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ACTION OF DICHLOROCARBENE
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Abstract—Dichlorocarbene reacts with secondary amines to give the derived formamide. With
tertiary amines, amides are obtained which are the result of rearrangements and Hofmann eliminations
in an intermediate nitrogen ylid. In one case, trimethylamine, a compound was obtained whose
analysis and properties are consistent with those expected for «,«,8-trichloroethyldimethylamine, V.

Tue intermediacy of dichlorocarbene in the basic hydrolysis of chloroform first
suggested in 1862 by Geuther! has now been convincingly demonstrated by the
kinetic results obtained by Hine? and by the structural evidence presented by Doering
and Hoffmann® The carbylamine test for primary amines, discovered in 1870 by
Hofmann*, has been interpreted as the reaction of dichlorocarbene with the amine
by Nef® and later by Hine®. Recently Smith and Kalenda®, in the preparation of
various substituted isonitriles, reported the isolation of a small amount of 3-diethyl-
aminopropylformamide when 3-diethylaminopropylamine was treated with chloro-
form and potassium hydroxide. These authors attribute the formation of the amide
product to the hydrolysis of the dichloromethylamine intermediate resulting from
the addition of dichlorocarbene to the primary amine. Thus, the dichloromethylamine
intermediate in the case of primary amines generally proceeds to the isonitrile but
may give the formamide derivative in some cases.

The object of this study was to determine the nature of the products, if any,
resulting from the reaction of dichlorocarbene with secondary and tertiary amines.
A series of secondary amines was treated under conditions where it has been clearly
established® that dichlorocarbene is produced. A benzene solution of chloroform
was added, dropwise, to stirred mixtures of the amine, benzene, and potassium
t-butylate. Precautions were taken to exclude water prior to, and during the reaction.
The reactions proceeded smoothly to give varying yields of the derived formamide.
Diethylamine, dimethylamine, diphenylamine, and piperidine were treated in the
manner described to give diethylformamide, dimethylformamide, diphenylformamide,
and N-formylpiperidine, respectively. Yields varied from 31 per cent in the piperidine
case to 0-3 per cent in the case of diphenylamine. The poor yield from diphenylamine
can be attributed to its very weak basicity. The reactions were invariably accom-
panied by the production of large quantities of brown polymeric material. When the
reactions were carried out without using benzene as solvent for the chloroform and
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2 M. Sauspers and R. W. MURRAY
potassium t-butylate, the yield of amide was reduced a
material produced was increased. Likewise, carrying out
ture led to reduced yields.

The reaction probably proceeds by an attack of dichlorocarbene on the amine to
give the expected dichloromethylamine intermediate, I, such as has been postulated
by Smith and Kalenda®. This intermediate then proceeds to the observed amide
under the reaction conditions or work-up.
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Since preliminary publication of these results Frankel et al’ have published
similar results and have expressed agreement with the mechanism prescnted above.
Attempts to isolate the dichloromethylamine intermcdiate were unsuccessful.
Dichloromethylamines are not known in the purc state although they have been

suggested as intermediates by several authors. Thus, Hinkel and Watking® have
, rnkel and Watking
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claimed the formation of dachloromcthylamme itself (formamidodichloride) by treat-
ing hydrogen cyanide with hydrogen chloride. The presence of the amine is suggested
by its condensation with nitrobenzaldehydes to give, eventually, nitrobenzylidenebis-
formamides. The initial condensation product between the nitrobenzaldehyde and
dichloromethylamine could not be isolated. These same authors claim the formation of
acetamidodichloride, from the action of hydrogen chloride on acetonitrile, as unpub-

lished work, Recently, however, Janz and Danyluk® made a similar study but these
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compound formed. They indicate that no evidence was found for the acetamido-
dichloride structure.

Wallach!®? and von Braun®!* have postulated the formation of amidodichlor-
ides when amides are treated with phosphorus pentachloride. The amidodichlorides
were not isolated, however. Stephen and Bleloch' have isolated the hydrochloride
of N-phenylbenzamidodichloride as large yellow prisms. Hallman'® reported the
formation of dimethylbenzamidodichloride when dimethylbenzamide was treated
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In view of the reported instability of the dichloromethylamines it scems reasonable
to assume that this intcrmediate was hydrolyzing to the observed amide, despite
precautions taken to exclude water during the reaction.

