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AMINOLYTIC AND RELATED REACTIONS OF 2,6 18•TRICHLOROPURINE 

During the past 14 years much study has been directed 

toward the pyrimidines and purines as antagonists and more 

latelr as anticarcigenic agents. One of the pioneers in 

this work is G. Hitchings (ll 1pp.l318•1334) who first 

studied the relationship between chemical structure and 

the role of pyrimidines and .PUl'ines in the biosynthesis 

of derivatives of nucleic acids. It was the purpose of 

these studies to determine the role of pyrimidines and 

purines in growth and to search for new chemotherapeutic 

agents. 

This initial success led Elion and coworkers 

(6 1 pp.505-51B) to synthesize a large number of structurally 

similar compounds which might possibly have more desirable 

properties. Of these compounds Burchenal (l,pp.7•B) has 

reported that 6-mercaptopurine has shown promise in clin• 

ieal trials on cancer patients. This has created notice

able interest in this class of compounds which in turn has 

been extended by other investigators into related classes. 

The very recent discovery of the effect of 6-fur• 

furylaminopurine (kinetin) (l7 1 p.l392 and l8 1 pp.2662·2683) 

on oelldivision has again stimulated activity in the 

synthesis of other substituted purines . 

In this laboratory attention was directed toward 
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2 16,S•trichloropurine as an intermediate in the synthes1a 

of potentially biologically active trisubstituted purines. 

These compounds are easily synthesized from trichloro• 

purine because of the reactivity of the chlorine atoms 

attached to the purine nucleus. The chlorine atoms can 

be replaced by hyd,rolytic, reduction, and aminolytie re

actions or in fact by any of the nucleophilic agents. The 

chlorine atoms are remove d step~ise, according to the tem

perature of the reaction, and as a result one, two, or all 

three of the chlorines can be substituted to give the 

corresponding monosubst1tuted·d1chloropur1ne, the disub

stituted-monochloropurine, or the trisubstituted purine, 

respectively. Since all these reactions are possible and 

inasmuch as tr1ehloropur1ne is now easily available, it 

is destined to become a key compound in the synthesis of 

new purine derivatives . 

Fischer (7 1 pp.2221•2223) in 1897 was the first to 

successfully prepare trichloropurine. His method of 

synthesis consisted of two steps, the first step was the 

reaction between the potassium salt of uric acid and phos

phorous oxychloride to give 2,6-dichloro-8-oxypurine, and 

the second step was the reaction between 2 1 6-diehloro-8

oxypurine and phosphorous oxychloride to give 2,6 18,• 

trichloropurine. This method gave very poor yields, so J. 

Davoll and coworkers (4 1 pp . 833·838) in 1946 modified the 
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second step by adding dimethylaniline to the mixture of 2 ; 

6•d1chloro-s-oxypurine and phosphorous oxychloride . This 

increased the yield com.siderably over that reported by 

Fischer. This method still had i .ts disadvantages, though; 

since it was still a two step process, so J . Davoll 

(3 , p . 2936) in 1951 improved this further by reducing the 

process to one step. This was done by reacting uric acid 

directly with phosphorous oxychloride and dimethylruliline 

in a one-operation to give 2 1 6 ; 8- trichloropurine . This 

method for the synthesis of triahloropurine was used for 

these studies . 

Fischer (7,pp . 2226-2254) in 1897 used 2 , 6 18• 

trichloropurine to successfully synthesize purines that 

were identical to many found in nature . By reacting tri

chloropurine with potassium hydroxide he obtained 2,8

dichloro-6-.oxypurlne which was reduced with hydroiodie 

acid to hypoxanthine . By further reaction of 2, 8-41chloro• 

6-oxypurine with concentrated ammonia solution and then 

followed by reduction with hyd.roiodio acid, guanine was 

obtained . 

