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

The IR spec t ra  of KBr pe l le t s  of the compounds were  obtained with a UR-10 s p e c t r o m e t e r .  The UV s p e c -  
t r a  of solutions of the compounds in CH3OH were  obtained with an SF-8 spec t ropho tomete r .  The FMR spec t r a  
of solutions of the compounds in C F3COOH [with hexamethyld is i loxane  (HMDS) as  the internal  standard] and 
d~-DMSO (with HMDS as the ex te rna l  s tandard)  were  r eco rded  with a Tes la  BS-467 s p e c t r o m e t e r  (60 MHz). 

5 I t - l ,7 -Dimethy l -2-phenyl th iazo lo[3 ,4-b] [1 ,2 ,4 ] t r i azo le -5- th ione  (IVa). A mix tu re  of 0.32 g (2 mmole )  of 
5 -me thy t -3 -amino th iazo l id ine -2 - th ion -4 -one  and 0.30 g (2 mmole )  of N-methytbenzimidoyl  chlor ide was fused 
at 80~ in the course  of an hour.  The c rys t a l l i zed  mel t  was t r i t u ra t ed  with CH3CN, and the reac t ion  product  
was r emoved  by f i l t ra t ion  and c rys t a l l i zed  {Table 1). 

5H-1,2 ,7-Tr iphenyl th iazolo[3 ,4-b] [1 ,2 ,4] t r iazole-5- th ione  (IVd). A mix tu re  of 0.22 g (1 mmole)  of 5- 
pheny l -3 -amino th iazo l id ine -2- th ion-4-one  and 0.21 g (1 mmole )  of N-phenylbenzimidoyl  chloride was fused 
at  120~ in the course  of an hour,  a f t e r  which the me l t  was t r i tu ra ted  with acetone,  and the reac t ion  product  
was r emoved  by f i l t ra t ion and c rys t a l l i zed .  

Compounds IVb-f  were  s i m i l a r l y  obtained f r o m  the cor responding  aminorhodanines  and benzimidoyl  chlo-  
r ides .  
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1. CYCLIZATION OF 1-DIAZO-3-SULFONYLAMINOPROPAN-2-ONES 

TO N-SU LFONYLA ZETIDIN-3-ONES 
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a n d  V.  S.  P e t r o s y a n  
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A compar i son  of the m a s s  s pec t r a  of 1 -d iazo-3-su l fonylaminopropan~2~ones  and N-sulfonyl~ 
aze t id in -3-ones  m a k e s  it poss ib le  to conclude that  under  the conditions of e l ec t ron  impact  
and chemica l  ionization the m o l e c u l a r  ions of diazo ketones  lose a molecule  of ni t rogen and 
undergo par t ia l  cyel izat ion to the cor responding  azet idinones Without undergoing the Wolff 
r e a r r a n g e m e n t .  

It was  recen t ly  shown [1] that 1 -d i azo -3 - su l fony laminopropan -2 -ones  (I) a r e  conver ted  to N-su l fonylaze-  
t id in -3 -ones  (II) by the act ion of concent ra ted  sul fur ic  acid .  In o rde r  to invest igate  the poss ibi l i ty  of the o c c u r -  
rence  of s i m i l a r  p r o c e s s e s  in the gas  phase  we studied the m a s s  s p e c t r a  of two s e r i e s  of compounds (Ia-k and 
IIIa-j)  under the conditions of e l ec t ron  impact  and chemica l  ionization. 

M. V. Lomonosov Moscow State Univers i ty ,  Moscow 117234. Trans la ted  f r o m  Khimiya Getero ts ik l icheskikh  
Soedinenii, No. 3, pp. 334-342, March,  1982. Original  a r t i c l e  submit ted  July 9, 1981. 
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R 2 la-k ua-j 

I, lI a RI=-R2=H; b RI=CH3, R:~=H; c RI=OCH3, R2=H; d RI=CI, R2=H; e RI=NO:~, 
R2=H; f 9J=NHCOCH3, R2=H; g RI=R~=CH~; h RI=CH3, R'~=C.~H~; i RI=CH3, 

R2=CI-I~Ph; j RI=NHCOCH3, R2=CH3; I k RI=NHCOCI-I3, R2=C2H~ 

The l i te ra ture  contains a great  deal of data that character ize  the m a s s - s p e c t r a l  f ragmentat ion of azetidin-  

2-ones under conditions of e lect ron impact.  
O H +~CH 2 /7~k ,, +/:'-C 2-s0,, ~ +' ~ _  

R' --~/ ',Y--S-- N {: ,'i *- R'-- CH2--N=CHR: 

M + --C~HaR~NO" R' �9 R ' ~ /  \ /~-cI I~N~CflR 

Fs F7 F6 

F4' 

I F9 f 

R,~_CH=CH2 "]+" 

F9 

it has been shown [2, 3] that the principal  fragmentation pathway is destruct ion of the heteror ing with 
ejection of a molecule of ketene; the charge may be retained on either of the result ing f ragments .  The ejection 
of a molecule  of ketene also might have been expected in the case of azet idin-3-ones;  however, it was noted in 
[4] that N-substituted azet id in-3-ones  undergo fragmentat ion by the success ive  elimination of a molecule of CO 
and the remaining heteror ing f ragment .  Similar p rocesses  are  observed in the m a s s - s p e c t r o m e t r i c  f ragmenta -  
tion of a ser ies  of H. 

The principal  pathways in the m a s s - s p e c t r a l  fragmentation of azet id in-3-ones  under e lectron impact can 
be represen ted  by the general  scheme presented above. 

The f ragments  indicated below are recorded  in addition to the indicated ions in the spec t ra  of Ia-k. 

R'-~SO,--~=CHR ~ (F,0) 

We were able to r eco rd  molecular  ions peaks (iV[ +) in the e lec t ron- impact  mass  spec t ra  of the cyclic com-  
pounds only for IIc, f, j, which contain s trong e lec t ron-donor  substituents in the benzene ring.  The fract ions of 
the 1V[ + current  in the total ion current  were 0.16, 0.25, and 0.03%, respect ive ly  (see Table 1). Molecular ion 
peaks were not recorded  in the mass  spect ra  of the diazo ketones. In the case of Ib-d, f , j  we observed [M-N2] + 
ion peaks~ the m / z  values of which coincided with the m / z  values of the M + peaks of the azetidinones.  

