- RESEARCH IN THE IMIDAZOLE SERIES

LXXIX.* REACTION OF 8~-THIOTHEOPHYLLINE WITH a-HALO KETONES

M. I. Yurchenko, P, M, Kochergin, UDC 547.857.4'789
and A. N, Krasovskii

It was established that the reaction of 8~theophylline with a-halo ketones gives 8-acylalkyl-
thiotheophyllines or their cyclization products — thiazolo[2, 3-f]xanthine derivatives — depend-
ing on the conditions used to carry out the reaction and the structure of the halo ketones.
Derivatives of two new heferocyclic systems — eyclopentathiazolo[2,3-f]purine and benzothia~
zolo]2, 3-f]purine— were synthesized from 2-bromocyclopentadienone and cyclohexanone.

The structure and the conditions for the cyclization of 8~acylalkylthiotheophyllines to three~
(four)-ring compounds were studied. The structure of the thiazolo{2,3-f]xanthines was proved
by reductive desulfuration to 1,3, 7-trialkylxanthines,

Little study has been devoted to the reaction of 8~thioxanthines with a-halo ketones [2, 3], whereas it
seems of great interest, inasmuch as it opens up possibilities for the synthesis of 8-acylalkylthioxanthines
and thiazolo[2, 3-f]xanthine derivatives. We have found that the reaction of 8~thiotheophylline (I) with a-halo
ketones of the aliphatic, alicyclic, aliphatic-aromatic, and heterocyclic series proceeds unambiguously and,
depending on the conditions used (temperature and pH of the medium) and the structure of the halo ketone,
gives 8-acylalkylthiotheophyllines or their cyclization products — thiazolo[2, 3-f]xanthine derivatives. Thus
8-acylalkylthiotheophyllines (II-XIII, Table 1) are obtained in high yields by reaction of I with halo ketones
in alcohol or dimethylformamide (DMT) in the cold and even on heating to 60-100° in the presence of an
alkaline reagent, Refluxing of thioxanthine I with halo ketones in organic solvents {alcohols, CH;COOH,
DMF) in the absence of an alkaline reagent gives different compounds., 8-Acylalkylthiotheophyllines (VIII-
XIII) are formed in the case of aliphatic-aromatic and heterocyclic halo ketones, while the process does not
stop in the first step with aliphatic and alicyclic halo ketones but proceeds further with closing of the thia-
zole ring to give the corresponding three- and four-ring compounds XIV-XVII, XXIII, and XXIV),

This difference in the course of the reaction of I with a-halo ketones with different structures is ex-
plained by the different tendencies of the acylalkylthiotheophyllines (I-XIII) to undergo cyclization with
closing of a thiazole ring. Compounds II-VII are readily cyclized to three- and four-ring XIV-XVII and
XXIV on refluxing in lower alcohols in the presence of HC1, on heating in POCl; and organic or mineral
acids (HCOOH, CH;COOH, HCl, HBr, and H,PO,), and also on treatment with cold concentrated H,S0O,. In
contrast to II-VII, IX-XII are very stable and cyclize to XVIII-XXII only on prolonged refluxing in POCl,
or 85~90% H;POy.

The closing of the thiazole ring is catalyzed by acids. Thus V does not change when if is refluxed in
ethanol, while under the same conditions, but in the presence of HCl, it is cyclized almost quantitatively to
XVI, Thus, threefour)-ring compounds XIV-XVII, XXII, and XXIV) are formed in the reaction of thiotheo-
phylline I with halo ketones of the aliphatic or alicyclic series in ethanol, while in the presence of alkali,
which neutralizes the evolved HC1 or HBr, the process stops in the first step to give acylalkylthiotheophyl-
lines ([I~VII). .

*See [1] for communication LXXVIII,

Zaporozhe Medical Institute, S. Ordzhonikidze All-Union Scientific-Research Pharmaceutical
Chemistry Institute, Moscow, Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 5, pp. 693~
696, May, 1974. Original article submitted March 30, 1973.

