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OF METHYL D,C-DESMETHYL-HOLANTOSAMINIDE. - -  
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S t a t e  U n i v e r s i t y  o f  New York a t  Albany 
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ABSTRACT 

4-Acetamido-2,4,6- t r ideoxy-~,~-arabino-hexopyranose,  I a 
desmethyl analog o f  N-acety l  -C-holantosamine, t h e  g lycos i d i c  
r e s i d u e  o f  t h e  c a r d e y o l i d e  Ho ia ros ine  A and ho lan tos ines  C and D, 
has been prepared v i a  a novel  i n t r a m o l e c u l a r  rearrangement o f  an 
amino a l c o h c l  and has been c h a r a c t e r i z e d  by s i n g l e - c r y s t a l  X-ray 
d i f f r a c t  ion.  

Holarrhena a n t i d y s e n t e r i c a  has proven t o  be a f e r t i l e  source 

of g l y c o s t e r o i d s  w i t h  t h e r a p e u t i c  a c t i v i t y . '  

h o l a n t o s i n e  C and D, 

(1, 4-amino-4-deoxyoleandrose 1, are c l o s e l y  r e l a t e d  t o  t h e  premier  

example of an amino sugar cardenol  i d e  w i t h  c a r d i o t o n i c  a c t i v i t y ,  

m i t i p h y l l  A l though t h e  s y n t h e s i s  o f  holantosamine f rom 

- - D-gl U C O S ~  and I-rhamnose - has been r e p ~ r t e d , ~  we found t h a t  s imp le  

m o d i f i c a t i o n  o f  an acosamine ( 2 )  - s y n t h e s i s Y 5  makes p o s s i b l e  t h e  
ready p r e p a r a t i o n  of o the rw ise  r e l a t i v e l y  i n a c c e s s i b l e  ho lan tos -  
am i n F! der i va t  i ves . 

Ho la ros ine  A and 
2 a-g lycos ides o f  C-holantosamine - 
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4 2 2  WELCH AND SVAHN 

HO 
OMe NH2 

H2N 

1 - 2 - 

5 - 

-0 -0 H O B  0 

dH 
8 - 7 - 

6 - 

d PH + P O H  

OH NHAc 

I 
NHAc NHAC 

___- Scheme 1. 
anhydride; d. Di isobutylaluminum hydride; e. Methanol, Amber1 i t e  
IR-l20[H+I; f. - p-To1 uenesulfonyl ch lo r ide ,  py r id ine .  

a. Acetone, A1C13; b. NH3, methanol; c. HC1, a c e t i c  
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SYNTHESIS OF HOLANTOSAMINIDE 4 2 3  

The e r y t h r o  acetonide - 4, r e a d i l y  prepared f rom t h r e o  epoxide 

- 3, may be t r e a t e d  w i t h  anhydrous ammonia i n  methanol t o  fo rm t h e  

a rab ino  amino amide - 5 a f t e r  known  procedure^.^ As d e ~ c r i b e d , ~  t h e  

producl; w i t h  t h e  - r i b o  c o n f i g u r a t i o n ,  - 6, was n o t  i s o l a t e d .  

c o n t r a s t  t o  t h e  p u b l i s h e d  method, t h e  m i x t u r e  was t r e a t e d  w i t h  4N 

h y d r o c h l o r i c  ac id ,  f o l l o w e d  by a c y l a t i o n  w i t h  a c e t i c  anhydr ide.  The 

m i x t u r e  o f  y- and 6- l ac tones  - -  7, 8 and - 9 was p u r i f i e d  by 
chromatography on s i l i c a  ge l  ( e t h y l  ace ta te -e thano l ,  2O:l). 
Reduct ion o f  t h e  l a t t e r  w i t h  d i  i s o b u t y l a l  m inum h y d r i d e  a f f o r d e d  a 

m i x t u r e  o f  carbohydrates which was separated by f u r t h e r  

chromatography ( e t h y l  ace ta te -e thano l ,  1 O : l ) .  The p u r i f i e d  sugars 

10 and 11 were s e p a r a t e l y  conver ted  t o  t h e  methy l  g l ycos ides  a f t e r  
7 6 t h e  method o f  Bol lenback 

mp 126-130 "C, and a second sugar - 12, mp 175-178 "C, 

i n d i s t i n g u i s h a b l e  by spec t roscop ic  means8 (See Scheme 1). 