In the f i rs t  stage of the fragmentat ion the investigated azetidinones eliminate a molecule of CO with c leav-  
age of the fou r -membered  r ing to give F 1 ions. The relat ive intensity of the peak of F 1 ions increases  regu-  
l a r ly  as the e lec t ron-donor  proper t ies  of substituent R l increase,  whereas the introduction of substituent R 2 
leads to an appreciable  decrease  in the intensity of the peak of this ion. A s imi lar  p rocess  involving the loss 
of a molecule of CO by the [M-N2] + ion under the influence of e lect ron impact is a lso observed in the mass  
spect ra  of all of the diazo ketones; however,  the intensity of the F 1 fragments  in their  spec t ra  is somewhat 
lower than in the case of the azetidinones.  A molecule of CO can be eliminated only f rom the cycl ic  s t ructure ,  
and the [M-N2] + ions of the diazo ketones consequently at least  part ial ly form an azet id in-3-one ring.  This 
means that the Wolff r ea r rangement  [5, 6] does not occur  during splitting out of a molecule  of ni trogen f rom 
the M + ion of the diazo ketones; this would lead to the subsequent format ion of aze t id in-2-ones ,  which, as indi- 
cated above, eliminate a molecule of ketone ra ther  than a molecule of CO. The r ea r r angemen t  evidently does 
not take place because of the large size of the fragment that must migrate .  In addition, in this case the c a r -  
bonyl group is not bonded direct ly  to the benzene ring as it is in the compounds investigated in the indicated 
papers .  
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TABLE 1. I n t e n s i t i e s  of the Peaks  of the C h a r a c t e r i s t i c  F r a g m e n t  
Ions in the E l e c t r o n - I m p a c t  Mass  Spec t ra  of I and II in  P e r c e n t  of 
the Tota l  Ion C u r r e n t *  

Co.wl - 
pound 

IIa 
Ia 

lib 
Ib 

IIc 
Ic 

Ild 
Id 

lie 
Ie 

IIf 
If$ Ilg 
lh 

IIi 
Ii 

IIj 
U 

I k  

M, 
M- N~ 

0,1 

F1 F2 

0,3 0,2 
- -  2,2 
0,3 0,2 
0,1 1,7 
0,4 0,6 
0,1 0,6 
0,4 0,3 
O, 1 5,4 
0,2 0,3 
0,I 1,6 
0,5 0,9 

0,1 0,2 
- -  2,6 
0,1 0,4 
- -  1,9 
0,1 1,3 
0,1 1,6 
0,1 0,2 
0,1 0,6 
0,1 0,9 

F3 

46,7 

F4t 

0,1 
20,4 --  
49,8 0,1 
38,5 O,l 
47,0 0,2 
25,4 0,2 
54,7 -- 
43,4 0,1 
33,7 0,1 
32,5 0,1 
58,7 0,9 

35,7 -- 
5,6 -- 

27,2 --  
2,8 --  

10,5 --  
10,0 0,1 
35,6 --  
38,3 -- 
10,9 -- 

* The ca l cu l a t i on  of the to ta l  ion 
f r o m  m / z  60 to m / z  349; 50% of 
of the  c u r r e n t  of the  background  

F5 

0,6 
- -  9,9 
0,5 2,4 
0,2 4,9 
0,5 1,2 
0,3 1,2 
0,2 2,5 
0,1 16,6 
0,1 1,1 
0,1 2,8 
1,0 1,5 

0,2 1,7 
0,1 6,0 
0,2 2,1 
0,1 5,2 
2,8 5,6 
2,7 5,7 
0,1 0,3 
0,1 0,9 
0,1 0,6 

c u r r e n t  was 
the to ta l  ion 
ions .  

F6 F 7 F s 

3,3 0,1 0,1 
0,3 1 ,1  
0,1 0,1 
0,7 0,7 
0,2 0,4 
0,2 0,4 
0,1 0,1 
0,9 0,9 
0,1 0,1 
0,2 1,3 
0,1 0,2 

.0,1 0,1 
0,2 O,t 
0 , 1  O, 1 
0,2 O;~ 
0,,I 0,1 
0,4 0,2 
0,1 0,1 
0,1 0,1 
0,1 0,1 

made  with a 
c u r r e n t  was  

F9 FlO 

O,1 - -  
O,l 0,8 
O,1 
0 , 1  1 , 4  

- -  0 , 1  
0 , l  - -  
0,1 2,4 

- -  0 , 6  

~ 
0,1 

1,6 
O,1 - -  
0,2 -- 
0,1 
0,1 0"~ 
0,1 0,1 

c o m p u t e r  
the f r a e t i o n  

t Ion  F 4 c o n s i s t s  of the s u m  of the two ions ind ica ted  in the s c h e m e  of 
the  f r a g m e n t a t i o n  of F4 and F '  4. The f i r s t  t e r m  p r e v a i l s  when t he r e  
a re  e l e c t r o n - d o n o r  s u b s t i t u e n t s  in the be nz e ne  r ing ,  while the second 
t e r m  p r e v a i l s  in the case  of a ccep to r  s u b s t i t u e n t s .  
$ The p r i n  cipal  f r a g m e n t a t i o n  pathways  of If a r e  a s s o c i a t e d  with f r a g -  
m e n t a t i o n  of the  subs t i t uen t .  

