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ABSTRACT 

A number o f  deoxy and deoxyhalogeno analogues o f  myo- inosi to l  o f  
i n t e r e s t  i n  i n v e s t i g a t i n g  t h e  biochemical processes o f  thFiThosphoinosi- 
t i d e  pathway were s n thes i zed  Syntheses i nc lude  those deoxyinosi to1 s 
(cyclohexane pentol sr which correspond t o  m o i n o s i t o l  deoxygenated a t  
D o s i t i o n s  1. 4 and 5, as w e l l  as a s e t  o f  5-&-xvhaloqeno (F, C1, B r .  I )  
myo- and ep imf r i  c neb-f nosi to1 s. 
w a r i l y  on H NMRSpectroscopy. 

Conf igurat ional  assi-gnments a r e  based 

INTRODUCTIOW 

P h o s p h o i  n o s i  t i des  h a v e  r e c e n t 1  y emerged  as  compounds o f  

cons ide rab l  e i n t e r e s t  on accoun t  o f  t h e i r  re1  a t i o n s h i p  w i t h  sundry  

fundamental c e l l u l a r  pr0cesses.l - Several hormones and c e l l  growth 

f a c t o r s  med ia te  t h e i r  e f f e c t s  by  s t i m u l a t i n g  t h e  h y d r o l y s i s  o f  

p h o s p h a t i  d y l  i n o s i  t o l -4 ,5 -d iphospha te  (PIP2). The t w o  h y d r o l y s i s  

components o f  PIP2, d i a c y l  g l y c e r o l  (DAG) and i n o s i  t o 1  t r i p h o s p h a t e  

(IP3), a c t  as second messengers, e x e r t i n g  con t ro l  over processes such as 

ca lc ium release and p r o t e i n  phosphoryl at ion. Product ion o f  arachldonlc 
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320 JIANG, MOYER, AND BAKER 

HO OH 

r OR 0 n 

OH OH 

F i g .  I. Phosphoinos i t ide  Pathway 

a .  p h o s p h a t i d y l i n o s i t o l  synthetase (PI synthetase) ;  
b .  p h o s p h a t i d y l i n o s i t o l  k i n a s e  (P I  k i n a s e ) ;  c .  
phosphatidylinositol-4-phosphate k i n a s e  (P IP k i n a s e ) ;  
d .  phosphol ipase C .  R - -pa lmi toy1  o r  o t h e r  long- 
c h a i n  f a t t y  a c i d  c h a i n .  

acid,  t h e  p r i m a r y  s t a r t i n g  m a t e r i a l  i n  p r o s t a g l a n d i n  b i o s y n t h e s i  s, 
depends i n  p a r t  on DAG as a carbon source. These biochemical pathways 

i n f l  uence many physiol  ogical  processes and disease condi t ions i ncl ud i  ng 

a r t h r i t i s ,  pain,  i n f l a m m a t i o n ,  p l a t e l e t  aggregat ion,  and p o s s i b l y ,  

oncogenesi s. Thus i nhi b i  ti on o f  key enzymes a1 ong t h e  phosphoi nosi t i d e  

pathway could be o f  s i g n i f i c a n t  medicinal  i n te res t .  

I n  c o n s i  d e r i  ng t h e  d e s i g n  o f  i n h i  b i  t o r s  o f  t h e  enzymes i nvo l  ved, 

c e r t a i n  key processes come under  c o n s i d e r a t i o n  (see FIG. 1): (1) 
s y n t h e s i  s o f  phosphat i  d y l  i n o s i  t o 1  (PI 1 f r o m  i n o s i  t o1  and c y t i  d i  ne 

monophosphate d i  g l yce r ide  (CMP - di g l  y c e r i  del  [ v i  a phosphati dyl i nosi to1 

(PI) synthetasel, ( 2 )  phosphoryl a t i o n  o f  t h e  r e s u l t i n g  phosphoinosi t ide,  

f i r s t  a t  C-4 ( v i a  PI k inase ) ,  t h e n  a t  C-5 ( v i a  PIP k inase ) ,  and ( 3 )  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



DEOXY AND DEOXYHALOGENO ANALOGUES OF ~ ~ o - I N O S I T O L  321 

OH OH 

OH 

F i g .  2 .  me-Inositol 

h y d r o l y s i s  o f  PIP2 t o  DAG and I P 3  ( v i a  p h o s p h o l i p a s e  C). A l l  a r e  

considered impor tan t  t a r g e t s  f o r  drug design. These reac t i ons  i n v o l v e  

e s s e n t i a l l y  p o s i t i o n s  a t  C - 1 ,  C-4, and C-5 on t h e  m y o - i n o s i t o l  r i n g  

(FIG. 21, and t h e s e  c e n t e r s  were  t h e r e f o r e  t a r g e t e d  f o r  s y n t h e t i c  

mod i f i ca t i on .  The o b j e c t i v e s  were t o  produce analogues o f  myo- inos i to l  

t h a t  wou ld  be  i n h i b i t o r s  o f  t h e  above-ci ted key enzymes, e i t h e r  d i r e c t l y  

(i.e., f o r  t h e  f i  rst-encountered enzyme, P.I. synthetase) o r  i n d i r e c t l y  

(i.e., f o r  P I -  o r  P I P - k i n a s e  o r  p h o s p h o l i p a s e  C) v i a  t h e  i n c o r p o r a t i o n  

o f  f r a u d u l e n t  c y c l i t o l s  i n t o  t h e  P I  pathway, a p r o c e s s  w h i c h  s h o u l d  

a f f e c t  e i t h e r  b iosyn thes is  o r  h y d r o l y s i s  a t  l a t e r  stages. To t h i s  end, 

a number o f  deoxy- and deoxyhal  ogenocyc l  i t o 1  s were  s y n t h e s i z e d  w i  t h  

m o d i f i c a t i o n  a t  t h e  key 1 (31, 4, and 5-posi t ions.  The chemical aspects 

o f  t h i s  work a r e  presented i n  t h i s  paper. 

- 

- 

RESULTS AND DISCUSSION 
D e o x y i  n o s i  t o 1  5 .  O f  t h e  t e n  p o s s i  b l  e d e o x y c y c l  i t o 1  s 

(cyc l  ohexanepentol 5 )  known,5 those considered f o r  syn thes is  (See Schemes 

1 and 2.1, based on t h e  s t e r e o c h e m i s t r y  known f o r  t h e  p h o s p h a t i d y l -  

i n o s i t o l  (FIG. 1) i n c l u d e  t h e  1-deoxy-)-chiro- - (4 ,  i.e., t h e  "1- o r  3- 

deoxy-myo-" - o r  t h e  &124/35 - isomer, (+)-v i  bu rn i  to1  [38653-82-01),6*7 t h e  

2-deoxy-kepi  - - (8, " 4 - d e o x y - ~ - "  o r  1235/4 i somer c488-74-43 and 5- 

deoxy-myo- inos i  t o 1  (12, t h e  123/46 i s o m e r  [26671-58-91).9 - l1 A S  

e x i s t i n g  routes6 - * t o  t h e  c h i r a l  isomers 4 and 8 a r e  l eng thy  and o f t e n  

l o w  y i e l d i n g  o r  r e q u i r e  spec ia l  s t a r t i n g  ma te r ia l s ,  o r  both, t h e  p resen t  
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322 J I A N G ,  MOYER, AND BAKER 

r e s e a r c h  was d i r e c t e d  t o w a r d  d e v e l o p i n g  r e 1  a t i v e l y  s t r a i g h t f o r w a r d  

rou tes  f rom - myo- inos i to l  t o  t h e  racemic compounds 4 and 8, along w i t h  

developing a p r a c t i c a l  syn thes is  o f  t h e  meso compound 12. 

l -Deoxy -Q,h -ch i ro - i nos i  - t o 1  (C81623-43-01, 4) .  A d i r e c t  r o u t e  t o  

t h i s  racemic compound i s  shown i n  Scheme 1. 4-0-Benzyl-1,2:5,6-di-O- - - 
c y c l  o h e x y l  i d e n e - m y o - i n o s i t o l  (1) was p r e p a r e d  b y  p h a s e - t r a n s f e r  

benzy la t i on l2  o f  1,2:5,6-di-O-cycl - ohexy l  idene-myo- i  n o s i  t o 1  ,13 i t s e l f  

p r e p a r e d  b y  an  i m p r o v e d  c y c l  ohexy l  i d e n a t i o n  process.14 Deoxygenation 

was a f f e c t e d  by one of t h e  methods of  Bar ton  and McCombie15 t h a t  makes 

use  o f  t h e  i n t e r m e d i a t e  3 - O - ( l - i m i d a z o l  - t h i o c a r b o n y l )  d e r i v a t i v e  2, 

d e r i v e d  f r o m  1 by  r e a c t i o n  w i t h  1,l'-thiocarbonyldiimidazole i n  -- N,N- 

d i m e t h y l  formamide. The r e s u l t i n g  t h i o n o e s t e r  2, i s o l a t e d  i n  g r e a t e r  

SCHEME I 

OH - 
0 8 - a. pR b .  8 C .  Ho a 

0021 0021 0021 OH 

i 2 3 4 

B 
B Z l  = -CH$h; R = -C- 

a .  I. 1'-thiocarbonyldiimidazole: 
b. n-BuGnH - AIBN; C .  H, - Pd (OH1 a/C, HOAC 

than 90% y i e l d ,  was reac ted  w i t h  t r i - n - b u t y l  - t i n  h y d r i d e  and 2,2-azobis- 

( 2 - m e t h y l p r o p i o n i t r i l e )  t o  g i v e  t h e  deoxygenated 3 i n  75% y i e l d .  Th i s  

process from 1 t o  3 was found super ior ,  a t  l e a s t  i n  o u r  hands, t o  o t h e r  

methods o f  deoxygena t ion  o f  i n o s i  t o 1  s7 w h i c h  have  been employed. 

D e p r o t e c t i o n  t o  4 was c l e a n l y  e f f e c t e d  v i a  h y d r o g e n o l y s i s  - a c e t a l  
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DEOXY AND DEOXYHALOGENO ANALOGUES OF F - I N O S I T O L  323 

h y d r o l y s i s  i n  a c e t i c  acid. The sequence o f  reac t i ons  o f  1 t o  4 c o u l d  be 

f o l l o w e d  by l H  N M R  spectroscopy. Conversion o f  1 t o  2 was accompanied 

by a pronounced down f ie ld  s h i f t  o f  t h e  H-3 resonance by 1.91 ppm which 

i s  c h a r a c t e r i s t i c  o f  such derivatives.16 Deoxygenation a t  C-3 i n  3 was 

ev idenced  b y  t h e  appearance o f  t w o  h i g h - f i e l d  m u l t i p l e t s  (61.83 and 

2.37) t y p i c a l  o f  gemina l  p r o t o n s  c o u p l e d  t o  t w o  d i f f e r e n t  p ro tons .  

Compound 4 was i d e n t i c a l  i n  mp t o  t h a t  p r e v i o u s l y  r e p o r t e d  f o r  "d, l -  -- 
v i b u r n i  t o1  ,'I6 and t h e  l H  N M R  spec t rum s u p p o r t e d  t h e  s t r u c t u r e .  The 

expec ted  c o n f o r m a t i o n  h a v i n g  a l l  OH g roups  e q u a t o r i a l ,  i s  i n d i c a t e d .  

