
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

Antimetabolites: A Convenient Synthesis Of Mercaptopurine and
Thioguanine Analogues
Galal E. H. Elgemeiea; Hosny A. Alia; Abdel-Kader Mansourb

a Chemistry Department, Faculty of Science, Cairo University (Bani Suef Branch), Bani Suef, Egypt b

Chemistry Department Faculty of Science, Cairo University, Giza, Egypt

To cite this Article Elgemeie, Galal E. H. , Ali, Hosny A. and Mansour, Abdel-Kader(1994) 'Antimetabolites: A Convenient
Synthesis Of Mercaptopurine and Thioguanine Analogues', Phosphorus, Sulfur, and Silicon and the Related Elements,
90: 1, 143 — 146
To link to this Article: DOI: 10.1080/10426509408016395
URL: http://dx.doi.org/10.1080/10426509408016395

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509408016395
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus, Sulfrrr, and Silicon. 1994, Vol. Yo. pp. 143- 146 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1994 Gordon and Breach Science Publishers SA 
Printed in the United States of America 

ANTIMETABOLITES: A CONVENIENT SYNTHESIS 
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A novel synthesis of 7-mercaptomethylpyrazolo[ 1,5-a]pyrimidines and pyrazolo[4,3:6’,7’]pyrazolo[ 1,5- 
alpyrimidines utilizing ketene dithioacetals and 5-aminopyrazoles as starting components is described. 

Key words: Ketene dithioacetals, 5-aminopyrazoles, mercaptopurine analogues, antimetabolites, 
thioguanine analogues. 

INTRODUCTION 

The heterocyclic bases purines are the parent molecules of nucleosides and nu- 
cleotides. Nucleotides are ubiquitous in living cells, where they perform numerous 
key functions. * Synthetic analogues of naturally occurring nucleotides find appli- 
cation in cancer chemotherapy as enzyme inhibitors and can replace the naturally 
occurring nucleotides in nucleic acids. Therapeutic attempts to inhibit the growth 
of cancer cells or certain viruses have often employed administration of analogues 
of bases, nucleosides, or nucleotides that inhibit the synthesis of their DNA or 
RNA. Such compounds include 6-thioguanine and 6mercaptop~rine.*.~ Allopu- 
rinol, a purine analogue, is widely used in the treatment of gout. As a part of our 
program directed for development of new simple and efficient procedures for the 
synthesis of purine analogues and other anti metabolite^,^-^ we have recently re- 
ported different successful approaches for the synthesis of pyrazolopyrimidines.x 
Derivatives of this ring system are interesting because they are purine analogues 
and as such they have useful properties as antimetabolites in purine biochemical 
reactions. 

DISCUSSION 

The present paper deals with a novel synthesis of 7-methylthiopyrazolo[ 13 -  
alpyrimidines by the reaction of ketene dithioacetals with 5-aminopyrazoles. It has 

tPresent address: Chemistry Department, Faculty of Science, Qatar University, Doha, State of Qatar. 
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been found that 2-cyano-3,3-bis(methylthio)acrylonitrile or ethyl 2-cyano-3,3- 
bis(methy1thio)acrylate reacts with 5-aminopyrazoles 3 in reflexing ethanol con- 
taining catalytic amounts of piperidine to give the corresponding 7-methylthiopyr- 
azolo[ 1,5-a]pyrimidines 5a-f in good yield. The structures of 5 were established 
and confirmed for the reaction products on the basis of their elemental analysis 
and spectral data (MS, IR, and 'H NMR). The analytical data for a revealed a 
molecular formula CI4Hl0C1N5S (m' 315). 'H NMR spectroscopy was used to 
confirm this structure for the product. Thus, 'H NMR revealed a band at 6 2.62 
ppm assignable to SCH3 group, a multiplet at S 7.48-8.16 ppm assigned for aromatic 
protons and a broad singlet at S 8.78 ppm assignable for an amino group. The 
formation of 5 from the reaction of 2 with 3 is assumed to proceed via the inter- 
mediate 4, which cyclised to yield the end products s. Although, one may argue 
that the reaction of 2 with 5-aminopyrazoles 3 may lead to the other possible 7- 