The F 1 ions unde rgo  s u b s e q u e n t  f r a g m e n t a t i o n  with c leavage of the C - S  and S - N  bonds .  C leavage  of 
the S - N  bond r e s u l t s  in the f o r m a t i o n  of F 2 and F 3 ions ,  i .e . ,  the charge  can be r e t a i n e d  on e i t he r  of the r e -  
su l t ing  f r a g m e n t s ;  however ,  f rom the fact that  the i n t e n s i t i e s  of the peaks  of the F 3 ions exceed  the i n t ens i t y  
of the peaks  of the F 2 ions by m o r e  than  an o r d e r  of m a g n i t u d e ,  it m a y  be concluded that  the  charge  in  the M + 
and F 1 ions is l oca l i zed  p r i m a r i l y  on the  n i t r o g e n  a tom.  The e l e m e n t a r y  compos i t i on  of the Fa ion in  the case  
of Ib and IIb was  c o n f i r m e d  by h i g h - r e s o l u t i o n  m a s s  s p e c t r o m e t r y  (the e x p e r i m e n t a l  m / z  value for  the F 3 ion 
for  lib is 42.0339, which is in a g r e e m e n t  with the ca l cu la t ed  va lue) .  It should be noted that  the p r e s e n c e  of an  
e l e c t r o n - d o n o r  subs t i t uen t  in the benzene  r i n g  l eads  to  a c e r t a i n  i n c r e a s e  in the in t ens i ty  of the peak of the F 3 
ion, w h e r e a s  the  i n t roduc t ion  of an  R 2 s u b s t i t u e n t  in the h e t e r o r i n g  l eads  to a d e c r e a s e  in the i n t ens i t y  of th is  
peak.  Ch lo ro  d e r i v a t i v e  IId [7], in the  m a s s  s p e c t r u m  of which the  peak  of the F3 ion is  ve ry  in t ense ,  cons t i tu t e s  
an  excep t ion  in th i s  c a se .  The i n t ens i t y  of the peak  of F 3 ions is  somewhat  l ower  in the  m a s s  s p e c t r a  of the 
diazo ke tones  in the case  of Ia-f ,  i, j and c o n s i d e r a b l y  lower  in the case  of Ig, h. Consequen t ly ,  the i n t roduc t ion  
of a n  R 2 subs t i t uen t  in  the diazo ketone m o l e c u l e  has  a s u b s t a n t i a l  effect  on i ts  f r a g m e n t a t i o n  u n d e r  the condi -  

t i ons  of e l e c t r o n  impac t ,  p o s s i b l y  p r e v e n t i n g  the c yc l i z a t i on  of [M-N2]  + ions .  

In addi t ion ,  the F 1 ions m a y  lo se  a m o l e c u l e  of SO 2. As a r e s u l t  of a r e a r r a n g e m e n t  that  t akes  place 
s i m u l t a n e o u s l y  with e l i m i n a t i o n ,  F 4 ions  a re  f o r m e d .  A s i m i l a r  r e a r r a n g e m e n t  was o b s e r v e d  in [8, 9]; how-  
e v e r ,  in the  case  of sp l i t t ing  out of a m o l e c u l e  of SO 2 a new A r - N  bond was  fo rmed  du r ing  f r a g m e n t a t i o n  of 
the inves t iga ted  s u l f a m i n e s .  In our  r e s e a r c h  we o b s e r v e d  peaks  of F5 ions ,  which a r e  r a t h e r  in t ense  in some 
case s ,  in al l  of the m a s s  s p e c t r a  of both the  a z e t i d i n e s  and the d iazo ke tones .  The e l e m e n t a r y  compos i t i ons  
of t he se  ions in the  m a s s  s p e c t r a  of Ib and IIb w e r e  e s t a b l i s h e d  by h i g h - r e s o l u t i o n  m a s s  s p e c t r o m e t r y .  Con-  
s equen t ly ,  an  A r - C  r a t h e r  t han  an  A r - N  bond is f o r m e d  when a m o l e c u l e  of SO 2 is sp l i t  out.  S imul t aneous  
e j e c t i o n  of a m o l e c u l e  of SO 2 ev iden t ly  o c c u r s  at the  m o m e n t  of a t t a ck  by the  r a d i c a l  c e n t e r  of the F l ion on 
the benzene  r i n g :  

R , - - ( /  \ g  \ N = C H R 2  - -  . R1 ~.C/H:t CH:--N=CHR: 

FI F4 

252 



It should be noted that a low intensity peak of the al ternat ive ion 

R ~ C H R  ~ (Fs) 

is observed in the mass  spec t ra  of Ig and Hg in addition to the peal; of an F 5 ion. F rom the point of view of 
thermodynamics  the radical  center  of the F t ion should be located at the secondary  carbon atom, and the peak 
of the F '  5 ions should consequently be m o r e  intense than the peak of the F 5 [on for all of the compounds with an 
R 2 substituent. Since this is not observed,  one may conclude that s te r ic  hindrance created by substituent~R 2 
during radica l  a t tack exis ts .  As a resul t  of this ,  whereas  one still observes  a low-intensi ty  peak of an F '  5 
ion when the volume of the substihient is re la t ively small  (R 2 =CH3), when its volume is increased,  this p r o -  
cess  is suppressed  completely.  

The F 4 ion may split out a hydrogen atom to give an F '  4 ion. The rat io of the intensities of the peaks of 
these ions ~F,4/IF4) depends substantial ly on the e lec t ronic  proper t ies  of substituent R l and increases  as the 
e l ec t ron-accep to r  charac te r  of this subs t i tuent increases .  The F '  4 ion is possibly also formed direct ly  f rom F 1 
ions by elimination of an HSO 2" radical .  

Low-intensi ty Fs ion Peaks are  observed in the e lec t ron- impac t  mass  spec t ra  of Ia-f  and [Ia-f. High- 
resolut ion mass  spec t rome t ry  made it possible to establish that the peak with m / z  118" observed in the mass  
spec t ra  of Ib and IIb is due to two ions with the composit ions C9H10 and CsHsN in a ra t io  of 1 : 3  (see the scheme 
presented above 7. They a r e  probabty genetical ly associa ted  with the Ft ion, which confirms its cycl ic  s t ruc ture .  

