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THE REACTION OF DICHLOROCARBENE WITH AMINES* 
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AMracGDichlorocarbene 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 ~,~~-~ic~or~thyld~ethyl~ne, V. 

THE intermediacy of dichlorocarbene in the basic hydrolysis of chloroform first 
suggested in 1862 by Geutherl has now been convincingly demonstrated by the 
kinetic results obtained by Hine2 and by the structural evidence presented by Doering 
and Hoffmanns. The ~rbyla~ne test for primary amines, discovered in 1870 by 
Hofmann4, has been interpreted as the reaction of dichlorocarbene with the amine 
by Nefs and later by Wine 2. Recently Smith and Kalenda6, in the preparation of 
various substituted isonitriles, reported the isolation of a small amount of 3-diethyl- 
a~nopropy~o~a~de when 3-die~ylaminopropylamine 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 dichlorome~yl~ne 
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 dichforocarbene with secondary and tertiary amines. 
A series of secondary amines was treated under conditions where it has been clearly 
established3 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 fqrmamide. 
Diethylamine, dimethylamine, diphenylamine, and piperidine were treated in the 
manner described to give diethylformamide, dimethylformamide, diphenylfoimamide, 
and N-fo~ylpi~~dine, respectively. Yields varied from 3 1 per cent in the piperidine 
case to O-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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potassium t-butylatc, the yield of amide was reduced and the amount of polymeric 
material produced was increased. Likewise, carrying out the reaction at room tcmpera- 
ture led to reduced yields. 

The reaction probably proceeds by an attack of dichIorocar~nc on the amine to 
give the expected dichloromcthylaminc intermediate, I, such as has been postulated 
by Smith and Kalcndae. This intermediate then proceeds to the obscrvcd amide 
under the reaction conditions or work-up. 

R,NH . :CCI, l R,k-CCI,. - R,N CC&H 

H 

R,N-CCI,H -. R,N-CHO 

Since preliminary publication of these results Frankel er al.’ have published 
similar results and have expressed agreement with the mechanism prcscntcd above. 

Attempts to isolate the dichIoromethylamine intermediate were unsuccessfuf. 
Dichloromethylamines are not known in the pure state although they have been 
suggested as intermediates by several authors. Thus, Hinkcl and Watkins8 have 
claimed the fo~ation of dic~oromethylamine itself (fo~amid~ichlo~de) by treat- 
ing hydrogen cyanide with hydrogen chloride, The presence of the amine is suggested 
by its condensation with nitrobenzaldehydcs to give, eventually, nitrobentylidencbis- 
formamidcs. The initial condensation product between the nitrobenzaldehydc and 
dichloromethylaminc could not be isolated. These same authors claim the fo~ation of 
acetamidodichloridc, from the action of hydrogen chloride on acetonitriic, as unpub- 
lished work, Recently, however, Janz and DanylukO made a similar study but these 
authors favor a nitrilium salt structure, (CH,CNH” CIHCI ], for the crystalline 
compound formed. They indicate that no evidence was found for the acetamido- 
dichloride structure. 

Wallach10-12 and von Brauni3*t4 have postulated the formation of amidodichlor- 
ides when amides are treated with phosphorus pentachioride. Tire amid~ichlo~des 
were not isolated, however. Stephen and Blclocht5 have isolated the hydrochloride 
of N-phenylbenzamidodichloride as large yellow prisms. HallmarP rcponed the 
formation of dimcthyl~n~mid~ic~o~dc when dimcthylbenzamide was treated 
with phosgcnc. The author described this product as unstable and deliquescent. 

In view of the reported instability of the dichloromethylamines it seems reasonable 
to assume that this intermediate was hydrolyzing to the observed amide, despite 
precautions taken to exclude water during the reaction. 

When diethyiamine, 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, foIlowed 
by reaction with amine to give amide, is precluded. 
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When tertiary amines were subjected to the conditions described above a variety 
of products was observed depending upon the structure of the amine used. Benzyl- 
dimethylamine reacted to give N,N-dimethylphcnylacetamidc and dibcnzyl. Forma- 
tion of the amide product is most likely due to a Stevens rearrangcmcnt of the 
initially-formed nitrogen ylid. This rearrangement, first reported by Stevens ef al.“, 
involves a I.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 by hydrolysis of the amidodichloride, III, could explain the observed product. 

