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S Y N T H E S I S  A N D  S T R U C T U R E  OF 6 - S U B S T I T U T E D  

9 -  ( 2 - E  T H O X Y -  1 , 3 - D I O X A N -  5 - Y  L) PU R I N E  S 

A .  F .  M i s h n e v ,  Y a .  Y a .  B l e i d e l i s ,  
t~. l~. L i e p i n ' s h ,  N .  P .  R a m z a e v a ,  
a n d  I .  N .  G o n c h a r o v a  

UDC 548.737:547.841'857.07:543.422.25.4 

The react ion  of 4 - c h l o r o - 5 - a m i n o - 6 - ( 1 , 3 - d i h y d r o x y - 2 - p r o p y l ) a m i n o p y r i m i d i n e  with excess  
ethyl o r thoformate  gave  a cycl ic  ace ta l ,  v i z . ,  6 - ch lo ro -9 - (2 -e thoxy-1 ,3 -d ioxan -5 -y l )pu r ine ,  
aminat ion of which yielded 6 - a m i n o - 9 - ( 2 - e t h o x y - l , 3 - d i o x a n - 5 - y l ) p u r i n e .  The p re sence  of 
two configurat ional  i s o m e r s  with a diaxial  orientat ion of the purine ring and the ethoxy group 
in the t r ans  i s o m e r  and an equator ia l  orientat ion of the ethoxy group in the cis i s o m e r  was 
es tabl ished for  these  compounds by 1H and 13C NMR and IR spec t roscopy .  The t h r e e - d i m e n -  
sional s t ruc tu re  of t r a n s - 6 - c h l o r o - 9 - ( 2 - e t h o x y - l , 3 - d i o x a n - 5 - y l ) p u r i n e  was de te rmined  by an 
x - r a y  difract ion study, and the t r ans -d i ax i a l  orientat ion of the purine ring and the ethoxy 
group was conf i rmed;  it is  shown that  the dioxane r ing is in an anti conformation re la t ive  to 
the pur ine  r ing.  

It has been previous ly  shown [1, 2] that an imidazo le  r ing is formed in the react ion of 4 - c h l o r o - 5 - a m i n o -  
6 - (1 ,3 -d ihydroxy-2-propy lamino)pyr imid ine  (I) with ethyl o r thoformate  under acid cata lys is  conditions. How- 
ever ,  under the s a m e  conditions,  I ,  which contains a 1 ,3-d ihydroxypropyl  res idue ,  undergoes  t r a n s e s t e r i f i c a -  
tion with excess  o r thoes te r  to give a cyclic de r iva t ive ,  v i z . ,  6-chlor  o- 9- (2 -e thoxy-1 ,3 -d ioxan-5-y l )pur ine  (II), 
the react ion of which with an alcohol solution of ammonia  gave  6 - a m i n o - 9 -  (2 -e thoxy-1 ,3-d ioxan-5-y l )pur ine  
(In). 

Cl / 
N ~  N H2 1. (C~/HsO)3CH 
L~N ~/J~,NHII 2. NH3,C2HsOH 

l HOCH2CHgH20H 

R R 

NX~ + 

I la ,  I l i a  {~c2fl~ I , I 

II R~Ck III R=NH~ 

The in te res t  in II and III,  which contain a sa tura ted  s i x - m e m b e r e d  heteror ing in the 9 position of the 
purine r ing,  is due to the fact  that ,  with r e s pe c t  to thei r  b iochemical  p rope r t i e s ,  they may be class i f ied as 
analogs of n u c l e o s i d e s / s i n c e  some de r iva t ives  of this type a r e  capable  of forming complexes  with enzymes 
that use  natural  nucleosides as  subs t r a t e s  [3, 4] and display high physiological  act iv i ty ,  including an t i tumor i -  
genic act ivi ty [5]. In addition II and HI a l so  proved to be of in teres t  in a s t e r e ,  chemical  r e spec t .  