Cleavage of the C - S  bond in the M +, F t, and F 2 ions leads to the formation of F G ions, the relat ive inten- 
Sity of the peaks of which in the mass  spect ra  of the diazo ketones is g rea te r  than in the spec t ra  of the c o r r e -  
sponding azet idinones.  This may  constitute evidence that the A r - S  bond in the diazo ketones is weaker than in 
the azetidinones,  i.e., some of the F~ ions in the case of the diazo ketones a re  formed without p r io r  cyclizat ion 
of the [M-N2] + ions. 

P r o c e s s e s  associa ted With r ea r r angemen t  of the sulfo group are t raced  in the e lec t ron- impac t  mass  
spec t ra  of all of the investigated compounds [8]. As a resu l t  of these p rocesses ,  R I - A r - S O  + (F 7) and R t -  
A r - O  + (Fs) ions are  formed.  The peaks of these ions a re  much more  intense in the mass  spect ra  of the d[azo 
ketones,  and the l inear  s t ruc ture  of the diazo ketones consequently favors  r ea r r angemen t  of the sulfo group; 
thus some of the diazo ketone molecules  undergo fragmentat ion without cyelization. 

+ 
The spec t ra  of azetidinones Ha, e, f, h, i contain low-intensi ty  peaks of R 1 - A r - S O 2 - N H = C H  2 (F'to) ions, 

which are  formed as a resu l t  of splitting oat of a molecule of ketene f rom M +. The introduction of alkyl radical  
R 2 in the heteror ing does not change the m / z  value of the peak of this ion, i.e., an R2CHCO molecule  is split 
out in this case .  Alternative splitting out of a molecule of unsubstihited ketene is not observed for any of the 
investigated compounds.  However,  this ion is r ecorded  in the_ mass  spec t ra  of the diazo ketones only in the 
f ragmentat ion of Ih, i, whereas  the peak of the R 1 - A r - S O 2 - N H = C H - R  2 (F10) ion is very intense and conse-  
quently is cha rac te r i s t i c  exclusively for  the f ragmentat ion of t inear  diazo ketone molecules .  The peak of the 
F'i0 ion in the mass  spec t ra  of the diazo ketones consti tutes evidence that some of the molecules  undergo cycl i -  
zation a f te r  the elimination of a molecule of nitrogen, since the format ion of this f ragment  f rom a l inear  s t r u c -  
h i re  is impossible .  

We recorded  the m a s s  spec t ra  of all of the investigated compounds at a low ionizing e lec t ron energy 
(23 eV); the fragmentat ion pathways of both se r i e s  of compounds remained the same,  but the relat ive intensities 
of the F 2 and F 6 ion peaks increased by a factor  of approximately  two. 

An analysis  of the e lec t ron- impac t  mass  spec t ra  showed that the f ragmentat ion of the azetidinones and the 
corresponding diazo ketones is descr ibed by a common scheme.  This identical cha rac te r  makes it possible to 
conclude that the 1-d iazo-3-su l fonylaminopropan-2-ones  undergo cyclizat ion to N-sul fonylaze t id in-3-ones  in 
the ionization chamber  of the mass  spec t romete r  under the influence of e lectron impact,  i.e., e i ther  the M + 
ions of the azetidinones and the [M-N2] + ions of the diazo ketones have a common cyclic s t ructure  or they have 
the Same excited t rans i t ion  state.  The p resence  in the m a s s  spec t ra  of all of the diazo ketones of intense F10 
ion peaks consti tutes evidence that some of the diazo ketone molecules  undergo fragmentat ion without cyc l iza-  
tion. This is also indicated by the difference in the re la t ive  intensit ies of the common ions of I and II. 

The conditions of chemical  ionization (with isobutane as the gas - reac tan t )  differ significantly f rom the 
conditions of e lec t ron  impact,  and there  are  therefore  significant differences in the mass  spec t ra  of the invest i-  

*Here and subsequently in the text the numbers  that charac te r i ze  the ions are  the m a s s - t o - c h a r g e  ra t ios  
(m/z).  
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gated compounds. During chemical  ionization these differences are  expressed p r imar i ly  in the g rea te r  r e l a -  
tive intensity of the peaks of the protonated molecular  ions {MH +) of the azetidinones (up to 38.7% of the total 
ion current  in the case of chloro derivative Hd) and the peaks of the [ M H - N  2] + ion of the diazo ketches (up to 
42.8% of the total ion current  in the case of methoxy derivative Ic). In addition, MH+peaks are recorded  in 
the mass  spec t ra  of Ia, c-h in the case of chemical ionization. 

The peaks of the ions previously examined under the conditions of e lect ron impact,  viz., F2, F3, F~, and 
FT, remain  the most  intense peaks of the charac te r i s t i c  ions in the spec t ra  in the case of chemical ionization; 
however,  new intense signals also appear .  For  example, the peak of ions with m / z  70 (Fil) for the unsubst i -  
tuted azetidinone ring, which is shifted by the corresponding number of atomic mass  units when substituent 
R 2 is introduced, has a r a the r  high intensity. This peak is due to the ion formed in the cleavage of the S - N  
bond in the MH + ions of the azetidinones or in the [MH-N2] + ion of the diazo ketones. In all likelihood, the Fit 
ion in the case of the azetidinones has cyclic s t ructure  

R2 

The relat ive intensity of the peak of this ion in the case of the diazo ketones is g rea te r  by a factor  of three to 
+ 

seven, and this constitutes evidence for its existence in another form (oxiran NH--CH2--C----CH, for example) 
\ /  

O 
or that the S - N  bond in the diazo ketone molecule is weaker than in the azetidinone molecules,  in agreement  
with the conclusions drawn f rom an analysis  of the e lec t ron- impact  mass  spectra .  

It should be noted that the F i, F2, F6, and F 7 ions are accompanied by f ragments  that are  2 ainu (the mass  
of the hydrogen molecule) heavier  and that their  intensities are often higher than the intensities of the Fn ions. 
In addition, the mass  spec t ra  of all of the diazo ketones and some of the azetidinones contain a r a the r  intense 
peak of an R 1 - A t - S O  2-NH 3 (Fi2) ion, which is probably also formed as a resul t  of the addition of a hydrogen 
molecule to the nitrogen atom, as well as peaks of [Fit+H2] (Fill) and [Fi3 +H2] (Ftl3) ions. 

