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S Y N T H E S I S  O F  D I A Z I R I D I N E S  F R O M  O X I M E  

A.  N.  M i k h a i l y u k ,  N.  N. M a k h o v a ,  
A .  E .  B o v a ,  L .  I .  K h m e l ' n i t s k i i ,  
a n d  S. S.  N o v i k o v  

E S T E R S  

UDC 542.91:547.71 

Diazir id ines  were  f i r s t  p r e p a r e d  f r o m  oxime e s t e r s  by the reac t ion  of cyclohexanone oxime O-sulfonic 
acid with NH 3 [1] ( r e f e rence  to unpublished work).  This reac t ion  was subsequent ly  extended to hexaf luoro-  
acetone  oxime p- to luenesul fonate  [2] and dimethyl  mesoxa la t e  oxime p- to luenesul fonate  [3]. Whether  oxime 
sulfonates  of carbonyl  compounds with s imp le  al iphatic  groups  can be used in diazi r id ine  synthes is  is doubtful 
because  of the i r  g r e a t e r  suscept ib i l i ty  to the Beckmann r e a r r a n g e m e n t  (BR) [4]. Moreover ,  this reac t ion  is 
known to be acce l e r a t ed  by the p r e s e n c e  of s t rong nucleophiles.  Thus,  ammonia  and amines  fo rm amidines  [5]. 

Here  we r ep o r t  a study of the synthes is  of d iaz i r id ines  via oxime e s t e r s  with different  acid components .  
We found that  BR is the ma jo r  pathway in the reac t ion  of cyclohexanone oxime p- to luenesul fonate  with p r i m a r y  
aliphatic amines .  Even at 0~ -< 5% of the d iazi r id ine  is fo rmed.  However,  aee tox ime sulfonates (I) a r e  s table  
to BR and with 2 moles  of the p r i m a r y  al iphatic  amine or  a l a rge  excess  of NH 3 in an apro t ic  solvent  (ether ,  
CH2C12, THF,  acetoni t r i le)  at 20~ they f o r m  diazi r id ines  (]I) in high yield [6]; the reac t ion  t ime  is 2 to 8 days 
(Table 1). 

We can ra t iona l ize  the dependence of the yie lds  of (II) on the s t r u c t u r e  of the s ta r t ing  amine  on the bas i s  
of the conventional s cheme  for  the d iaz i r id ine  r ing fo rmat ion  

HsC rH3C\ 
\C=NOSO~R/ R'NI'Is ! H3~/I~/~C-~NH'-'O-'SO~R|j 

HsC (I) ,_ n HN. _] (Ill) 

HsC~/(iH + R'NH2-RS0sH 
HsC / "NR t 

(ll) 
R = n-C4H9 (Ia), C6Hs (Ib), 
C6H~CHs (le), 

R' = H (lIa), CH~CH20H (IIb); n-C,H7 (IIc), 
$-CaH~ (lid), t-C4H~ (Ile) 

Inc rea se  in the branching of the subst i tuents  in the amine inhibits the f i r s t  s tage of the r e a c t i o n - a t t a c k  
by the amine  on the oxime carbon.  

Other  things being equal, BR should r equ i re  m o r e  forc ing conditions, s ince it begins with ionization of 
the N - O  bond, whereas  the d iazi r id ine  synthes is  s t a r t s  with addition of the amine  to the double bond, which 
r equ i r e s  l ess  energy  for  c leavage  of the ~ bond. Fur the r ,  the subsequent  c leavage  of the N - O  bond is p r o -  
moted by the i n t r am o l ecu l a r  nucleophilic a t tack of the bound amine.  Consequently,  under  mild conditions we 
w e r e  able to supp re s s  the undes i rab le  BR, whereas  at  h igher  t e m p e r a t u r e s  (60~ as  a r e su l t  of the eoncomi -  
t a n t B R t h e  y ie lds  of d iaz i r id ines  were  -< 50% even when we used amines  with n-al iphat ic  groups .  