The geminal H's a t  C-3 appear as c h a r a c t e r i s t i c  AB m u l t i p l e t s  a t  61.56 

and 2.10, r e s p e c t i v e l y ,  and t h e  s o l e  e q u a t o r i a l  H a t  C-2 i s  i s o l a t e d  

d o w n f i e l d  a t  64.07. H-4 i s  a complex  m u l t i p l e t  c e n t e r e d  a t  63.77. 

Whi le  t h e  sp in -sp in  s p l i t t i n g s  for both  H - 1  and H-6 a r e  obscured due t o  

over lapp ing  l i n e s ,  t h e  t r a n s  d i a x i a l  arrangement f o r  H-5 i s  evidenced by 

t h e  p s e u d o t r i p l e t  a t  63.25 h a v i n g  54,s = J5,6 = 9 Hz. 

2-Deoxy-D,L-epi- i  n o s i  t o 1  "488-74-41, 8). T h i s  racemic compound, 

considered a "4-deoxy-myo-i - nosi t o 1  ,'I was s y n t h e s i z e d  f rom 5-O-benzyl - - 
1,2:3,4-di-O-cycl - ohexy l  i d e n e - m y o - i n o s i t o l  - (5)12 as shown i n  Scheme 2. 

Thus 5 was c o n v e r t e d  t o  i t s  6-O-(l-imidazolthiocarbonyl) - d e r i v a t i v e  6 

(62%), and t h e  l a t t e r  was deoxygenated t o  g i ve  7 i n  73% y i e l d .  As w i t h  

t h e  f o r e g o i  ng exampl e, l H  N M R  spec t roscopy  s u p p o r t e d  t h e  a s s i g n e d  

s t r u c t u r e s ,  w i t h  H-6 i n  6 show ing  a 2.17 ppm s h i f t  d o w n f i e l d  and t h e  

s i t e  o f  deoxygenation i n  7 showing a r a t h e r  nondescr ipt  m u l t i p l e t  wh ich  

i n t e g r a t e d  f o r  two  hydrogens. Depro tec t ion  o f  7 t o  g i v e  8 was e f f e c t e d  

i n  h i g h  y i e l d  b y  h y d r o g e n o l y s i s  i n  a c e t i c  acid.  The p r o d u c t  8 had mp 

208 - 210 OC w i t h  cons iderab le  decomposit ion a t  ca. 190 OC. Th is  va lue  

agrees  w i t h  t h a t  o f  e a r l i e r  ~ 0 r k e r s . l ~  - 2o The mos t  s t r i k i n g  

c h a r a c t e r i s t i c s  of  t h e  'H N M R  spectrum o f  8 i n c l u d e  t h e  AB m u l t i p l e t s  a t  

61.78 and 1.97 f o r  H-4, and H-4b and t h e  e q u a t o r i a l  H-2 resonance a t  6 

4.08, a m u l t i p l e t  r e f l e c t i n g  an ax ia l -equa to r ia l  sp in -sp in  coupling. A 

m u l t i p l e t  a t  63.81 c o u l d  b e  a s s i g n e d  t o  e i t h e r  H-3 o r  H-5. The 

r e m a i n i n g  p r o t o n s  a r e  c o n t a i  ned i n a compl ex enve lope  o f  resonances  

r a n g i  ng f r o m  6 3.38 - 3.83. 
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3 2 4  JIANG, MOYER, AND BAKER 

SCHEME 2 

HO OH - 0 0  

- OBI1 

0 0  

OBI1 - Qba. 0 0  Qbb. Q b c .  Q 
0111 

Ho RO HO 

0 0 0 

5 6 7 8 

n 

9 10 11 

1 
621 = -CHPh: R = -C-a 

--n 

a. 1. 1'-thiocarbonyldiimidazole: 
b .  n-Bu,SnH - AIBN: C .  H, - Pd [OH) 3/C, HOAc 

12 

5-Deoxy-myo-inositol (C26671-58-91, 12). While t h i s  compound has 

been p r e v i o u s l y  r e p ~ r t e d , ~  - l1 no d i r e c t  r o u t e  f r o m  m y o - i n o s i t o l ,  a 

l o g i c a l  precursor,*l has been heretofore reported. Such a d i r e c t  rou te  

i s  shown from 6-0-benzyl-1,2:3,4-di-0-cyclohexyl - - idene-myo-i  nos i  to1 ( 9 )  

i n  Scheme 2. Compound  9 was  c o n v e r t e d  t o  t h e  5 - 0 - ( 1 -  - 
imidazol th iocarbonyl)  d e r i v a t i v e  10, t h e n  s u b j e c t e d  t o  deoxygenat ion 

w i t h  t r i - n - b u t y l t i n  - h y d r i d e  - A I B N  t o  g i v e  t h e  d e o x y c y c l i t o l  11 i n  an 

overa l l  y i e l d  o f  78%. As w i t h  t h e  previous examples, t h e  conversion of 

9 t o  11 was c l e a r l y  shown by l H  NMR spectroscopy, w i t h  H-5 i n  10 moving 

d o w n f i e l  d by >2 ppm upon f o r m a t i o n  o f  t h e  ( l - i m i d a z o l  t h i o c a r b o n y l )  

der ivat ive.  Th is  wide l o w - f i e l d  doublet  (65.941, which showed a J4,5 = 

7.3 Hz, w i t h  no c o u p l i n g  t o  H-6, i s  e x p l a i n e d  upon e x a m i n a t i o n  o f  a 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



DEOXY AND DEOXYHALOGENO ANALOGUES OF z - I N O S I T O L  325 

Dre id ing  model which revea led  a conformat ion whereby H-5 and H-6 would 

assume a d ihedra l  ang le  of approximately goo. The conversion o f  9 t o  10 

appears  t o  be  accompan jed  b y  a d i s t o r t i o n  o f  t h e  r i n g  t o  g i v e  a n e a r l y  

t rans -d iax ia l  arrangement f o r  H-3 - H-4 - H-5 as evidenced by t h e  l a r g e  

coup1 i ngs. The 1 H  N M R  spec t rum o f  11 showed one o f  t h e  H-5 m e t h y l  ene 

p r o t o n s  a t  62.45, t h e  o t h e r  b e i n g  obscu red  b y  t h e  c y c l o h e x y l i d e n e  

resonances. D e p r o t e c t i o n  o f  11 by  h y d r o g e n o l y s i s  i n  a c e t i c  a c i d ,  as 

w i t h  t h e  prev ious  examples, a f f o r d e d  c r y s t a l l i n e  12 i n  86% y i e l d .  The 

mp o f  1 2  was f o u n d  t o  b e  some 10 OC h i g h e r  t h a n  t h a t  p r e v i o u s l y  

p ~ b l i s h e d ; ~  however, t h e  'H NMR spectrum matched e x a c t l y  t h a t  r e c e n t l y  

repo r ted  f o r  12.11 

Deoxyhal ogenocycl i to1 s. Cyc l  i t o 1  s h a v i n g  s e l  e c t e d  hyd roxy  

f u n c t i o n s  rep1 aced b y  ha1 ogen were  t a r g e t e d  f o r  s y n t h e s i s .  Such 

r e p l a c e m e n t s  a t  t h e  C-4 and C-5 p o s i t i o n s ,  f o r  example, c o u l d  

s t r a t e g i c a l l y  serve  t o  b lock  enzymic phosphory la t ion  a t  those s i t e s  on 

p h o s p h a t i d y l i n o s i t o l  ( P I )  known t o  b e  p h o s p h o r y l a t e d  b y  PI- and P I P -  

k i  nase, respec t ive ly .  The synthesi  S of  f l u o r i n a t e d  d e r i v a t i v e s  seemed 

p a r t i c u l a r l y  a t t r a c t i v e ,  as f l u o r i n e  i s known t o  be  v i r t u a l l y  i s o s t e r i c  

w i t h  hydrogen; however, inasmuch a s  1 i ttl e i s known c o n c e r n i  ng t h e  

s t e r i c  t o l e r a n c e s  o f  t h e  enzymes o f  t h e  P I  pathway,22 o t h e r  ha logeno  

ana logues  m i g h t  b e  of  i n t e r e s t ,  p a r t i c u l  a r l  y t h o s e  w h i c h  r e t a i  n t h e  

na tu ra l  - myo conf igura t ion .  Targeted f o r  syn thes is  were those cyc l  i to1 s 

w i t h  deoxyhal ogeno f u n c t i o n a l i t y  a t  (my0 numbering) t h e  C-4 f o r  t h e  myo- 

and e p i - c o n f i g u r a t i o n s ,  as w e l l  as a t  C-5 f o r  t h e  myo- and neo- 

con f igu ra t i ons .  

- - 
- - - 

4-Deoxy-4-fl uoro-myo-i nos1 to1 16. Compound 16 was prepared v i a  t h e  

sequence shown i n  Scheme 3. O f  t h e  methods a v a i l  a b l  e f o r  f l  uoro-de- 

hydroxyl  a t i  on, d i  e thy l  ami nosul fur  tri f l  u o r i  de (DAST)23 has emerged as a 

f a v o r e d  r e a g e n t  f o r   carbohydrate^.^^ The r e a g e n t  has advantage o v e r  

t r a d i t i o n a l  methods o f  f l u o r i d e  i o n  displacements i n  t h a t  o n l y  a s i n g l e  

s tep ,  o n e - f l a s k  r e a c t i o n  i s  r e q u i r e d  t o  c o n v e r t  OH t o  F. 3-0-Benzyl-  

1,2:5,6-di-O-cycl ohexyl idene-myo-inosi to1  (13) was reac ted  w i t h  DAST a t  

20 - 65 OC t o  g i v e  a m i x t u r e  o f  e p i m e r s  1 4  and 1 5  i n  y i e l d s  o f  31% and 

- 

- 
- - 
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326 JIANG, MOYER, AND BAKER 

SCHEME 3 

i 
HO OH ACO OAC 

HO P"'Q' ACO 

f f 

16 17 

a .  O i e t h y l a m i n o s u l f u r  t r i f l u o r i d e  (DASTI; 
b .  H2 - Pd (OH1 JC. HOAc; c .  Ac,O - p y r i d i n e  

8.8%, r e s p e c t i v e l y .  E x a m i n a t i o n  o f  t h e  I H  NMR s p e c t r a  f o r  14 and 15 

p e r m i t t e d  a t e n t a t i v e  assignment o f  c o n f i g u r a t i o n s .  The mos t  obv ious  

resonances were those assoc ia ted  w i t h  H-4: i n  each case w ide  p r imary  H-F 

coup l  i n g s  o f  51  and 45 Hz, r e s p e c t i v e l y ,  f o r  1 4  and 15 were  observed 

( p a r t i a l l y  obscured by t h e  benzyl resonances i n  14). That  14 was indeed 

a p r o d u c t  o f  r e t e n t i o n  o f  c o n f i g u r a t i o n  was i n d i c a t e d  by J3,4 = 3.7 Hz 

and 54,s = 8.0 Hz i n  compar i son  w i t h  3.7 and 4.4 Hz f o r  t h e  same 

coup l ings  i n  15. Depro tec t ion  o f  14 under c o n d i t i o n s  o f  hydrogenolysis 