R'~: (F:3) 

This fact indicates that the MH + ions of the azetidinones and the [MH-N2] + ions of the diazo ketones, as 
well as the f ragment  ions during the i r  l ifetime, can undergo a secondary react ion with the gas - reac tan t ,  since 
under the  conditions of chemical ionization the p res su re  in the ionization chamber is ~105-106 t imes grea te r  
than under the conditions of e lectron impact; the increase in the p res su re  is due exclusively to the gas - reac tan t .  
In all likelihood, one of the following react ions takes place:  

MH++ C4HI0-~[MH-A + H]+ + C4H9" +A" , 

MH+ + C4H:0-~[MH - B + H]+" + C4H9" + B, 

where A and 13 are the eliminated f ragments .  Since the lifetimes of the ions are  very brief,  the react ion is 
subject to kinetie r a the r  than thermodynamic  control,  i.e, the labile hydrogen atom of the isobutane molecule 
at tacks the MH + ion at ei ther  of the centers  that are  capable of accepting it. From the observed fragmentat ion 
of the compounds, the most  favorable sites for attack can be assumed to be 

4 5 + 

I R"--(/ \ ) - - S - - N  ~ - O  l H 

112 

Simultaneously with this attack eertain bonds undergo cleavage togive  F'niOns.  Thus F '  l, F '  2, F '  6, Ft7, F' l l ,  
and F12 are formed.  The F'13 ion is probably formed by an ion-moleeular  react ion with the part icipation of 
these f ragments  in which there  is g rea te r  access ibi l i ty  to the electrons of the sulfur atom. In the ease of 
chloro derivative IId the mass  spec t rum contains an intense (0.35% of the total ion current) peak of an [ MH-- 
e l  +Hf ion. It is probably formed by attack on the benzene ring at the side of addition of a ehlorine atom, i.e., 
via pathway 2; the A r - C 1  bond is cleaved, and an Ar-H bond is formed [10-14:]. 

It is apparent  f rom Table 2 that the relat ive intensities of the peaks of the F 1 and F '  1 ions are  small for 
all of the compounds. The formation of these ions is the f irst  step in the fragmentation,  and the fact that a 
protonated F 1 ion is not formed constitutes evidence in favor of MH + which is protonated at the carbonyl group, 
altbough other variants  are not excluded. The low intensities of the peaks of these tons can be explained by 
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TABLE 2. Intensities of the Peaks of the Charac te r i s t i c  Fragment 
Ions in the Chemical-Ionizat ion Mass Spectra of I and 1I in P e r -  

cent of the Total [on Current* 

Com- Fll F,11 pound Fie 

18 
IIa 
Ib 

I Ib  
Ic 

IIC 
Id 

IId 
Le 

l i e s  
If 

IIf 

IIh 
Ii 

IIi  
ij 

IIj 
Ik 

}4H MH+' +,VtH N~ F1 F ' i  

�9 ,4 27,5 - -  - -  
- -  37,2 0,1 - -  

30,0 0,1 - -  
['~ 32,6 0,1 0,1 
)5 42,8 0,2 0,1 

32,1 0,2 - -  
?~ 20;1 0,2 - -  

38,7 - -  - -  
, 1,0 0 ,60 ,7  

I 

- -  I 1 , 0  0 , 2  0 , I  

I 27,3 - -  0,7 
1,7 33,5 - -  - -  

34,9 - -  - -  
3,9 28,9 - -  - -  
- -  29,3 io,1 - -  

20,8 1-- 
26,5 - -  - -  
16,5 - -  0,2 
29,5 10,2 - -  

- -  12,1 ~-- 1 , 0  

F, F"I F: 
- -  0 , 3  

3,2 0,3 
0,4 0,5 
0,2 0,2 
1,O 0,3 
1,1 0,3 
0,1 0,4 
0,1 0,2 

0,3 0,1 
0,6 
0 , 5 0 ~  
0,2 0,2 
0,3 0,2 
0,1 0,2 

2,7 
1,8 

0,11 0,1 11,4 
0 1 ] 0,3 1,6 
0121 0,1 
0,31 0,1 
0,1 - -  1,5 

F6 F'6 F7 F'I F10 

. . . .  3,1 
- -  0,1 0,1 - -  - -  

0,1 - -  0,2 0,3 3,1 
0,1 - -  0,2 - -  ] - -  

0,1 0,3 0,3 3,2 
- -  0 , 1  ~ - -  

u,l - -  0,3 ~,_ 3,9 

o~ 0 ,31-  0,2 ?,1 
0,2 14 !0,6 0,2 0,3 

O ,  l o , l  O,1 - -  - -  - -  

- -  - -  10,3 0,2 1,5 
- - 0 , 2  0,1 - -  

0,2 - -  0,3 0,2 1,1 
0,1 0,1 0,1 - -  

0,3 - -  0,2 0,5 0,1 
0 , 1  . . . .  

0,2 0,1 0,2 0,2 
0,3 0,2 0,2 - -  
o,1 - - [ - -  0,5 

0,1 0,2 1,8 
0,2 [0,3 
3,4 [ 0 , 7 0 ~  
0,2 O,1 
1 , 9 1 0 , 9 0 ~  
0,2 I o,5 
2,9 1,0 O~ 
0,2 / 0,4 
1,511,5 O~ 

0,6 { 1,4 l,C 
0,3 ~ O,1 0,5 
1,3 /0,I 0,8 
0,3 [ 0,2 0,2 
1,7 [ 0 ,10 ,C 
0,3 ] 0,3 o,1 
1,8 ] 0,3 2( 
0 '4 /0 '5  ! ' i  0,2 [ 0,4 
0,3 / 0,3 
0,5 / 0,2 

FI3 F'I3 

0,2 
0,2 

OT1 0,1 
0 , 1  - -  

0,2 - -  

0,3 - -  

0,2 0,8 
0 , l  - -  

0,1 

- 0 5  

* T h e  t o t a l  i o n  c u r r e n t  w a s  c a l c u l a t e d  w i t h  a c o m p u t e r  f r o m  m / z  

60 t o  m / z  3 9 9 ;  ~ - 5 0 %  of  t h e  t o t a l  i o n  c u r r e n t  w a s  t h e  f r a c t i o n  o f  

t h e  c u r r e n t  of  t h e  b a c k g r o u n d  t o n s .  

p T h e  F 3 t o n  i s  p r e s e n t  i n  a l l  s p e c t r a  b u t  i s  f o u n d  tn  t h e  region 
of  u n r e c o r d a b l e  m a s s e s .  