We ver i f ied  the s t r u c t u r e s  of products  (ID by e lementa l  ana lys i s ,  the i r  IR and PMR spec t r a ,  and the i r  
abil i ty to oxidize iodide ion in acidic solution. The p r o p e r t i e s  of 3 ,3-d imethyld iaz i r id ine  [7] and 1 - i sop ropy l -  
3 ,3-d imethyld iaz i r id ine  [8] were  in a g r e e m e n t  with l i t e r a t u r e  values .  Our proposed  method of synthes is  of (II) 
r e p r e s e n t s  an impor tan t  addition to extant methods for  p repa r ing  diazi r id ines  of this type [9]. 

N. D. Zel inski i  Insti tute of Organic  Chemis t ry ,  Academy of Sciences of the USSR, Moscow. Trans la ted  
f r o m  Izves t iya  Akademii  Nauk SSSR, Ser iya  Khimicheskaya ,  No. 7, pp. 1566-1570, July,  1978. Original  a r t i c l e  
submit ted  March  31, 1977. 
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TABLE 1. Yields of Diazir id ines  (II) as a 
Function of the St ruc ture  of Ace tox ime (1) 

. starting 
(i) (IIa) (rib) 

(Ia)  - - 

(Ib) 

(lc) 90,5 (~) 
(95) 

Y~.ld of (II), *% 

(.Tic) 

(92,5) 

89,5 
(94,5) 

(97) 

(lid) (IIe) 

49(56)  0 

36 0 

26 0 

*Figures  in b r acke t s  show the yields  e s t a b -  
l ished by iodometr ic  t i t ra t ion  of the undis-  
t i l led product .  

The suscept ib i l i ty  to BR is known to diminish with reduction in the s t rength  of the acid incorpora ted  in 
the oxime e s t e r  [10]. By util izing this dis t inct ive p rope r ty ,  we were  able to synthes ize  d iaz i r id ine  (V) in mod-  
e ra t e  yield f r o m  cyclohexanone oxime sulfonates  (IV) incorporat ing weake r  acids than p- toluenesulfonic  acid 
[11]. 

We p r e p a r e d  e s t e r s  (IV) in high yield f r o m  cyclohexanone oxime and sulfonyl chlor ides  and used them 
without p r e l i m i n a r y  pur i f ica t ion  

NH 
~-----NOS02X ,,-C,H,.'~I-I, / " - ~ / [  ~t4--s~% ~ ~ - - - / \  [ ~ n-C,HgNH..,. HX 

N --C~H,-n 
(iv) (v) 

H3C 

X = --~,~___/--CHa (IVa), N(C~.Hs>~f(IVb) 
/ 

H# 

We a lso  examined the poss ib i l i ty  of using oxime phosphates ,  sulf inates ,  and oxime ca rboxyla tes  in d i az i r i -  
dine synthes is .  We found that  only phosphates  f o r m  diazi r id ines  fa i r ly  readi ly  [Table 2, compounds (Via), 
(VIb))]. The not ve ry  high yie lds  a r e  apparent ly  due to side reac t ions  of alkylat ion o r  phosphorylat ion,  to 
which alkyl and aryl phosphates  a r e  suscept ib le  [16]. The BR of (Via) and (VIb) is s c a r c e l y  possible under  the 
conditions of the d iaz i r id ine  synthes is  (20~ s ince  these  compounds can be dis t i l led at  fa i r ly  high t e m p e r -  
a tu res  

(CHshC=NOX m~Hi (n) + RNH,.HX 
(V*) 

Oxime e s t e r s  have  at  l ea s t  two cen te r s  that  a r e  suscept ib le  to nucleophilic a t t a c k -  the cen t ra l  atom of 
the acid component  and the oxime carbon.  At tack on the cen t ra l  a tom is s t e r i ca l ly  hindered in sulfonates .  
Moreover ,  s ince the f ive -coord ina te  s ta te  is not c h a r a c t e r i s t i c  for  sulfur ,  change in the bond angles in the 
approach  to the t rans i t ion  s t a te  is energe t ica l ly  unfavorable  [17]. 

