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SYNTHETIC APPROACH TOWARD ANTIBIOTIC TUNICAMYCINS --- V I  I 

SYNTHESIS OF TUNICAMINE AND TUNICAMINYL URACIL DERIVATIVE 

H i roak i  Sasai , Kazuhi ro Matsuno, and Tetsuo Suami* 

Department o f  Appl i e d  Chemistry 
Facu l t y  o f  Science and Techno1 ogy 

Keio Un ive rs i t y ,  Hiyoshi ,  Yokohama 223, Japan 
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ABSTRACT 

A h ighe r  carbon carbohydrate moiety o f  a n t i b i o t i c  tunica- 
mycins named tunicamine has been synthesized i n  a protected 
form. The key r e a c t i o n  step o f  the synthesis i s  a potassium 
f l u o r i d e  cata lyzed Henry r e a c t i o n  o f  a 5-ni  t r o r i b o s e  d e r i v a t i v e  
and a d i  a1 do-gal actosami ne d e r i  va t i ve .  The tunicami ne d e r i  va- 
t i v e  has been converted t o  a tunicaminyl  u r a c i l  d e r i v a t i v e  by 
condenation w i t h  b i  s(  t r i m e t h y l  s i  l y l  I u r a c i  1. 

INTRODUCTION 

Nucleoside a n t i b i o t i c  tunicamycins have been discovered i n  
a fermentat ion b r o t h  o f  Streptomyces lysosuper f icus.1 The 
a n t i b i o t i c s  i n h i b i t  a l i p id -med ia ted  p r o t e i n  g l y c o s y l a t i o n  i n  
ch i ck  embryo s e l e c t i v e l y  and a mu1 t i p l i c a t i o n  o f  enveloped 
v i ruses  a t  any stage o f  the p r o l i f e r a t i o n . 2  

99 

Copyright @ 1985 by Marcel Dekker, Inc. 0732-8303/85/0401-0099$3.50/0 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
1
9
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



100 SASAI, MATSUNO, AND SUAMI 

0 

C H ~ O H  

Tunicamycin V 

Tunicamycin complex which conta ins a t  l e a s t  16 homo- 
logs,3 i s  i s o l a t e d  from the fermentat ion bro ths  by a so lvent  

e x t r a c t i o n ,  fo l lowed by chromatography. Tunicamyci ns c o n s i s t  
o f  h e t e r o c y c l i c  u r a c i  1 , - N-acetyl -Q-glucosami ne, an e l  even car- 

bon carbohydrate named t u n i ~ a m i n e , ~  and a f a t t y  a c i d  which may 
vary i n  chain length  and arrangement. The nucleoside residue 

which conta ins u r a c i l  and tunicamine i s  designated as tunicami- 
n y l  u r a c i l .  Tunicaminyl u r a c i l  i s  also  found i n  o ther  a n t i -  
b i o t i c s  , s t r e p t o v i  r u d i  ns5 and corynetoxi  ns ,6 as a general 

component. 

I n  a preceding paper,7 a v e r s a t i l e  synthes is  o f  a higher-  
carbon carbohydrate has been developed by the Henry r e a c t i o n  o f  
a n i t r o  sugar and a sugar aldehyde i n  the presence of  KF as a 
c a t a l y s t .  I n  the  present paper, we wish t o  r e p o r t  the success- 
f u l  synthesis of a tunicamine d e r i v a t i v e  as we l l  as a tunicami- 
ny l  u r a c i l  d e r i v a t i v e ,  the  l e t t e r  being a key in termediate f o r  
a consecutive t o t a l  synthes is  o f  tunicamyci n. 
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ANTIBIOTIC TUNICAMYCINS. V I I  101 

RESULTS AND DISCUSSION 

The n i t r o  sugar, 3-O-acetyl-6-deoxy-l,2-O-i - - sopropyl i dene- 

6 -n i  t ro-a-D-r ibofuranose - (5) - has been prepared i n  fou r  steps 
from 3-O-acetyl-l,2:5,6-di-~-isopropy1 - - idene- a -D-a1 - lofuranose 

(118 i n  23% o v e r - a l l  y i e l d  (Scheme 1) .  

