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The alkylation of 2-amino-6-chloropurine and of 2-amino-6-methylthiopurine with 1-bromo-2,2-diethoxy- 
ethane in dimethylformamide in the presence of sodium hydride has yielded 2-amino-6-chloro-9-(2 ',2 ' -  
diethoxyethyl)purine and 2-amino-9-(2 ' ,2'-diethoxyethyl)-6-methylthiopurine. By further transformations 
of these acetals, 6-substituted 2-aminopurin-9-ylacetaldehydes have been prepared from which, by the cyano- 
hydrin synthesis f l -(2-amino-6-hydroxypurin-9-yl)-a-alanine (guanin-9-yl-(~-alanine) and fl-(2-amino-6- 
mercaptopurin-9-yl)-~-alanine have been obtained. The synthesis of guanin-9-yl-a-alanine has completed 
the preparation of a series of ~-alanine derivatives of the five most important heteroeyclic bases present 
in RNA and DNA. 

Continuing a study of various routes for obtaining pur in-9-y l -a -amino-ac ids ,  i.e., s tructures in which u-amino-  
acid residues are attached directly to the nitrogen heteroatom in position 9 of the purine ring, we undertook in this 
work a study of the possibility of synthesizing Ng-a-alanine derivatives of guanine and of 2-amino-6-mercaptopurine.  
In our opinion, these compounds are of independent interest, and they may also be valuable starting materials for the 
preparation of potential inhibitors of enzymes participating in the nucleic acid - p r o t e i n  metabolism in the organism. 

The synthesis of a Ng-a-alanine derivative of guanine was of special interest in connection with the study of 
peptides constructed from residues of pyrimidinyl- and pur inyl-a-amino acids that we are  carrying out [1-3]. Such 
peptides are structural analogs of the most important biopolymers, and it is not difficult to foresee the possibility of 
extremely interesting, from our point of view, intermolecular interactions for peptide chains bearing in the lateral rad-  
icals aminoacid residues of heterocyclic bases forming components of RNA and DNA. The intramolecular interactions 
of such hybrid structures,  which we shal lhereafter  call "nucleopeptides," must be subject to the principle of comple- 
mentarity and lead to the appearance of hydrogen bonds between corresponding pairs of nitrogen bases. It is not ex- 
cluded that such intermolecular interactions of the complementary type will exist both between individual nucleopeptide 
chains and between a nucleopeptide chain, on the one hand, and a polynucleotide chain on the other. Intramolecular in- 
teractions in the nucleopeptides mentioned must obey the general principles of the formation of hydrogen bonds within 
the limits of an ordinary polypeptide chain which, in particular,  may lead to the formation of secondary structures of 
the a-hel ix type. However, to obtain these nucleopeptides one must have available the corresponding a-amino acid der-  
ivatives of all five heterocyclic bases entering into the composition of RNA and DNA (i.e., uracil,  thymine, cytosine, 
adenine, and guanine). We have previously reported the synthesis of f i - (uraci l - l -y l ) -a-a lanine  (willardiine) [4-9], fl- 
( thymin-l-yl)-~-alanine [1, 10], f l - (cytosin- l-yl)-~-alanine [1, 10], and fl-(adenin-9-yl)-~-alanine [2, 11]. However, 
the synthesis of f~-(guanin-9-yl)-~-alanine has not hitherto been effected. 

After a series of preliminary experiments, we established that it is possible to use for the synthesis of fl-(2- 
aminopurin-9-yl)-c~-amino acids the method that we used previously to obtain a series of other fl-(purin-9-yl)-(~-amino- 
acids [2, 11]. This method is based on the alkylation of 6-substituted purines with 1-bromo-2,2-diethoxyethane by a 
modification of the Montgomery-Temple method [12] and the subsequent use of the Strecker-Zelinskii-Stadnikov cyano- 
hydrin synthesis. 

The starting materials in the present work were 2-amino-6-chloropurine and 2-amino-6-methylthiopurine. To 
obtain the 2-amino-6-chloropurine,  we developed, in place of the method involving the chlorination of 2-amino-6-methyl-  
thiopurine described in the l i terature [13], the more convenient method of chlorinating 2-amino-6-mercaptopurine in 
analogy with the method of obtaining 6-chloropurine from 6-mercaptopurine [14]. 2-Amino-6-methylthiopurine was ob- 
tained by methylating 2-amino-6-mercaptopurine [15]. 