The ylid, II, presumably also could undergo a rearrangement of the type reported 

by Sommclet’*. Such a rcarrangemcnt involves attack in the aromatic nucleus o&o 
to the substitucnt followed by rearomatization of the intermediate exomcthylene 
compound. The hydrolyzed product of such a rearrangement in this case would be 
N,Ndimethyl-0-toluamidc. None of this product could be dctectcd in the reaction 

mixture. 

Whether a particular quarternary ammonium ion will undergo the Stevens or 
Sommelct rearrangement, or both, seems to depend on the base and conditions used. 
Benzyltrimethylammonium, benzhydryltrimcthylammonium and dibenzyldimcthyl- 
ammonium ions arc all known to give Stevens or Sommelet rearrangements depending 
on the conditions.‘@ E Phcnyl lithium, hydroxide or methoxide tended to give 

1’ T. S. Stevens. E. M. Crclghton. A. B. Gordon and M. McNicol. 1. Glum. Sot. 3193 (1928). 
I* M. Sommckt. C.R. Acod. Scf.. forlr. 205. 56 (1937). 
I* G. Wittig. R. Mangold and G. Fclktschin. fleblgs Ann. 560. 116 (1948). 
** C. K. lngold and E. D. Hughe% /. Chrm. Six. 69 (1933). 
‘* T. Thomson and f. S. Stevens. 1. Chcm. Sot. 1932 (1932). 
** S. W. Kantor and C. R. Hauscr, J. Amer. Chrm. Sk-. 73.4122 (1951). 
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Stevens rcarrangemcnts, while sodamide in liquid ammonia favored Sommelet re- 
arrangements. 

The formation of products analgous to the dibenzyl product isolated has been 

obscmed by other workers. Thus, Stcvcns et al.s found that when phenacyl-p- 

nitrobenzyldimethylammonium bromide was treated with base the rearrangement 
product, m-dimethylarnino-TV-~-nitrobenzylacetoptlcnone, was obtained, along with 
p-nitrotolucne and p.p’,-dinitrodibenzyl. Likewise, Wittig ef u/. I9 upon treating 

ben7hydryltrimcthylammonium bromide with phcnyl lithium obtained tctraphcnyl- 
cthanc in addition to the Stevens and Sommelct rearrangement products. 

Previous work on the mechanism of the Stevens rcarrangement1i,u-2u 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 quartcrnary ammonium ionE*** can give the 

obscncd coupling products. The ammonium cation left by this elimination would 

bc expected to give a carbonyl containing product on work up. Such a product has 
been isolatcd.TL 

The formation of dibcnzyl in the reaction between bcnzyldimethylaminc and 

dichlorocarbene can be explained using these steps. The initially formed ylid, II, can 
eliminate a benryl anion which can then be benzylatcd by the quarternary salt formed 

when the ylid is protonated. t-Butyl alcohol may act as a source of protons to give 

this quartcrnary salt. 
When triethylaminc was trcatcd with chloroform and potassium t-butylatc two 

amide products were obtained. The products wcrc separated by gas chromatography 

and were identified as dicthylformamidc, (I 5.2 %) and N,N,-dicthyl-r-chloropropion- 
amide, (I 2.2 “/,,). The formation of dicthylformamidc is most likely due to a CJ-elimina- 
tion in the initially-formed ylid, IV, followed by hydrolysis of the dicthyldichloro- 

methylaminc. 

(CH, -CH,),N , :CCI, . (CH,- CH,),N. Ccl;- 
IV 

/ 
ccl,-\ 

(CH,. ‘CH,), p;/ 
CH,-CH, 

;I 
I l4.e 1 

’ -/ 
iH, CH, (CH,.- CH,), N-CCI,H 

(‘3, CH,),N- CCI,H -. (CH,- CH,),N CHO 

Weygand CI al.3Q, in an investigation of the Hofman degradation of quarternary 
ammonium salts using isotopic hydrogen have found that an z hydrogen can be 
abstracted initially which, in turn, can abstract the B hydrogen leading to olcfin 
formation. The ylid, IV, is, therefore, expected to decompose, at least partially, to 
give the observed dicthylformamide. 

