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The f i r s t  opt ical ly act ive d iazi r id ines  with only the ni t rogen a toms as ch i ra l  cen te rs  were  p r epa red  by 
kinet ic  resolu t ion  of the r a c e m a t e  by reac t ion  with insufficient  amount  of a ch i ra l  acylat ing agent  [2]. A suf-  
f icient ly genera l  method for  p repa r ing  d iaz i r id ines  via the O-sul fonylketoximes  [3, 4] offers  poss ib i l i t ies  for  
a s y m m e t r i c  synthes is  based  on the a c c e s s i b l e / - 1 0 - O - c a m p h o r s u l f o n y l k e t o x i m e s  (I)-(III) (Table 1) 
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The d iaz i r id ines  (IV)-WII) p o s s e s s  s ignif icant  optical  act iv i ty  (Table 2). Thus a s y m m e t r i c  induction can 
be achieved by means  of the ch i ra l  leaving group, as we supposed.  

Two a l te rna t ive  s chemes  have been p roposed  for  the fo rmat ion  of the diazir idine ring: 

a) i n t r amolecu la r  SN2 subst i tut ion [5] 
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b) the ni t rene mechan i sms  [6] 

R' 

I / H  ~/H ' 

__~ C/[--H __~ \ c  / \ c / :  N \ C / N  

! N 

\ I t  

X = F  

The optical  act iv i ty  of diazi r id ines  (IV)-(VII) favors  s cheme  a), in which the leaving group par t i c ipa tes  
in the cyel izat ion that de te rmines  the, configurat ion at  the r ing  N a tom.  In scheme  b) the group X is lost  in the 
s tep  preceding  eyel izat ion,  during fo rmat ion  of the oz-aminonitrene.  

* Fo r  communica t ion  9 see  [1 ]. 
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TABLE I. 1-10-  O-Camphorsulfonylketoximes \C= N CHsZ, 7., : 
/ \ / 

R OSO 2 

C o m -  

pound  

(I) 

(n) 

(m) 

rr 

�9 Me 

CF3 

MeOOC 

Yield, % 

94,i 

91,2 

58,7 

rap, ~ 

74--75 
(from ether) 

89--90 
(from MoOH) 

74--75 
(komether) 

20 

--i9,60 ~ 
~.(c 5,to, cc14) 

--26,87 ~ 
(C 5,20, MeOH) 

--39,16 ~ 
(C 5,03, MeOH) 

u, cm-l(KBr) 

t730 (C=O) 
1640 w (C=N) 

t737 (C=O) 
t640 w (C=N) 

t730 (C=O) 
t627 w (C=N) 

PMR, 5. ppm; J, Hz (C6Hs) 

R2C 

t,49andt,52 

--11,04 and --14,03 
(,gF) 

JF--F =6,73 
3,00 and 3,14 

10-CH~ 

3, t l  and 3,8 ! 
JH_H=t5 ,0  
2,84 and 3,52 
JH_H=t4 ,6  

3,06 and 3,78 
JH_H=t5 ,0  

8,9-1~fe= 

0,59and0,94 

0,22and0,48 

0,33and0,67 

remainder 

t,14--2,58 

0,69--2,03 

0,75--2,20 

TABLE 2. 
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Optically Active Diaziridines  
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(m) 

(VIII b) 
l -(-)  -Ephedrine 

T, ~ 

0 

0 

0 

--35 

---4 
2O 

Reaction conditions 

t2 

48 

72 

2 

72 
144 

solvent 

MeNH2 (excess) 

EtNH2 (excess) 

~-PrNH~ (excess) 

CH2C12 

CH2CIz 
MeOH 

Yi~m, go 

22,1 

57,6 

30,0 

20,5 

43,6 
94,7 

Optical activity 

x vol. 9c(solvent) 