f a i l e d  t o  c r y s t a l l i z e .  
mp 172-175 "C, prepared i n  p y r i d i n e  i n  t h e  usual manner, was 

r e c r y s t a l  1 i z e d  f rom dichloromethane-acetone t o  y i e l d  c r y s t a l s  

s u i t a b l e  f o r  s i n g l e - c r y s t a l  X-ray d i f f r a c t i o n  s t u d i e s  

(See F i g u r e  1).  

acetamide a t  C-4 and t h e  t o s y l a t e  a t  C-3.l' (See Table 1). 
fo rma t ion  o f  - 13 i s  n o t  e a s i l y  r a t i o n a l i z e d .  

r e t e n t i o n  o f  c o n f i g u r a t i o n  a t  b t h  C-3 and C-4. 

c o n f i g u r a t i o n  o f  acetonide - 4 i s  f i rmly e s t a b l i s h e d ,  a r i s i n g  f rom 

t h e  Lewis a c i d  promoted opening o f  t h e  t r a n s  y -epox ide  o f  methy l  
sorbate.  The con juga te  a d d i t i o n  of ammonia f rom e i t h e r  f a c e  t o  - 4 t o  
form a rab ino  6 o r  t h e  unobserved r i b o  5 amino amides has no e f f e c t  
on t h e  c o n f i g u r a t i o n  a t  C-4. F u r t h e r  s t u d i e s  on t h e  o r i g i n  o f  t h i s  

rearrangement and o p t i m i z a t i o n  o f  t h e  r e a c t i o n  c o n d i t i o n s  t o  a f f o r d  

holantosamine are i n  progress.  

pe r fo rm ing  t h e  X-ray c r y s t a l l o g r a p h i c  s t u d i e s  and t h e  f i n a n c i a l  

suppor t  of t h e  Research Corpo ra t i on  i s  g r a t e f u l l y  acknowledged. 

I n  

- - 
t o  y i e l d  methy l  - N-acety l  -ll,C-acosamine, - 

Al though t h e  methy l  g l y c o s i d e  12 was a s o l i d ,  t h e  sugar 
9 

- 
The more r e a d i l y  c r y s t a l l i n e  t o s y l a t e  - 13, 

The c r y s t a l  s t r u c t u r e  c l e a r l y  e s t a b l i s h e s  t h e  presence o f  t h e  

Format ion r e q u i r e s  t h e  

The 

The -- e r y t h r o  

- -- 

The ass i s tance  of P ro f .  J. Zub ie ta  and D r .  J. Hutchinson i n  
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SYNTHESIS OF HOLANTOSAMINIDE 425 

4 2 3  Table 1. Atom Coordinates (x10 ) and temperature f ac to r s  ( A  x10 ) 

A tom X Y 2 

-- 

"eq ui v. / i s0  

7540(2) 
7188(6) 

7957(5) 
8744 ( 5 1 
5599 ( 7 1 
5016 ( 8 )  
3590(8) 
2692(8) 

3266(8) 
4691 ( 8 )  
1160(9 1 
6201(5) 

8162(5) 
2515(5) 

8035 (9 1 
7892 ( 7 

8280 ( 7 1 
6889 ( 7 )  
5101 ( 6 )  
4852(7) 

3124 ( 7 ) 
3799(4) 
25 76 ( 7  1 
1285 ( 7 ) 

-1454(1) 

-362(4) 
-919(4) 
-2486(4) 

-1981 (5  ) 

-2192 (6 )  
-2730(6) 
-3068(5) 
-2892 ( 5 )  
-2297(5) 

-3683 ( 7 1 
3481(3) 

3347 ( 3 1 
577(4) 

4681 (5 )  

2974 ( 5  1 
1548(5) 
1009 ( 5 ) 
1699(5) 
3101 ( 5  ) 

3 780 ( 6 ) 
1297(4) 

791(5) 

530(6) 

2513(1) 
1482(4) 

3557(4) 
1801(4) 

3087(5) 

4380(5) 
480 7 ( 6 
3988 ( 6 

2699(5) 
2268(5 1 
4438(7) 

676(3) 

1980 ( 4 )  

1256(4) 