1 3, 

a ,  28CN I 
t 

Ar\ GHNH2 
3 - 

SCHEME I 
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amino regioisomers. However, analogues for both of the last two possible isomers 
were previously synthesized and reported to have different NMR chemical shifts 
for the amino f u n ~ t i o n . ~  Chemical shifts for amino groups in 5 were in agreement 
with those of the 5-amino  analogue^.^ Compounds bearing latent functional sub- 
stituents were found useful for the synthesis of fused derivatives. Thus, it has been 
found that compounds 5 reacted with hydrazine in refluxing ethanol containing cata- 
lytic amounts of triethylamine to afford the corresponding pyrazolo[4,3:6' ,7']pyra- 
zolo[ 1,5-a]pyrirnidine derivatives 6. The structure of compounds 6 was established 
on the basis of elemental analysis and spectral data. Thus, the IR spectrum of @ 
revealed the absence of a CN band, the mass spectrum was compatible with the 
molecular formula CI3HllN7 (m' 265), and the 'H NMR spectrum contained two 
broad bands at S 7.15 and 7.68 ppm assignable for two amino groups and a broad 
singlet at 6 8.38 ppm assignable for an NH group. 

In summary, we have achieved a regiospecific synthesis of interesting mercap- 
topurine and pentaaza-as-indacene analogues by the reaction of ketene dithioacetals 
with 5-aminopyrazoles. The compounds synthesized are being subjected to bio- 
logical testing. 

EXPERIMENTAL 

IR spectra were recorded for KBr discs on a Pye Unicam SP-lo00 or a Shimadzu IR 200 spectropho- 
tometer. 'H NMR spectra were run on Wilmad 270 MHz or Bruker 300 MHz spectrometers with 
hexadeutero-dimethyl sulfoxide as solvent and tetramethylsilane as internal reference; chemical shifts 
are reported in 6 units (ppm). Mass spectra were recorded on an AEI MS 30 mass spectrometer, at 70 
ev, in the Institut fur Organische Chemie, Universitat Darmstadt, Germany. Analytical data were 
provided by the Microanalytical Center at Cairo University, Egypt. 

Compounds 2& were prepared following literature procedures.'" 

7-MethyWiopyrazolo[l,5-alpyrimidine-6-carbonitriles k f .  A suspension of 2 (0.01 mol) in ethanol 
(30 ml) was refluxed with 5-aminopyrazoles 2 (0.01 mol) and three drops of piperidine for 4 hours; the 
mixture was left to cool to room temperature. The crystals separating on cooling were filtered off and 
crystallized from the appropriate solvent: jg (69% yield), m.p. 250"C, Y max/cm-' (KBr) 3425, 3376, 
3313 (NH,), 2211 (CN); 6, (4-DMSO) 2.73 (s, 3H, SCH,), 6.84 (s, lH, CH), 7.40-7.76 (m. 5H, 
C,H,), 8.56 (s, br, 2H, NH,) (Found: C, 59.7, H, 3.6, N 24.5. C,,H,,N,S (M' 281) requires C, 59.8, 
H, 3.9, N, 24.9%). 3 (71% yield), m.p. 248°C. Y madcm-' (KBr) 3446, 3304 (NH,), 2223 (CN); S, 
(d,-DMSO) 2.62 (s, 3H, SCH,), 6.92 (s, IH, CH), 7.48-8.16 (m, 4H, C,H,), 8.78 (s, br, 2H, NH,) 
(Found: C, 52.8, H, 3.5, N, 21.8. C,,H,,CIN,S (M' 315) requires C, 53.2, H, 3.2, N, 22.2%). & (72% 
yield), m.p. 240°C. Y maxkm-' (KBr) 3450,3370 (NH,), 2220 (CN); 6, (d6-DMSO) 2.36 (s, 3H, CH,), 
2.65 (s, 3H, SCH,), 6.90 (s, IH, CH), 7.32-7.60 (m. 4H, C,H,), 8.42 (s, br, 2H, NH,) (Found: C, 
60.7, H, 4.0, N, 23.3. C,,H,,N,S (M' 295) requires C, 61.0, H, 4.4, N, 23.7%). (64% yield), m.p. 
315°C. umadcm-'  (KBr) 3421,3241 (NH), 2213 (CN), 1665 (CO); 6, (d,-DMSO) 2.66 (s, 3H, SCH,), 
4.48 (s, br, lH, OH), 6.77 (s, lH, CH), 7.44-7.97 (m, 5H, C,H,) (Found: C, 59.2, H,  3.7, N,  19.5. 
C,,H,,N,SO (M' 282) requires C, 59.6, H, 3.5, N, 19.9%). & (68% yield), m.p. 310°C. Y madcm-'  
(KBr) 3450, 3400 (NH), 2222 (CN), 1685, 1685 (CO); 6, (d,-DMSO) 2.63 (s, 3H, SCH,), 4.52 (s, br, 
lH, OH), 6.88 (s, lH, CH), 7.36-7.90 (m, 4H, C,H,) (Found: C, 52.8, H, 3.2, N, 17.3. C,,H,CIN,SO 
requires C, 53.1, H, 2.8, N, 17.7%. 3 (63% yield), m.p. 298-3WC, Y madcm-I (KBr) 3390, 3350 