589  

365 
589 
365 
589 
312 
589 
365 
589 
589 
365 

--4,64 
--t4,59 

--t,25 
--3,1t 
--0,13 
--0,22 

0,00 
--~0,24 
--0,95 
2r 

+24,67 

7,54 (C6H6) 
7,54 (C6Ha) 
9,52 (CC14) 
9,52 (CCI4) 
19,4t (col4) 
19,4t (CC14) 
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12,66 (CHCls) 
5,27 (CHClz) 
9,98 (CHCIa) 
9,98 (CHCIa) 
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2,g . , , . , '%,, .  
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~,o op 

F i g .  1. 
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I I f ) ~  I I 131 f f~  I 
~, ppm 

PMR s p e c t r u m  of 1 -  ( R - o t - p h e n y l e t h y l ) c a r b a m o y l -  
2 , 3 , 3 - t r i m e t h y l d i a z i r i d i n e  in  C6H6, 60 MHz.  
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TABLE 3. Inversion Parameters of the 
Diaziridines 

Compound 
T, ~ • 
(solwnt) molekCal/ h 

MeNNHC(COOMe.2)[ t (VIlb) 70 (C6Hs) 27,33 

_MeNNHC(CH2)~] ] [2] 700 (C6Hs) 27,94 
i-PrNNHC(CF3)~ [21. 7 (Ph20) 25,t0 

i - - [  

*Converted to 70~ 

3,58 

8,68 

0,28 

We determined the optical purity of (IV) by the method of [2]. In the PIVIH spect rum of the product f rom 
the react ion of (IV) with R-(-)-o~-phenylethyl isocyanate,  we observed two sets of signals with an intensity 
rat io corresponding to the d ias te reomer ic  composit ion of the mixture,  and hence to the enant iomeric  compo- 
sition of (IV) (Fig. 1). The optical purity of diaziridine (IV) was 9.970, which corresponded to the s t e reo -  
select ivi ty of the react ion of (I) with MeNH 2 at 0~ The diazir idines (V)-(VII) did not reac t  with R-(-)-c~- 
phenylethyl isoeyanate.  

Because of the presence  of the functional groups (MeOOC and NH) in dimethyl 1-methyld iaz i r id ine-3 ,3-  
dicarboxylate,  we were able to use two methods for kinetic resolut ion 

COOMe GOOMe 
d -(+)-t0-camphor- N H _ [e 

/H (MeOOC)~C\ l (-) / N sulfonyl chloride / -(-)-ephedrin (~) \ - ( / ~ " . x  
Me COOMe COOMe 

(\ql a) NMe (vI: b) 
(IX) 

In the f i rs t ,  following [2] we used an insufficient amount of the chiral  acylating agent. In the second we 
ca r r i ed  out a part ial  a symmet r i c  amination following [7]. The increased  specific rotation of (VIIb) compared 
with (VIIa) (Table 2) seems to be due to the g rea te r  a s y m m e t r y  of the transit ion state as a resul t  of the spe-  
cific interaction of the polar groups o f / - ( - ) - e p h e d r i n e  with the diazi r id ine-3,3-dicarboxyl ic  es te r .  

We studied the kinetics of racemiza t ion  of (VIIb) (Table 3). Our values for  the inversion pa ramete r s  of 
(VIIb) are  close to the known values for 1-methyl-3 ,3-pentamethylenediazi r id ine  and differ considerably f rom 
those for 1- i sopropyl -3 ,3-b is  ( tr if luoromethyl)diaziridine.  The reduction in the inversion b a r r i e r  of the last 
is due to the s ter ic  effect of the bulky CF3 groups.  

E X P E R I M E N T A L  

The NMR spectra  were recorded  with a JEOL JNM-C-60HL spec t romete r  (1H, 60 MHz, HMDS internal 
s tandard;  19F, 56.45 MHz, CF3COOH external  standard),  IR spectra  were measured  with a UR-10 spec t ro -  
photometer  as molecular  films (liquid samples) and in KBr tablets (solid samples);  mass  spect ra  were r e -  
corded with an MKh-1303 spec t romete r  at 30 eV. The specific rotation was measured  with Polamat-A and 
P e r k i n -  E lmer  141 po la r imete rs  at 546 nm. 