In ox ime ca rboxy la tes  the carbonyl  carbon is s t e r i ca l ly  acces s ib l e  and the mos t  e lect rophi l ic .  This is 
evidently why the reac t ion  of hexaf luoroacetone  oxime benzoate  with NI-I 3 gives benzamide  [2] and why we were  
unable to p r e p a r e  d iaz i r id ines  by reac t ion  of p r i m a r y  amines  with some  ve ry  different  oxime ca rboxyla tes  
[Table 2, (VIc)]. 

We chose mes i toa te  to block a t tack  at  the carbonyl  group.  In this case  the amine  does a t tack the oxime 
carbon,  giving diazi r id ines  in good yie ld  [Table 2, (VId)]. 

Acetoxime sulf inates  a r e  not conver ted  to diazi r id ines  by amines  [compound (Vie)] again apparent ly  as  a 
r e su l t  of the s t e r i c  access ib i l i ty  of the cen t ra l  a tom of the acid component,  where  the a t tack  is again di rected.  
Sulfinate sulfur  is m o r e  acces s ib l e  than sulfonate sulfur .  F o r  example ,  in the so lvolys is  of ethyl p - to luene -  
sulfinate,  n-butyl  alcol~ol a t tacks  the su l fur  a tom to fo rm a four -coord ina te  t r ans i t ion  s tate  [18]. 

Thus,  in the reac t ion  of oxime e s t e r s  with p r i m a r y  amines  impor tan t  f ac to r s  in d i rec t ing the reac t ion  
toward d iaz i r id ine  fo rma t ion  a r e  the s tabi l i ty  of the e s t e r s  toward BR and the s t e r i c  inaccess ib i l i ty  of the 
cen t ra l  a tom of the acid component.  
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T A B L E  2.  Y i e l d s  of D i a z i r i d i n e s  (II) a s  a 
F u n c t i o n  of t h e  S t r u c t u r e  of  O x i m e s  (VI) 

(R = n-CaH Y) 

ix'I) 

(via) 
(Vlb~ 
(vie) 

(VId) 
(vld~ * 

(Vle) 

(O) P(OC~H~)., 
(0) P(OC~lb-i): 
COCH3 [ 12] 
COC~H~ [13] 
COCHzCI, -COCHCI: 
COCCh [It] 
C0-2,4,6- (CH~) 3C6H: 
The same 

(O)SOCH: [15] 
(O)SOC3H;-i (V[{t-1) 
(O) SC6H~CH~ (Vie-2) 

Reaction Yield 
conditions of (If), 
(in ether) % 

10days 20 ~ 52 
5days20 ~ 67 
10days20 ~ 0 
The same 0 
�9 �9 0 

�9 �9 0 

50 h 40" 82 
t00h 40", 50 

10 arm 
76 h 20 ~ 0 

The same 0 
�9 �9 0 

*R = H. 

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

The PMR spectra were recorded on a Perkin-Elmer R-12 (60 MHz) (chemical shifts are quoted on the 
5 scale, ppm); the IRspectra, on a UR-10 (cm -t) instrument. 

Cyclohexanone Oxime Mesitylenesulfonate (IVa). To a solution of cyclohexanone oxime (5.65 g, 0.05 
mole) and triethylamine (5.05 g, 0.05 mole) in ether (50 ml) at 0~ was added portionwise mesitylenesulfonyl 
chloride (10.9 g, 0.05 mole). The reaction mixture was stirred at 0-5~ for 10 h. The resulting precipitate 
was filtered off and washed with ether. The solvent was stripped to give (IVa) (11.4 g, 77.5%), mp 74~ PMR 
spectrum (CC14): 1.82 s (6H, 3,4,5-H2) , 2.37 diffuse s (4H, 2,6-H2) , 2.66 s (3H, p-CH3Ph) , 2.86 s [6H, ~,6- 
(CH3)2Ph] , 7.70 s (2H, 3,5-H). 