Treatment o f  - 1 w i t h  aqueous ace t i c  a c i d  r e s u l t e d  i n  a pre- 

f e r e n t i  a1 hyd ro l ys i  s o f  the 5,6-0-i - sopropyl i dene group, g i  v i  ng 

3-O-acetyl-l,2-O-i - - sopropyl i  dene- ~1 -!-a1 - lofuranose (2 )  - i n  88% 
y i e l d .  Sodium metaperiodate ox ida t i on  o f  - 2 and successive 
reduc t i on  w i  t h  NaBH4 , f o l  1 owed by t o s y l  a t i  on af forded 

3-O-acetyl-l,2-O-i - - sopropyl i dene-5-0- - ( p t o l  uenesul f o n y l  )-~l-!- - 

r ibofuranose (3 )  - i n  62% y i e l d .  To avoid acety l  m ig ra t i on  

dur ing the reduc t i on  step, the r e a c t i o n  m ix tu re  should be kept  
below 10 "C. Tosylate displacement from - 3 w i t h  NaI gave 

3-0-acetyl-5-deoxy-5-iodo-l,2-0-isopropy1idene-~-D-ribofuranose - - - - 

( 4 )  - i n  98% y i e l d  as a syrup. Displacement o f  i o d i d e  from - 4 
w i t h  n i t r i t e  was accomplished w i t h  sodium n i t r i t e  i n  a m ix tu re  

o f  dimethyl formamide and dimethyl su l  f ox ide  conta in ing 
ph l  orogl  u c i  no1 7 t o  g i ve  the 5-ni  t r o r i  bofuranose d e r i  v a t i  ve - 5 

i n 43% y i e l  d. The sugar a1 dehyde methyl 2- (benzyloxycarbonyl ) 

ami no-2-deoxy-3,4-0- - i sopropyl i dene-a-D-gal - ac tod i  a1 dopyranosi de- 

(1,519 ( 7 )  - was obtained by the P f i i z n e r - M o f f a t t  o x i d a t i o n  o f  
methyl 2- (benzyl oxycarbonyl )ami no-2-deoxy-3,4-O-i - sopropyl i dene- 

The r e a c t i o n  o f  - 5 w i th  - 7 i n  the presence o f  KF i n  aceto- 
n i t r i l e  f o r  2 h a t  room temperature a f fo rded  methyl 9-0-acetyl-  - 
2-(benzyloxycarbonyl )amino-2,7-dideoxy-3,4:10,1 l -d i -o- isopropy-  - 
l idene-7-n i  t r o -  B -L-undecodial - do-(1 lR)-furanose-(l1,8)-pyrano- 
side-(1,5) (8) - as a s i n g l e  diastereomer i n  51% y i e l d .  
Prolonged r e a c t i o n  t ime r e s u l t e d  i n  format ion o f  a more 
complex product mixture.  

Dehydration o f  - 8 w i t h  a c e t i c  anhydride and base ( p y r i d i n e  

and 4-dimethylaminopyridine) , fo l lowed by hydrogenation w i t h  

- 
- 

a-D-galactopyranoside ( 6 ) .  9 
- - 

- 
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102 SASAI, MATSUNO, AND SUAMI 

OMe 

7 - 

Ho tr, 
Scheme I 

+ 5 ZHN 
C 

+& Oy- 

CH,R 

AcO O+ 
\ 

- 3: R = O T s  
- 4: R= I 
- 5: R = N 0 2  

J02 
- C  

-C 

. OMe OMe 

1 2 : R=OAc, R ' =H, R"=Ac 
- 13: R=H, R'=OAc,  R"=Ac - 9 
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ANTIBIOTIC TUNICAMYCINS. VII 103 

NaBH4 gave methyl 2- (benzyl oxycarbonyl )ami no-2 ,6 , 7 - t r i  deoxy- 
3,4:l0,11-di-0-isopropylidene-7-ni - t r o -  6 -L-undecodial - - dofuran- 

ose-(1lY7)-pyranoside-(l ,4) (9) - i n  36% y i e l d .  
Oxidat ion o f  t he  n i t r o  group o f  - 9 t o  the corresponding 

ketone with potassium permanganate and sodium te r t -bu tox ide ,  

fo l lowed by reduc t i on  w i t h  NaBH4 gave a mixture o f  two epimeric 

alcohols.  - 0-Deacetylat ion o f  the mixture i n  methanolic sodium 
methoxide and successive chromatographic f r a c t i o n a t i o n  o f  the 

d i  o l  s gave methyl 2- (benzyl oxycarbonyl ami no-2,6-di deoxy-3 , 
4:10,1l-di-O-isopropyli dene-8-L-undecodial - do-(1 1R)-furanose- 

(11,8)-pyranoside-( l ,5) (10) - mp 155 O C ,  i n  25% y i e l d  and i t s  
epimer (11) - i n  42% y i e l d  as a syrup. It has been revealed t h a t  

