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NUCLEOSIDES AND NUCLEOTIDES, 3 ( 2 ) ,  195-206 (1984) 

SYNTHESIS OF 7-DEAZATRIACANTHINE AND RESTRICTED ROTATION OF 

AMINO GROUPS I N  PY~oLO[2,3-d]PYRIMIDINES 

Frank Seela* and Werner Bussmann 

Department of Chemistry, Universi ty  of Paderborn 
D-4790 Paderborn, Federal  Republic of Germany 

ABSTRACT - Isopentenylat ion of 7-deazaadenine r e s u l t s  i n  t h e  formation 
of 7-deazatr iacanthine (5) and i t s  corresponding isomer z. Chromato- 
g raph ic  sepa ra t ion  w a s  d i f f i c u l t ,  b u t  a f t e r  Dimroth rearrangement of 2 
i n t o  t h e  exocycl ic  compound &, 7-deazatr icanthine could be i s o l a t e d .  
S i m i l i a r  t o  i t s  pa ren t  purine compound, & c y c l i z e s  i n  t h e  presence of 
s t rong  a c i d  
t r i a c a n t h i n e  e x i s t s  as t h e  amino tautomer &. Protonat ion of N-1 a l k y l -  
a t ed  7-deazaadenine occurs  a t  N-7 t o  g i v e  compound 6 which e x h i b i t s  
r e s t r i c t e d  r o t a t i o n  of t he  amino group. The r o t a t i o n a i  b a r r i e r  w a s  de- 
termined from temperature dependent proton NMR spec t r a  and found t o  be 
about 70 kJmol-1. 

t o  g ive  t h e  t r i c y c l i c  system 5. NMR d a t a  r e v e a l  t h a t  7-deaza- 

Several3-alkylated adenines e x h i b i t  remarkable p r o p e r t i e s .  They can 

be generated from nuc le i c  a c i d s  ' a s  a l k y l a t i o n  a t  t h a t  pos i t i andes t a -  

b i l i z e s  t h e  N-glycosylic bond * of t h e  nuc leo t ide  l ead ing  t o  t h e  excis-  

s ion  of t h e  nucleobase. On t h e  o t h e r  hand i sopen teny la t ion  o r  introduc-  

t i o n  of an amino ac id  residue l eads  t o  b i o l o g i c a l l y  a c t i v e  molecules. 

Examples a r e  discadenine 3,  a spore germination i n h i b i t o r  and t h e  p l a n t  
5 hormone t r i a c a n t h i n e  (E) *, which induces flowering i n  P h a r b i t i s  n i l  

6 a pyrrolo[2,3-d]pyrimidine heterocycle  renders  them a n t i c y t o k i n i n e s  . 
This prompted us t o  synthesize t h e  7-deaza analogue of t r i a c a n t h i n e  (2) 
and t o  i n v e s t i g a t e  the  p r o p e r t i e s  of N-1 a l k y l a t e d  4-amino-7H-pyrrolo- 

[2,3-d] pyrimidines.  

. 
A s  i s  known from cytokinines ,  t h e  replacement of t h e  purine base by 

In  an e a r l i e r  pub l i ca t ion  we have reported on t h e  methylation of 4- 

amino-7H-pyrrolo[2,3-d]pyrimidine I .  I n  c o n t r a s t  t o  t h e  methylat ion of 

adenine where formation of t h e  N-3 methyl isomer w a s  predominant , 
no r e g i o s e l e c t i v e  r eac t ion  was observed with 7-deazaadenine, and t h e  N-3 

and N - 1  methylated compounds (2 and g) w e r e  formed i n  almost 

0 
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196 SEELA AND BUSSMANN 

- la : R = Me 

- b : R  = I p  

4 

Me = CH3 

I P  A 

2 0  - 
b :  Me instead of I p  

- 5 a : R = I p  ; X = B r @  
0 - b : R = M e i X =  CI 

- c : R = I p ; X = A c O @  

30 - 
- b :  Me instead of I p  

i d e n t i c a l  amounts. Applying t h e  r e a c t i o n  cond i t ions  used f o r  t h e  synthe- 

sis  of t r i a c a n t h i n e  on t h e  i sopen teny la t ion  of 7-deazaadenine and em- 

ploying an  excess  of l-bromo-3-methyl-2-butene no r e a c t i o n  product  w a s  

formed even a t  e l eva ted  temperature.  However, when hexamethylphosphoric 

a c i d  t r i amide  (HMPA) w a s  used a s  t h e  r e a c t i o n  medium a smooth convers ion  

took p l ace .  The H NMR spectrum of t h e  crude r e a c t i o n  mixture  i n d i c a t e d  

the  presence of two r e a c t i o n  p roduc t s  - t e n t a t i v e l y  a s s igned  s t r u c t u r e s  

