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MASS-SPECTROMETRIC STUDY OF THE CYCLIZATION OF DIAZO KETONES. 

6.* CYCLIZATION OF 1-DIAZO-3-AROYLAMINOPROPAN-2-ONES 

AND 2-PHENYL-5,6-DIHYDRO-4H-I,3-OXAZIN-5-ONES 

A. T. Lebedev, P. A. Sharbatyan, 
A. M. Sipyagin, V. G. Kartsev, 
and V. S. Petrosyan 

UDC 543.51:547.867.2'442'447 

An analysis of the electron-impact mass spectra of 1-diazo-3-aroylaminopropan-2- 
ones made it possible to conclude that some [M -- N2] + ions have the 1,3-oxazin- 
5-one structure, some exist in the form of a cyclic intermediate that is produced 
in the first step of the cyclization process, and some decompose without re- 
arrangements, i.e., they exist in a linear form. The Wolff rearrangement does 
not occur. Alkyl substituents in the 4 position of the resulting heterocycle 
hinder cyclizatlon. Under chemical-ionization conditions the [MH-- N2] + ions 
exist in similar forms. The analysis of the mass spectra in this case is compli- 
cated by ion-molecular reactions. 

Continuing our investigation of the cyclization of diazo ketones in the gas phase we 
studied the electron-impact (EI) and chemical-ionization (CI) mass spectra of a series of 
l-diazo-3-aroylaminopropan-2-ones (I) and 2-aryl-5,6-dihydro-4H-l,3-oxazin-5-ones (II). 
Compounds II were obtained from the corresponding diazo ketones I by the action of concen- 
trated sulfuric acid, and their structure was established by a number of spectral methods 
[2]. 

R2 ! Owj~ N ~ ' J  
P- R1C6H4 CONHCHCOCHN2 p_ R1C6H~ R 2 

;a - i  . a - i  

I, I I a  R '=~2=H;b  RI=CH~, R2=H;c RI=OCH3, R2=H; d RI=CI, R2=H;e RI=Br, 
R2=II;~RI=NO2, R2=H; g RI=H, R2=CH3;hR]=H, R2=C2Hs; i R'=H, R2=Bz 

The mass-spectrometric fragmentation of oxazinones II under the influence of electron 
impact was discussed in detail in [3]. 

In the present research we again subjected heterocycles II to mass-spectrometric analy- 
sis under conditions identical to those under which diazo ketones I were analyzed. In addi- 
tion, all of the mass spectra were calculated by hand, which made it possible to introduce 
certain corrections in the fragmentation scheme and in the table of intensities of the 
peaks of the characteristic fragment ions that are presented in [3]. 

Molecular-ion peaks (M +) were not recorded in the electron-impact spectra of diazo 
ketones I, and the [M-- N2] + ions, which may have different structures, considering the 
possibility of cyclization at the heteroatoms and the Wolff rearrangement [4-6], had the 
maximum m/z values: 

*See [I] for communication 5. 

M. V. Lomonosov Moscow State University, Moscow 117234. Translated from Khimiya 
Geterotsiklicheskikh Soedinenii, No. i0, pp. 1332-1338, October, 1983. Original article 
submitted January 6, 1983. 
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7 +. 1 +" 1 
p -  R C ~ H L C - - N H - - C H - - C - - C H  ~ p -R  C=HpC--NH-- CH--CH~-~-CO 

" " l l  I~ II ~ ~II I 2 
0 R" 0 0 R 

O + "   o O7+_ 7 
p - R C , . H . C - - N / ' ~ O  p-R C.H. %N' /~R p-R C.H. C - - N / J ~  -R C = H ~ N / ] ' ' ' R  

The principal pathways of the mass-spectrometric fragmentation of the M + (III) and 
[M- N=] + (I) ions under electron impact can be represented by the general scheme* 

p_ R 1 C 6 H ~ O ~ _  H _ I O + - + E.-. ]  + ] I I i l  
O O 

F'$ ~ . ~  _NHCHR 2 F' 2 2,.iF1 ~.~F 2 ~ F3 
+ ~ ' - N C ~ ~ H O "  

, //OH _. C~H O ~ . . ~ .  ~ ~ - , n ~  + �9 
p-R C6H4- -C \ .  ~ 3 M + II - ~ p-R C 6 H 4 - - C ~ N - - C H - - C ~ O  

NH. - _+ l 2 
F z | M - - N . I  ( , )  _ ~, I R 

F7 F s F 9 F 6 

In addition t o  the indicated ion peaks, peaks of [M -- N=, -- CHCO] + (F~o) ions, which 
are formed from [M -- N=] + ions with linear structure A, are recorded in the mass spectra 
of diazo ketones I. The complexity of the spectra of diazo ketones I and heterocycles II 
makes it possible to conclude that certain amounts of diazo ketones I undergo cyclization 
to oxazines II. 