It is known that a chair  conformation with an axia l  orientation of the alkoxy group (the anomer ic  effect) 
is p r e f e r r e d  for  2 - a l k o x y - l , 3 - d i o x a n e  molecules  [6]. At the s a m e  t ime ,  depending on the nature  of the 

Insti tute of Organic Synthesis,  Academy of Sciences of the Latvian SSR, Riga 226006. Trans la ted  f rom 
Khimiya Geterots ik l icheskikh Soedinenii, No. 7, pp. 976-983, Ju ly ,  1979. Original a r t i c l e  submitted August 
8, 1978. 
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TABLE 1. Charac te r i s t i cs  of the Compounds Obtained 

E 
o 

6 

II a Itrans 
IIb ~cis 
IIh ]trans 
[IIb ~cis 

C1 
CI 
NH~ 
NI 1~ 

o 

144--145 
139--140 
214--215 
163--164 

Rf 

UV spec- 
t rum Found, % Empirical 

formula 

0,90 683 205] 14300 46,1 4,6 19,5 C~,ItI3CIN40~] 
0,83] 700] 2051 13100146,1 [4,5] 19,61CuH]3C1N40 
0,56 682[ 215~ 12500 49.3 56 2631C.I1~5,N503 
0,38 690 2t51 8900 149.415:6126, tlC. I,sNsQ 

Calc., % 

C H N 

46,4 4,6[ 19,7 
46,4 4,6 1917 
49,8 5,7[ 26,4 
49,8 5,7126,4 

heteror ing,  either the p re fe r red  axial orientation [e .g . ,  in 9-(1,4-oxathian-3-yl)purine]  or an equatorial o r i -  
entation of the purine ring [for example,  in 9-( te t rahydro-2-pyranyl)pur ine]  is possible for 9-purinyl der iva-  
t ives of saturated s ix -membered  he terocycles  [7]. 

On the basis of the difference in the chemical  shifts and the integral  curve in the PMR spectrum of 6- 
chloropurine II in chloroform we have shown that the compound contains two s t e reo i somers  in a rat io of 60:40. 
An analysis  of the PMR spect rum of HI showed that it is also a mixture of two i somers  in the same ratio.  It 
should be noted that the s t e reo i somer ic  pairs  of acetals  II and III proved to be chromatographical ly  homogene- 
ous in various sys tems [paper chromatography and thin- layer  chromatography (TLC)], and we were able to 
detect i somers  of II and HI only on S11ufol in a ch lo ro fo rm-e thano l  sys tem.  Repeated recrys ta l l iza t ion and 
separation with a column filled with sil ical  gel made it possible at best to obtain only substances containing 
90-95% of the principal s t e reo i somer .  The complete separation of the i somers  (Table 1) was accomplished 
on preparat ive  TLC plates on silica gel with monitoring of the degree  of purity of the individual i somers  on 
analytical  TLC plates.  

We will show below that data f rom an x - r a y  diffraction analysis  of the high-melting i somers  of 6 -ch loro-  
purine IIa and 6-aminopurine HIa [8] demonstrated unambiguously that the purine res idue in the 5 position of 
the dioxane ring is axially oriented. 

It is apparent  f rom an analysis  of the PMR spect ra  of i somers  I Ia ,b  and II Ia ,b  (Fig. 1 and Table 2) that 
the position of the resonance  signals of the protons of the purine ring a re  actually unchanged for the two i so-  
mers .  The close values of the constants of s p i n - s p i n  coupling of the Hs, proton with the methylene protons 
in the 4 and 6 positions of the dioxane res idue  make it possible to speak of the identical charac te r  of the con- 
formation of the s ter ic  center in the 5 position for both s t e reo i somers  and, fur ther ,  to draw the conclusion 
that the purine res idue in the 5 position of the dioxane ring is axially oriented in both the high-melting and low- 
melting i somers .  

On the basis of the significant nonequivalence of the methylene protons in the 4 and 6 positions of the di-  
oxane ring and the s p i n - s p i n  coupling constants (SSCC) of the geminal protons it may be concluded that the 
high-melt ing i somers  exist in the chair conformation [9, 10]. Additional multiplicity (J = 0.4 Hz) due to long- 
range s p i n - s p i n  coupling of this proton with the equatorial  protons of the methylene groups is observed for 
the 2 ' -H  proton,  which resonates  at 5.64 ppm; this confirms the equatorial character  of this proton,  and con- 
sequently,  the axial orientation of the 2-ethoxy group,  i . e . ,  high-melting i somers  Ha and IIIa have a t rans 
configuration. The 6ppm shif t to  s t rongf ie ld  of the C 4, andC 6, resonance signals in the 13C NMR spectrum of 
high-melt ing i somer  IIla as compared with low-melting i somer  IIb also provides evidence for an axial or ienta-  
tion of the ethoxy group in IIIa [11]. 