- a c i d  h y d r o l y s i s  gave f r e e  4-deoxy-4-fl uoro-myo-inosi - to1 (161, i s o l a t e d  

i n  87% y i e l d .  H-4 of 16 appeared as a " d o u b l e t  o f  pseudo t r i p l e t s "  

r e p r e s e n t i n g  a b r o a d  H-F coup l  i n g  o f  53 Hz and 53,4 = 54,s = 9.4 Hz, 

i n d i c a t i n g  a s e t  of consecut ive t r a n s  d i a x i a l  coup l ings  i n  t h e  H-3 - H-4 

- H-5 p o r t i o n  o f  t h e  m o l e c u l e  ( 5 1 , ~  = 4.1 and J2,3 = 2.8 Hz, w h i l e  

over lapp ing  resonances prevented chemical s h i f t  assignments f o r  H-1, H-5 

o r  H-6.) The I H  NMR spec t ra l  assignments i n  16 were f u r t h e r  conf i rmed 
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Table 1. lH NMR Data for Compounds 1 - 44? 
U 
0 
x 4 

m 

s= z 
W 

Other 

1 A 4.369t 4.45dd 4.03$t 3.90dd 3.56dd 

(7.3) (3.6) (1.7) (7.9) (10.5) 

2 A 

3 A 

4.509t 4.66dd 5.94dd 3.94dd 3.71dd 

(7.2) (3.7) (2.0) (7.7) (10.9) 

4.20dd 4.44dd 1.83ddd 3.39- 3.61m 

(8.0) (5.2) (10, 5.215 

2.37ddd 

(10. 4.415 

4 8 3.46-3.624 4.07m 1.56666 3.77ddd 3.250t 

(width 8.65) (10, 2.2)s (wldth -26) (9) 

2.10 dSt 

(10. 4.415 

5 A 4.20$t 4.639t 3.71dd 4.079t 3.52dd 

(5.6) (3.1) (9.9) (9.6) (7.0) 

4.19dd 

(7.4) 7.50 (m. 5H. aryl) 

1.22 - 1.84 (m. 20H. cyclohex.), 
4.66. 4.81 (2d, PhCb), 722 - 

4.00dd 1.2 - 1.77 (m, 20H. cyclohex.), 
4.81 (bs, 2H, PhCH ), 7.22 - 

(7.2) 7.44 (m, 5H. aryl? 7.05, 7.64, 
8.37 (3s. lH, imidazole) 

3.86St 

(8.0) 7.45 (m. 5H. aryl) 

1.2 - 1.75 (m, 2OH. cyclohex.), 
4.66, 4.83 (2d. PhCy), 7.22 - 

3.86+t 1.2 - 1.8 (m, 20H, cyclohex. 1, 

(5.6) (m. 5H. aryl) 
4.6 (la. 2H. PhC%), 7.26 - 7.42 

cont’d. 

W 

0 
x 
4 
2 

0 
0 
m 

m 

K 

5 
s= 

r 0 
0 
c M 
rn 

3 

0 
-4 

6 H z 0 
rn 
H 
4 
0 
r 

(L, 
N 
4 
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Table 1, cont'd. 

Other H1 H2 H3 H4 H5 H6 

(51,2) (52.3) (53.4) (54.51 (J5,6) (J6.1) 
Compound Sol vent!! 

6 A 4.47dd 

(6.0) 

7 A 4.45dd 

(6.4) 

0 B 3.38-3.83111 

9 A 

10 A 

11 A 

4.43Jlt 

(6.21 

4.53dd 

(7.0) 

4.36yt 

(5.0) 

4.70dd 

(3.1) 

4.53dd 

(3.3) 

4.08W 

(2.5) 

4.65yt 

(3.31 

4.74$t 

(3.3) 

4.68gt 

(3.2) 

3.71dd 

(10.2) 

3: 36dd 

(10.2) 

3.81ddg 

(2.0) 

3.48-3.84111 

4.13dd 

(10.6) 

3.74-3.04m 

4.27dd 

(9.0) 

4.21dd 

(9.0) 

1.78111 

(12.0) 

1.97ddd 

4.03yt 

(9.11 

4.45dd 

(7.3) 

3.98dyt 

(6 llnes) 

3.8Odd 6.03$t 1.2 - 1.95 (m, 2OH. cyclohex.). 

(4.8) (4.6) (m. 5H. aryl), 206, 7.53, 8.22 
4.7 (m. 2H. PhCH 1, 7.2 - 7.45 

(3s. 1H, lmidazole) 

2.04111 1.2 - 1.8 (m, 20H. cyclohex.), 
4.67, 4.79 (2d, ZH, PhCH 1, 

3.80dd 

(5.4) (width 13.5) 7.30 - 7.42 (m, 5H, aryd 

3.38-3.83111 

3.48-3.84111 1.2 - 1.85 (m, 20H. cyclohex.), 

7.35 (m, 5H. aryl1 
4.68, 4.92 (Zd, PhC%), 7.29 - 

3.93d 1.25 - 1.9 (m. 20H. cyclohex.), 

(0) (2.9) 7.35 (m. 5H. ary1).3.05. 7.62, 
8.32 (3s, 1H. imidarole) 

5.946 
4.68, 4.71 (2d. PhCH 1, 7.29 - 

2.45! --9 - 1.28 - 1.8 (m, 21H. cyclohex.),! 
4.67 (1. ZH, PhC9). 7.30 - 7.35 

(wldth 191 (m, 5H. aryl) 

=r z- z 
0 " 
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12 

13 

14 

15 

16 

17 

8 3.46dd 4.04yt 

(2.9) (2.7) 

A 4.21dd 4.41W 

(5.4) (4.8) 

A 4.31yt 4.38yt 

(5.4) (3.7) 

A 4.10-4.47111 

8 3.51-3.80111 4.08dd 

(4.1) (2.8) 

A 5.09-5.49111 5.63dd 

(6.31 (3.1) 

3.46dd 3.73-3.86m 2.19ddd --! 
(9.8) (4.5, 12.O)C 

1.30dd 

(4.5. 12.0)s 

3.57dd 4.09ddd 3.31$t 3.78dd 

(7.1) (10.0) (9.8) (8.4) 

3.84dgt 4.88ddd 3.59ddd 4.03N 

(3.7, 16.5 H-F) (8.0. 
51.1 H-FI 

110.7. 
18.1 H-F) 

(7.2) 

3.63ddd 4.90ddd 4.10-4.47m 

(3.7, 11 H-F) (4.4, 45 H-F) 

3.84ddd 4.50dW 3.51-3.801~1 

(9.4) (9.4, 53.2 H-F) 

5.09-5.49111 4 .8Od$t 5.09-5.49111 

(9.5) 19.5. 51.6 H-F) 

1.26 - 1.82 (n, 20H. cyclohex.), 
4.70, 4.80 (2d, 2H, PhC91, 7.31 
- 7.42 (m, 5H, aryl) 

1.25 - 1.82 (m, 20H, cyclohex. ), 
4.75 (bs, 3H,1 PhC5) 7.29 - 
7.37 (m, 5H. aryl) 

1.28 - 1.84 (n. 20H, cyclohex.), 
4.71, 4.92 (2d. ZH, PhC9). 7.27 
- 7.39 (in, 5H, aryl) 

2.00, 2.03. 2.08, 2.10 (4s. 3H 
ea., acetyl) 

U 
m 
w 4 

a- z W 
W 

0 
x 4 
X 

0 
0 

m 

F 

3 
m 

a- z 
2 b 0 
C 
W 
v) 

0 
-J 

I! H 
z 0 
v) 
H 
I4 
0 
r 

cont'd. 
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Table 1, cont'd. 

Other HI H2 H3 H4 H5 H6 

(J1,2) (J2,3) (J3.4) (54.5) (J5,6) (J6.1) 
Compound Sol vent!! 

18 A 4.39dd 4.67dd 

(5.2) (3.7) 

I9 A 4.48dd 4.59-4.970 

(6.6) 

20 8 3.81- 3.900 4.1 1 Ct 

(2.7) 

21 B 3.58dd 4.05W 

(2.7) (2.7) 

22 

23 

A 5.33-5.44111 5.67$t 

(2.71 

5.02dd 5.54-5.710 A 

(2.5) 

4.22dlM 3.90dd 5. lOdd 3.45ddd 1.22 - 1.84 (m. 20H. cvclohex. 1. 
4.79 (bs, 2H, PhCH i. 7.28 - 

(9.0) (-0, 11.9, (6.7, 7.41 (m, 5H. aryl? 
28.2 HF) 55.5 H-F) 30.5 H-F) 

3.ROddd 4.28ddd ca. 4.8 3.95ddd 1.22 - 1.82 (m. ZOH, cyclohex.), 
4.62, 4.74 (2d, J- 11.7, PhC$). 

(10.0) (8.0. 18.2 H-F) (7.7) (6.7, 7.30 - 7.41 (m, 5H, aryl) 
20.6 H-F) 

3.78-3.90m 3.96dd 4.91d. t 3.73-3.90111 

(2.2) (2.2, 52.8 H-F) 

3.90d$t 4.28dlLt 3.90dW 3.58dd 

(10.1) (9.2, 14.4 H-F) (9.2, 51.8 H-F) (9.0, 14.4 H-F) 

5.33-5.44111 5.22dd 5.05dyt 5.33-5.4411 2.02. 2.11, 2.17 
3H. respec ti vel y , 

(2.0) (2.0. 54.4 H-F) 

5.02dd 5.54-5.711~ 4.50d$t 5.54-5.71111 2.01, 2.09, 2.22 
3H. respect 1 vel y , 

(10.4) (9.4) (9.4. 50.8 H-F) 

3s. 6H, 6H, 
-0Ac's) 

3s. 6H, 6H, 
-0Ac's) 
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DEOXY AND DEOXYHALOGENO ANALOGUES OF myo-INOSITOL 

E 
I- h 

0 
I W 

W 
'9 

Y 
3 
n n 

0 

E 
I- 

U 
? 

8 
0 

E 
I- h 

0 
I u) 

'9 
n 

U 3 0 

u 
n 

C 
I- 

U 

0 

u 

? 

? 
I 

4 

E 
ln 

E ? 
In W 

8 W In 
n W 

n 

Y + -  
0 .  . u  u -  

n ,  

0 v -  

- u  u -  
0 , " .  

