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INTRODUCTION OF 3,C-UNSATURATION IN 2-AMINO-Z-DEOXY-~-GLUCOPYRANOSIDES 

Per J. Garegg. Rolf Johansson and Ber t i l  Samuelsson. Department of 

Organic Chemistry, Arrhenius Laboratory, University o f  Stockholm, 

S-106 91 Stockholm, Sweden 

Received September 2 ,  1983 

ABSTRACT 

The t r  i phenyl phosphi ne- i od ine-imidazole, and the tr I phenyl phosphine- 

tritodoimidazole systems have been used t o  e f f e c t  3.4-unsaturation in  

2-amino-2-deoxy-p-glucopyranostdes. The yields were optimized by varta- 

t i o n  o f  solvent, amino protect ion group and proport ions o f  reagents. 

Pur pur  osami ne C ( 1 1 ,  2,6-d i ami no- 2 , 3 , 4 , 6 -  t e t r a d  eoxy -a-p-grvthr 0- hexo- 

pyranose. i s  a constituent o f  the gentamycin C aminoglycoside a n t i -  

b io t ic .  and o f  3'.4'-dideoxykanamycin B (Dibekacin). a semisynthetic amino- 

glycoside antibiot ic. I n  order  t o  obtain an easily available synthetic 

equivalent o f  this s t ructura l  element several routes f rom readily obtain- 

able s ta r t ing  materials were examined. 

l a  

RESULTS AND DISCUSSION 

I n  the f i r s t  approach methyl a-p-glucopyranoside was drbrnzoylated 

t o  give inethyl 2.6-di-Q-benzoyl-a-l)-glucopyranoside (2) i n  59 1 yield. 

This was converted in to  methyl 2.G-dt-9-benzoyl -3,4-dideoxy-a-p-gr-ythrp- 

hex-3-enopyranoside (3) using the trtphenylphosphine-iodine-imldazole 

reagent* in  toluene. Ext ract ive work-up followed by chromatography gave 

3 in  8 5  Z yield on a ten  gram scale, 6 ( 2 5  MHz. CDCl3): 55.8  (OCH3): 65.4, 
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190 GAREGG, JOHANSSON, AND SAMUELSSON 

1 

OR 

.....GZ ... OCH, 

HO OBI 

2 

4 R - B z  

5 R = H ( 9 7 %  from 3 )  6 ( 7 0 %  ) 

8 R = T r  

10 R = H  

1 3  

*. 

3 (85%) 

H NAc 

9 R = O T r ( 5 9 % )  

11 R = l  (SO%from 1 0 )  

12 R N 3 ( 8 5 % )  

7 ( 8 6 % )  

HNCbz HNCbz 

U 
14 R Z I  ( 8 2 % )  16  

15 R Z N ,  (74%)  

6 6 %  by direct crysta l l izat ion 
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2-AMINO-2-DEOXY-D_-GLUCOPYROSIDES 19 1 

66.6, 66.7 (C-2. C-5. C-6): 95.8 (C-1). This compound has been prepared, 

using t h e  same route, by Fraser-Reid and co-workers , but was n o t  fu l ly  

characterized. Hydrogenation o f  2 i n  ethanol containing tr iethylamine w i t h  

palladium on carbon (10 Z) gave a p roduc t  5 having slightly higher TLC 

mobil i ty t h a n  the  s tar t ing material in  toluene-ethyl acetate (6:l). 6 (25 

3 

C 
MHZ. CDCl 1: 22.9, 26.5 (C-3. C-4): 54.7 10CH3); 65.9, 66.4, 70.5 (C-2, C-5, 3 
C-6): 96.8 (C-1). Debenzoylation o f  gave methyl 3,4-dideOXy-a-D-QrVthrQ- 

hexopyranoside (5) in 97 Z yield f rom 2. Diiodination using triphenylphos- 

phine-triiodoimidazole2 in toluene gave methyl 2,3,4,6-tetradeoxy-2,6- 

di iodo-a-p-m-hexopyranoside (6) i n  70 Z yield, 6c (25 MHz, CDC13): 8.8 

(C-6): 27.5, 27.6, 28.0 (c-2. c-3, C-4): 55.1 (OCH31; 69.1 (c-5):  102.1 (C-1). I n  