Cyclohexanone Oxime N,N-Diethylaminosulfonate (IVb). To a suspension of NaNH 2 (I g, 0.025 mole) in 
benzene (100 ml) at-10~ was added portionwise cyclohexanone oxime (2.83 g, 0.025 mole). The reaction 
mixture was stirred a t -10  to 0~ for 1 h, whereupon CISO2N(C2Hs) 2 (4.28 g, 0.025 mole) in ether (5 ml) was 
added dropwise. The resulting salt was filtered off and benzene and ether were evaporated under vacuum to 
give (IVb) (5.2 g, 84%). PMR spectrum (CCl4): 1.08 t (6H, CH3), 1.67 s (6H, 3,4,5-H2), 2.22 diffuse s (4H, 2,6- 
H2), 3.35 q (4H, CH2). 

Acetoxime Mesitoate (VId). To a mixture of acetoxime (10.95 g, 0.15 mole) and trlethylamine (15.15 g, 
0.15 mole) in ether (150 ml) at 0~ was added dropwise mesitoyl chloride (25.6 g, 0.15 mole). The reaction 
mixture was refluxed with stirring for 15 h. The resulting precipitate was filtered off and extracted with 
ether. The ethereal extract was washed with water and dried over MgSO 4. Ether was stripped. The residue 
was distilled under vacuum to give (VId) (25.4 g, 91%), bp 122~ (1 ram); nD 2~ 1.5262. PMR spectrum (CCl4): 
1.9 d (6H, = C(CH3)2) , 2.18 s, (3H, p-CHaPh) , 2.22 s [6H, 2,6-(CH3)2Ph]; 6.79 s (2H, 3,5-H). Found: C 71.34; 
H 7.91; N 6.15%. Ci3HITNO 2. Calculated: C 71.20; H 7.82; N 6.38%. 

3,3-Dimethylaziridine (IIa). A cooled autoclave was charged with aeetoxime p-toluenesulfonate (Ic) 
(22.7 g, 0.i mole) [19] in CH2CI 2 (35 ml) and liquid NH 3 (30 g, 1.765 mole). The reaction mixture was left at 
20r for 8 days. After removal of the precipitate the yield of (Ha) was 95% (iodometric). The solvent was 
stripped on a column. The residue was distilled from KOH to give (IIa) (6.51 g, 90.5%), bp 103-106~ mp 39- 
40~ (from pentane) [7]. 

Similarly acetoxime mesitoate (VId) (5.4 g, 0.0264 mole) in ether (25 ml) and liquid NH 3 (100 ml) at 40~ 
gave (IIa) (0.95 g, 50%). 

1-n-Propyl-3,3-dimethyldiaziridine (lie). To acetoxime benzenesulfonate (Ib) (8 g, 0.0376 mole) [5] in 
CH2CI 2 (15 ml) was added n-propylamine (4.5 g, 0.0763 mole). The reaction mixture was stirred at 20~ for 
7 days. The precipitated salt was filtered off and the solvent was stripped. The yield of the crude product 
was 94.5% (iodometric). Distillation gave (lie) (3.84 g, 89.5%) with bp 67-68.5~ (76 ram); nD 2~ 1.4236. PMR 
spectrum (CHCI3): 0.30 t (3H, C-C-CH3) , 1.29 s [6H, C(CH3)2] , 1.64 m (2H, CCH2C), 2.19 s (1H, NH), 2.40 m 
(2H, NCH2). Found: C 63.12; H 12.33; N 24.75%. C6HI4N 2. Calculated: C 63.11; H 12.35; N 24.53%. 
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Under equivalent conditions aeetoxime butanesulfonate (Ia) and p-toluenesulfonate (Ic) gave (IIc) in > 90% 
yield.  The reac t ion  was ca r r i ed  out in CH2C12, ether ,  TI4F, and acetoni t r i le .  The yield of (IIc) f rom ace tox-  
ime diphenyl phosphate (Via) (13.6 g, 0.045 mole) [20] and n-propylamine (5.3 g, 0.09 mole) in e ther  (30 ml) 
(20~ 240 h) was 52%; f rom acetoxime di isopropyl  phosphate (VIb) (11.8 g, 0.05 mole) and n-propylamine  
(5.9 g, 0.1 mole) in e ther  (35 ml) (20~ 5 days) it was 67%. Compound (IIc) was also p repa red  f rom (VId) and 
n-prepylamine  in e ther  (40~ 50 11) in 82% yield.  

