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SYNTEBSIS OF NBY 0-CELOROACRYL-AMIDBS, TBIOAUIDBS AND AMIDINBS PROM SATURATED 
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Place L Pasteur, 1, B-1348 Louvaln-la-Neuve, Belglque 
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Abstract Chorznatlon of saturated amide-chlorides followed by hydrolysrs thlolysls, 

amlnolysls and catalyst+ dehydrochlorznatlon leads to a-chloro acrylamlde 
derlvatlves in high yield The reactlon sequence IS applied to lactames and 
can also be extended to the syntheses of a-chloro acrylthloamlde and amldlne 

Our contlnulng Interest I" double or triple bond actlvatlon by polar 

substltuents 
1 

1s centered 1" this publlcatlon on the synthesis of 

a-chloroacrylamldes la, thloamldes lb and amldlnes lc, which dre mostly new and 

promise many appllcatlons for hetero and homocycllsatlons and for other addltlons 

reactions which will be reported I" following papers 283 

R\ f’ c=c 
d -N(CH3)2 

1 

K 
R-C: C-C-NKH312 

2 

a) x=0 

b) x=s 

Cl X = NCH3 

Our approach to acrylic compounds 

catalytic dehydrochlorlnatlon of the 

can be obtalned from saturated amldes 

1) coc12 

Y 0 
2) Cl2 

CH-CH2-~-N(CH3)2 
3) H2X 

R! 

1. and also to alkynec 2, 1s based on a 

a-dlchloro-amide derlvatlves 3, which in turn 

4 

R\ “1 II 
,CH-$-C-NKH312 

l-2 HCI 
R-EC-i-N(Cb$ 2 

2 X = 0, S, NM3 

The first reactlo" step constitutes the already described chlorlnatlon of the 

amide chlorides 5 (1" equllrbrlum with the a-chloro-enamlnes 

not Isolated and their hydrolysis gives the dlchloroamldes 8 

Table I 

3331 

64) The salts 7 are 

as exempllfled I" 
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Scheme 1 

+ COCI~ -HCl 

4- 
R\ $1 B, 

0 - 
-co2 

CH-CH2-C=NKH3)2 CL 

R! 3 
- 

+ Ha 
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+ H20 

- HCl 

Table I Synthesis of a-dlchloro-amides 8 

Compound R 

H 

R\ [d 
Cl 

H-CH=C’ 

‘NKH3)2 I 

6 

I 

+ct2 

-tia 

“\,,:: 7 @ 
-C= NtCH312 

Q 

R’ & Cl 1 7 

Yield of 8 (9) I Ref 

62-72 4 

62 4 

78 this work 

56 this work 

5 
Whereas hydrochloric acid ellmlnatlon by bases 1s not satisfactory , the 

reactron of 8 with two equivalents of technical grade alumlnlum chloride II-I 

refluxlng dlchloromethane affords the acrylic derlvatlves 9 and 10 rn good yields 

(Table II) These compounds are stable and are purlfred by dlstrllatron, except III 

the case of 9d, which 1s Isolated by column chromatography6 

R\ 
Cl 0 

1) ALCl3, CH2Cl24 

CH-t-k!-NKH3)2 
2) H20 R\ P 

R; cl 

R! I!I 

C=C + c=c’ 

Rf ‘C-NtCH3)2 R’ ‘C- NKH312 

8 tl 

0 9 

Table II Synthesis of a-chloro-acryl-amides 9 and 10 

Compound Yield of 9+10 (B) I 9 10 

H H 84 

CH3 H 82 96 4 

CH 3 CH 3 73 

nC13H27 " 78 100 0 

Thx ellmlnatlon proceeds with high stereoselectlvlty (as exempllfled by 8b and 

Ed) The use of only one equzvalent of alumlnlum chloride results in a lowerlng of 

the reactIon rate and yield This dependance on the amount of Lewis acid can be 

explalned by the formatIon of a complex salt 11 as a prerequlslte to Induce 

ellmlnatlon of hydrochloric acid 
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The reaction time varies from 24 to 48 hours, depending on 

alumlnlum chloride which 1s neither purified nor ground before 

of 9a can be run on a 100 gr scale 

3333 

the grade of 

use The synthesis 

The use of benzene as solvent with 8a leads to the formatjon of the dlphenyl 

proplonamlde 12 in the isolated yield of 65 9, by successive elimlnatlon and double 

arylatlon of 9a 

v p1 
2 &Cl3 49 

- HCl 

H3C-F 
-C-NN(CH3)2 - [ 9a ?AlCL3] 

