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THE DETHIOHATION OF CERTAIN 2-SUBSTITUTED
PURIREE AND PYRIMIDINES

INTRODUCTION

The cyclization of P-ketoesters, Be-diketones, @=
ketonitriles, etc., with urea (16, p, 162) 25, p. 537«
549) 38, p. 674=677), thiourea (1, p. 6741) 2, p. 2197~
2200) 27, p. 345-355) 28, p. 364=-372) and amidines (13,
Pe B61=366) 14, pe 163~164) 35, p. 388-390) 39, p. 2179~
2184) 40, p. 61=70) has long been known to yield pyrimi=
dines with various substituents depeuaing upon the choice
of intermediates in the 2, 4, 5 and 6 positions.

The preparation of pyrimidines with a hydrogen
substituent in the 2-position however, has always pre=
sented a problem, since the necessary intermediate for
such pyrimidines is formamidine which is rather hazardous
as well as difficult to prepare. FHurthermore it does not
always cyclize in the straightforward manner of the other
amldines. (10, p. 1148-1157) 11, p. 959=970) 12, p. $70=
876) 15, pe 1334=1336)

There nave been isolatea instances, such as the
preparation of pyrimlidinedione=4,6 by condensation of
ethyl formate with malonodiamide (22, p. 2214), in which
2-unsubstituted pyrimidines have been prepared by direct

cyelization. However, it 1s the replacement reactions in
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which the existing 2-substituent is replaced by a hydrogen
atom which offers the most promise as an alternate route
to such desired products.

A number of different reagents have been employed
successfully for the removal of the mercapto substituent.
Among those reported in the literature are hydrogen
peroxide, nitric acid and Raney nickel,

The use of nitric acid for this purpose has been
limited to one isolated instance while the peroxide pro=-
cedure has not been very widely adopted. The mechanism
for these dethionations probably involve the oxidation of
the mercapto substituent to sulfonic acid following by
cleavage of the acid i.e. |

00
R - SHE—R — 8- OH—RH + H,S0,

That this may be the course of the reaction is supported
by the reported isolation of the sulfonic acid intermediate
in certain reactions of this type (23, p. 8039f). A
summary of the known dethionation using peroxide is

enumerated in Table I.
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Pyrimidine Compounds
Rg Rz
OH H
Rﬁz RHy
Kﬁz p=chloro=
pginyl
p~chloro=
2 phenyl
OH n=C zHy
OH benzyl

8H

Teble I

with hydrogen peroxide

Purine Compounds

Ry
SH

Ry Rg
NHg H

Ry
H
NHg
CHy
Oglly
CHy
CHg

§§y//\\

H
N\ N
' TN>R3
R

2

- %yield

40
53=69
21
1°2 §
63
82

%yield

Dethionation of 2ethiopyrimidines and 2-thiopurines

Reference
44, p. 289
20, p. 4108d
3, Pe 135
S, pe 135
3, Pe 136
3, p. 136

Reference

43, p. 86-87
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The use of Raney nickel as a dethionating agent has
received more attention than the others, although this
reagent has been used almost excluslvely for the dethiona-
tion of thiopyrimidines., Thils interest has been such
that 1t has led to the development of a Raney nickel prep-
aration which has been recommended for dethionation
purposes (6, p. 356). A summary of this work is presented
in Table II.

In this laboratory interest centered around the
problem of dethionating the 2~thiopurines. Traube (43,
Pe 78, 86-87) had reported the first studies on dethicna=
tion of the thiopurines. This investigator reported the
dethionation of both 2~thiocadenine and 2-thioxanthine
to adenine and hypoxanthine respectively using both nitric
acid and hydrogen peroxide as dethionating agent. However,
the repetition of this work in this laboratory indicated
that the results were difficult to reproduce and the
procedure did not appear practical as a synthetic method.
Bendich (4, p. 3112) and coworkers had reported a 35% yield
of adenine from 2-thicadenine using Raney nickel as the
dethionating agent., This work has been confirmed in this
laboratory and starting from this point a study was made
to establish if possible conditions which would lead to

more favorable yields.



