min. Ether (50 ml) was then added to the solution, and the resulting precipitate was re-~

moved by filtration to give 3.7 g (83%) of a product with mp 91-92°C (dec.). Reprecipita-
tion from methanol by the addition of ether gave a product with mp 93-94°C (dec.). Found:
C 42.8; B 3.77%. C15H151NOQS. Calculated: C 43-2; H 3-6%.

1-Methyl-2-chloroindole. A) A solution of 0.9 g (2 mmole) of (l-methyl-3-indolyl)phen-
yliodonium methosulfate and 0.17 g (4 mmole) of lithium chloride in 8 ml of DMSO was heated
at 100°C for 2 h, after which it was cooled and poured into water. The aqueous mixture was
extracted with benzene, and the extract was washed several times with water and dried with
anhydrous magnesium sulfate. It was then evaporated to a minimal volume and separated chro-
matographically with a column filled with silica gel [elution with ether—petroleum ether (1:
2)] to give 194 mg (60%) of l-methyl-2-chloroindole with mp 63-64°C (mp 64-65°C [61).

B) A mixture of 250 mg of l-methyloxindole, 425 mg (C.2 ml) of phosphorus oxychloride,
and 8 ml of chloroform was refluxed for 15 h, after which it was cooled and treated with 40
ml of a 57 solution of sodium hydrocarbonate. The organic layer was separated, and the aque-
ous layer was extracted with chloroform. The solvent was evaporated, and the residue was
chromatographed with a column as in the preceding experiment to give 99 mg (35%) of l-methyl-
2-chloroindole with mp 62-63°C. The IR spectrum (mineral oil) was identical to the spectrum
of a sample of the compound obtained in the preceding experiment.
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MASS-SPECTROMETRIC DETERMINATION OF THE TAUTOMERIC FORMS
OF ALKYL (ARYL)BENZAZOLYLAZORETOXIMES

N. A. Klyuev, I. S. Shpileva, UDC 543.51'547.789.8'785.5
L. 1. Medvedeva, G. N. Lipunova,

and N. P. Bednyagina

A mass-spectrometric study of a series of alkyl(aryl)benzazolylazoketoximes as
compared with arylazoketoxime was made. The ratios of the tautomers (oxime =
nitroso) in the gas phase at the moment of vaporization of the samples were de-~
termined. Tt is shown that the ratios of the tautomers are determined by both
the basicity of the heterocycle and the character of the substituent attached to
the methylidyne carbon atom.

The quantitative ratios of the tautomers and the relationship between the position of
the tautomeric equilibrium and the aggregate state of the substances are of undoubted inter-
est in the study of the tautomerism of organic compounds [1]. Mass spectrometry has been
used with increasing frequency for the solution of these problems in recent years. The ra-
tios of the tautomers in the composition of the molecular ions (MY) are evaluated quantita-
tively by summation of the relative intensities of the characteristic fragment that corre-
spond to a certain form of tautomer with their subsequent normalization [2].
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TABLE 1. Mass Spectra of I-VI*

m/z values (relative intensities of the ion peaks in per-

Compound
cent of the maximum peak)

I(sample- | 41 (188) 42 (16,5), 43 (5,0), 44 (4,1), 45 (16,3), 50 (9,2), 51 (7,

vaporiza- (4,4), 57 (5,4), b8 (83,6), 62 (3,0), 63 (24,0), 64 (9,8), 69 (20 ,1;
tion tem- (68) 75 (5,1), 76 (4,4), 77 (3,3), 78 (9,8), 82 (7,6), 90 (35,8), 91 (101),
perature 95 (58), 96 (12,2), 104 (3,1), 105 (4,6), 107 (13,5), 108 (23,1}, 109

