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STUDIES ON THE SERIES OF AZOLES AND AZINES. 

65.* MASS SPECTRA OF 5-ARYLIDENE-, 5-ETHOXYCARBONYLMETHYLENE- 

HYDANTOINSAND THEIR DERIVATIVES 

V. S. Mirzoryan, R. G. Melik-Ogandzhanyan, 
T. N. Rusavskaya, G. V. Rutkovskii, 
and B. A. Ivin 

UDC 543.51:547.783.07 

The mass spectra of 5-m- and p-substituted benzylidenehydantoins, their thio 
analogs and 5-carbethoxymethylenehydantoins with a substituent at the a-carbon 
atom of the side chain were studied. The fragmentation of the molecular ions 
of 5-arylidenehydantoins proceeds in one direction, splitting of the X=C-NR-C=O 
fragment, irrespective of the substituent in the benzene ring. The peak inten- 
sity of the fragmentary ions formed from the molecular ions is linearly depen- 
dent on the o-constants of the substituent. The direction of the fragmentation 
of 5-ethoxycarbonylmethylenehydantoins markedly depends on the substituent at 
the a-carbon atom in the side chain that determines the stability of the hydan- 
toin ring and the carboethoxyl group. The fragmentation of these compounds un- 
der electron impact proceeds by five paths, related to splitting of fragments 
O=C(2)NCH(~)=O, C2H~, C2HsO, C=HsOH, and COOC=H 5. 

The mass spectra of hydantoins, their aryl, alkyl, and thio derivatives were fairly 
thoroughly investigated in[2-4]. Depending on the nature of the substituent, the fragmen- 
tation of these compounds under electron impact can proceed by three paths: with the split- 
ting of the fragments X=Co)N(s)RC(~)=O (X = O, S), NHCO or CO, respectively. Data on the 

CH-CeH4R ~ .CHPh I / , R~'N~ HN ------~ H AN ~ N R "N-----~C'coOEt 

xg. 2p x2.2o , o oA.A o ' 

I--IV V VI ~ I  

I 2 2 I, III, Va X=O, II, IV, Vb X=S, VIa.b X=MeS; I, II R =R =H; a R =4-NO2; 
3 3 3 3 3 D R3=3.Br; c R =3-C1; d R =3-COOH: e R =4-Br; f R =4-Cl; g R =4-1; h R =3-OH; 

i R3=2-OMe; ] R3=H; k Ra=4-Me; l R3=4-OMe; mR3=3-OMe--4-OH; n R3=3-OMe; 
:o R3=4-NEt2; III, IV a RI=Me, R2=Ra=H; b RI=R3=H, R==Me; VI a R2=H; 
b R2=Me; V l l a - i  RI=R2=H, a R3=NO2; b R3=CI; c R3=F; d RS=H; r Rs=Ph; 
f R3=Me; g Rz=OMe; h R==OPh; i Rs=OH; j R2=R3=H, Rl=Me; k RI=R 3=H, 

R2=Me; ! RI=H, R==Me, RS=Ph; mR~=R2=Me, R3=OPh 

* S e e  [1]  f o r  C o m m u n i c a t i o n  64 .  
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fragmentation of hydantoins with a C(s)=C(~ double bond are not available. For this reason 
and also to identify this group of hydantoins, we studied the mass spectra of a series of 
5-arylidenehydantoins (Ib-m), their thio analogs (lla-o), certain N-methyl derivatives (III, 
IV), 5-benzylhydantoins (V) and ~-substituted-5-(ethoxycarbonylmethylene)hydantoins (VII). 

The fragmentation of i- and 3-methyl-5-benzylidenehydantoins (III, IV) is extraordinar- 
ily simple (Scheme i, Table I) and corresponds to the data in [2] on the splitting of the 
X=C(2)-N(~)~3)-C(4)=0 fragment from the molecular ions of the simpler hydantoins [2] at the 
first stage of the fragmentation. This is indicated by the presence of peaks 117" in the 
spectra of 3-methylhydantoins(IIIb, IVb) and peaks of ions 131 in the spectra of l-methyl deri- 
vatives (IIIa, IVa). Usually the ions decompose further with splitting of Me and HCN, re- 
spectively. 

Scheme 1 

Me~ /i. /> CHPh~ +" 
N----- T -XCNHCO .~+" - M e "  § 

~[...N/~.O - : -  MeN=C=CHPh ~--- PhCH-C~N 

X 131" 116 

M ~', IIIa. IVa 

HN-" -/-~ cHPh-'] +'-XCN(Me)CO -HNL e 
---- HN=C=CHPh =- gO 

X~N. ~O 117 
f 

Me 
u +. *,zh wb 

For benzylhydantoins Va, b, the rupture of the C(s)-C(~ bond at the first stage of frag- 
mentation with localization of the charge on the benzyl fragment is characteristic. As a 
result ion 91 is formed (see Table i). 

