
JournaZ of LabeZZcd Compounds and Radiopharmaceuticals - VoL..YVIY,?h. 2 129 

1 4  SYNTHESIS OF 6-AMINO-6- C-HEXYL 1-THIO-a-D-MA"OPYRANOSIDE - 
P h i l i p p e  L .  D u r e t t e , "  Robert  L .  E l l swor th  and T. Y. Shen 

Merck Sharp & Dohme Research L a b o r a t o r i e s  
Rahway, New J e r s e y  07065 

SUMMARY 

The r a d i o l a b e l e d  i n s u l i n - l i k e  ca rbohydra t e  d e r i v a t i v e ,  6-amino-6-14C- 

hexy l  1-thio-a-g-mannopyranoside (6), h a s  been syn thes i zed  f o r  r e c e p t o r  

b ind ing  and mechanism-of-action s t u d i e s  by a two-step p rocess  from 5-bromo- 

p e n t y l  1-thio-a-2-mannopyranoside ( 4 ) .  Nuc leoph i l i c  d i sp lacement  r e a c t i o n  on 

compound 4 w i t h  sodium cyanide-I4C and subsequent  c a t a l y t i c  r e d u c t i o n  of t h e  

i n t e r m e d i a t e  n i t r i l e  5 a f f o r d e d  a f t e r  chromatography t h e  r ad iochemica l ly  pu re  

amine 6 w i t h  a s p e c i f i c  a c t i v i t y  of 47.3 m C i / m o l .  

- - 

- 
- 

- 
- 
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INTRODUCTION 

W e  have r e c e n t l y  r e p o r t e d  t h e  i n  v i t r o  i n s u l i n - l i k e  a c t i v i t y  on r a t  

ad ipocy te s  of 6-aminohexyl 1-thio-a-D-mannopyranoside - and s t r u c t u r a l  ana logs  

( 1 , 2 ) .  To a s s i s t  i n  t h e  e l u c i d a t i o n  of t h e  mechanism of a c t i o n  i n  c e l l u l a r  

and c e l l  membrane sys tems,  a r a d i o l a b e l e d  form of t h i s  nove l  s a c c h a r i d e  d e r i -  

v a t i v e  was r e q u i r e d .  A s y n t h e s i s  of carbon-14 l a b e l e d  m a t e r l a l  has  been 

developed ,  and t h e  r o u t e  is  d e p i c t e d  by t h e  fo l lowing  sequence: 

- 
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Reaction of 2-~-(2,3,4,6-tetra-~-acetyl-a-~-mannopyranosyl)-2-thio- - 

pseudourea hydrobromide (1) with two equivalents of 1,5-dibromopentane in 

the presence of potassium carbonate and potassium metabisulfite gave after 

chromatography crystalline 5-bromopentyl 2,3,4,6-tetra-0-acetyl-l-thio-a-E- 

mannopyranoside ( 2 ) .  1,5-Di-(2,3,4,6-tetra-~-acetyl-a-~-mannopyranosylthio)- - 

pentane ( 3 )  was also obtained as a by-product of the reaction. 

deacetylation of 2 afforded 5-bromopentyl 1-thio-a-D-mannopyranoside - (4), 

which could not be induced to crystallize. Since bromide 4 as a syrup proved 

to be unstable, the subsequent step in the sequence was carried out without 

delay. Introduction of the carbon-14 label into the molecule was achieved 

a nucleophilic displacement reaction on compound 4 with sodium ~yanide-'~C. 