In contrast  to the spect ra  of Ha and I I ~ ,  additional multiplicity due to long-range sp in - sp in  couplings 
of the 2 ' -H  proton with the equatorial  protons of the methylene groups in the 4 and 6 positions of the dioxane 
ring is completely absent in the PMR spect ra  of low-melting i somers  IIb and IIIb, and this constitutes evidence 

TABLE 2. PMR Spectra of Dioxanylpurines H and HI 

corn- Iso- ~ Chemical shifts. 6, rpm 

, ,  al a , 1 ,0918,7  -,,78 3,0,1,,72 
I1 blcis 8,69] 8,771 - 14,74l 4,36[4,36 
l l Ia | t rans  8,29] 8,45 5,9 4,61 3,90[4,67 
Illb~cis 8,30] 8,43 5,8 4,64 4,32 4,32 

5,64 3,681,,311 1,8 
5,46 3,83 1,27 2,2 
5,61t3,66  ,30 1.9 
5,43! 3,82 [1,27 2,5 

,,81 1_  ,16,9 2,2 6,9 
2,0 10,5 0,4 6,8 
2,5 0 6,9 
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H_2, IO i  cH2 
H-8 FI'2 I He41 '~ 

HA,H B 
CH3 

III a 

H u, 

H- S H -2 r~ OCH~ :H~ 

NH 2 ~,~ I 

o 8 7 ~ ~ ,~ 3 ~ 1 o ~ ppm 

F ig .  1. PMR s p e c t r a  of c i s - 6 - c h l o r o - 9 - ( 2 - e t h o x y -  
1 , 3 - d i o x a n - 5 - y l ) p u r i n e  (Ilb) and t r a n s - 6 - a m i n o - 9 -  
(2 - e thoxy -1 ,3 -d ioxan -5 -y l )pu r ine  (IIIa). 

N(7)~ ~C(81 ~ O(31 

- ~ . . . . .  ~ " ~  .~-~ ~ ( 2 ' ,  

3) C(~ ~ C181 

(A + B) and C = 60.3~ c(o'} 
(A + B) and D = 86.3" 
(A + B) and E = 52.4 ~ 

(A+B)(C+D+E)+100.7" 
C and D = 46.7" 
D andE=59.9 ~ 
C and E = 13.3 ~ 

F ig .  2. P ro jec t ion  of the molecule  on the a ve r a ge  p l ane  of 
the pur ine  two- r ing  s y s t e m ,  bond lengths ,  va lence  ang les ,  
and the mos t  impor t an t  d ihedra l  angles  of the t r ans  i s o m e r  
of 6 - c h l o r o - 9 -  (2 - e thoxy-1 ,3 -d ioxan -5 -y l )pu r ine  (IIa). 

for  an ax ia l  or ienta t ion  of the 2 ' - H  proton and,  co r respond ing ly ,  for equa tor ia l  c h a r a c t e r  of the ethoxy group ,  
i. e . ,  low-mel t ing  s t e r e o i s o m e r s  Ilb and IIIb have a cis  configurat ion.  However ,  the s ignals  of the 4 -  and 6-H 
protons r e s o n a t e  at  4.36 (Ilb) and 4.32 ppm (IIIb) in the fo rm of a doublet  with Jh'A = Jh'B = 2.2 Hz and Js 'A = 
Jh'B = 2.5 Hz, r e spec t ive ly ;  th is  i s  explained by degeneracy  of the AA 'BB 'X  spin sy s t em to an A4X s y s t e m  as  a 
consequence of this  m a g n e t i c - a n i s o t r o p i c  effect of the surrounding a toms  on the shielding cons tants ,  which 
makes  the H A and H B protons equivalent .  A s i m i l a r  pecu l ia r i ty  in the s pe c t r a  was observed  in the case  of cis 
i s o m e r s  and dioxanes and d i th ianes  with a branched a lky l  subst i tuent  in the 5(a) posit ion [9, 10]. In tMs case  
the authors  a s s u m e  that  t he re  is  d i s to r t ion  of the " ideal"  chair  conformation in the C 4 -  C5-C 6 reg ion .  In con- 
fo rmi ty  with the informat ion s ta ted above,  we will  a l so  a s s u m e  a cha i r  conformation for  the cis fo rm.  However,  
taking into account the fact  that  the l o w - t e m p e r a t u r e  P]VIR s pe c t r a  r eco rded  for i s o m e r s  Hb and IIIb in d e u t e r o -  
acetone a t - 8 0 ~  indica te  that they have high conformat ional  lab i l i ty ,  we hope to subsequently re f ine  the s t r u c -  
t u r e s  of i s o m e r s  Ilb and HIb by means  of x - r a y  dif f ract ion ana ly s i s .  