;; y$?i* 
2 w 9 

Cl 

H5C6CH2-FH-~-N(CH3)2 s ‘/ 

w% 

8 12 

The sequence described in scheme I can also be applied to cyclic N-methylated 

amides 13. leading to their drchloro derlvatlves 14 and to the new unsaturated 

lactames 15 in excellent yields (Table III> 

0 
I c 1) 0x1, 0 

2) a2 1’ Ruq ,*a2. A 
N-CH3 3) yo 21 40 

)n 

‘2 14 - 

Table III Synthesis of the a-dlchloro-lactames 14 and 

a-chloro-a,B-dehydro-lactames 15 

I I 
Compound 

a 

b 

c 

n 4-----l 

I I 

14 % 15 t 

40 flit 4 48) 1931' 

74 95 

70 94 

0 

Cl 

‘2 

Analogously, caprolactame xtself can be chlorinated to give the a-dichloro 

derlvatlve 17, either by the use of phosgene and chlorrne, or by treatment with a 

mxxture of POC13, SOC12 and PC1 8 
5 

In the case of this secondary amrde 17, the 

ellminatlon reactIon needs 3 equivalents of Lewis acid and higher temperature 

(refluxlng tetrachloromethane), glvlng 18 in 78 % yield 
5 

1) COCL, 

(58%) 
H 

1) 3iyC$, m,,A 
2) w - 

The sa 

wrth methy 

and 71 $ y 

-. 
POCl3.s+ , pas 78% 

75 - 00% 9 18 - 

t 6a lR,R'=H) can also be throlysed with hydrogen sulfide or amlnolysed 

amxne These two react&on8 lead to the thioamzde 19 and amldrne 20 rn 67 

eld respectzvely In the presence of alumrnlum chloride and in refluxlng 

dlchloromethane, compound 20 is transformed into the expected 2-chloro-propenamide 

21 zn 82 P yreld In the case of 19, the modlfled reagent 23 
9 

1s necessary to 

perform ellmznatron of HCl, the ensuing aqueous work-up leads to the new acrylic 

thioamlde 22 with 84 0 yield 
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l+jC-CH2- @ - NW312 

I 

1) alCl2 

2) Cl2 

s CI’ (B 
H3C-ik- C=NKH3)2 Cl’ 

71 

5 P3 
K$- f - C- NKH3)2 (71%) t$C 7 t NKH 22 

Cl 
lo 

-I!,- - 'p3 

ta7*/.1 

I 1) ALQ3, CyCt,, A 
2) &O , OH8 

I 

1 f AlCt3 (NEt312 7_ 

2) w 

"zC=C< 

CL 

H,C=C’ 

Cl 

(82%) 
C-NKH3)2 \ 

tw% 1 

II 
;-NW2 

NCH3 s 

5 n 

Despite q odlflcatlon of work-up procedures, the use of "free" alumrnlum 

chloride to perform the reaction step 19 to 22 leads always to a mlxtura of 22 and 

ga, but when the complex 23 1s used, no amide 9a IS detected The absence of 9a 1s 

probably due to a weaken ng of the thloamlde complex durzng hydrolysis 

The reactIons descrrbed in thrs paper permrt an efflclent synthesis of the new 

or lrttle known acrylrc monomers 
10 

whose potential 1s being explored III our group 

Furthermore, If alumlnlum chlorrde IS widely used In Friedel-Crafts type reactxons 
11 