© 1975 Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming,
recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $15.00.

600



'9°0¢ Ig i} PUNOL,

SPUE)S BINULIOJ STYL, ‘TAUOUEXSYO]0L0~Z = JODHHOS I0F SPUBIS B[NULIOY STYLq

‘P02 Id
*.697 dwr sey punoduroo sy} ‘[7] 03 Bumpaoody, ‘G°6T g Y% peremoled ‘L°6T Id % vssoh@
0802703 dwr sey punodumod sy} ‘[g] 03 BUIPI00OVy

o, pojeInorEe)d
*1Auory}-g 10§

gL 011 £'61 6% 868 i g1 €61 44 v'eg SEOPNFHED 0021 ‘0491 | 288933 —VEHD)— | AIXX
68 9'11 €03 'y 1'39 611 1'0¢ 4 '8 SEFOYNAIHED 995195 —E(EH)— | [1IXX
26 '8 ¥yl 't 619 0'8 6'el 0% 0'59 SPO'NTH'%D 03L1 ‘0891 | 9£3—VEG SHPD | SH'O | 1IXX.
06 86 3Ll €y 6'88 z01 A €'y 8'8¢ SEOYNYIHYD 635145 SHD | fHD|IXX
06 6'8 9'61 I'e ¥'08 6'8 1'61 v'e €08 STOSNUHE'D 0041 '0991 | SPe—E¥e | LHOONPO-d H| XX
86 %8 g1 87 0'9r ¥'8 I'¥1 L'g L'Ck TOPNIGITHEID G691 ‘6691 | 008—863| ‘HDIG-d H | XIX
£6 £01 6.1 6'¢ 118 901 9Ll 9'c €19 SPO'NF'HEID GOLI ‘0991 | 685883 SHYD H| HHIAY
88 Sl 103 I's 8'1¢ 811 661 ze L1 SPOYNY'HE'D 01210491 | 391—191 SHED | CHO| IIAX -
78 1'31 313 9'¥ 008 121 €13 o'y g0e SPO'NFTH!M'D SILL'GL91 | €£3—3€8 fHD | fHD | IAX
86—8. 1'g1 3'1g 9y 008 031 ¥ 9% 1'0S SEOYNP'H'D 0141 ‘0491 | ¥63—€38 SHED H|AX
- — — - — — — — — SEOYNYH'D S1L1'6891 |{9€90—39% EHD H | AIX
16 6L 8¢l L't 0'39 £'s ¥'el 9¥ g'19 SEO'NEIHD 0%1€ ‘0608 0121 ‘0991 | 0£G—635 SHD | SHPD | HIX
16 €6 £'9t L'y 8GG €6 791 L'y ¥'qg SEOPNO'HYD 0S1€ ‘080€ ‘04T ‘G991 | €¥E—5¥g SHPD | SHO|IIX
@6 38 L'81 g'e 08y 0'6 9'81 9'c 0'8¥ SEONETHE'D OF1€ ‘0608 ‘00L1 ‘0291 | ¥33—833| THPONFO-d HiIX
€L 6L L'E1 e 0't¥ L'L 8¢l 6% 8'ey pSPO'NSGE HED OP1€ ‘060€ ‘G021 ‘0991 | S¥g—1¥g| YHDig-d H{X
18—6L L'6 0Lt (54 a'ye 6'6 1'L1 474 S'¥g SEOYNFIHEID OFIE ‘0808 ‘0041 ‘0991 | €V—GY3 SHD H | XI
26 1'61 9'91 9'c b'oy 161 991 6'¢ <o SSEQYNETHEID 8¥5—9¥5 oStHD HI A
g9 01 z'8l g 908 901 z81 ¥'s 6'08 SEO'NCTHE'D 0LIE ‘O11€ ‘SOLT '6991 | €L1—I1L1 qOPH®D HA
v6 £'01 181 8c £08 $01 1'81 6'c z'oe SEO'NTHE'D 021€ ‘060€ ‘G021 ‘0991 | S61—¥61 SHO | *HPD | IA
88 €11 861 0 8'9¥ z'1 008 0'g I'L¥ SEO'N"THYD 0G1€ ‘080€ ‘S1L1'0691 | 161—061 EHD | *HO | A
86—18 €01 0'81 8'c £09 ¥'01 0'81 8C L0S SEOYNE'HE'D | OFIE ‘060€ 'STLT ‘6691 ‘09T | 156—0S8 £((11D) D H | Al
26 g1 8'61 0¢ 8'oF g1 103 g'e 0Lt SEOYNFIH!I'D Ov1€ ‘060€ ‘S0LT ‘G991 | 005—661 SHYD H | 111
16 611 608 gy 8'v¥ 361 6'0% gy L' SEQYNPTHO'D | OFI€ ‘060€ ‘01L1 ‘0691 ‘0991 | «00—861 *HO H| i
b ﬁ s | ° N i ° enunioy Teopidwy (=W ‘winipads ¥l | O, ‘du A ¥ mﬁmw
PIaIX | 9, “pajeInoreD % _‘punog