Table II

Dethionation of 2-thiopyrimidines and 2=thio=
purines with Raney Nickel

H
y N
Nx R, N /%
=3 R

Pryimidine Compounds
Nos By Ry Ry R, %Yield MNedia Reference
l. SE O K H 82 NHLOH 6, p., 354336, p. 602

2, SH NH; H NH, 85 KH,0H 6, p. 355
S SH N, H H €1 NH, OH 6, p. 354
4o SH NH, H OH 87 NH,OH 6, pe 355
S SH SH E H Poor 36, p. €02

6.HOOCCH,S CgHgNH H H 60  Nag0; 42, p. 2281-2282
7. SH CHy HCHy 54 HCl-Ethanol 5, p. 4694

8. SH HHB R32 H 65 NH4OK 7, Do 241
9. SH chﬂa H H 54 water 8, p. 336
10. SH N(caa)2 H H 80 water 8, p. 336

Purine Compounds

No. Rl Ry Ry %Yield Media Reference
1. scEg' wH, & Good Aleohol 21, p. 561
g PO | Wi, H 35 Nago, 4, p. 3112

Notes

l. CHg also substituted in the 7eposition,
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Thiourea is often a much more reactive molecule than
urea in c¢yclization reactlons, ylelding the 2«thioanalog
of the 2eketo derivative usually Qore readily and in
greater yleld. The replacement of the thio by a keto
substituent offers, therefore, another route to a desired
product. Hydrochlorie acid and chlorocacetic acid have
been used to effect these transitions, Each of the reagents
operates apparently by a different msch;nism. In the
case of hydrochloric acid, the reaction 1s simply
hydrolytic,

The chloroacetic acid reacts in another way ylelding
a carboxymethylthic substituent which often 1s sufficiently
stable as to yleld a product so substituted in the 2
position., This intermediate in turn can be hydroly:ad‘to
the desired 2~hydroxy pyrimidines, The extension of these
reactions to the Z«~thiopurines has recelved little
attention and for this reason has been made part of this
current study., The known reactions of chloroacetic acid
and hydrochloriec acld with the thiopurines and thiopyrimie
dines cited in the literature are enumerated in Table III.
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Table III

Reactions of 2-thiopyrimidines and 2~thiopurines with
chloroacetic acid and hydrochloric acld

RII/ | I Ra R'I/N\l >F\’
' 5
RZ—. 2

Pyrimidine Compounds

R, Ry By Reagent Conversion %Yield Reference
Rl to

B, H H HBr oH 79 45, p. 498
OH C 2350 H aniline CGHSHB 59 24, p. 247
o H CH HC1 H 30, p. 180
mg E H HC1 CH Quant . 17, pe 1156
ofF R H H,80, oH Good 34, p. 1140
cBO H OH HC1 OH 20, p. 2150-2151
EBB H HKB 361-38304 CH 68 4, pe. 3112
SH CgHiy OH NHg si® 70 9, ps 54570
OH H H Chloroacetic 0OH Quant. 46, p. 552 =
o CHy R%CH; ditto OH Quant. 26, p. 594



Koo

1l.
1z.

13,
14,
15.
16.
17.
18.
19.
20,
21.
22,

Ry Bg Ry
sge H r%
SH CgHy H
SH NHy H

 SH NHp H
SR® NHg H
SE  NHy CHg
SR® NHp CHp
SE NH, Cglig
SR® N Ol
SH CgHgNH H
SR® CgghH H
SH CgHy H
s&E OH R

Table III

(continued)
Ry Reagent Conversion %Yield
Rq to
H Chloroacetiec  SR® 65
CHg ditto CH
NHy aitto SR 79
o ditto SR® 80
H HC1 OH 83
H Chloroacetic  SR® 79
H EC1 OH 67
H Chloroacetic  SR®
H NH,0H NH,
H Chlorocacetic SR% Quant.
H HC1 OH 70
OH Chlorocacetlic QH Quant .
H ditto OH