U 3 -  

. u  
s ' 9  
u -  E 

0, N 

U I 
e N 
h N 

* -  0 
d 

7'9 
9 -  
O d  

0 

E W N 

U 
I 

0 c 

U 

4 4 4 4 4 

v) N * N x m R N h N 

331 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



Table 1, cont'd. 
w 
w 
N 

Compound Sol vent!! Other H6 

(J6.1) 

31 

32 

33 

34 

35 

36 

37 

3.90dd 

(2.9) 

3.82-3.90111 

3.85dd 

(3.1) 

5.47dd 

(2.7) 

5.47dd 

(3.0) 

5.41dd 

(3.0) 

4.12dd 

(4.8) 

4.066t 

(3.6) 

4.04d 

(1.7) 

3.976t 

(3.1) 

5.64Jlt 

(2.7) 

5.616t 

(3.0) 

5.546t 

(3.0) 

4.34Jlt 

(4.8) 

3.90dd 4.06yt 

(10.1) (3.2) 

3.82-3.98n 

3.85dd 

(9.8) 

5.47dd 

(10.6) 

5.47dd 

(10. 5) 

5.41dd 

(10.41 

3.97dd 

(9.8) 

3.19dd 

(3.7) 

5.36dd 

(3.2) 

5.20dd 

(3.6) 

4.58dd 

(4.0) 

3.82dd 

(2.4) 

4.58pt 

(3.2) 

4.65pt 

(2.4) 

4.70tt 

(3.7) 

4.816t 

(3.2) 

4.85$t 

(3.6) 

4.9311't 

(4.0) 

5.786t 

(2.4) 

4.06dd 

(9.6) 

3.82-3.98a 

3.19dd 

(9.8) 

5.36dd 

(10.6) 

5.20dd 

(10.5) 

4.58 

(10.4) 

3.43dd 

(7.8) 

2.02, 2.11, 2.17 (3s; 6H, 
3H. respectively; -0Ac's) 

2.02, 2.11, 2.17 (3s; 6H, 
3H. respectively; -0Ac's) 

2.02. 2.11, 2.17 (3s; 6H. 
3H, respectively; -0Ac's) 

" 

a= 
3 

G 
m 
P 

a- 

1.22 - 1.70 (m. 10H, cyclohex.), 
1.12 (t, 3H, Pr), 2.36 (9, 2H, 
Pr), ca. 4.75 (m, 6H, PhCH 1, 
7.25 - 7.41 (m. 15H. aryl? 
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38 

39 

A 4.10-4.13111 4.10-4.13111 4.10-4.13m 

(9.2) 

3.79dd 

(2.9) 

4.10-4.13111 3.4566 

(2.4) (6.7) 

W 
0 
x 4 

m 

> z W 1.25 - 1.86 (m. 10H, cyclohex.), 
ca. 4.8 (m, 6H, PhC$). 7.28 - 
7.46 (m, 1%. aryl) 

A 4.09dd 

(5.3) 

4.29dd 

(3.7) 

3.66dd 

(8.3) 

3.79jt 

(8.3) 

3.97d0t 3.79vt 

(8.3) (ca. 8.5) 
W 
n 0 
x 4 
X 

0 
0 

0 z 
3.86d 40 

41 

42 

3.92-4.11111 3.86:,d 1.20 - 1.84 (m, 10H. cyclohex.), 
ca. 4.8 (m, 6H. PhC9). 7.28 - 
7.48 (m, 15H, aryl) 

A 3.92-4.11111 

(5.0) 

4.29dd 

(4.0) 

3.64dd 

(8.4) 

8 3.56dd 

(2.6) 

4.09$t 

(2.6) 

3.56dd 

(9.8) 

3.79yt 

(9.6) 

3.68i.t 3.79yt 

(9.6) (9.8) 

B 3.56dd 

(2.8) 

4.09yt 

(2.8) 

3.56dd 

(9.3) 

3.92111 

(9.9) 

3.67m 3.92111 

(9.9) (9.3) 
0 
rrl 

43 A 5.02dd 

(2.7) 

5.59yt 

(2.7) 

5.02dd 

(10.3) 

5.554t 

(10.5) 

3.89Lt 5.55yt 

(10.5) (10.3) 

2.01, 2.10, 2.23 (3s; 6H, 6H. 
3H. respectively; -0Ac's) 

H 
z 
H 
rj 
0 

:: 
r 

cont'd. 
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W 
CJ 
P 

Table 1, cont’d. 

Other H1 “2 H3 H4 “5 H6 

(J1,2) (J2,3) (J3.4) 154.5) (55.6) (J6,l) 
Compound Sol vent!! 

44 A 5.00dd 5.56-5.66111 5.00dd 5.56-5.66m 3.91ht 5.56-5.66111 2.00, 2.10, 2.23 (3s; 6H, 6H. 
3H. respectively; -0Ac’s) 

(2.8) (2.8) (10.4) (10.8) (10.4) 

d Chemical shift data are referenced to internal tetranethylsilane. 
values of spin-spin couplings are reported in hertz (J = Hr). 
follows: 
coup1 ings are equivalent). 

b Solvents: 

4 Couplings are typical of those of an ABX system. 

d H-1 and H-6 are overlapping multiplets. 

!? H-5 is also a possible assignment. 

f H-~B is obscured by the cyrlohexylidene resonances. 

9 Overlaps with H-3. 

!! Overlaps with H-4. Cornpare assignments made in ref. 11. 

Apparent, first-order 
Multiplicities are as 

d = doublet; dd = doublet of doublets; s = singlet; wt = triplet (a dd where 

A, chloroforn-d; B, deuterium oxide. 

Upfield portion (dd) of H-4 overlaps with PhC5 resonance. 

Overlapping resonances prevented an accurate determination of J-values. 

4 
H 
> z c, 

r 0 
4 

P m 

3 
z tl 
m 
3 
z M 
P 
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DEOXY AND DEOXYHALOGENO ANALOGUES OF =-INOSITOL 335 

by converti  ng the f r e e  hydroxy compound t o  the penta-0-acetyl - der iva t ive  

17 i n  wh ich  a l l  methine protons associated w i t h  -0Ac groups s h i f t e d  by 

>1 ppm t o  r e s o n a t e  below 6 5  ppm, l e a v i n g  t h e  - H-C-F p r o t o n  ( d o u b l e t  o f  

pseudo t r i p l e t s )  a t  64.8 (see Tab le  1). U n f o r t u n a t e l y ,  a t t e m p t e d  

deprotection of 1 5  l e d  t o  decomposition products, possibly due t o  a more 
ready t r a n s  e l iminat ion o f  HF, a f a c t  w h i c h  precluded a l H  NMR spectral  

comparison between the f r e e  cycl i to1 s. 
While the majori t y  of f l  uoro-de-hydroxyl a t i o n s  w i t h  DAST have been 

shown t o  l e a d  t o  p r o d u c t s  o f  a few e x c e p t i o n s  have been 

observed i n  the  c a r b o h y d r a t e  1 i terature ,  among them a s u g a r  t h a t  was 
apparently s t e r i c a l l y  hindered t o  backside approach.25 f luo r ina t ion  of 

a c y c l i t o l  t h a t  had a neighboring benzoyl group which  offered anchimeric 

a s s i s t ance  resul t e d  i n retention.26 (Compare a cycl i to1 exampl e whereby 

inversion i s  observed.)27 T h u s  i n  the fluoro-de-hydroxylation of 13, i t  

can be a rgued  t h a t  the 1,2-, 3-, and 5 , 6 - s u b s t i t u e n t s  o f f e r  s t e r i c  
crowding t o  the backside a t t ack  of F', giving the product of retention. 

2-Deoxy-2-fl uoro-neo-i nosi  to1 - (20)  and 5-Deoxy-5-fl uoro-myo- - 
i n o s i t o l  - (21). F1 uoro-de-hydroxylat ion o f  6-0-benzyl-1,2:3,4-di-O- - - 
cyc l  ohexyl idene-myo-i nosi to1  (9 )14  w i t h  DAST (Scheme 4 )  1 e d  t o  a 35% 

y i  el d o f  6-O-benzyl-1,2:3,4-di-0-cyclohexyl - - idene-5-deoxy-5-fl uoro-neo- - 
i n o s i t o l  (181, the product o f  inversion, and a l e s s e r  amount, 14.5%, of 

t he  p r o d u c t  of r e t e n t i o n ,  6-O-benzyl-1,2:3,4-di-0-cyclohexyl - - idene-myo- - 
i nos i to l  (19). Configurational assignments f o r  18 and 19 were made from 
their l H  NMR spectra. H-5 i n  18 appeared as a wide doublet  of doublets 

centered f a r  downfield a t  65.10 r e f l e c t i n g  a wide H-F coupling of 55.5 

Hz and very small t o  non-existent c i s  couplings t o  H-4 and H-5 o f  -0 and 

1.9 Hz, r e s p e c t i v e l y .  Unusual ly  l a r g e  vicf nal H-F coup1 fngs were 
observed i n  the re sonances  f o r  H-4 (63.90dd: H H - F  = 28.2, J3 ,4  = 9.0, 

and 5 4 , s  = -0 Hz) and H-6 (63.45ddd: JH-F = 30.5, J5 ,6  = 1.9 and J1 ,6  = 

6.7 Hz). T h u s  a H-3 - H-4 trans and a H-4 - H-5 - H-6 c i s  geometry i s  

i n d i c a t e d  f o r  18. Although the l H  N M R  spectrum of 1 9  was f a r  more 

complex due t o  overlapping resonances f o r  H-4 - H-5 - H-6, a coupling of 

J3 ,4  = 10.0, J 4 , 5  = 8.0 and J5 ,6  = 7.7 H t ,  r e s p e c t i v e l y ,  were observed,  
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SCHEME 4 

0 0  Q 0 0  52 
19 

no u pH 

21 

1 I C .  

OAC 

23 

a .  Oiethylaminosulfur t r i f l u o r i d e  (DAST): 
b .  H, - Pd (OH) J C ,  HOAc: c . Ac,O - pyridine 

indicat ing a n  a l l - t r a n s  r e l a t ionsh ip  among these centers.  While the 

geminal H-F coupling for H-5 could not be precisely determined (ca. 50 - 
55 Hz) due t o  signal overlap, the vicinal H-F couplings were observed a t  
both H-4 (18.2 Hz) and H-5 (20.6 Hz). 

Deprotection of b o t h  18 and 19 us ing  hydrogenation i n  acetic acid 
smoothly furnished the  f r e e  cycl i to1 s 20 and 21, respectively.  While 

overlapping resonances, p a r t i c u l a r l y  i n  20, prevented f u l l  IH NMR 

spectral analysis, the stereochemistry a t  C-5 i n  20 was confirmed by the 
doublet o f  ''pseudo trip1 e t s "  centered a t  64.91 w i t h  5 4 , s -  J5,6 = 2.2 Hz 
and JH,F = 52.8 Hz. Likewise, the l H  NMR spectrum of 2 1  was interpreted 
t o  reveal a t  64.28 a doublet of "pseudo t r i p l e t s "  f o r  H-5 w i t h  l a r g e  
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DEOXY AND DEOXYHALOGENO ANALOGUES OF 2 - I N O S I T O L  337 

c o u p l i n g  c o n s t a n t s  (54,s - J5,6 = 9.2 Hz and JH,F = 51.8 Hz), i n d i c a t i n g  

t h e  a l l - t r a n s ,  - myo c o n f i g u r a t i o n .  A c e t y l a t i o n  o f  b o t h  20 and 2 1  gave 

t h e i r  r e s p e c t i v e  p e n t a - 0 - a c e t y l  - d e r i v a t i v e s  2 2  and 23 whose l H  NMR 

s p e c t r a  ( T a b l e  1 )  f u l l y  s u p p o r t e d  t h e  ass ignmen ts  made f o r  t h e  f r e e  

cyc l  i to1 5. 