the f inal step, a l l  a t tempts t o  convert 6 i n to  the  corresponding 2,6- 

diazido der ivat ive failed. Metal azides and quarternary ammonium- as well 

as resin-bound azides in various solvents, gave methyl 6-azido-2.3,4,,6- 

tetradeoxy-a-~-glvcer~-hex-2-enopyranoside (1). isolated in 86 I yield 

using sodium azide in DMF. 6 (25 MHz. CDC13): 27.6 (C-4): 54.6, 55.4 (OCH3, 

C-6); 66.1 (C-5): 95.8 (C-1); 125.6, 127.8 (C-2. C-3). This approach was thus 

abandoned. 

C 

Substitutions involving a corresponding 3,4-unsaturated der ivat ive 

were not  examined as S 2' substitutions and sigmatropic rearrangements o f  

the formed allyl ic azide were expected t o  complicate any approach along 

t h i s  line. 

N 

4 

Next, our a t tent ion was turned t o  glucose derivatives already having 

a 2-amino-2-deoxy function, and t o  t h i s  end benzyl 2-acetamido-2-deoxy- 

a-Q-glucopyranoside5 (1p) was prepared. Treatment o f  111 under standard 

reaction cond i ti ons , i& w i t h  tr i phenyl phosphine- iod i ne-i midazol e in 

toluene, fai led t o  give a clean reaction. This was a t  least in p a r t  due t o  

the  low solubil ity o f  1p. Tr i ty la t ion o f  a gave benzyl 2-acetamido-2- 

deoxy-6-p-triphenylmethyl--a-~-glucopyranoside6 (8) which reacted under 

the  same standard conditions' t o  give benzyl 2-acetamido-2,3,4-~trideoxy-6- 

C 
P-tr  iphenylmethyl -a-?-grv thrp-hex-3-enopyranofide (3) i n  59 L yield 6 

CDCl3): 23.1 (COLH ); 45.5 IC-2): 65.8. 67.7. 69.6 (QI @, C-5, C-6); 

2 .  

7 

(25 HHz, 
3 2 

86.5 (Q8 1: 94.8 (C-1). The low reac t iv i t y  o f  U and moderate yield obta i -  

ned f r o m  4 led t o  the  investigation o f  a more polar solvent system. 

Toluene-acetonitrile E':l), used in similar reactions proved t o  be  conve- 

nient.' Thus reaction o f  J.Q w i t h  triphenylphosphine-triiodoimidazole in 

toluene-acetonitri ie (2:l) a t  elevated temperatures followed by column 

3 

2 .  
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192 GAREGG, JOHANSSON, AND SAMUELSSON 

chromatographic p u r  i f ica ti on yielded benzyl 2-acetami do-2,3,4,6- t e t r a -  

deoxy-6-iodo-~a-~-_ervthro-hex-3-enopyranoside (u) in 50 1 y ie ld  m.p. 

168-170 "C (ethanol), [rxl:2 +33O (c 1.05, ch loroform).  6c ( 2 5  MHz. CDC13): 

Reacting 11 w i t h  te t rabuty lammonium azide in toluene a t  50 OC f o r  8 h 

gave benzyl 2-acetamido-6-az1do-2.3.4.6-tetradeoxy-a-~-ervthro-hex-3-eno- 

pyranoside (12) in 85 l y ie ld  m.p. 158-160 OC (acetone), [ a J S  + 5 Z o  (c: 
1.0, ch loroform),  I R  (cm-') :  3450 (NH): 2100 (N3); 1670 (C=O). 6 (25 MHz, 

6.8 (C-6); 23.4 (COCH3); 45.4 (C -2 ) ;  67.3, 70.0 (CH2(P, C-5); 95.5 (C-1) . 

