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Abetract.- An easy method is described for the preparatiob of 
(E)-3-chloroacrylamides and a-chloromethylenelactams which is 
based on the simple treatment of tertiary carboxamides and 
lactame with dichlorocarbene. 

Further to our work on the reaction of dichlorocarbene with nitrogen compounds' 

we wish now to report an unexpected conversion of tertiary carboxamidea and lactams 

into the corresponding a-chloranethylene derivatives by reaction with Cl2C: 

generated by the phase transfer method'. 

While the reaction of dichlorocarbene with primary carboxamides is known to 

give nitriles by a mechanism involving a beta-elimination from the carbonyl ylide 

( Scheme Ia 1, tertiary carboxamides have been considered to be inert towards 

c12c:, and have in fact been proposed as protecting groups for secondary #mines'. 

This attribution of "inertness" is based on the lack of N-H protons, but we 

reasoned that an intramolecular beta-elimination could take place by abstraction 

of a proton alpha to the carbonyl group ( Scheme Ib 1. 

b) 

II C12C: 

NR2 
4 

NR2 - PRODUCTS 

R' R' 

Scheme I 

When N-methyl-y-valerolactam 1 was treated with chloroform and aq. NaOH in the 

presence of tetrabutylammonium chloride ( TBAC ) as catalyst- ( 24 h, roam 
temperature ) the (E)-a-chloraaethylenelactam 2 was obtained in 40% isolated 

yield ( 74% donversion f. Similarly, N-methyl-2-pyrrolidone 2 gave a 6:l mixture 

of E and % &hlorcmethylenelactams 2 Ad jl& respectively f 30% isolated yield, 
"\," 

60% conversion 1. However, N-methyl-caprolactam 2 produced a complex mixture of 
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compounds from which the a-chloraiiethylenelactam 2 could not be Isolated. The 

stereochemistry of the exo double bond of &, 4a.and s was established by - 
measurement of nuclear Overhauser effects ( nOe 1. Thus, while in the case of the 

E-iscnners & and 4a no nOe was observed between the vinylic proton and the -CH2- - 
group alpha to the double bond, the i+isomer s showed a positive nOe effect. 

qleo-Qf’ lpo-+ke o* 
I 

W’ 
0 N \‘. 

Me Me 7 I 
1 2: R- Ii +: R- Cl, R'= H Me Me 

2b: R= D 2 - 4b: R= H, R'= Cl 2 6 
- 

The reaction of dichlorocarbene with morphollne, N-methyl-benxylamine and 

N-methyl-aniline acetamides ( 3, 2 and 2 respectively ) gave the corresponding 
(El-3-chloroacrylamides z, 11 and 12 ( 30-50% isolated yield, 100% conversion 1. - - 
However, the methanesulfonamide of morpholine and the propionamides, phenyl- 

acetamides, a-chloroacetaraides and a-methoxyacetamides of morphollne and N-methyl- 

benzylamine were recovered unchanged. The inertness of these alpha-substituted 

amides is probably due to a steric hindrance around the carbon alpha to the 

carbonyl group. 

3: R',R*= morpholine 10a: R1,R2=morpholine - 
8: 1 R - Me, R2- PhCB - 

9: R1= Me, R2= Ph 
2 

11: R1= Me, R2= PhCH2- - 
12: 

1 
R = Me, 

2 
R = Ph - 

Plrrthmr runrr4mmts &cw&_ that the tride~~e,orn==etmide Lb ga.ze the =c.ylmi&. _ - _..__ -“r-- -.._.. _- _..__ _.._ 

e, monodeuterated at C-2, while the acetamide 7a reacted with C12C: generated - 
from CDC13/D20/NaOR(solid) giving E, monodeuterated at C-3 ( about 90% deute- 
ration according to HNMR and MS spectra ). Similarly, the lactam 1 was converted 

into the a-chloromethylenelactam g, deuterated at the exo-methylene carbon. 

D Cl 
7b lob fa ioc - - - - 

The above results might be explained by assuming simply the Insertion of C12C: 

on the Co-H bond followed by elimination of HCl. Nevertheless, this mechanism seems 

improbable because such reactions go well only when the C-H bond Is alpha to an 

activating group. Moreover, the lack of reactivity of substituted acetamides such 

as a-methoxy and phenylacetamides would not be explained. 