- 5a a n d &  - i n  70 % y i e l d  and about 30 % of s t a r t i n g  material. The 

l a t t e r  was no t  observed immediately a f t e r  t h e  a l k y l a t i o n  procedure 

when TLC e x h i b i t e d  only  a s i n g l e  s p o t  ( s o l v e n t  system B, Rf 0.36). This  

implied t h a t  back formation of t h e  s t a r t i n g  m a t e r i a l  occured due t o  t h e  

workup procedure.  A s imi l i a r  d e a l k y l a t i o n  of N - 3 - ( A  -1sopentenyl )adenine  

1 

2 .  

I U  has  been r epor t ed  by Reese and it was proposed t h a t  t h i s  w a s  due t o  

an ac id-ca ta lyzed  p rocess .  

Ion exchange chromatography of t h e  c rude  r e a c t i o n  mixture sepa ra t ed  

t h e  p roduc t s  - 5c and & from s t a r t i n g  m a t e r i a l ,  b u t  d i d  no t  r e s o l v e  t h e  

isomers which were p r e s e n t  i n  a r a t i o  of 2:3 ( l H  NMR) . A s  w e  have shown 

f o r  4-arnino-3-methyl-3H-pyrrolo[2,3-d]pyrimidine. HC1 , N-3 isomers a r e  
I r e a d i l y  rear ranged  t o  t h e  corresponding N-4 isomers (&) which e x h i b i t  
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7-DEAZATRIACANTHINE 197 

d i f f e r e n t  m o b i l i t y  on TLC. The re fo re ,  compound - 5a w a s  conve r t ed  i n t o  t h e  

e x o c y c l i c  isomer - 3a by Dimroth rear rangement ,  The r e s u l t i n g  p r o d u c t  

mixture  of & and & w a s  then  s e p a r a t e d  by l i q u i d  e x t r a c t i o n  w i t h  e t h y l  

acetate.  The o r g a n i c  phase con ta ined  and t h e  aqueous phase  e. 
By consecu t ive  chromatography compound 3a was ob ta ined  c r y s t a l l i n e  

and i t s  s t r u c t u r e  was v e r i f i e d  by comparison wi th  a n  a u t h e n t i c  sample 

p repa red  by n u c l e o p h i l i c  d i sp lacement  of t h e  h a l i d e  i n  4-chloro-7H- 

pyrrolo[2,3-d]pyrimidine wi th  A -1sopentenylamine . 

- 

2 .  11 

When 3a was hea ted  wi th  t r i f l u o r o a c e t i c  a c i d  r i n g  c l o s u r e  occured  

t o  g i v e  t h e  t r i c y c l i c  compound i. This  was i s o l a t e d  c r y s t a l l i n e  a s  t h e  

t r i f l u o r o  a c e t a t e  i n  62 % y i e l d .  The pK 

t r o p h o t o m e t r i c a l l y  and found t o  be 11.1 s imi l ia r  t o  t h a t  of 4-amino-3- 

methy1-3H-pyrrolo[2,3-d]pyrimidine (z) (pK = 10.8) '. The p ro ton  NMR 

spectrum d i s p l a y e d  s i g n a l s  of two methylene groups  a t  2.14 and 3.57 ppm 

i n s t e a d  of t h e  o l e f i n i c  p ro ton  a t  5 . 4  ppm i n  2 t h u s  conf i rming  t h e  pro- 

posed s t r u c t u r e .  The two exchangable p ro tons  of 4 a r e  l i n k e d  t o  N-8 and 

most l i k e l y  t o  N-1. The f i r s t  i s  demonst ra ted  by t h e  coup l ing  of 8-NH t o  

9-H and  10-H, t h e  second i s  deduced from t h e  coup l ing  of  t h e  2-methylene 

p r o t o n s  t o  t h e  p r o t o n  bound t o  N-1. 