- 10 i s  a tunicamine d e r i v a t i v e  s ince successive reac t i ons  l ead  

t o  a tunicaminyl  u r a c i l  d e r i v a t i v e  (10 - -> - 12 -> - 14 -> - 15).  The 
5'-epimer o f  - 15, compound - 17, was der ived from - 11 by an analo- 
gous reac t i on  sequence (11 ->  13 -> - 16 -> - 17). Conventional 

a c e t y l a t i o n  o f  - 10 y i e l d e d  the d iace ta te  (121, - mp 187 "C, i n  87% 
y i e l d ,  and t h a t  o f  - 11 gave another d iace ta te  (131, - mp 87 "C, i n  
a q u a n t i t a t i v e  y i e l d .  Acid h y d r o l y s i s  o f  - 12 i n  aqueous ace t i c  

acid,  fo l lowed by a c e t y l a t i o n  gave a hexaacetate (14) - i n  71% 

y i e l d  as an anomeric m ix tu re  (11S: l lR - -  = 1 : l ) .  

Condensation o f  - 14 w i t h  bis(trimethylsily1)uracil i n  1,2- 

d i  c h l  oroethane i n the presence o f  SnCl4 Y i e l  ded 1 -[methy 1 

2 I , 3 '  ,5' ,9 '  -penta-0-acetyl-10' - - (benzyloxycarbonyl )ami no-6 ' , 
10' - d i  deoxy-a-L-gal acto-0-a1 lo-undecodi a1 do-( 11 ' - S)-pyranosi de 
( 1 1  ,7 ) - f u ranosy l - (1  ,4 ) ] - u r a c i l  (151, - mp 115 "C i n  75% y i e l d  
as an amorphous powder. Compound - 15 was i d e n t i c a l  w i t h  an 

au then t i c  sample prepared from natura l  tunicamyci ns as ev i -  

- - 

- - 

1 7 -  
- - 

1 1  

denced by 'H NMR, I R ,  and s p e c i f i c  o p t i c a l  r o t a t i o n  data. 

EXPERIMENTAL 

General Procedures. Me1 ti ng poi  n t s  were determined i n  
c a p i l l a r y  tubes and are uncorrected. Solut ions were con- 

.-- 
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104 SASAI, MATSUNO, AND SUAMI 

cent ra ted  under reduced pressure below 40 "C. Opt ica l  ro ta-  

t i o n s  were measured w i t h  a Japan Spectroscopic DIP-4 
polar imeter .  l H  NMR spect ra were recorded w i t h  a Var ian EM-390 

spectrometer (90 MHz) o r  a JEOL FX-200 spectrometer (200 MHz), 
us ing te t ramethy l  s i l a n e  as an i n t e r n a l  standard. IR spectra 

were recorded w i t h  a H i  t a c h i  225 spectrophotometer. 

Chromatography was performed on a column o f  s i l i c a  gel (Wakogel 

C-200 and/or C-300, Wako Pure Chemical Co., Ltd.) .  TLC was 

performed on Merck s i l i c a  gel 60 F254 A r t .  5715. 

3-O-Acetyl-l,2-O-i sopropyl idene-cr -D-a1 lo furanose ( 2 ) .  - A 

s o l u t i o n  o f  3-O-acetyl-l,2:5,6-di-0-isopropylidene-a-D-allo- 
furanose8 ( 1 )  - (28.1 g) i n  60% a c e t i c  a c i d  (500 mL) was s t i r r e d  
f o r  14 h a t  room temperature. The s o l u t i o n  was concentrated 
and the o i l y  residue was chromatographed (C-200, 2509, 3 : l  t o  

1:2 to luene-ethyl  acetate)  t o  g ive  21.5 g (88.0%) o f  - 2: Rf 0.38 
on TLC (1.5 ethanol - to luene) ;  [ ~1 1i8 + 113.7" ( c  8.7, 

ch loroform);  l H  NMR (90 MHz, CDC13) 6 1.33, 1.53 (2sY6H, CMez), 

(ch loroform s o l u t i o n )  1740 ( C = O ) ,  3570 cm'l(0H). 

-> 

- = -  - 

2.11 ( s ,  3H, OAC), 5.82 (d, l H ,  J1~2'3.6 Hz, H-1); I R  

Anal. Calcd f o r  CllH1807: C, 50.38; H, 6.92. Found: 

-- 3-O-Acetyl-1,2-0-i sopropyl i dene-5-0-p-to1 unesul fonyl-a-D- 

C, 50.63; H, 6.96. 

r ibofuranose - -  ( 3 ) .  To a s o l u t i o n  o f  - 2 (21.2 g) i n  water (300 
mL), a s o l u t i o n  o f  sodium metaperiodate (24.2 g )  i n  water (300 

mL) was added under i c e  cool ing.  A f t e r  the r e a c t i o n  mix tu re  
was s t i r r e d  f o r  30 min below 1O"C, a s o l u t i o n  o f  sodium boro- 

hydr ide  (4.28 g)  i n  water (200 mL) was added and s t i r r i n g  i n  
the  c o l d  cont inued f o r  an a d d i t i o n a l  30 min. The s o l u t i o n  was 

ex t rac ted  w i t h  ch loroform (400 mL), and the ch loroform l a y e r  
was d r i e d  over Na2S04 and concentrated. 