Reference

32,
37,

4,
18,
18,
18,
18,
19,
19,
42,
42,
31,
33,

Pe
Pe

Po

Pe

P
Pe
Pe
P
Pe
Pe
Pe
Pe
Pe

2161
879
3112
358
358
359
559
10556¢8g

10559g
2281
2281
381
2170



Table III
(continued)

Purine Compounds

1. SH Rﬂz H Chloroacetic 382 4, pe 5112
Notes:

1. R = CHghHp

2. R = CHgCOOH

3¢ SH in 4-position replaced by NHp

4. R = Coly

5. R = 3,0=dinitro-2-hydioxybenzyl
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EXPERIMENTAL

The 2«-thiocadenine used in these studies was synthe-
sized from 4 ,6~diamino-2«thiopyrimidine obtained by the
cyclization of malononitrlile and thiourea (4, p. 3111).

4 ,6-Diamino=2«thiopyrimidine was nitrosated almost
quantitatively to the S5-nitroso-derivative which in turn
was reduced to the 2«thio=4,5,6-triaminopyrimidine with
sodium hydrosulfite in approximately 50% yield (4, p.
3111). This product in turn was cyclized to the purine
by the formamide method in 68% yleld (41, p. 265).

The 2«thioxanthine used in these studles was pre-
pared from 4-amino=-2-thiopyrimidone~8 obtained from the
eyclization of thlourea and ethyl cyanoacetate (43,

Pe 71=74), The 4-amino-2«thiopyrimidone-6 was nitrosated
to the Senitroso derivative which in turn was reduced to

4 ,5=diamino=2«~thiopyrimidone~6 with sodium hydrosulfite in
approximately 654 yield (43, p. 74-76). This product in
turn was cyclized to the purine by formamide in 96%

yield (41, p. 265).

Thioorotic acid was made by the cycligzation of ethyl
oxalacetate with thiourea. Ethyl oxalacetate: Fifty
grams (0.237 moles) of sodio ethyl oxalacetate was intro=
duced into 500 ml. separatory fumnel with 20 ml. of conc.
hydrochloric acid, 50 ml. of cold water and 200 ml. of
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ether. This mixture is shaken until the solld disappears
and two layers form. The ether layer was removed and
washed with 2-50 ml. portions of cold water, and then
dried with 15 g. of anhydrous sodium sulfate. The ether
was removed under vaccuo at room temperature.

Thioorotic acid: To 200 ml., of absolute alcohol are
added 5.5 go (0,24 mole) of sodium, To this sodium
ethylate solution are added 1B g. of thiourea and then the
erude ethyl oxalacetate prepared from 50 g. of sodio
ethyl oxalacetate., This resultant solution was refluxed
for two hours with stirring.

Upon cooling, 100 ml. of 50% agqueous alcohol containe
ing 10 g. of sodium hydroxide was added and the mixture
refluxed for 45 minutes. The alcohol was removed under
vaccuo from th; yellow precipitate. The residue was then
dissolved in 800 ml, of water which in turn was acidified
with 40 ml. of 18 N sulfuric acid. The yellow precipitate
was flltered, and washed well with water. Yleld, 18 g .

(2945%)»
Anal. calecd, for CgligNg0s8: C, 34,93 H, 2,34, Found; C,
34.8; H, 2.69.

The dethionations of thioadenine were carried out in
différenb media, for various time intervals and with
different ratios of reactants. All the results of these

experiments are tabulated in Table IV.
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Table IV

Dethionation of Z2-thiopurines and 2=thiopyrimidines
using Raney Nickel

No. € ompound Media Time Reflux Raney Yield
hours Ni %
Ratio
1. Thioadenine _ g/g
sulfate 2 g 90 ml, 3% NH R.5 4 44
2. ditto 2ge 90 ml, 4.5% ﬁaa 2.5 4 42

