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Abstract—The synthesis of the methyl esters of N-methoxycarbonyl- and N-benzyloxycarbonylazindine-2-
carboxylic acid 2 by reacting methy! 2-chloro-N-carbalkoxyglycinate 1 with diazomethanc is described. The
aziridines were readily converted to derivatives of O-methylserine § and S-methylcysteine 6.

Aziridines are generally prepared by a base-catalysed
elimination of hydrogen halide from 8-haloamides or by a
nitrenc-type  addition to an olefinic double bond.'
Relatively few cases of a “carbene type™ addition to a
carbon-nitrogen double bond have been described in the
literature.'”

In the course of a study on the amidoalkylation of
aromatic compounds, olefins, and active methylene
compounds with glyoxylic acid derivatives,) we have
prepared methyl 2-chloro-N-acylglycinates 1 and found
that they will react with diazomethane at room tem-
perature to give intermediates 4 which upon further
heating in chloroform solution afforded methyl N-
acylaziridine-2-carboxylate 2 in 30-35% yield. A plausible
mechanism for the reaction is that the diazomethane
functions first as a base and converts the chloro-
compound 1 to the unstable acylimine 3, which reacts with
further diazomethanc in a {3 + 2}-cycloaddition reaction to
give the N-acyltriazoline denivative 4. The latter loses
nitrogen on heating to give the aziridine 2.'** In the case
of the N-benzoyl derivative, there is a concomitant partial
rearrangement to the oxazoline derivative.' The mixture
of the benzoylaziridine 2a and the 2-phenyloxazoline 7
was separated on a Florisil column. The crude reaction
products do not show any of the azinidine absorptions at
3.2 and 2S5ppm in the NMR and do not show NH
absorptions in the IR. Attempts to prove the triazoline
structure 4 by isolating it to the more stable triazole
derivative on oxidation® afforded only the aziridine
derivative. Addition of Pd-C to a methanol solution of the
triazoline 4b was accompanied by effervescence and the
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product was again the N-acylaziridine derivative. Sol-
volysis of the N-carbalkoxyaziridine 2 or its precursor 4
in methano! containing sulfuric acid as catalyst, afforded
the esters of B-methoxy-N-acylalanine § which were
identical with authentic samples prepared from com-
mercially-available ()-methyl-Dl-serine. The two N-
carbalkoxyazindines were also found to react with
methylmercaptan in methylene chloride and in the
presence of boron trifluoride ctherate to give the S-methyl
cysteine derivatives 6. A similar ring opening of
azindinecarboxylic acid is described in the literature”
Methyl a-chiorohippurate, when treated with di-
azomethane, was found to give a mixture of the aziridine
denivative 2a and the 2-phenyloxazoline ester 7. No
intermediate oil was formed and there is no evidence for
the presumed triazoline intermediate. From the NMR
spectra we cannot rule out the S-substituted isomer.
Methyl N-benzyloxycarbonylaziridine - 2 - carboxylate
partly decomposed on a Florisil column to give methyl
N-benzyloxycarbonyldehydroalaninate 8.™*
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Methyl a - chloro - N - acyiglycinate 1 used in the
reactions described above were prepared from methyl a -
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hydroxy - N - acylglycinate 9 by treatment with thiony!
chloride or, in the case of the carbalkoxy derivatives,
from the a - methoxy - N - acylglycinate and phosphorus
pentachlonde.
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b, R=0OMe b, R=CH,Ph
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EXPERIMENTAL

General. M.ps are uncorrected. The IR spectra were recorded
on a Perkin-Elmer 237 spectrometer; NMR spectra were obtained
on a Varian T-60 spectrometer. Chemical shifts are reported in
ppm downficld from TMS. Mass spectra were recorded on Atlas
CH4MAT mass spectrometer.

