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The high pyramida l  s tabi l i ty  of the n i t rogen in d iazi r id ines  [1] made i t  possible to effect  a par t ia l  
kinet ic  separa t ion  of the enant iomers  with an a s y m m e t r i c  n i t rogen [2]. It was postulated to accompl ish  a 
complete separa t ion  on the bas is  of the functional der iva t ives  of diazir idine by inser t ing  an auxi l ia ry  a s y m -  
me t r i c  substi tuent,  separa t ion  of the d i a s t e r e o m e r s ,  and subsequent r emova l  of the auxi l iary  subsr 
F o r  this purpose we studied the prepara t ion  of d i az i r id ine -3 ,3 -d ica rboxy i i c  acid der iva t ives  by the r eac t i on  
of dimethyl  mesoxa la te  O- tosyloxime (I) with NH a and CH3NH 2 

The synthesis  of d iazi r id ines  via the O-sulfonyloximes of ketones is complicated by the faci le  
Beckmann r e a r r a n g e m e n t  [3]. The communicat ion on the synthesis  of pentamethylenediazi r id ines  via 
cyclohexanone oxime O-sulfonate (with a r e f e r en ce  to unpublished data [4]) evokes doubt, since the la t te r  
eas i ly  undergoes  r e a r r a n g e m e n t  [5]. 

The Beckmann r e a r r a n g e m e n t  is h indered if an e lect ronegat ive  subst i tuent  is inser ted  in the migra t ing  
phenyl group of acetophenone O-benzenesulfonyloxime [6]. In genera l ,  the p re sence  of e lec t ronegat ive  sub- 
st i tuents in the O- tosyloximes  of f luoroketones excludes the r e a r r a n g e m e n t  and makes  it  possible to obtain 
the d iaz i r id ines  in high yields [7]. Judging by the acid p roper t i e s  of diethyl mesoxala te  oxime (pKa 5.48 
[8]),and hexaf luoroacetone oxime (pK a 6.0 [7]) the COOR and CF 3 groups a re  c lose in the i r  e l e c t r o n - a c -  
cep tor  capaci ty .  Consequently,  we at tempted to synthesize the diazi r id ines  f rom (I). 
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Diazir idine (II) and its par t ia l  aminolysis  product  (HI) were  obtained when we used a 2 : 1 mole ra t io  
of amine : O- tosyloxime (I) in CH3CN at --40~ Only the complete  aminolys is  products  (IV) are  obtained 
under  the conditions of excess  amine.  The easy  aminolys is  of the d iaz i r id ine-3 ,  3 -d icarboxyl ic  acid e s t e r s  
was shown by an independent exper iment  on the example of (HI), which is quanti tat ively conver ted  to (VI) 
under  the influence of excess  CH3NH 2 (20 ~ 4 h). In both cases ,  the urethylans  (V) a re  fo rmed  in addition to the 
d iaz i r id ines .  RNH, 

1 i 
TsON = C(COOMe)2 ~ym__~ MeO OCN R R + [MgOOCCN ] + TsO R 

The quite high yield of (V) can be explained by the indicated success ive  react ions  [9]. A s im i l a r  f r agmenta -  
tion of the tosyloxime was postulated in [10]. 

TsON= C(CN)COOEt Roe__> EtOOCOR + [NC--CN] + TsO e 
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*Isomeric hydrazone [11]: mp 134-135"; 5, ppm (in CDCIs):3.9 , Au 1.4 Hz (MeO), 
9.58 (NHg. 

Compounds  (IDI(IV) have the oxidat ion p r o p e r t i e s  c h a r a c t e r i s t i c  f o r  d i az i r id ines  [4], n a m e l y  the 
l i be ra t ion  of  12 f r o m  KI.  D iaz i r i d ine  (Ha) d i f fe rs  f r o m  the i s o m e r i c  h y d r a z o n e  [11] and g ives  the d icar~  
b a m o y l  (IIc) and m o n o m e t h y l o l  (IId) d e r i v a t i v e s  {Table 1). 

The  s t r u c t u r e  of p r o d u c t s  (II)-(IV) was  c o n f i r m e d  by the NMR, IR,  and m a s s  s p e c t r a .  A nonequ iva -  
lence  of the MeO g roups ,  Av 4 . 8 7  Hz at  160 ~ (in Ph20),  is o b s e r v e d  on the b a s i s  of the NMR s p e c t r u m  of 
(Iib), wh ich  t e s t i f i e s  to  the p y r a m i d a l  s tab i l i ty  of the c h i r a l  n i t r o g e n .  The  h inde red  i n v e r s i o n  of the n i t r o -  
gen in (IId) fol lows both  f r o m  the nonequ iva lence  of  the MeO g roups  and f r o m  the gemina l  nonequiva lence  
of the me thy lene  p ro tons  of  the subs t i tuen t  (F ig .  1). 