Dimethyl 1-Methyldiazi r id ine-3,3-dicarboxylate  (IX). A modification of the method of [4] was used to 
prepare  (IX) f rom 15.7 g (0.05 mole) of dimethyl mesoxalate O-tosyloxime and 4.20 g (1.35 mole) of CH3NH 2 
in 70 ml of CH2C12 at -35~ The yield of (IX) was 4.11 g (47.3%), mp 67-68~ (from 1 : 5  i s o - P r O H - p e n -  
tane). PMR spec t rum (Ph20 , 6, ppm): 2.36 (MEN); 3.12 (NH); 3.28 and 3.42 (MeO) [4]. 

i - ( - ) -  and d-(+)-Camphorsulfony[ Chloride (VIIIa) and (VIIIb). Treatment  of l -  or d-camphorsulfonic  
acid with excess SOCI 2 and a catalytic amount of DMF at 20~ (10 h) gave (VIIIa) or (VIIIb). The yield of each 
was 70%; {VI!Ia) had mp 67-68~ (1 : 3 e t h e r - h e x a n e ) ,  20 [oz]54~ -38.48~ (C 5.20, CHCI3); (VIIIb) ]had mp 64-65~ 
(1 : 3 e t h e r -  hexane), 20 [a]54~ +36.94~ (C 5.14, CHCI3) [8]. PM1R spec t rum (CCl4, 5, ppm): 0.9 and 1.12 (8,9- 
Me2); 3.83 and 3.91 (10-CH2) , JH-H = 15.0 Hz, 1.4-2.65 (remainder}. 

Ace tone / -10 -O-Camphorsu l fony lox ime  (I). After  addition of 4.55 g (0.045 mole) of t r iethylamine to a 
s t i r r ed  solution of 3.14 g (0.043 mole) of acetoxime and 10.78 g (0.043 mole) of (VIIIa) in 50 ml of absolute 
benzene at 0~ the react ion mixture was s t i r r ed  for 2.5 h at 20~ After removal  of the precipitate,  this 
solvent was evaporated under vacuum and the res idue was rec rys ta l l i zed  f rom ether .  We obtained 11.50 g 
of (I)(Table 1). Found: C 54.46; H 7.49; N 4.97%~ CI3H21NOtS. Calculated: C 54.33; H 7.36; H 4.87%. 
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Hexafluoroacetone ?-10-O-Campho.rsulfonyloxime (II). Following the procedure  used for  (I), reac t ion  of 
8.15 g (0.045 mole) of hexafluoroacetone oxime, 11.02 g (0.44 mole) of WIIIa), and 4.56 g (0.45 mole) of t r i -  
e thylamine in 50 ml of absolute e ther  gave 15.80 g of (II) (Table 1). Found: C 39.52; H 3.81; N 3.60~ 
C13H15F6NO4S. Calculated: C 39.55; H 3.82; N 3.55%. 

Dimethyl  Mesoxa la te / -10-O-Camphorsu l fony lox ime  (III). Following the procedure  used for  (ID, 8.06 g 
(0.05 mole) of dimethyl  mesoxala te  oxime, 12.54 g (0.05 mole) of (VIIIa), and 5.26 g (0.052 mole) of t r ie thy l -  
amine gave 11.00 g of (Ill) (Table 1). Found: C 47.76; H 5.72; N 3.65%. C15H21NOsS. Calculated: C 47.99; 
H 5.64; N 3.73%. 

( - ) - l , 3 ,3 -Tr ime thy ld i az i r i d ine  (IV). A mixture  of 7.17 g (0.0214 mole) of (I) and 40 ml of CH3NH 2 in a 
sealed ampule was agitated for  1 h at 0~ and then left  overnight.  After  removal  of the excess  methylamine 
(20~ 40-cm column) the product  was recondensed  under  vacuum (16 mm) and dist i l led at 760 mm (bath t em-  
pe ra tu re  120-125~ We obtained 0.36 g of (IV) (Table 2). IR spec t rum (v, cm -1, molecular  film): 3210 (NH). 
PM:R spec t rum (C6H~, 6, ppm): 1.26 and 1.30 (Me); 2.50 (MEN); 1.79 (NH). Mass spec t rum (m/e,  re la t ive  
intensity,  %): M + 86 (16), 85 (28), 71 (22), 70 (69), 57 (14), 56 (52), 55 (11), 45 (28), 44 (17), 43 (22), 42 (84), 
41 (32), 39 (12), 39 (12), 31 (22), 30 (100). 