3, Thioadenine

free base 10 g. 450 ml, 3% NHz 2.5 4 17
4, ditto 4.4 g. 200 ml. 3% NH5z 2.5 4 36
e Thioade ne :
sulfate 2 e 90 ml, 3% KK; 245 4 45
6+ Thiocadenine 2 g« 90 mle 3% NHg 8.5 4 46
sulfate
7« ditte 2 B ditto 2.5 1l 12
8s ditto 2 g ditto 2.5 2 1e
9, ditto 2 g. ditto 2.5 3 33
A0, ditto 2 g ditto 2¢5 4 46
e ditte 2 g ditto 25 ) 56
12, dltto 2 8 ditto 8.6 & 53
M dibte 2 e aitto 245 8 13
14, ditto 2 g ditte 2.5 5 60
15, ditto 2 g ditto 045 5 58
16, ditte 2 gs ditto 1l 5 55
7. ditto 2 g ditto 2-5 5 55
18, ditto 2 g+ ditto S 5 &2

19, Thioadenine
sulfate 0.6 go 26 ml, O.58 NaOH 2.5 5 70



Table IV

(continued)
Noe C ompound Media Time Reflux Raney Ni Yield
hours Ratio g/g
20, Thioadenine 2 Be 90 ml. 2.6% 245 & 63
sulfate Ethanolamine
NaOH
28. ditto 2 go 87 ml., Q5N 246 S 78
KOH
23, ditto 2 g« 84 mls OJOK 2.6 6 59
NaCH
24 . ditto 2 ge 87 ml, 0.5 25 “ 85
NaOH
26, ditto 2 g ditto 2.5 3 54
26, ditto 2 Ee ditto 0.33 5 83
27. ditto 2 g ditto 2 5 82
28, ditto 2 g8 ditto 2 5 81
20. ditto 2 B ditto 0o o 81
30. ditto 2 g ditto 05 62 14
31, ditto 2 g ditto 0.5 7° 8
33. Thicadenjine
sulfate® 0.6 g. 42 ml. 12%NHz 1 5 58
34. aittod 2 g. 140 ml, 124NHz 1 5 53
35, Thioxanthigo 2 go B85 ml., O.4KN 2.5 5 44
free base NaCH
6. ditto 10 g. 425 ml., 0.4 2.5 5 45
NaOH
37. ditto 2ge 91l mi, O,7N 245 5 85
WaOH
38+ Thiouracil 2. 35 ml. O.ON 2 3 23
NaOH
39, ditto 2 go 40 ml. 1.5N 2 3 50

NaCH
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Table IV
(econtinued)
Ko, Compound Media Time Reflux Raney N1 Yield
hours Ratio g/g
depriino=2= _
40. thiapyrimi— 2 g« 283 ml, 0.8N 05 < o2
done=6 KaCH
41, ditto b Ee 26 mle 1.4N 0.5 4 65
RaOH :
42, Thiooqotic '
acid 2 go 90 ml, 5$IH5 2 4 -

Notes;
1, added 600 mg. (ﬂﬂ4)2504 to reaction mixture.
2. 5 g. was used Raney nickel.
3. 6 g, was used Raney nickel.
4, 3 ml., 28% ammonia added every 10 minutes. €X.
5. 10 ml. 28% ammonia added every 10 minutes. 6X.
6. Product was not quite pure in case hypoxanthine

experiments,
7« unable to isolate product.
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Although the ammoniacal medium is quite satisfactary
for the dethionation of 2«thiopyrimidines it does not
work well in the case of the 2~thioadenine because of
solubility characteristics., After 5 minutes of refluxing,
sufficient ammonia escapes so that the remaining thio=-
purine precipitates, curtailing the reaction. By using a
non=volatile alkali such as ethanolamine or sodium hydrox=-
ide this is corrected and better yields are obtained. The
reaction of dethidnation is quite rapid; this is shown
by the experiment No., 15 using ammonia, as well as those
involving sodium hydroxide, experiment No. 26.

Another important factor is the concentration of
the base. The best results were obtained using 0.5 N
sodium hydroxide while lower ylelds were obtained using a
Oe3 N sodium hydroxide solution.