The formation of the [M- H] + ion in the fragmentation of II was discussed in detail 
in [3]. The intensity of the peak of this ion is somewhat lower in the mass spectra of 
diazo ketones I, and this makes it possible to conclude that not all of the [M- N=] + ions 
have the M + structure of heterocycles II. 

The [M-- 28] + and [M-- 29] + ions ([M-- N=, -- 28] + and [M-- N=, 29]+ions, respectively, 
for the diazo ketones) are composite ions: [M-- CO] + (F=) and [M-- NCHR=] + (F'=) and 
[M- CHO] + (Fs) and [M- NHCHR=] + (F's) ions. The relative contributions of these isobaric 
ions for Ia-f and IIa-f to the total ion current cannot be established even by means of 
high-resolution mass spectrometry, since the intensities of their peaks are very low. The 
introduction of substituent R = leads to separation of the ions and makes it possible to 
establish that the F'= and F's ions, i.e., those that do not contain a nitrogen atom, are 
the predominant species. It should be emphasized that the formation of F'= and F's ions 
from azetidinone structures C and D is impossible. In addition, intense peaks of [M- CO] + 
ions should be observed in the fragmentation of azetidin-3-ones (structure C) [7], whereas 
intense peaks of [M- CH=CO] + ions should be observed in the fragmentation of azetidin-2- 
ones (structure D) [8], but this is not observed in the spectra of diazo ketones I. It 
follows from the information set forth above that the [M- N=] + ions of diazo ketones I do 
not exist in the C or D forms. The complete absence in the spectra of diazo ketones I of 
[M- N=, -- CO=] + and [M -- N=, -- CH=CO] + ion peaks constitutes convincing evidence that the 
F structure of the [M -- N=] + ions also is not realized [9]. One cannot draw a direct con- 
clusion that confirms or refutes the existence of the [M- N=] + ions in keto form B from 
the electron impact mass spectra; however, the complete absence of cyclic derivatives of 
this structure (D and F) makes it possible to assert [i0] that the ketene form of the 
[M -- N=] + ions also does not exist, and, consequently, the Wolff rearrangement [4-6] also 
does not occur in this case. 

In the successive elimination of CH=O and CO molecules from the M + ions of heterocycles 
II (correspondingly, from the [{~4- N=] + ions of diazo ketones I) F~ and F, ions are formed. 
The latter may also be formed in one step in the case of splitting out of a C=H=O= particle. 

*The compositions of the Fs and F, ions were confirmed by high-resolution mass spectrom- 
etry. 
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TABLE I. Intensities of the Peaks of the Characteristic 
Fragment Ions in the Electron-Impact Mass Spectra of I 
and II in Percent of the Total Ion Current a 