1- Isopropyl-3 ,3-dimethyldiaz i r id ine  (lid). Acetoxime butanesulfonate (Ia) (5.7 g, 0.0296 mole) (prepared 
as an undisti l lable oil a f te r  [19]) and isopropylamine (3.49 g, 0.0592 mole) were  mixed in e ther  (10 ml), and 
left  at 20~ for  8 days. The yield of (IId) was 56% (iodometric);  dist i l lat ion gave 1.65 g (49%), bp 53-55~ 
(60 mm); nD 2~ 1.4268, cp [8]. The yields of (IId) f rom acetoxime benzenesulfonate and p - to luenesu l fona tewere ,  
respec t ive ly ,  36 and 26%. 

1-(f l -Hydroxyethyl) -3 ,3-dimethyldiazi r id ine  (lib). This was p repa red  by the p rocedure  of the preceding syn- 
thesis  f rom acetoxime p- toluenesulfonate  (Ic) and ethanolamine in CH2C12, yield 88%, bp 58-59~ (1 mm); 
nD 2~ 1.4690. PMR spec t rum (CC14): 1.23 s, 1.28 s, [6It, C(CH3)2] , 2.48 m (3H, NCH 2 andNH), 3.55 t (2H, CCH20), 4.05 
s (1H, OH). IR spect rum:  3200 (v NH), 3300 (v OH). Found: C 51.42; H 10.45; N 24.54%. CsH12N20. Cal-  
culated: C 51.69; H 10.41; N 24.12%. 

1-n-Buty l -3 ,3-pentamethylenediaz i r id ine  (V). A mixture  of (IVb) (4.96 g, 0.02 mole) and n-butylamine 
(4.38 g, 0.06 mole) in e ther  (10 ml) was lef t  at 20~ for  8 days. Water (10 ml) was added, the organic l aye r  
was removed,  and the aqueous layer  was ext rac ted  with CH2C12 until it no longer gave a posit ive react ion with 
acid KI solution. The organic ext rac ts  were  combined and dr ied  over  MgSO 4. The solvent  was stripped. The 
res idue  was dist i l led under vacuum to give (V) (1.8 g, 54%), bp 80~ (3 mm); 110~ (12 mm); nD 2~ 1.4730. 
PMR spectrum:(CH2C12): 0.90 t (3H, CCCCH3), 1.48 m (4H, CCH2CH2C), 1.57 b r  s (10H, ring CH2) , 2.26 m (3H, 
NCI-I 2 and NH). IR spect rum:  3220 (vNI-I). Found: C 71.14; H 11.75; N 16.70%. C10H20N 2. Calculated: C 71.45; 
H 11.90; N 16.65%. 

Similar ly ,  (IVa) (7.4 g, 0.025 mole) and n-butylamine (4.2 g, 0.058 mole) in CH2C12 (7 ml) gave (V) (1.85g, 
44%) (iodometric) .  

Acetoxime Di i sopropyl  Phosphate (VIb). To a mixture  of acetoxime (8.32 g, 0.114 mole) and pyridine 
(9 g, 0.114 mole) in benzene (70 ml) at 5~ was added diisopropyl phosphorochlor idate  (22.9 g, 0.114 mole).  
The react ion mixture  was s t i r r e d  at 20~ for  2 days. Water  (30 ml) was added. The organic l aye r  was r e -  
moved and dr ied  over  MgSO 4. After  evaporat ion of benzene the res idue  was dist i l led to give (VIb) (22.95 g, 
85%), bp 107~ (2 mm); nD 2~ 1.4320. PMR spec t rum (CI-IC13): 1.3 d [12H, (CIt3)2C] , 1.95 s [6H, (Ctt3)2C~ ], 
4.63 m (2H, CH). IR spect rum:  1670 ( v C = N ) .  Found: C 45.32; tt 8.51; N 6.00; P 12.92%. CsH20NPO 4. Cal-  
culated: C 45.56; H 8.49; N 5.90; P 13.05%. 