! - ) - l - E t h y l - 3 , 3 - b i s  (tr if luoromethy.l)diaziridine (V). A mixture  of 7.92 g (0.02 mole) of (II) and 3.61 g 
(0.08 mole) of EtNH 2 in a sealed ampule was allowed to stand for  2 days with per iodic  agitation at 0~ and was 
then t rea ted  with 40 ml of cold water .  The organic layer  was dr ied  over  CaCI 2 and recondensed under vacuum 
(16 mm).  To remove  t r aces  of amine the product  was t rea ted  with dry  HCl and recondensed  over  Call2. We 
obtained 2.38 g of (V) (Table 2), bp 82,83~ n~ 1.3295 [6]. IR spec t rum (u, cm -1, molecular  film): 3220 
(NH). NMR spec t rum (CCl4, 6, ppm): 1.19t (Me), JH-H 7.2 Hz; 2.79m (CH2, NH); -4 .05  and -14.66 dq 
(CF3), J F - F  = 8.1 Hz. Mass spec t rum (m/e,  re la t ive  intensity,  %): M + 208 (44), 193 (28), 180 (20), 111 (13), 
96 (15), 69 (18), 51 (15), 44 (14), 42 (16), 29 (100). 

( - ) - l - I sopropy l -3 ,3 -b i s ( t r i f luo romethy l )d iaz i r id ine  (VI). Following the preceding method, 4.3 g (0.011 
mole) of (II) and 2.69 g (0.0456 mole) of i so -P rNH 2 (3 days,  0~ gave 0.74 g of (VI) (Table 2), bp 68-70~ 
n~  1.3372 [2]. IR spec t rum (u, cm -1, molecu la r  film): 3220 (NH). PMR spec t rum (CCl 4, 5, ppm): 1.07 and 
1.12 dd (Me), JH-H = 7.5 Hz; 2.73m (CH); 2.83 (NH). Mass spec t rum (m/e ,  re la t ive  intensity,  %): M + 222 
(4.2), 207 (3), 44 (6), 43 (100), 42 (14), 41 (20). 

(+)-Dimethyl 1-Methyld iaz i r id ine-3 ,3-d icarboxyla te  (VII). A solution of 3.34 g (0.108 mole) of CH3NI-I 2 
in 25 ml of absolute CH2CI 2 was added dropwise to a s t i r r e d  solution of 15.00 g (0.039 mole) of (III) in 40 ml of 
absolute CH2CI 2 at  -35~ s t i r r ing  was continued for  a fu r the r  2 h. After  r emova l  of the precipi ta te  the sol -  
vent  was evaporated under  vacuum and the product  was ex t rac ted  f rom the res idue  with absolute e ther .  The 
e ther  was removed;  the res idue was r ec rys t aUized  f r o m  a 1 : 5 mixture  of i so -PrOH and pentane and sublimed 
under  vacuum (0.5 mm) at 30~ We obtained 1.36 g of (VII) (Table 2), mp 68-690C [4]. IR spec t rum (u, cm -1, 
KBr): 3224 (NH), 1723, 1750 (C----O). The product  was identified by its PM:R spec t rum and by the absence of 
mel t ing point depress ion  of a mixture  with (IX). 