(AIXX-AIX) SOAIIBALIS(Q SUIIUeX[]-z ' g]ojozery], pue (IIIX-I) Soul[AydosyjompIAIe[Aov-8 ‘T AT1dV.L

601



It was established by means of physicochemical methods that ring~chain tautomerism is characteristic
for II-XIM, These compounds display the properties of ketones and give derivatives at the carbonyl group,
for example, 2,4-dinitrophenylhydrazones (XXV). At the same time, judging from the IR and PMR spectra
[4, 5], these ketones are in equilibrium with the corresponding 3-~hydroxythiazolino[2, 3-flxanthines in solution,

As a consequence of tautomerism in the 8-thiopurine series, closing of the thiazole ring during cycli-
zation of II-XIII might have proceeded with the participation of the NH group in both the 7 and 9 positions of
the purine ring to give thiazolo[2,3~f]xanthines XIV~-XXIV and the isomeric thiazolo[2,3~e]xanthine deriva-
tives, In all cases we isolated only one of the isomers (as monitored by chromatography). The affiliation
of XIV-XXIV with the series of thiazolo[2,3-f]xanthine derivatives was proved in the case of the reductive
desulfuration of XIV under the influence of Raney nickel to 7-isopropyltheophylline XXVI),

EXPERIMENTAL

The IR spectra of mineral oil suspensions of the compounds were recorded with a UR-10 spectrometer,

Chromatography on a fixed layer of silica gel for XV, XVI, XVIII, and XX was realized in a CCl,—
CH,;COOH (4:1) system, and the chromatograms were developed with iodine vapors., The Rf values were:
XV 0.91, XVI 0,94, XVIII 0.83, and XX 0,90,
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8-Acylalkylthiotheophyllines (II-XIII, see Table 1), A) A 0.05~0.055~-mole sample of the a-halo ketone
(chloro ketones were used for the synthesis of II, VII, and XIII, while bromo ketones were used in all of the
rest of the cases) was added to a solution of 0.05 mole of I and 0,05 mole of sodium ethoxide in 100-150 ml
of ethanol, and the mixture was stirred at 60-65° for 1-1.5 h, refluxed for 10 min, and cooled, The precipi-
tate was then removed by filtration and washed with water.

B) A solution of 0.05 mole of I and 0.055 mole of the a-halo ketone in 150 ml of ethanol or DMF was
stirred at 18-20° for 5-6 h, after which it was poured into water, and the precipitate was removed by filtra-
tion to give IV and IX in 84 and 79% yields, respectively, Compound IX was isolated in 79-87% yield when I
was refluxed with phenacyl bromide in ethanol, hexanol, DMF, and glacial CH;COOH for 5-8 h, The sub-
stances were purified for analysis by crystallization from aqueous ethanol (II, VII, and IX), ethanol (IV, V,
and VI), butanol (I, X, and XII), dioxane (VIII), or glacial CH;COOH (XI, XIII).