Methyl glyoxylate hemiacetal® A solution of glyoxylic acid
monohydrate (23.0g, 0.25 mole) in methano! (125 ml) was refluxed
overnight. The solution was cooled to room temp. and neutralized
with solld KHCO, (a very small amount was required). The
neutral solution was ¢cvaporated in vacuo and the oily residue was
dissolved in CH;Cl, and dried with Na.SO,. Evaporation afforded
the methyl glyoxylate hemiacetal in 82% yield. IR(CHCI,): 3630,
2840,17580and 1700 cm ', NMR (CDCl,)6: 3.49(s, 3H), 496 (s. |1H
broad), 5.40 (s, 1H). The crude oily product was used in the
following reactions without further purification.

Methyl a-hydroxyhippurate (%3). A suspension of methyl
glyoxylate hemiacetal (6.60 g, 0.055 mole) and benzamide (6.05 g,
0.05 mole) in benzene (50 ml) was refluxed overnight. The solution
was concentrated (25 ml) and left at room temp. The crystalline
matenal which separated was filtered and dricd; yield 7.55g.
(72.3%). m.p. 108-109°. IR (CHQC1,): 3550, 3430, 1750, 1665 and
1585 cm '; NMR (CDC1,)8: 8.07-7.42 (m. 6H), €94 (d. 1H. ] = 8),
4.87 (s, 1H). 3.86 (s, 3H); MS: m/e 209 (Found: C, §7.70, H, 5.3,
N, 7.02. C,oH, \NO, requires: C, £7.41, H, 5.30; N, 6.70%).

Methyl N - methoxvcarbonyl - a - hydroxyglycinate (%). A
solution of methyl glyoxylate hemiacetal (6.6 g. 0.055 mole) and
methyl carbamate (3.7Sg., 0.05S mok) in benzene (S0 ml) was
refluxed overnight. The solution was concentrated to a small
volume (10 ml) and petroleum ether (100 ml, 40-60°) was added.
The mixture was magnetically stirred overnight until a nicely
dispersed solid was obtained. The solid which melted at 93-95°
(87%) was filtered and dried. IR (CHCI,): 3550, 3420, 2850, 1728
and 1500cm '; NMR (CDC1)8: 6.51 (d. 1H. J=9), 5.60 (d, 1H.
J-9):486(s, 1H). 3.89(s, 3H). 3.77 (s, JH), MS: m/e: 162 (Found:
C.3694; H.5.53. N, 8.51. C,H,NO, requires: C, 36 81, H, 5.56, N,
8.59%).

Methvl N - methoxycarbonyl - a - methoxyglycinate 10a. To an
ice-cooled, stirred, solution of N - methoxycarbonyl - a -
hydroxyglycine® (11.2g. 0.075 mole) in abs MeOH (150 ml) there
was added conc. sulfuric acid (2 ml, 96%). The solution was left at
room temp. for 48 h, poured into ice- and saturated NaHCQ), and
the organic material was extracted 3 times with EtOAc. Drying
(MgS0.,). filtering and ¢vaporation of the solvent left an 0il which
was purified on a deactivated neutral alumina (120g. - 12 m!
McOH) column. Flution with benzene gave 8.0g (60.27%)
cyrstalline product. IR (CHCI,): 3420, 2830, 1745-1728 and
1910 cm . NMR (CDCL)8: 3.49 (s, 3H), 3.80 (s, 3H). 3.87 (s, 3H).
S40(d. 1H, J =10) and 6.15 (d, 1H. J - 10, broad); MS: m/c 177;
(Found: C, 40.28: H, 6.20. N, 7.83. C.H,,NO. requires: C, 40.68,
H. 6.26. N, 7.91%).

Methyl N - benzyloxycarbonyl - a - hydroxyglvcinate %¢. A
solution of methyl glyoxylate hemiacetal (2.64 g, 0.022 mole) and
benzyl carbamate (3.02g. 0.02 mole) in benzene (S0ml) was
refluxed overnight. The solvent was evaporated under reduced
pressure and the residue was triturated with ether-light petroleum
cther (S0ml « SO mI) and filtered to give 2.4 g (50.2%) of product;
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m.p. 92-93°; IR (CHCl,); 3540, 3430, 1750-1720, and 1510cm ';
NMR (CDCI,)6: 7.42 (s, SH). 6.11 (d, 1H, broad), 5.55(d, 1H,J =9,
$.19 (s, 2H) and 3.84 (s, 3H): MS: mfe 239.1; (Found: C. $5.33; H.
5.56, N. 5.93. C,,H,\NO, requires: (, $5.23; H. 5.48; \, 5.86%).