It was shown by PMR spec t roscopy  that  the spec t r a  of the s t e r e o i s o m e r i c  p a i r s  of II and III r eco rded  in 
deu te roch lo ro fo rm remained  unchanged af te r  def ini te  i n t e r v a l s ,  and this conf i rms  the i r  conf igurat ional  s t ab i l -  
ity under these  condit ions [12]. We were  unable to de tec t  i somer i za t ion  even in the ca se  of ini t iat ion of the 
p roce s s  by the addition of iodine in deuteromethanol  to a solution of II in deu te roch lo ro fo rm.  However ,  judging 
f rom the PMR spec t rum,  the compound underwent more  profound t r a n s f o r m a t i ons  in this  case .  
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TABLE 3. Equa t ions  of the  A v e r a g e  P l a n e s  of the P l a n a r  F r a g -  
m e n t s  of the  Molecu le  and Dev ia t ions  of the  A t oms  f r o m  T h e m  

Plane 

A 

(A+B) 

Atoms of 

the plane 

N (1) -0,004 
C (2) -o,oo2 
N (3) 0,004 
C (4) -- 0,002 
C (5) --0.004 
C (6) @,007 
C (4) -0,005 
C (5) 0,003 
N (7) o,ooo 
C (8) --0,003 
N (0) 0,005 
N (I) O,OO7 
C (2) 0,005 
N (3) --0,003 
C (4) -0,020 
c (5) -0,018 
C (6) 0,008 
N (7) -0,003 
C (8) O,Ol 1 
N (9) 0,012 
CI* 0,076 
C (5')* 0,035 
C (4') 
C (59 
C (69 
o (1') -0,007 
o (3') 0,007 
C (4') --0,006 
c (69 0,0O6 
C (2')* -0,733 
C (5') * 0,617 
o (I') 
C (2') 
O (3') 

Deviations [ ! 
from the Equa on of the plane: Ax + By + Cz - D  = O 
atoms frore~ ' - -  

:he plane, A B C D 

--0,1234 

--0,1161 

-@,1208 

--0,9016 

0,9136 

~0,7846 

--0,6587 

-0,6389 

-0,~505 

--0,1145 

0,1612 

- -  0,0835 

-0J422 -6,3698 

-~7605 -6,4291 

--0,7498 -6~767 

-0,4172 1,1531 

--0,3734 -7,4661 

-0,6143 -2,2337 

* These atoms were not taken into account in the calculation of the corresponding plane. 

The e x i s t e n c e  of conf igu ra t iona l  i s o m e r i s m  of p u r i n e s  I I a , b  and I I I a ,b  i s  a l s o  con f i rmed  by the I R - s p e c -  
t r o s c o p i c  da ta .  The IR s p e c t r a  of t r a n s  i s o m e r s  IIa and IIIa conta in  c h a r a c t e r i s t i c  hands of ske l e t a l  v i b r a t i o n s  
at  683 and 682 cm -1, r e s p e c t i v e l y ,  while  the  s p e c t r a  of c is  i s o m e r s  IIb and IIIb conta in  bands  a t  700 and 690 
c m - i ;  th i s  co inc ides  with the  g e n e r a l  p r i n c i p l e  in the d ioxane  s e r i e s  tha t  i s  used for  the  iden t i f i ca t ion  of cis  

and t r a n s  i s o m e r s  [12]. 

T h u s ,  the p r e s e n c e  of two conf igu ra t iona l  i s o m e r s  with an ax ia l  o r i en t a t i on  of the  ethoxy g r oup  in the 
t r a n s  i s o m e r  and an equa to r i a l  o r i en t a t i on  of the  ethoxy g roup  in the c is  i s o m e r  was e s t ab l i shed  for  II and HI 
by NMR and IR spec t ro scopy .  To c o n f i r m  the  data  obtained and to m a k e  a m o r e  de ta i led  s tudy of p u r i n e  c o m -  
pounds in o rde r  to i nves t i ga t e  the  c o n f o r m a t i o n s  of the p u r i n e  and d ioxane  r i n g s ,  as  wel l  as  t he i r  r e l a t i v e  o r i -  
en ta t ion ,  we inves t iga ted  the m o l e c u l a r - c r y s t a l  s t r u c t u r e  of h i g h - m e l t i n g  i s o m e r  Ha by x - r a y  d i f f rac t ion  

analysis. 