Corn- M+ F1 F 2 F' 2 F~ F' 3 F 4 ] F 5 F9 I FI0 b 
pound [M- N~] I I 

Ia  
Ila 
Ib 

IIb 
Ic 

IIC 
I d 

I1 d 
Ie 

iIf 
Ig 

fig 
Ih 

Ilh 
Ii 

!If 

4,5 
5,8 
3,8 
3,0 
2,6 
4,0 
3,3 
3,3 
5,C 
3,1 
3,4 
1,3 
1,9 
0,9 
0,7 
0,3 
O,C 
0,8 

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

0,7 
0,1 
0,7 
0,1 
0,2 

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

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

- -  0 , 1  

0~8 B 
1,7 
0,5 
0,6 
0,6 
l,O 
1,3 
1,3 
1,5 
1,1 
1,1 
0,6 

- -  1 , 1  

0,5 2,2 
0,4 1,0 
0,2 2,6 
- -  1,1 
- -  3 , 2  

0,3 0,1 
4,1 0,7 

13 - 
17 

27 
0,5 
2,7 
0,4 
2,5 

F6 

0,9 34,7 
0,6 24,0 
0,5 24,9 

0,3 6,9 19,0 
-- 0,7 24,0 
0,3 8,4 21,0 

0,9 14,4 
] 4,1 23,3 
- -  0,5 30,0 

4,2 19,7 
l , O  15,2 
8,1 8,8 

1,3 
0,1 
4,7 

0,2 43,6 
07 5,7 21,1 
0,1 0,1 31,3 

0,9 25,9 
- -  31,1 

19,4 

F7 F8 

8,0 
1,0 
5,9 
0,6 
6,3 
I,I 
5,4 
0,4 
0,0 
2,2 
4,5 
1,8 
6,0 
1,9 
3,2 
13,0 
2,2 
[0,6 

22,4 I 2,1 
14,8 -- 
12,4 0,8 
13,6 I -- 
14,,3 0,6_ 

7,2 0,7 
13,3 - -  

1 1 , 5  2 , 0  

1 , 4  

7 , 5  

12,4 - -  
11,2 J 4,1 
13,7 i -- 
I2,0 2,4 
I0,6 -- 

aThe total ion current was calculated over the range from 
the ion with m/z 50 to the ion with m/z 300. bThe genetic 
relationship between the F1o ions and the M + and [M -- N2] + 
ions was confirmed by the peaks of the corresponding meta- 
stable ions (obtained with an MKh-1303 spectrometer). 
Clsobaric ions. 

One's attention is directed to the fact that the intensities of the F~ ion peaks in the 
spectra of heterocyclic compounds II are significantly higher (by a factor of 10-20) than 
in the spectra of the corresponding diazo ketones I. Its formation from the [M -- Na] + ion 

with linear form A is impossible, and, consequently, some of the [M -- N2] + ions have the 
1,3-oxazin-5-one structure (E)~ However, proceeding from the intensities of the F6 ion 
peaks (see Table I) and taking into account the fact that the relative intensities of the 
M + (II) and [M -- Na] + (I) ion peaks are approximately equal, one may conclude that the 
fraction of the [M -- Na] + ions in the 1,3-oxazin-5-one form does not exceed 10% of the over- 
all amount of these ions. The virtually total absence of Fa and F5 ion peaks in the spectra 
of diazo ketones I, the low intensity of the F: ion peaks, and the increase in the contribu- 
tion to the total ion current of F7 ions, which are formed by simple cleavage of the amide 
bond in the case of diazo ketones, also constitute evidence for the small number of cyclic 
[M -- N2] + ions (E). It follows from the information set forth above that the [M -- Na] + ions 
exist only in the A and E forms; the percent of the latter is low. Nevertheless, one cannot 
ascribe all of the remaining [M -- Na] + ions to the fraction with linear form A, since in 
this case the intensities of the Fxo ion peaks would be considerably higher, and the in- 
tensities of the Fa and F~ ion peaks would be significantly lower. 

For the answer to this problem, one's attention should be directed to the high intensity 
of the peak of F, ions in the mass spectra of diazo ketones Ia-f as compared with the corre- 
sponding oxazines IIa-f. The formation of these ions in the case of diazo ketones can be 
represented by the scheme 

H H 

"~".~ ArCNH 
H H 

E' F8 

Intermediate E', which is formed in the eyclization process, is unstable and may undergo 
fragmentation to give the F8 ion prior to rearrangement to 1,3-oxazin-5-one E, which also 
leads to a sharp increase in the intensities of the peaks of F8 ions in the spectra of the 
diago ketones. The Fa and F3 ions may be formed directly from intermediate E', whereas the 
F6 ions can be formed only from oxazinone E. The data in Table 1 graphically demonstrate 
that the difference in the relative intensities of the peaks of the F~ and F3 ions in the 
spectra of I and II is small, whereas the difference is extremely substantial in the case of 
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F6 ions; this also constitutes evidence for the formation of intermediate E' in the frag- 
mentation process. The information presented above makes it possible to assume that the 
bulk of the [M- Na] + ions exist precisely in the form of intermediate E'. 