By varying the temperature Fischer also showed that 

it was possible to replace either one or two o.f the 

chlorines on trichloropurine with ethoxy groups . He did 

this by reacting trichloropurine with sodium ethoxide .first 

at room temperature and then at 1306 0 . to get 
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2,8-diohloro-6-ethoxypurine and a...chloro•2,6•d1ethoxy

pur1ne, respectively. Reduction of the latter compound 

with hydroiodic acid gave xanthine directly, which also 

gave additional proof to the structure of the compound. 

Reaction of trichloropurine with concentrated 

ammonia solution gave 2 18•d1chloro-6-aminopur1ne and re• 

duction of this with hydroiodio acid gave adenine. This 

reaction was confirmed by J. Davoll and coworkers 

(4,pp.S33-838) in 1946. 

More recently, R. Robins (l9.pp.3624-3627) uaed 

trichloropurine to synthesize 2 1 8-dichloro-6-diethyla.mino• 

purine and 2,8•d1chloro-6·di-n•butylaminopurine by reacting 

the triehloropurine with diethylamine and di-n-butylamine, 

reap ctively. 

Other than the few compounds listed above, most of 

the trisubstituted purines reported in the literature 

have been prepared by cyclization methods. F . King and 

coworker (l6 1 pp.943-948) have prepared the trisubstituted 

derivatives by oyclizing the 4 or 5 phenylthiocarbamide 

derivative of 4 15-diamino-6-hydroxy-2-methylpyrimidine. 

A. Cook and coworker (2 1 pp.l884•l888) cyclised a 4•amino• 

2•phenylglyoxaline·5~carboxylate with urea to form the 

S•phenylxanthine and M. Gordon (lO,p.984) cyclized 21 4•5• 

6-tetraaminopyrim1dine sulfate with thiourea to get 2 16• 

diamino-8-mercaptopurine. G. Hitchings and coworkers 
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(5 , p . 5235 and l3 1 p . 714 ) in two different papers have 

described a great number of the trisubstituted derivatives , 

which were prepared by eyclizing the corresponding 5 aoyl a• 

m1no•4• amino- 2 , 6•d1substituted pyrimidines . The procedure 

for cyolizing in all eases was by (a ) dry heating , (b) 

heating with phosphorous oxychloride, or (c) by heating 

with tormamide as the case may require . 

Though , 2,6,8-trimercaptopurine was synthesized by 

E. Fischer (8 1pp . ~3-445) 1 it was repeated here using a 

slightl y modified method to that which he employed . As a 

result the yields obtained in this work were superior to 

those reported by F'ischer . 

Since the extent of the reactions of the nucleophilic 

agents with tr1chloropurine were dependent on temperature , 

care was taken in the selection of reaction media . 'rhe 

reactions in lower thermal ranges were carried out at refl ux 

temperatures or in a Parr· bomb at a given fixed temperature . 

~hen piperidine was refluxed with trichloropurine , 

the product was the monosubstituted piperidino- dichloro

purine . This was assumed to be the 2 ,8-dic~oro-6-

piperidinopurine on the basis of work done by Fischer 

(7 1 pp . 2226· 22S4) and more recently by Robins (l9 1 pp . 3624

3627) . Their work had indicated that the 6 position was 

substituted most readily; Fischer further established that 

the 2- chloro substituent was the second most reac-tive in 
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reactions involving aminolytic or othe~ substitutions . 

Reaction of piperidine with trichloropurine in a 

Parr bomb at 175°0. for 20 hours resulted in the 2 , 6,8

tripiperidinopurine . The conditions of the reaction ma~ 

appear to be quite drastic but were necessary to force the 

reaction to completion. 

Trichloropurine when reacted with morphol1ne at 

reflux temperature yielded s - chloro-2 , 6- dimorpholinopurine. 

However, when the reaction was carried out at 175
0c . in a 

bomb for 20 hours , the reaction was driven to completion 

and the product was 2 , 6 , 8- trimorpholinopurine . 