Chromatography of the crude product provided 45.2 mCi (77.3% radiochemical 

- 

- 

.. 
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Sy:zt:zesis of 6-anin0-6-~~C-hezyl 1-thdo-a-D-mannopyroside 

y i e l d )  of t h e  pu re  n i t ~ i l e - ' ~ C  5.  

media te  i n  s a t u r a t e d  e t h a n o l i c  ammonia i n  t h e  p re sence  of Raney n i c k e l  y i e l d e d  

t h e  d e s i r e d  l a b e l e d  amine 6 .  P u r i f i c a t i o n  t o  tracer q u a l i t y  m a t e r i a l  w a s  

ach ieved  by g r a d i e n t  s i l i c a  column chromatography. Those f r a c t i o n s  which 

con ta ined ,  on t h e  b a s i s  of t . l . c . ,  r ad iochemica l ly  pu re  product  were combined 

t o  y i e l d  20.3 m C i  of 6 wi th  a s p e c i f i c  a c t i v i t y  of 47.3 mCi/mmol. 

C a t a l y t i c  hydrogenat ion  of t h i s  i n t e r -  - 

- 

The 

14  
6-amino-6- C-hexyl 1-thio-a-D-mannopyranoside ( 6 )  has  been employed i n  

i n v e s t i g a t i o n s  on t h e  mechanism of a c t i o n  of w-aminoalkyl g l y c o s i d e s  on f a t  

c e l l s  ( 3 )  and i n  ad ipocy te  s u r f a c e  membrane b ind ing  exper iments  ( 4 ) .  

- 

EXPERIMENTAL 

Genera l  methods. - S o l u t i o n s  were evapora ted  below 5OoC under  

d iminished  p r e s s u r e .  Me l t ing  p o i n t s  were de termined  wi th  a Thomas-Hoover 

"Unimelt" a p p a r a t u s  and are uncor rec t ed .  

a Zeiss p o l a r i m e t e r .  

Var ian  T-60 and SC-300 n.m.r. spec t romete r s ,  r e s p e c t i v e l y .  Column chromato- 

graphy was conducted wi th  e i t h e r  s i l i c a  g e l  60 No. 7734 (E. Merck; 70-230 mesh) 

o r  s i l i c a  g e l  60HR No. 7744 (E. Merck) . T.1 .c .  w a s  performed on p l a t e s  (250 

rm) of S i l i c a  G e l  GF254 (Ana l t ech ) ,  and v i s u a l i z a t i o n  w a s  e f f e c t e d  w i t h  a c e r i c  

s u l f a t e  (1%) - s u l f u r i c  a c i d  (10%) s p r a y .  Rad ioac t ive  zones on t . l ' .c .  were 

l o c a t e d  w i t h  a Varian Aerograph/Ber thold  Model LB2722 scanne r .  

was de te rmined  w i t h  a Packard Tri-Carb Model 3320 l i q u i d  s c i n t i l l a t i o n  

spec t romete r  u s i n g  0.4% omnif luor  i n  to luene -e thano l  (7:3) as s c i n t i l l a t o r  

medium. 

O p t i c a l  r o t a t i o n s  were measured w i t h  

N . m . r .  s p e c t r a  were recorded  a t  60 and 300 MHz wi th  

R a d i o a c t i v i t y  

131 
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- 2-S-(2,3,4.6-Tetra-0-acetyl-a-Q-mannopyranosyl)-2-thiopseudourea - 

hydrobromide (1). - A solution of tetra-2-acetyl-a-Q-mannopyranosyl - bromide 

(5) (78.8 g, 19.2 mmol) and thiourea (15 g, 19.7 mmol) in dry acetone (90 ml) 

was heated at reflux for 2 h. The mixture was then concentrated, and the 

- 

residue partitioned between water (100 ml) and chloroform (70 ml). The aqueous 

layer was exc,nc,ed with chloroform (50 ml), and the product allowed to 

crystallize from the aqueous layer overnight at 5' to yield 52.6 g (54%). 

analytical sample was obtained by recrystallization from water; m.p. 125-128'; 

An 

+ 103 
methanol) }. 

0.5' (c 1, acetone) {lit. (6) m.p. 131-133O; [a]:' + 106.8O (2 1, 
- - - 

&. Calc. for C H BrN 0 S.H 0: C, 35.65; H, 4.99; N, 5.54; Br, 15 23 2 9 2 

15.81; S, 6.34. Found: C, 35.54; H, 5.03; N, 5.61; Br, 15.90; S ,  6.40. 