o f  the residue i n  p y r i d i n e  (400 mL), t o s y l  c h l o r i d e  (27.2 g) 

was added under i c e  cool ing.  A f t e r  14 h a t  room temperature, 

the r e a c t i o n  mix tu re  was poured i n t o  i c e  cold-water (3000 mL), 

To a s t i r r e d  s o l u t i o n  
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ANTIBIOTIC TUNICAMYCINS. V I I  105 

and after decantat ion,  a p r e c i p i t a t e  was dissolved i n  ethyl 
a c e t a t e  (400 mL). The organic solvent  l a y e r  was washed w i t h  
water, dr ied  over Na2S04, and evaporated. The  res idue was 
r e c r y s t a l l i z e d  from cyclohexane t o  give 19.4 g (62.0%) of - 3:  
Rf 0.54 on TLC (1:5 ethyl  ace ta te - to luene) ;  mp 95-96 "C;[a] ig 
+89.0" ( c  1.0,  chloroform):lH NMR (90 MHz, COCl3) 6 1.27, 
1.47 ( 2 s ,  6H, CMez), 2 . 0 7 ( s ,  3H, OAc), 2.37 ( s ,  3H, CgHqMe, 
5.62 ( d ,  1H,J1,2=3 Hz, H - l ) ,  7.28, 7.78 ( 2 d ,  4H, J=9  Hz CgH4); 
IR (KBr) 1190 (SOz), 1740 cm-l ( C = O ) .  

Anal. Calcd f o r  C17H220gS: C ,  52.84; H ,  5.74; S ,  8.30. 
Found: C ,  53.12; H ,  5.87; S ,  8.04. 

3-0-Acetyl-5-deoxy-5-iodo-ly2-O-isopropylidene-~-D-ribo- - 
furanose ( 4 ) .  - A suspension of - 3 (0.47 g )  and sodium iodide 
(0.55 g)  i n  2-butanone (10  mL) was heated under re f lux  f o r  1 h 
w i t h  stirring. After cooling t o  room temperature, the solvent 
was evaporated and the residue was dissolved i n  ethyl a c e t a t e  
(100 mL). The organic l a y e r  was washed w i t h  water (50 mL), 

dr ied  over Na2S04, and concentrated.  The o i l y  res idue was 
chromatographed on a s i l i c a  gel column (C-200, 10 g ,  1:15-1:5 
ethyl  ace ta te - to luene)  t o  give 0.41 g (98%) of o i l y  - 4 :  Rf 0.52 
on  TLC (1:5 ethyl  ace ta te - to luene) :  t95.8" ( c  1.1,  ch lor -  
oform); 1 H  - NMR (90 MHz, CDC13) 6 1.37, 1.57 ( 2 s ,  6H, CMeZ), 2.17 

Anal. Calcd f o r  C10H15051: C ,  35.11; H ,  4.42; I ,  37.09. 

3-O-Acetyl-5-deoxy-1 ,2-0-i  sopropyl iden-5-ni tro-a-D-ribo- 

D 

( s ,  3H, O A C ) ,  5.97 ( d ,  I H ,  J1 ,2=4 H z ,  H-1). 

Found: C ,  35.35; H ,  4.40; I ,  37.38. 

furanose ( 5 ) .  - To a s t i r r e d  so lu t ion  of - 4 (1.60 g )  i n  dimethyl 
su l foxide  (18 mL) and dimethyl formamide ( 4  m L ) ,  sodium n i t r i t e  
(0.80 g )  a n d  phloroglucinol (1.6 g )  were added and the mixture 
was stirred f o r  3 days a t  room temperature. Water (50 mL) was 
added t o  the react ion mixture and the mixture was ex t rac ted  
w i t h  ethyl a c e t a t e  (40 m L ) .  T h e  organic l a y e r  was dried over 
Na2S04 and concentrated.  The residue was chromatographed 

- 
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106 SASAI, MATSUNO, AND SUAMI 

(C-200:C-300, 409, 1 : lo-1 :5 e t h y l  acetate-toluene).  F rac t ions  

homogeneous on TLC (Rf 0.5) i n  1:5 e t h y l  acetate-toluene were 
combined and concentrated. The residue was r e c r y s t a l l i z e d  from 
a mix tu re  o f  cyclohexane and toluene t o  g ive  0.53 g (43.4%) o f  

- 5 as needles: mp 104-106 "C; [ u I D  +90.5" ( c  1.0, ch loroform);  

l H  NMR (90 MHz, CDC13) 6 1.34, 1.57 ( Z s ,  6H, CMez), 2.13(s, 3H, 
OAc), 5.83 (d, l H ,  J1 2=3.8 Hz, H-1): I R  (KBr) 1375, 1555 

(NO21 , 1750 cm-1 (C=O). 
Anal. Calcd f o r  C10H1507N: C, 45.98; H, 5.79; N, 5.36. 