The alkylation of 2-amino-6-chloropurine and of 2-amino-6-methylthiopurine with 1-bromo-2,2-diethoxyethane 
was carr ied out in the presence of sodium hydride in dimethylformam!de at an elevated temperature. The acetals ob- 
tained, after purification, were subjected to nucleophilic substitution reactions at position 6 of the purine ring. Thus, 
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by the r e a c t i o n  of 2 - a m i n o - 6 - c h l o r o - 9 - ( 2 ' , 2  ' -d i e thoxye thy l )pur ine  with th iourea  we obtained 2 - a m i n o - 9 - ( 2 ' , 2 ' - d i e t h o x y -  
e t h y l ) - 6 - m e r c a p t o p u r i n e ,  the subsequent  h y d r o l y s i s  of which with hyd roc h lo r i c  ac id  led  to 2 - a m i n o - 6 - m e r c a p t o p u r i n -  
9 -y l ace t a ldehyde .  

By the ac t ion  of ch lo r ine  on 2 - a m i n o - 9 - ( 2 ' , 2 ' - d i e t h o x y e t h y l ) - 6 - m e t h y l t h i o p u r i n e  and subsequent  t r e a t m e n t  of the 
subs tance  with hyd roch lo r i c  ac id  we l i kewise  obta ined 2 - a m i n o - 6 - h y d r o x y p u r i n - 9 - y l a c e t a l d e h y d e .  It must  be ment ioned 
that  an a t t empt  to obtain th is  a ldehyde  by the hyd ro ly s i s  of authent ic  2 - a m i n o - 6 - c h l o r o - 9 - ( 2 ' , 2 ' - d i e t h o x y e t h y l ) p u r i n e  was 
unsuccess fu l .  

The p u r i n - 9 - y l a c e t a l d e h y d e s  obta ined we re  not sub jec ted  to fu r the r  pur i f i ca t ion ,  because  of t h e i r  ins tab i l i ty ,  but 
were  used  d i r e c t l y  in the cyanohydr in  syn thes i s  by means  of which f rom the 6-subSt i tu ted  2 - a m i n o p u r i n - 9 - y l a c e t a l d e h y d e s  
ment ioned above we obta ined f l - ( 2 - a m i n o - 6 - h y d r o x y p u r i n - 9 - y l ) - ~ - a l a n i n e  ( i .e . ,  guan in-9-y l -oz-a lan ine)  and f i - ( 2 - a m i n o -  
6 - m e r c a p t o p u r i n - 9 - y l )  - ~ - a l a n i n e .  

The f i r s t  phase  of the cyanohydr in  syn thes i s  - the p r e p a r a t i o n  of the co r r e spond ing  amino n [ t r i l e  - was ef fec ted by 
heat ing a mix tu re  of a 6 - subs t i t u t ed  2 - a m i n o p u r i n - 9 - y l a c e t a l d e h y d e  with an aqueous solut ion of p o t a s s i u m  cyanide ,  a m -  
monium ch lo r ide  (taken in e q u i m o l a r  amounts) ,  and ammonia .  Then the amino n i t r i l e s  we re  sub jec ted  to hyd ro ly s i s  s ince  
we convinced o u r s e l v e s  that  t h e r e  was no p o s s i b i l i t y  of p r e v i o u s l y  i so la t ing  them f rom the r e a c t i o n  mix tu re .  Hydro ly s i s  
was ef fec ted by heat ing the r e a c t i o n  mix ture  with 10 N hyd roc h lo r i c  acid .  

