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The synthesis of I-benzyl-2-carbomethoxy-3,3-dimethyl aziridine and its ring opening with various excess 
acids such as hydrogen chloride, acetic, propionic, and thioacetic acids and benzyl mercaptan are herein 
described. 

La synthise du benzyl-1 mCthoxycarbonyl-2 dimethyl-3,3 aziridine et de ses ouvertures, par differents 
acides en exces tels que: le chlorure d'hydrogine, les acides acetique, propionique, et thiolacetique, et par 
le benzyl mercaptan, est dtcrite. 

Canadian Journal of Chemistry, 50. 4061 (1972) 

In our attempt to synthesize penicillamine 
via the aziridine route (l) ,  the preparation and 
reactions of 1-benzyl-2-carbomethoxy-3,3-di- 
methylaziridine (2) were undertaken. Due to 
the failure, in our case, of the synthesis of such 
a highly substituted aziridine by the methods 
of Cromwell and Huisgen (2, 3), the use of 
triphenylphosphine dibromide (4) on methyl 
N-benzyl-j3-hydroxyvalinate (1) was attempted 
and permitted the formation of aziridine (2), 
b.p. 95-100°/0.05 mm, yield 76%. 

Reaction of aziridine (2) with anhydrous 
hydrogen chloride in benzene at 25 "C gave a 
white solid identified as methyl 3-benzylamino- 
2-chloro-3-methylbutyrate hydrochloride (3), 

m.p. 174-175"; yield 87%. Structure 3 was 
differentiated, from its possible 2-benzylamino- 
3-chloro-isomer, by the fact that its mass 
spectrum showed a large fragment at m/e 148 

When aziridine 2 was heated at reflw in 
benzene with acetic acid, the product obtained 
was methyl 2-(N-benzy1acetamido)-3-methyl- 
crotonate (4u); b.p. 133-136"/0.15 mm; yield 
41%. The n.m.r. of product 40 showed a marked 
non-equivalence between the two methyls on 
the double bond which appeared as two singlets 
at z (CCI,) 8.60 and 7.90. To distinguish the 
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two methyl groups from the acetamido group 
at t (CCI,) 8.20, the methyl 2-(N-benzyl- 
propionamido)-3-methylcrotonate (46) was pre- 
pared. Product 46 showed an almost identical 
spectrum, except that the singlet of the acet- 
amido group was replaced by a triplet and a 
quadruplet at t (CCI,) 8.97 and 8.00 (Scheme 1). 

In the case of reaction of aziridine (2) with 
thioacetic acid in benzene at 25 "C, at least four 
products could be obtained depending upon the 
concentration of thioacetic acid used. 

At low concentration of thioacetic acid, two 
products were obtained: (i) methyl 3-methyl-2- 
thioacetoxycrotonate (S), b.p. 65-70°/0.05 mm, 

yield (23%), and (ii) methyl 3-(N-benzylacet- 
amido)-3-methyl-2-thiobutyrate (6), yield (5473, 
whose mass spectrum showed a high peak at 

Product 6 which is unstable was further proved 
by acetylation withacetyl chloride to give a white 
solid identified as methyl 3-(N-benzylaceta- 
mido)-3-methyl-2-thioacetoxybutyrate (7), m.p. 
1 18-1 lgO, yield (56%). 

Use of higher concentration of thioacetic 
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acid with aziridine 2 gave, beside product 5 
and 7, an orange solid suspected to be 3-benzyl- 
5-methoxycarbonyl-4,4-dimethyl-2-(2'-thi0x0- 
propy1idene)thiazolidine (8), m.p. 175-1 76", 
yield (12%). 

Finally, when aziridine 2 was heated at reflux 
in toluene with benzylmercaptan, a breakdown 
of aziridine 2 occurred and the only product 
which could be isolated was methyl N-benzyl- 
glycinate (9) which was characterized as its 

hydrochloride ( lo),  m.p. 127-128" (lit. 128" (5)), 
yield 17% (Scheme 2). 