Found: C, 46.09; H, 5.69; N, 5.25. 

Methyl 9-0-acetyl-2- (benzyl  oxycarbonyl ami no-2,7-di deoxy- 

3,4:10,11-di-0-isopropy1 idene-7-n i t ro-  B -L-undecodialdo-( l1R)- 
furanose-(llY8)-pyranoside-(l ,5) (8).  - To a s t i r r e d  s o l u t i o n  o f  

crude - 7 , which was prepared from methyl 2-(benzyloxycarbonyl l -  

amino-2-deoxy-3,4-0-i - sopropyl idene- ~1 -D-gal - - actopyranosi  de9 (5) 
(1.0 g), i n  a c e t o n i t r i l e ,  - 5 (1.43 g) and KF (159 mg) were added 

under i c e  cool ing.  A f t e r  2 h, water (50 mL) and e t h y l  acetate 

(70 mL) were added t o  the r e a c t i o n  mixture.  The organic l a y e r  
was separated, d r i e d  over Na2S04, and concentrated. The o i l y  

res idue was chromatographed on a s i l i c a  gel  column (C-ZOO:C-300 
1:1, 80 g, 1:4 e t h y l  acetate-toluene) t o  g ive  869 mg (50.7% 

from - 6 )  of o i l y  - 8 and 940 mg o f  - 5 was recovered: Rf 0.20 on 
TLC (1:3 e t h y l  acetate- to luene) :  + 123" ( c  1.0, ch loro-  

form); 1 H  NMR (90 Mhz, CDC13) S 1.34, 1.57 (2s, 12H, 2CMe2), 
2.08 ( s ,  3H, OAc), 3.34 ( s ,  3H, OMe), 4.62 ( d ,  l H ,  J1,2=3 Hz, 

H-11, 5-09 (d,  2H, J=1 Hz, PhCHz), 5.83 (d,  l H ,  J10,11 = 3 Hz, 

(NO?) ,  1725 (C=O), 3440 (NH) ,  3550 cm'l (OH). 

Found: C, 53.40; H, 6,13; N, 4.22. 

19 

H - l l ) ,  7.33 (S, 5H, C6H5): I R  (ch loroform s o l u t i o n )  1378, 1552 

Anal. Calcd f o r  C28H38014N2: c, 53.67; H, 6.11; N, 4.47. 

Methyl 9-0-acetyl -2- (benzyl  oxycarbonyl 1 ami no-2,6,7- 

tr ideoxy-3,4: 10 , l l - d i - O - i  sopropyl idene-7-ni tro-8-L- - 

undecodialdo-(llR)-furanose(ll,8)-pyranoside-(l,5) ( 9 ) .  To a 
- 
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s t i r r e d  so lu t ion  of - 8 (152 mg)  i n  chloroform (5 m L ) ,  acetic 
anhydride (0.46 m L ) ,  pyr idine (0.2 m L )  and 4(dimethylamino)- 
pyridine (12 mg) were added under i c e  cooling. Af te r  2 h ,  

chloroform (20 mL) was added t o  the so lu t ion  and the organic 
solvent l a y e r  was washed successively w i t h  water,  a s a t u r a t e d  
NaHC03 s o l u t i o n ,  and water.  To the organic layer  was added 
toluene (10 m L ) ,  and the organic l a y e r  was dr ied over NazS04, 
and concentrated t o  about 10 m L .  To the so lu t ion  was added a 
s o l u t i o n  of sodium borohydride ( 4  mg) i n  methanol ( 2  m L )  under 
ice cooling and s t i r r i n g  continued i n  the co ld  f o r  30 m i n .  
Ethyl a c e t a t e  (20 m L )  was added t o  the so lu t ion  and the organic 
l a y e r  was washed w i t h  water (10 m L ) ,  d r ied  (Na2S04) and con- 
cent ra ted .  The o i l y  res idue was chromatographed on a s i l i c a  
gel column (C-200:C-300 1 : 1 ,  10 g ,  1:6 e thyl  ace ta te - to luene)  
t o  give 54 mg (36%) of - 9.  Compound - 9 was c r y s t a l l i z e d  from 
methanol: Rf 0.40 on TLC (1:3 ethyl  ace ta te - to luene) :  mp 
167-168 O C ;  [a1E3+139° ( c  0.9,  chloroform): IH NMR (90 NMz, 
CUCl3) 6 1.33, 1.53 ( 2 s ,  12H, 2CMe2), 2.10 ( s ,  3H, OAc), 2.36 
( m y  Z H ,  H-61, 3.29 ( s ,  3t1, OMe), 4.62 ( d ,  lH, J1,2=3.0 Hz, 