U T. S. Stevens. W. W. Spcddcn. E. T. Stiller and T. Thomson, J. <‘hem. SW. 21 I9 (1930). 
*’ ‘I’. S. Stevens and B. A. lkms, /. Chcm. Sot. 8S6 (1937). 
11 ‘I’. S. Stevens and ‘I’. Thomson, 1. (‘hem. Ser. 6Y (IY32). 
** ‘1‘. S. Sfcvcns and ‘I‘. Thomson. 1. Chrm. SW. 55 (1932). 
*’ ‘1. S. Slcvcns and J. L. Dunn. 1. Chrm. SIX. 1926 (IY32). 
x’ ‘I’. S. Stevens. 1. Chtt. SOC. 2107 (1932). 
** H. R. Snyder, C. W. Smtrh and J. M. Stewart. 1. Amrr. Chrm. Sot. 66, 200 (IW). 
‘O I’. Wcygand, Ii. Dante1 and Ii. Slmon. Own. Ikr. 91, 16YI (19%). 
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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. I. 
When the sample is heated and its NlvlR spectrum retaken then two groups peaks of 

at 6.77 and 840’ collapse to a quadruplet and a triplet, respectively (Spectrum 2b 
in Fig. I). These peaks arc assigned to the methylenc and methyl groups of a diethyl- 
substituted amide. 

1 

1:~;. I. h’uclcar magnetic resonance spectra. (I) V in CS,, @a) z-Chlorodiethylpropionamide 
m Ccl, at room tempcraturc. (2b) 8.90 and 6.77 peaks of XIII at ca. 80”. Chemical shift values 

arc in p.p.m. relative to tctramclhylsilane (.- IO.0 p.p.m.). 

Thcrc is restricted rotation about the C-N bond because of amide resonance and 
at room temperature the two ethyl groups attached to the nitrogen atom are non- 
cquivalent.31*32 When the amide is hcatcd the barrier to rotation is passed rapidly, 
the dicthylamino group rotates freely and the two ethyl groups become equivalent 
leading to a single ethyl group spectrum. The spectrum also has a doublet at 8.38 
and a quadruplet at 5.51 which arc assigned to the remaining methyl group and the 
z hydrogen of N,N-dicthyl-a-chloropropionamide, respectively. 

l NMR valuer gwcn arc chemical shafts in p.p.m. with tewtmcthylsilanc - 1040 p.p.m. 

‘I W. D. Phil1ips.I. Chrm PhyJ. 23. 1363 (1955). 
n H. S. Gutowsky and (‘. II. Iiolm. 1. Chrm. Phys. 25, 1228 (19J6). 
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Trimcthylaminc was liquificd 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 dccomposcd at ca. 1X5’. The reaction also gave a liquid product, 
V. C,H,NCI,. which could be distilled at reduced pressure and had b.p. 50.5” (I I mm). 
When distillation was attempted at atmospheric pressure the liquid decomposed 
rapidly giving off an acidic gas. The NlMR sI)cctrum of the pure compound (Fig. I) 
was very simple, consisting of two sharp peaks in an approximate three to one ratio. 
These peaks had T values of 7.42 and 6.74 for the stronger and weaker peaks, rcspc- 
tivcly. 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 aqueous silver nitrate an immediate, copious, 

white precipitate was formed. The product of this reaction had a gas phase chromato- 
graphy retention time which was identical with that for authentic N,Ndimcthyl-z:- 
chloroacctamide. The infrared spectrum of a sample of this component was super- 
imposablc on that of authentic N,N-diethyl-z-chloroacctamide. 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 l1CI 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 NMK spectrum 
indicates that the compound has only two kinds of protons and thcsc in a three to 
one ratio, only structures V and VI would seem to warrant consideration for the 

chloroamine. Compound VI would not be expected to react with silver nitrate. 

W CH, 
‘. 

N -CCI,-CH,CI 'N- CH, Ccl, 

CH: CH,' ” 
V VI 

Compound V, on the other hand, should react with aqueous silver nitrate to give 
N,Ndimethyl-a-chloroacetamide the observed product. On the basis of the evidence 
given the amine isolated is believed to be, V, z,r,/%trichlorocthyIdimethylamine. 

The mechanism for the formation of V from trimcthylamine is undoubtedly the 
same as that for the formation of N,Ndicthyl-z-chloropropionamidc in the triethyl- 
amine reaction. However, V, does not appear to hydrolyze to the amide as readily. 
An attempt to prcparc an authentic sample of this amine from the amide and 
phosphorus pentachloridc failed. 