5-Bromopentyl 2,3,4,6-tetra-O-acetyl-l-thio-a-~-mannopyranoside ( 2 ) .  - - 
To a mixture of 1 (2.3 g,  4.6 mmol), potassium carbonate (0.63 g, 4.6 mmol), 

and potassium metabisulfite (1.1 g, 4.9 mmol) in water (10 ml) was added a 

solution of 1,5-dibromopentane (2.1 g, 9 -1 mmol) in acetone (10 ml) . The 
mixture was stirred for 2 h at room temperature, concentrated, and the residue 

partitioned between dichloromethane and water. The organic layer was dried 

(sodium sulfate) and evaporated to a syrup that was applied to a column of 

silica gel ( E .  Merck, #7734) that was developed with 19:l chloroform-ethyl 

acetate. The title compound 2 was eluted first and was obtained as a solid 

that was recrystallized twice from ethanol; yield 1.5 g (64%); map. 91.5-93'; 

- 

- 

+ 85.8 If: 0.5' (2 1, chloroform). 

Anal. Calc. for Cl9HZ9BrO9S: 
- 

C, 44.45; H, 5.69; Br, 15.56; S, 6.24. 

Found: C, 44.63; H, 5.64; Br, 15.88; S, 6.40. 
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Further development with the same solvent system afforded the slower- 

moving 1,5-di-(tetra-~-acetyl-a-~-mannopyranosylthio)-pentane - ( 3 ) .  

Recrystallization from ethanol gave pure 3 (0.32 8); m.p. 119-120'; [a], 

+ 115 & 0.5' (r 1, chloroform). 

.., 
25 - - - 

Anal. Calc. for C H 0 S C, 49.74; H, 6.07; S, 8.05. Found: 33 48 18 2: 

C ,  49.84; H, 6.08; S, 8.16. 

5-Bromopentyl 1-thio-a-D-mannopyranoside (4). - To a mixture of the - - 
tetraacetate 2 (600 mg, 1.2 mmol) in dry methanol (6 ml) was added a catalytic 

amount of sodium methoxide. The mixture was kept overnight at room 

temperature, made neutral with Bio-Rad AG50W-X4 (H ) ion-exchange resin, the 

suspension filtered, and the filtrate evaporated. The residue was applied to 

a column of silica gel (E. Merck, //7734), and the desired product was obtained 

by development with 9:l chloroform-methanol; yield 355 mg (88%). Since the 

unprotected bromide 4 as a syrup was unstable when exposed to the atmosphere 

at room temperature, it was not further characterized but used immediately 

for the nucleophilic displacement reaction descrfbed below. 

- 
+ 

- 

5-Cyan0-5-'~C-pentyl 1-thio-a-E-mannopyranoside (5) . - Into a 100-ml .. 
round-bottom flask containing a magnetic bar for stirring was weighed 53.3 mg 

(1.04 mmol, 57.7 mCi/mmol, American Radiochemical Corporation Lot #376) of 

sodium cyanide-I4C. 

(4) (347 mg, 1.0 mmol) in dry DMF (10 ml) was then added and the mixture 

stirred under nitrogen for 4 h at 8OoC. 

evaporated in vacuo at r35'C, and the residue applied to a column of 

silica gel (E. Merck, //7744). Elution with 19:l chloroform-methanol 

afforded the chromatographically homogeneous nitrile 5 (300.3 mg, 45.2 mCi, 

77.3% radiochemical yield), isographic on t .1 .c. with authentic material (7) . 