(6,9), 122 (7,5), 123 (19,1}, 133 (52), 134 (100,0), 135 (85.1). 136
(18,2), 137 (4,8), 148 (133}, 149 (12,5), 150 (3.6), 151 (14.4), 162
(4,7), 175 (22,2), 190 (16,0), 192 (15,5), 203 (6,5), 220 (6,3). W1 =0,8
T (200°) | 41 (26,4), 42 (16,4), 43 (6,0), 44 (52), 45 (3,7), 50 (7,4), 51 (14,4), 52
(14,7), 53 (52), 55 (3,0), 57 (5,0), 58 (56,9), 62 (2,5), 63 (29,9), 64
(20,9), 65 (8,2), 71 (3,2), 75 (3,5), 76 (6,4), 77 (16.4), 78 (10.0), 79
(4,4), 89 (4,7), 90 (85,8), 91 (283), 92 (5,7), 103 (5,2), 104 (18,1), 105
(18,3), 106 (8,2), 116 (3,8), 117 (48,3), 118 (100,0), 119 (16,6), 131
(188). 132 (32,8), 133 (6,3), 134 (97,0), 145 (35}, 158 (11,2), 172
(10,0), 173 (29,7), 174 (3,3), 175 (9,3), 203 (109) Wa=12
lla 50 (15,5), 51 (26,7), 52 (21,3), 53 (11,7), 55 (9,1), 56 (5,4), 57 (13,6),
58 (29,9), 59 (27,0), 62 (10,6), 63 (39,7), 64 (31,4), 65 (13,3), 66 (5.9).
67 (5,4), 69 (10,4), 71 (6,6), 75 (87) 76 (10,13, 77 (35,2), 78 (124),
79 (7,9). 89 (5,3), 90 (65.6), 91 (44,2), 92 (15,1), 93 (4.8), 103 (5.2),
104 (38,5), 105 (18,3), 106 (12,6), 107 (5,3), 117 (24,9), 118 (100,0), 119
(69,9), 120 (23,8), 121 (4,1), 131 (27,3), 132 (27.9). 133 (19,8), 134
(18,0), 135 (13,5), 136 (4,2), 145 (3,3), 158 (4,3), 159 (4,9), 172 (24,4),
173 (19,5), 174 (12,6), 175 (6,2), 176 (3,6), 203 (3,1), 204 (6.2), 205

(3,0)
I (210°) | 43 (7,7), 44 (11,7), 50 (15,7), 51 (29,4), 52 (13,5), 53 (5,2), 55 (3,9), 57
(89), 63 (158), 64 (13,0), 65 (7,5), 69 (4,1}, 71 (5,2), 75 (7,2), 76
(30,5), 77 (100,0), 78 (15,7), 79 (4,0), 90 (33.2), 91 (18,1), 92 (6,2),
102 (4,2), 103 (56,0), 104 (49,1), 105 (26,5), 106 (5,9), 117 (21,0), 118
(52,8), 119 (12,1), 120 (13,3}, 131 (37.3), 132 (36,5), 133 (8,5), 134
(7,3), 148 (6,5), 207 (5,1), 920 (14,9), 234 (35,4), 235 (34,3), 236 (3,8).
237 '(4,6), 265 (0,9). Wi =0,1
IV (180°) | 41 (12,8), 42 (3.8), 43 (158) 44 (48,8), 50 (10,4), 51 (12,5), 52 (4,4), 55
(8,1), 56 (3,6), 57 (17.4), 63 (50), 64 (3,1), 65 (18,2), 69 (85), 70
(3,0), 71 (102) 76 (17,6), 77 (20,2), 78 (4,1), 81 (4,2), 90 (3.8), 91
(100,0), 92 (11,0), 102 (4,1}, 103 (34,1), 104 (8,38), 105 (7,0), 119 (7,1),
196 (3.0), 205 (3,5), 206 (4.2), 207 (9,9), 208 (7,7), 220 (6,8), 222 (4,1),
293 (3,3), 224 (10,7), 324 (125), 325 (80), 326 (30), 355 (0.4).
WM=0,1
V. (160°) | 43 (100,0), 44 (31,1), 50 (15,4), 51 (51,7), 52 (24,0), 53 (134), 54 (23,2),
63 (29,1), 64 (16,2), 65 (95,4), 66 (9,6), 68 (38.8), 70 (21,2}, 71 (10,7),
75 (11,1), 76 (17.7), 77 (61.9), 78 (17.6), 86 (21,7), 89 (53,2),
(37,0),'91 (95,1}, 92°(80,8), 103 (14,3), 104 (16,0), 105 (7,8), 106 (189)
117 (16,8), 118 (14,4), 119 (30,4), 145 (36,9), 196 (3,0), 205 (12,0), 206
(29,5), 207 (94,1), 208 (47,4), 209 (8,9), 220 (33,2), 221 (10,8), 222
(38.8), 223 (13,3), 224 (16,4),°975 (6,1), 276 (4,1), 289 (6,8), 290 (26,9),
291 (44,6), 292 (12,4), 293 (3,1), 321 (0,2). Wi =0,04.
VI (130°) | 41 (5,7), 43 '(12,2), 44 (16,1), 50 (12,0), 51 (28,1), 52 (6,8), 57 (55), 63
(5.0). 64 (10,8), 65 (17,1), 75 (10,9), 76 (15,9), 77 (100,0), 78 (27,1),
90 (4,2), 91 (18,1), 92 (40,3), 93 (3,8), 102 (17,8), 103 (6,4), 105 (39,4),
106 (6.4), 119 (197), 148 (4,0), 149 (6,6), 165 (8,4), 240 (3,0), 270
(0,4). Wyr=01