$ We w e r e  u n a b l e  t o  o b t a i n  t h e  m a s s  s p e c t r a  e v e n  w h e n  t h e  s u b -  

s t a n c e  w a s  h e a t e d  a b o v e  2 4 0 ~  

T A B L E  3 .  M a s s  S p e c t r a  o f  I a - k  a n d  I I a - j  

corn -I 
po,,nd m / z  values (relative intensities of the ion peaks in percent of the max imum 

_ peak)* 
2 

Ia 

Ib 

Ic  

Id 

Ie 

If 

Ig 

Ih 

Ii  

Ij 

Ik 

IIa 

IIb 

IIc 

Hd 

Ile 

Iff 

IIg 

IIh 

IIi 

Electron impact  

170 (4,2), 14I (11,0), 93 (5,5), 78 (5,4), 77 (49,8), 51 (25.5), 50 (9,5), 44 (4,2), 
43 (27,6), 42 (106) 

184 (3,8), 155 (4,6), 139 (1,8), 107 (1,8), 92 (2,3). 91 (12,8), 55 (6,3), 43 (18,4), 
42 (I00), 41 (5,5) 

107 (3,0), 92 (3,2), 77 (5,0), 64 (3,7), 63 (2,8), 51 (1,5), 50 (1,9), 43 (3,5), 42 
(I00), 41 (5,4) 

175 (8,8), 113 (9,1), 111 (28,7), 75 (25,2), 69 (8,1), 51 (9,8), 50 (18,2), 43 (9,3), 
42 (100), 41 (17,8) 

202 (6,8), 186 (5,6), 139 (4,3), 122 (9,9), 92 (4,2), 75 (8,1), 64 (5,0), 43 (8,1), 
42 (100) 

214 (34,2), 173 (10,7), 172 (98,9), 156 (53,7), 124 (27,2), 108 (29,9), 92 (32,4), 
65 (19,0), 60 (31,5), 42 (100) 

198 (36,4), 155 (42,7), 92 (9,1), 91 (100), 69 (76,0), 65 (30,0), 63 (5,9), 57 (5,7), 
56 (94,0), 55 (8,8) 

212 (33,7), 155 (40,5), 92 (11,7), 91 (100), 70 (59,0), 69 (9,6), 65 (36,I), 63 
(7,4), 55 (6,4), 43 (18,5) 

155 (15,5), 133 (12,5), 132 (100), 117 (6,4), 105 (26,2), 104 (6,4), 92 (7,9), 91 
(56,2), 77 (8,4), 65 (18,8) 

198 (1,6), 172 (2,1), 134 (1,8), 108 (2,4), 92 (3,2), 65 (5,5), 60 (2,3), 57 (4,9), 
56 (100), 55 (5,2) 

198 (8,3), 172 (12,8), 156 (8,8), 125 (8,0), 108 (9,4), 93 (12,0), 92 (11,0), 70 
(lOO), 69 (8,5), 65 (16,5) 

183 (0,6), 91 (1,3), 78 (0,9), 77 (7,0), 65 (0,5), 52 (0,6), 51 (8,4), 44 (3,2), 43 
(12,1), 42 (100) 

197 (0,,7), 155 (0,4), 105 (1,4), 92 (0,5), 91 (4,8), 89 (0,3), 65 (3,2), 44 (18,5), 
43 (35,5), 42 (100) 

2i3 (0,9), 171 (1,2), 121 (I,O), 107 (2,8), 92 (2,8), 77 (4,9), 64 (3,7), 63 (2,4), 
43 (14,2), 42 (106) 

217 (0,5), 113 (1,1), 111 (3,4), 85 (0,6), 76 (0,9), 75 (5,5), 74 (1,2), 51 (1,5), 
12432 (8,4), 42 (1013") 

(0,7), 76 (3,3), 75 (2,6), 74 (1,3), 64 (1,0), 63 (1,0), 51 (1,1), 50 (5,9), 
43 (27,4), 42 (100) 

134 (2,5), 108 (2,3), 106 (2,8), 93 (2,7), 92 (3,2), 65 (5,4), 64 (2,0), 63 (1,9), 43 
(15,8), 42 (lO0) 

155 (0,5), 105 (0,5), 91 (5,.0), 89 (0,8), 65 (4,9), 64 (0;7), 63 (1,4), 56 (106), 44 
(4,2), 43 (4,2) 

155 (1,1), 105 (0,7), 92 (0,8), 91 (7,5/, 89 (0,9), 71 (15,8), 70 (100), 43 (5,4), 
42 (30,4), 41 (23,0) 

155 (13,0), 133 (13,4), 132 (100), 105 (29,5), 104 (7,4), 91 (53,5), 77 (10,6), 
65 (22,6), 51 (7,6), 41 (18,7) 

( c o n t i n u e d )  
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T A B L E  3 (continued) 

l 2 

llj I34 (0,9), 93 (1,3), 92 (l,7), 65 (4,8), 64 (1,3), 63 (I,0), 67 (7,2), 56 (iO0), 43 
(9,6), 42 (2,4) 

Chemical ionization 

la 240 (5,2), 214 (6,2), 213 (15,5), 212 (I00), 211 (2,9), I70 (0,4), 158 (6,5), 143 
(1,0), 72 (0,8), 70 (0,7) 

Ib 228 (7,1), 227 (15,2), 226 (100), 225 (3,0), 172 (1,4), 157 (2,1), I55 (1,4), 72 
(1,8), 71 (3,0), 70 (14,1) 