When diethylamine, aqueous sodium hydroxide and sodium formate were placed
together under the conditions of the reaction, no amide was formed. Thus the trivial
explanation involving prior basic hydrolysis of the chloroform to formate, followed
by reaction with amine to give amide, is precluded.
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The reaction of dichlorocarbene with amines 3

of producls was obscncd dcpcndmg upon the structure of the aminc used Benzyl-
dimethylamine reacted to give N,N-dimethylphenylacetamidc and dibenzyl. Forma-
tion of the amide product is most likely due to a Stevens rearrangement of the
initially-formed nitrogen ylid. This rearrangement, first rcported by Stevens ef al.??,
involves a 1,2 shift of a methyl, benzyl, substituted benzyl, phenacyl, allyl, or 3-
phenylpropargyl group in quarternary ammonium ions. Migration of a benzyl group

in the initial ylid, II, formed by addition of dichlorocarbenc to benzyldimethylamine,
followed h\/ hvdrolvsis of the nmnr‘lMurhlnndn lll could p\rn! in the observed nrndnm
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The ylid, 11, presumably also could undergo a rearrangement of the type reported
by Sommelet'®. Such a rcarrangement involves attack in the aromatic nucleus ortho
to the substituent followed by rcaromatization of the intermediate exomecthylene
compound. The hydrolyzed product of such a rearrangement in this case would be
N,N-dimethyl-O-toluamide. None of this product could be detected in the reaction
mixture.

Whether a particular quarternary ammonium ion will undergo the Stevens or
Sommelet rearrangement, or both, scems to depend on the base and conditions used.
Benzyltrimethylammonium, benzhydryltrimethylammonium and dibenzyldimethyl-
ammonium ions arc all known to give Stevens or Sommelet rcarrangements depending
on the conditions.'® 2 Phenyl lithium, hydroxide or methoxide tended to give
37 T, S. Stevens, E. M. Creighton, A. B. Gordon and M. McNicol, J. Chem. Soc. 3193 (1928).

1 M. Sommclet, C.R. Acad. Sci., Parls. 208, 56 (1937).
1* G. Wittig, R. Mangold and G. Felletschin, Liebigs Ann. 560, 116 (1948).
10 C. K. Ingold and E. D. Hughes, J. Chem. Soc. 69 (1933).

1 T. Thomson and T. S. Stevens, J. Chem. Soc. 1932 (1932).
82 S, W, Kantor and C. R. Hauser, J. Amer. Chem. Soc. 73, 4122 (1951).
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Stevens rearrangements, while sodamide in liquid ammonia favored Sommelet re-
arrangements.

The formation of products analgous to the dibenzyl product isolated has becn
observed by other workets. Thus, Stevens er al® found that when phenacyi-p-
nitrobenzyldimethylammonium bromide was treated with base the rearrangement
product, m-dimethylamino-w-p-nitrobenzylacetophenone, was obtained, along with
p-nitrotoluene and p.p’,-dinitrodibenzyl.  Likewise, Wittig et al. ®upon treating
benzhydryltrimethylammonium bromide with phenyl lithium obtained tetraphenyl-
cthane in addition to the Stevens and Sommelet rearrangement products.

Previous work on the mechanism of the Stevens rcarrangement!?.#-28 indicates
that an ylid is formed which rearranges with migration of a group from nitrogen to
carbon. In some cases apparently, elimination of this group as an anion can occur.
Protonation of the anion can then give the corresponding hydrocarbon. Alternatively
alkylation of this anion by another quarternary ammonium ion®#® can give the
observed coupling products. The ammonium cation left by this elimination would
be expected to give a carbonyl containing product on work up. Such a product has
been isolated.®

The formation of dibenzyl in the reaction between benzyldimethylamine and
dichlorocarbene can be explained using these steps. The initially formed ylid, 11, can
eliminate a benzyl anion which can then be benzylated by the quarternary salt formed
when the ylid is protonated. t-Butyl alcohol may act as a source of protons to give
this quarternary salt.

