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The  c o r r e s p o n d i n g  1 - ( 6 - s u b s t i t u t e d - 9 - p u r i n y l ) - 2 , 2 - d i e t h o x y e t h a n e s  w e r e  obtained by a lky la -  
t ion  of 6 - subs t i t u t ed  pur ines  with 1 - b r o m o - 2 , 2 - d i e t h o x y e t h a n e .  Subsequent  t r a n s f o r m a t i o n s  
of a l a r g e  po r t i on  of  the ace ta l s  gave 2 - ( 6 - s u b s t i t u t e d - 9 - p u r i n y l )  ace ta ldehydes ,  f r o m  which 
f l - ( 6 - s u b s t i t u t e d - 9 - p u r i n y l ) a l a n i n e s  w e r e  obta ined by  the  cyanohydr in  syn thes i s .  The c l a s s i -  
f ica t ion  of the compounds  as N(9)-subst i tu ted pur ine  de r iva t ives  was  p roved  by means  of UV 
s p e c t r o s c o p y .  

In p r ev ious  p a p e r s  [1-3] we r e p o r t e d  the  syn thes i s  o f / 3 - ( 2 - a m i n o - 6 - s u b s t i t u t e d - 9 - p u r i n y l ) a l a n i n e s ,  
a - a m i n o - y - ( 6 - s u b s t i t u t e d - 9 - p u r i n y l ) b u t y r i c  ac ids ,  and a - a m i n o - r  ac ids .  

We f i r s t  d e s c r i b e d  the  ge ne ra l  p r inc ip le  of the  syn thes i s  of f l - (9 -pu r iny l ) a l an ines  (XXII-XXX), i .e . ,  
those  s t r u c t u r e s  in which  the  a - a m i n o  ac id  r e s idue  is added to the n i t rogen  a tom in the 9 posi t ion  of the 
pur ine  r ing,  s e v e r a l  y e a r s  ago [4,5]. In the  p r e s e n t  pape r  we examine  the m o r e  deta i led  condi t ions  fo r  the 
syn thes i s  of XXII-XXX and give  a de ta i led  expe r imen ta l  p r o c e d u r e .  The s t a r t i ng  compounds  for  the p r e p a -  
r a t ion  of XXII-XXX w e r e  d ie thy lace ta l s  V-VII I ,  which w e r e  obtained by a lkyla t ion of 6 - subs t i tu ted  pur ines  
(I-W) with 1 - b r o m o - 2 , 2 - d i e t h o x y e t h a n e  (XXXI) v ia  the modi f ied  method  of M o n t g o m e r y  and T e m p l e  [6]. The 
a lkyla t ion  of 6 - c h l o r o p u r i n e  (I), 6 -m e t hy l t h iopu r ine  (II), 6 -e thy l th iopur ine  (III), and 6 -benzy l th iopur ine  (IV) 
was  c a r r i e d  out in the p r e s e n c e  of sod ium hydr ide  in d i m e t h y l f o r m a m i d e  at e leva ted  t e m p e r a t u r e s .  The 
s m a l l  amount  of  N 7 de r iva t i ve  impur i ty ,  which  is f o r m e d  in the a lkylat ion,  was  s e p a r a t e d  by c r y s t a l l i z a t i o n  
and was  not  i so la t ed  in pu re  f o r m .  Compounds  IX-XV (Table 1) w e r e  s y n t h e s i z e d  f r o m  V and VI by r e a c -  
t ion  with nueleophi l ic  r e a g e n t s  by  known methods  [6,7]. It should be noted that  X-XIV a r e  m o r e  conven ien t -  
ly  obta ined f r o m  VI.  