Since hydrazine hydrate is very reactive , its 

reaction ith trichloropur1ne readily yiel ds 2 , 6 , 8

trihydrazinopurine . As one would expect this compound ia 

very reactive . This was demonstrated very clearly during 

carbon and hydrogen determinations as the compound would 

combust violently and make accurate determination of 

carbon and hydrogen dif'ficult . The compound was also found 

to be labile in hot water , acid , or base and had to be 

handled with care . 

Reaction of trichloropurine with furfurylamine at 

reflux temperature yielded 2,6 ,8-trifufurylaminopurine . 

This reaction mixture as poured into water to extract the 

excess furfurylamine . The 2 . e , s - tr1furfurylaminopur1ne 

precipit tes s monohydrate . 
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The reaction of triohloropurine with aqueous fur• 

furylamine at reflux temperature yielded the 2,8-dichloro• 

6-furfurylaminopurine. Upon diuluting further with water 

the product precipitated from the reaction mixture. 

2,6,8-tri•n-butylaminopurine was prepared by 

heating n•buytlamine with tr1chloropurine in a Parr bomb 

at l60°C. for 5 hours. The product isolated by dilution 

in water was found to be the monohydrate. 

n•Hexylam1ne was refluxed with triehloropurine to 

give 2 16,8•tr1•n•hexylam1nopur1ne. The product isolated 

from an aqueous solution was found to be the monohydrate. 

2,8-dichloro-6-dimethylaminopurine was prepared by 

refluxing dimethylamine hydrochloride, sodium acetate, 

ethanol, water and trichloropurine together. 

In order to get the di-or tri• substituted 

dimethylaminopurine it appeared that a much higher reaction 

temperature was needed, so trichloropurine, dimethylamine 

hydrochloride, sodium acetate and butanol were heated to

gether in a Parr bomb at 160°0. for 5 hours. However, the 

only product isolated was t he monosubstituted purine. 

Studies were initiated on the reduction of tri• 

chloropurine in an attempt to dehalogenate it. Fischer 

(9,pp.2550-2574) first made an attempt to chemically 

reduce trichloropurine by reacting it with hydroiodio 

acid only to get 2 16•diiodopurine as the product. 
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Therefore , the attention in this laboratory was directed 

toward catalytic reduction. Following the work of v. 
Smith (20,pp.B29-838), who reduced chloropyrimid1nes 

catalytically with palladized charcoal by using a two 

phase ether-sodium hydroxide media , attempts were made in 

this laboratory to reduce trichloropurine in the same media; 

but without success . However , when glacial acetic acid was 

used as the solvent, the trichloropurine was reduced to a 

tetrahydropurine . In another experiment , sodim acetate 

was added with the glacial acetic acid in an effort to stop 

nuclear reduction . The addition of sodium acetate did 

not alter the course of the reaction . 

The tetral1ydropurine was extremely hygroscopic and 

unstable in the air . This increased lability made it 

impossible to form derivatives that could be used for 

characterization of the product . A picrate was obtained 

but its analysis was nonconclusive . Attempts were made 

to prepare other derivatives , such as the benzamide, 

acetamide , benzenesulfa.mide ,. and p-toluenesulf'amide , but 

without success . 
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EXPERIMENTAL 

2,6,8-Trimereaptopurine: 2,6,8-Triehloropurine 

(2g., 0.00856 mole} was heated on a steam bath with sodium 

hydrosulfide (11.2 g., 0.244 mole) dissolved in 100 ml. 

aqueous saturated solution of HgS for 3 hours. The yellow 
... 

solution was filtered to remove any i mpurities and then 

adjusted to pH 5 with glacial acetic acid. The solution 

was then boiled momentarily; t h is action neutralized the 

excess sodium hydrosulfide and precipitated the sulfur, 

which was removed. The filtrate was strongly acidified 

with 10 N sulfuric acid; thi s precipitated the trimereapto• 
• 

purine, a very golden yellow amorphous material wh ich was 

filtered, wash ed well and dried. This product was 

recrystallized from boiling water, yield 1.86 g . (96%), 

m.p. above 300
0 
C. 