Ic 244 (6,7), 243 (16,5), 242 (I00), 241 (4,6), 188 (1,9), 171 (2,8), 72 (1,2), 71 
(2,6), 70 (5.2), 69 (1,3) 

ld 274 (9,4), 272 (28,2), 249 (5,3), 248 (35,5), 247 (16,2), 246 (lOO), 245 (5,3), 204 
(0,8), 202 (2,4), 70 (14,8) 

le 285 (12,6), 215 (22,2), 136 (22,9), 91 (18,2), 73 (16,0), 72 (I2,5), 71 (17,7), 70 
(16,5), 61 (100), 60 (25,2) 

If 270 (71,4), 215 (39,0), 136 (54,6), I10 (57,8), 109 (100), 102 (85,8), 97 (39,0), 
74 (39,3), 73 (58,7), 72 (43,6) 

Ig 268 (5,5), 242 (6,7), 241 (13,1), 240 (100), 239 (3,2), 198 (5,5), 172 (2,8), 157 
(2,3), 155 (1,9), 84 (5,8) 

~l 282 (3,8), 256 (8,9), 255 (18,0), 254 (100), 253 (2,9), 212 (4,8), 184 (4,0), 172 
(2,6), 98 (6,5), 70 (11,2) 

Ii 318 (9,4), 317 (29,4), 316 (i00), 254 (13,4), 240 (3,8), i72 (16,7), 160 (10,7), 
157 (4,2), 132 (7,9), 71 (3,6) 

Ij 285 (7,4), 284 (17,0), 283 (100), 216 (2,0), 215 (16,5), 168 (4,8), 167 (1,9), 86 
(2,4), 69 (2,8), 61 (2,4) 

Ik 299 (7,7), 298 (17,5), 297 (109), 271 (8,1), 215 (45,1), 168 (77,8), 98 (5,3), 71 
(I0,2), 70 (15,9), 69 (5,7) 

IIa 214 (6,4), 213 (15,5), 212 (100), 211 (2,9), 183 (0,2), 14l (0,4), 140 (0,9), 125 
(,0,2), 70 (0,5), 69 (i,0) 

Ilb 228 (6,2), 227 (15,8), 226 (I00), 225 (2,9), 197 (Off), 157 (0,8), 155 (0,8), !39 
(0,5), 125 (0,5), 70 (0,6) 

Ilc 244 (7,3), 243 (13,4), 242 (lOO), 241 (2,7), 213 (0,6), 173 (1,i), 172 (0,7), 171 
(4,1), 72 (0,9), 70 (0,6) 

Ild 288 (0,5), 250 (1,9), 249 (5,3), 248 (35,6), 247 (i6,3), 246 (100), 2.,t5 (3,2), 212 
(t,3), 72 (0,9), 70 (0,5) 

IIf 271 (6,2), 270 (15,0), 269 (100), 268 (I,0), 215 (1,9), 198 (2¢0, 177 (0,3), 71 
(1,7), 70 (1,2), 69 (1,5) 

I ] g  242 (5,9), 241 (16,2), 240 (100), 239 (2,9), 172 (0,6), 157 (0,6), 155 (0,6), 139 
(o,6), 86 (o,6), 84 (;,o) 

]Ih 256 (6,7), 255 (16,9), 254 (100), 253 (3,1), 184 (1,4), I57 (0,8), 98 (1,3), 71 
(3,1), 70 (7,4), 69 (1,3) 

IIi  318 (8,2), 317 (25,0), 316 (100), 315 (2,6), 184 (1,4), 172 (1,2), 162 (2,6), 160 
(2,0), 157 (1,7), 132 (7,1) 

I I j  285 (7,5), 284 (17,2), 283 (100), 282 (2,8), 254 (0,9), t98 (1,0), 168 (1,0), 136 
(Lo),  86 (o,9), 84 (0,9) 

* T h e  10 m o s t  i n t e n s e  ion  p e a k s  in  t he  m a s s  s p e c t r a  a r e  p r e s e n t e d .  

t h e  f ac t  t ha t  the  S - N  bond is c l e a v e d  m o r e  r e a d i l y  u n d e r  t h e  c o n d i t i o n s  o f  c h e m i c a l  i o n i z a t i o n t h a n t h e  bond i n t h e  

a z e t i d i n o n e  r i n g .  T h i s  is  a l s o  i n d i c a t e d  by  the  p r e s e n c e  in t h e  s p e c t r a  of  i n t e n s e  p e a k s  of FTll and Fl l  ions .  

The  p e a k s  of  F 3 ions ,  w h i c h  a r e  t h e  m a x i m u m  p e a k s  in t h e  e l e c t r o n - i m p a c t  m a s s  s p e c t r a ,  M s o  h a v e  r e l a t i v e l y  
love i n t e n s i t i e s .  The  r e l a t i v e  i n t e n s i t i e s  of  t h e  p e a k s  of t h e s e  ions  a r e  p r e s e n t e d  in T a b l e  2 f o r  I a - g ,  j and  I i a - g ,  j ,  
s i n c e  t h e i r  m a s s  i s  60 a inu  l o w e r ,  w h e r e a s  we  c o m m e n c e d  s c a n n i n g  of  t h e  m a s s  s p e c t r a  f r o m  t h i s  v a l u e  in c o n -  

n e e t i o n  w i t h  t he  s u p e r i m p o s e d  f r a g m e n t a t i o n  of  [ s o b u t a n e  in t h e  l o w - m a s s  r e g i o n .  H o w e v e r ,  we w e r e  a b l e  to  

i n d t r e c t t y  e s t a b l i s h  tha t  t h e i r  r e l a t i v e  i n t e n s i t i e s  do not  e x c e e d  5% in t he  t o t a l  ion  c u r r e n t ,  i . e . ,  l o w e r  by a f a c t o r  

o f  ~ 10 t h a n  in t h e  c a s e  of  e l e c t r o n  i m p a c t .  