Under the conditions of the mass-spectrometric experiments the formation of inter- 
mediate E' is possible both in the case of electrophilic attack and in the case of radical 
attack at the oxygen atom. Localization of the charge primarily on the aryl fragment of the 
molecule (the formation of F5-9 ions) constitutes evidence that precisely electrophilic 
attack takes place in this case (just as in solutions), i.e., the mechanisms of cyclization 
of the diazo ketones in solutions and in the gas phase under electron impact are identical. 

It is apparent from Table 1 that when an alkyl substituent (R 2) is present in the mole- 
cule, the relative intensity of the peak of F. ions in the spectra of heterocycles llg-i in- 
creases significantly, whereas this is not observed in the spectra of the corresponding 
diazo ketones I. This is explained by the development of a new fragmentation pathway that 
is associated with rearrangement of the M + ions of the oxazinones. One might have proposed 
two mechanisms of the formation of the F8 ion, where R s = H, CH3, and CsH5 for llg, h, i, 
respectively: 

o oq R 3 
o ~  ~ O ~  I -c2H2o2 + i . 

/%+ ) - ~k+ _) / - -  Ar--C-~N--CN~CH2 (1) 
i At .__%, At j F, 

L . ~  I - - ~ A r - - C ~ i H  Ar--C-~N--CH=CH 2 
II M I Art-- _Ar/~NH j F8 ~ FI 2 
g-i 

O ~ ' ~ / O  - C2H202 + . /  3 
~ . . .  �9 3 ~ A t - -  C ~ N - -  CH-- CN2R (2)  

A P ~ N ~ C H - - C H - - R  
I F s 

To s e l e c t  the  c o r r e c t  mechanism f rom the  two a l t e r n a t i v e  mechanisms the  e lementa ry  
compos i t i on  o f  the  F , :  ions  was de te rm ined  by means o f  h i g h - r e s o l u t i o n  mass s p e c t r o m e t r y ,  
which showed t h a t  the  F~= i on  c o n t a i n s  a n i t r o g e n  atom ( c a l c u l a t e d  v a l u e  162.0555,  found 
162 .0531) ,  i . e . ,  f r a g m e n t a t i o n  proceeds v i a  the second mechanism. The R a s u b s t i t u e n t  a l so  
determines the formation of F~u ions. 

The relative intensities of the F,I and F:a ion peaks in the total ion current are 
presented below: 

Ig l l g  Ih I Ih  Ii Ui 

Fll 0,1 3.2 0.1 4.3 0.2 3,2 
FI2 0.2 3.8 0.6 6.3 0.5 0,9 

TABLE 2. Intensities of the Peaks of the Characteristic 
Fragment lons in the Chemical-Ionization Mass Spectra of I 
and II in Percent of the Total Ion Current a 

C o r n -  MH + F 6 F? F 8 pound [MH-N2] + F'S FI~ 

l a  
I la  
Ib 

IIb 
Ic 

iI c 
Id 

lid 
Ie 

I le  
If 

IIf 

81,1 
72,0 
84,8 
70,3 
85,8 
86,0 
84,1 
49,2 
80,5 
79,6 
85,0 

This substa 

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

ace did nc 

F 5 F'5 b 

0,5 
1,4 ~,8 

1'4 1~,7 
0,1 
0,1 ~,3 
0,6 
5,4 272 
0,2 0,1 
1,0 2,8 
0,8 0,1 

give a m~iss spectrum 

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

2,4 
1,6 
2,3 
1,9 
2,0 
1,0 
0,9 
2,5 
1,4 
1,5 
1,3 

0,3 
0,2 

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

0,1 

4,0 
0,4 
0,2 
0,2 
03 
0,1 
0,4 
1,3 
0,2 
0,1 
0,7 

aThe total ion current was calculated over the range from 
the ion with m/z 60 to the ion with m/z 350. bThe F'~ ion 
is the protonated F5 ion (IF5 + HI+). 
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TABLE 3. Mass Spectra of I and II 

] m / z  values (intensities of the ion peaks in % of the maximum ion 
Com- 
pound ] peak)a 