No final conclusion about the mechanisms of the last two reactions described can 
be drawn at this time. Howcvcr, certain aspects of the reaction dcscrvc comment. 
Apparently an a,a,@ trichloro amine is formed in each case, but hydrolyzd during 
work-up in the triethylaminc reaction. It may be= noted that this is the expected 
result of a Stcvcns rcarrangcmcnt whcrc the product has been chlorinated. The 
ultimate source of this extra chlorine must be chloroform. In strong base the most 
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likely mechanism for chlorination is “positive halogen transfer”,33 ” which is 

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 42 in explanation of a reaction pcrformcd 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, elimination of HCI from the normal Stevens product 
followed by chlorination of the resulting eneamine has not been ruled out. Further 
work, which may illuminate the mechanism, is in progress. 

F.XPEHIMtN’I’AI.’ 
Reaction of chlorufiwm. porassium r-hur_~lufe, and dierhylamine. The rcactton of potassium metal 

(23.5 g. 0.6 mole) and 0.6 I. dried (distilled from calcium hydride) t-butyl alcohol was carried OUI wuh 
stirring at room tcmp m a 1 I. three-ncckcd flask equipped wnh a reflux condenser and drying lube 
and kept under a slight positive pressure of prcpurified mtrogcn. After the potassium had completely 
dissolved, excess t-butyl alcohol was removed by dtstillation. The dry powder remaining was further 
dried at 160-170’ at l-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) dicthylaminc which had been carefully fractionated. The flask 
contcnts’wcrc stirred m a dry Ice-trichloromcthylenc bath maintained at ca. 5-10’. A solution of 
33.1 ml (47.9 g. 0.4 mole) chloroform in 100 ml dry benrrnc was added, dropwbe. IO the stirred 
reaction mixture. When all the chloroform solution had been added the dark brown mixture was 
allowed IO warm to room tcmp and stirred for an additional 0.5 hr. The reaction mixture was comzcn- 
trarcd in CCXUO. Fthcr was added IO the dark residue IO precipitate potassium chloride which was 
filtcrcd off and washed wtth ether. The filrratc was transferred IO a distillation apparatus. After 
removal of ether. benzene, and t-butyl alcohol a fraction was obtamcd at 64” and 10 mm. The 
infrared spectrum of this material was supcrtmposablc with that of authentic diethylformamide; 
lit.*’ b.p. l77- 179 (760 mm). Yield was 9.0 g (22.5”‘. based on chloroform). 

When this preparation was carried OUI at room tcmp or without using bcnrcne as solvent the 
yield was reduced IO ca. IO-I 5 7:. 

When the amine M ~rcatd with Alurn formatc no amide is produced. To a solution of 17.7 g 
(0.24 mole) dicthylaminc in 100 ml bcnzne was added 10 g (0.15 mole) sodium formatc and the 
mixture stirred at room rcmp for 4 hr. After adding 100 ml IriaOH. (100,: aqueous solution) stirring 
was conrmucd for an additional hour. The benzene layer was scpararcd off and concentrated IO 

ca. IO ml. An infrared spectrum of the residue showed no amide pmsent. 
Reacrion of dimethylamine. chloroform. andpfarsium r-buylore. A slurry was made of benzene 

and potassium t-burylate. produced by dissolving 38.3 g (0 98 mole) potassium metal us 600 ml 
t-butyl alcohol and removing excess alcohol. Chloroform (I 17.5 g, 0.98 mole) in bcnccnc solution 
was added dropwise IO a stirred mixture of the slurry and I I.0 g (0.24 mole) dimethylamme in a I I.. 
three-necked flask equipped wtth a dry ice condenser. The flask was cooled IO ca. - IO’ 1n a dry 

ice-trichlnrocthylcne barb. When chloroform adduion was complete the reaction mixture wasallowcd 
to warm to room rcmp and was stirred for an addmonal 0.5 hr. The reaction mixture was extractcd 

l All melling and boiling potnts are uncorrected. tnfrarcd spectra were taken wuh a Pcrkin-Elmer 
Corporalion model 21 rccordmg infrared spcctrophoromclcr. Nuclear magne1,c resonance spectra were 
taken with a Varian Assoctatcs 60 mc. high rcsoluuon nuclear magncuc resonance spcc1romcrcr. Gas 
chromarograms were run on a Wilkins lnslrumcnr and Research Acrograph model A-90-C ga chroma1o. 
graph. Analyses wcrc performed by Schwarzkopf Mlcroanalyhcal laboratory. Woodsidc 17. N.Y. 