7.35 ( s ,  5H, CgH5); IR (KBr) 1378, 1552 (N021, 1725, 1742 ( C = O ,  
3395 cm-1 ( N H )  . 

Found: C ,  54.99; H ,  6.21; N ,  4.54. 
Methyl 2-(benzyloxycarbonyl )amin0-2,6-dideoxy-3,4:10, 

11 -di-O-i sopropyl i dene-6-L-undecodial do-( 1 lR)-furanose-( 11,8)-  
pyranoside-0 (10)  and (11) .  - To a s t i r r e d  so lu t ion  o f  - 9 
(168 mg) i n  t e r t -butanol  (23 m L ) ,  0.1 N t e r t - b u t a n o l i c  sodium 
- ter t -butoxide (5.5 mL) was added under an argon atmosphere. 
A f t e r  10 m i n  a s o l u t i o n  of potassium permanganate (55.7 mg) 
i n  water ( 3  m L )  was added t o  the mixture w i t h  stirring. After  
1 5  min  a c e t i c  ac id  (0.1 mL) and chloroform (20 m L )  were added 
t o  the react ion mixture. The inso luble  matter was f i l t e r e d  off  

H-l), 5.09 ( 5 ,  Z H ,  P h C H Z ) ,  6.78 ( d ,  1H, 510~11'3.5 H z ,  H-111, 

Anal. Calcd f o r  C28H38013N2: c ,  55.08; H ,  6.27; N ,  4.59. 

- 
- 
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and t o  the f i l t r a t e ,  ch loroform (20 mL) was added. The organic 

so lvent  l a y e r  was washed w i t h  water, d r i e d  over Na2S04, and 
concentrated. To the s o l u t i o n  o f  the res idue i n  ethanol 
( 6  m L ) ,  a suspension o f  sodium borohydride (20 mg) i n  ethanol 
(5 mL) was added under i c e  cool ing.  A f t e r  10 min the  r e a c t i o n  
mix tu re  was n e u t r a l i z e d  w i t h  Amber l i te  IR-120B (H+) res in ,  the 
r e s i n  was f i l t e r e d  o f f .  The f i l t r a t e  was concentrated and the 
o i l y  residue was d isso lved i n  methanol (20 mL). The s o l u t i o n  

was t r e a t e d  w i t h  1M methanol ic sodium methoxide (0.3 mL) f o r  1 
h under i c e  cool ing.  The r e a c t i o n  mixture was n e u t r a l i z e d  w i t h  

Arnberl i te IR-1206 (H+) r e s i n ,  the r e s i n  was f i l t e r e d  o f f  and 
the  f i l t r a t e  was concentrated. The o i l y  res idue was chroma- 

tographed on a s i l i c a  gel column (C-200:C-300 1 :1 , 12 g ,  2:3 

to luene-ethy l  acetate)  t o  g ive  37.6 mg (25.3%) o f  L 10, 61.9 mg 
(41.6%) of - 11, and 12.5 mg (8.4%) o f  a mix tu re  o f  - 10 and 11; 

t o t a l  y i e l d ,  112.0 mg (75.4%). Compound - 10 was c r y s t a l l i z e d  
from ethanol :  - 10 R f  0.19 on TLC (3:2 e t h y l  acetate-toluene);  mp 

154-155 “C; L a g 8  +107O ( c  0.9 chloroform) 1 H  NMR (200 MHz, 

CDC13) 6 1.33, 1.37, 1.57 (3.5, 12H, 2CMe2), 1.97 (m, 2H, H-6), 

5H,CgHtj); I R  (ch loroform s o l u t i o n )  1720 (C=O), 3440 (NH) , 3550 
cm-1 (OH).  

Anal. Calcd f o r  C26H37011N: C, 57.88; H, 6.91; N, 2.60. 
Found: C, 57.92; H, 6,84, N, 2.57. 

- 11: Rf 0.15 on TLC (3:2 e t h y l  acetate-toluene);  Calp +94O 

( C  1.9, chloroform; lH NMR (200 MHz, CDCl3) 6 1.33, 1.37, 1.56 
(3s, 12H, 2CMe2), 2.12 (m, 2H, H-61, 3.36 ( s ,  3H, OM& 5.82 

form s o l u t i o n )  1720 (C=O), 3440 (NH),  3550 cm” (OH) .  