2-Deoxy-2-halogeno (C l ,  B r ,  1 ) - n e o - i n o s i  t o 1  s (31, 32, 33). F o r  

halogeno-de-hydroxyl a t i o n  a t  t h e  C-5 p o s i t i o n  o f  myo-i nosi t o l ,  one m igh t  

cons ider  u s i  ng 6-0-benzyl-1,2:3,4-di-O-cycl ohexyl idene-myo-i nosi  to1 ( 9 ) ;  

however, t h e  3,4-cycl i c  ace ta l  group was found t o  be exceedingly 1 ab i le ,  

making i t s  man ipu la t i on  du r ing  syn thes is  d i f f i c u l t .  Moreover, 1,2:3,4- 

di-0-cycl  - ohexyl i dene-myo-i nosi  to1 , t h e  precursor  t o  9, was a v a i l  abl  e i n  

o n l y  ca. 10% yield.13,14 A more  s a t i s f a c t o r y  p r e c u r s o r  f o r  C - 5  

m o d i f i c a t i o n  i s  2 6  (Scheme 5 1 ,  shown t o  b e  a f a r  m o r e  s t a b l e  

i n te rmed ia te  whose precursor  was a v a i l a b l e  i n  two- fo l  d h ighe r  y i e l d  than 

t h a t  f o r  9. Thus 1,2:4,5-di-0-cyc1ohexyl i d e n e - m y o - i  n o s i  t o 1  was 

b e n z y l a t e d  by p h a s e - t r a n s f e r  methods t o  g i v e  t h e  known 24,28 t h e n  

s e l e c t i v e l y  deprotected by a process advocated by Angyal and Tate2' t o  

g i v e  t h e  p ro tec ted  4,5-diol 2S.30 Bentyl  a t i  on by phase-transfer methods 

t h e n  f u r n i s h e d  3,4,6-tri-0-benzyl-1,2-0-cyclohexyl - - idene-myo-inositol - 26 

i n  near-equal p r o p o r t i o n  t o  i t s  3,5,6-tri-O-benzyl - analogue 27. The two 

f somers were  s e p a r a t e d  b y  ch romatog raphy  and c r y s t a l l i z e d  t o  g i v e  

p r o d u c t s  26 and 27 me1 t i n g  a t  87  - 88 OC and  96 - 98 OC, r e s p e c t i v e l y .  

The two  were a l s o  d i s t i n g u i s h a b l e  by I H  NMR spectroscopy (Table lL31 

--- --- 
- 

- - - 

- - 

Compound 26 was found t o  be t h e  i d e a l  i n te rmed ia te  f o r  p repara t i on  

of t h e  halogenated - neo-analogues 28 - 30 (Scheme 5). Compound 26, when 

reac ted  w i t h  carbon t e t r a c h l o r i d e  - t r i p h e n y l  phosphine i n  DMF32 - 34 a t  

room temperature, gave a 38% y i e l d  o f  syrupy - neo-28 which was p u r i f i e d  

by co lumn chromatography .  The expec ted  p r o d u c t  o f  i n v e r s i o n  (28) was 

conf i rmed by I H  NMR spectroscopy whereby t h e  l o w - f i e 1  d (64.38) p r o t o n  

appeared as  a ''pseudo t r i p 1  e t "  r e f 1  e c t i  ng a s m a l l  54,s - J5,6 = 2.9 Hz, 

i n d i c a t i n g  t h e  c i s  geometry f o r  H-4 - H-5 - H-6. Depro tec t ion  t o  g i v e  

t h e  f r e e  c y c l  i t o 1  was accompl i shed b y  b o r o n  tri b r o m i  de-methy l  ene 

c h l o r i d e ,  f o l l o w e d  a f t e r  e v a p o r a t i o n  o f  t h e  s o l v e n t  b y  a d r y  methano l  
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SCHEME 5 

n o  (2 

ozl?'l 24 

n ('1 
n n  x - -  ox 

a .  a l b .  - 0' 
or10 0110 

on O O l l  

25 26 

t 

0 0  5? 
11110 Q r1 

OH 

27 

a. TsOH - HOCH&H,OH: 
c .  CCI, - P h g  - DMF f o r  28: Br, (o r  I,) - P h g  - 
irnidazole - t o l u e n e  f o r  29 and 30: d .  BBr, - CH,Cl$ 
e .  Ac,O - P y r i d i n e  

b . n-BuS(HS0, - PhCHgr: 

t rea tmen t  ( a c i d i c  due t o  boron tri bromi de methanolysis)  and subsequent 

n e u t r a l i z a t i o n  o f  t h e  ac i  d w i t h  e t h y l  ene oxide. The l H  NMR spectrum o f  

31, a molecule hav ing  a p lane  o f  symmetry through C-2 - C-5, conf i rmed 

i t s  - neo c o n f i g u r a t i o n  w h i c h  showed H-5 a t  64.58 as  a ''pseudo t r i p l e t "  

w i t h  54,s = J5,6 = 3.2 Hz. The spec t ra l  assignments were made v i a  spin- 

s p i n  decoupl ing and spec t ra l  s i m u l a t i o n  t e c h n i q u e s  w h i c h  v e r i f i e d  t h e  

ass1 gned r e ~ o n a n c e s . 3 ~  The spectrum o f  t h e  penta-0-acetyl - der iva t ive ,  

due t o  b e t t e r  s i g n a l  s e p a r a t i o n ,  p e r m i t t e d  t h e  a s s i g n m e n t  o f  each 

resonance, f u r t h e r  c o n f i r m i n g  t h e  =-conf igurat ion hav ing  J3,4 and J1,6 

= 10.6 Hz ( t r a n s ) ,  w i t h  t h e  r e m a i n d e r  show ing  s m a l l  c i s  c o u p l i n g  

cons tan ts  (See Tab le  1). 
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DEOXY AND DEOXYHALOGENO ANALOGUES OF v - I N O S I T O L  339 

S i m i l a r  procedures a l l o w e d  f o r  t h e  p r e p a r a t i o n  o f  t h e  bromo and 

i o d o  analogues 29 and 30, r e s p e c t i v e l y .  W h i l e  carbon t e t r a b r o m i d e  

f a i l e d  t o  y i e l d  29, even under f o r c i n g  c o n d i t i o n s ,  t h e  e lemen ta l  

ha1 ogens, b romine  and i o d i n e ,  w i t h  t r i p h e n y l  phosphi  ne and i m i  dazol e 

under t o 1  uene r e f 1  ux, b o t h  gave good y i e l  ds o f   product^.^^,^' I H  NMR 

spectral  pat terns were s i m i l a r  t o  those f o r  t h e  ch lo ro  analogues, thus 

con f i rm in ing  t h e  - neo conf igurat ions f o r  t h e  bromo and iodo compounds. 

5-Deoxy-5-ha1 ogeno (Cl, BPI-myo-inositol s (41 and 42). Entry i n t o  

the  5-deoxy-5-ha1 ogeno-myo ser ies was accomplished by invers ion o f  t h e  

C-5 center using (a) t r i f l a t i o n  fo l l owed  by (b) displacement w i t h  cesium 

p r o p i o n a t e  (Scheme 6).38 Compound 26 was conver ted  i n  a two-s tep  

process t o  g i ve  t h e  syrupy neo-product 37 i n  89% y ie ld .  'H N M R  analysis 

-- --- 
- 

- 

SCHEME 6 

37 30 39: x = -c1 
40: x = -0r 

Pr 

a .  

e. 
C .  

41: X -C1 43: X -C1 
42: X - -Or 44: X - -Or  

!? 
= -wm, 
ICF+S%lP - Pyridine: CsO E CH& - DHF: b .  NaOH - HeOH: 
CC1, - P h g  f o r  39: 0r2 - P h g  far 40: d. 00r, - CH2C1$ 
AcLO - Pyridine 

o f  37  showed coup1 i ng p a t t e r n s  (Tab1 e 1) analogous t o  t h e  5-deoxy-5- 

halogeno-neo-products - 28 - 30.  H y d r o l y s i s  o f  37 b y  d i l u t e  sodium 

h y d r o x i d e  a f f o r d e d  t h e  hydroxy compound 38. Ha logena t ion  o f  38 was 
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340 JIANG, MOYER, AND BAKER 

accomplished a s  f o r  t he  previous examples u s i n g  triphenyl phosphine - 
carbon t e t r ach lo r ide  - imi dazol e (methyl ene chlor ide r e f l  u x )  o r  

triphenyl phosphine - bromine - imidazol e (toluene refl ux), respectively, 
f o r  the chloro and bromo  derivative^.^^ - 37 Deprotection t o  give the 

free cycli tols was carried o u t  as i n  the foregoing examples. Inversion 
of the C-5 center t o  yield - myo-products was evident upon examination of 
the l H  N M R  spectra ,  especial ly  f o r  41  and 42, whereby l a r g e  t r a n s  

couplings of 9 - 10 Hz or greater were observed f o r  J3,4, J4,5 and J5,6 

(Tab le  1). 

CONCLUSIONS 
A number of  1 ( 3 ) - ,  4-, and 5-deoxy- and 4- and 5-deoxyhalogeno 

c y c l i t o l s  (my0 - numbering) have been prepared from mono- and di-0- - 
cycl ohexyl i dene deri  vat i  ves o f  - myo-i nosi to1 . I t  i s an t i c ipa t ed  t h a t  
many of these se l ec t ive ly  protected compounds wil l  serve a s  useful 

chemical intermediates  i n  f u tu re  chemical developments i n  this area, 
including the synthesis o f  phospholipid analogues w i t h  s t r a t e g i c a l l y  
modified structures. A detailed study of the biochemical activity of 
the target cycl i to1 s will be reported el ~ e w h e r e . ~ ~  

MPERIKNTAL 
General. Sol vents were evaporated under asp i ra tor  vacuum a t  -40 

OC. Me1 ti ng points  were determi ned u s i n g  a Thomas-Hoover " U n i  me1 t" 

c a p i  11 ary me1 t i  ng poi n t  apparatus equipped w i  t h  a Col e-Parmer model 

8520-50 D i  g i  -Sense di  g i  t a l  thermocoupl e combi nation that  was cal i brated 
w i t h  known standards. Infrared (IR) spectra were recorded on a Perkin- 
Elmer model 7108 spectrophotometer. 

l H  NMR spectra  were determined a t  200 MHz as ca. 0.1% solut ions 

us ing  a Nicolet NT-200 instrument. Chemical shifts a re  reported i n  6- 

units downfield from in t e rna l  tetramethyl si lane (TMS) i n  chloroform, 

while those i n  deuterium oxide a r e  reported r e l a t i v e  t o  internal  2,2- 

d i  methyl -2- si  1 apentane-5- sul f ona t e  (DSS 1. Mu1 tip1 i c i  ti  es are f i rst- 
order values ( i n  Hz) and a r e  indicated as: d,  doublet; dd, doublet of 
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DEOXY AND DEOXYHALOGENO ANALOGUES OF v - I N O S I T O L  341 

doublets; m, m u l t i p l e t ;  q, quartet ;  s, s ing le t ;  W., t r i p l e t  (a dd where 

J -va lues  a r e  a p p r o x i m a t e l y  e q u a l  1. Gas c h r o m a t o g r a p h y  - mass 

spectrometry (GC/MS) was c a r i e d  o u t  on a Hew1 et t -Packard 5985A system 

us ing  a CP-Si1 5 CB (CHROMPACK), fused s i l i c a  wa l l -coa ted  open t u b u l a r  

c a p i l l a r y  column (10  m x 0.32 m m l  o p e r a t i n g  a t  40 mL min ' l  n i t r o g e n  

c a r r i e r  gas, under  a t e m p e r a t u r e  program o f  60 t o  210 OC, h e a t i n g  a t  8 

OC min-l. Retent ion t imes  o f  t h e  p e r ( t r i m e t h y l s i l y 1 )  e thers  o f  t h e  f r e e  

c y c l  i t o 1  s40 a r e  expressed i n abso l  U t e  te rms  (TR, m i  n). A d s o r p t i o n  

chromatography was c a r r i e d  o u t  us ing  E. Merck S i l i c a  Gel-60 products: 

(a )  TLC on 0.2 mm a lua inum-backed p l a t e s  ( c a t a l o g  no. 5760); ( b )  open- 

column chromatography us ing  e i t h e r  10 - 200 wn and 230 - 400 s i l i c a  

g e l  ( c a t a l o g  nos. 7734 and 9385, r e s p e c t i v e l y ) .  S o l v e n t s  i n c l u d e :  A, 

3:7 e t h y l  a c e t a t e  - hexane; B, 1:9 benzene - d ich lo romethane;  C, 3:7 

e t h y l  a c e t a t e  - p e t r o l e u m  e the r ;  D, 5:95 e thano l  - c h l o r o f o r m ;  E, 2:8 

e thy l  ace ta te  - petroleum ether; F, 2:8 benzene - dichloromethane. A l l  

sol vents and reagents were "reagent grade'' unless o therw ise  noted. 1,"- 
dimethyl formami de (DMF) and p y r i  d i  ne were d i s t i l  1 ed from ca lc ium h y d r i  de 

under vacuum and a t  atmospheric pressure, respect ively,  and s to red  over 

4-A mol ecul a r  sieves. 