Methyl N - methoxycarbonyl - a - chloroglycinate 1b. To a
suspension of methyl N - methoxycarbonyl - a - hydroxyglycinate
(0.344 g, 0.002 mole) in CH,Cl; (ethanol-frec) there was added
thionyl chlonde (0.29 ml, 0.04 mole). The suspension was refluxed
for 1 h and the resulting clear solution was concentrated in vacuo.
The oily residue was triturated with light petroleum to give a white
crystalline solid; m.p. 43-44° (79%). IR (CHC\,): 3410, 2850, 1730
and 1510cm ' NMR (CDCl,) 8: 3.79 (s, 3H), 3.87 (s, 3H), 6.26 (s,
broad, 2H). (Found: C. 32.80; H, 4.77; N, 7.60. C,H.NO.C|
requires: C, 34.04;: H, 4.45; N, 7.72; Cl, 19.54%).

Methyl N - bencyloxycarbonyl - a - chloroglycinate 1c. To a
suspension of methyl - N - benzyloxycarbonyl - a - methoxy-
glycinate (6.31 g, 0.025 mole) in dry CCl, (125 mi) there was added
phosphorus pentachloride (8.3 g). The reaction mixture was stirred
at room temp. until the PCl, disappeared (48 h). The reaction was
also followed by NMR (disappearance of the methoxy group). The
solution was concentrated in vacuo and the solid residue was
triturated overnight with dry light petroleum and filtered through a
sinter glass to give 5.31g. (82.5%) of a white solid; m.p. 69-70°.
IR(CH(1,): 3410, 1770 and 150Scm '; NMR (CDCl1)8: 7.43 (s,
SH), 6.26 (s, 2H, broad), 5.23 (s, 2H). 3.88 (s, 3H), (Found: C,
$1.36; H,4.85: N, 5.50. C1, 13.47. C, H,,NO.Cl requires: C. 51.30:
H. 470 N. 5.44; CI. 13.77%). The same chloride was also obtained
from methyl - N - benzyloxycarbonyl - a - hydroxyglycinate and
SOCl; in CH,ClI; as described above for the preparation of the
methoxycarbonyl derivative.

Reaction of methy! - a - chlorohippurate with diazomethane 2a.
A solution of the chloro compound (3.135g, 0.015 mole) in CH:Cl;
(15 ml) was added dropwise to an excess (3 eq) of CH:N. in ether
(0°). After 48h at room temperature the solution was filtered,
washed with aqueous NaHCO,, dried (MgS0O.) and evaporated.
The oily residue (2.42g) was chromatographed over Florisil
(120g). The column was eluted with CH,Cl,: CHCI. (1: 1) mixture
to give methyl NV - benzoylazirdine - 2 - carboxylate (0.326 g,
14.5%); IR (CHCIl.): 1740, 1680, 1600, 1440, 1320 and 1295¢m ',
NMR (CDCl,)5: 8.30-7.32 (m, SH. Ph), 3.68 (s, 3H, CH,0CO0).
3.29(q. 1H.J = 8.5, CH). 2.89-2.60 (m. 2H, CH)). (Found: C,63.97;
H,.$42:N.6.73.C,,H,,NO, requires: C,64.38, H, .40 N, 6.83%):
b.p. 1200 (0.6 mm), MS(HR) for C,,H,,NO,: mle 2050710
(required: 205.0738).

The azindine derivative was followed by methyl 2 - phenylox-
azoline - 4 - carboxylate which was eluted with CHCI, (0.42g.
S.0%). IR (CHCI,): 1735, 1655, 1640, 1580, 1485, 1450, 1440, 1365
and 1260cm ', NMR (CDC1L)5: 8.3-7.4 (m, SH, Ph), 5.244.19 (m,
3H. CH.CH), 3.87 (s, 3H, CH,0CO) (Found: C.64.13; H, S.SI: N,
6.64. C, H, NO, requires: C, 64.38; H, 5.40; N, 6.83%); b.p. 110°
(0. mm); MS (HR): m/e 205.0762; C,,H,,NQ, requires: 205.0739.

