPM 

Heating Percent of Total Selenium 
Time, Vndissolved Precipitated Inactive 
(Min.) black red (by diff.) 

Heating Percent of Total Selenium 
Time, Vndissolved Precipitated Inactive 
(Min.) black red (by diff.) 

3 89 0 8 5  2 5  
7 58 7 27 7 13 6 

12 48 7 24 0 27 3 
15 34 2 30 5 35 3 
25 16 0 34 7 46 3 
35 0 0  6 0  64 0 

where the k' values include a particular initial concentration 
of selenium. The rapid attainment of the (theoretically) 
constant value for the concentration of active selenium cor- 
responds to the rapid equilibrium reaction between oleic 
acid and its pi complex with selenium, according to the 
mechanism previously advanced. 3 

The concentration of the inactive form of selenium in- 
creases a t  a constant rate giving essentially a straight line. 
This suggests that the inactivation reaction depends on the 
active species which is in constant concentration. Such an 
effect follows from the mechanism advanced previously, in 
which the inactivation of the catalyst was ascribed to an 
irreversible rearrangement of the pi complex to a new species 
presumably involving the formation of a carbon-selenium 
sigma bond. 