An!!• Calc'd. for Cf5H4N4S3: C, 27.6; H, 1.66; 

lJ , 25 .. 9. Found: C, 27.8; H, 2.72; Nt 25.2. 

Dichloro-?•piperidinopurine: 2,6,8-Trichloropurine, 
(2g.), 10 ml. of piperidine, and 10 ml, of water were 

refluxed together for 1 hour. The resulting mass was 

diluted with 100 ml. of water, t hen neutralized with 

acetic acid. A white solid formed which was filtered and 

washed. This product was dissolved in hot glacial acetic 

acid and t hen precipitated by adding 100 ml. water, The 
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cream colored material was filtered, washed and dried , 

yield 2 . 27 g . ( 97 . 5~ ), m. p . 284- 265° . 

Anal. Calc ' d • for c 1oH11N5cl2 : C1 44 . 2; H1 4 . 05J 

N1 25 . 7; Cl , 28 . 1 . Found: C, 44 . 2; H, 4 . 58; N, 25 . 5; 

Cl 1 25 . 9 . 

2 16 , 8- Tripiperidinopurines Trichloropurine ( 2g .) 

and 10 ml . of piperidine were put into a Parr bomb (20 ml . 

capacity) and heated in an oven at 175°0 . for 20 hours . 

The reaction product was dissolved in a in1nimum amount of 

absolute alcohol and then 100 ml . water added . After 

mixing the blue colored suspension well , it was filtered , 

washed well w1 th water and dried , yield 2 . 8 g . ( 8~ ) 1 

m. p . 118· 121° . The product was precipitated from hot 95~ 

ethanol , by diluting with water yiel ding a pale , blue 

col ored material , m. p . 115•117°. 

Anal . Calc ' d • for c2on31N7 : c, 65 .1: H, 8 . 4; 

N, 26 . 6 . Found : c, 65 . 0; H, 8 . 75; N, 26 . 1 . 

?-ohloro- dimorpholinopurine: 2 , 6 , 8- Trichloropurine 

(2g . ) and 10 ml . of morpholine were refluxed together for 

2 hours . The mixture was dissolved in glacial acetic acid 

and then diluted with an excess of water . The product 

precipitated as a white fluffy material , whi ch was fi l tered , 

washed and dried . It was dissolved in hot glacial acetic 

acid , water was then added to precipitate the product , 

yield 1.9ag . (71%), m. p . above 3ooo . 
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Anal. Calc'd• for Cl3fil7N602Cl: C, (8.0; H, 5.24J 

N, 25.9; Cl, 10.94. Found: O, 47.9; H, 5.27; N, 25.1; 

Cl, 11.3. 

2 1 6 18-Trimorpholinopurine: 2,6,8-Trichloropurine 

( 2g .) and 10 ml. of morpholine were put into a Parr bomb 

of 20 ml. capacity and reacted at 1750 in an oven for 20 

hours. The resulting mixture was diluted with 100 ml. of 

water and a light blue precipitate formed which was filter

ed, washed with water and dried, m. p . 249-251~ This 

product was further purified by dissolving it in hot 95~ 

ethanol and precipitating with water , yield 2 .26 g . 

(70%), m.p. 248-248~ 

Anal. Calo'd• for c17H25N7o3: c, 54.4; H, 6.67; 

N, 26.1. Founda c, 54.9; H, 7.54; N, 25.8. 

2,6,8-Trihydrazinopurine: 2,6,8•Trich1oropurine 
r.. 

(2 g.) and 8 ml. of lOOi hydrazine hydrate were re!'luxed 

together for 45 minutes. A light tan precipitate formed 

during the refluxing which was filtered and washed, yield 

1.6 g . (95~}, m.p. 2l3-2l5°dee. The material was resus

pended in water and washed, filtered and dried, m.p. 