Optical Pur i ty  of (IV). A slight excess  (5-10%)of R- ( - ) - a -pheny le thy l  isocyanate was added to a solu- 
tion of 38 mg of (IV) in 5 ml  of absolute e ther ;  the reac t ion  mixture  was left  overnight at 20~ After removal  
of the e ther  the res idue  was dissolved in 1.2 ml of benzene and the PMR spec t rum was r eco rded  (5, ppm): 
0.98, 1.00, 1.15 (Me3C); 1.15 and 1.18 dd (MeCH), JH-H = 6.45 and 6.30 Hz; 2.02 and 2.11 (MEN), 4.88m 
(CH) (Fig. lb);  22 [~ ]546 +36-16~ (C 6.36, C6H6). The ra t io  of d i a s t e r e o m e r s  was de termined f rom the integrated 

intensi t ies  of the signals at 2.02 and 2.11 ppm. 

Kinetic Resolution of the Racemate  (IX). Reaction with (VIIlb). A solution of 1.33 g (0.005 mole) of 
(VIIIb) in 20 ml of absolute CH2CI 2 was added  to a solution of 1.74 g (0.01 mole) of (IX) and 0.51 g (0.005 mole) 
of t r ie thylamine  in 20 ml of absolute CH2CI 2 at -78~ and the react ion mixture  was left for  three days at -4~ 
After  r emova l  of the prec ip i ta te ,  the solvent was evaporated under vacuum and the product  was ext rac ted  f rom 
the res idue  with benzene.  The benzene was removed,  and the res idue was r ec rys t a l l i z ed  f rom i so -PrOH and 
sublimed under  vacuum (0.5 mm) at 30~ We obtained 0.36 g of (VIIa) (Table 2), mp 67-68~ [4]. The product  
was identified by its PMR spec t rum and by the absence of melt ing point depress ion  of a mixture  with (IX). 

Reaction w i t h / - ( - ) - E p h e d r i n e .  A solution of 2.96 g (0.017 mole) of (IX) and 1.40 g (0.0085 mole) of 
/ - ( - ) - e p h e d r i n e  ([(~ ]20 _21.06 ~ (C 7: 12, CHCl3)) in 30 ml of absolute methanol with t r aces  of MeONa was 
held for  six days at 20~ After  r emova l  of the solvent the res idue  was chromatographed on a column (L 
40/100 si l ica gel, 50 : 50 c h l o r o f o r m - e t h e r ) .  We obtained 1.40 g of (VIIb) (Table 2), bp 67-68~ [4]. The 
product  was identified by its PM:R spec t rum and by the absence of melt ing point depress ion  of a mixture  with 

(IX). 
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Kinetics of Racemization of (VIIb). Sealed ampules each of 1.1 ml containing a solution of (VIIb) in C6H 6 
(C 4.0) were simultaneously placed in a thermostat (70 • 0.1~ water heat transfer medium). At fixed inter- 
vals (1.5-2.0 h) one of the ampules was removed and rapidly cooled to -7~ At the end of the experiment the 
ampules were opened and the specific rotation at 404 nm was measured. The absence of decomposition of the 
sample during the experiment was verified from the PMR spectrum. The value of kracWaS calculated by 
least squares in the parameters In [a ]4042~ _ T (h) with an error of -<0.2%. We calculated the value of the inver- 
sion barrier from kra e by the modified Eyring equation, AG~ = 4.57 T (10.32 + log 2T/krac) kcal/mole, and 
the raeemization half-life from the equation l-t/2 = In 2/kra c (Table 3). 

C ONC LUSIONS 

1. We have ca r r i ed  out the a symmet r i c  synthesis  of diazir idines  by react ion of }- ( - ) -10--O-camphor-  
sutfonylketoximes with p r ima ry  amines ,  thus complete ly  excluding the possibi l i ty of cycl izat ion by the nitrene 
mechanism.  

2. Dimethyl  l -me thy ld iaz i r id ine -3 ,3 -d ica rboxy la te  was enr iched with the (+)- and ( - ) - enan t iomers  by 
reac t ion  with insufficient amount o f / - ( - ) - e p h e d r i n e  and d-(+)-10-eamphorsulfonyl  chlor ide,  respec t ive ly .  We 
de te rmined  the invers ion pa rame te r s  of the ni trogen atoms f rom the kinetics of raeemiza t ion  of the (+)-enan- 
t iomer ,  

I. 

2. 

3. 

4. 

5. 
6. 
7. 

8. 
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