] a  

Ib 

lc 

Id 

Ie 

If 

lg  

Ih 

I i  

I Ia  

l ib  

IIc 

IId 

He 

Ilf 

IIg 

IIh 

IIi  

Ia 

lb 

Ic 

Id 

le 

If 

IIa 

II b 

IIc 

IId 

l ie 

IIf 

aThe 

Electron impact 

175 (26,3), 105 (I00), 104 (26,2), 78 (15,5), 77 (97,0), 76 (9,2), 69 (24,8), 
57 (14,9), 55 (19,1), 51 (46,2) 
189 (13,1), 120 (12,1), 119 (I00), 118 (21,1), 91 (50,8), 78 (I0,2), 72 (11,6), 
70 (7,7), 65 (23,6), 56 (14,8) 
136 (I0,2), 135 (lO0), 134 (25,3), 107 (18,3), 92 (18,3), 78 (14,3), 77 (35,9), 
76 (9,4), 64 (12,1), 63 (IO,O) 
141 (36,1), 139 (I00), 138 (30,1), III (49,9), 75 (40,2), 72 (51,4), 70 (38,9), 
57 (69,4), 56 (78,1), 55 (31,2) 
255 (15,1), 253 (15,5), 185 (100), 184 (44,4), 183 (99,9), 182 (30,8), 157 
(37,4), 155 (40,7), 76 (51,6), 75 (60,6) 
220 (20,4), 150 (100), 149 (31,0), t20 (25,0), 104 (57,5), 103 (18,0), 92 
(26,8), 76 (46,9), 75 (26,5), 69 (17,8) 
189 (4,7), 148 (18,4), 146 (2,8), 106 (8,2), 105 (100), 104 (13,7), 78 (5,0), 
77 (45,1), 76 (8,3), 51 (15,7) 
175 (3,4), 162 (12,5), 105 (lO0), 104 (10,0), 77 (35,4), 72 (7,8), 57 (15,0), 
56 (I0,8), 55 (8,5), 51 (9,6) 
224 (7,5), 106 (8,9), 105 (100), 104 (7,7), 91 (10,6), 86 (13,2), 78 (19,0), 77 
(40,6), 57 (6,1), 51 (10,0) 
175 (25,8), 174 (10,0), 147 (9,1), 145 (19,0), 117 (87,5), 105 (100), 90 
(20,5), 89 (12,5), 77 (70,0), 51 (32,5) 
189 (13,1), 132 (11,7), 131 (85,5), 119 (100), 91 (69,5),89 (15,5), 77 (14,9), 
65 (47,0), 63 (20,7), 51 (17,8) 
205 (19,6), 148 (9,3), 147 (87,8), 136 (9,8), I35 (100), 134 (18,2), 107 (60,0), 
92 (9,1), 77 (18,6), 64 (9,4) 
153 (21,8), 152 (19,5), 151 (60,0), 141 (33,9), 140 (27,3), 139 (100), 113 
(20,0), I l l  (58,4), 89 (21,0), 75 (38,8) 
197 (74,4), I95 (71,5), 185 (100), 183 (99,3), 157 (44,4), 155 (44,0), 116 
(34,7), 89 (45,3), 76 (48,8), 75 (40,6) 
190 (28,3), 167 (53,3), 162 (90,0), 151 (21,0), 150 (100), 149 (22,2), 121 
(21,6), 120 (15,0), 116 (41,0), 104 (20,0) 
162 (13,5), 131 (26,0), 130 (18,8), 105 (100), 104 (59,2), 103 (37,9), 77 
(56,3), 76 (14,5), 51 (37,1), 50 (19,1) 
162 (17,2), 146 (10,0), 130 (23,4), 105 (100), 104 (52,2), 103 (17,2), 77 
(54,2), 57 (I1,2), 51 (22,6), 50 (10,8) 
174 (19,1), 162 (16,2), 146 (19,1), 118 (14,8), t05 (100), 104 (55,6), 103 
(21,9), 91 (49,9), 77 (57,1), 51 (33,8) 