u M. Rallfi1cr. C. Molmec and J. Rosa. TtrrohrJron 6. IOY (193Y) 
” R. Altschul and P. D. Bartlclt. 1. Org. Chrm. 5. 623 (1940). 
U J. E. Lefller. 1. Amer. Chem. Sot. 15. 3598 (1953). 
as M. F. Hawthorne. 1. Amer. C’hrm. Ser. 77. 5739 (1955). 
” H. Fmkclsrcm, &r. Drrch. C’hrm. ties. 43, 1528 (IYIO). 
” J. V. Rackus. R. W. West and M. A. Whttely, J. Chem. Sot. 3S9 (1921). 
” R. Wllls1&11er and V. Ito11enroth. &r. Drsch. Chrm. Grr. 37, 1775 (1904). 
*’ M. Wctrmann and J. Pdl11r. BUN. SC. Chim. Fri. 53, 1495 (1933). 
” A. Pcrret and R. Perro1. Bull. Sot. Chlm. I;r. 1, 1547 (1934). 
‘I W. I:. Parham. F. C. 1.0~~ and E. I:. Schweizer, J. Org. Chrm. 24. 1900 (1959). 
‘* 0. Wallach. f.rch~~s Ann. 214. 271 (1882). 
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with 300 ml water and the aqueous layers backwashcd with ether. The combined e~hcr and bcnzsnc 
solutions were dried over magnesium sulfate. The cthcr and bcnrrnc wcrc distdlrd out in IXJCUO. 
The dark rcslduc US distilled in an cvaporatlvc still. The fraction boiling from 8&165’ at 20 mm 
was rcdisulled through a fractional column. Dimcthylformamidc (2.03 g. Il.3S;) distilled out at 59’ 
(I9 mm). The infrared spectrum of the product was superimposable with that of an authentic sample 
of dimethylformamidc. 

Rwrfion ofpiperidrne, chlorofiwm. andpo/a.~.Gun r-hur~vlare. To a slurry of potassium t-butylate. 
prepared from 34.2 g (0 X7 mole) potassium metal and 200 ml bcnzcnc was added 86.2 g (I.01 mole) 
of rcdistillcd pipcridinc. The reaction flask was cooled IO ca. 5’ in a dry ice-trichlorocthylcnc bath. 
A solution of 47.9 g (0.4 mole) chloroform in 100 ml bcnzcnc was added. dropwise, to the stirred 
rtactlon mixture. When addition was complete. the reaction mixture was allowed to warm to room 
tcmp and was stirred for an additional 0.5 hr. The bcnzgnc colution was conccntratcd in LYJCUD and 
cthcr added IO prccipnate pot.asslum chloride. The potassium chloride was filtered off and washed 

well with ether. The combmcd bcnrcne and cthcr solutions wcrc distdlcd in IXXUO. After removal of 

ether. benzcnc and t-butyl alcohol the amldc distilled at 80’ (3 mm), lit.” b.p. 108’ (14- IS mm). 

Yield was 144 g (31 ?!J. The infrared spcqtrum of the product was ldcntical to that of an authentic 

sample of N-formyl pipcridine prepared by rcfluxing pipcridinc wnh formic acid. 

Reacrion 01 diphcnylamine. chloroJorm, und purossium r-hutylare. A solution of 28.9 g (0.24 molt) 

chloroform in 80 ml bcnrcnc was added, dropw~sc. at rtx)m temp. to a slurry of 200 ml bcnzcnc and 

5.74 g (0 OS1 molt) potassium t-butylate to which had been added 6 9 g (O,(uI mole) rcdistdlcd 

diphcnylaminc. When addition of the chloroform solution was complete. 100 ml water was added 
and stirring was continucd at room tcmp for an addltmnal hour. The bcnznc layer was separated 
and conccntratcd by disttllation in c’ocuo. 

A portion (ca. 21 ml) of the dark. crude r&due was placed on a column of alumina (ca. 100 g). 