T A B L E  1. P r o p e r t i e s  of  1 - ( 6 - S u b s t i t u t e d - 9 - p u r i n y l ) - 2 , 2 - d i d t h o x y e t h a n e s  

Comp. mp,*C 

V 82 83 
w ~ 

VII 54--55 
vi11xx 

X 17--218 

• 
XII 

XIII 116 
XIV 28--129 

Crystalliz. 
solvent 

Hexane 
Acetone- 
water (1:3) 

The same 
Water 
Propanol 
Ethanol 

Hexane 
The same 

J Empirical 
~ - -  formula 

49,( 56 213f488'5~] 
[51,~ 6:3 197 5 '0 614 

52,7 6,4118,9 529 7,0 
60,5 68 15960'4 6,1 
49,0 6,3 !21,If 49',2/6,0 
52,6 6,8f27,6 526 68 

54,2 7 3126'0/54'3/72 
557 7',512514J5519 716 
58,6 8,3122,8 ]58,318,1 
57,7 6,5121,4 158,0/6,4 

0,92 0,93 CuHIsCIN402 
0,91 0,88 CIzHIs:N402S 

0,93 0,95 C13H~N402S 
0,93 0,96~ C~sH22N402S 
0,85 0 871 CnHI~N402S 
0,82 0191 CnHIrNsOe 

0,851 0,931 CI2H~gN~Q 
0,93j 0,95 / C~aH2rNsO2 
0,80 -- CjsH~NsO2 
0,95 0,91 CI6H21NsO2 

Found, % Calc.,% Yield, 
% 

c . I N  e l . I N  

20,7 25 
19,8 33,5 

19,5 42,5 
15,7 21 
29,9 78 
27,9 63,5* 

67,0 "~ 
26,4 70,5 
25,1 70,5 
22,7 64 
21,1 ] 31,4 

* Obtained by method  A f r o m  V. 
Obtained by method  B f r o m  VI. 
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The corresponding 2-(9-purinyl)acetaldehydes (XVI-XX) were obtained by hydrolysis of IX-XIII by 
heating with I N-5 N hydrochloric acid. 2-(9-Hypoxanthinyl)acetaldehyde (XXI) was obtained by the action 
of chlorine on VI and hydrolysis of the reaction mixture. 

R R R 

6 I I 
CH2CH (OC2fl5) ~ CH2CH (OC=Hs) ~ 

l - I V  V - i l I l  IX, X, XII  

R R Off 

N N N N 
i l  - -  I X - X l l l  ~ Vl 

I I 
CH2CH (OC2H5) 2 CH2CHO CH2CHO 

X-XV X.VI-XX ~XI 

I,V R=CI; II, VI R:SCH3; Ill, VII R=SC2Hs; IV, VIII R=SCH2CoHs; IX, XVI R=SH; 

X, XVII R=NH2; XI, XVIII I~=NHCH3; Xll, XIX R=N(CH3)2; Xlll,~X R=NH(CH2)3CH3; 
XIV R=NHCH2C4H3O'~; XV R=OH 

It is interest ing to note that an attempt to obtain XXI by hydrolysis  of V was unsuccessful .  Because 
of their  instability, XVIII-XX were  not subjected to further  purification but were  introduced immediately 
into the S t r e c k e r -  Zel insky-Stadnikoff  cyanohydrin synthesis .  Exceptions to this were  XVI and XVII, which 
were  obtained in pure form.  

The f i rs t  phase in the cyanohydrin synthesis - preparat ion of the corresponding aminonitr i le  - was 
accomplished by heating a mixture of 2-(6-subst i tuted-9-purinyl)acetaldehyde with an aqueous solution of 
potassium cyanide, ammonium chloride,  and ammonia.  The aminonitri les,  without isolation from the r e a c -  
tion mixture,  were  then subjected to hydrolysis  by heating with highly concentrated hydrochlor ic  acid. The 
fl - (6-alkyl thio-9-purinyl)alanines (XXVIII-XXX) were obtained via the method in [8] by alkylation of XXII 
with the appropriate  alkyl iodide in alkaline media. 

R R SR 

KCN ,N N H20/H + L'~" N '~"~ N "~J 
X V I - X X I  ~ I ,/NH2 I / NH2 N N{ /NH= 

CH2CH CH2CH CH2CH 
\CN \COOlt \COOH 

XXII-XXVII XXVIII-XXX 

XXII R=SH; XXIII R=NH2; XXIV R~NHCH3; XXV R=N(CH3)2; XXVI R=NH(CH~)~CH3; 

XXVII R=OH; XXVIII R~CH3; XXIX R=C2Hs; XXX R=CH(CH3) 2 

The fi - (6-subst i tuted-9-purinyl)alanines  (XXII-XXX) (Table 2) are  high-melt ing crys ta l l ine  sub-  
stances of amphoteric cha rac te r  that have intense absorption in the near UV region.  Compounds XXII-XXX 
give a positive ninhydrin react ion (blue-violet color) .  