Aeetoxime Isopropoxysulfinate (Vie-l) .  To a mixture  of acetoxime (7.3 g, 0.1 mole) and t r ie thylamine  
(10.1 g, 0.1 mole) in e ther  (100 mD at a t empe ra tu r e  b e t w e e n - 5  and 0~ was added dropwise i sopropoxysul -  
finyl chlor ide  (14.25 g, 0.1 mole).  The react ion mixture  was s t i r r ed  at 20~C for  3 h, whereupon the prec ip i ta ted  
sal t  was f i l t t red off. The solvent was s t r ipped and the res idue  was dist i l led to give (Vie-l)  (12.3 g, 66.6%), bp 
66~ (2 mm); nD 2~ 1.4445. PMR spec t rum (neat): 1.22 d [6H, (CH3)2C], 1.91 s [6H, (CH3)2C= ],5.01 m (1H, CH). 
IR spect rum:  1660 ( v C = N ) .  Found: C 40.35; H 7.25; N 7.62; S 18.03%. C6I-I13NO3S. Calculated: C 40.20; H 7.31; 
N 7.81; S 17.89%. 

Aeetoxime p-Toluenesulf inate  (Vie-2). To a suspension of NaNH 2 (2.24 g, 0.055 mole) in absolute ben-  
zene (25 mD at 15~ was added acetoxime (3.65 g, 0.05 mole). The reac t ion  mixture  was s t i r r ed  at 15-20~ 
for  16 h. Then p-toluenesulf inyl  chloride (8.725 g, 0.05 mole) was added at 10~ The mixture  was s t i r r ed  at 
15-20~ fo r  8 h and left  overnight.  Then NaC1 was f i l te red  off and the solvent was s tr ipped to give (Vie-2) 
(10.02 g, 95%) (undistillable oil); nD 2~ 1.5432. PMR spec t rum (CC14): 1.76 d [6H, C(CH3)2], 2.34 s (3H, p-CH3Ph), 
7.3 m (4H, C6H4). IR spect rum:  1610 (vC----N). 

C O N C L U S I O N S  

1. We have examined the format ion  of diazir idines  f r o m  ox imees te r s  and p r i m a r y  aliphatic amines 
and ammonia.  

2. We suggest  a new method for  the synthesis  of 3 ,3-dia lkyl-  and 1 ,3 ,3 , - t r ia lkyldiazi r id ines .  

3. We include an analysis  of the s t ruc tura l  fac tors ,  whereby we were  able to use oxime carboxyla tes  in 
d iazi r id ine  synthesis  for  the f i r s t  t ime.  
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REACTIONS OF PERFLUOROOXAALKYL 

KETONES WITH NUCLEOPHILES 

A. A. G l a z k o v ,  A. V. I g n a t e n k o ,  
S. P .  K r u k o v s k i i ,  a n d  V. A. P o n o m a r e n k o  

UDC 542.91:547.446 

The s t ructure  of the groupings attached to the keto group markedly affects the chemical propert ies  of 
fluorine-containing ketones. For  example, s ter ical ty  hindered ketones, notably bis(perfluoroisopropyl} ketone 
[1], do not participate in many reactions character is t ic  of hexafluoroacetone [2]. 

We decided to look at the influence of branched perfluorooxaalkyl groups on the chemistry of perf luoro- 
oxaalkyl ketones [3, 4], which we synthesized by the scheme 

F~ 
3CF~OCF=CF~-~ CF20 q- 2CFsOCF=CF, 

O 

2CF30(CF~.)3OCF=CF~ F~-CF~OCF2CF~C f ~-~-CFsO(CF~.)3OCF=CF~- 
-C~, \ 

F 

O 

CF:O(CF~.)sOCF(CF3)C f q- CFsOCF=CF~ 
\ 

F 

0 

i jl 

RFl= RF ~'= CF(CFs)OCFa (la), RFI: CF~.CF~.OCF~, 
RFI = CF(CF3)OCF3, Rp s = CF(CF3)O(CFe)3OCF~ (Ic) ! 

RFS = CF(CF~)O(CF~.)3OCF~ (Ib), 
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from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 7, pp. 1570-1574, July, 1978. Original art icle 
submitted March 31, 1977. 
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