The fragmentation of the molecular ions of the S-methyl derivatives Via, b of benzyl- 
idenehydantoin IIj, differs, as expected, from the fragmentation of N-methylhydantoins III, 
IV: in the spectra of compounds Via, b there are no very intense peaks of ions 74 or 88 and 
144, which are formed according to Scheme 2. 

Scheme 2 

h-'~+' 
+ 2 / + MeS~C--NR + \ / /  - ~  N = C = C H - P h  

MeS- -N" ~0  ~2 v4 ( R : n )  II 116 - 
~8 (R=CH3) O 

Via, b Via R 2 : . ; b  R-~:~t~ 14~ 

Thus, if 5-arylidenehydantoins have, in fact, the structure attributed to them, they 
can be identified mass-spectrometrically by the presence of peaks of ions [M - XC(DN(3)C(~)O] 
and from the absence of peaks of ions CTHsR and RCvHsNCCO. It was found that the mass spec- 
tra of all the arylidenehydantoins I and II are characterized by molecular ion peaks with 
a maximum intensity in all cases. The only exception is (3-carboxybenzylidene)hydantoin (Id) 
(see Table i). The preferential path of the fragmentation of the molecular ions of these 
compounds is the elimination of the X=C(2)N(3)HC(~)=O groups (see Scheme 3) with the formation 
of ion A I. In each case this is confirmed by a metastable transition (Table I). The stabil- 
ity of the main fragmentary ion A I decreases proportionally to increase in the electron-donor 

Scheme 3 

-HCN 
HN- C ~CII-- '../ - -----,-- 

H~c~,<( .~ >___~ ~Y~ ~e A" 8Q 
R e 

H AI ~ R3 

*Here and be low i n  t h e  t e x t ,  t h e  m/z v a l u e s  a r e  g i v e n  u n d e r  t h e  f o r m u l a s  o f  t h e  i o n s .  
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TABLE i. Mass Spectra of 5-Arylidenehydantoins (I-IV) and 
Their Derivatives (V, VI) 

i 

- Ions characteristic for main paths 
Com. of fragmentation 
pound M*'. Otheriom 

A' A 2 A ~ A 4 

Ib 

le  

Id 

I f  

Ig 

lh 

l i  

ij 
Ik 

Il 

Im 
ll,a 

ll,b 

l ie  

Ilh 

l l i  

llJ 
l lk  

Ill  

lira 

I l ia  
IIIb 
IVa 
IV.b 

v a  
Vb 

Via 

Vlb 

230 (10), 213 (16), 188 
:44). 162 (22), 144 (50), 
142 (22), 136 (10), 135 
150), I I5  (32), t06 (lO), 
90 (33), 44 (96); m*= 

i32 (24), 1o4 (23), 78 
~4); m* =84,5 
152 (6), 132 (42); m*=  

[18 (30), 80 (22) 
[03 (16), 96 (4),91 (6), 
(3); m* =84,5 

132 (46), 104 (3), 77 
118,5, 99,5 

]20 (60), 106 (8) 
219 (27), 163 (26), 132 
',5), 88 (9) 
m*= 102,5 

221 (21), 219 (10), 203 
(6), 134 (13), 107 (12), 
(5) 

.~35 (20), 233 (42), 148 

.~0), 88 ( 4 0 )  

118 (25); m*=67,5 
219 (20), 217 (32), 192 
(18), 91 (25), 59 (15) 
235 (18), 148 (8), 133 
[39), 88 (3); m*=118,5, 

261 (32), 26o 000) ,  2,46 
lit), 231 (14), 214 (7), 
173. (16), 162 (9), 144 
:206,5, 246,3 
84,5 

90 (32) 

219 (36), JIB (18), 91 
36) 

(loo) 
1 (100) 
219 (35), 144 (3), 117 
(17), 90 (16), 89 (8), 74 

233 (32), 217 (I0), 199 
(16), 142 U7),  ~3o (8), 
I17 (16), 116 (25), 88 

ability of the substituent in the benzene ring. As expected, the intensities of peaks A 3 
and A 4 116 and 89 are also linearly dependent on the o-constants of the substituents. 

Table 2 and Scheme 4 show that the mass spectrometric fragmentation of 5-ethoxycarbonyl- 
methylenehydantoins VII is much more complex than in the case of 5-arylidenehydantoins and 
their derivatives I-VI. The spectra of all compounds studied contain molecular ion peaks, 
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the intensity of which is markedly dependent on the nature of the substituent and the exo- 
cyclic C(~ atom. Further fragmentation of the molecular ions proceeds along at least five 
main paths (Scheme 4). 