When triethylamine was treated with chloroform and potassium t-butylatc two
amide products were obtained. The products were scparated by gas chromatography
and were identified as diethylformamide, (15-2%) and N,N,-dicthyl-a-chloropropion-
amide, (12-2%,). The formation of dicthylformamide is most likely due to a g-elimina-
tion in the initially-formed ylid, 1V, followed by hydrolysis of the dicthyldichloro-
methylamine.

(CH, -CH,N ¢ :CCl, «(CH,— CH,),N. -CCl,~
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Weygand e al.°, in an investigation of the Hofman degradation of quarternary
ammonium salts using isotopic hydrogen have found that an x hydrogen can be
abstracted initially which, in turn, can abstract the f hydrogen leading to olefin
formation. The ylid, IV, is, therefore, expected to decompose, at least partially, to
give the observed dicthylformamide.

B T.S. Stevens, W. W, Spedden, E. T. Stiller and T. Thomson, J. Chem. Soc. 2119 (1930).
1T, S, Stevens and B. A. Hems, J. Chem. Soc. 856 (1937).

u T, S, Stevens and T. Thomson, J. Chem. Soc. 69 (1932).

¢ T, . Stevens and T. Thomson, J. Chem. Soc. 55 (1932).

7. S. Stevens and J. L. Dunn, J. Chem. Soc. 1926 (1932).

T, S, Stevens, J. Chem. Soc. 2107 (1932).

1 H. R. Snyder, C. W. Smith and J. M. Stewart, J. Amer. Chem. Soc. 66, 200 (1944).
3¢ k. Weygand, H. Daniel and H. Simon, Chem. Ber. 91, 1691 (1958).
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The other product shows the infrared spectrum of an amide. The nuclear magnetic
resonance spectrum (NMR) of this compound is shown in Fig. 1.

When the sample is heated and its NMR spectrum retaken then two groups peaks of
at 6:77 and 8-90* collapse to a quadruplet and a triplet, respectively (Spectrum 2b
in Fig. 1). Thesc pcaks are assigned to the methylene and methyl groups of a diethyl-
substituted amide.

Y
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F16. 1. Nuclear magnetic resonance spectra. (1) V in CS,, (2a) x-Chlorodiethylpropionamide
in CCl, at room temperature, (2b) 8-90 and 6-77 peaks of X111 at ca. 80°. Chemical shift values
are in p.p.m. rclative to tetramethylsilane (.- 10-0 p.p.m.).

There is restricted rotation about the C-N bond because of amide resonance and
at room temperature the two cthyl groups attached to the nitrogen atom are non-
cquivalent.®.3 When the amide is heated the barrier to rotation is passed rapidly,
the dicthylamino group rotates freely and the two cthyl groups become equivalent
leading to a single cthyl group spectrum. The spectrum also has a doublet at 8-38
and a quadruplet at 5-51 which are assigned to the remaining methy! group and the
« hydrogen of N,N-dicthyl-a-chloropropionamide, respectively.

* NMR values given are chemical shifts in p.p.m. with tetramethylsilane - 10-00 p.p.m.