Elution wnh bcnzcnc : ether; 9: I gave a sohd whocc mfrarcd spectrum uas identical to that of an 

authcnt# sample of dlphcnylformamidc. Yield. by quantitative infrared mcasurcmcnt. H’ZU 0 028 g 

(0 34 P.). 
The authentic sample was prepared by rcfluxing 24.9 g to.14 mole) dlphcnylamme wnh I83 g 

(4.0molc) formic acid for I44 hr. The reaction mixture was then poured mto water. The wtutc 

crystals obtained were filtcrcd off and rccrystallircd from ethanol water. m.p. 68.5 ‘. 

Reacrion oJ rrierh~lamine, chloroJorm, andporos.rium r-hurylure. To a slur? of alcohol-frrc pot=- 

sium t-butylatc. prepared by dissolving 34.4 g (0.88 mole) potassium metal m t-butyl alcohol. and 

400 ml bcnzcne, was added 31 ml (22.4 g, 0.22 mole) triethylaminc. The amine bad bcyn carefully 

fracttonatcd through a column packed wnh metal hcliccs. To the stirred flask contents. cooled to 5’. 

was added. dropwisc. a solutron of 70.8 ml (106 g, 0 88 mole) chloroform m 400 ml bcnrcnc. ‘lhc 

flask contents were stlrrcd at rtx)rn tcmp for an additIonal 0 5 hr followmg addition of the chloroform 

solution. The dark rcactlon mixture was then washed with water and the aqueous layers backwahcd 

with ether. The combmed ether bcnzcnc solution was dried Hlth magnesium sulfate. The dried solu- 

tion \vz conccntratcd by distillation in ~x~cuo. The dark. viscous residue uas transfcrrcd IO an cvapor- 

ativc still. After removal of most of the bcnrcnc and t-bury1 alcohol, all the remaining volntllc ma- 

terial wa.. collcztcd as a second fraction. Analysis of thts fraction by gas phase chromatography 

showed the prcscncc of IWO major products. One of the products had the umc retention llrne as 

authcntlc dicthylformamidc. Its infrared spectrum was supcrimposablc \\ith that of authentrc dicthyl- 

formamide. Yield was 3.4 g (152”;). The second component had a longer rctcntlon tlmc than 

dlcthylformamtde. 11s infrared spectrum indlcatcd the prcscncc of a dlsubstltutcd amide. The N.MR 

spcx-trum of this compound had a quartet a~ 5 51, a complex peak nt 6.77. methyl peaks at 8.38, and a 

complex peak at XMI. When hcatcd. the peaks at 6.77 and 890 bcumc a quartet and triplet. rcspx- 

tivcly. The bchavlor of the peaks at 6 77 and 890 is strong cvldcncc for the prcscncc of a dicthyl- 

substituted amide. The quartet at 5.51 and the methyl peaks at 8.38 arc assigned IO the mcthmc and 

rcmaming methyl protons of N,S-dicthyl-z-chloro-propionamldc, rcspcctivcly. Y~cld was 4.38 g 

(12.15~:). (Found: C. 51.6; 11. X.74; <‘I. 21.6; h’. 8.58. <‘ale. for C,iI,,CINO: <‘. SI.4; II. 8.62; 

Cl, 21.7; h:, 8.56”:). 

Reaction of benzyldinterh~laminc. chloroform. and porassiunr r-hu:)lore. To a slurry of alcohol- 

free potassium t-butylatc (from 32.8 g, OG34 mole potassium metal) and 500 ml bcnzcnc was added 

28.6 g (0.21 mole) bcnzyldimcthylaminc. The amine uas prepared from the reaction of bcnzyl 

” 0. Wallach. I.irhi.qr Ann. 237, 251 (IRR7) 
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chlorldc and dlmcthylaminc; b.p. 81.5.82 5 (23 mm). Chloroform (100 5 g. 0.84 molct. in bcnrmnc 

solurion. was added, with stirring, 10 the cooled rcaclion mixlurc. When addmon of the chloroform 

solution was complcre. the dark reaction mixture was allowed 10 warm lo room tcmp and US srirrcd 

for an additional hour. The mlxturc was cxlracted with 200 ml waler and the aqueous layers back- 

washed wirh ether. The c&r-bcnzme solurion was drlcd with magnesium sulfarc. The dark solution 

was concentrated in wcuu. The rhick. dark oil obtained was tranzferrcd 10 an cvaporallvc slill and 

all volallle material collrytcd. The final slagcs of this dlsrlllarion wcrc characzcrircd by the sublrmation 

of a pale yellow solid, The gas phase chromatogram of the distillarc showed the prcscmc of IWO 

major components and scvcral mmor componcnrs. One of the major components had a rclcnlion 

time identical to thal for aulhcnuc dtbcnzyl. IU lS%lR spectrum and Infrared spcclrum wcrc identical 