A solution of 5-bromopentyl 1-thio-a-g-mannopyranoside 

- 
The cooled mixture was then 

.., 
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6-Amino-6-"C-hexyl 1-thioa-D-rnannopyranoside ( 6 ) .  - A s o l u t i o n  of - - 
t h e  1 4 C - n i t r i l e  5 (300.3 mg, 45.2 mCi) I n  s a t u r a t e d  e t h a n o l i c  ammonia (50 ml) 

was hydrogenated a t  35 p s i  f o r  6 h a t  25' in t h e  p re sence  of Raney n i c k e l  

c a t a l y s t  ( 100 mg). The c a t a l y s t  w a s  t h e n  removed by f i l t r a t i o n  through 

Celite under an  atmosphere of n i t r o g e n ,  t h e  f i l t e r  was washed w i t h  methanol,  

- 

and t h e  combined f i l t r a t e s  w e r e  evapora ted  under  d iminished  p r e s s u r e  t o  a f i n a l  

c o n s t a n t  weight  of 262 mg. T.1.c. a n a l y s i s  of t h e  r e a c t i o n  mix tu re  b e f o r e  and 

a f t e r  high-vacuum cons tan t -weight  d ry ing  i n d i c a t e d  t h e  p re sence  of a v o l a t i l e  

and n inhydr in -pos i t i ve  impur i ty  running  a t  t h e  s o l v e n t  f r o n t  and accoun t ing  

f o r  20-25% of t h e  t o t a l  r a d i o a c t i v i t y .  The r e s i d u e ,  o n l y  about  80-85% p u r e  

by t.1.c. r ad ioscan ,  was app l i ed  t o  a column of s i l i c a  g e l  (17  g ,  E .  Merck, 

#7744) t h a t  w a s  developed wi th  a t  f i r s t  1:l chloroform-methanol and subse-  

q u e n t l y  wi th  50:50:2, 50:50:4, and f i n a l l y  50:50:10 ch loroform-methanol -  

28.5% ammonium hydroxide .  The f r a c t i o n s  c o n t a i n i n g  r ad iochemica l ly  pure  

product  by t .1.c.  a n a l y s i s  were combined and evapora t ed  t o  a f f o r d  t h e  

n inhydr in -pos i t i ve  amine 6 (20.3 m C i ,  127  mg, 47.3 mCi/mmol), i s o g r a p h i c  w i t h  

a u t h e n t i c  material (7 ) .  The r ad iochemica l  y i e l d  w a s  44.9% (34.7% o v e r a l l  from 

sodium ~ y a n i d e - ' ~ C ) .  

s e c t i o n s  sc raped  from a t .1.c.  p l a t e  developed in e i t h e r  4 : l : l n - b u t a n o l -  

a c e t i c  ac id-water  o r  2:2:1 chlorofo1m-methanol-28.5% ammonium hydroxide  

i n d i c a t e d  a r ad iochemica l  p u r i t y  of 99%. I t s  300-MHz n.m.r. spec t rum i n  D 0 

w a s  i d e n t i c a l  t o  t h a t  of an a u t h e n t i c  sample (7 ,8 ) .  

- 
Analys i s  of t h i s  material by s c i n t i l l a t i o n  coun t ing  of 

2 
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The s y n t h e s i s  of un labe led  n l t r l l e  and 6-aminohexyl l-thio-a-e-manno- 

py ranos ide  w i l l  be r e p o r t e d  e l sewhere .  

Unlabe led  6-aminohexyl 1-thio-a-D-mannopyranoside (7 )  e x h i b i t e d  t h e  

f o l l o w i n g  p h y s i c a l  c h a r a c t e r i s t i c s :  m.p. 93-95’, la];’ + 188’ (c 1, 

methano l ) ,  n.m.r. (~OO-MIZ, D20): 

CH2NH2], 2.62-2.78 [m, 4H, -S-CH2-(CH2)4-%NH21, and 5.30 (s ,  l H ,  H-1). 

- Anal. Calc. for C12H25N05S: 

C ,  48.59; H ,  8.38; N, 4.57; S ,  10.79. 

- 

- 
6 1.34-1.72 [m, 8H, -S-CH2-(CH2j4- - 

- 
C ,  48.79; H ,  8.53; N ,  4.74; S ,  10.85. Found: 