7-Deaza t r iacanth ine  w a s  i s o l a t e d  from t h e  aqueous e x t r a c t i o n  l a y e r  by 

chromatography i n  36 % y i e l d  a s  t h e  c r y s t a l l i n e  hydrobromide e. The 

f r e e  base  2 cou ld  be ob ta ined  by p a s s i n g  t h i s  th rough a bed of anion- 

exchange r e s i n .  The UV spectrum of 7 - d e a z a t r i a c a n t h i n e  i s  v e r y  s i m i l i a r  

t o  t h a t  of 4-amino-l-methyl-1H-pyrrolo[2,3-d]pyrimidine (g) and f u r t h e r  

more shows t h e  same pH dependence. The pK va lue  w a s  found t o  be  8 . 9 ,  

i d e n t i c a l  t o  t h a t  of & . 

- 

va lue  of  4 w a s  de te rmined  spec- a 

7 

F u r t h e r  i n d i c a t i o n  of t h e  s t r u c t u r e  came from t h e  13C NMR d a t a  

(TABLE) .  Close agreement was found f o r  t h e  s i g n a l s  i n  t h e  a r o m a t i c  r eg ion  

of t h e  spectrum f o r  & and 6b. Moreover, t h e  s i d e  c h a i n  s i g n a l s  of 

a r e  c l o s e  t o  t h a t  t aken  from n a t u r a l  t r i a c a n t h i n e  (g). Comparison of 

t h e  d a t a  f o r  t h e  N-4 and N-1 A -1sopentenyl compounds 3a and 2a ,  r e spec -  

t i v e l y ,  shows t h a t  t h e  N-1 s u b s t i t u e n t  a f f e c t s  C-2 ,  C-6 and C - 7 a  t o  t h e  

g r e a t e s t  e x t e n t .  The a l t e r e d  p o s i t i o n i n g  of t h e  s i d e  c h a i n  can a l s o  be 

deduced from t h e  s t r o n g  downf ie ld  s h i f t  o f  t h e  NCH2 s i g n a l .  

i n  13C NMR. Here, C-2 i s  e a s i l y  i d e n t i f i e d  by i t s  one-bond coup l ing  J 

of 211 Hz wi th  2-H. T h i s  doub le t  i s  s p l i t  f u r t h e r  i n t o  t r i p l e t s  wi th  a 

long-range coup l ing  3J of 4 . 2  Hz which shows t h a t  t h e  A - i sopen teny l  

- 

2 .  
- 

D i r e c t  proof of t h e  s t r u c t u r e  came from t h e  13C / ' d  coup l ing  d a t a  
1 
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moiety i s  a t t ached  t o  e i t h e r  N-1 o r  N-3. Since t h e  s i g n a l  of C-4 i s  

only a doublet  due t o  i t s  coupling t o  2-H with 3J = 12.1 Hz, t h e  residue 

must be l i nked  t o  N-1. The complex s i g n a l  observed f o r  C-7a suppor t s  

t h i s  f i nd ing .  

PROTONATION SITES OFN-1-ALKYLATED 7-DEAZAADENINES AND RESTRICTED 

ROTATION OF THEIR AMINO GROUPS 

To determine t h e  protonat ion s i tes  i n  7-deazapurines it i s  h e l p f u l  

t o  examine t h e i r  proton NMR spec t r a .  For both protonated compound 5 
and 2 two s i g n a l s  a r e  observed f o r  t h e  exchangable amino protons a t  

room temperature,  t h a t  coalesce a t  h ighe r  temperature (FIG. 1 ) .  This 

i n d i c a t e s  hindered r o t a t i o n  around t h e  C-NH2 bond a f a c t  t h a t  has  n o t  

been reported f o r  pyrrolo[2,3-d]pyrimidines, b u t  has a l r eady  been obser- 

ved with 3-alkyl adenines . 
From two s e r i e s  of temperature dependent 'H NMR s p e c t r a  t h e  coalescence 

temperatures were found t o  be 62OC f o r  & and 52°C f o r  &. NO such CO- 

a lescence is  expected f o r  t h e  protons of tautomer 1 and t h i s  s t r u c t u r e  