E X P E R I M E N T A L  M E T H O D  

The  NMR s p e c t r a  w e r e  m e a s u r e d  on a J e o l  J N M - C - 6 0 H L  s p e c t r o m e t e r  ( in te rna l  s t a n d a r d  = HMDS), 
the IR s p e c t r a  w e r e  t aken  on a UR-10  s p e c t r o p h o t o m e t e r  as  K B r  pe l l e t s ,  while the m a s s  s p e c t r a  w e r e  
t a k e n  on MX-1303 and LK:B-9000 s p e c t r o m e t e r s ,  r e s p e c t i v e l y  at  30 eV and 70 eV. 

D i m e t h y l  m e s o x a l a t e  O - t o s y l o x i m e  (I) was  obta ined  in 61% y ie ld  f r o m  d ime thy l  ma lona te  by n i t r o s a -  
t i o n  and s u b s e q u e n t  t o sy l a t i on  a s  d e s c r i b e d  in [12], m p  93-94  ~ ( f rom MeOH); NMR s p e c t r u m  (CDC13, 6, 
ppm):  2 .38  (MeC), 3 . 7 7  and 3 . 8 4  (MeO), 7 .60  (Ph) .  M a s s  s p e c t r u m  (70 eV, m / e ,  r e l a t ive  in tens i ty  in 
%): M + 315 (4), 155 (I00) 91 (93), 65 (18), 59 (16). 

DimethyIEster ofDiaziridine-3,3-dicarboxylic Acid(IIa). With stirring and cooling (--40~ to a 
solution of 1.70 g (0.1 mole) of NH 3 in 50 ml of CH3CN was added in drops a solution of 15.75 g (0.05 mole) 
of O-tosyloxime (D in 50 ml of CH3CN and the stirring was continued for 1.5 h. After removal of the pre- 
cipitate the solvent was evaporated in vacuo and the products were extracted from the residue with absolute 
ether. After removal of the ether the residue was sublimed into a trap (--70 ~ to give: 0.39 g (5~) of 
urethylan (Va), sublimes at 21 o (1 ram), mp 53-54 ~ (from benzene), cf. [13]; NIVIR spectrum (CD3OD, 5, 
ppm): 3.65 (CH30), 4.88 (NH); 3.75 g (47%) of product (Ila), sublimes at 100 ~ (1 ram), mp 49-52 ~ (from 
ether). Found: C 37.99; H 5.12; N 17.17%. CsHsO4N 2. Calculated: C 37.51; H 5.04; N 17.49%. Mass 
s p e c t r u m  (70 eV, m / e ,  r e l a t i ve  in tens i ty  in %): (M --31) +, 129 (10), 101(30) ,  70(63),  69(100) ,  59(70),  
42 (38), 15 (74). 

Dimethyl Ester of l-Methy!diaziridine- 3 , 3-dicarboxylic Acid (lib) and Methyl Ester of Methylamide 
of 1-Methyldiaziridine-3,3-dicarboxylicAcid (HD. The reaction of (D (15.75 g; 0.05 mole) with CH31~I 2 
(3~11 g; 0.1 mole) in CH3CN and the workup of the mixture were run the same as in the preceding experi- 
ment. A crystalline precipitate deposits from the ether extract on standing, which was separated and 
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Fig. 1. NMR spectrum of dimethyl 
es te r  of 1-hydroxymethyldiaziridine-3, 
3-dicarboxyIic acid (IId) in C6F 6 (a), 
and with added deuteroacetic acid (b). 

recrystallized from i-PrOH. We obtained i. ! g (13%5 of 
(HI), mp 103-104 ~ �9 Found %: C 41.65, H 6.49; N 24.30%. 
C6HiIN303. Calculated: C 41.62; H 6.40; N 24.26%. Mass 
spectrum (30 eV, m/e, relative intensity in %): M + 173 (3), 
158(255, 59(215, 58(505, 57(855,56 (445,44(425,42(585, 28(I00). 
After removal of the ether the residual mother liquor was 
distilled to give i, 7 g (19%5 of methylurethylan (VbS, bp 
56.5:57 ~ (9 ramS, nD 2~ 1.4150 (cf. [1315; NMI:t spectrum 
(CCI 4, 5, ppm): 2.7 d (MeNH, J 5.4 Hz), 3.6 (MeO), 5~8 
(NHS. The residue crystallized after 3 days at 0 ~ We ob- 
tained 5.6 g (69%) of crude product (IIbS. Recrystall ization 
from ethanol gave 3,5 g (41%) of pure (IIbS, rap 66-67 ~ 
Found: C 41.56; H 6.01; N 16.02%. C6Ht0N204. Calculated: 
C 41.37; H 5.73; N 16.02%. Mass spectrum (70 eV, m/e ,  
relative intensity in %5: M+ 174(1), 159{755, 127(81), 99(25), 
69(285, 59(675, 55(445, 43(43), 42(375, 30(305, 28(405, 15(1005. 