and for rearrangements of carbon skeletons , Its efficiency for 

dehydrohalogenatlon reactions 1s much less documented 
12 

The use of cheap reagents 

lrke phosgene, chlorine and alumlnlum chloride, under mild conditions, represents a 

very useful method for derrvatzsatlons of saturated amxdes 

Bxperirental Part 

Boiling points are uncorfected, meltzng pornts were mesured on a Leltz Netzlar 
HM Lux and are uncorrected Ii-NHR spectra were recorded rn CDCl solution using 
TM.9 as internal reference at 200 HHz on Varlan XL-200 spectrometir or at 60 MHz on 
Varlan EM-360 (s=srngulet, dadoublet, t=trlplet, m=multiplet, J=coupllng constant 
In Hz) Infrared spectra were recorded on a Perkrn-Elmer 297 infrared spectrometer 
Mass spectra were recorded on Varzan Hat-445 spectrometer and are gzven for the 35 
chlorxne isotope (under brackets for other zsotopesf Mlcroanalyses were performed 
by the mzcroanalyses Laboratory of the Unrverslty of Wlen 

R,U-diretbyl 2,2-dichloro propanamide Ba4 

101 grs tl mole) of phosgene are added to a cold (-78*C) solutzon of 101 grs (1 
mole) of N,N-dlmethyl propanamlde in 200 ml of drchforomethane The temperature 1s 
then slowly raised and kept at 2O*C until the end of evolution of CO 
The mixture LO then saturated with chlorine when keeping the tempera ure below 30°C z 

(?r 1 hour). 

by use of an Ice-bath After standlng during 12 hours, the mixture 1s hydrolysed by 
careful addztlon of 200 ml of water After neutrallzatlon by sodium carbonate, the 
dlchloroamzde In extracted wzth dzchloromethane, dried on sodxum sulfate and 
drstllled at 80°C/lf Torr 
2950, 1640, 1370, 1080 cm-l 

(yield - 105 to 124 grs, 62 to 74%) IR (neat) v = 

169 (173), 135(137), 120, loo 
NMR (CDC13) 6 = 2 33(3H,sl, 3 20(6H,s) ppm MS(m/e) = 
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157(159), 132(134), 106(108), 103(105). 85 

N,N-dxmethyl I-chloro propenamlde 9a 

119 grs (0 7 mole) of a solution of 8a I" 100 ml of dlchloromethane 1s added 

dropwIse to 200 grs (1 5 mole) of alumlnlum chloride 1" 300 ml of dlchloromethane 

The mixture IS refluxed "ntll end of evolutlo" Of HCl After cooling, the dark 

solution 1s poured l"to a cold solutlo" of 180 grs (4 5 moles) of sodium hydroxide 

1" 500 ml of water 60 grs of ammonium chloride are then added and the alumlnlum 

salts are flltered through cellte The filtrate 1s decanted and the aq"eo"s layer 

1s extracted by dlchloromethane The combined organic phases are dried over sodium 

sulfate and evaporated The amide 9a 1s then dlstllled at 78'C/17 Torr as a 

colorless llquld Yield 
-1 

87 grs (93%) IR ("eat) v = 3050, 2990, 1640, 1400 cm 

NMR (CDCl ) 6 = 3 03 (6~, s), 5 61(1H,d, J = 2Hz), 5 63(1H,d. J = 2Hz)ppm MS(m/e) 
= 133(1353, 118(120), 81(83) 

N,N-dlmethyl 2-chloro-butenarrdes 9b and lob 

Same procedure as for 9a 91 5 grs (0 5 mole1 of 8b furnish 60 3 grs (82%) of d 

96 4 mixture of 9b and lob (determlned by gas chromatography)l B p lOO'=C/17 Torr 