Experimental 
All solvents used were thoroughly dried by the con- 

ventional methods. All melting and boiling points are 
uncorrected. 

The i.r. spectra were recorded on a Beckman IR-8 double 
beam spectrometer. The n.m.r. spectra were recorded on  a 
Varian A-60 spectrometer. High resolution mass-spectra 
were done on an  A.E.I. MS902 coupled with a PDP-8 
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computer. Elemental analyses were performed by Midwest 
Microlab. Inc., Indianapolis, Indiana. 

Methyl N-Benzyl-fi-hydroxyvalinate ( I )  
To a solution of N-benzyl-fi-hydroxyvaline (6) (4.005 g, 

0.0179 mol) in methanol (50 ml) an ethereal solution of 
diazomethane was added. The solution was evaporated 
in uacuo and chromatographed on silica gel and eluted with 
ether-hexane (50:50 v/v) to give product 1 ;  yield 3.715 g 
(87%), b.p. 104-106°/0.05 mm Hg. 1.r. bands (CCI,) at 
3540, 3360 and 1735 cm-'; T (CCI,): 8.96 and 8.80 (6H, 
singlet), 7.35 (2H, hump), 7.00 (IH, singlet), 6.36 (5H, 
singlet and AB system for -CHI- of benzyl, J = - 10 Hz), 
2.76 (5H, singlet). 

Anal. Calcd. for Cl,H19N0,: C, 65.80; H, 8.08. Found. 
C, 65.88; H, 8.35. 

I-Benzyl-2-carbomethoxy-3.3-dimethylaziridine (2) 
To a 0 "C cooled solution of triphenylphosphine (7.62 g, 

0.0282 mol) in acetonitrile (50 ml) a solution of bromine 
(4.45 g, 0.0282 mol) in acetonitrile (30 ml) was added 
dropwise under stirring. The addition finished, product 1 
(6.61 g, 0.0279 mol) in acetonitrile (40 ml) was added 
dropwise during 112 h. To  the solution obtained, triethyl- 
amine (5.69 g, 0.0564 mol) in acetonitrile (40 ml) was added 
during 112 h. The solution was stirred at 0 ° C  for 2 h and 
an additional 2 h a t  20 "C. 

Triethylamine hydrobromide was filtered off. The solution 
was concentrated in vacuo and ether (100 ml) was added. 
Triphenylphosphine oxide was filtered off, and the ethereal 
solution evaporated it7 vucuo. The oily residue was chro- 
matographed on silica gel and eluted with ether 20%/hexane 
to give pure aziridine 2;  yield 4.63 g (76%); b.p. 95-10O0/ 
0.05 mm Hg; i.r. bands (CCI,) at 3090, 3050, 2980, 1750, 
1725, 1600 cm-' ;  s (CCI,): 8.75 (6H, singlet), 8.04 (IH, 
singlet), 6.43 (3H, singlet), 6.34 (2H, singlet (broad)), 2.76 
(5H, multiplet). 

Anal. Calcd. for C, ,H, ,N02: C, 71.20; H, 7.81. Found: 
C, 70.99; H, 7.89. 

Methyl 3-BenzylumB~o-2-chloro-3-~net/~ylbutyrate 
Hydrochloride (3) 

Product 2 (0.330 g, 0.00151 mol) in anhydrous benzene 
(5 ml) was bubbled at 20°C with anhydrous hydrogen 
chloride for 5 min. The solution was stirred for 2 h. The 
white solid was filtered and recrystallized in a dichloro- 
methanelether mixture. 

Product 3, 0.384 g (87%); m.p. 174-175"; i.r. bands 
(Nujol) at 2740,2360, 1755, 1740, and 1565 c m - ' ;  T ( D 2 0 ) :  
8.40 and 8.32 (6H, singlet), 6.07 (3H, singlet), 5.65 (2H, 
singlet), 5.20 (2H, D H O  singlet), 4.82 ( IH,  singlet), 2.47 
(5H, singlet). 