Reaction of methyl N - methoxycarboxyl - a - chloroglycinate
with diazomethane. A solution of the chloro compound 1b(490g,
0.03 mole) dissolved in CH,Cl, (25 ml) was added dropwise to a
cooled () ethereal solution (3 eq in 150 ml) of diazomethane. The
reaction solution was left at room temp. for 1 h and was divided
into two 85 ml portions: Procedure A. The first portion was filtered
and carefully evaporated in vacuo (30°), to give a yellow oil (2.4 3.
897%). The oil did not show any azindine absorptions in the NMR
(2.5 and 3.2 ppm). IR (CHC),): 3040, 2960, 1735, 1500, 1450, 1390,
1345, 1290, 1200, 1160, 1013 and 920cm ‘; NMR (CD('1,)5: 4.66
(s = q. 2H), 3.96 (s, 3H). 381 (s, 3H). The tnazoline was slowly
converted, in the NMR tube, to the azindine derivative. The crude
oil was dissolved in chloroform, the solution refluxed for 2 h and
evaporated again to give an oil which showed 39.5% azridine
according to NMR. The product was chromatographed on a
Flonisil column (70g) and cluted with CH,Cl, to give 0.80g
(33.6%) of pure methyl N - methoxycarbonylazirdine - 2 -
carboxvlate. IR (CHCIL): 2990, 2955, 2850, 1735, 1440, 1385, 1330,
1305 and 1180 cm '; NMR (CDC1,)8: 3.80 (s, 3H. CH,0C0), 3.77
{s. 3H, CH,OCON), 3.12 (q. 1H, J - 5.5, CH), 2.67-2.40 (m, 2H.
CH:); MS (HR): mie 159.0521: C.H.NO, requires: 159.0446.
(Found: C,45.35;: H, 5.74: N, 8.64. C,H.NO, requires: C, 45.28: H,
$.70: N, 8.80%).
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Procedure B. To the second portion was added NaHCO, (33 mi
of a saturated solution) and the mixture was stirred for 1h, the
organic layer was scparated, dried {MgSO.). and evaporated. The
oily residue (1.087g, 45.5%) is according to the NMR 79.0%
aziridine derivative, 1t was purified as descnibed above.

Reaction of meth¥l N - henzyloxycarbonyi - e - chloroglycinate
with dig:zomethane. To a cooled (0°) freshly prepared cthereal
solution of diazomethane {3¢q) there was added methyl N -
benzyloxycarbonyl - a - chioroglycinate {6.5g. 0.0234 mole)
dissolved in CH,CL (20 mi). After 8.5h at room temp. there was
added aqueous saturated NaHCO, (50 mi) and ether (S0 ml). The
mixture was stirred for 0.8 h, the organic Jayers were separated,
dried (MgSO,} and evaporated. The crude oily product (3.0g)
which did not show any azindine absorptions in the NMR at § 2.¢
and 3.2, was dissolved in CHCL 28 mb) and the solution was
refluxed for 3h, evaporated and chromatographed over silica gel
(1508). The pure azinidine was eluted with CH:Cl (196 g, 33%).
IR (CHCLE 1730, 159, 1435, 1375, 1320 and 1170¢cm . NMR
(CDCLIE: 741 (s, SHY Q10 (L, 2H)L 3725, 3HY 312 (d of 4L TH,
J -850 26T 237 im, YHE MS: mie 2351 (Found: C, 6117 H,
87 NL 6.0 CGH,NO, requires: C. 61210 H, S570 N, S.9%6%),

Methvl N - ben:ylovycarbonyidehydroalaninate® 8. This com-
pound was isolated 1n various amounts during the purification of
the ¥ - benzyloxycarbonylaziridine I, According to the NMR
spectrum the crude product did not contain any dehydroalanine
derivative. On a Florisil column as much as 1% of the azindine
was converted to the dehvdro derivative, On a silica column only
traces of the latter compound was oblained. MS (HR): mle
2380819, C,.HLONO, requires: 23508440 IR (CHCLY: 3490, 1720,
1700, 1620, 1515 NMR (CDCLa8: 7458 (s, 6H, Ph~ NH), 63015,
THY, SRt THL T - b $20 (0 2H OCHS), 387 (s, 3H)