The projection of the molecule on the average plane of the purine two-ring system is shown in Fig. 2 
with an indication of the bond lengths and valence angles; the angles between the average planes of the most 
important fragments of the IIa molecule are also presented. 

As in the case of purine bases in nucleic acids, a small deviation of the purine ring from planarity (the 
deflection of the two-ring system along the C 4- C 5 bond is only 1.6 ~ is observed in the IIa molecule. In addi- 
tion, it should be noted that the exocyclic substituents deviate only slightly from the plane of the purine two- 
ring system, so that the chlorine atom deviates 0.08 Aon the same side as the C 5, atom, the deviation of which 
is 0.03 A. The equations of the average planes of the planar fragments of the Ha molecule and the deviations 
of the atoms from these planes are presented in Table 3. 

It follows from a comparison of the interatomic distances andovalence angles of the purine ring in the Ha 
molecule and other purine compounds that within the limits of 0.05 Aand 4 ~ the geometry of the purine frag- 
ment of the IIa molecule corresponds to the geometry of purine [13], 9-methyladenine [14], and their derivatives 
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Cl ~ N /  

N 

~ ,  .~ = =  ~,8,~l(fi~.)-s2,~ ~ ~ . ~ , ~ ) - - - " .  

OC;zH 5 H9 0 C2H 5 

Fig. 3. Torsion angles of the 1,3-dioxane fragment  of the 
IIa molecule,  

[15-18]. The inc rease  in the endocyclic valence angle at the C 6 atom f rom 119 ~ in the purine molecule to 123 ~ 
in the IIa molecule,  like the shortening of the C0-C 6 bond, is evidently associated with the effect of the chlor-  
ine atom. Identical C4-N 9 and C s - N  7 bond lengths in the purine molecule (1.37 A) were noted in [13]. How- 
ever ,  in the Ha molecule this value is retained only for the C4-N 9 bond, whereas the length of the Co-N 7 bond 
is increased by 0.03 A. This fact and the lengthening of the C s - N  9 bond f rom 1.31 Ain the purine molecule to 
1.36 A in the Ha molecule,  which leads to equalization of the bond lengths in the N 7 - C s - N  9 f ragment  in the 
imidazole par t  of the molecule,  in all likelihood ref lects  the ro le  of the dioxane residue attached to the n i t ro-  
gen atom in the 9 position and of the chlorine atom in the 6 position of the purine ring. 

The dioxane ring has a chair  conformation; this follows f rom the data presented in Table 3 and Fig. 2. 
o 

The C 5, and C 2, atoms deviate 0.62 and 0.73 A, respect ively on opposite sides f rom the s t r ic t ly  planar D f rag-  
ment formed by the Ol,, O3,, C4,, and  C 6, a toms.  The endocyclic valence angles of the IIa molecule c o r r e s -  
pond, within the limits of 2-3 ~ to those in the 1,3-dioxane f ragment  [19-21]. It should be noted that the C - C  
bonds in the dioxane ring in Ha undergo additional shortening to 1.48-1.51 A as compared with unsubstituted 
1,3-dioxane,  and the O 1 , - C 2 , - O  3, angle is 107.5 ~ 

The torsion angles in the IIa molecule (Fig. 3) constitute evidence for fur ther  compress ion of the hydro- 
carbon par t  of the dioxane r ing (~ = 50.4 ~ and r = 52.1 ~ as  compared,  for example, with unsubstituted 1 ,3 -d i -  
oxane [22], the tors ion angle of which is 54 ~ and for an increase  in the folding of the ring in the oxygen par t  
of the res idue (~ = 65.7 ~ and r = 67.6~ 

The resul ts  of an x - r a y  diffraction analysis  provide unambiguous evidence for the axial orientation of 
the purine ring with respec t  to the dioxane residue.  Thus the dihedral angle formed by the plane of the purine 
ring and the average  square  plane of dioxane is 100.7 ~ while the dihedral angles formed by the plan e of purine 
and the planar C and D f ragments  a re  60.3 and 86.3 ~ respect ively.  