Anal. Calcd. for C,,H19N02CI,: C, 53.43; H, 6.55. 
Found: C,  53.14; H,  6.84. 

Methyl2-(N-Benzy1acetatnido)-3-~nethylcrotonate ( 4 a )  
Product 2 (0.324 g, 0.00148 mol) and acetic acid (2.00 g, 

0.033 mol) in benzene (10 ml) were heated a t  reflux for 
14 h. Benzene was evaporated in uacuo and ether (50 ml) 
added. The solution was washed with 5% sodium carbonate 
dried on magnesium sulfate and chromatographed on silica 
gel and eluted with ether 40%/hexane. 

Product 40, 0.156 g (45%); b.p. 133-135"/0.15 mm Hg; 

i.r. bands (CCI,) 2960, 1720, 1665, 1640; T (CCI,): 8.60 
(3H, singlet), 8.20 (3H, singlet), 7.90 (3H, singlet), 6.45 (3H, 
singlet), 5.1 1 and 5.97 (2H, doublet, J,,, = - 14 Hz), 2.78 
(5H, singlet). 

Anal. Calcd. for C,,H,,NO, (mol. wt. 261.1364): C, 
69.32; H, 7.34. Found (261.1361 (mass spectrum)): C, 
69.75; H, 7.30. 

Methyl 2-(N-Benzy1propionamido)-3-me!hylcrotonate ( 4 b )  
Prepared as 40. Reaction of product 2 (0.333 g, 0.00152 

mol) with propionic acid (2.79 g, 0.0377 mol) was followed 
by chromatography on silica gel and pure product 46 
0.152 g (37%) was obtained. 1.r. bands (CCI,) at 3000,2960, 
1720, 1665 and 1635 cm-' (shoulder); T (CCI,): 8.97 (3H, 
triplet, J = 7.5 Hz), 8.65 (3H, singlet), 8.00 (2H, quad- 
ruplet, J = 7.5 Hz), 7.91 (3H, singlet), 6.47 (3H, singlet), 
5.09 and 5.99 (2H, AB system, J,, ,  = - 14 Hz)  2.80 (5H, 
singlet). 

Anal. Calcd. for C1,H2,NO,: C, 69.79; H, 7.68. Found: 
C,  69.50; H,  7.62. 

Metl~yl  3-Methyl-2-thioacetoxycrotonate ( 5 )  and Methyl 
3-(N-Benzylacetamido) -2-mercapto-3- 
?nethylbutyrate ( 6 )  

To a solution of aziridine 2 (0.345 g, 0.00158 mol) in 
benzene (3 ml) a solution of thioacetic acid (0.360 g, 
0.0047 mol) in benzene (3 ml) was added dropwise. The 
solution was stirred a t  20 "C for 2 h and then evaporated 
in vacuo. The yellow oil was chromatographed on silica gel 
and eluted first with ether 20%/hexane to give 5 and then 
with ether 50%/hexane to give 6 which gave a positive test 
for the mercapto group. 

Product 5,0.070 g(230/,); b.p. 65-7O0/0.05 m m ;  i.r. bands 
(CCI,) at 2970, 1720, and 1700 cm-' (shoulder); T (CCI,): 
7.97 (3H, singlet), 7.75 (3H, singlet), 7.68 (3H, singlet), 6.31 
(3H, singlet). 

Anal. Calcd. for C,H,,O,S: C, 51.04; H, 6.42. Found: 
C, 50.72; H,  6.41. 

Product 6, 0.250 g (54%); i.r. bands (CC1,) a t  2970, 2350, 
1730, and 1650 cm-'; T (CCI,): 8.50 (6H, singlet), 8.02 
(3H, singlet), 7.7 (IH, broad), 6.30 (3H, singlet), 5.42 
(2H, singlet), 5.02 ( l H ,  doublet (broad)), 2.75 (5H, multi- 
plet). Mass spectrum: fragments at nz/e 277, 190, and 148. 