OH), 6.81 (s, IH, CH), 7.4-7.81 (m, 4H, C,H,) (Found: C, 61.1, H, 3.8, N, 18.5. C,,H,,N,SO requires 
C, 60.8, H, 4.1, N,  18.9%). 

2H-Pyrazolo[4,3:6', 7'lpyrazolol[l,5-alpyrimidines h f .  A solution of 5 (0.01 mol) and hydrazine 
(0.01 mol) in ethanol (30 ml) and a few drops of triethylamine was refluxed for 5 hours, cooled; the 
precipitate was filtered off and crystallized from the appropriate solvent. ijg (75% yield), m.p. > 300°C. 
Y madcm-' (KBr) 3560, 3480 (NH,, NH); S, (d,-DMSO) 6.60 (s, lH,  CH), 7.15 (s, br, 2H, NH,), 
7.28-7.61 (m. 5H, C,H,), 7.68 (s, br, 2H, NH,), 8.38 (s, br, lH, NH) (Found: C, 58.5, H, 4.5, N,  
36.6. Cl3Hl1N, (M' 265) requires C, 58.9, H, 4.2, N, 37.0%). @ (70% yield), m.p. > 300"C, Y m a d  

(NH), 2220 (CN), 1666 (CO); 6,  (d,-DMSO) 2.41 (s, 3H, CHJ, 2.59 (s, 3H, SCH,), 4.55 (s, br, lH, 
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cm-l (KBr) 3520, 3450 (NH,, NH); 8, (4-DMSO) 6.65 (s, lH, CH), 7.31 (s, br, 2H, NH,), 7.33- 
7.64 (m. 4H, C6H4), 7.77 (s, br, 2H, NH,), 8.70 (s, br, lH, NH) (Found: C, 51.7, H, 3.6, N, 32.3. 
C,,H,,CIN, (M+ 299) requires C, 52.1, H, 3.3, N, 32.7%). @ (80% yield), m.p. > 30O0C, Y madcm-I 
(KBr) 3480, 3420, 3360 (NH,, NH) (Found: C, 59.8, H, 5.0, N, 34.8. C,,H,,N, requires C, 60.2, H, 
4.7, N, 35.1%). @ (70% yield), m.p. 242”C, Y madcm-’ (KBr) 3500, 3450 (NH,, NH), 1660 (CO); 
S, (4-DMSO) 3.47 (s, br, lH, OH), 6.61 (s, lH, CH), 7.37 (s, br, 2H, NHJ. 7.48-7.97 (m, 5H, 
C6H,) (Found: C, 58.5, H, 4.1, N,  31.3. C,,H,,N,O (M’ 266) requires C, 58.6, H, 3.8, N, 31.6%). @ 
(65% yield), m.p. 365”C, v max/cm-l (KBr) 3500,3430, 3300 (NH,, NH), 1680 (CO); 6, (d,-DMSO) 
3.52 (s, br, lH, OH), 6.63 (s, lH, CH), 7.21 (s, br, 2H, NH,), 7.35-7.85 (m, 4H, C6H,) (Found: C, 
52.1, H, 3.3, N, 27.7. C,,H9CIN60 requires C, 51.9, H, 3.0, N, 28.0%). fij (60% yield), m.p. 255”C, 
Y max/cm-’ (KBr) 3540, 3480 (NH,, NH), 1690 (CO); S, (d,-DMSO) 2.38 (s, 3H, CH,), 3.62 (s, br, 
lH, OH), 6.58 (s, lH, CH), 7.20 (s, br, 2H, NH2), 7.32-7.85 (m, 4H, C,H,) (Found: C, 59.7, H, 4.5, 
N ,  29.7. C,,H,,N,O requires C, 60.0, H, 4.3, N, 30.0%). 
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