P r e p a r a t i o n  o f  4-0-Benzyl-1,2:5,6-di-O-cycl - - ohexy l  i dene-myo- - 
i n o s i  t o1  (11, - 5-0-Benzyl-l,2:3,4-di-O-cycl - ohexy l  i dene-myo-i n o s i  t o 1  (51, 
6-0-Benzyl-1,2:3,4-di-O-cycl - - ohexy l  i dene-myo-i - n o s i  t o 1  (91, and 3-0- - 
Benzyl-1,2:5,6-di-O-cycl - ohexy l  i dene-myo-inosi - to1  (13). These were  

p repared  f r o m  t h e i  r respec t i ve  di-0-cycl - ohexyl idene-myo-i - nosi to1 s13,14 

according t o  known methods.12 For 'H NMR data, see Table 1. 

4-0-Benzyl-l,2: - 5,6-di-O-cycl - ohexyl i dene-3-0- - ( 1 - i m i  dazol t h i  ocarbon- 

y 1 ) - m y o - i n o s i t o l  - (2 ) .  To 1.50 g (3.48 mmol) o f  1 i n  25 mL o f  -- N,N- 

d ime thy l fo rmamide ,  1.68 g (9.43 m m o l )  o f  1.1'-thiocarbonyldiimidazole 
(Fluka) was added. The m ix tu re  was s t i r r e d  a t  60 OC under n i t rogen  f o r  

12 h, a t  t h e  end o f  w h i c h  t i m e  t h e  DMF was evapora ted  t o  g i v e  a y e l l o w  

sy rup  t o  wh ich  50 mL o f  e t h y l  a c e t a t e  was added. The s o l u t i o n  was 

washed w i t h  3 x 30 mL o f  sa tura ted  aqueous sodium chlor ide,  t h e  organic 

l a y e r  was separated and d r i e d  over magnesium su l fa te ,  and t h e  so l ven t  

was evapora ted  t o  y i e l d  a y e l l o w  sy rup  t h a t  was p u r i f i e d  by  co lumn 
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342 JIANG, MOYER, AND BAKER 

chromatography o v e r  130 g o f  s i l i c a  ge l  u s i n g  s o l v e n t  A t o  g i v e  1.75 g 

(90.6%) of pure  2 as a w h i t e  g lass  a f t e r  d r y i n g  under h i g h  vacuum: mp 76 

- 78 OC; R f  0.45 ( A ) ;  IR (K8r)  738 ( m ) ,  910 ( m ) ,  980 ( m ) ,  1080 ( 5 1 ,  1235 

( s ) ,  1290 ( s ) ,  3120 ( s ) ,  1390 ( 5 1 ,  1445 ( m ) ,  2825 ( m l ,  2868 ( 5 )  cm-'. 

For 'H NMR data, see Table 1. Anal. Calcd f o r  C2gH36N206S: C, 64.42; H, 
6.71; N, 5.18. Found: C, 64.45; H, 6.74; N, 5.15. 

4-0-Benzyl-1,2:5,6-di-O-cycl - - ohexyl  i dene-3-deoxy-myo-i n o s i  t o 1  (3). 

To 1.6 g (2.9 mmol) o f  2 i n  30 mL o f  t o 1  uene, 2.3 g (7.8 mmol) o f  t r i - n -  

b u t y l  ti n h y d r i d e  and 0.83 g (5.0 mmol) o f  2,2-atobis-(2-methylpropio- 
n i t r i l e )  were  added. The m i x t u r e  was heat,ed under  r e f l u x  u n d e r  a 

n i t r o g e n  a tmosphere  f o r  3 h, a t  t h e  end o f  w h i c h  t i m e  t h e  t o l u e n e  was 

evapora ted  t o  y i e l d  a c o l o r l e s s  syrup. T h i s  s y r u p  was p u r i f i e d  by  

column chromatography over 100 g o f  s i l i c a  gel u s i n g  so l ven t  F t o  y i e l d  

0.9 g (75%)  o f  p u r e  3 as a syrup :  R f  0.29 ( B ) ;  I R  ( c h l o r o f o r m )  850 ( m ) ,  

918 ( m ) ,  1100 ( s ) ,  1162 ( m ) ,  1280 ( m ) ,  1362 (m), 1450 ( m ) ,  2825 ( m ) ,  
2865 (s), 2895 ( m )  cm'l. Anal. Calcd f o r  

C25H3405: C, 72.44; H, 8.27. 

- 

F o r  lH NMR data, see Tab le  1. 

Found: C, 72.38; H, 8.53. 
P r e p a r a t i o n  o f  1-Deoxy-D 1-chi ro - i  n o s i  t o 1  (4). To 600 mg (1.45 

mmol) of 3 i n  20 mL o f  80% aqueous a c e t i c  acid, 120 mg o f  20% pa l l ad ium 

hydroxide on charcoal ( A l d r i c h )  was added. The m i x t u r e  was shaken under 

65 p s i  hydrogen p r e s s u r e  a t  room t e m p e r a t u r e  f o r  72 h, a t  t h e  end o f  

which t i m e  t h e  c a t a l y s t  was f i l t e r e d  through Cel i teTM, and t h e  f i l t e r  

cake was washed w i th  20 mL o f  1:l ethanol - water. The co lo r l ess ,  c l e a r  

f i l t r a t e  was evaporated t o  g i v e  a w h i t e  sol id.  Two, 30-mL p o r t i o n s  o f  

abso lu te  ethanol were added t o  t h e  f l a s k  and were evaporated t o  remove 

t races  o f  a c e t i c  acid. The r e s u l t i n g  w h i t e  s o l i d  was c r y s t a l l i z e d  f rom 

95% aqueous ethanol t o  y i e l d  210 mg (88%) o f  4 as w h i t e  c rys ta l s :  mp 155 

- 157 OC. R e c r y s t a l l i z a t i o n  f rom 95% ethanol gave 170 mg o f  a n a l y t i c a l -  

l y  pure compound as c o l o r l e s s  c r y s t a l s :  mp 161 - 162 OC [Li t .6 161 - 163 
O C l .  F o r  lH NMR data,  see T a b l e  1. 

5-0-Benzyl -l ,2: 3,4-di -0-cycl o h e w l  i dene-6-04 l - in i  dazol th iocarbon- 

='= - 

- - - 
y 1 ) - m y o - i n o s i t o l  (6). By t h e  same procedure used f o r  p repara t i on  o f  2, 

0.50 g (1.16 mmol) o f  5 was c o n v e r t e d  t o  0.40 g (62%) o f  6, i s o l a t e d  as 
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DEOXY AND DEOXYHALOGENO ANALOGUES OF =-INOSITOL 3 4 3  

a syrup: R f  0.31 ( A ) ;  IR (ch loroform)  740 ( m ) ,  910 ( m ) ,  1083 (s), 1240 
(s), 1295 (s), 1330 (s), 1395 (51, 1450 (s), 2825 ( m ) ,  2870 (s). For lH 

N M R  data ,  see  Tab1 e 1. Anal. Cal cd f o r  C2gH36N206S: c ,  64-39; H, 6-74; 
N, 5.18. Found: C ,  64.42; H, 6.71; N, 5.16. 

5-O-Benzyl - - 1,2:3,4-di -0-cycl - ohexy 1 i de ne -  6- deo xy -myo- i nos i t o l  ( 7 1. 
By the same procedure used fo r  preparation of 3, 0.26 g (0.47 mmol) of 6 

was converted t o  0.14 g (73%) of 7, i s o l a t e d  a s  a syrup: R f  0.27 ( B ) ;  IR 
(chloroform) 920 ( m ) ,  1105 (51, 1170 ( m ) ,  1285 ( m ) ,  1370 ( m ) ,  1455 ( m ) ,  

2825 ( m ) ,  2870 (51 ,  2900 ( m )  Cm-'. For lH N M R  data ,  s e e  Table 1. Anal. 

Calcd f o r  C25H3405: C, 72.44; H, 8.27. Found: C ,  72.30; H, 8.29. 

2-Deoxy-D,L-epi-inosi - to1 (8). By t h e  same procedure used f o r  
preparation of 4, 120 mg (0.29 mmol) of 7 was deprotected t o  give 40 mg 

(85%) o f  8, i so la ted  a s  color less  crystals:  mp 208 - 210 OC (darkens a t  
ca. 190 OC) ELit.17 - 2o mp 205 0C,17 mp 207 - 9 OC,18 mp 205 - 215 
0C19]. For lH N M R  data ,  see Table 1. 

6-0-Benzyl -l - ,2 : 3,4-di -0-cycl - ohexyl i dene5-0- - ( 1-id dazol t h i  ocarbon- 

ylbmyo-i  nosi to1 (10). By the same procedure used f o r  preparation of 2, 
0.60 g (1.39 mmol) of 9 was converted t o  0.73 g (94%) o f  10: mp 80 - 82 
O C ;  R f  0.40 ( A ) ;  IR (KBr) 738 ( m ) ,  820 ( m ) ,  900 (m) ,  990 ( m ) ,  1090 (s), 
1223 (s), 1280 ( s ) ,  1325 ( m ) ,  1385 (s), 1440 ( m ) ,  2820 ( m ) ,  2860 ( 5 )  cm' 

Anal. Calcd f o r  C2gH36N206S: C ,  

6-0-Benzyl-1,2:3,4-di-0-cyclohexyl - - iden-5-deoxy-ayo-i - nosi to1  (11). 
By the same procedure used f o r  prepara t ion  of 3, 0.40 g (0.73 mmol) of 

1 0  was converted t o  0.25 g (83%) o f  11, i s o l a t e d  a s  a syrup: R f  0.23 
(B); IR (chloroform) 850 (m), 910 ( m ) ,  1110 (s), 1161 ( m ) ,  1278 ( m l ,  
1362 ( m ) ,  1445 ( m ) ,  2825 ( m ) ,  2865 ( 5 1 ,  2895 ( m )  cm-'. For 'H N M R  data ,  

see  Table 1. Found: C, 

72.33; H, 8.31. 