10 ihosc for authentic dibcnryl. A sample of the malcrial obtamcd by gas phase chromatography 

was rcyublimcd; m.p. and mlxcd m.p. 53.5”. Yield was 2.34 g (I2 2”,t. from gas chromalogram 

peak arca. lhc second major componcm had rclcmlon Iirnc idcnrlwt 10 rhat for aurhcnlic N.N- 

dlmc~hylphcnylaccramidc. The Infrared spectrum of this componcm was supcrimposablc with thal 

of aurhcnGc N.Xdimc~hylphcnylacc~am~dc. A sample of Ihis malcrial was rr!stallircd from crhcr 

at low ccmpcralure. 11 had m.p. and mrxrul m.p. 3X 40- (Koflcr block). Yield was 1.1 g (3,tY”.). 

from gas chromatogram peak arca. All efforts lo xpararc the mixlurc of minor componcnrs prcscnr 

by gas chromatography and distillation were frulrlecs. None was present in 1solablc quantity. 

The aulhentic N,N-dimcthylphcnylacctamidc was prepared from the rcacrion of the acid chlorldc 

and dimcthylaminc. To 4 0 g (0.029 molt) phcnylaccGc acid was added 25 mt (41.5 g, 0.35 molt) 

thionyl chloride. The minlurc was rcfluxed for 4 hr and then poured cautiously into an lcc-cold 

solution of dlmcthylammc in waler. The solution was made basic with aqueous sodium hydroxide. 

II was exlractcd wirh cthcr and the cthcr solution drlcd ulth magnesium sulfalc. The ether was 

distilled off 10 give a yellow oil. The product was purlficd by gas phase chromarography and by 

rhrcc rruryslalli7ationc from clhcr a( low Icmp, m.p. 38 40’. 

Rearrrott q/ rrimerhyluminr. chlorc~f~~rm. and porussium r-butylofr. A slurry was prepared from 

300 ml bcnrcnc and alcohol-free polassium t-bulylalc (from 35.2 g. 0.9 molt pol;L\sium metal) and 

cooled 10 c3. IO’. Trimcrhylaminc (I 3.3 g. 0.23 molt) was added and the srirrcd minlurc rreatcd. 

dropwrpc. with a solurion of chloroform (107 5 g. 0.9 mole) In bcnrcne. When addilion of the chloro- 

form soIuLion was complclc the dark brown rcacllon mixture *as allowed IO warm 10 room Icmp and 

\Grrcd for an addltlonal 0.5 hr. The rcaclion mlxlurc WL< cxtracrcd wilh waler and the aqueous 

layers backwashcd with ether 

Aflcr drying with magnc%lum sulfate the solulron was conccntraled in ~xxwo. ‘1.k thick dark 

rcslduc was transferred to an cvaporativc sG1l and all volaulc marcrial rcmovcd in L’OCUO. During Ihc 

final stages of this distlllarion thcrc was considcmblc fuming m rhc sltll and a solid malcrlat (A) 

formed on the trill cold finger. A poflion of the dlsllllalc was rransfcrrcd 10 a Piros-Glovcr Spuming 

band column and rcdisrillcd. After removal of henzcne and t-butyl alcohol, a colorless hqu~d disrlllcd 

al 50.5 ’ (16 mm). Tocal y~cld U’;LC 2.32 g (5.73:,, includes small amount of this material prcscnr as 

hydrcrhloride). When this disrlllarion was attcmplcd at aim press. complete dccomposirlon of the 

prtducr occurred. The drstlllalc had a swcc~. plcasanr odor and lost tICI slouly on sIanding. I.R. 

tCS,) 3 56 (ml. 7,1(s). X.75(m). 9.1 I(m). Y..?Y(s). Y~HI(m). IO 19(s), 11+4(m), I290 I3 OOcr), 14,10- 

14~lS(st. The SMR cpcxrrum of this Ilquld had a sharp peak at 7.42 and one al 6.74 in an approx- 

imalc 3 : I ratio. rcspcztivcly. 