*The ion peaks with intensities ='37 of the maximum peak are
presented.

The aim of the present research was to make a mass—-spectrometric study of the tautomer-
ism of heterarylazoketoximes. It is known [3] that alkyl(aryl)benzazolylazoketoximes I-V
exist in solutions in the form of three prototropic tautomers (the spatial isomers were not
taken into account):

Het HC'N HelNH M NO M-—NoO
NH ]
@T) N=N-- C,”N=°"~©D NH-- N‘f —0 == o N-n=cdn=0
R X ;I
(—v
A (oxime form) B (amine form) C (imine form)

I X=S, R=CHs; I1 X=NH, R=CHg; III X=NH, R=CeHs; IV X=NCHyCsHs, R=CeHs;
V X=NCH,CgHs, R=CH (CHj),

Indeterminacy (as a consequence of rearrangements and secondary fragmentation processes)
in the assignment of some of the ions to an individual form of isomer will exist in the frag-
mentation of the M' ions of I-V [4]. The sequence of the pathways of the fragmentation of
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TABLE 2. Specific Ion Peaks That Characterize the Oxime and
Amine-Tmine Tautomeric Forms of the Molecular Tons (M*) of
I-V (intensities in percent of maximum peak in mass spectrum)*

Compound
+ .
M on 1 1 11 v v
M+ 220 (6,3) 203 (10,9) 265 {0,9) 355 (0,4) 321 (0,2)
Ions corresponding to the oxime form (A)
Hetj+ 134 (100,0) } 117 (48,3) 117 (21,0) | 207 (9,9) 207 (9,9}
[[HeegNzl+ 162 (4,7) 145 (3,5) iig %égg 235 (1,8) 235 (2,1)
M—Het]* — — , — —
}AA-H:&QA+ 58 (83,6) 58 (56,9) { 120 (13,4) | 120 (1,8) 86 (21,7)
M—OHJ+ 203 (6,5) — — — —
Ao iy | men | oo | BeD | B
—N,)—OHI+ 175 (22,2 158 (11, 9) ) ;
N —om S S BTy 61,4 16,8 125,1
Tons corresponding to the amine (B) and imine (B) forms
~NOJ+ 190 (16,0} 173 (29,7) | 235 (34,3) | 325 (8,0) 291 (44,6)
Hé—NO]H]*‘ 189 §2,9) 172 (10,4) | 234 (35,4) | 324 (12,5) 290 (26,9)
[HetN}+ 148 (13,3) 131 (18,6) 131 (37,3) 221 (2,2) 221 (10,8)
[HetNH]+ 149 (12,5) 132 (32,8) 132 (36,4) 222 (4,1) 222 (38,8)
ZB +2C 44,7 91,5 143,4 26,8 121,1
TA: (ZB+2Q) 83,9:16,1 58,5:41,5 30,0:70,0 | 383:617 50,8 : 49,2
1R and PMR [3] Form A Form A Form A A=C Form A

*The empirical compositions of the ions indicated in the
table were confirmed by data from high-resolution mass
spectrometry in the case of I and III.