For 'H N M R  data ,  see Table 1. 
64.42; H, 6.71; N, 5.18. Found: C ,  64.30; H, 6.75; N, 5.17. 

Anal. Calcd f o r  C25H3405: C ,  72.45; H, 8.27. 

Prepa ra t ion  o f  5-deoxy-ayo-i nosi to1 (12). By the same procedure 

used f o r  p repa ra t ion  of 4, 300 mg (0.73 mmol)  of 11 was depro tec ted  t o  
give 102 mg (86%) of wh i t e  c r y s t a l s  of 12: mp 230 - 232 OC (dec) .  

R e c r y s t a l l i t a t i o n  tw ice  from aqueous ethanol gave 50 mg of pure 12 a s  
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344 J I A N G ,  MOYER, AND BAKER 

c o l o r l e s s  c r y s t a l s :  mp 248 - 249 OC ( d e c )  [ L i t . g  238 - 239 OC (dec ) ] .  
TR [per(trimethyl silyl)-5-deoxy-myo-inositol1 2 min. For l H  N M R  data ,  

see Table 1. The l H  N M R  da t a  match those reported.l l  

3-O-Benzyl-l,2,5,6-di-O-cycl - - ohexyl f dene4-deoxy-4-fl uoro-nyo-i - nosi- 
to1  (14) and 3-O-Ben~yl-1,2,5,6-di-0-cyclohexyl - - idenel-deoxy-4-fluoro- 

ep i - inos i to l  (15). By e s s e n t i a l l y  the same p rocedure  used f o r  t h e  

s y n t h e s i s  o f  18 and 1 9  ( v i d e  i n f r a ) ,  1.7 g (4.0 mmol) o f  13 was 

c o n v e r t e d  t o  530 mg (31%) of 1 4  and 150 mg (8.8%) of 15. T h e  p r o d u c t s  

were s e p a r a t e d  by s i l i c a  gel column chromatography u s i n g  sol  vent F. 

Physical  d a t a  f o r  14: R f  0.45 (6 ) ;  IR (CHC13) 850 ( m ) ,  905 ( m l ,  1100 
(51, 1280 ( m ) ,  1360 ( m ) ,  1441 ( m ) ,  2845 ( m ) ,  2920 ( 5 )  cm-l. Fo r  l H  N M R  

d a t a ,  see Tab le  1. Anal. Calcd f o r  C25H33F05: C ,  69.42; H ,  7.69. 
Found: C ,  69.43; H ,  7.71. Phys ica l  d a t a  f o r  15: R f  0.53 (8 ) ;  IR (CHC13) 

850 ( m ) ,  920 ( m ) ,  1080 (s), 1105 (51, 1280 ( m ) ,  1360 ( m ) ,  1445 ( m ) ,  2850 

( m ) ,  2930 ( 5 )  cm-l. Anal. Calcd f o r  

C25H33F05: C ,  69.42; H ,  7.69. 

For  l H  N M R  d a t a ,  see T a b l e  1. 

Found: C, 69.29; H ,  7.69. 

4-Deoxy-4-fl uoro-myo-i nosi to1 (16). By the  same procedure used f o r  

20  (v ide  i n f r a ) ,  300 mg (0.69 mmol) of 14 was deprotected t o  give 110 mg 

(87.6%) o f  16  w h i c h  was r e c r y s t a l l i z e d  twice from e thano l  - w a t e r  t o  

g i v e  5 mg of a n a l y t i c a l l y  pure  16 as c o l o r l e s s  c r y s t a l s :  mp 209 - 210 

O C ;  IR (KBr) 890 ( m ) ,  930 ( m ) ,  1000 (s), 1050 ( 5 1 ,  1130 (s), 1450 (m), 
3400 (bs)  cm-l. TR Cper( t r imethyls i ly1)  

d e r i v a t i v e  o f  1 6 1  2.96 m i n .  Anal. Calcd f o r  CsH11F05: C ,  39.57; H ,  

6.09; F, 10.43. Found: C ,  39.35; H ,  6.03; F ,  10.24. 

- 

For 'H N M R  data,  see Table 1. 

1,2,3,5,6-Penta-O-acetyl-4-deoxy-4-fl - u o r o - E - i n o s i  to1 (17). By 

the  same procedure used f o r  the preparat ion of 22 ( v i d e  i n f r a ) ,  10 mg of 
16  was ace ty l a t ed  t o  give the a c e t a t e  17. For l H  N M R  data,  see Table 1. 

MS - -  m/z ($1 350 (0.7, M - CH2=C=O), 333 (1.4, M - OAc), 43 (93.7, Ac). 

6-0-Benzyl-l,2:3,4-di-O-cycl ohexyl f dene-5-deoxy-5-fl uoro-neo-inosi- 

t o 1  (18) and - 6-O-Benzyl-l,2:3,4-di-O-cyclohexyliden~5-deoxy-5-fluor~ - 
- myo-inositol (19). To 2.0 g (4.7 mmol) o f  9 i n  50 mL of  t o l u e n e  was 

added 0.75 g (4.7 mmol 1 of d i  e t h y l  ami nosul f u r  t r i  f l  uo r i  de (DAST, 

Aldrich) under nitrogen atmosphere, and the mixture was s t i r r e d  a t  room 

- - - 
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DEOXY AND DEOXYHALOGENO ANALOGUES OF myo-INOSITOL 345 

temperature For one h. T h e  temperature was t h e n  r a i sed  t o  65 OC for  4 

h, a t  the end of w h i c h  time the mixture was cooled t o  room temperature, 
a n d  40 m L  of sa tu ra t ed  aqueous sodium bicarbonate  was added. The  

mixture was extracted w i t h  100 mL of ethyl acetate, and the extract was 
washed w i t h  2 x 50 mL of saturated aqueous sodium chloride. The organic 

layer  was dried over potassium carbonate and magnesium sulfate ,  and the 
solvent was evaporated t o  provide a yellow syrup which was purified by 

column chromatography over 80 g of s i l i c a  gel u s i n g  solvent F as eluent 
t o  g ive  f i r s t  0.29 g (14.5%) of 19, fol lowed by 0.70 g (35%) of 18, b o t h  

a s  syrups. Physical da t a  f o r  18: R f  0.34 (B); IR (CHC13) 825 ( m l ,  855 

(m), 1080 ( s ) ,  1160 ( s ) ,  1280 (m), 1360 ( m ) ,  1450 (m), 2850 (m), 2940 

( 5 )  C m - l .  For  'H N M R  d a t a ,  see Table 1. Anal. Calcd for  C2~H33F05: C, 
69.42; H ,  7.69. Found: C ,  69.43; H ,  7.71. Physical da ta  f o r  19: R f  

0.47 (8);  IR (CHCl3) 860 ( m ) ,  940 (m),  1105 ( s ) ,  1285 ( m ) ,  1370 ( m ) ,  
1450 ( m ) ,  2855 ( m ) ,  2950 (s) cm-l. For l H  N M R  da ta ,  see T a b l e  1. Anal. 

Ca lcd  f o r  C25H33F05: C,  69.42; H ,  7.69. Found: C ,  69.52; H ,  7.71, 

2-Deoxy-2-fl uoro-neo-i - nosi to1 (20). To 400 mg (0.92 mmol) of 18 i n  

20 mL of 80% aqueous acet ic  acid was added 140 mg of 20% palladium-on- 

charcoal. T h e  mixture was shaken unde r  hydrogen a t  65 psi a t  room 
temperature fo r  48 h, a t  the end of which time the ca ta lys t  was removed 
by f i l t r a t l o n  through a Celite pad, the f i l t e r  cake being washed w i t h  20 

mL of ethanol and then 20 mL of water. The solvent from the colorless,  

c l ea r  f i l t r a t e  was evaporated t o  give a w h i t e  s o l i d  t o  which two, 30-mL 

portions of abso lu te  ethanol were added and  evaporated t o  remove traces 
of a c e t i c  acid. The r e su l t i ng  white s o l i d  was c rys t a l  1 i zed  from 90% 
aqueous ethanol t o  give 151 mg (90%) of 20 as co lor less  c rys t a l s  w h i c h  

were recrys ta l l ized  from ethanol - water t o  give 72 mg of ana ly t ica l ly  

pure 20: mp 280 - 281 OC (decl; IR (KBr) 910 ( m ) ,  1050 (sl, 1130 (51, 

1280 ( m ) ,  1380 ( m ) ,  3300 (bs)  cm-'. For  'H N M R  d a t a ,  see Table 1; TR 

[per( t r i  methyl s i l y l  1 d e r i  v a t i  ve of 203: 2.83 m i  n. Anal. Cal cd f o r  

C6HllF05'0.25 H20: C ,  38.61; H, 6.21; F ,  10.18. Found: C ,  38.75; H, 

6.05; F ,  9.91. 

1,2,3,4,6-Pcnta-O-acety1-2-deoxy-2-fl - uoro-neo-i - nosi tot (22). To 15 

mg of 20 i n  1 mL of  dry pyri  dine was added 0.4 mL of  ace t ic  anhydride,  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
1
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



346 JIANG,  MOYER, AND BAKER 

and the mixture was s t i r r e d  a t  60 OC under a dry nitrogen atmosphere f o r  

5 h, a t  which t i m e  a l l  t h e  s o l i d  had dissolved. The s o l v e n t  was 

evaporated, and three,  20-mL p o r t i o n s  o f  e thanol  were added t o  the  

r e s i d u e  and evaporated t o  g i v e  a l i g h t  y e l l o w  s o l i d  which was 

c r y s t a l l i z e d  from ethanol t o  g ive co lor less c rys ta ls  o f  pure 22: mp 218 

- 220 OC. MS: m/z (%): 350 (0.4, M - For  l H  N M R  data, see Table 1. - -  
CH2=CaO); 333 (1.6, M - AcO); 43 (100, Ac). 

5-Deoxy-5-fluoro-my-f nos f to l  (21). By the same procedure used f o r  

20, 280 mg (0.64 mmol) o f  19 was depro tec ted  t o  g i v e  100 mg (85.3%) o f  

crude 21 (mp 210 - 212 OC) which was r e c r y s t a l l i z e d  from ethanol - water 

three times t o  give 30 mg of a n a l y t i c a l l y  pure 21 as co lor less crystals: 

mp 222 - 224 OC; I R  (KBr) 870 ( m ) ,  980 I m ) ,  1040 (51, 1135 (m), 1380 

( m l ,  3 3 0 0  ( b s )  c m - l .  F o r  l H  N M R  d a t a ,  s e e  T a b l e  1; T R  

C p e r ( t r i m e t h y l s i l y 1 )  d e r i v a t i v e  of 211: 2.61 min. Anal. Calcd f o r  

- 

CgHilF05: C, 39.56; H, 6.09; F, 10.43. Found: C, 39.79; H, 6.07; F, 

10.16. 