In c o n t r a s t  to  t he  c o r r e s p o n d i n g  e l e c t r o n - i m p a c t  m a s s  s p e c t r a ,  a r e a r r a n g e m e n t  p r o c e s s  wi th  s p l i t t i n g  

out of a m o l e c u l e  of SO 2 is  not  o b s e r v e d  in t h e  c a s e  of  c h e m i c a l  i o n i z a t i o n ,  in a d d i t i o n ,  a p e a k  of  t h e  F 8 i on  is  

a l s o  a b s e n t  in a l l  of t h e  m a s s  s p e c t r a .  

In c o m p a r i n g  t h e  c h e m i c a l - i o n i z a t i o n  m a s s  s p e c t r a  of t h e  d i a z o  k e t c h e s  and  t h e  c o r r e s p o n d i n g  a z e t i d i n o n e s  

i t  m a y  b e  s t a t e d  t h a t  on t h e  w h o l e  t h e  c o m p o u n d s  of bo th  s e r i e s  u n d e r g o  i d e n t i c a l  f r a g m e n t a t i o n ,  a l t h o u g h t h e r e  

is  a c e r t a i n  d i f f e r e n c e  in t h e  r e l a t i v e  i n t e n s i t i e s  of  t h e  c o m m o n  i o n s .  T h i s  is  p r o b a b l y  a s s o c i a t e d  wi th  p a r t i a l  
c y c l i z a t i o n  of  t h e  d i a z o  k e t o n e s  t o  a z e t i d i n o n e s  a f t e r  t h e  e l i m i n a t i o n  of a m o l e c u l e  of  n i t r o g e n .  The  [ M H - 7 0 ]  + 
(Flo) ion  p e a k ,  w h i c h  is  p r e s e n t  in t h e  m a s s  s p e c t r a  of  a l l  of  t h e  i n v e s t i g a t e d  c o m p o u n d s  of t h e  I s e r i e s  and is  
f o r m e d  by s p l i t t i n g  out of  an  H C O C H N  2 p a r t i c l e  f r o m  t h e  MH + ions  of  t h e  d i a z o  k e t o n e s ,  i n d i c a t e s  t ha t  not  a l l  of  
the  m o l e c u l e s  u n d e r g o  c y c l i z a t i o n .  The  Fio ion  is  f o r m e d  p r e c i s e l y  f r o m  a l i n e a r  ion,  s i n c e  w h e n  an  a lky l  R 2 
s u b s t i t u e n t  i s  p r e s e n t  in t h e  m o l e c u l e ,  t h e  p e a k  of t h i s  ion  i s  s h i f t e d  by t h e  c o r r e s p o n d i n g  n u m b e r  of a t o m i c  m a s s  

u n i t s .  In a d d i t i o n ,  in t h e  m a s s  s p e c t r a  of  t h e  a z e t i d i n o n e s  t h e m s e l v e s  t he  [IVrtI-CH2COH] + i o n p e a k  i s  c o m p l e t e l y  a b -  
s e n t ,  and  on ly  a n  [ M H - R 2 C H C O H ]  + f r a g m e n t  (R2=C2H5 and  CH2Ph ) is  o b s e r v e d .  A p e a k  of  t h i s  ion is  a l s o  r e -  

c o r d e d  in t h e  m a s s  s p e c t r a  of Ih, i w i th  t h e  i n d i c a t e d  s u b s t i t u e n t s .  T h e  s p l i t t i n g  out of u n s u b s t i t u t e d  k e t e n e  
f r o m  I g - k  e v i d e n t l y  t a k e s  p l a c e  f r o m  a l i n e a r  ion,  w h e r e a s  t h e  s p l i t t i n g  out of a l k y l - s u b s t i t u t e d  k e t o n e s  t a k e s  

p l a c e  f r o m  a c y c l i c  ion.  The  i n t r o d u c t i o n  of  an  R 2 s u b s t i t u e n t  d o e s  not  have  s u c h  a s i g n i f i c a n t  e f f e c t  on the  
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change in intensity of the peaks of the cha rac te r i s t i c  ions as that observed in the e lec t ron- impac t  mass  spec-  
t r a .  In addition, the intensities of the peaks of the Fli and F' i l  ions increase somewhat,  which indicates their  
g rea te r  stabil i t ies.  In the case of chemical  ionization that R 2 substituent evidently does not hinder cyclization 
of the diazo ketones to azetidinones but possibly even favors  it; this is in agreement  with the data in [1]. This 
different effect of the R 2 substituent in the case of e lec t ron impact and chemical  ionization can be explained if 
one takes into account that the conditions of chemical  ionization are  extremely s imi lar  to the conditions of 
direct  protonation of diazo ketones with concentrated sulfuric acid, which was car r ied  out by Sipyagin and 
Kartsev [1]. 

Thus 1-d iazo-3-su l fonylaminopropan-2-ones  undergo cyclization to the corresponding N-sulfonylazetidin- 
3-ones with p r io r  splitting out of a molecule of nitrogen under the influence of e lectron impact and under condi- 
tions of chemical  ionization in the ionization chamber  of the mass  spec t romete r .  However, some diazo ketone 
molecules  undergo fragmentat ion without cyelization. The introduction of an ally1 R 2 substituent re ta rds  cyc l iza-  
tion under the conditions of e lec t ron impact,  whereas  under the conditions of chemical ionization it does not 
hinder it. 

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

The mass  spect ra  were obtained with a Varian MAT-44S spec t romete r .  The e lec t ron- impact  mass  spec-  
t r a  were  recorded  at 100-220~ and ionizing-electron energies of 75 eV (cathode emiss ion  current  0.4-0.6 mA) 
and 23 V (emission current  0.1 mA). The chemical - ionizat ion mass  spect ra  were recorded  at a p re s su re  of 
33.3 Pa in the ionization chamber,  an ioniz ing-e lec t ron energy of 160 eV (emission current  0.7 mA), and tem~ 
pera tu res  of 100-240~ The high-resolut ion mass  spect ra  were obtained with a Varian MAT-311A spec t rom-  
e ter .  A sys tem for direct  introduction of the substances into the ion source was used in all cases .  
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