+ . . , .
the M and fragment ions must therefore be traced in the first stage of the investigation
by means of a study of the spectra of the metastable ions with the aid of the DADI technique

[5].

As a model compound we selected arylazoketoxime VI, which can exist in the form of two
tautomers, a fact that simplifies the interpretation of the mass spectrum significantly.
The affiliation of VI (form A) simultaneously

7t 103 92 240

[ ]
erlnor = (eawbechic
Q;[ @ A B @ '

NO, NO,

. vl
with oximes and azo compounds dictates the necessity for an approach for the elucidation of the
mass spectrum with allowance for the principles of fragmentation that are characteristic for
each of these groups [6~11]. TForm A will be determined by the following ion peaks: 77%
([CsHs1T), 105 ([CeHsN211), 165 ([M — CeHsNo]1), and 193 ([M — C4Hs]T) (o cleavage relative
to the azo group), as well as 148 ([M — CeHsN2, — OH]F) and 149 ([M — C¢HsN, — 017) (second-
ary processes that characterize the oxime grouping). We will designate their overall con-
tribution to the total ion current as ZA. Amine structure B, which contains hydrazone and
nitroso groupings, is characterized by the following set of ioms: 91 ([CGHSN]+), 92 ([CcHsNH]D),
and 240 (M — NO]'). The absence of [M —>N02]+ or [M — NOo — co]t fragment ions [12] excludes
the formation of this ion due to the nitro group in the nitrophenyl substituent. The total
fraction of the intensities of the ion peaks corresponding to form B in the total ion cur-
rent is designated by XB. The other relatively intense ion peaks in the mass spectrum of
VI are associated with secondary processes involving the fragmentation of the 165 and 149
ions: [M — C¢HsN, — NO,]*+ (the value determined was 119.0385, and the value calculated for
the composition C,HsNO was 119.0371) and [M — CgHsN, — NO,, —-OH]+ (the value det:rmined was
102.0429, and the value calculated for the composition C,H,N was 102.0469). The complete
mass spectrum of the compound is presented in Table 1.

*Here and subsequently in the text and in the scheme, the numbers that characterize the ions
are the mass~to-charge ratios (m/z).
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It must be noted that rearrangement processes that lead to the formation of [M —-OH]+,
M — HCN]+, [M -~ cO]T. and M —-HCNO]+ ions, are recorded for various ketoximes, and are
realized by means of a four- [7, 13] or five-center [14-16] mechanism, were not observed in
this specific case.

It is also known that Beckmann rearrangement, which leads, as a rule, to the formation
of substituted amides, is characteristic for oximes. This reaction has been studied thor-
oughly for solutions, but it was recently established that the rearrangement also takes
place in the gas phase for some ketoximes [17, 18]. In the case of arylazoketoxime VI frag-
mentation products due to a Beckmann rearrangement are not observed in the mass spectra.

Thus our interpretation of the principal fragment ions (the empirical compositions of
the ions were confirmed by high-resolution mass spectra) in the mass spectrum of VI (Table
1) constitutes evidence for the existence in the gas phase of two tautomeric forms of M',
viz., A and B in a ratio of IA:IB = 72.2:27.8.

The fragmentation pattern becomes complicated substantially when a heterocyclic residue
is introduced in the azoketoxime molecule. However, peaks of ions formed via a unique mech-
anism are observed in the mass spectra of I-V (Table 2). In analogy with the mass spectrum
of the model compound the peaks of [Het]™, [HetN2]+, [M —'Het]+, and [M — HetN,]T ions cor-
respond to oxime form A. The primary fragmentation processes due to the elimination of an
OH group [9, 14-16] (the value determined for I was 203.0378, while the value calculated
for the composition CoH,N.Swas 203.0391) and to the ejection of an N, molecule (the value
determined for I was 192.0352, while the value calculated for the composition CgsHeN.0S was
192.0357) can be ascribed to the same Mt form. The formation of an M — N, T ion is specif-
ic for some compounds that contain an azo group [9, 19]. The secondary ion that develops
in the elimination of a hydroxy group from the [M — N.]" ion the value determined for [ was
175.0313, while the value calculated for the composition CeH,N.S was 175.0330 can also be
adopted as diagnostic in the determination of the A form.