i s  t .herefore excluded. The N-1-alkylated 7-deazaadenines a r e  b e s t  repre- 

sented by s t r u c t u r e s  k/z where t h e  r o t a t i o n a l  b a r r i e r  manifests  t h e  re- 

l a t i v e l y  high con t r ibu t ion  of t he  paraquinoide form 9. 
For the  7-deazatr iacanthine base &I a s  w e l l  a s  f o r  

d e r i v a t i v e  2btwo tautomeric forms have t o  be considered: namely 

s t r u c t u r e s  2/10 and 8. Since both compounds e x h i b i t  only one s i g n a l  

of two exchangable protons i n  t h e  'I4 NMR (TABLE) s t r u c t u r e  8 can be 

excluded and t h e  f r e e  bases  e x i s t  a s  t h e  amino tautomers2-.Moreover, 

t h e  equivalence of t h e  amino protons shows t h a t  t h e  z w i t t e r  i o n i c  

s t r u c t u r e  10 is of minor importance here .  

12 

t h e  N-1 methyl- 

- 

- 
The system of t h e  N-3 a lky la t ed  7-deazaadenines i s  reorganized 

on protonat ion,  which must be represented by t h e  t r a n s i t i o n  2 to  g/z. 
This i s  supported by the  f ind ing  t h a t s t r o n g  changes occur i n  t h e  

chemical s h i f t s  of s i g n a l s  C-6 and C-7a due t o  t h e  protonat ion a t  N-7 

(TABLE) .  

The coalescence phenomena of t h e  N-1 a l k y l a t e d  compounds needed 

f u r t h e r  i n v e s t i g a t i o n ,  because con t r a ry  t o  expec ta t ion ,  t h e  lower co- 

a lescence temperature T was found f o r  compound g r h i c h  e x h i b i t e d  t h e  

g r e a t e r  s h i f t  d i f f e r e n c e  Av of 54 Hz (FIG. 1 ) .  The r a t e  of r o t a t i o n  of 

t h e  amino group and thus the  r a t e  constant  k i n c r e a s e  with h ighe r  t e m -  
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1 55’c -A 
6 9.0 85 ppm 6 9.0 85 ppm 8 9.0 as ppm a 9.0 

F I G .  1. Temperature-dependent  lH NMR s p e c t r a  of (lower l i n e )  and  g 
( u p p e r  l i n e )  i n  Me2SO-d6, TMS a s  i n t e r n a l  s t a n d a r d .  The d o w n f i e l d  par t  
of t h e  spec t rum i s  shown w i t h  t h e  s i g n a l s  of t h e  amino g r o u p  a n d  of t h e  
2-H (about 8 . 5  ppm). N o t e  t h e  d i f f e r e n c e s  i n  t h e  c o a l e s c e n c e  t e m p e r a t u r e  
T and i n  AV for t h e  t w o  amino p r o t o n s .  

R R 

9 - 

- 
7 

L 
7 

NH 

I H  
R 

2 - R = A l k y l  0 - 
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7-DEAZATRIACANTHINE 201 

p e r a t u r e s ,  sirnultanously k i s  d i r e c t l y  p ropor t iona l  Av,  and t h e  condi- 

t i o n  f o r  coalescence k = k i s  the re fo re  m e t  a t  h ighe r  temperatures.  

The a l t e r a t i o n s  i n  Av a r e  due t o  t h e  d i f f e r e n t  anions which a c t  
1 3  a s  e f f e c t i v e  s h i f t  reagents  . The c h l o r i d e  anion i n  6b causes  a 

s t ronge r  an i so t ropy  of t he  amino protons than t h e  bromide anion i n  6a ,  

but  t h e  r a t e  of r o t a t i o n s  i s  not  a f f e c t e d .  The e l e v a t i o n  of t h e  coales-  

cence temperature of t h e  A -1sopentenyl compound & must t h e r e f o r e  be 

due t o  a slower r o t a t i o n  of i t s  amino group. 

- 

- 

2 .  