Methyl 3-(N-Benzylaceta~nidoJ-3-methyl-2- 
thioacetoxybutyrate (7) 

To a solution of product 6 (0.050 g, 0.00017 mol), and 
acetyl chloride (0.014 g, 0.00017 mol) in benzene (0.5 ml), 
a solution of triethylamine (0.018 g, 0.00017 mol) in 
benzene (0.5 ml) was added dropwise. The solution was 
stirred at 25 "C for 24 h. The triethylamine hydrochloride 
was filtered off and the solution evaporated and the residue 
was crystallized in an ether-hexane mixture. 

Product 7, 0.032 g (56%), m.p. 117-1 18"; i.r. bands 
(CHCl,) at 2970, 1730, 1700, and 1645cm-'; T (CDCI,): 
8.54 (6H, singlet), 8.01 (3H, singlet), 7.68 (3H, singlet), 6.32 
(3H, singlet), 5.45 (2H, .singlet), 4.42 (IH, singlet), 2.74 
(5H, singlet). 

Anal. Calcd. for C1,H2,NO4S: C, 60.51 ; H, 6.87. Found: 
C, 60.45; H,  6.66. 

3-Benzyl-5-metho.rycarbony1-4,4-dimethyl-2- 
(2'-tAioxopropylidene) thiazolidine ( 8 )  

To a stirred solution of aziridine 2 (0.844 g, 0.00386 mol) 
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thioacetic acid (3.00 g, 0.040 mol) was added dropwise 
during 10 min. The solution was stirred 112 h and excess 
thioacetic acid was evaporated in vacuo. The red oil obtained 
was chromatographed on silica gel and eluted with ether 
IO%/hexane, ether 20%/hexane, and ether 30%/hexane to 
give product 5.0.319 g (43%), 8,0.161 g (12"/,), and 7,0.144 g 
(1 I%), respectively. 

Products 5 and 7 were identified by comparison of their 
spectra, t.l.c., b.p., and m.p., which proved identical in 
every way to those obtained earlier. 

Product 8 had the following characteristics: m.p. 175- 
177"; i.r. bands (CHCI,) a t  2960, 1735, 1500cm-' ;  T 

(CDCI,): 8.58 and 8.48 (6H, singlet), 7.48 (3H, singlet), 
6.20 (3H, singlet), 6.01 (IH, singlet), 5.40 (2H, singlet), 
3.58 (IH, singlet), 2.60 (5H, singlet). Mass spectrum: 
tn/e 335 (two sulfurs, P + 2/P = 12%); U.V. (EtOH 95%): 
1 235 (E 25 000); 1 288 (E 5200). 

Anal. Calcd. for C,,H2,N02S2: C, 60.86; H, 6.33. 
Found: C,  60.61; H, 6.35. 

Methyl N-Benzylglycinute Hj~drocl~loride (1 0 )  
Product 2 (0.266 g, 0.00192 mol), benzylmercaptan (1.80 g, 

0.0121 mol), and toluene (2 ml) were heated at reflux for 
20 h. The solution was then chromatographed on silica gel 
and eluted first with hexane to get rid of the unreacted 

mercaptan and then with ether-hexane (50-50 v/v). The 
fraction was evaporated and ether (25 ml)  added. The 
ethereal solution was saturated with hydrogen chloride and 
the precipitate crystallized in a dichloromethane-ether 
mixture. 

Product 10,0.045 g (17%), m.p. 127-128 "C (lit. (5) 12S0), 
fused m.p. with an authentical sample, 127-128 "C; i.r. 
bands (CH2C12) a t  3100-2200 (broad), 1750 and 1560 
cm- ' ;  T ( D 2 0 ) :  6.22 (3H, singlet), 6.00 (2H, singlet), 5.70 
(2H, singlet), 5.20 (2.7H, singlet DHO),  2.50 (5H, singlet). 
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