The first path is the splitting of the OCNHC0 group (A), which is the main path in the 
case of 5-benzylidenehydantoins (I), is evident only for a few compounds (VIIb, d, g, j, k), 
and only in the spectra of fluoro- and chloro(ethoxycarbonylmethylene)hydantoins (VIIb, c), 
the peaks of ions AI-A 3 have a high intensity. 

The second path (B) is characterized by splitting of an ethylene molecule from the carb- 
ethoxyl group (the McLafferty rearrangement), leading to the formation of pseudomolecular 
ion B I (which in all cases is confirmed by the appearance of a metastable ion in the spec- 
trum). Similarly to ion A t in the first path, ion B I loses the OCNHC0 fragment or is de- 
carboxylated, converting into ion B 2 . In principle, ion B 2 can isomerize into ion 52a, 
representing a molecular ion recorded during fragmentation of uracils under electron impact 
[5]. Unfortunately the conditions used for recording the spectrum did not make it possible 
for us to estimate this process, since in the spectra obtained, the intensity of ion B 2 (or 
B 2a) is low. Path B is characteristic of compounds VIIa-e, g, i-k. The peak intensity of 
ions B 2 increases proportionally to increase in the electron-donor properties of the sub- 
stituent which clearly facilitate the decarboxylation of ion B I. 

The third path (C), the most general one (only the ~-hydroxy derivative (VIii) is an 
exception) begins with splitting of radical EtO: from the molecular ion. The peak inten- 
sity of cation C I thus formed decreases with increase in the electron-donor properties of 
the substituent at C(~. Similarly to the molecular ion, ions B ~ and B ~, ion C z splits the 
OCNHC0 or HNCO fragments (similarly as observed in the case of uracils [5]), to form ions 
C ~ and C 3, respectively. 

The fourth path (D) includes the elimination of an ethanol molecule from the molecular 
ion. To clarify the mechanism of this process, we studied the mass spectra of 1,3-dideutero- 
and N-methyl derivatives of (ethoxycarbonylmethylene)hydantoins (VIIe, f, h, m). It was 
found that in the case of compounds VIId, f, g, j, k, the elimination of ethanol proceeds 

Scheme 

A~ A~ o B3 
0 

R s I I 

HN-~C = C  -- COOEr HN - -  

A I 0"/~"" N ~ - - 0  0 " R 3 
~ - . " 0  H 11 H 

R - .  $, R , + ~-\B '~-C2H" I -7 -t- 3 
C--C=O __C--COOEt C__R 3 .... . . ~ C - - R  

"~---~ C" nN---~ Z "  t m - - - ~  "7 I 
o~N~ ~ -o~ o~N~ ~ -,to, co o~<.~o~ o'/ E~ 

, - ,  H . \\ �9 

"% I o 
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'~ s 1 / D~I "-. II 
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with splitting of a hydrogen atom from the substituent at C(~, while in compounds Vile, h, s 
hydrogen is split from the NH groups of the hydantoin ring. 

The fifth path (E) occurs when a carboethoxyl group is split from the molecular ion, 
which leads to the formation of ion E I. The intensity of its corresponding peaks increases 
proportionally to increase in the electron donor properties of the substituent at C(~. The 
last fragmentation of ion E I proceeds in the same way as for other ions containing a hydan- 
toin ring. 

Table 2 shows that Scheme 4 does not completely describe the fragmentation of 5-(ethoxy- 
carbonylmethylene)hydantoins (VII) under electron impact. The molecular ion of each of them 
is unique to a certain extent, which is due mainly, as already noted, to the influence of 
the substituent on the stability of the carbethoxy group, the hydantoin ring, the strength 
of the C(s)=C(~ bond and the possible splitting or fragmentation of the substituent itself. 
Thus, in the spectrum of the ~-nitro derivative VIIa, very intense peaks of ions are observed, 
which are formed as a result of the elimination of nitro and nitroso compounds from the mo- 
lecular and fragmentary ions, characteristic of nitro compounds. It is natural that the frag- 
mentary ions thus formed decompose further, leading to the appearance of a large number of 
peaks in the spectrum, which are often fairly intense. In the spectrum of this compound 
there are also peaks of ions (M - 29) and (M - 17), corresponding to the elimination of the 
Et and OH groups. These are not observed in the spectra of other compounds in this group. 

In the spectra of ~-phenoxy-a-(ethoxycarbonyl)methylenehydantoins (VIIh, m) and the 
deutero derivative, in contrast to other compounds, including e-m~thoxyhydantoin VIIg, peaks 
are observed which correspond to ions formed as a result of splitting of a substituent, the 
phenoxy group, with migration of hydrogen atom from ring NH group. 