The preferableness  of an axial or equatorial orientation of the purine ring with respec t  to the s i x - m e m -  
bered saturated residue is explained in [7] by manifestation of the gauche effect in the O ( S ) - C - C - N  fragment  
and the possible formation of a hydrogen bond between the 8-H proton of purine and the oxygen atom in the di- 
oxane or oxathian ring.  In our case the preferableness  of the axial orientation of the purine r ing is also de-  
termined,  in all  likelihood, by the gauche effect [23] of the N 9- C 0 , - C 4 , - O  3, and N 9-  C 5 , - C 6 , - O  1, f ragments ,  
which is responsible  for the conformational stability of this s t ruc ture .  Evidence for this is provided by the di- 
hedral angle (O = 74 ~ between the planes that pass through the C 5, - C  4, - 0 3 ,  and N 9- C 0, - C  4, f ragments  and, 
correspondingly,  the angle (O = 74.6 ~ between the planes that pass through the C5,-  C 6, - O  l, and N 9- C 5, - C  6, 
f ragments .  

At the same t ime,  the calculations showed that the formation of a hydrogen bond between the 8-H proton 
of the purine ring and the oxygen atom of the dioxane residue,  as assumed in [7] for compounds that contain 
1,4-dioxane and 1,4-oxathiane res idues  in the 9 position of the purine ring,  is impossible for IIa in the c r y s -  
taUine s tate ,  since the C s - N . . .  O distance in the IIa molecule is 3.09 A. 

The magnitude of the dihedral  angle between the planes that pass through the C 6, - O  l, - C  2, and O l, - C  2, - 
C 7, f ragments  (0 = 60.8 ~ also se rves  as  a confirmation of the axial orientation of the 2-ethoxy group. 

It should be noted that the C 5, -N9 bond in the Ha molecule is 1.49 A and, wl threspec t  to its length and 
chemical  proper t ies  (with respec t  to acid and alkaline hydrolysis) ,  correspond to the glycoside bond in the 
purine bases of nucleic acids,  whereas the dioxane ring exists in an anti conformation with respec t  to the pur-  
ine ring with X = - 13-4~ 

The packing of the molecules in the unit cell of the crys ta l  is realized at distances that a re  no shor ter  
than the sum of the van der Waals radi i  of the corresponding atoms indicated in [24, 25]. 
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T A B L E  4. C o o r d i n a t e s  of the  A t o m s  

Atoms x y z Atoms x y z 

CI 
c (6) 
N (1) 
c (2) 
N (3) 
c (4) 
c (5) 
N (7) 
c (8) 
N (9) 
c (5') 
c (6') 
o (1') 
c (2') 
O (3') 
c (4') 

0,071 (03) 
-0,155 (12) 
--0,249 (13) 
-0,428 (16) 
-0,519 (11) 
--0,417 (14) 
--0,230 (13) 
-~168 (II) 
--0,318 (16) 
--0,468 (11) 
--0,657 (13) 
-0,727 (14) 
-0,653 (9) 
-0,698 (19) 
-0,606 (I0) 
-0,678 (16) 

0,439 (00) 
0,445 (15) 
o,541 (11) 
0,543 (13) 
0,457 (12) 
0,368 (12) 
0,355 (i4) t 
0,246 (12) 
0,195 (13) 
0,264 (10) 
0,239 (13) 
0,356 (13) I 
0,350 (10) I 
0,217 (13) 
0,111 (9) 
O,lOl (14)[ 

0,263 (2) 
0,281 (5) 
0,242 (5) 
0,254 (6) 
0,300 (4) 
0,337 (5) 
0,330 (5) 
0,375 (5) 
0,408 (5) 
0,386 (4) 
0,409 (5) 
0,455 (5) 
0,532 (4) 
0,565 (5) 
0,524 (4) 
0,449 (6) 

0 (7;) -0,865 (10) 
C (8) -0,956 (16) 
C (9') I--1,151 (17) 

HIC (4') I-O,816 
H2C (4') I-0,612 
H1C (9') ]-1,251 
H2C (9') l -  t,m2 
HC (8) I-0,333 

HlC (8') I--0,915 
H2C (8') ]--0,880 
HIC (6') ]-0,846 
H2C (6') ]-0,696 
H3C (9') -1,195 
HC (2) -0,461 
HC (5') --0,732 
HC (2') -0,622 

0,190 
0,287 
0,258 
0,06r 
0,035 
0,349 
0,206 
0,100 
0,231 
0,369 
0,403 
0.477 
0,239 
0,675 
0,220 
0,239 

(9) 
(14) 
(18) 

0,572 (4) 
0,618 (7) 
0,612 (7) 
o,45o 
o,419 
0,648 
0,647 
o,45o 
0,662 
0,625 
0,464 
0,453 
0,552 
0,247 
0,359 
0,6]7 