A more satisfactory mechanism is shown in Scheme II, where the reversible 
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formation of a carbonyl ylide followed by an intramolecular beta-elimination gives 

an enamine (II). Subsequent reaction of (II) with dichlorocarbene gives (III), 

either by a cyclopropanation or due to the well known C-0 reactivity of enamines. 

The latter appears to be the most probable path, because the opening of adduct 

(IV) required by the former has never been reported as far as we know. Finally, 

the recovery of the car-bony1 group and beta-elimination of HCl gives the most 

stable (E)-3-chloroacrylamide (VI). 

(1) 

\ / 

$1 _R 
czB 

R ~+NR; 

X 
R; -Cl HC 

2 
">-C~'Nu 

2 

WI) (V) 

Scheme II 

(III) 

The reactivity of tertiary carboxamides when C12C: was generated by other 

methods was found to be quite different. Thus the amides 2, 13 and 9 were 

recovered unchanged when PhHgCC13, PhHgCC12Br and PhHgCBr3 were subjected to 

thermal decomposition in their presence ( Benzene, 8OQ, 24-48 h 1. The acetamide 

S surprisingly gave a mixture of a,a-dichloroacetamide 13 ( 40% yield ) and the - 
formamide 14 ( 15% yield 1 when treated with KtBuO/HCC13/benzene. The same result - 
was obtained when the tertiary carboxamide 2 was reacted with CC14/nBuLi/THF, 

giving the a,a-dichloroacetamide 15 and the formamide 16 ( 55% and 8% yield - - 
respectively ). The formetion of 2, 2, 15 and 16 points to the radical nature of - - 

of the C.-C.. bond. Further these reactions, which must involve homolytic cleavage 

support is obtained from the reaction of arylacetamide 

gives the benzoic acid 18 ( 50% yield ) in addition to - 
and 15% yield ). 

't 1 17 with K BuO/HCC13, - 
the amides 13 and 14 - - 

2 
R'N-H 

Me 
I~ I 
Me Me 

8: R= PhCH2- 13: R= PhCH2- - 14: R= ,PhCH2- 

9: R= Ph 15: R= Ph 16: R= bh - - 

which 

( 40% 
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The abwe results clearly show that tertlary carboxamldes are only inert 
towards C12C: generated from phenyl(trihalometyl)mercury compounds. Under phase 

transfer conditions, the react&cm conetituea a very simple method for preparing 

fE)-3-chloroacrylmides without having to resort to the expensfve (E)-3-chloro- 

acrylic acid, and allows direct preparation of a-chloromethylenelactams. Further 

experiments on the synthetic use of these compounds are in progress. 
D1_^ll__ rrr,~sry, II I- ____L.. __L._- LL-L e_._ Lti_ .._L.~.. II; II worth norrng tnar ror rne protecrzon of secondary aminee we 

have recently found that the trifluoracetyl group is very convenient as it resists 

dichlorocarbene ( PTC conditions ) and is easily removable5, 

EXPERIMENTAL 

IR spectra were obtained with a PYE-UNICAM llU0 spectrometer and NMR spectra 
using a BRUEER WM 250 spectrometer. All signals are expresed as 6 values ppm down- 
field from TMS. MS measuremants were taken on a KRATOS MS-25 mass spectrometer. 
The silica gel and aluminium oxide for chromatography were obtained from MERCK. 

Reaction ob tentia&y cahboxumideb and tactamb with dicheo&ocarrbene. Gene/rat 
pkocedtie. 

A soiution of i-4 mmoi of the amide in 50 ml of CHCl was magnetfcaily 
stirred with 10 ml 50% aqueous NaOH and TBAC ( 10 mg 1. after 24-48 h the mixture 
was poured into water ( 40 ml ) and decanted. The organic layer was washed with 
water ( 2x15 ml ), dried ( Na SO ) and concentrated. The residue was purified by 
preparative TLC on silica gel? Ad/or by distillation. 

fEJ-a-ChLdaornetLyLenePactam Za 
N-methyl-y-valerolactam 1 wasconverted into 2a following the general 

procedure ( 36 h of stirring-). The crude of the Faction was purified by 
preparative TLC on silica gel ( CH Cl 
an oil ( b.p. 

-3% EtOH ) followed by distillation to give 
=129-132B 1 with s&i&.fied on standing. 