W, D. Phillips, J. Chem. Phys. 23, 1363 (1959).
" H. S. Gutowsky and C. H. Holm, J. Chem. Phys. 25, 1228 (1956).
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Trimethylamine was liquified at —20” and then treated as described previously.
In this case, the evaporative distillation used to separate the crude reaction product
from tars produced in the reaction was characterized by the production of an acidic
gas and the sublimation of a tan-colored solid. The solid sublimate was resublimed
several times and could be obtained as a pale yellow solid. This solid turned brown
upon standing. It decomposed at ca. 185°. The reaction also gave a liquid product,
V., C HgNCl,, which could be distilled at reduced pressure and had b.p. 50-5° (11 mm).
When distillation was attempted at atmospheric pressure the liquid decomposed
rapidly giving off an acidic gas. The NMR spectrum of the pure compound (Fig. 1)
was very simple, consisting of two sharp peaks in an approximate three to one ratio.
These peaks had r values of 742 and 6:74 for the stronger and weaker peaks, respec-
tively. When the solid product of the reaction was treated with aqueous base it gave
a liquid whose infrared spectrum was identical with that of the liquid product. When
a benzene solution of V was treated with aqucous silver nitrate an immediate, copious,
white precipitate was formed. The product of this rcaction had a gas phase chromato-
graphy retention time which was identical with that for authentic N,N-dimethyl-z-
chloroacetamide. The infrared spectrum of a sample of this component was super-
imposable on that of authentic N,N-dicthyl-x-chloroacetamide. On the basis of the
evidence given the liquid product, V, appears to be a chloro-amine. The solid product
obtained is undoubtedly the hydrochloride of this amine, the HCI being produced by
partial decomposition of V during distillation. The infrared spectrum of V indicates
that it is a tertiary amine since there is no NH absorption. Since the NMR spectrum
indicates that the compound has only two kinds of protons and these in a three to
one ratio, only structures V and VI would scem to warrant consideration for the
chloroamine. Compound VI would not be expected to react with silver nitrate.

CH, CH,

N. -CC!,—CH,CI N- CH, ccy,
cn, cH,
v v

Compound V, on the other hand, should react with aqucous silver nitrate to give
N,N-dimethyl-a-chloroacetamide the observed product. On the basis of the evidence
given the amine isolated is believed to be, V, a,x,5-trichlorocthyldimethylamine.

The mechanism for the formation of V from trimethylamine is undoubtedly the
samc as that for the formation of N,N-dicthyl-z-chloropropionamide in the tricthyl-
amine reaction. However, V, does not appear to hydrolyze to the amide as readily.
An attempt to prepare an authentic sample of this amine from the amide and
phosphorus pentachloride failed.

No final conclusion about the mechanisms of the last two reactions described can
be drawn at this time. However, certain aspects of the reaction deserve comment.
Apparently an «,x,8 trichloro aminc is formed in cach case, but hydrolyzed during
work-up in the triethylamine reaction. It may be noted that this is the expected
result of a Stevens rcarrangement where the product has been chlorinated. The
ultimate source of this extra chlorine must be chloroform. In strong basc, the most
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likely mechanism for chlorination is “‘positive haloge
nucleophilic displacement on halogen. The halogen donor may be chloroform itself
or some reaction product. t-Butyl hypochloritc may well be the actual chlorinating
agent as suggested*® in explanation of a reaction performed under similar conditions.

Since no normal product of the Stevens rearrangement is obtained, and since the
chlorination is specific, it may be that the chlorination occurs at a stage before the
rearrangement; however, climination of HCl from the normal Stevens product
followed by chlonnauon of the rcsultmg encamme has not been ruled out. Further
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Reaction of chloroform, potassium t-butylate, and diethylamine. The reaction of potassium metal
(23-5 g, 0-6 mole) and 0-6 1. dried (distilled from cakcium hydride) t-butyl alcohol was carried out with
stirring at room temp in a 1 1. three-necked flask equipped with a reflux condenser and drying tube
and kept under a slight positive pressure of prepurified nitrogen.  After the potassium had completely
dissolved, excess t-butyl alcohol was removed by distillation. The dry powder remaining was further
dried at 160-170° at 1-2 mm for 6 hr. To a slurry of the dried powder with 350 ml dry benzene was
added 100 ml (71-0 g, 0-97 mole) dicthylamine which had been carefully fractionated. The flask
contents were stirred in a dry ice-trichloromethylene bath maintained at ca. 5-10°. A solution of
33:-1 ml (479 g, 0-4 mole) chloroform in 100 ml dry benzene was added, dropwise, to the stirred
reaction mixture. When all the chloroform solution had been added the dark brown mixture was
allowed to warm to room temp and stirred for an additional 0-5 hr. The reaction mixture was concen-
trated in vacuo. Fther was added 1o the dark residue to precipitate potassium chloride which was
filtered off and washed with ether. The filtrate was transferred to a distillation apparatus. After
removal of ether, benzene, and t-butyl alcohol a fraction was obtained at 64° and 10 mm. The
infrared spectrum of this material was superimposable with that of authentic diethylformamide;
lit.9 b.p. 177-179° (760 mm). Yield was 9-0 g (22-5°; based on chloroform).