Dimethyl Ester of i, 2-bis(Phenylearbamoyl)diaziridine- 
3, 3-dicarboxylie Acid (IIc). The reaction of 0.48 g (0.003 
mole) of (IIa) and 0.72 g (0.006 mole) of phenyl isocyanate in 
20 ml of ether  for 10 days gave 1.13 g.(97%5 of (IIcS, mp 171 ~ 
(from CH3CNS. Found: C 57.32; H 4.55; N 14.15%. 
CIgHlsN406. Calculated: C 57.29; H 4.55; N 14.06%. Mass 
spectrum (70 eV, m/e ,  relative intensity in ~5: (M --120) +, 
278(32), 220(305, 119(100), 101(405, 91(36), 77(40), 69(28), 
65(255, 15(305. 

Dimethyl E ste r of l-Hydroxymethyldiaziridine-3, 3- 
dicarboxylicAcid (Kd). A mixture of 0.68 g (0.004 mole) of 
(IIa) and 0.28 g (0. 009 mole) of CH20 in 15 ml of absolu~ 
methanol was refluxed for 1 h. After removal of the solvent 
and azeotropic drying of the residue with benzene the product 
was extracted with ether .  We obtained 0.38 g (47.5%) of 
(IId) as a yellowish oil. The product was character ized by 
the NMR spectrum (see Table 1 and Fig. 15. 

Diamide of Diazir idine-3,3-dicarboxylicAcid (IVaS. 
To 15.75 g (0.05 mole) of (D was added 50 ml of liquid NH3, 
the mixture was stirred at --60 ~ for 0.5 h, and the NH 3 was 
evaporated in 2 h. Extraction with ether gave 4.. 1 g (55%) of 
urethylan (Va), mp 54-55 ~ (from benzene). The residue was 

washed with absolute methanol to remove the ammonium tosylate; the yield of (IVa) was 2.33 g (36%), mp 
180-184 ~ (decomposition) (from 60% aqueous MeOH). Found: C 27.81; H 4.70; N 42.98%. C3H~NtO 2. 
Calculated: C 27.70; H 4.65; N 43.06%. Mass spectrum (70 eV, m/e ,  relative intensity in %5:(M--285 +, 
102(2), 85(84), 69(20), 44(1005, 43(78), 42(57), 18(275. 

N, N'-Dimethyldiamide of l-Methyldiaziridine-3,3-dicarboxyHc Acid (IVb). To 15.75 g (0.05 mole) of 
(D was added 47.5 g of absolute CH3NH 2, the mixture was stirred at --50 ~ for 4 h, and the amine was evap- 
orated. Extraction with ether gave 2.26 g (25%5 of methylurethylan (Vb), bp 56-60 ~ (11-12 mm). Sublima- 
tion of the residue at 125-130 ~ (0.2 mm) gave 4.78 g (56%) of (IVb), mp 160-161.5 ~ (from i-PrOHS. Found: 
C 41.86; H 7.24; N 32.50%. C6HI2N402. Calculated: C 41.85; H 7.00; N 32.54%. Mass spectrum (70 
eV, m/e, relative intensity in %5: M+ 172(35, 157(100), 144(21), 100(425, 83(24), 58(925, 57(705, 44 (42), 
42(72), 30(505, 28(985, 15(485. Compound (IVb) was also obtained by treating 0.091g(0.0005 mole) of (lID 
with methylamine (i ml) (in a sealed ampul at 20 ~ for 4 h); yield 0.09 g (~100%5; it was identified by the 
mixed melting point and the NIV[R spectrum. 

CONCLUSIONS 

The f i rs t  functional diaziridines, and specifically the diaziridine-3, 3-dicarboxylic acid derivatives, 
were synthesized, which are suitable for  separating into the enantiomers by inserting the moiety of an 
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optically active alcohol and separation of the dias tereomers ,  with subsequent removal of the asymmetr ic  
substituent by aminolysis,  the possibility of which was shown. 
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