Accordingly w e  performed a q u a n t i t a t i v e  l i n e  shape a n a l y s i s  on 

both s e r i e s  t o  o b t a i n  t h e  l i f e t i m e s  T and therefrom t h e  r a t e  cons t an t s  

k 14-  The r e s u l t i n g  values  were depicted a s  Eyring p l o t s  ( ln(k/T)  vs  1/T) 

(FIG. 2 ) .  

Obviously t h e  r o t a t i o n  i s  f a s t e r  i n  t h e  methyl d e r i v a t i v e  (upper 

l i n e )  than i n  compound - 6a (lower l i n e )  a t  a given temperature.  From t h e  

s lopes of t h e  p l o t s  &'values were determined t o  be 68.6 f 3.7 kJmol-' 

f o r  fi and 65.6 + 3.9 kJmol-' f o r  - 6b. The i n t e r c e p t s  gave AS values  

of 

high it seems j u s t i f i e d  t o  c la im t h a t  t h e  d i f f e r e n c e  i n  t h e  r o t a t i o n a l  

rate is  due t o  energy b a r r i e r s  of d i f f e r e n t  he igh t  and n o t  t o  entropy 

e f f e c t s .  The f r e e  energy AG' a t  t h e  coalescence p o i n t  i s  c a l c u l a t e d  t o  

be 73 - + 4 kJm1- '  f o r  - 6a an: 70 2 4 k J m l - '  f o r  g, which i s  s l i g h t l y  

l e s s  than t h e  AGc of 77 

of Tc and Av f o r  3-benzyl adenine hydrochlor ide 

# 
- 

- 12 Jmol-lK-lfor both compounds. Although t h e  e r r o r s  a r e  p r e t t y  

# 5 kJmol-' t h a t  canbe est imated from t h e  values  
12 . 

Strong d i f f e r e n c e s  a r e  found f o r  t h e  p ro tona t ion  between 7- 

deaza t r i acan th ine  and t r i a c a n t h i n e .  The 

value (s: 8.9)  than the  n a t u r a l  compound 

t r i a c a n t h i n e  (E) i s  protonated a t  p o s i t i o n  7 of t h e  pu r ine  system, 

whereas the  protonat ion s i t e  of t h e  7-deaza analogue is  t h e  p y r r o l e  

n i t rogen .  

former exhibits a h ighe r  pKa 

(pKa = 5 . 4 ) 5 .  Moreover, 

NOTE: The t e r m s  N-1, N - 3 ,  and N-7 always correspond t o  t h e  p y r r o l o -  

[2,3-d]pyrimidine numbering. 

EXPERIMENTAL 

Melting p o i n t s  were determined on a B e r l  apparatus  (Wagner & Munz, 

Munich, FRG) and a r e  not corrected.  Elemental ana lyses  were performed 

by Mikroanalytisches Labor Beller (Gottingen, FRG) . Mass s p e c t r a  were 
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FIG. 2. Eyring p l o t  f o r  t he  r e s t r i c t e d  r o t a t i o n  of t h e  amino group of 
t h e  N-1 a lky la t ed  7-deazaadenines ( 0  - 0 and @ ( - ) a s  determined 
by proton NMR spectroscopy. 

obtained with a Varian MAT 31 1A mass spectrometer.  'H NMR and l 3  C NMR 

spec t r a  were recorded on Varian EM-390, Bruker WM-250 and WP 200-SY 

spectrometers.  Chemical s h i f t s  a r e  given a s  6 values  r e l a t i v e  t o  t e t r a -  

methyls i lane a s  i n t e r n a l  s tandard.  UV s p e c t r a  were measured on a Uvicon 

810 spectrophotometer (Kontron, Switzerland) and pKa va lues  w e r e  obtained 

from pH dependent W s p e c t r a  i n  Teorell /Stenhagen l 5  b u f f e r .  Thin-layer 

chromatography (TLC) was c a r r i e d  o u t  on s i l i c a  g e l  Sil-G-25-UV254 p l a t e s  

(Macherey & Nagel, Duren, FRG). Column chromatography was performed on 

s i l i c a  g e l  60 (Merck, Darmstadt, FRG). A Uvicon I1 UV d e t e c t o r  connected 

with a Colora recorder was used t o  d e t e c t  UV absorbing zones t h a t  were 

c o l l e c t e d  with an Ul t ro rac  7000 f r a c t i o n s c o l l e c t o r  (LKB, Bromma, Sweden). 