When this preparation was carried out at room temp or without using benzene as solvent the
yield was reduced to ca. 10-15%;

When the amine is treated with sodium formate no amide is produced. To a solution of 177 g
(0-24 mole) diethylamine in 100 ml benzene was added 10 g (015 mole) sodium formate and the
mixture stirred at room temp for 4 hr.  After adding 100 ml NaOH, (109, aqucous solution) stirring
was continued for an additional hour. The benzenc layer was scparated off and concentrated to
ca. 10 ml. An infrared spectrum of the residue showed no amide present.

Reaction of dimethylamine, chloroform, and potassium t-butylate. A slurry was made of benzene
and potassium t-butylate, produced by dissolving 38-3 g (0-98 mole) potassium metal in 600 ml
t-butyl alcoho!l and removing excess alcohol. Chloroform (117-5 g, 0-98 mole) in benzene solution
was added dropwisc 1o a stirred mixture of the slurry and 11-0 g (0-24 mole) dimethylamine ina 1 1,
three-necked flask equipped with a dry ice condenser. The flask was cooled to ca. - 10” in a dry
ice-trichlorocthylene bath. When chloroform addition was complete the reaction mixture wasallowed
to warm to room temp and was stirred for an additional 0-5 hr. The reaction mixture was extracted

¢ All melting and boiling points arc uncorrected. Infrared spectra were taken with a Perkin-Elmer
Corporation modcl 21 rccording infrared spectrophotometer. Nuclear magnetic resonance spectra were
taken with a Varian Associates 60 mc. high resolution nuclear magnetic resonance spectrometer. Gas
chromatograms were run on a Wilkins Instrument and Research Acrograph model A-90-C gas chromato-
graph. Analyses were performed by Schwarzkopf Microanalytical Laboratory, Woodside 17, N.Y.
3 M. Ballester, C. Molhinct and J. Rosa, Tetrahedron 6, 109 (1959).
3¢ R. Altschul and P. D. Bartlett, J. Org. Chem. S, 623 (1940).
3 3. E. Leffler, J. Amer. Chem. Soc. 75, 3598 (1953).
* M. F. Hawthorne, J. Amer. Chem. Soc. 77, 5739 (1955).
 H. Finkclstein, Ber. Disch. Chem. Ges. 43, 1528 (1910).
3% 5. V. Backus, R. W. West and M. A, Whitely, J. Chem. Soc. 359 (1921).
3 R. Willstatter and V. Hottenroth, Ber. Dtsch. Chem. Ges. 37, 1775 (1904).
¢* M. Weizmann and J. Edlitz, Bull. Soc. Chim. Fr. 53, 1495 (1933).
41 A. Perret and R. Perrot, Bull. Soc. Chim. Fr. 1, 1547 (1934).
2 W, E. Parham, F. C. Locw and E. E. Schweizer, J. Org. Chem. 24, 1900 (1959).
2 0. Wallach, Liebigs Ann. 214,271 (1882).
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with 300 m! water and the aqueous layers backwashed with ether. The combined ether and benzene

solutions were dried ver magnesium sulfate. The ether and benzene were distilled out in vacuo.
The dark residuc was distilled in an cvaporative still. The fraction boiling from 80-165" at 20 mm
was redistilled through a fractional column. Dimethylformamide (203 g, 11-3°,) distilled out at 59°
(19 mm). The infrared spectrum of the product was superimposable with that of an authentic sample
of dimethylformamide.