(colorless llquld) IR ("eat) v = 3070, 2980, 1620, 1400 cm NMR (for 

9b) (CDc13) 6 = 1 84(3H,d, J = 6 7 Hz), 2 97(6H,s), 5 95(1H,q, J = 6 7 Hz)ppm 

MS(m/e) 147(149), 132(135), 103 

N,N-dzmethyl 2-chloro-3-methyl butenamrde 9c 

Same procedure as for 9a 4 grs of 8c yield 2 35 grs (73%) of 9c as a colofless 

llquld bolllng at 13O"C/17 Torr IR ("eat) v = 3050, 2990, 1620, 1300 cm NMR 

(CDCl ) 6 = 1 78(2H,s), 1 87(3H,s), 3 02(6H,d)ppm MS(m/e) 161(163), 146(148), 

131, 316 

N,N-dllethyl 2-chloro hexadecenarlde 9d 

Same procedure as for 9a 6 grs of Ed give, after purlflcatlon by column 

chromatography over alumrna (eluent chloroform), 4 18 grs_f78%1 of 9d as a 

yellowish 011 IR (CH Cl ) u = 3070, 2970, 1620, 1410 cm NMR (CDCl ) 
3 02?6H:s), 

6 = 

0 9-2 23(27H,m), 5 97(1H,t, J = 7 Hzjppm HS(m/e) 315(313), 

280, 2711273) 

300(302), 

N-methyl 3-chloro-3,4-dehydropyrrolldone 15a 

Same procedure as for 9a 2 grs of 14a afford 2 44 grs (93%) of 15a which 1s rather 

unstable and could not be purlfled neither by dlstlllatlon "or by 

NP 30°C (dec) IR (CH Cl ) 
_~'Y;:;l:;;;;';" 

v = 3050, 2940, 1690, 1380, 1240 cm 

6= 3 10(3H,sl, 4 02(2H,i, 3 = 1 9 Hz), 7 O(lH,t, J = 1 9 Hz)ppm SM(m/e) 
3 

131(133), 116(117), 88(70) 

N-methyl 3-chloro-3,4-dehydroplperidone 15b 

Same procedure as for 9a 10 grs (0 05 mole) of 14b furnish, after Kugelrohr 

dlstlllatlon at 93OC/O 02 Torr , 7 58 grs (95%) of a colourlesslllqurd which slowly 

crysta111zes IR (CH2C12) v = 3050, 2940, 1650, 1605, 1375 cm NHR (CDCl ) 6 = 
2 47(2H,td, J = 7 2 HZ, J = 4 6 Hz), 3 00 (3H.s). 3 45(2H,t, J = 7 2Hz), 2 63 
(lH.t, J=4&Hz)ppm CH &NO (145 59) found (talc I C = 49 78(49 SO), H 

5 49(5 54). Cl 24 15(!!4835), N = 9 71(9 62) 

N-methyl 3-chloro-3,4-dehydrocaprolactame 15~ 

Same procedure as for 9a 5 07 grs (0 026 mole) of 14~ furnish, after Kugelrohr 

dlstlllatlon at 98OC/O 03 Torr, 3 89 grs (94%) of 15a as a colourless llquld whl:P 
slowly crysta111ze.5 on cooll"g IR (CH Cl ) v = 3050, 2940, 1660, 1605, 1430 cm 
NMR (CDC13) 6 = 1 73-2 43(4H,m), 3 052(3ij,s), 3 85(2H,t, J = 5 5 Hz), 6 37(1H,t, 
J= 7 Hz) ppm MS(m/e) 159(161), 124(126), 106, 84 C H ClNO (159 62) found 
(CdlC ) c 52 85 (52 67). H 6 31(6 31), N 8 84(8 38f0 

3-chloro-3,4-dehydrocaprolactare 18 

90 5 grs (0 5 mole) of 17 dissolved I" a m~nlmum amount of warm dlchloromethane are 

added to 220 grs (1 6 mole) of alumlnlum chloride I" 300 mls of carbon 
tetrachlorlde The mixture IS then refluxed until end of evolution of HCl (c 20 
hours) After coolrng, the dark solutlo" 1s poured into a solution of 180 grs (4 5 
moles) of sodium hydroxide 1" 500 mls of ice cold water, 60 grs of ammonium 
chloride are added and the precrpltate 1s flltered trough cellte The filtrate 1s 
extracted by dlchloromethane After drying over sodium sulfate and evaporation of 
solvent, the resulting solid IS recrystallized from methanol to grve 56 6 grs 
of 18 as a while solid (m p 