Solvent systems used: A, CHC13 - MeOH (9:1) ; B,  CHC13 - MeOH (4: 1) ; C ,  

CH2C12 - MeOH (95:5) .  

Temperature-dependent NMR s p e c t r a  were recorded with a Bruker 

WP-200 SY spectrometer equipped with a B-VT 1000 temperature c o n t r o l  

u n i t .  To ob ta in  t h e  k values  t h e  methods o u t l i n e d  i n  Ref. 14 were used. 

From t h e  width a t  ha l f -he igh t  of t h e  amino group of 2a (Av = 5 Hz) 

T2 (0.064 sec) w a s  determined. The chemical s h i f t  d i f f e r e n c e  of t h e  an- 
- 1/2 ' 
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7-DEAZATRIACANTHINE 2 03 

i s o t r o p i c  NH pro tons  w a s  measured from t h e  s p e c t r a  a t  about 40"C 

Au = 31 Hz, s: Au = 54 Hz) a t  200 MHz. 
(e: 

I sopen teny la t ion  of 4-Amino-7H-pyrrolo[2,3-d]pyrimidine t o  5a and  6a .  

To a suspens ion  of 4-amino-7H-pyrrolo [2,3-dIpyrimidine l6 ( 1.0  g ,  

7.5 ml) i n  HMPA was added l-brom-3-methyl-2-butene l7  (4 .0  m,  5.13 g ,  

34.4 mmol) and the  mixture  w a s  s t i r r e d  a t  room tempera ture .  When t h e  

s t a r t i n g  m a t e r i a l  w a s  comple te ly  d i s s o l v e d  TLC showed t h e  format ion  of 

a new slower mig ra t ing  zone ( B ,  Rf 0.34) - A f t e r  4 h t h e  r e a c t i o n  w a s  

complete and t h e  HMPA w a s  evapora t ed  i n  vacuo ('0.2 mmHg) t o  almost 

dryness .  The brownish r e s idue  was d i s s o l v e d  i n  water (50 mL) and 

n e u t r a l i z e d  wi th  d i l u t e  aqueous ammonia. Th i s  was t h e n  a p p l i e d  t o  a 

column (10 x 2 c m )  of a c a t i o n  exchange r e s i n  ( L e w a t i t  CP 3050, H+-form). 

Af t e r  washing wi th  water e l u t i o n  was performed wi th  water /0 .5  N acetic 

a c i d  ( l i n e a r  g r a d i e n t ,  1000 mL e a c h ) .  Two zones were ob ta ined :  t h e  f i r s t  

con ta in ing  s t a r t i n g  m a t e r i a l  

s i n g l e  spot(TLC, B ,  R 0.37) c o n t a i n i n g  t h e  r e a c t i o n  p roduc t s .  T h i s  

zone l e f t  an  amorphous s o l i d  on evapora t ion  o f  t h e  s o l v e n t .  

(TLC, B, Rf 0.50)! t h e  second which gave 4 

f 
' H  NMR 

(D20) 6 1.83 ( 6 H t  2 C H 3 ) ,  4 . 9 8  ( 2 H r  dt7.5Hzt C H 2 ) ,  5.43 (19, t, 7.SHZCH)r 

6.74 ( l H ,  d ,  3.6H2, 5-H), 7.34 ( l H ,  d ,  3.6H2, 6-H), 8.31 (IH, s , 2 - H )  , main 

s i g n a l s  a t t r i b u t e d  t o  compound 2; and 6 1.83 (6H, 2 C H 3 ) ,  4.9 ( 2 H ,  d,7.5Hz, 

C H 2 ) ,  5.35 ( l A ,  t ,  7.5H2, C H = ) ,  6.69 ( l H ,  d 3.6Hz, 5-H), 7.29 ( l H ,  d ,  3.6H2, 

6 - H ) ,  8.25 ( l H ,  2-H) minor s i g n a l s  a s s i g n e d  compound &. 

Dimroth Rearrangement of 5a/6a t o  3a/6a.  