When a bcnrcnc solution of 0.201 g (0.00114 molt) of thus liquid product uas rrcatcd with an 

aqueous solullon of s~lvcr mlrabz (5.81 g. 0.0342 molct an Immcdiarc, copious whuc prccipilale w&s 

produced. The rcacllon mixlurc was slirrcd at room remp (magnetic surrcr) for 0.5 hr. The bcnrxnc 

layer was separated off and the aqueous layer cxtractcd 3 rime! with crhcr. The organic Iaycrs were 

combined and conccmralcd by dlrrillation on the steam bath. The rr%iduc which contained a strong 

skin irritant was analyrcd by gas phase chromatography. In addition 10 .solvcm peaks the rcsiduc 

showed the prcscncc bf one ~r~jor~componcnr which -had a retention lime idemicil 10 (hat of N.N- 

dimclhyt-z-chloroacccamidc. The Infrared spectrum of this produa was superimposable wirh that of 

aulhcntlc N.~;-dlmcrhyl-zchlt,roacetamldc. Y~cld of the amide from gas chromalogram peak arca 

W:LC, 0.072 g (52 :,). 

The liquid product gave a picrarc of a.l.~-fri~htoroc/hy/~i~Iefhyt~~~inr. m.p.. 134-l 36 (Found: 

c‘. 29.6; II. 2.73; N, 13.8; Cl. 26.2. C,,H,,N,<‘I,O, requires: C.29.8; 11. 2.97; S. 13.Y: Cl. 25.9:;). 

The solid marcrial (A) which sublimed during rhc course of rhc cvaporarive distillarion was 
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raublimcd 3 times to give almost white crystals which turned brown upon standmg. The crystallmc 
solid decomposed at 185-, with discoloration bcginnmg at 170’ (liershberg appartus used with bath 
heated to ISO’ bcforc insertion of sample). When treated with aqueous sodium hydroxide thts solid 
gave a liquid whose infrared spccuum was idcmical to that of the liquid product. In addition a 
small amoum of an amide (shown by infrared analysis) was produced in the base trcatmcnt. 

The authentic N.N-dimcthyl-xchloroacetamtdc was prepared from the reaction of chloroacctyl 
chloride and dimethylaminc. To 24.2 g (0 25 mole) x-chloroacctic acid was added Ill.1 ml (30.0 g. 
0.25 mole) thionyl chloride and the mixture rcfluxcd for I.5 hr. The resulting reaction mixture was 
allowed to cool and dissolved m 100 ml anhydrous ether. This solution was added, dropwisc, with 
stirring, IO a solution of 33.3 ml (22.5 g, 0.5 mole) dimcthylamine in 100 ml anhydrous ether at 20’. 
When addition was complctc the reaction was allowed to warm to room tcmp and stirred for an 
additional hour. The reaction mixture was extracted with dil, aqueous HCl. The ether layer was then 
extracted with dil. aqueous NaOH. Tbc resulting ether solution was dried with magnesium sulfate. 
The clhcr was distilled off on the steam bath to give a yellow oil. This oil was distilled in c~cllo IO 
give 9.0 g (297;) of N.S-dimethyl-zchloroacctamidc. b.p. 71’ (2 mm). hr.” b.p. 98.5 99.5’ (I I mm). 
The product was a strong skin irritant. 

An attempt to obtain a&-trichlorocthyldimcthyhuninc by trcauncnt of authcmic N,N-dimcthyl- 
xchloroaccuunide with phosphorous pcntachloride gave no isolable product. To 0.28 g (0.0023 mole) 
N,Ndimethyl-z-chlor(~~mldc in 30 ml bcnzcnc was added 0.97 g (0405 mole) phosphorous 
pcntachloridc. The rcaQton mixture was rcfluxcd for I ,5 hr during which time it gradually darkened. 
finally becoming dark brown. 7%~ reaction mixture was allowed to cool and was then poured over 
cracked ice. The acidic reaction mixture wzs extracted with ether and then made basic with aqueous 
sodium hydroxide and rccxtractcd. The ether solutions wcrc dried with magnaium sulfate and the 
ether evaporated off. Both fractions gave a dark brown oil. Gas phase chromatograms of the= oils 
showed only solvcnr peaks. 

*’ W. A. Jacons and M licidelbcrger. /. Biol. Gem. 21. 148 (191s). 