Al l  the r e a c t i o n s  d e s c r i b e d  a r e  i l l u s t r a t e d  in the s cheme .  
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The 6 - subs t i t u t ed  f l - ( 2 - a m i n o p u r i n - 9 - y l ) - ~ - a l a n i n e s  syn thes ized  fo rmed  h igh -me l t i ng  c r y s t a l l i n e  subs t ances  of 
a m p h o t e r i c  na tu re  p o s s e s s i n g  s t rong  abso rp t ion  in the nea r  UV reg ion .  The s p e c t r a  of these  compounds a g r e e d  c o m -  
p l e t e l y  with l i t e r a t u r e  in format ion  on the UV abso rp t ion  of authent ic  6 ,9 -d i subs t i tu t ed  2 - a m i n o p u r i n e s  [16, 17], which 
shows the s t r u c t u r e  of 6 - subs t i t u t ed  2 - a m i n o p u r i n - 9 - y l - ~ - a l a n i n e s  for  the subs tances  obtained.  With ninhydr in ,  t he se  
compounds give a pos i t i ve  r e a c t i o n  for  s - a m i n o  ac ids .  

Thus,  as  a r e s u l t  of the inves t iga t ion  p e r f o r m e d ,  methods  for  the  syn thes i s  of the p r e v i o u s l y  unknown f l - ( 2 - a m i n o -  
6 - m e r c a p t o p u r i n - 9 - y l ) - ~ - a l a n i n e  and f l - ( 2 - a m i n o - 6 - h y d r o x y p u r i n - 9 - y l ) - ~ - a l a n i n e ,  i .e . ,  f l - ( g u a n i n - 9 - y l ) - ~ - a l a n i n e  have 
been developed.  The syn thes i s  of the  l a t t e r  compound comple t e s  the p r e p a r a t i o n  of the s e r i e s  of ~ - a l a n i n e  d e r i v a t i v e s  
of the five mos t  impor t an t  h e t e r o c y c l i c  b a s e s  en te r ing  into the compos i t ion  of RNA and DNA and has  t h e r e b y  c r e a t e d  
the n e c e s s a r y  p r e r e q u i s i t e s  for  the syn thes i s  of nucleopept ide  s t r u c t u r e s  including c o m p l e m e n t a r y  nucle ic  b a s e s  of both 
the p y r i m i d i n e  and the pur ine  s e r i e s .  

We a r e  continuing inves t iga t ions  on the c h e m i s t r y  of the p u r i n y l - ~ - a m i n o  ac ids  and on the syn thes i s  of the c o r -  
r e spond ing  pep t ides .  

EXPERIMENTAL 

2 - A m i n o - 9 - ( 2 ' , 2 ' - d i e t h o x y e t h y l ) - 6 - m e t h y l t h i o p u r i n e  (Ill).  To 3.62 g (0.02 mole) of 2 - a m i n o - 6 - m e t h y l t h i o p u r i n e  
[15] were  added 70 ml of d r y  d i m e t h y l f o r m a m i d e  and 0.43 g (0.02 mole) of sodium hydr ide ,  and the mix ture  was s t i r r e d  
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at  room t e m p e r a t u r e  for 2 hr,  af ter  which 7.88 g (0.04 mole) of 1 -bromo-2 ,2-d ie thoxymethane  was added, and it was 
heated to 80~ and s t i r r e d  at this  t empe ra tu r e  for 7 hr.  Then the t e mpe r a t u r e  was gradual ly  ra i sed  over  1.5 hr to 140~ 
After  the solvent  had been dr iven  off, the viscous syrupy mass  was extracted with e ther  (3 • 100 ml), the e thereal  ex-  
t r a c t  was twice washed with cold water  and was then evaporated in vacuum,  and the res idue  was c rys ta l l i zed  f rom water .  
This  gave 1.38 g (23.2%) of III in the form of co lor less  c rys ta l s  with mp 125-126~ Found %: C 48.68; H 6.34; N 23.39; 
S 10.53. C12H19NsO2S. Calculated %: C 48.47; H 6.44; N 23.55; S 10.78. Rf 0.96 (system 1)*, 0.98 (sys tem 2). UV spec-  
t r u m ,  ~.max, nm (log e): 246 (3.95), 323 (3.97) (pH 1); 245 (4.11); 311 (4.19)(pH 7); 244 (4.17); 309 (4.13) (pH 13). 