The crude r e a c t i o n  mixture  d i s s o l v e d  i n  w a t e r  (50 mL) w a s  a d j u s t e d  

t o  p H  6 . 0  wi th  aqueous ammonia and a s m a l l  amount of an  o f f w h i t e  preci- 

p i t a t e  w a s  f i l t e r e d  o f f  and d i sca rded .  The pH o f  t h e  f i l t r a t e  was then  

r a i s e d  t o  13.5 wi th  2 N sodium hydroxide (20 mL) and a p r e c i p i t a t e  

t h a t  formed was d i s s o l v e d  by a d d i t i o n  of methanol (25  mL). The s o l u t i o n  

w a s  hea t ed  under r e f l u x  for 6 h when TLC e x h i b i t e d  a new spot ( A ,  0.49) 

a t t r i b u t e d  t o  t h e  format ion  of compound 2. A f t e r  c o o l i n g  and n e u t r a l i -  

z a t i o n  wi th  2 N a c e t i c  a c i d  t h e  s o l v e n t  w a s  evapora t ed  and t h e  r e s i d u e  

was d i s t r i b u t e d  between water  (25 mL) and e t h y l  acetate (3  x 25 mL) .  

4-Amino- l - (3-methyl -2-butenyl ) -1~pyrro lo[2 ,3-d]pyr imidine  hydrobromide 

(5,. 
The aqueous l a y e r  of t h e  e x t r a c t i o n  w a s  evapora t ed  t o  d r y n e s s  i n  

V ~ C U O  and t h e  r e s i d u e  w a s  dis so lved  i n  methanol (50 mL). S i l i c a  g e l  was 
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204 SEELA AND BUSSMA" 

added and the mixture was evaporated in vacuo. The dry residue was 

taken up with CH C1 - MeOH (95:5, 10 mL) and the resultantwas applied 

to the top of a silica gel column (25 x 2 cm). Elution with solvent 

system C and evaporation of the main zone afforded & as an amorphous 
solid (760 mg, 36 % )  which yielded a crystalline hydrobromide from 

water, mp. 193-195'C (dec., effervescence); TLC (B) Rf 0.19; W 

(methanol) X 
calcd. for C11Hl~BrN4: C, 46.65; H, 5.33; Br, 28.21; N,19.78. Found: C ,  

46.67; H, 5.34; Br, 27.95. 

2 2  

289, 271 nm ( E  9400, 87001, Xmin 248 nm ( E  3900). Anal. max 

4-Amino-l-(3-methyl-2-butenyl)-lH-pyrrolo[2,3-d]pyrimidine (7-Deaza- 

triacanthine, - 2a). 

The hydrcbromide - 6a (100 mg, 0.35 mmol) was dissolved in water 

(5 mL) and applied to the top ofan ion-exchange column (Dowex 1 X 2, 

OH--form, 20 x 1 cm). Elution with water afforded a main zone which 

contained the free base a. After evaporation of the water an amorphous 
solid (54 mg, 76 Po) was obtained. This was crystallized from ethanol/ 

water to afford & as colorless needles, mp. 133-135°C. Anal. calcd. 
for CilH14N4: C, 65.32; H, 6.98; N, 27.70. Found: C, 65.30; H, 6.85; 

N, 27.55. 

4-(3-Methyl-2-butenylamino)-7H-pyrrolo[2,3-d]pyrimidine (3a) 

from Dimroth Rearrangement. 

The combined organic layers were dried over sodium sulfate, filtrat- 

ed and evaporated to give an amorphous residue that was dissolved in 

dichloromethane and applied to the top of a silica gel column (25 x 2 cm) 

Elution with solvent system C gave one main zone from which & was ob- 
tained as a glass (310 mg, 20 %) which could be crystallized from meth- 

anol/water affording white needles mp. 2OO0C, TLC ( A )  Rf 0.49; identical 
to & obtained by halide displacement. 

4- (3-Methyl-2-butenylamino) -7H-pyrrolo [ Z ,  3-d] pyrimidine (3a) 

by Halide Displacement. 