(78%) 
IR (CH Cl ) 

1605, 1410 cm 
v = 3410, 3220, 3050, 2980, 1630, 

NMR (CDC13) i':": 95(2H,mf, 1 
6 4Hz), 

28(2H,ml, 3 05(2H,m), 6 52(1H,t, J= 
8 lZ(lH, N-H) ppm MS(m/e) = 1451147, 149). 116(117), 102(104), 88, 70 

C H ClNO (145 59) found (talc ) C 49 53(49 50). H 5 ll(5 54). Cl 
29 89(24 35). N 9 72 (9 62) 
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N,N-dlrethyl 2,3-dlphenyl ptopana=lde 12 

A solution of 8 5 grs (0 05 mole) of 8a ln 10 mls of benzene 1s added to d 

suspension of 16 grs (0 12 mole) of alumzn~um chloride zn 40 ml of benzene The 

mixture 1s then refluxed during 40 hours and, after coolzng, poured Into e cold 
solution of 14 4 grs of sodium hydroxide in 80 ml of water 6 grs of ammonium 

chloride are added and the precipitate 1s filtered on cellte The filtrate 1s 

decanted and the aqueous layer 1s extracted by dlchloromethane The combined 

organic phases are dried on sodium sulfate and evaporated The residue 1s 

recrystallized from cyclohexane gavlng 8 22 grs 165%) of 12 as w$te crystals 

(m p 85 5°C) 

7 98 Hz, 

IR ""~C;~~1Hyd~,39;": ;';;,,;"'S, 16;;,41QH;; "; 46 ::; ;;DCj$=6 = 
2 7OH,s)2 2 E(~H,s), 

J = 13 4 Hz), 3 4(1H,dd, J = 7 98 H;, 'J== 7 03 Hz;, 7 15(lO;l,m; ppm 
MS(m,'e) = 253, 238, 223, 207, 181, 162, 72 

N.N.N *-trlmethyl Z-chloropropenaaldine 21 

Same procedure as for 9a (The crude 21 1s extracted with dlchloromethane from the 
strongly alcallne solution) 25 grs (0 137 mole) of 20 give, after dlstlllatlon at 
63"C!/17 Torr, 16 5 grs (8lfl of 21 as a coLourless liquid IR (neat) Y = 3050, 

2950, 1680, 1605, 1480 cm NMR (CDCl 1 6 = 2 88(6H,sf, 3 0?(3H,s), 5 32fiH.d. J= 
1 8 HZ.), 5 70(1H,d, J = 1 8 Hz) ppm M (m/e) 8 = 146(148), 111, 102(104), 85 

N,N-dlmethyl 2-chloroptopenethloamlde 22 

86 8 grs t0 88 mole) of triethylamlne are added to a suspensxon of 57 2 grs 10 44 
mole) of alumxnlum chloride In 400 ml of dlchloromethane After stlrrlng durxng 1 
hour at room temperature, 40 grs (0 22 mole) of 19 are added The mixture 1s 

refluxed until disappearance of the starting material (c 10 hours, monltorlng by 
TLC on slllcagel, eluent The dark solution LS then poured Into 250 ml of 
ice cooled water EXtTaCtlO~"~~l~1Chlorometben~. followed by drying on sodxum 
sulfate and evaporation leads to a dark llquld which 1s dlstrlled at 53OC/O 03 Torr 
to give 27 1 grs (84%) of 22 as a yellow llqu&P which must be kept at O°C IR 
(CH Cl ) u = 3050, 2980, 1620, 1500, 1385 cm 
3 46(3f?,sI, 5 38(1H,d, 

NMR (CDC13) 6 = 3 34(3H,s), 
J = 2 2 Hz), 5 48(1H,d, J = 2 2 Hz) ppm MS(m/e) = 147(151), 

134(136), 105(10?), 61 
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