Found: C, 57.63; H, 6.96; N, 2.39. 

3.35 ( S ,  3H, O W )  5-79 (d, 1H, J10,11=3 Hz, H - l l ) ,  7.35 ( s ,  

(d, I H ,  J10,11 = 3.8 HZ, H - l l ) ,  7.35 (5 ,  5H, CgH5); I R  (ch loro-  

Anal. Calcd f o r  C26H37011N: C, 57.88, H, 6.91; N, 2.60. 

Methyl 7,9-di-0-acetyl-2-(benzyloxycarbonyl)amin0-2,6- 
dideoxy-3,4:l0,11-di-0-isopropylidene- 6 -L-undecodialdo-( 11R)- ---= __ 
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furanose-(ll,8)-pyranoside-(l ,5 )  (12) - and ( 1 3 ) .  - To a s t i r r e d  

so lu t ion  of - 11 (53.6 mg) i n  pyr idine (2.0 m L ) ,  acetic anhydride 
(0.1 ITL) was added. Af te r  18 h the so lu t ion  was concentrated 
t o  dryness. The o i l y  res idue  was chromatographed on a s i l i c a  
gel column (C-200:C-300 5:3,  8 g,  1:2 ethyl  ace ta te - to luene)  t o  
give 53.1 mg (86.5%) of - 13 as an amorphous powder. 

Compound - 12 was obtained i n  almost quant i ta t ive  y i e l d  from 
10 by an analogous method a s  described above f o r  13. 12 was 
c r y s t a l l i z e d  from ethanol:  - 12 Rf 0.30 on TLC (1:2 e thyl  
acetate-toluene); mp 186-187 "C; [ + 197" ( c  0.3, 
chloroform); l H  NMR (90 MHz, COCl3)s 1.32, 1.53 (255, 12H, 
2CMe21, 2.06, 2.12 ( 2 s ,  6H, 20Ac), 3.29 ( s ,  3H, OMe), 5.78 ( d ,  
lH, J10,11=3.8HzY H-111, 7.35 ( s ,  5H, C6H5); IR(KBr) 1740 
(C=O) , 3440 cm-l ( N H ) .  

Anal.  Calcd f o r  C40H41013N: C ,  57.78; H ,  6.63; N, 2.25. 
Found: C ,  57.72; H ,  6.55; N ,  2.28. 
- 13: Rf 0.30 on TLC (1:2 ethyl  acetate-toluene): mp 85-87 

"C;  [,]A8 +124"(c 0.3,  chloroform), lH NMR (90 MHz, CDC13) 
6 1.33, 1.53 ( 2 s ,  12H, 2CMe2), 2.07, 2.10 ( 2 s ,  6H, ZOAc), 3.35 
( s ,  3H, OMe), 5.79 ( d ,  lH, J10 11'3.8 Hz, H-111, 7.35 ( s ,  5H, 
C6H5); IR (KBr) 1740 (C=O), 3440 cm-l ( N H ) .  

Anal.  Calcd f o r  C40H41013N: C ,  57.78; H ,  6.63; N ,  2.25. 
Found: C,  57.72; H ,  6.54; N, 2.08. 

Methyl 3,4,7,9 , 10 , 11 -hexa-O-acetyl-2- (benzyl oxycarbonyl - 
amin0-2~6-dideoxy- f3 -C-undecodi a1 do-furanose-( 11,8)-pyranoside- 
(1 ,5)  (14) and ( 1 6 ) .  - A s o l u t i o n  o f  - 12 (113.8 mg) i n  60% a c e t i c  
a c i d  (14 mL) was heated under reflux for 40 m i n  w i t h  s t i r r i n g .  
The reaction mixture was concentrated t o  dryness and the resi- 
due was chromatographed on a s i l i c a  gel column (C-200:C-3OOy 
1:1, 11 g, 1:5 e thanol - to luene) .  To the mixture of o i l y  pro- 
duct  (70 mg), Rf 0.25 and 0.18 on TLC (1:5 e thanol - to luene) ,  
pyridine (5.0 m L )  and acet ic  anhydride (0.5 mL)  were added 
under ice cooling. After s t i r r i n g  for 7 day, toluene (ca .  10 

- -  - 

- _  
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mL) was added, and the reac t ion  mixture was concentrated. The 

residue was chromatographed on a s i l i c a  gel column (C-300, 8 g, 
1:2 e thy l  acetate-toluene) t o  g ive 91.7 mg (71%) o f  o i l y  - 14 as 
an anomeric mixture.  By an analogous method as described above 

compound - 16 was obtained from - 13. 