It should here be noted that at not one of the fragmentation stages are halogens elimi- 
nated from the molecular ions of chloro- and fluoro(ethoxycarbonyl)methylenehydantoins VIIb, 
C." 

In the spectrum of the e-hydroxy derivative VIii there is an intense ion peak, corre- 
sponding to the elimination of CO and C2H~ fragments from the molecular ion, but this does 
not occur in the case of other compounds VII. 

In all the cases studied, the character of the fragmentation of N-methyl(ethoxycarbonyl- 
methyiene)hydantoins (VIIj-m) is similar to that of the corresponding compounds unsubstituted 
at the nitrogen atom. 

Thus, the observed character of the mass-spectrometric fragmentation of 5-arylidene- 
hydantoins (1) and their 2-thio analogs (II) is dueto selective elimination ofthe X=C--NH--C=O 
fragment and is independent of the nature the substituent at C(=) and also in the benzene 
ring. This ring also determines the intensity of the decomposition of the fragmentary ions. 
Replacement of the benzene ring or hydrogen at C(~ in the carbethoxyl group leads to a much 
more complex fragmentation scheme as a result of a noticeable change in the stability of the 
hydantoin ring and ease of fragmentation of the carboxyl group itself, change in its stabil- 
ity under the influence of the substituent at C(~ and fragmentation of the substituent it- 
self. However, one of the main fragmentation processes of the molecular ions of (ethoxycar- 
bonyl)methylenehydantoins or fragmentary ions containing a hydantoin ring is splitting of 
the O=C-NR-C=O fragment. 

EXPERIMENTAL 

We have already described ~7] the synthesis and the confirmation of the structure of 
the compounds studied. 

The mass spectra were recorded on an MX-1303 spectrometer at a ionization voltage of 
30 eV, emission current of 150 ~A, temperature of the ionic source of 150~ with direct in- 
troduction of the sample. The temperature of the introduction of the samples into the ionic 
source was I00-125~ 
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ACYCLIC ANALOGS OF NUCLEOSIDES. 

SYNTHESIS OF HYDROXYALKYL DERIVATIVES OF 2-TRIFLUOROMETHYL- 

AND 2-TRIFLUOROMETHYLTHIOBENZIMIDAZOLE 

A. E. Yavorskii, A. V. Stetsenko, I. V. Gogoman, 
V. N. Boiko, S. G. Zavgorodnii, A. I. Sobko, 
V. N. Tatskaya, V. G. Kvachev, and V. L. Florent'ev 

UDC 547.424'785. 
5'963.32.04 

l-(2,3-Dihydroxypropyl)-, l-(&-hydroxy-2-oxabutyl)-, l-(3-hydroxymethyl-4-hy- 
droxy-2-oxabutyl)-, l-(l,5-dihydroxy-3-oxa-2-pentyl)-, l-(5-hydroxy-3-oxa-2- 
pentyl)-, and l-(&,5-dihydroxy-2-oxapentyl)-2-trifluoromethyl- and -2-trifluo- 
romethylthiobenzimidazoles were obtained by condensation of trimethylsilyl 
derivatives of 2-substituted benzimidazoles with alkylating agents in the pres- 
ence of SnCI~ or by direct alkylation of the sodium salts of the heterocycles. 

A great deal of attention is currently being directed to the study of acyclic analogs 
of nucleosides [i]. Continuing our previously commenced investigation [2] of the relation- 
ship between the structure and biological activity of analog~ of nucleosides modified with 
respect to the sugar and heterocyclic base we studied the effect of the conjunction of the 
hydrophilic groupings ofhydroxyalkyl substituents and hydrophobic substituents in the het- 
erocyclic base on the biological activity of acyclic analogs of nucleosides. In this con- 
nection we synthesized a number of derivatives of 2-trifluoromethyl- and 2-trifluoromethyl- 
thiobenzimidazole: 

B B B 
I 2' 9 I 2'3' 4' 1 2'2',' 
CH2CHCH~0H CH.0CH~CH~0H CH.0CHCHz0H 
1 / ~ ~ 11 ~ . ~ 11 L . I  

OH ~" CH29H 
Z.a.b ua,b n,a,b 

B B B 
,' I 3'4' g ,' I 3'4' 5' I 2'~' , '  5' 

CH3CHOCH2CH20H CH20CH2CHCH~0H ~ o c . ~ c , H o c ~ 2 c . 2 o ~  

Iv:a.b Va.b w a.b o~ 

l - ' a ,  c = ; b 

CF 3 
L 

~ N  i SC F~ 
i 

2-Trifluoromethylbenzimidazole (Vlla) was obtained by the method in [3], while 2-tri- 
fluoromethylthiobenzimidazole (VIIb) was synthesized from 2-mercaptobenzimidazole: 
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