Methyl X - methoxscarbony! - O - methyi - 01 - serinate $a. Toa
cooled methanolic (10 mb) ~olution of methyl N - methoxy-
carbonylaziridine - 7 - carboxylate {0.40 g) there was added conc.
H.80, 10.28ml, %% After 24h at room temp. the acid was
neutralized with sohid KHCO,. the solution filtered and
evaporated in vacuo. The oily product was dissolved in cther
{30 mi), decanted from undissolved residue and evaporated again
6.3 g, 68%). The methy! ester was identical through IR, NMR
and MS with an authentic sample prepared from O - methyl - o1 -
setine as described below. The methyl ester $a was further
hydrolyzed (KOH, aq. MeOH) to the corresponding acid which
was wentical with an suthentic sample (m.mp., IR and NMR}
prepared from O - methyl - DL - serine as descnbed below,

Methvl N - Bensvioxvcarbonyl - O - methyl - 0o - serinate §b.
Methyl - a - chioro - N . benzyloxycarbonylglycinate (0.01 mole)
was treated with diazomethane as described above. The crude
CH.CL, solution containing the triazoline was diluted with
methanol (40 mD) and concentrated sulfuric acd (1 ml, 9%6%) was
added. After 3¢ min at 0°C the solution was left overnight at room
temp. The reaction mixture was neutralized with solid KHCO,,
evaporated and extracted with ether. The ether solution was dried
{Mg30,) and evaporated to give 1.27g (47.79%) of oil. The crude
ester was identical {IR and NMR) with an authentic sample
described below. No attempts were made fo purify the ester, it
was hydrolyzed to the N - benzvloxycarbony! - O - methyl - bt -
serine in methanotic KOH. The acid was crystallized from
ethylacetate-hexane, mp. TI-72°: MS: mie 253110 IR (CHCL)Y:
3430, 1718 and 1510cm L NMRUDCIOS: 736 (s, SH, Phy, $81
td. THL 3 3UNHD 818 48, 2H, OCH: Phy 473437 (m, TH, CH),
194 tm, 2H, OCH b and 3.33 4, 3H, CHLO). The acid was ientical
with an authentic sample which was prepared from O - methyl -
Nt - serine and carbobenzoxy chlonide as described below.

Metkyl N - methoxycarbony! - S - methyl - bl - cysteinate éa. To
a cooled solution of b (0.8 g) in CH,ClL, (10 ml) there was added
with stirring a solution of methyl mercaptan (4 0g, 8 eq) in CH,Cl,
(20 ml) followed by BF, ctherate (1 mi). After 48 h at room temp.
the CH,(1; solution was poured into crushed ice and saturated
NaHO0O,. The agueous layer was extracied with 3 x S0 mi CH (1,
and the combined CH.Cl, solution was dried (MgSO,) and
evaporated. The oily residue (0.5g, 485 showed IR (CHCL)
absorptions at 3430, 2850, 1720 and 1900cm . NMR (CDCL8:
SRE (s, THNH), 455 65, TH.OH), 328 s, 3H, CHLOCO), 36 (s,
3H, CHOCON), 298 4d, JH, 1~ 55 S.CHy and 2.12 65, 3H,

CH,S). The ester was hydrolysed (KOH. ag MeOH) to the acid, IR
(CHCLY: 3520, 3430, 1720 and 1305 cm "  NMR(CDCL)S: 989 &s,
TH, COOH), $.94 (sh, TH, NH). 487434 (m, TH. CH). 371 (5, 3H,
CHOCON). 305, 298 (s~d, 2H, J =25, CH,8), 2.4 (s, 3H.
CH,S) MS (HR): mle 193.0408, C,H,,NO.S requires: 193.0410.