The charac te r i s t i c  differences in the UV absorption between the 7-substituted and 9-substi tuted 6- 
dimethylaminopurine derivat ives [9] served  as proof that the substituent of the purinylalanines obtained 
(XXH-XXX) was attached to N(9 ) . The fact that XXV, with a UV absorption maximum at 275 nm (pH 7), 
which is charac te r i s t i c  for 9-substituted purines,  was obtained f rom XII, and that XII in turn was isolated 
f rom V and VI which are  s tar t ing compounds for the synthesis for all of the other/~ -(9-purinyl)alanines,  
enables us to confi rm the s t ruc ture  of XXII-XXX as 9-substi tuted purine der ivat ives .  

EXPERIMENTAL 

The UV spectra were recorded with an SF-4 spectrophotometer. Ascending chromatography on FN- 
II paper in the following systems was used to identify the compounds obtained: C4H9OH-H20 (85 : 14) (sys- 
tem I), C3H7OH-NH4OH-H20 (6 : 3 : I) (system 2), iso-C3H7OH-NH4OH-H20 (7 : I : 2) (system 3), and 

*C4H30 is furyl. 
Because of partial resinifieation of the product, 1-(9-hypoxanthinyl)-2,2-diethoxyethane was not isolated 

in analytically pure form. 
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C4HgOH-CH3COOH-H20 ( 4 : 1 : 5 )  ( sys tem 4). The c h r o m a t o g r a m s  were  developed by UV absorp t ion  and 

with ninhydrin.  

Alkyla t ion of 6-Subst i tuted P u r i n e s .  A mix ture  of 0.04 mole  of I-IV and 0.96 g (0.04 mole) of sodium 
hydr ide  was s t i r r e d  for 2 h in dry  d ime thy l fo rmamide ,  a f te r  which 15,76 g (0.08 mole) of XXXI was added, 
and the mix tu re  was held at an e levated  t e m p e r a t u r e  for s e v e r a l  hours ,  At the end of the reac t ion ,  the t e m -  
p e r a t u r e  was r a i s e d  in the c o u r s e  of 1 h. The solvent  and excess  XXXI were  r emoved  by d is t i l la t ion ,  and 
the r e s i d u e  was ex t r ac t ed  with e the r .  The e ther  ex t rac t  was washed with wa te r  and evapora ted ,  and the 
r e s i d u e  was c r y s t a l l i z e d .  The condit ions for the syn thes i s  of V-VIII  a r e  p r e s e n t e d  in Table  3. 

1 - (6 -Mercap to -9 -pu r iny l ) -2 ,2 -d i e thoxye t ha ne  (IX). A mix ture  of 2.2 g (8.2 mmole) of V and 0.7 g 
(9.2 mmole)  of th iourea  in 50 ml of propyl  alcohol was ref luxed for  1.5 h in a f lask  equipped with a ref lux 
condense r ,  a f te r  which the mix tu re  was cooled,  and the p r e c i p i t a t e  was r e m o v e d  by f i l t ra t ion  and c r y s t a l -  
l i zed  f rom propanol  to give 1.7 g of IX. 

1 - (9-Adeniny l ) -2 ,2 -d ie thoxye thane  (X). A. A solut ion of 1.36 g (5 mmole)  of V in 20 ml  of methanol ,  
s a tu r a t ed  with ammonia  at 0 ~ was held at 115 ~ in a sea l ed  tube for  15 h. The solvent  was r emoved  by 
d i s t i l l a t ion ,  and the r e s idue  was c r y s t a l l i z e d  f rom ethanol to give 0.8 g of X. 

B. A solut ion of 3.0 g (0.011 mole) of VI in 40 ml of methanol ,  s a tu ra t ed  with ammonia  at 0 ~ was 
held at 145-150 ~ in a sea l ed  tube for  22 h. The solvent  was r emoved  by d is t i l l a t ion ,  and the r e s idue  was 
c r y s t a l l i z e d  f rom ethanol to give 1.8 g of X. 