- 14: Rf  0.41 and 0.36 on TLC (1 : l  e thy l  acetate-toluene). 

- 16: R f  0.39 and 0.33 on TLC (1 : l  e thy l  acetate-toluene). 

l-[Methyl 2 '  ,3' ,5' ,8' ,9'-penta-O-acetyl-lO'(benzyloxycar- 
bony1 lamino-6 ' ,lO'-dideoxy-a-L-galacto-D-al lo-undecodial do-(11 ' 
S)-pyranoside-(11' ,7 ' ) - fu ranosy l - ( l  ' ,4 ' )1-urac i l  (15) and 

- 1- [Methyl 2 ' 3 '  ,5' ,8' ,9'-penta-O-acetyl-lO'-(benzyloxycarbonyl)- 
amino-6 ' .10'-dideoxv-a-L-qalacto-D-tal o-undecodial do-( 11 'S)-py- 

ranoside-(11 ' ,7')-furanosy1-(1',4')1-~racil (17). To a 

s t i r r e d  so lu t i on  of - 14 (24.5 mg) i n  lY2-d ich loroethane (0.1 

m L )  , b i  s- ( t r ime thy l  s i  l y l  )u rac i  1 (12.8 mg) prepared by a conven- 

t i o n a l  method, and a so lu t i on  o f  stannic ch lo r i de  (16.7 mg) i n  
lY2-d ich loroethane (0.1 mL) were added below 10 "C under an 

argon atmosphere. A f te r  2 h a t  room temperature, chloroform 

(10 mL) and water (10 mL) were added t o  the reac t ion  mixture 
and the inso lub le  mat ter  was f i l t e r e d  o f f .  To the f i l t r a t e ,  
chloroform (10 mL) was added and the organic l a y e r  was washed 

successively w i th  saturated NaHC03 so lu t i on  (10 mL) and b r i n e  

(10 mL). The organic l aye r  was dr ied  over Na2S04 and concen- 
t ra ted .  The o i l y  residue was chromatographed on a s i l i c a  gel 
column (C-300, 2 g, 1:2 to luene-ethyl  acetate) t o  g ive 19.6 mg 
(74.5%) o f  - 15 as an amorphous so l id .  

By an analogous method as described above compound - 17 was 
obtained as an amorphous powder from - 16. 
- 15: Rf 0.45 on TLC (1:5 ethanol-toluene); mp 114-115 "C, 

[ago +90.8" ( c  0.6, chloroform),  l H  NMR (200 MHz, CDCl3) 6 

1.70, 1.91, 2.09, 2.13, 2.19 ( 5 s ,  18H, Ac), 3.36 (s, 3H, OMez), 
4.73 (d,  l H ,  J10' 111'3.9 Hz, H - l l ' ) ,  5.77 (dd, l H ,  J5,6=8.1 
Hz, J3,5=2.0 Hz, H-5), 5,83 (d, l H ,  J 1 ' , 2 ' =  5.1 Hz, H-1') 7.17 
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( d ,  l H ,  J5,6=8.1 Hz, H-6) 7.34 ( S ,  5H, CgH5), 8.72 (bs, l H ,  

H-3); IR (KBr) 1740 (C=O), 3400 cm-l (NH). 

Anal. Calcd f o r  C34H41017N3: C, 53.47; H, 5.41; N, 5.50. 

Found: C, 53.69; H, 5.40, N, 5.54. 
- 17: Rf 0.46 on TLC (1:5 e thano l - to luene) ;  mp 118-120 "C; 

c a l p  +56.1" ( c  0.85, ch lo ro fo rm) ;  1 H  NMR (200 MHz, CDCl3) 
6 1.64, 1.89, 2.09, 2.10, 2.15, 2.18 ( 5 s ,  18H, Ac), 3.37 ( s ,  

3H, OMe), 4.76 ( d ,  I H ,  J10i,11i=3,9 Hz, H-11'1, 5.82 (dd, l H ,  
J5,6=8.1 Hz, J3,5'2.O HZ, H-51, 6.13 (d,  I H ,  J1121=5.1 Hz, 

H - l ' ) ,  7.33(s, 5H, CgHij), 7 -46  (d ,  1H, J5,6'8-1 Hz, H-61, 8 -66  

( b s ,  l H ,  H-3); I R  (KBr) 1740 (C=O), 3340 cm-' (NH). 

Found: C, 53.62; H, 5.43, N, 5.37. 

Anal. Calcd f o r  C34H41017N3: c, 53*47; H, 5-41; N, 5-50. 
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