Thus ,  t h e  g e o m e t r y  and c o n f o r m a t i o n  of  h i g h - m e l t i n g  i s o m e r  Ha w e r e  d e t e r m i n e d  by the  x - r a y  d i f f r a c -  
t ion s t udy ,  t he  t r a n s - d i a x i a l  o r i e n t a t i o n  of the  s u b s t i t u e n t s  in the  5 and 2 p o s i t i o n s  of the  d ioxane  r e s i d u e  was 
c o n f i r m e d ,  and i t  was shown tha t  t he  d ioxane  r i n g  e x i s t s  in the  an t i  c o n f o r m a t i o n  with r e s p e c t  to  t he  p u r i n e  
r i n g .  

E X P E R I M E N T A L  

T h i n - l a y e r  c h r o m a t o g r a p h y  (TLC) was  c a r r i e d  out on 0 . 2 5 - m m  t h i c k  D C - F e r t i g p l a t t e n  K i e s e l g e l  60F254 
p l a t e s ,  and p r e p a r a t i v e  T L C  was  a c c o m p l i s h e d  on 2 - m m  t h i c k  P S C - F e r t i g p l a t t e n  K i e s e l g e l  60F254 p l a t e s  in a 
c h l o r o f o r m - e t h a n o l  s y s t e m  (9:1) wi th  d e v e l o p m e n t  in UV l igh t  with a U P M  a p p a r a t u s .  T h e  UV s p e c t r a  of s o l u -  
t i ons  of t he  compounds  in e thano l  w e r e  ob ta ined  with a Speco rd  U V - v i s  s p e c t r o p h o t o m e t e r .  The  1-R s p e c t r a  of 
m i n e r a l  o i l  s u s p e n s i o n s  w e r e  r e c o r d e d  with  a UR-10  s p e c t r o m e t e r .  The  NMR s p e c t r a  of CDC13 s o l u t i o n s  w e r e  
r e c o r d e d  with  a B r u c k e r  WH-90 s p e c t r o m e t e r  wi th  t e t r a m e t h y l s i l a n e  a s  the  i n t e r n a l  s t a n d a r d .  

The  t h r e e - d i m e n s i o n a l  s e t  of i n t e n s i t i e s  of the  r e f l e c t i o n s  was ob ta ined  with a P2~ a u t o m a t i c  f o u r - d i s k  
d i f f r a c t o m e t e r  wi th  a 0.20 by 0.25 by 0.30 m m  c o l o r l e s s  s i ng l e  c r y s t a l  wi th  a p r i s m a t i c  hab i tus .  The  f o l l o w -  
ing c r y s t a l l o g r a p h i c  c h a r a c t e r i s t i c s  of the  uni t  c e l l  of a r h o m b i c  c r y s t a l  with the  c o m p o s i t i o n  CllH13C1N403 
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w e r e  ob ta ined :  a = 7.505(2) A ,  b = 9.550{1) A ,  c =17.756(2)  A ,  V =1272.68(36)  A , M = 2 8 4 . 7 2 ,  d c a l c  = 1 . 4 9  g -  
c m  - I ,  Z -- 4 ,  p (CuK~) = 27.9 c m  -1,  s p a c e  g r o u p  Pc2n ,  and  F000 = 592. The  i n t e n s i t i e s  of 821 i n d e p e n d e n t  non-  
z e r o  r e f l e c t i o n s  w e r e  m e a s u r e d  by the  0 /20  scann ing  me thod  in m o n o c h r o m a t i c  coppe r  e m i s s i o n  (with a g r a -  
ph i t e  m o n o c h r o m a t o r )  up to  2Oma x = 150 ~ A t o t a l  of 783 r e f l e c t i o n s  wi th  1 >_ 2a w e r e  used  in the  c a l c u l a t i on .  
The  s t r u c t u r e  was  decoded  wi th  an X T L  s y s t e m  for  t he  d e t e r m i n a t i o n  of s t r u c t u r e s .  A m o d e l  of the  m o l e c u l e  
was  found by a d i r e c t  me thod  f r o m  a MULTAN p r o g r a m  [26]. An E s y n t h e s i s  c a r r i e d  out wi th  r e s p e c t  to  the  
b e s t  s e t  of p h a s e s  m a d e  i t  p o s s i b l e  to  l o c a l i z e  a l l  19 of t he  nonhydrogen  a t o m s  of the  m o l e c u l e .  Subsequent  
r e f i n e m e n t  wi th in  the  t o t a l - m a t r i x  i s o t r o p i c  a p p r o x i m a t i o n  (two c yc l e s )  r e d u c e d  the  R f a c t o r  f r o m  0.35 to  0.18. 
F u r t h e r  r e f i n e m e n t  by the  method  of l e a s t  s q u a r e s  within the  t o t a l  m a t r i x  i s o t r o p i c  a p p r o x i m a t i o n  (the c h l o r i n e  
a t o m  was  r e f i n e d  a n i s o t r o p i c a l l y )  led  to  R = 0.11.  In t h i s  s t a g e  the  p o s i t i o n s  of a l l  13 hydrogen  a t o m s  w e r e  
d e t e r m i n e d  f r o m  d i f f e r e n t i a l  s y n t h e s i s .  F u r t h e r  r e f i n e m e n t  of t h e  nonhydrogen  a t o m s  within t he  a n i s o t r o p i c  
a p p r o x i m a t i o n  (171 p a r a m e t e r s )  wi th  a l l o w a n c e  fo r  a l l  of t he  hydrogen  a t o m s  (Bisot  r = 6.0 ~-2)  led to  a f ina l  
R v a l u e  of 0.059.  The  a c c u r a c i e s  in t he  d e t e r m i n a t i o n  of t he  i n t e r a t o m i c  d i s t a n c e s  and v a l e n c e  a n g l e s  w e r e  
0.01 A a n d  1 ~ r e s p e c t i v e l y .  The  c o o r d i n a t e s  of the  a t o m s  a r e  p r e s e n t e d  in T a b l e  4.  