Starting from the analogy with VI, the ions of the [HetN]™, [HetNH]T and [M — NO1T form
will be affiliated with a tautomer of the B or C form. The elimination of an NOH particle
from Mt (the value determined for I was 189.0366, while the value calculated for the compo-
sition CoH,NsS was 189.0361) can also be assigned to the same forms. We were unable to find
a mass-spectrometric difference between tautomers B and C in the case of I-V. It may only
be assumed that the high intensities of the [HetH]+ and [HetNH]' ions are due to the pre-
ponderant percentage of the B form, since it is known [20-22] that the azine N—N bond (form
CO undergoes considerably less destruction in the first step of the fragmentation of .

The formation of 151 ions in the fragmentation of I (the value determined was 151.0065,
and the value calculated for the composition C,HsNOS was 151.0092), as well as 135 and 123
ions (the value determined was 123.0135, and the value calculated for the composition CeHsNS
was 123.0142), is associated with rearrangement processes (Table 1). The 135 ion has the
benzothiazole structure, the fragmentation of which was examined in [23], and the interpre-
tation of the peaks of the 134, 108, 107, 94, 90, and 76 daughter ions that are formed during
its subsequent fragmentation is therefore not difficult. The formation of 151 and 123 ions
is due to the following rearrangement process (the course of the rearrangement was confirmed
by a study of the spectra of the metastable ions)?

o
2O, — O
+r - —_— L ;k,/
M S/Lc=N~OH s/xc/\I
1,220 192 lc S

H, ' CH;

l-ca§=u

+ ¥ +
= /N"\l~c0 NH .’ @{‘T‘ -I
NS g )\\0 s)\OH
191

123 15}
Thus the rearrangement processes previously observed for aldoximes and ketoximes [14~16]
are realized only partially in the step involving the formation of the [M —-Nz]+ ion, and,
as a consequence of this, cannot affect the ratio of the tautomeric forms in Mt. For I,
SA: (5B + £C) = 83.8:16.1 (Table 2). An analysis of the mass spectrum of I (Table 1) shows
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i i i i it o cleavage rela-
that Beckmann rearrangemenF [17, 18] 1§ iot realized 12 thli c;éi g; E§§+(are eav ibserved
tive to the keto group), since [M — CH3]", [M — COCH;]", and [ 3 T s

and the COCH; ion peak (43) is of low intemnsity.

The character of the fragmentation of the MT ions of II makes it possible to estimate
the ratio of the tautomers: zA:(IB:XZC) = 58.5:41.5 (Table 2). The development of 134 and
106 ions is explained by a rearrangement process similar to that observed in the fragmenta-
tion of I (the 151 and 123 ions). In this case also ion peaks due to a Beckmann rearrange-
ment are not found in the mass spectrum.

To arrive at a more accurate estimate of the ratio of the B or C form of Mt we attempted
to use a deuterium-labeled sample of II (IIa, Table 1). A calculation of isotope exchange
for Mt [24] shows that ITIa contains 257% undeuterated compound, 50% monodeuterated analog,
and 257% dideuterated analog. The presence of the dideuterated compound indicates the pos-
sibility of deuterium exchange of both the hydrogen atom of the hydroxy group and the hydro-
gen atom of the imino group. The monodeuterated compound may contain the label in one of
these groups. A comparison of the intensities of the 174 and 173 and 159 and 158 ion peaks
determines the presence of the deuterium label in the hydroxy group, while a comparison of
the 133 and 132 and 145 and 146 ion peaks indicates deuterium exchange of the hydrogen atom
of the imino group (Table 1). The ratio of the two monodeuterated products is “v1:1, and
this demonstrates the approximately identical acidities of the hydroxy and imino groups in
the tautomers. In a situation such as this it is impossible to accurately calculate the per—
centage of retention of the deuterium label for the [Het]+, [HetNH1F, and [Het — HCN] ' ioms,
which determine the B form in the mass spectrum of Ila. However, considering the increased
intensities of the 91, 92, 119, 120, and 133 ion peaks (Table 1), it may be assumed that the
B form dominates.