HNMR:6 7.33 &3=2.2 Hz,lH,-CHCl), 3.37 (t,J=S.O Hz,2H,-CH N) 
2.62 (dt,J=2.2 and 6.3 Hz,2H,-CH -C=C),i.90 (m,2H,-CH -); &&a 

3.03 (s,3H,N+e), 
162.63 (s), 

131.69 (s), Q8.08 (d), 49.51 (tf, 35.02 (q), 24..87 (2) and $1.65 ft); IR (film): 
1650, 720 cm ; MS: m/e 162 (IO), 161 (21), 160 (36), 159 (M *,53), 158 (16), 124 
!16!, 95 t,c\ \a”,, 81 llCI C-J f,ll ,*“I, “8 \a*,, 53 :Ex: and 43 ::no: * 
Found: C 52.71, H 6.50, N 8.65. C7H10ClN0 requires: C 52,67, H 6.32, N 8.78 %- 

IEJ and (2) a-cheo~.ame;tkyeeneeactamd 4a and 4b 
The reaction of Cl C: with N-methyl-pErolld=e 3 ( 48 h ) gave, after 

preparative TLC ( al&&urn oxide, benzene ) and di&fllatfon, a 6:l mixture of E 
and Z a-chloromethylenelactams 4a and db respectively i b.p.0 1=75-779 ) as an 
oil which solidified on_ftandinG - * 

IR (film): 1650, 720 cm : HS:m/e 148 (2), 147 (4), 146 (5), 145(M+*,9), 144 (3). 
Found: C 49.43, H 5.66, N 9.41. C H ClNO requires: C 49.50, H 5.54, N 9.62 8. 

Both isaners could be separatgd8by preparative TLC f aluminium oxide, hexane- 
8% isopropanol; 
4a.- 

*, rf=O.QO; g, rf=0.35 ). 
- HNMR:6 6.79 (t,J=3.0 Rz,lH,CHCl), 3.46 (dd,J=6.30 and 6.90 Hz,2H,-CH -N), 

2,94 fs,ZH,N-Me), 2.79 (m,2H,-CH2-); CMRr6 165.15 (s), 134.74 (s), Is1.69 
245 nm (E 4200). 

4b.- 
(d), 45.56 (t), 29.39 (q) and 22.21 it); W fEtOH): 

+ - HNMR:d 6.68 ft,J=d*6 HsIIH,CHCl), 3.47 !t,J=7.2 Hz,.~_+-CH2-N): 3.03 !s,3Hc 
N-Me), 2.48 (dt,J=d.6 and 7.2 Hz,-CH2-); CMR:8 160.59 (s), 134.83 (d), 
127.93 fs), 47.38 (t), 
(E 1700). 

35.25 (q) and 24.33 (t); W (EtOH):X_ 233 nm 

(El -3-ChLoaoacayLumLded I Oa, 11 and 12 -- 
After stirring the tertiary carboxmxdes 7a,8 and 9 for 12-24 h, the -- 

corresponding (E)-3-chloroacrylamides lOa,ll and 12 weFe obtained in SO,30 and 40% 
isolated yield respectively ( silica gz m Cl -x EtOH ). Authentic samples of 
lOa,ll and 12 were synthesized frgm the corr&&ding secondary amine8 and 
m-&=hlor~crylic acid chloride _ 
lOa.- - HNMR:~ 7.31 (d,J=12_9Rr,lH,H-3), 6.65 (d,J=12.9 Hz,lH,H-2)‘ 3.66 (broad s,8R, 

moroholine). 
_11.- HNMR:6 7.40-7.15 (m,6A,Ar and H-3), 6.74 and 6.68 (two d,J=12.8 Hz,lH,H-2), 

4.64 and 4.67 (two s,2H,Ar-CH,-). 3.12 and 3.08 (two s,3H,NMe), The comnlex 
HNMR data of I1 correspond toLa mixture of rotamers and upon warming td56o 
colapsed to t% following:6 7.34 (m,6H), 6.70 fd,J=12*7 Hz,lH), 4.61 (broad 
s,2H) and 3.05 (s,3H). 