Synthesis  of 1 - (6 -Subs t i tu t ed -9 -pur iny l ) -2 ,2 -d ie thoxye thanes  (XI-XIV). A mix tu re  cons is t ing  of 3.0 g 
(11 mmole)  of VI and the amine  or  an aqueous solut ion of the amine  was hea ted  in an autoclave .  The s o l -  
vent was r emoved  by d is t i l l a t ion ,  and the r e s i due  was c r y s t a l l i z e d  f rom hexane.  The r e a c t i o n  condit ions 
a r e  given in Table  4. 

2-(6-1Viercapto-9-pur inyl)aceta ldehyde (XVI). A solut ion of 2.12 g (0.01 mole) of IX in 10 ml of 5 N 
HC1 was heated to the boi l ing point, af ter  which i t  was allowed to stand at room t e m p e r a t u r e  for  1 h. The 
acid was r emoved  by vacuum dis t i l l a t ion ,  and the r e s i due  was c r y s t a l l i z e d  f rom water  to give 1.91 g (90%) 
of XVI as yel lowish  needles  with mp > 200 ~ (dec.) .  Found,Z:  C 39.2; H 4.2; N 26.4; S 14.8. CTH6N4OS �9 
H20. Calculated,%: C 39.6; H 3.8; N 26.4; S 15.1. 

- ( 6 - M e r c a p t o - 9 - p u r i n y l ) a l a n i n e  (XXII). A 1-g (4.7 m m o l e ) s a m p l e  of XVI, 0.32 g (6 mmole) of a m -  
monium chlor ide ,  and 0.39 g (6 mmole)  of po tass ium cyanide  we re  d i s so lved  in a mix tu re  of 0.8 ml of a m -  
monium hydroxide  and 2.9 ml of water ,  and the resu l t ing  mix tu re  was heated at 55-60 ~ for  5 h. Concen-  
t r a t e d  HC1 (10 ml) was added, and the mix tu re  was heated on a wa te r  bath for  1 h and al lowed to s tand o v e r -  
night at r oom t e m p e r a t u r e .  It was then evapora ted  to d r y n e s s ,  and 5 ml of 10 N hydroch lo r ic  acid was 
added to the r e s i d u e .  The resu l t ing  solut ion was ref luxed for  3 h, af ter  which the hydroch lo r i c  acid was 
r emoved  by vacuum d is t i l l a t ion ,  and t r a c e s  of the acid we re  r emoved  by azeot ropic  d i s t i l l a t ion  with wa te r .  
The r e s idue  was d i s so lved  in the min imum amount of wa te r ,  and the pH of the solut ion was brought  up to 5 
by the addition of ammonium hydroxide .  C r ys t a l l i z a t i on  of the resu l t ing  p r ec ip i t a t e  gave 0.4 g of XXII. 

2 - (9-Adeninyl )ace ta ldehyde  Hydrochlor ide  (XVII). A solut ion of 4.2 g (1.7 mmole)  of XI in 35 ml of 
1.5 N hydroch lo r ic  acid was hea ted  on a wa te r  bath for  30 rain and allowed to s tand overnight .  The p r e -  
c ip i t a te  was co l lec ted  and d r i ed  over  P205. The weight of the c rude  product ,  which was su i tab le  for  fur ther  
t r e a tmen t ,  was 3.6 g (877c). 

- (9-Adeninyl )a lan ine  (XXXIII). A mix tu re  cons is t ing  of 10 ml of water ,  10 ml  of ammonium 
hydroxide ,  2.2 g (9 mmole) of XVII, 0.86 g (13 mmole)  of po ta s s ium cyanide ,  and 0.7 g (13 mmole)  of a m -  
monium ch lo r ide  was heated at  55-60 ~ for 5 h with v igorous  s t i r r i n g .  Concent ra ted  HC1 (50 ml) was added, 
and the mix tu re  was heated on a wa te r  bath  for  1 h and al lowed to stand at room t e m p e r a t u r e  overnight .  
The mix tu re  was then evapora ted  to d rynes s ,  and 50 ml  of 10 N hydroch lo r i c  acid was added to the r e s i d u e .  
The mix tu re  was then worked up as in the ca se  of XXII to give 0.8 g of XXIII. 