C 
COCl. ): 23.3 (COCH I ;  45.3 (C-2);  54.0 ( C - S ) ;  67.9. 70.1 (CH Ph, C-5); 95.0 (C-1)- 

3 3 2 
Several f a c t o r s  s t i l l  made th is  approach una t t rac t i ve .  The y ie ld  

was moderate (-50 I), and p u r i f i c a t i o n  b y  sil ica gel column chromatography 

was necessary. Varying amounts o f  a b y - p r o d u c t  were  found in t h e  reac-  

t i o n  m ix tu re  in which H-3 o r  H - 4  had been rep laced b y  iodine tr.f. 16). 
Similar resul ts  have been observed b y  Bar ton and c o - w ~ r k e r s . ~  Reaction o f  

t e t r  a-N- benzyloxycar bonyl -5,6-Q-cycl ohexyl i d  ene-neami ne tr i phenyl- 

p hosphine-iod i ne-imidazole gave te t ra -& -  benzyl oxycar bonyl -3,4-di - 
deoxy-3-ene-5,S-Q-cyclohexylidene-neamine in 42 1 yield plus a corresponing 

vinyl  iod ide in 22 1 yield. 

w i t h  

( 1 :O. 6:  1 ) 

9 

We have found t h a t  t h e  fo rma t ion  of  t h i s  v inyl  iod ide t y p e  

de r i va t i ve  i s  promoted by bases (py r id ine  o r  excess imidazole). DeprOto- 

nat ion o f  NH makes t h e  acetamido group p a r t i c i p a t e  in t h e  react ion.  

To resolve th i s  p r o b  I em, benzy I 2-(benzyl oxyca r bonyl )amino-2- 

deouy-a- [?-glucopyr anoside' (u), having a less pa r  t i c i  pa ti ng N-pr o t e c t i  ng 

group, was p repared ,  and t h e  reac t i on  condi t ions w e r e  adjusted so t h a t  

t h e  amount o f  f r e e  base was minimized. Reaction o f  13 w i t h  t r i pheny l -  

phosphine-iodine-imidazole 11:l:l) in to luene-ace ton i t r i l e  ( 2 : l )  produced t h e  

desired 2-  (benzy loxycar bonyl )amino- 2.3.4,6- t e  tradeoxy -6- iod o-a- I)- 

ervthro-hex-3-enopyranoside (u) in 82 l yield.  A small amount o f  t h e  

v inyl  iod ide 16 could also b e  isolated and was character ized.  (The amount 

of 16 could be  increased t o  about  50 X by p e r f o r m i n g  t h e  reac t i on  i n  

py r id ine  solution). 

benzyl 

In  large-scale preparat ions.  e x t r a c t i v e  work-up,  fo l lowed b y  d i r e c t  

c rys ta l l i za t i on  i n  ethanol  y ie lded p u r e  i n  66 l yield.  

Treatment o f  14 w i t h  f reshly p r e p a r e d  te t rabuty lammonium azide 

prov ided t h e  corresponding 6-azide Is in 7 4  1 yield.  The major  s ide 

reac t i on  he re  was el iminat ion of H I  giving t h e  conJugated 3,5-diene. 

Conversion o f  15. t o  pupurofamine C can be  accomplished b y  hydrogenolysls 
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2-AMINO-2-DEOXI-PGLUCOPYRANOSIDES 193 

followed by hydrolysis as described. 'I1' Using a slight excess o f  tri- 

phenylphosphine in  methanol, it i s  also possible t o  selectively reduce the  

azide in fi t o  the f ree  amine. 12 

The reaction sequence u-fi thus represents an ef f ic ient  synthesis 

o f  a purpurosarnine C precursor, suitable f o r  large-scale preparations. O f  

the amino protecting groups examined in  the reactions, the carbobentyloxy 

group IS  superior t o  the acetyl group. The phthalimido group does not 

give any side-reactions a t  a l l  and i s  thus superior t o  both.12 The rather 

troublesome introduction and removal o f  the phthalimido group is, however, 

a limiting factor in  i t s  use. 