An analysis of the mass spectra of III-V shows that the trend of the dissociative ioni-
zation remained virtually unchanged as compared with the examined spectra of I and IT (Tables
1 and 2). Calculations of the overall intensities that determine the contribution of the
tautomers to MT [ZA:(ZB + ZC)] gives 30.0:70.0 for ITT, 38.3:61.7 for IV, and 50.8:49.2 for
V. The rearrangement process that is observed for I and TI and is due to the successive
splitting out of RCN and CO particles from the [M — N.1T ion is also realized in this case.
In the mass spectrum of IIT the 103, 106, and 134 ion peaks have precise masses of 103.0414,
106.0538, and 134.0476, respectively, in agreement with the empirical compositions of the
[CeHsCN]T, [CsHeN2]F, and [C7H6N20]+ ions. A similar rearrangement process is also recorded
in the mass spectra of IV and V (Table 1):

| —CeHLCN -Co ~C;H,CN o)
M—NoPr o004, 196; [M — Npfr———»224 — 5 19g,

The presence of a 105 ion peak in the mass spectra of TIT and IV is associated with the elim-
ination of an HCN molecule by the [HetNH]+ ions to give [CeHsN2]% ions (with a determined
value of 105.0432 and a calculated value of 105.0452) and is not in agreement with an ion
with the composition [CeHsCO]Y, which could have been formed during a Beckmann rearrange-
ment. The 250 ion peak is not recorded in the mass spectrum of V, ji.e., the indicated re-~
arrangement also does not occur for this oxime in the gas phase (Table 1).

Out study showed that for heterarylazoketoximes I~V in the gas phase at the moment of
vaporization of the samples the overall contribution of the tautomers that exist in the ni-
troso form becomes more appreciable as compared with solutions. The ratios of the tautomers
are determined by both the basicity of the heterocycle and the character of the substituent
attached to the methylidyne carbon atom. It should also be noted that Beckmann rearrange-~
ment in the gas phase is not observed for any of the investigated oximes.

EXPERIMENTAL

The mass—-spectrometric study was made with a Varian MAT-311A spectrometer having "in-
verse' geometry in the construction of the magnetic and electrostatic sectors, which made it
possible to obtain the spectra of the metastable ions (the DADI technique). The following
standard recording conditions were used: an accelerating voltage of 3 kV, a cathode emission
current of 300 VA, an ionizing-electron energy of 70 eV, and a sample-vaporization tempera-
ture of 80-210°C. A system for direct introduction of the substances into the ion source
was used. The high-resolution mass spectra were obtained under the same conditions: M/AM =
15,000 with polyphosphoric acid as the standard. The deuteration of IT was carried out direct-
ly in the mass spectrometer by adding a solution of CDsOD to the crucible containing the sample.
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SYNTHESIS OF NUCLEOSIDES OF SUBSTITUTED 3-HYDROXYPYRAZOLES

F. F. Blanko, I. A. Korbukh, UDC 547.778.3"'963.32
M. N. Preobrazhenskaya, and H. Dorn

N-Glucoside analogs of the antibiotic pyrazofurine were obtained by fusion of 3-hy-
droxy-4-ethoxycarbonylpyrazole with tetra-0O-acetyl-f-D~ribofuranose in the presence
of dodine.

In connection with the fact that the antitumorigenic activity of the antibiotic pyrazo-
furine (the C-nucleoside of 4-hydroxy-5-carbamoylpyrazole) is well known, the preparation of
its N-glycoside analogs seems of interest [1].

As the starting compound for their synthesis we used 3- hydroxy-4-ethoxycarbonylpyrazole
(1). 1-(2,3,5-Tri-0O~acetyl-g-~D-ribofuranosyl)-3-hydroxy-4-ethoxycarbonylpyrazole (I1a) was
obtained by fusion of pyrazole I with 1,2,3,5-tetra-O-acetyl-S~D-ribofuranose at 160°C for
30 min im vacuo in the presence of iodine. Triacetate Ila was converted to 1-g-D-ribofura-
nosyl-3-hydroxy-4-ethoxycarbonylpyrazole (IIb) by the action of an alcohol solution of sodium
ethoxide. 1-B-D-Ribofuranosyl-3-hydroxy-4~carbamoylpyrazole (IIc) is formed by ammonolysis
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