2 - (6 -Methy lamino-9 -pur iny l ) ace t a ldehyde  Hydrochlor ide  (XVIH). A solut ion of 2.65 g (0.01 mole) of 
XI in 20 ml of 1 N hydroch lo r i c  acid was heated on a wate r  bath for  45 min.  The acid was r emoved  by 
vacuum dis t i l l a t ion ,  the r e s i d u e  was d i s so lved  in wa te r ,  and the pH of the solut ion was brought  up to 5 by 
the addition of ammonium hydroxide .  The r e su l t ing  p r e c i p i t a t e  was r emoved  by f i l t r a t ion  and c r y s t a l l i z e d  
f rom water  to give 1.83 g (70%) of XVIII with mp 180 ~ Found,%: C 36.7; H 4.9; C1 13.8; N 26.7. CsH9NsO �9 
HC1 �9 2H20. Calculated,%: C 36.4; H 5.4; C1 13.4; N 26.6. 
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fi - ( 6 - M e t h y l a m i n o - 9 - p u r i n y l ) a l a n i n e  (XXIV). A 1.7-g (6.5 mmole)  sample  of XI in 12 ml of 1 N 
hydroch lo r i c  acid was hea ted  on a wa te r  bath for  45 min.  The m i x t u r e  was then evapora ted  to d r y n e s s ,  and 
the r e s idue  was sub jec ted  to azeo t rop ic  d i s t i l l a t i on  with wa te r  in o r d e r  to r emove  t r a c e s  of hydroch lo r ic  
ac id .  It was then c r y s t a l l i z e d  f rom water  to give 0.9 g of XVIII, which was suff ic ient ly  pure  for  fu r the r  
t r e a t m e n t .  A mix tu r e  cons i s t ing  of the XVIII, 2.9 g of ammonium ch lor ide ,  0.35 g of po t a s s ium cyanide,  5 
ml of ammonium hydroxide ,  and 5 ml  of wa te r  was p r o c e s s e d  as in the p r e p a r a t i o n  of XXII to give,  af ter  
r e c r y s t a l l i z a t i o n ,  0.5 g of XXIV. 

f l - ( 6 - D i m e t h y l a m i n o - 9 - p u r i n y l ) a l a n i n e  (XXV). A 1.3-g (4.7 mmole)  sample  of XII in 9 ml of 1 N 
hydroch lo r i c  acid  was hea ted  on a wa te r  bath for  30 min and then evapora ted  to d r y n e s s .  The r e s i d ue  was 
d i s so lved  in 10 ml of wa te r ,  and the pH was brought  to 5-6 by  the addit ion of ammonium hydroxide .  The 
r e su l t i ng  p r e c i p i t a t e  of XIX was added to a solut ion of 0.29 g of ammonium ch lor ide ,  0.35 g of po ta s s ium 
cyanide ,  and 4 ml of ammonium hydrox ide  in 5 ml  of wa te r ,  and the mix tu re  was p r o c e s s e d  as in the p r e p -  
a r a t i on  of XXIV [the amount of hyd roch lo r i c  acid  used  for saponi f ica t ion  was as fol lows:  1) 12 ml of 10 N 
HC1 and, 2) 10 ml of 10 N HC1] to give,  a f te r  c r y s t a l l i z a t i o n ,  0.55 g of XXV. 

fi - ( 6 - B u t y l a m i n o - 9 - p u r i n y l ) a l a n i n e  (XXVI). A solut ion of 2.0 g (6.6 mmole)  of XIII in 12 ml of 1 N 
hydroch lo r i c  acid was hea ted  on a wa te r  bath  for  45 min and evapora ted  to d r y n e s s .  The r e s i due  was d i s -  
so lved  in the min imum amount of wa te r ,  and the pH was brought  up to 5-6 by the addition of ammonium 
hydrox ide .  The r e su l t i ng  p r e c i p i t a t e  of c rude  XX was added, without addi t ional  pur i f ica t ion ,  to a solut ion 
of 0.56 g of po t a s s ium cyanide ,  0.46 g of ammonium ch lo r ide ,  and 6 ml of ammonium hydroxide  in 8 ml of 
w a t e r .  The mix tu re  was p r o c e s s e d  as in the p r e p a r a t i o n  of XXII [the amount of hydroch lo r i c  acid  used  for 
the saponi f ica t ion  was as  fo l lows:  1) 12 ml  of concen t ra t ed  HCI and, 2) 10 ml of 10 N HC1] to give,  af ter  
c r y s t a l l i z a t i o n ,  0.5 g of XXVI. 