Chemical ionization 

216 (0,9), 214 (1,8), 178 (2,6), 177 (13,1), 176 (100), 175 (4,3), 134 (5,0), 
122 (0,9), 117 (1,2), 105 (3,5) 
232 (1,7), 230 (1,4), 228 (2,6), 192 (I,8), 191 (15,4), 190 (I00), 189 (4,3), 
176 (1,5), 131 (2,0), 119 (3,0) 
248 (1,4), 246 (1,1), 244 (2,3), 208 (2,1), 207 (15,3), 206 (100), 205 (5,7), 
164 (0,3), 147 (0,4), 135 (1,8) �9 
252 (1,6), 250 (1,8), 248 (3,4), 246 (3,4), 213 (3,9), 212 (32,0), 211 (12,5), 
210 (I00), 209 (5,0), 151 (1,4) 
294 (2,9), 292 (4,5), 258 (3,6), 257 (12,3), 256 (I00), 255 (17 5) 254 (95 7) 
253 (5,7), 176 (3,3), 71 (2,8) . . . .  
223 (2,1), 222 (14,5), 221 (100), 220 (3,8), 19t (1,7), 179 (09), 167 (1,0) 
15o (i,6), 71 (1,1), 61 (1,7) ' ' 
214 (1,8), 178 (1,8), 177 (I2,9), 176 (100), 175 (43), 123 (10,2), 122 (1 9) 
117 (I,6), 105 (2,3), 71 (2,1) ' ' ' 
228 (2,4), 192 (2,1), 191 (15,5), 190 (100), 189 (4,4), 138 (1,9), 137 (21,2), 
136 (2,2), 119 (2,7), 71 (1,7) 
248 (I,2), 244 (2,I), 208 (2,3), 207 (15,0), 206 (100), 205 (6,3), 135 (1,6), 
71 (1,8), 69 (1,1), 61 (1,1) 
212 (32,6), 211 (12,9), 210 (100), 209 (5,5), 159 (15,0), 158 (7,9), 157 (41,9), 
156 (12,4), 89 (27,4), 75 (13,6) 
294 (2,4), 267 (11,8), 256 (100), 255 (19,4), 254 (94,2), 253 (7,1), 203 (3,5), 
201 (3,6), 176 (2,4), 71 (1,7) 

This substance did not give a mass spectrum. 

i0 most intense peaks in the spectrum are presented. 

The existence of a difference in the relative intensities of the F~ and FL= ion peaks in the 
spectra of diazo ketones I and the corresponding heterocycles II serves as yet another piece 
of evidence that only a small number (even smaller than in the case of unsubstituted dlazo 
ketones la-f) on the [M -- Na] + ions have oxazine structure II. Evidence for this is also 
provided by the increase in the intensities of the peaks of F~o ions that are characteristic 
for fragmentation of [M -- N~] + ions with linear structure A. 
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The chemical-ionlzation mass spectra of I and II prove to be less informative, since 
~80% of the total ion current is due to the fraction of MH + (II) and [MH-- N2] + (I) ions. 
The MH + peaks of diazo ketones I are recorded only in the case of unsubstituted la. The 
intensities of the peaks of the fragment ions do not exceed 1-2% in the total ion current. 
Fragmentation with the formation of F'5 ions, the intensities of the peaks of which are 
anomalously high in some cases (see Table 2), constitutes an exception. 

The [MH-- N2, -- NHCHR2] + ion peaks indicate that a certain number of [MH -- N2] + ions 
have a cyclic structure. In addition, peaks of [MH-- 42] + ions ([MH-- N2, -- 42] + ions 
for the diazo ketones) are observed in the spectra of heterocycles II and diazo ketones I; 
this corresponds to elimination of a molecule of ketene in the case of fragmentation via a 
retrodiene mechanism. This process was not observed in the fragmentation of the investi- 
gated compounds under electron impact. The existence of this fragmentation masks elimina- 
tion of a CHCOH particle (protonation at the oxygen atom) by the [MH-- N=] + ions with linear 
form A to give F~o ions; this makes the determination (even approximate) of some of the 

[MH-- N2] + ions that undergo fragmentation without cyclization impossible. Peaks of [MH-- 
N2, -- Hal, + H] + (I) and [MH-- Hal, + H] + (II) ions, which are formed as a result of ion- 
molecular reactions [7, 11-14], were recorded in the chemical-ionization mass spectra of 
the halogen-containlng compounds. 