One of the very interesting facets of this study was
those experiments in which previously used Raney nickel
was reused. This is shown in experiments No. 30 and 51;
in which it appears that the nickel becomes sufficiently
poisoned so as to be almost useless after only one
operation,

The ratio of Raney nickel to the thiopurine like=
wise affects the ylelds, and a 5 to 1 ratlo of Raney
nickel gave the best yields in this study, as shown in

experiments No. 11 and 21, For the best results as far
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as thesse studies indicate, the dethlonation should be
carried out as follows:

Adenine;s Two grams of Z2-thiocadenine sulfate are dise
gsolved in 80 ml, of boiling water containing 7 ml. of

6 N sodium hydroxide in a 300 ml. three-neck flask with
a condensor and a mechanical stirrer., To this bolling
solution is added 10 g. of Raney nickel (weighed wet
with water)s The mixture 1s then refluxed vigorously for
two hours, filtered hot, and the Raney nickel in turn 1s
washed with 80 ml, of boiling water. The filtrate and
washings are neutralized to pH 6 with glacial acetic acid,
concentrated to 80 ml,, decolorized with 0.2 g. of
norite, filtered, and set aside in a refrigerator over-
nite. The crystals which settle out are filtered and the
mother liquor is again cooled overnite, which gives a
second crop. Yield 0,97 g (80%)

The experiments with thioxanthine were not quite
as good yleldwise as those with thioadenine (see ex-
periments Noe. 35-37) but the ylelds did increase sig-
nificantly as the concentration of the alkall was ralised.
Similar results were also obtained with thiouracil and
4wamino=2«thiopyrimidone=6,

Although the sodium hydroxide media give much
better results than in the case of aqueous ammonla, this

is not true of the thiopyrimidines investigated in which
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2,
Se
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Se
6o
7
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10.
11.

Table V

Reactions of chloroacetic acld with Z2esubstituted purines and
pyrimidines and hydrolysis of resultant products

H

R AN

'C\IM/ :
R,

Compound Media
Purines
SH NHp 1gd 30 ml. 0.3% NHg
SH NHg 1gl 30 ml. g0
SH NHg 1gl 15 ml. 1.4% NHj
R'* NHg 1 g. 10 ml. 12N HC1
R'¢ EHg 0.5 go 10 ml. 245N HpsO,
rR'¢ wmg 0.5 go 10 ml. 345 HBr

14

Rt¢ §H, 0.5 g. 10 ml. 6N H_s0,
r*d  wmg 0.5 g. 10 ml. 12N HC1
R g 0.3 g» 10 ml. 12§ HC1
SH OH 1g. 60 ml. Hgo

Ri

Time
Heflux
hours

[y

2 Chloroacetic
acid Ratio

0.8
0.8
1.0
1.0

1.0

Yield

7%
79%
51%
83%
mixture®
atsto?
ditto
ditto
d1tto?
aitto®
49%

4T



Table V

(continued)
Ho. Compound Hedia Time Chloroacetic
Purines Reflux acid Ratlo
R R hours
1 2
12, R'¢® OF 1g. 20 ml. 2N HpS0,  1:08 e
Pyrimidines
Ry Rz Rz Ry
7
15, Heaetion Product 10 ml. 2§ B0, 3° —-
Exp*te. 14. 2
Notes:
1. Compound used was the sulfate. :
2. Reaction product treated with & ml. of cone. HC1
and refluxed for 2 hours longer.
3. Reaction product treated with 27 ml. of 2 N sulfuric
acid and refluxed for 2 hours and then retreated with
2,7 ml. of 2 ¥ HC1l and again refluxed for 30 minutes
additional.
4. R' g -5CHLCOCH
5. One mle. of 2.5 HC1l added and mixture refluxed an

Yield

mixture®

mixture®

81



6.

8.

9-

Table V
{(continued)

additional 30 minutes.

One ml. of 6N HC1l added and mixture refluxed an
additional 30 minutes.

Product was not isclated.

One ml., of 2.58 HC1 added and mixture refluxed an
addlitional hour.

Hydrolysis rnaetioﬁa.

6T
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the results were just the reverse.