_&2*- HNMR:6 7.44-7.16 (m,(iH,Ar and H-3), 6.15 (d,J=12.9 Hz,W-2), 3.33 (s,3H,NMe)* 
.-_ 
(EJ-f-ChioRo-2-deute~oactrybntide iUb 
The reaction of trideutero acetamms gave a 48% isolated yield of an 88:12 

mixture of deuterated a and the undeuterated compound * (HNMR and MS spectra). 
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lOb.- - RWWR:d 7.31 (t,lIi,A-3), 3.61 (broad CWR:6 162.88 s,EH,morpholine); (C=O), 
135.66 (C-3), 122.45 (as 
176 (M+',16), 141 (93), 

triplet,C-2), 66.60 (morpholine); MS: m/e 178 (5), 
90 (loo), 86 (72). 

Reaction 06 N-ace.tye mokphoeine and N-methyL-y-uatekotactam 1_ width CVC.t31U201 

olution of 0.7 nun01 of 7a in CDC13 ( 5 ml ) was stirred with 3 ml of D 0 
containing 200 mg of solid NaOii-and TBAC. in 
51% isolated yield. 

After 24 h the usual workup gave 103 - 

lOc.- - HNWR:6 6.65 $t,J=1.7 Hz,lH,H-2), 
(IO), 

3.60 (broad s,EH,mopholine); MS: m/e 178 
176 (M ',29), 141 (90), 90 (loo), 86 (70). 

The lactam 1 gave the excmethylene deuterated compound 2b in 38% isolated 
yield. 

- 

2b.- - HNWR:d 3.37 (t,J=5.8 Hz,-CH -N), 3.02 (s,3H,NMe), 2.62 (t,J=6.3 Hz,2H, 
-CH2-C=C), 1.90 (m,2H,-CH2-?. 

Reaction ad 8 with CL C: genrkated by the Doeking-Ho66mann pnoceduhe'. 
To atstfrredmixture &f 1.2 mm01 ( 200 mg ) of the amide 8 and 12 mm01 ( 1.36 

g ) of K BuO in 25 ml of dry benzene, 24 mm01 ( 2.7 g ) of CH?l 
benzene were added drqwise under an argon atmosphere, 2 

in 30 ml of dry 
the 

l.al-... ,nn 
tempe ature being kept 
>_Y>L1___1 "=.I."" -1"X. The it2ZGl.tkXj biOii3 iiiiXCiii2 WaCi Stirred for Faii EiaarclonaL pt?rid Of i2 

h, washed with water ( 5x10 ml ) and the organic layer was dried ( Na SO ) and 
evaporated. The reminiq oil 
with M Cl -3%EtCE as eluent, 

was filtered through a short column of sslida gel 
to eliminate the brown polymeric material. The 

result&g Iight yellow 011 was purified by preparative TLC ( silica gel, CH Cl - 
3% EtOH ) to give 100 mg of the initial compound a, 14 mg of the formamide 24 &d 
55 mg of a,a-dichloroacetamide 13 ( 15 and 40% yield based on recovered 8 )_ 

Authentic samples of 13 and-i4 were prepared by conventional methods-from 
N-methylbenzylamine. - - 

Reaction 06 17 wL.th K"BuOlCffCL /benzene 
The reactionof 17 with Cl C: &der the same conditions described for the 

amide S gave, in addEion to 13 and 14 ( 14 and 43% yield, 50% conversion ), 65 mg 
of homoveratic acid 18 ( 50% zeld )Tsolated from the alkaline layer. - 

Reaction 04 9 wtih C&.Cjn-BuLi 
To a stirred-solution40f 9 ( 50 mg, 0.3 mm01 ) in dry THF ( 15 ml ) and C14C 

( 0.5 ml, 5 sun01 1 was added dropwise by syringe, under an argon atmosphere, 0.4 
mm01 of n-BuLi ( 0.5 ml of 1.6 M hexane solution ), 
-78Q. Stirring was continued, 

the temperature being kept at 
and after 1 h the reaction was allowed to continue 

at room temperature. After 10 h the mixture was poured into ice-water and 
extracted with methylenechloride, 
TLC ( silica gel, 

dried ( Na SO ) and concentrated. Preparative 
CH Cl ) gave 25 mg of the2inftial compound 9 ( 50% conversion), 

5 mg ( 22% yield ) o$ N2 -methyl-N-fonnyl-aniline 16 and 20 mg (-55% yield ) of 
N-methyl-a,a-dichloroacetylaniline Is, 
with authentic 

which wereshown by RNWR to be identical 
samples. 
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