2049 ( 7 1 
833(5) 

793(5) 
1724 ( 5 ) 
1575(5) 
1625 (5 
1372 ( 7 ) 
2599(3) 
2347(5) 
3494 ( 6 ) 

45 (1 )* 

68(2)*  

59(2)* 

70(2)* 
37(2)*  

58(3)* 
65(3)*  
53(2)* 

52(3)* 
49(2)* 

83(3)*  
48(2)* 

49(2)*  
61(2)* 

71(3)* 

42(2)* 

40(2)*  
38(2)* 
41(2)*  
43(2)* 

66(3)* 
21(1)* 
42(2)* 

62(3)* 

* Equivalent isotropic  U defined as one t h i r d  the t race o f  the  
orthogonal ized U tensor. 
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WELCH AND SVAHN 426 

Complete d e t a i l s  o f  t h e  X-ray s t r u c t u r a l  de termina t ion  are 
a v a i l a b l e  from t h e  author. 
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1 3 C  NMR (D20, e x t e r n a l  TMS) 6 174.7, 98.3, 75.0, 69.4, 55.2, 
48.8, 35.7, 22.9, 17.7. 

I 3 C  NMR (D20, e x t e r n a l  TMS) 6 176.17, 98.3, 75.0, 69.3, 55.2, 
48.9, 35.6, 22.9, 17.7. 

l H  NMR ( C C l 4  , i n t e r n a l  TMS) S 7.2 m, 5.65-5.48 rn ,  4.5-3.2 m, 
3.16 s ,  2.3 s, 1.82 s, 1.7 s, 1.2 rn. 

A s i n g l e  c r y s t a l  o f  methy l  4-acetamido-3-(4 ' - to l  uene- 
s u l  f o n y l  ) -2 , 4,6- tr i deoxy- a ra  b i  no-g,L-hexopyranose was 
o b t  a i n e d by r e  c r  ys  t a 1 1 i z a m o m  d i c h 1 o r  ome t h an e - pet  r o 1 e urn 
ether .  X-ray data c o l l e c t i o n  was c a r r i e d  o u t  on a N i c o l e t  R3rn 
automated d i f f r a c t o m e t e r  equipped w i t h  a Mo t a r g e t  X-ray tube 
( A = 0.710730 A )  and a g r a p h i t e  c r y s t a l  monochromator. The 
sugar c r y s t a l l i z e d  i n  t h e  P 1 space group and possessed u n i t  
c e l l  constants  o f  a= 8.050(1), b= 10.852(2) and c= 10.800(2) 
A w i t h  a =  87.40(1)", B =  76.23(1)', Y = 77.57(1)" and Z= 2. 
The absorp t ion  c o e f f i c i e n t  ~-r (Mo) = 1.98cm-1 . X-ray 
i n t e n s i t y  data were measured f o r  a t o t a l  o f  1516 independent 
observed r e f l e c t i o n s  w i t h  I, 
so lved by d i r e c t  methods which r e v e a l e d  t h e  l o c a t i o n s  of a l l  
nonhydrogen atoms on t h e  i n i t i a l  E map. The s t r u c t u r e  was 
r e f i n e d  down t o  a f i n a l  va lue o f  Ri  = 6.9 % and R 2  = 7.1 % by 
f u l l  m a t r i x  l e a s t  squares techniques w i t h  a n i s o t r o p i c  thermal 
parameters f o r  a1 1 non-hydrogen atoms. Hydrogen atoms were 
p laced i n  i d e a l i z e d  p o s i t i o n s  w i t h  i s o t r o p i c  thermal 
parameters s e t  t o  1.2 x t h e  a t tached carbon thermal 
parameter. A l l  s t r u c t u r a l  de termina t ions  and re f inement  

30 I, . The s t r u c t u r e  was 
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SYNTHESIS OF HOLANTOSAMINIDE 427 

calculat ions were carr ied o u t  w i t h  the  SHELXTL package on the 
Nicolet R3m Nova 3 crystal lographic  system. 
two molecules of c 1 6  H23SO6N in a unit ce l l  of volume of 
894.89 A 3  
difference map revealed no abnormal features  (Final 
difference Fourier map peak equals 0.25 electrons per A 3 ) .  

On the basis of 

, the  calculated density was 1.32 g/m? The f inal  
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