209·210°dee • 

Anal. Calc'd• for o5HloN10: c, 28.6; H, 4.76; N, 

66.8. Found: c, 2S.5; H, 4.69; 11, 65.0. 

2,6,8-Trifurfurylaminopuriner 2,6 18-T:richloropurine 

(2 g .) and 15 ml. of furfuryle.mine were re.fluxed together 
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tor 4 hours. The solution as then diluted with 100 ml. 

of water and then neutralized with acetic acid . A pre• 

cipitate formed which was filtered and washed with water . 

The brown colored product was immediately recrystallized 

from 95 ethanol to get e. light tan amorphous substance, 

yield 2 . 7g. (77%) , m. p . 160-161~ 

Anal . Ce.lc'd • for c20Hl9N7o3 •H20t c, 56 . 7; R, 

4 . 97; N, 23 . 1 . Found: c, 56 . 6; H1 4 . 90J N, 22 . 9 . 

D1ehloro- ?- fur!'urylam1nopur1ne: 2 16 #8- Trichloro• 

purine , ( 2 g , ) 1 10 ml . of furfurylamine, and 15 ml . of 

water wer~ reflu,xed together fot> 45 minutes . The lllixtur>e 

was diluted · 1th 50 ml . of wate~ and acetic acid was added 

until the solution became neutral . A white precipitate 

formed which was filtered and washed with water . This dull 

white material was immediately recrystallized from boiling 

glacial acetic acid , whereupon a eotton•like fluffy 

material was obtained , yield 1 . 72 g . (70 . 5% ) 1 m. p . 248 :> 

Anal . Calo' d . for c10H,N5oc12 t c , 42 . 3; H, 2 . 46J 

N1 24 . 6; Cl , 25 . 0 . Found: 0 1 42 . 4; H1 3 . 35; N, 24 . 2j 

Cl , 24 . 7 . 

2 , 6 1B- Tri- n•butyl aminopur1ne: 2 , 6,8• Trichloro

purine (2 g.) and 10 ml . of n•butylamine were heated 

together in a Parr bomb of 20 ml. capacity at 160° in an 

oven .for 5 hours . The mixture was suspended in 100 ml . 

1 
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of water, neutralized with acetic acid and the resulting 

precipitate filtered . It was immediately recrystallized 

twice from absolute ethanol, the precipitate washed eaoh 

time with ethanol . Yield of light tan material, 2 . 25 g . 

(78%), m.p . 205 . 5• 206 . 5: 

Anal . Calc' d . for C17ll31N7•H20a C1 58 . 2; H, 

9 . 40; N, 27 . 9 . Found: C, 58 . 3~ H, 9 .13; N, 27 . 6 . 

2 1 6,8-Tri-n•hexylamin~purine: 2 , 6 , 8- Trichloro• 

purine (2 g . ) and 15 ml . of n-hexyle.mine were refluxed to

gether for 5 hours . The re ction mixture was then steam 

distilled until all excess n· hexylamine was r~moved . The 

resulting mixture was cooled and the light tan material w.as 

col lected and then immediately recrystallized twice fz•om 

absolute ethanol . The precipitate was ashed each time with 

ethanol , yield 2 . 4 g . (67 ) , m. p . 158 .5-160~ 

!!!!!• Calc'd • for CgsJI4aN7 •H2o: c , 63 . 3J H, 

10 . 45: N, 22 . 5 . Found: C1 63 . 4; H, 10 . 4; 1 22 . 8 . 

D1chloro- ?- dimethylam1nopur1ner 2 , 6 , 8-Trichloro• 

purine (2 s ~ > . 5 g . dimethylandne hydrochloride and 4 g . 

sodium acetate- trihydrate were refluxed in 20 ml . of water 

and 20 ml . of ethanol .for 2 hours . A white solid formed 

during the refluxing which was filtered and washed . It was 

recrystallized from 95% ethanol, a white cotton-like 

material result ed, yield 1 . 35 g . (67~ } , m. p. 286 . 5-288~ 
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Anal. Calc'd. for c7H7m5cl2 a c, 36.2; H, 3 .02; , 

30.2; Cl, 30.6 . Founds c, 36.4; H1 3 .57; N, 30.6; Ol, 

30.8. 