Thus an analysis of the electron-impact mass spectra of l-diazo-3-aroylaminopropan-2- 
ones showed that the [M-- N2] + ions formed in the first step of the fragmentation can un- 
dergo further fragmentation directly from the linear form, but the bulk of these ions undergo 
ring closing to give a six-membered heterocyclic ion; the degree of formation of 2-aryl-5,6- 
dihydro-4H-l,3-oxazln-5-ones is no more than 10%, and the principal fragmentation processes 
are due to a cyclic intermediate that is formed in the first step of the cyclizationprocess. 
The mechanisms of cyclization under electron impact in the gas phase and in solution under 
the influence of concentrated sulfuric acid are similar and lead to identical results. 
Substituents (R ~) in the benzene ring have virtually no effect on the cyclization, whereas 
substituents R 2, in all likelihood, hinder it somewhat. 

The chemical-ionization mass spectra confirm the existence of some of the [MH-- N2] + 
ions of the diazo ketonas in the form of six-membered heterocycles but do not give addi- 
tional information. 

EXPERIMENTAL 

The mass spectra were obtained with a Varian MAT-44S mess spectrometer. The electron- 
impact mass spectra were recorded at 40-220~ and an ionizing-electron energy of 75 eV (and 
an emission current of 0.5 mA). The chemical-ionlzation spectra were recorded at a pressure 
of 33.3 Pa in the ionization chamber and at an electron energy of 160 eV with isobutane as 
the reactant gas. The high-resolution spectra were obtained with a VarianMAT-311A spec- 
trometer at 40-I00~ and an electron energy of 70 eV. 
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REDUCTIVE DEUTERATION OF 4-BENZAMIDO-3-OXO-2-(4-METHOXYCARBONYL- 

BUTYLIDENE)TETRAHYDROTHIOPHENE TO GIVE THE 3-DEUTEROXY DERIVATIVE 

AND ITS PROTOTROPIC ISOMERIZATION 

S. D. Mikhno, T. M. Filippova, UDC 547.732'733:542.942.6'952.4: 
I. G. Suchkova, and V. M. Berezovskii 546.11.02.2:541.634:543.422 

The pro=otropic rearrangement of a deuterated 3-hydroxytetrahydrothiophene 
with a B,y-exocyclic double bond is accompanied by deuterium migration along 
the double bond. Thus 4-r-benzamido-3-t-deuteroxy-3-c-deutero-2-(4-methoxy- 
carbonylbutylidene)tetrahydrothiophene gives cis- and trans-4-r-benzamido-3- 
oxo-2-(4-methoxycarbonylbutyl)tetrahydro-2,4,4'-ds-thiophene, which, as a re- 
sult of reduction with sodium borohydride, gives two isomers, viz., 4-r-benz- 
amido-3-t-hydroxy-2-t- and -2-c-(4-methoxycarbonylbutyl)tetrahydrothiophenes 
that are deuterated in the 2, 4, and 4' positions. 

We have previously observed the ability of a 3-hydroxytetrahydrothiophene with a 8,y- 
exocyclic double bond in the 2 position to undergo prototropic isomerization [i]. It was 
of interest to follow the character of this reaction under deuteration conditions. 

HNR HNR OD 

H 0 

HNR 
I ,OD 

NHR + 
H O HNR~ ...... ~OD I ~ t ~ _  . O D  

D D D 

B B r -~ 

HNR HNR OH ]~NR OH 

D 0 

D D D 

m iv v 

R=COC6Hb. R'=(CH~)~COOCH3 

We obtained 4-r-benzamido-3-t-deuteroxy-3-c-deutero-2-(4-methoxycarbonylbutylidene)- 
tetrahydrothiophene (II) from 4-benzamido-3-oxo-2-(4-methoxycarbonylbutylidene)tetrahydro- 
thiophene (I) [2] by reduction with sodium borodeuteride in deuterated methanol at 0~ The 
fact that two deuterium atoms enter the 3 position in the reductive'deuteratiol fol- 
lows from an examination of the XH NMR spectrum of II and a comparison of this spec- 
trum with the spectrum of nondeuterated analog III. In the *H NMR spectrum of II the 
3-H signal (6 4.60-4.95 ppm) is almost absent, whereas the multiplicity of the 4-H signal 
(4.82 ppm), correspondingly, is lower than in the spectrum of its nondeuterated analog, 
which constitutes evidence for deuteration in the 3 position of the tetrahydrothiophene 
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