Reaction of piperidine, chloroform, and potassium t-butylate. To a slurry of potassium t-butylate,
prepared from 34-2 g (0-87 mole) potassium metal and 200 ml benzene was added 86:2 g (1-01 mole)
of redistilled piperidine. The reaction flask was cooled to ca. 57 in a dry ice-trichloroethylene bath.
A solution of 479 g (0-4 mole) chloroform in 100 ml benzene was added, dropwise, to the stirred
reaction mixture. When addition was compiete, the reaction mixture was aiiowed to warm to room
temp and was stirred for an additional 0-5 hr.  The benzenc solution was concentrated in vacuo and
cther added to precipitate potassium chloride. The potassium chloride was filtered off and washed
well with cther. The combined benzene and cther solutions were distilled in vacuo. After removal of
ether, benzene and t-buty! alcohol the amide distilled at 80° (3 mm), lit.** b.p. 108° (14-15 mm).
Yicld was 14-0 g (317%0). The infrared spectrum of the product was identical to that of an authentic
sample of N-formyl piperidine prepared by refluxing piperidine with formic acid.

Reaction of diphenylamine, chloroform, and porassium t-butylate. A solution of 28-9 g (0-24 molc)
chloroform in 80 ml benzene was added, dropwise, at room temp, to a slurry of 200 m! benzene and
574 g (0-051 mole) potassium t-butylate to which had been added 69 g (0-041 mole) redistilled
diphenylamine. When addition of the chloroform solution was complete, 100 ml water was added
and stirring was continued at room temp for an additional hour. The benzene layer was separated
and concentrated by distillation in vacuo.

A portion (ca. 21 ml) of the dark, crude residue was placed on a column of alumina (ca. 100 g).
Elution with benzene : ether; 9:1 gave a solid whose infrared spectrum was identical to that of an
authentic sample of diphenylformamide. Yield, by quantitative infrared measurement, was 0028 g
(0-34°,).

The authentic sample was prepared by refluxing 249 g (0-14 mole) diphenylamine with 183 g
(4:0 mole) formic acid for 144 hr. The reaction mixture was then poured into water. The white
crystals obtained were filtered off and recrystallized from ethanol water, m.p. 68-5°.

Reaction of triethylamine, chloroform, and potassium t-butylate. To a slurry of alcohol-frec potas-
sium t-butylate, prepared by dissolving 34-4 g (0-88 mole) potassium metal in t-butyl alcohol, and
400 ml benzene, was added 31 ml (224 g, 0-22 mole) tricthylamine. The amine had been carefully
fractionated through a column packed with metal helices. To the stirred flask contents, cooled to $
was added. dropwise, a solution of 70-8 ml (106 g, 0-88 mole) chloroform in 400 ml benzene. The
flask contents were stirred at room temp for an additional 0'S hr following addition of the chloroform
solution. The dark reaction mixture was then washed with water and the aqueous layers backwashed
with ether. The combined ether benzene solution was dried with magnesium sulfate. The dried solu-
tion was concentrated by distillation in vacuo. The dark, viscous residue was transferred to an evapor-
ative still.  After removal of most of the benzene and t-butyl alcohol, all the remaining volatile ma-
terial was collected as a second fraction.  Analysis of this fraction by gas phasc chromatography
showed the presence of two major products. One of the products had the same retention time as
authentic dicthylformamide. Its infrared spectrum was superimposable with that of authentic dicthyl-
formamide. Yield was 3-d g (152°7). The second component had a longer retention time than
diethylformamide. Its infrared spectrum indicated the presence of a disubstituted amide. The NMR
spectrum of this compound had a quartet at 5-51, a complex peak at 6-77, methyl peaks at 838, and a
complex peak at 8-90. When heated, the peaks at 6:77 and 890 became a quartet and triplet, respec-
tively. The behavior of the peaks at 6:77 and 8:90 is strong evidence for the presence of a dicthyl-
substituted amide. The quartet at 551 and the methyl peaks at 8-38 are assigned to the methine and
remaining methyl protons of N,N-dicthyl-x<hloro-propionamide, respectively.  Yield was 4-38 g
(12:15%)). (Found: C, 51-6; H, 874; Cl, 21-6; N, 858. Calc. for C:H, CINO: C, 51-4; H, 8-62;
Cl, 217, N, 8356°0).