Derivatives of Thiazolo[2,3-f]-, Cyclopentathiazolo[2,3-f]-, and Tetrahydrobenzothiazolo[2,3-f]xan~
thines (XIV-XXIV, see Table 1). A) A solution of 0.01 mole of I and 0,011~0.012 mole of a-halo ketone (a
chloro ketone was used for the synthesis of XIV, while a bromo ketone was used for the synthesis of the
other compounds) in 30-60 ml of ethanol was refluxed for 4-5 h (in the preparation of XIV, XV, and XVII)
or 7 h (in the preparation of XXIII and XXIV), after which it was cooled, and the precipitate was removed
by filtration, Evaporation of the mother liquor to a small volume gave additional amounts of the compounds.

B) A solution of 0.01 mole of II in 15 ml of glacial CH;COOH, 85% HCOOH, concentrated HCI, or
HBr was refluxed for 4-5 h, after which the solvent was removed by vacuum distillation. The residue was
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made alkaline with NH;, and the precipitate was removed by filtration and washed with water, The yield of
XV was 87-98%.

C) A solution of 0,01 mole of V or IX in 15 ml of 85% H;PO, was heated, respectively, at 95-98° for
1 h or at the reflux temperature of the mixture for 2.5 h, after which it was workéd up as described in
method A. The yields of XVI and XVIII were 93 and 98%.

D) A solution of 2.8 g (0.01 mole) of ITI in 15 ml of 96% H,SO, was allowed to stand at 18~20° for 24 h,
after which it was worked up as described above. The yield of XV was 91%.

E) A mixture of 0.01 mole of IX-XIII in 30-35 ml of POCl; was refluxed for 6-10 h, after which the
POCl; was removed by vacuum distillation, the residue was decomposed with water, and the precipitated
XVIIT-XXII were removed by filtration, The compounds were purified by crystallization from ethanol—
CHC1; (XIV), ethanol (XVI), aqueous ethanol (XVII), acetone (XXII), glacial CH;COOH (XV), butanol (XXI,
XXIV), DMF XIX, XX, XXII), or butanol-DMF (1 :1) XVIII),

8-Acetonylmercaptotheophylline 2, 4-Dinitrophenylhydrazone (XXV). This compound was obtained from
IT and 2,4~dinitrophenylhydrazine in ethanol (after refluxing for 1 h), The yield of product with mp 252-253°
{(from DMF) was 80%. Found %: C 42.8; H 8.7: N 25.0; S 6.8. C;gH;(N;OS, Calculated %: C 42.8; H 3.6;
N 25,0; S 17.1.

7-Isopropyltheophylline (XXVI). A) A mixture of 2,37 g (0.01 mole) of the hydrated potassium salt of
theophylline and 2.55 g (0,015 mole) of isopropyl iodide in 30 m! of ethanol was refluxed for 8 h, after which
the solvent was removed by distillation, and the residue was washed with water. The yield of XXVI, with
mp 174-176° (from petroleum ether) (mp 140° [6]), was 1.44 g (65%). IR spectrum: 1660, 1700 cm~! (CO).
Found %: C 53.9; H 6.2; N 25,3, C,H,,N,0,. Calculated %: C 54.0; H 6.3; N 25.2,

B) A mixture of 1 g of XIV, 15 g of an alcohol paste of Raney nickel, and 50 ml of ethanol was refluxed
for 2 h, after which it was filtered. The filtrate was evaporated, and the residue was crystallized from
petroleum ether., The yield of XXVI, with mp 174~176°, was 0.7 g (79%). No melting-point depression was
observed for a mixture of this product with a sample of XXVI obtained by method A.
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