\.. Tetrru1ydropurine dihydrochloride: 2,6,B•TP1chloro• 

purine (2 .g . o.ooas mole ), 1 g . 10 palladium on charcoal, 

75 ml. glacial acetic acid and just ·enough water to ••t 
the pallad1Ulll catalyst were mixed .together in a low 

pressure hydrogenation bottle and reaete.d .at 42 pounds of 

- hydrogen for 24 hours • . A hydrogen uptake ot 0.04 mole 

was noted at this .time. The reaction mixture was fil• 

tered and evaporated to 5 ml at which time 50 ml of dry 

ether wae added. This precipitated. the tetrahydropurine 

d1hydroehloride 1 which was filtered and dr-ied . Yield 

1.75 g . (98%) , m.p. gradual decomposition above 160~ 

!a!!• Calc'd . for c5H10N4cl2,, c, 30.4; H, s.oa; 

N, 28.4; Cl~ 36.0. Found: c, 30.1; H, 5.00; N, 27.6; 

Cl, 36.4. 

'l'he free base was prepared by adding a theoretical 

amount of 5% sodium hydroxide to the salt and evaporating 

it to dryness. This mixture was then extracted with hot 

absolute ethanol, cooled and then dry ether added, which 

precipitated out the free base, This was filtered. ancl 

tested for chloride by sodium fusion and was found to be 

negative . The free base was extremely hygrosoopio and. 
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was not isolated for more than a few moment.a . 

The above experiment as repeated using a theo~ 

retical amount of sodium acetate in addition to the other 

reagents. A hydrogen uptake corresponding to 0 .04 mole 

was noted and the same pr.oduet was isolated, though, 1n 

much poorer quality, since tho tetrahydropur1ne was 

contaminated with sodium acetate and sodium chloride . 

~he pure salt was isolated, ho ever, by adding 5~ sodium 

hydroxide to the crude mixture Wltil pH 8 and ,then evapor

ating to dryness . The free base was then extracted from 

the salt mixture with absolut alcohol and precipitated 

from it by adding dry hydrochloric acid gas and then dry 

ether. This method has no advantage over the first given 

and is_not recommended as a method for preparing te.tra

hydropurine dihydroehloride. 
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SUMMARY 

The utilization of 2,6,B•trichloropurine for the 

synthesis of some monosubstituted•dlchloropurines, di

substituted-chloropurines and trisubstituted purines by 

aminolytic action has been demonstrated. The positions 

of substitutions were assumed to be the 6•pos1tion in the 

case of one chlorine being replaced and the 2• and 6• 

positions in the case of two chlorines being replaced. 

These assumptions were based upon the work of l''ischer 

(7,pp.2220-2254) and Robins (19,pp.3624·3627) 1 but were 

not fully established in this laboratory. 

It wan shoml that the number of chlor1nes replaced 

in aminolytie reactions were dependent upon temperature. 

In many cases, especially for the synthesis of 2 1 6,8• 

·trimorpholinopurine and 2 1 6,8-tripiperidinopurine, the 

temperature required to f orce t he reaction to completion 

was considerably greater than reflux. Factors contrib· 

uting to this need for high temperatures are (1) decreased 

reactivity and (2) steiric hindrance of the amines. 

An example of an easily replaceable amine is 

hydrazine. It w s shown that t h is compound will form the 

2$6,8-trihydrazinopurine very readily at reflux tempera• 

ture• 

It was demonstrated that 2 1 6 18-trichloropurine 
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could be dehalogenated , but not without an accompanying 

nuclear reduction. 

A total or eleven new c'ompounda were prepared and 

submitted for testing . 
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