Reaction of benzyldimethylamine, chloroform, and potassium t-butylate. To a slurry of alcohol-
free potassium t-butylate (from 32-8 g, 0-84 mole potassium metal) and 500 ml benzene was added
28-6 g (021 mole) benzyldimethylamine. The amine was prepared from the reaction of benzyl

4 O. Wallach, Liebigs Ann. 237, 251 (1887).
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chloride and dimethylamine; b.p. 81-5.82:5° (23 mm). Chloroform (100-5 g, 0-84 molc), in benzene
solution, was added, with stirring, to the cooled rcaction mixture. When addition of the chloroform
solution was complete, the dark reaction mixture was allowed to warm to room temp and was stirred
for an additional hour. The mixture was extracted with 200 ml water and the aqueous layers back-
washed with ether. The cther-benzene solution was dried with magnesium sulfate. The dark solution
was concentrated in vacuo. The thick, dark oil obtained was transferred to an evaporative still and
all volatile material collected. The final stages of this distillation were characterized by the sublimation
of a pale yellow solid. The gas phasc chromatogram of the distillate showed the presence of two
major components and several minor components. Onc of the major components had a retention
time identical to that for authentic dibenzyl. Its NMR spectrum and infrared spectrum were identical
to those for authentic dibenzyl. A sample of the material obtained by gas phase chromatography
was resublimed; m.p. and mixed m.p. 53-5°. Yield was 2-34 g (12:2%,), from gas chromatogram
peak arca. The second major component had retention time identical to that for authentic N,N-
dimethylphenylacetamide.  The infrared spectrum of this component was superimposable with that
of authentic N,Ndimethylphenylacetamide. A sample of this material was recrystallized from ether
at low temperature. It had m.p. and mixed m.p. 38 40" (Kofler block). Yield was 1-1 g (3:19°,),
from gas chromatogram peak arca. All efforts to separate the mixture of minor components present
by gas chromatography and distillation were fruitless. None was present in isolable quantity.

The authentic N,N-dimethylphenylacetamide was prepared from the reaction of the acid chloride
and dimethylamine. To 4:0 g (0-029 mole) phenylacetic acid was added 25 mi (41-5 g, 0:35 molc)
thionyl chloride. The mixture was refluxed for 4 hr and then poured cautiously into an ice-cold
solution of dimethylamine in water. The solution was made basic with aqueous sodium hydroxide.
It was extracted with cther and the cther solution dried with magnesium sulfate. The cther was
distilled off 1o give a yellow oil. The product was purified by gas phasc chromatography and by
three recrystallizations from ether at low temp, m.p. 38 40°.

Reaction of trimethvlamine, chloroform, and potassium 1-butylate. A slurry was prepared from
300 ml benzene and alcohol-free potassium t-butylate (from 352 g, 09 mole potassium metal) and
cooled to ca. 10°. Trimethylamine (13-3 g, 0:23 mole) was added and the stirred mixture treated,
dropwise, with a solution of chloroform (1075 g, 0-9 mole) in benzene. When addition of the chloro-
form solution was complete the dark brown reaction mixture was allowed to warm to room temp and
stirred for an additional 0-S hr. The reaction mixture was extracted with water and the aqueous
layers backwashed with ether.

After drying with magnesium sulfate the solution was concentrated in vacuo. The thick dark
residue was transferred to an cvaporative still and al! volatile material removed in vacuo. During the
final stages of this distillation there was considerable fuming in the still and a solid material (A)
formed on the still cold finger. A portion of the distillate was transferred to a Piros-Glover Spinning
band column and redistilled.  After removal of benzene and t-butyl alcohol, a colorless liquid distilled
at 50-5° (16 mm). Total yicld was 2-32 g (5-737,, includes small amount of this material present as
hydrochloride). When this distillation was attempted at atm press. complete decomposition of the
product occurred. The distillate had a sweet, pleasant odor and lost HCl slowly on standing. [.R.
(CS3) 3:56 (m), 7-1(s), 8:75(m), 9-11(m), 9-39(s), 9-81(m), 10:1%(s), 11-64(m), 12:90 13-00s), 14-10-
14:15(s). The NMR spectrum of this liquid had a sharp peak at 7-42 and onc at 6-74 in an approx-
imate 3:1 ratio, respectively.