f l - ( 2 - A m i n o - 6 - h y d r o x y p u r i n - 9 - y l ) - ~ - a l a n i n e  (V). With s t i r r ing ,  chlorine was passed  into a suspens ion of 0.89 g 
(0.003 mole) of III in 9 ml of absolute  ethanol,  the mixture  being cooled in such a way that during the f i r s t  20 rain of the 
p roces s  its t empe ra tu r e  did not exceed 0~ Then the methanol was dis t i l led  off in vacuum, the res idue  was t rea ted  with 
9 ml of 5 N HC1, the mixture  was heated in the water  bath for 15 min,  the HC1 was dis t i l led  off in vacuum,  the las t  t r ace s  
of the acid were  e l imina ted  by azeotropic  d is t i l la t ion  with smal l  por t ions  of water ,  the res idue  was dissolved in the 
min imum amount  of water  at 90~ and the resu l t ing  solution was brought to pH 5 by the addit ion of aqueous ammonia .  
The prec ip i ta te  of IV that deposited (0.2 g) was dissolved in 1 ml of water ,  af ter  which 0.06 g of ammonium chloride,  
0.07 g of po ta s s ium cyanide,  and 1 ml of 25% aqueous ammonia  were added and the resu l t ing  mixture  was kept at 55- 
60~ for 5 hr.  Then 2 ml of conc. HC1 was added and the mix ture  was heated in the water  bath for 1 hr,  af ter  which  it 
was left at room t empe ra tu r e  overnight .  After  this ,  the mixture  was evaporated to d ryness ,  the res idue  was t rea ted  
with 1.2 ml of 10 N HC1, the mix ture  was boiled for 3 hr and was then evaporated to d ryness  in vacuum, and the l a s t  
t r a c e s  of HC1 were  e l imina ted  by azeotropic  d is t i l la t ion with water .  The res idue  was dissolved in the min imum amount  
of water  and the solution was brought  to pH 5 with aqueous ammonia .  The prec ip i ta te  that deposited was separa ted  off 
and r ec rys t a l l i z ed  f rom water .  This  gave 0.11 g of V (41%, calculated on the aldehyde), mp 260~ (decomp.). Found %: 
C 35.57; H 4.35; N 30.29. CsHIoN603"2H20. Calculated %: C 35.04; H 5.15; N 30.07. Rf 0.19 (system 1), 0.07 (sys tem 
2). UV spec t rum:  ~max,  nm (log ~): 255 (4.06) (pH 1); 253 (4.09) (pH 7); 268 (4.00) (pH 13). 

2 - A m i n o - 6 - c h l o r o p u r i n e  (VI). A mixture  of 6 ml  of methanol and 18 ml of conc. HC1 was sa tura ted  with hydrogen 
chloride at 0~ and then the solution was cooled to -20~ and, with s t i r r ing ,  6 g (0.086 mole) of I was added. After  this ,  
chlor ine  was passed  into the mixture  at such a r a t e  that the t empera tu re  did not r i se  above - 5 ~  for 1 hr. Then it was 
poured  onto 44 g of ice, us ing  addit ional  ex terna l  cooling. The resu l t ing  mixture  was brought to pH 1.5-2 by the addition 
of aqueous ammonia  and was f i l tered,  and the res idue  was r ec rys t a l l i z ed  from water .  This  gave 3.6 g (59.3%) of VI, mp 
above 275~ (decomp.). Found %: C 35.43; H 2.42; N 41.63; C1 20.69. CsH4C1N 5. Calculated %: C 35.41; H 2.38; N41.30; 
C1 20.91, Rf  0.74 (sys tem 1), 0.70 ( sys tem 2). 

2 -Amino -6 -ch lo ro -9 - (2 ' , 2 ' - d i e thoxye thy l )pu r ine  (VII). Some 2.3 g (0.013 mole) of VI and 0.31 g (0.013 mole) of 
sodium hydride were  added to 22 ml of dry d imethyl formamide  and the resu l t ing  mix ture  was s t i r r e d  at room t e m p e r -  

. a ture  for 2 hr,  af ter  which 5.8 g (0.026 mole) of 1 -bromo-2 ,2-d ie thoxye thane  was added, and the reac t ion  mixture  was 
kept then at 70~ for 12 hr. After  this ,  the t e m p e r a t u r e  was gradual ly  ra i sed  to 125~ over 1 hr 30 min, and then the 
mix ture  was evaporated to the s tate  of a v iscous  syrup,  which was extracted with e ther  (3 x 100 ml). The e therea l  ex-  
t r a c t  was washed with cold water  three  t imes  and was evaporated to d ryness  in vacuum. The res idue  was r e c r y s t a l -  
l ized from water ,  giving 1.1 g (28.5%) of VII in the form of co lo r l e s s  c rys ta l s ,  mp 136~ Found %: C 45.74; H 5.61; 
N 24.89. CIIH16C1NsO2. Calculated %: C 46.24; H 5.64; N 24.51. Rf 0.90 (sys tem 2). UV spect ra ,  kmax, nm (log ~): 
241.5 (3.89), 311.5 (3.98) (pH 1); 245 (3.73), 307 (3.91) (pH 7); 246 (3.74), 306 (3.85) (pH 13). 