Methyl N - benzyloxycarbonyl - S - methyl - vt - cysteinate Toa
cooled {0°) solution of methyl N - benzyloxyazindine - a -
carboxylate (0.46 g, 6.002 mole) in CH,Cl, there was added MeSH
2 g excessyin CH.CL: (10 mi) and BF, etherate (0.9 miy. After 24b
at room temp. the solution was evaporated, the residue was
redissolved in CH,Cl, (80 ml} washed with aqueous NaHCO.
{10 miy, dricd (MgSO,) and evaporated again. The oily residue
0.44g. 79.5%) showed: IR (CHCLy 320, 1780 1720 and
1S10cm 'L NMR CDCLIS: 7.44 (s, SH, Ph), 878 (d. broad, H,
NHL S0 (s, 2H, OCH,). 483451 (m, IH, CH), 380 s, 3H.
CHOCO 2794d, J = S50 2H, S-CHp), 2 1 (s, 3H CHSE MS
(HRY: mle 2830871 C,\H.NOLS requires: 283.0878. (Found: €,
$8.20 H. 6.11: NL495, S, 1119 C,\H, NOS requires: . 8812,
H. 605, N, 495, S, 11.29%).

N - Benzyloxycarbonyl - O - methyl - p1 - senine (authentic
sample). O - Methy! - D1 - serine (1 g} was carbobenzoxylated with
carbobenzoxy chloride (1.7ml} in aq NaH(CO, following the
pracedure described for the carbobenzoxylation of serine.”* The
acid melted at 70.5-71.5° after recrystallization from FtOAc-
hexane. IR {CHCL}): 3580, 3510, 3440, 2830, 1720 and 1805¢m ')
NMR (CDC1a8: 1.37 (s, 3H) 377 (o, 2HL 436 (m, 1H), 389 @d.
{H), 741 45, SHY, 1O (s, TH) MS: mie 253 (Found: (. 5668 H.
SR N, 73 C,LHLWNO, requires: €, %691, H, $97 N SS9

Methyl N - benxvioxycarbonyl « (Y - methsl - DL - senne
Cauthentic sample). To a methanol solution of N - ben-
2¥loxycarbonyt - (0 - methyl - D1, - serine (0.75 g) there was added
an ethereal solution of diazomethane until the yellow color
persisted. The solution was evaporated in vacuo to give an aily
product 0.73g (93%0). IR (CHCL): 343, 2840, 1750-1720 and
150Sem I NMRCDCL)S: 740 (s, SHYL STH(A THL T - 8), 816 (s,
DH, 459, 433 (2t EHL T - 3, 376 (s 3D, AT o, JHDY, 333,
IH) MS: mie 267

N - Methoxycarbonyl - O « methyl - 0L - serine {authenlic
sample). To a solution of O - methyl - DL - serine (B5g) m
saturated aqueous NaHCO, (18 mi) there was added. with stirring
and cooling. methyl chioroformate (1 mi). After 3 b at room temp,
the solution was acidified with conc. HCl and extracted with
1% 28mi of EtOAc. The EtOAc solution was dried (MgSO,} and
evaporated. The oily residue (0.74 g, 979F) was triturated with light
petroleum to give the crvstalline acid which was crystallized from
EtOAc-light petroleum, m.p. 728, IR (CHCL: 3520, 3430, 2830,
EtOAc-light petroleum, m.p. 72.5°, IR (CHCL): 3820, 3430, 2830,
1718 and 1500 cm 'L NMR (CDC108: 1048 (s, 1H), 86 (4, TH,
T Bepsh 47643 (sex., THYL 378 toc, 2HL 378 (5 3dand .40
{s, 3H}: MS (HR): mie 1770628, C,H, NO, requires: 177.0837
{(Found: C.40.74, H,6.60, N, 7.80. C H, NOq requires: C, 3068 H,
6.26. N, 791%). The acid was converted with diazomethane in
cther solution to the oily methyl ester. IR ({CHOLY 3435, 2840,
1780, 1720 and 1500¢m *; NMR (CDCL)S: S.64 (d. broad, 1H),
.56, 442 (2, TH. J- 355, 40-3.487 toc, JHY 378 (5, 3D A2 45,
3H) 3.35 s, 3H) MS {HRy: mie 191.0815; (.H. NO. requires:
191.0793,
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