f i - (9-Hypoxanth iny l )a lan ine  (XXVII). F l u o r i n e  was bubbled with s t i r r i n g  into a solut ion of 2.0 g (7 
mmole)  of VI in 15 ml  of absolu te  methanol  with cooling in such a way that the t e m p e r a t u r e  did not exceed 
5 ~ in the c o u r s e  of 20 r a i n .  The methanol  was then r e m ove d  by vacuum dis t i l l a t ion ,  10 ml of 5 N hyd ro -  
ch lo r i c  acid was added to the r e s idue ,  and the m i x t u r e  was re f luxed .  Af ter  30 min, the hydroch lo r i c  acid 
was r emoved  by azeo t rop ic  d i s t i l l a t ion  with s m a l l  por t ions  of wa te r ,  and the r e s idue  was d i s so lved  in the 
min imum amount of wa te r  at 90 ~ . The solut ion was brought  up to pH 5 by the addit ion of ammonium 
hydroxide ,  and the r e su l t i ng  p r e c i p i t a t e  of XXI (0.85 g) was d i s so lved  in 2 ml of wa t e r .  The solut ion was 
t r e a t e d  with 0.4 g of ammonium ch lo r ide ,  0.45 g of po t a s s ium cyanide,  and 1.5 ml of 25~ ammonium 
hydroxide ,  and the mix tu r e  was worked  up as in the p r e p a r a t i o n  of XXII to give,  a f te r  c r y s t a l l i z a t i o n ,  0.63 
g (35.4%, based  on the acetal)  of product .  

fi - ( 6 -Me thy l t h io -9 -pu r iny l ) a l an ine  (XXVIII). A 0.1-g (4 mmole)  sample  of XXII was d i s so lved  in a 
m ix tu r e  of 1.3 ml of 1 N NaOH and 2 ml  of wa te r ,  a f te r  which 0.5 g of methyl  iodide was added by drops  
with v igorous  s t i r r i n g  at  r oom t e m p e r a t u r e  in the c o u r s e  of 30 min.  The m i x t u r e  was s t i r r e d  for  another  
hour ,  a f te r  which the r eac t i on  solut ion was brought  down to pH 5 by the addi t ion of acet ic  ac id .  The p r e -  
c ip i t a t e  was c r y s t a l l i z e d  to give 0.07 g of XXVIII. 

f i - ( 6 - E t h y l t h i o - 9 - p u r i n y l ) a l a n i n e  (XXIX). A 0.4-g (16 mmole)  s amp le  of XXII was d i s so lved  in a m i x -  
t u r e  of 2 ml of 2 N NaOH and 3 ml  of wa te r ,  a f te r  which 1.0 g of ethyl iodide was added by drops  with v i g o r -  
ous s t i r r i n g  at 55-60 ~ S t i r r i ng  was continued for  another  30 h at the same  t e m p e r a t u r e ,  and the mix tu re  
was then worked  up as in the  p r e p a r a t i o n  of XXVIII to give 0.2 g of XXIX. 

f i - ( 6 - I s o p r o p y l t h i o - 9 - p u r i n y l ) a l a n i n e  (XXX). A 0.4-g (16 mmole)  s amp le  of XXII was d i sso lved  in a 
mix tu re  of 1.5 ml of 2 N NaOH and 3 ml of wa t e r ,  a f te r  which 1 ml of i sopropy l  iodide was added by drops  
with v igorous  s t i r r i n g  at 60-70 ~ S t i r r ing  was  continued for  another  10 h at the s a m e  t e m p e r a t u r e ,  and the 
mix tu r e  was then worked up as in the p r e p a r a t i o n  of XXVIII to give 0.2 g of XXX. 
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