2 - A m i n o - 9 - ( 2 ' , 2 ' - d i e t h o x y e t h y l ) - 6 - m e r c a p t o p u r i n e  (VII1). A solution of 0.7 g (0.0025 mole) of VII and 0.21 g 
(0.0028 mole) of th iourea  in 17 ml of n-propanol  was boiled under  reflux for 1 hr and, af ter  cooling, the prec ip i ta te  was 
f i l t e red  off and was c rys ta l l i zed  f rom ethanol.  This  gave 0.5 g (72%) of VIII in the form of a yellow c rys ta l l ine  substance 
with mp above 200~ (decomp.). Found %: C 47.00; H 6.39; S 10.91. CllHITN502S. Calculated %: C 46.62; H 6.05; S 11.82. 

Rf 0.94 (sys tem 1). 

f l - ( 2 - A m i n o - 6 - m e r c a p t o p u r i n - 9 - y l ) - ~ - a l a n i n e  (X). A solution of 0.4 g (0.0014 mole) of VIII in 4 ml of 1 N HC1 was 
heated in the water  bath for 40 rain and was then evaporated to d ryness .  The res idue  was dissolved in the min imum 
amount  of water  and the solut ion was brought  to pH 5-6 by the addition of aqueous ammonia .  The substance that p r e c i p -  
itated was separa ted  off and dr ied,  and the IX obtained in this way (0.15 g), without lu ther  pur i f icat ion,  was subjected 
to the cyanohydrin  synthes is  by its addition to a solution of 0.05 g of ammon ium chloride and 0.06 g of po tass ium cyanide 
in a mixture  of 0.6 ml of 25% aqueous ammonia  and 0.6 ml of water .  The reac t ion  mixture  was kept at 55-60~ for 5 hr,  

*System 1:i-C3H7OH--NH4OH-H20 (7 : 1 : 2) (ascending chromatogram). System 2:n-C3H7OH-NI-I4OH-H20 (6:3 : i) 
(descending chromatogram). Paper: Leningrad medium. 
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and then 2 ml of conc. HC1 was added and it was hea ted  in the wa te r  bath for  1 hr  and le f t  a t  r oom t e m p e r a t u r e  overnight .  
Then it was evapo ra t ed  to d r y n e s s ,  the r e s i d u e  was t r e a t e d  with 1.2 ml of 10 N HC1, the  r e su l t i ng  mix tu re  was boi led  
for  3 hr ,  and then the HC1 was d i s t i l l ed  off in vacuum,  the  final t r a c e s  of i t  being r e move d  by a z e o t rop i c  d i s t i l l a t i on  with 
wa te r  as  d e s c r i b e d  above.  The r e s i d u e  was d i s so lved  in the min imum amount  of w a t e r ,  the solut ion was brought  to pH 
5 by the addi t ion of aqueous ammonia ,  and the p r e c i p i t a t e  that  depos i t ed  was f i l t e r e d  off and r e c r y s t a l l i z e d  f rom wa te r .  
This  gave 0.1 g (49.8%, ca lcu la t ed  on the aldehyde) of X in the fo rm of a white subs tance  with mp 270~ (decomp.) .  
Found %: C 34.26; H 5.14; N 30.20. CsH10N602S" 1.5H20. Calcu la ted  %: C 34.16; H 4.66; N 29.88. Rf 0.15 ( sys t em 1), 
0.21 ( sys tem 2). UV s p e c t r a ,  kmax ,  nm (log e): 258 (3o71), 343.5 (4.07) (pH 1); 248 (3.77), 340.5 (4.14) (pH 7); 252 (3.97), 
317.5 (4.17) (pH 13). 
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