A solution of 4-chloro-7H-pyrrolo [ 2,3-d] pyrimidine l8 (2.0 g , 13.0 
mmol) and 3-methyl-2-butenylamine hydrochloride l9 (2.6 g, 16.4 mmol) 

in 1-butanol (50 m L )  and triethylamine (20 mL) was heated under reflux 

for 24 h. The mixture was cooled. Crystallized.triethy1ammonium 

chloride was filtered off and washed with 1-butanol. The combined 
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7-DEAZATRIACANTHINE 205 

f i l t r a t e s  were concen t r a t ed  i n  vacuo. The r e s i d u e  w a s  t aken  up wi th  

e t h a n o l  (25 mL) t r e a t e d  with cha rcoa l ,  f i l t e r e d  and evapora ted .  The 

product  was c r y s t a l l i z e d  ( e thano l /wa te r ) to  a f f o r d  & ( 2 . 1  q ,  80 ?.) a s  

c o l o r l e s s  needles  mp 

(methanol) X 277, 

(6H, s ,  2 CH3), 4.12 

J = 6H2, C H - ) ,  6.63 

max 

8 .19  ( lH ,  S ,  2-€1) ,  7 

MS: m / e  202 (M), 159 

200-202°C (lit.'' 2 0 2 - 3 T ) ;  TLC(A) Rf 0.49; UV 

218 nm ( E  18000, 17000) ; 'H NMR ( M e  SO-dg)  6 1.65 

( 2 H ,  d of d ,  J = 6 and 4Hz, CH2NH) ,  5.40 (1H, t ,  

l H ,  d ,  J = 3Hz, 5-H), 7.10 ( l H ,  d ,  J = 3Hz, 6-H),  

2 

4 4  ( l H ,  t ,  J = 4 H 2 ,  NH), 9 . 5  ( IH,  b r  s ,  r i n g  NH). 

(base  p e a k ) ;  Anal. c a l c d .  f o r  C 1 1 H 1 4 N 4 :  C ,  65.32; 

H ,  6 .98 ;  N ,  27.70. Found: C ,  65.22; H ,  7.01; N ,  27.57. 

1 , 2,3,4-Tetrahydr0-4,4-dimethyl-lH-pyrimido[ 1,2-c] py r ro lo [3 ,2 -e ]  - 
pyr imidine  t r i f l u o r o a c e t a t e  (4). 

A s o l u t i o n  of & (0 .4  g ,  2.0 mmol) i n  t r i f l u o r o a c e t i c  a c i d  (20 mL) 

w a s  s t i r red a t  55OC f o r  12 h .  The s o l v e n t  was evapora t ed  i n  vacuo and 

through r epea ted  evapora t ion  wi th  methanol and water  t h e  product  w a s  

c r y s t a l l i z e d  t o  g i v e  o f fwh i t e  c r y s t a l s .  These were r e c r y s t a l l i z e d  from 

e thano l /wa te r  t o  y i e l d  c o l o r l e s s  c r y s t a l s  (390 mg, 62 % I ,  mp. 213OC 

( d e c . ,  e f f e r v e s c e n c e ) ;  TLC (A)  Rf 0.07; UV (methanol) Amax 276, 228 nm 

(E 13300, 17300);  MS: m/e 203 (base peak, MH'); 'H NMR (Me2SO-d6) 6 

1.72 ( 2 H ,  s ,  2 C H 3 ) ,  2.14 ( 2 H ,  p t ,  J = 6Hz, 3-H 

2-H ) ,  6.90 ( l H ,  d of d ,  J = 3.6 and 1.852, ~O-H), 7.43 ( l H ,  d of d ,  

J = 3.6 and 2.4H2, 9-H), 8.70 ( Z H ,  s ,  s l i g h t l y  broadened, 6 - ~ ) ,  10.3 

) ,  ~ 3.57 ( 2 H ,  m ,  

1 3  
( l ~ ,  s, b r ,  NH), 12.8 ( l H ,  s ,  b r ,  NH), 

32.3 ( c - 3 ) ,  35.1 ( C - 2 ) ,  58.9 (C-4) ,  101.5 (C-lOa),  101.6 ( C - l o ) ,  124.9 

( c - g ) ,  141.4 (C-6) ,  145.3, 148.3 ( C - 7 a ,  C - l o b ) .  Anal. c a l c d .  f o r  

C13H15F3N402: C ,  49.36; H ,  4.78; F, 18.02; N ,  17.71. Found: C ,  49.30; 

H ,  4.93; F ,  17.70; N ,  17.40. 

C NMR (Me2SO-d6) 6 27.8 ( 2  C H 3 ) ,  
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