13 Unera l  met&& were the same as those qublished elsewhere. 

Benzvl 2 -a-g-ery- - (b enzvloxvc arbonvllamino-.4.6-tetradeoxv - -  6 iodQ 

thr o-hex- 3--anoside (1 u. 
preoaration 1. A mixture of  triphenylphosphine (1.57 g. 6.0 mmol) and 

iodine (1.52 g. 6.0 mmol) in toluene (20 ml) was s t i r red  a t  room tempera- 

tu re  fo r  30 min. Imidazole (0.41 g, 6.0 mmol) in acetonitrile (10 ml) was 

added and the mixture was st i r red a t  50 OC f o r  10 min. Ulo (0.40 g, 1.0 

mmol) was added and st i r r ing was continued fo r  1.5 h. The reaction 

mixture was cooled t o  room temperature and concentrated t o  dryness. The 

residue was pur i f ied by silica gel column chromatography using toluene- 

ethyl acetate (5:O as eluent giving 393 mg (82 %) o f  & m.p. 139-140 OC 

(ethanol), [a]:' -151' (s 1.0. chloroform). bC (25 MHz. C0Cl3): 8.60 (C-6): 

48.32 (C-2); 66.98. 70.20 (2xCH Cp) :  72.69 (C-5): 99.25 (C-1): 125.61. 129.07 

(C-3, c-4). 
2 

Anal. Calcd fo r  C21H22NI04: C. 52.6: H. 4.63: N. 2.92: I, 26.4. Found: 

A faster-moving component J& was also isolated (25 mg, 4 X I .  m.p. 

C. 52.0: H. 4.65: N. 2.85: 1.26.9. 

165-167 OC (ethanol). [a]:' -102' Cr 1.4. chloroform). 

Anal. Calcd fo r  C21H21N1204: C. 41.7: ti, 3.50: N, 2.31: I. 41.9. 

m a r a t i o n  2. Iodine (15.2 g. 59.9 mmol) was added in portions t o  a 

s t i r red  solution o f  triphenylphosphine (15.72 g. 59.9 mmol) in toluene (100 

ml). The mixture was s t i r red  fo r  30 min. a f te r  which imidazol? (4.50 g, 

66.1 mmol) in  acetonitrile (50  ml) was added. After st i r r ing fo r  15 min. 1;1 

Found: C. 41.8: H. 3.53: N. 2.46: I, 42.0. 
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194 GAREGG, JOHANNSON, AND SAMUELSSON 

(4.04 g, 10.0 mmol) was added and s t i r r i ng  was continued f o r  1.5 h a t  50 

OC. The mixture was cooled, f i l t e r e d  and concentrated t o  dryness. The 

residue was dissolved i n  toluene (ZOO ml) and the  organic phase was washed 

w i t h  aqueous HCI (1 M. 100 ml). saturated sodium hydrogencarbonate (100 

ml). water .  d r i ed  (MgSO ), f i l t e r e d  and evaporated t o  dryness. The residue 

was crystal l ized f r o m  warm ethanol (-100 tnl) t o  yield 3.2 g ( 6 6  1 )  o f  t h e  

t i t l e  compound (u). 
Benzvl 6-azido-2- (benzvloxvcar bonvl )ammo- 2 . 3 . 4 . 6  - t e t r a d  eoxy-a-p-ery- 

thro-hex-3-enop-yranoside a51.  A mix ture of u ( 3 0 0  mg. 0.63 mmol) and 

tetrabutylammonium azide (1.2 g ,  4.2 mmol) was s t i r r e d  a t  0 'C f o r  2.5 h 

and a t  r t  overnight in acetoni t r i le  (50  rnl). The react ion mixture was 

4 

concentrated t o  almost dryness, and the  residue was dissolved i n  dichloro- 

methane (50 ml). The organic phase was washed w i t h  saturated aqueous 

sodium hydrogencarbonate, wa te r ,  d r i ed  (MgS04), f i l t e r e d  and concen- 

t r a t e d .  The residue was p u r i f i e d  by silica gel column chromatography using 

toluene-ethyl acetate (7:l) as eluent, yielding 182 mg (74 1)  o f  x, m.p. 

112-113 OC (ethanol), k]022 -172O (c 1.0, chloroform), I R  (ern-'): 2100 
(N3). 15 ( 2 5  MHz, CDC13): 49.0 (C -2 ) ;  54.3 (C-6); 66.8, 70.0 (2XGH2Q); 72.9 

(C-5); 99.2 (C-1);  126.8, 127.6 (C-3. C-4) .  
C 

Anal. Calcd 

H, 5.63; N. 14.0. 

f o r  C 2 1 H 2 Z N 4 0 4 :  C, 6 4 . 0 ;  H, 5.62: N. 14.2. Found: C, 63.9; 
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