6 - C h l o r o - 9 - ( 2 - e t h o x y - l , 3 - d i o x a n - 5 - y l ) p u r i n e  (II). A so lu t ion  of 4.3 g (0.015 mole)  s a m p l e  of I was r e -  
f luxed  in a m i x t u r e  of 25 m l  of a c e t i c  a n h y d r i d e  and 25 m l  of e thy l  o r t h o f o r m a t e  fo r  1 h, a f t e r  which the s o l -  
vent  was r e m o v e d  by d i s t i l l a t i o n ,  and  the  r e s i d u e  was  c r y s t a l l i z e d  f r o m  a b s o l u t e  e thano l  to g i v e  3.2 g (57%) of 
a m i x t u r e  of H a , b  wi th  m p  125-127~ Sopa ra t ion  by T L C  of p r e p a r a t i v e  p l a t e s  in a c h l o r o f o r m - e t h a n o l  s y s -  
t e m  (9:1) wi th  e lu t ion of the  p u r e  i s o m e r s  by c h l o r o f o r m  y i e l d e d  the  t r a n s  (IIa) and c i s  (IIb) i s o m e r s  (Table  1) 
in a r a t i o  of 3:2.  t3C NM-R s p e c t r u m  of IIb: 5 152.4 (C 6 and C4) , 151.5 (C2), 141.7 (C8), 132.1 (C5) , 111.3 (C2,) , 
66.9 (C 4, and C6,) , 6.17 (OCH2), 47.6 (C5,), and 15.0 p p m  (CH3). 

6 - A m i n o - 9 - ( 2 - e t h o x y - l , 3 - d i o x a n - 5 - y l ) p u r i n e  (III). A so lu t ion  of 1.4 g (0.005 mole)  of a m i x t u r e  of I I a , b  
in 30 m l  of a b s o l u t e  e thano l  s a t u r a t e d  with a m m o n i a  a t  0~ was hea ted  in a s e a l e d  a m p u l  a t  60~ fo r  15 h,  a f t e r  
which  the  s o l v e n t  was r e m o v e d  by d i s t i l l a t i o n ,  and the  r e s i d u e  was  c r y s t a l l i z e d  f r o m  e thano l  to  g ive  1.2 g (86%) 
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of a mix ture  of HIa,b with mp 100-105~ Separation by TLC on prepara t ive  plates in a c h l o r o f o r m - e t h a n o l  
sys tem (9:1) and elution of the i somers  with chloroform yielded the t rans  (IIIa) and cis (IIIb) i so m er s  in a ra t io  
of 3:2. 13C NMR spec t rum of IIIa: 5155.1  (C6), 152.2 (C2) , 149.1 (C4) , 139.7 (C8) , 118.6 (C5) , 107.1 (C2,), 61.3 
(OCH2), 60.8 (C 4, and C6,), 47.2 (C5,), and 14.6 ppm (CH3). 
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