When a benzene solution of 0-201 g (0-00114 mole) of this liguid product was treated with an
aqucous solution of silver nitrate (5-81 g. 0-0342 molc) an immediate, copious white precipitate was
produced. The reaction mixture was stirred at room temp (magnetic stirrer) for 0-5 hr. The benzenc
layer was separated off and the aqueous layer extracted 3 times with ether. The organic layers were
combined and concentrated by distillation on the stcam bath, The residue which contained a strong
skin irritant was analyzed by gas phase chromatography. In addition to solvent peaks the residue
showed the presence of one major component which had a retention time identical to that of N,N-
dimethyl-z-chloroacetamide. The infrared spectrum of this product was superimposable with that of
authentic N.N-dimethyl-x<chloroacetamide.  Yicld of the amide from gas chromatogram peak area
was 0-072 g (52°,).

The liquid product gave a picrate of a,x,8-trichloroethyldimethylamine, m.p., 134-136". (Found:
C.29:6; H,2:73; N,138; C1,26:2. C,H,;,N, (1,0, requires: C,29-8; H,2:97; N, 139; C1,259%).

The solid material (A) which sublimed during the course of the cvaporative distillation was



10 M. Saunpers and R. W, MURRAY

resublimed 3 times to give almost white crystals which turned brown upon standing. The crystalline
solid decomposcd at 185, with discoloration beginning at 170° (Hershberg appartus used with bath
heated to 150 beforc insertion of sample). When treated with aqueous sodium hydroxide this solid
gave a liquid whose infrared spectrum was identical to that of the liquid product. In addition a
small amount of an amide (shown by infrared analysis) was produced in the base treatment.

The authentic N,N-dimcthyl-x-chloroacetamide was prepared from the reaction of chloroacetyl
chloride and dimethylamine. To 24-2 g (0-25 mole) x-chloroacetic acid was added 181 mi (300 g,
0-25 mole) thionyl chloride and the mixture refluxed for 1-5 hr. The resulting reaction mixture was
allowed to cool and dissolved in 100 ml anhydrous ether. This solution was added, dropwise, with
stirring, to a solution of 33-3 ml (225 g, 0-5 mole) dimcthylamine in 100 ml anhydrous ether at  20°.
When addition was complete the reaction was allowed to warm to room temp and stirred for an
additional hour. The reaction mixture was extracted with dil, aqucous HCL.  The ether layer was then
extracted with dil, aqueous NaOH. The resulting ether solution was dried with magnesium sulfate.
The cther was distilled off on the steam bath to give a yellow oil. This oil was distilled in vacuo to
give 9-0 g (297;) of N,N-dimethyl-z-chloroacetamide, b.p. 71° (2 mm), lit.** b.p. 98-5 99-5° (11 mm).
The product was a strong skin irritant.

An attempt to obtain «,x,3-trichlorocthyldimethylamine by treatment of authentic N,N-dimethyl-
z-chloroacetamide with phosphorous pentachloride gave no isolable product. To 0-28 g (0-0023 mole)
N,N-dimethyl-x-chloroacetamide in 30 ml benzenc was added 0:97 g (0-005 mole) phosphorous
pentachloride. The reaction mixture was refluxed for 1-5 hr during which time it gradually darkened,
finally becoming dark brown. The reaction mixturc was allowed to cool and was then poured over
cracked ice. The acidic reaction mixture was extracted with cther and then made basic with aqueous
sodium hydroxide and reextracted. The ether solutions were dried with magnesium sulfate and the
cther evaporated off. Both fractions gave a dark brown oil. Gas phase chromatograms of these oils
showed only solvent peaks.

¢ W, A. Jacons and M Hcidelberger, J. Biol. Chem. 21, 148 (1915).