The reactions with chloroacetic acid were quite
gtraightforward with thioadenine and thioxanthine yield=-
ing a product with a SCHéCOOH substituent in the 2«
position in fair yield (see experiments No., 2 and 11 of
Table V)« The hydrolyses of these reactlion products were
incomplete yielding mixtures which were not isolated in
view of the incompleteness of the reaction.

The directions for the preparation as developed in
this investigation of the 2«carboxymethylthio derivatives
are as follows.
6«Amino=-2«carboxymethylthiopurine:

1,00 g of 6=-Amino=2-thiopurine sulfate was sus-
pended into 30 ml, of hot water and 0.3 ml, of 28%
ammonium hydroxides To the suspension was added 0.8 g.
of monochlorcacetic acid and the mixture refluxed for 2
hours. Upon cooling, the mixture was neutralized with 7
ml, of 2,5N sodium hydroxide, norited, filtered,
acidified with acetic acid, and allowed to stand in a re=-
frigerator. Yileld: 0,77 g (77%)s An analytical sample
of the sulfate was obtalined on recrystallization from

34 ml. of 5% sulfuric acid.

Anal, Calecd. for (C7H702858)2 HS04e 2HgO: C, 28.86;
Hy 3411 Found: C, 28,54; H, 3.52, The ultraviolet
absorption was determined: 7.63 mg/l in 0,1 M phosphate
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buffer pH 6.5

max. 232 mine 216

275 250

Reported: max. 232 min, 217
275 251

6=hydroxy~2=carboxymethylthiopurine:

1,00 ge of 2«thiohypoxanthine was suspended into
60 mls water, To the suspension was added 1 ge. of mono=
chloroacetic acid and the mixture refluxed for 2.5 hours,
Upon cooling, the mixture was neutralized with 2.,5N
sodium hydroxide, norited, filtered, acidified with
acetic acid, and then allowed to stand in a refrigerator.
The yellow solid was filtered, washed with water, and
dried over Paos.
Yield: 0,59 g (48.8%)
Anal, Caled, for C7H6N40583 Hy; 2,655 C, 37.2.
Found: H, 3.57; C, 37.4.
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SUMMARY

pethionations of the thiopurines and thiopyrimidines
have been investigated, The effects of varying the media,
ratios of reactants, time, ete., have been studled.

The dethionations of thioadenine by Raney nickel
were carried out in ammonia. After 5 minutes of refluxing,
gufficient ammonia escapes so that the remaining thloe~
purine preclpitates, curtailing the reaction. By using
& non-volatile mlkali such as ethanolamine or sodium
hydroxide this i1s corrected and better yields are obtained,
The reaction of dethionation is quite rapid.

The best results were obtalned using a 0.5 normal
sodium hyéroxide sclutlion.

One of the very interesting facts of this study
was those experiments in which previously used Raney
nickel was reused. It would appear that the nickel became
sufficiently poisoned as to be almost useless after only
one operation.

The dethlonations of thioxanthine by Raney nickel
were carried out in sodium hydroxide media, but the ex-
periments were not guite as good yleldwlse as those with
thiocadenine. The ylelds did inecrease significantly as the
concentration of alkall was raised, Simllar results were

also obtained with thiouracil and 4~amino-Z2-thiopyrimidone-6.
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The ratio of Raney nickel to the thiopurine like=
wise affects the ylelds and a 5 to 1 ratio of Raney nickel
gave the best yilelds reported in this study.

Although the sodium hydroxide media give much
better results than in the case of aqueous ammonia, this
is not true of the thiopyrimidines investigated in which
the results were just the reverse.

| The reactions with chlorocacetic acid were quite
straightforward with thioadenine and thioxanthine ylelde
ing a product with a SCHEGOOH substituent in the 2«
position in fair yield. The hydrolyses of these reaction
products were incomplete ylelding mixtures which were not
isolated in view of the incompleteness of the reaction,

Thioorotic acid was made by ths cyelization of
- ethyl oxalacetate with thiourea and the dethionation by

Raney nickel was unable to isolate product,
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