1,2,3,4,6-Penta-O-acetyl-5-deoxy-5-f1 uoro-myo-inositol (23). By 

t h e  same procedure used f o r  22, 2 1  was a c e t y l a t e d  t o  g i v e  23: mp 180 - 
181 OC. F o r  l H  NMR d a t a ,  see T a b l e  1. MS: m/z ( % ) :  350 (0.5, 

- - 

- -  
M - CH2=C=O), 333 (1.2, M - OAC), 43 (100, AC). 

P t e p a r a t i  on of 3,6-Di -O-benzyl-1,2:4,5-di-O-cycl - - ohexyl i d e n e - e -  

f nosf t o 1  (24). To 15 g (43.3 mmol 1 o f  1,2:4,5-di-O-cyclohexyl - i d e n e - e -  

i n o ~ i t o l ~ ~ , ~ ~  and 1 5  g (43.3 mmol) o f  tetra-n-butylammonium - hydrogen 

s u l f a t e  i n  600 mL o f  d ich loromethane was added 1 5  mL (130 mmol) o f  

benzyl bromide over a per iod of 5 min, fo l lowed by 500 mL o f  5% aqueous 

sodium hydroxide. The mix tu re  was heated under ref lux for  12 h, a t  the 

end o f  which t i m e  an a d d i t i o n a l  2.5 mL o f  benzyl bromide was added. 

A f t e r  a f u r t h e r  16 h under r e f l u x ,  TLC showed t h e  absence o f  s t a r t i n g  

material. A f t e r  cool ing t h e  mixture t o  room temperature, the  organic 

l a y e r  was separated, washed wi th 2 x 300 mL o f  saturated aqueous sodium 

c h l o r i d e ,  and then w i t h  water. The e x t r a c t  was d r i e d  over  magnesium 

sulfate, and the solvent was evaporated t o  provide a ye l low syrup which, 

when applied t o  high vacuum t o  remove benzyl bromide, gave a semisol id 
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DEOXY AND DEOXYHALOGENO ANALOGUES OF myo-INOSITOL 34 7 - 

t h a t  was c r y s t a l l i z e d  f r o m  e t h e r  - pe t ro leum e t h e r  t o  g i v e  17.5 g o f  

c o l  o r1  ess c r y s t a l  s. The mother  1 i q u o r  was c o l l e c t e d  and appl  i ed t o  a 

150-9 column o f  s i l i c a  gel .  Us ing c h l o r o f o r m  as t h e  e luen t ,  an 

a d d i t i o n a l  amount of  syrupy p r o d u c t  was i s o l a t e d  and c r y s t a l 1  i z e d  as 

b e f o r e  t o  g i v e  3.0 g o f  p u r e  24; t o t a l  y i e l d  20.5 g (92.8%) o f  24: mp 
147 - 148 OC; CLft.28 mp 148 - 149 OC1; R f  0.57 (C); F o r  l H  NMR data, 

see Table 1. 

P r e p a r a t i  on of 3.6-Di -0-benzyl-1.2-0-cycl ohexyl i dene-yo-i nosi to1 

(25). Compound 25 was prepared by a modi f ied method reported by Angyal 

and coworkers.29 To 17.0 g (31.7 mmol) o f  24 i n 250 mL o f  ch lo ro fo rm,  

2.1 g (31.7 mmol) of  e t h y l e n e  g l y c o l ,  100 mg o f  - p - t o l u e n e s u l f o n i c  a c i d  

was added. The m i x t u r e  was s t i r r e d  a t  room tempera tu re  f o r  1.5 h, a t  

t h e  end of  wh ich  t i m e  i t  was poured i n t o  150 mL o f  s a t u r a t e d  aqueous 

sodium b icarbonate.  The o r g a n i c  l a y e r  was separated and washed w i t h  

two, 100-mL po r t i ons  o f  saturated aqueous sodium ch lo r i de  and d r i e d  over 

magnesium sul fate.  The so lvent  was evaporated t o  g ive a syrup which was 

c r y s t a l l i z e d  from acetone - petroleum ether t o  provide 12.2 g (85%) o f  

c o l  o r1  ess c r y s t a l  s o f  p u r e  25: mp 146 - 147 OC [ L i  t.30 147.6 - 148 OC].  

F o r  IH NMR data, see Table 1. 

- - - 

3,4,6-Tti-0-benzyl-l,2-O-cycl - - ohexyl  i dene-nyo-i - n o s i  t o 1  (26) and 

3,5,6-Tri-O-benzyl - -1.2-0-cycl - ohexyl  i dene-myo-i n o s i  t o 1  (27). The 

syn thes i s  was c a r r i e d  o u t  by a m o d i f i c a t i o n  o f  t h e  method r e p o r t e d  by 

Garegg e t  a1.12 To 10.0 g (2.2 mmol) o f  25 and 8.0 g (2.2 mmol) o f  

te t rabuty l  ammoni um hydrogen sul  f a t e  i n 500 mL o f  d i ch l  oromethane were 

added 3.4 mL (2.9 mmol) o f  benzy l  bromide and 500 mL of 5% aqueous 

sodium hydroxide. The m ix tu re  was heated under r e f l u x  f o r  18 h, a t  t h e  

end o f  which t i m e  t h e  organic l a y e r  was separated, washed w i t h  two, 200- 

mL p o r t i o n s  o f  w a t e r  and  d r i e d  o v e r  magnesium s u l f a t e .  The 

d i ch lo romethane  was evaporated t o  g i v e  a syrup which was p u r i f i e d  by 

column chromatography over 400 g o f  s i l i c a  gel using so lvent  E as e luent  

t o  g ive two major products, 26 and 27, as syrups. C r y s t a l l i z a t i o n  o f  26 

f rom 10:90 e t h y l  a c e t a t e  - pe t ro leum e t h e r  p r o v i d e d  4.5 g (37.5%) o f  

a n a l y t i c a l l y  p u r e  26: mp 87 - 88 OC; R f  0.44 (C); I R  ( K B r )  690 ( m ) ,  720 
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348 JIANG, MOYER, AND BAKER 

(m), 920 ( m ) ,  1100 ( s ) ,  1350 ( m ) ,  1440 ( m ) ,  2900 (51, 3500 ( s b )  cm-l. 

F o r  'H NMR data,  see T a b l e  1. Anal. C a l c d  f o r  C33H3806: C ,  74.69; H ,  

7.22. Found: C ,  74.76; H, 7.25. 

I n  a s i m i l a r  f a s h i o n  sy rupy  27 was c r y s t a l l i z e d  t o  g i v e  4.3 g 

(36.2%) of t h e  p u r e  compound as  c o l  o r1  ess  c r y s t a l s :  mp 96 - 98 O C ;  R f  

0.33 ( C ) ;  I R  (KBr) 690 ( m ) ,  920 ( m ) ,  1060 ( s ) ,  1100 ( s ) ,  1360 ( m ) ,  1440 

( m ) ,  2920 ( 5 1 ,  3550 ( s )  cm-l. Anal. 

Ca lcd  f o r  C33H3806: C ,  74.69; H ,  7.22. 

F o r  l H  NMR data,  see T a b l e  1. 

Found: C ,  74.69; H ,  7.27. 

3,4,6-Tri-O-benzyl-5-chl - oro-l,2-O-cycl - ohexyl i d e n e 5 - d e o x y - ~  

i n o s i t o l  (28 ) .  To 1.0 g (1.9 mmol) o f  26 and 1.44 g (5.5 mmol) o f  

t r i p h e n y l p h o s p h i n e  i n  20 mL o f  DMF was added 0.54 mL (5.6 mmol o f  

carbon te t rach lo r i de .  The m i x t u r e  was s t i r r e d  a t  room temperature under 

n i t rogen  f o r  48 h, a t  t h e  end o f  which t i m e  t h e  so lvents  were removed t o  

g i ve  a syrup t h a t  was d i sso l ved  i n  100 mL o f  dichloromethane and washed 

w i t h  70 mL o f  s a t u r a t e d  aqueous sod ium c h l o r i d e .  The o r g a n i c  e x t r a c t  

was d r i e d  o v e r  magnesium s u l f a t e ,  and t h e  s o l v e n t  was e v a p o r a t e d  t o  

p rov ide  a s e m i s o l i d  t o  which 30 mL o f  e t h y l  ace ta te  was added. A brown 

s o l i d  wh ich  fo rmed was removed by  f i l t r a t i o n ,  and t h e  s o l v e n t  was 

evaporated t o  g i v e  a syrup t h a t  was p u r i f i e d  by column chromatography 

ove r  80 g o f  s i l  i c a  ge l  u s i n g  s o l  v e n t  G t o  g i v e  0.4 g (38.3%) o f  28  as a 

syrup: R f  0.38 (El; I R  (CCl4) 690 ( m ) ,  910 ( m ) ,  1020 ( m ) ,  1100 ( s ) ,  1200 
( m ) ,  1260 ( m ) ,  1350 ( m ) ,  1440 ( m ) ,  2900 (51 ,  3000 ( m )  cm-l .  F o r  'H NMR 

data, see T a b l e  1. Anal.  C a l c d  f o r  C33H37C105: C, 72-18; H ,  6-79; C1 

6.46. Found: C ,  72.09; H ,  6.84; C1,  6.45. 

3,4,6-Tri-O-benzyl-5-bromo-l,2-O-cycl - - ohexyl i dene-5-deoxy-neo-i - nosi -  

to1 (29) .  To 709 mg (1.3 mmol) o f  26, 1.36 g (5.2 mmol) o f  t r i p h e n y l -  

phosphine, and 354 mg (5.2 mmol) o f  i m i  dazo l  e i n  40 mL o f  t o 1  uene 

s t i  r r e d  under  an  a tmosphere  o f  n i t r o g e n  was added 0.2 mL (3.9 mmol 1 o f  

bromine. The m i x t u r e  was heated under r e f l u x  overnight,  a t  t h e  end o f  

which t i m e  i t  was coo led  t o  room temperature, and 50 mL o f  e t h y l  ace ta te  

was added. The o r g a n i c  l a y e r  was separa ted ,  washed w i t h  50 mL o f  

s a t u r a t e d  aqueous sod ium b i c a r b o n a t e  and w i t h  50 mL o f  wa te r .  The 

e x t r a c t  was d r i e d  over  magnesi um sul  f a t e  and po tass i  um carbonate, and 
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the solvent was e v a p o r a t e d  t o  p r o v i d e  a syrup. P u r i f i c a t i o n  o f  the 
c r u d e  p r o d u c t  by column chromatography o v e r  80 g o f  s i l i c a  gel u s i n g  

solvent E gave a sy rup  w h i c h  was c r y s t a l l i z e d  from d i e t h y l  e ther  - 
petroleum e the r  t o  p r o v i d e  0.62 g (80.3%) of 29 as col or1 ess c r y s t a l  s: 

mp 129 - 130 O C ;  R f  0.49 (E); IR (KBr) 690 ( m ) ,  730 ( m ) ,  920 ( m ) ,  1100 

( s ) ,  1200 ( m l ,  1270 ( m l ,  1350 ( m ) ,  1440 ( m ) ,  2900 ( s ) ,  3000 ( m )  cm-1. 
For  l H  N M R  d a t a ,  see T a b l e  1. Anal. Calcd f o r  C33H37Br05: C ,  66.78; H ,  

6.28; Br, 13.46. Found: C, 66.83; H ,  6.31; Br, 13.47. 

3,4,6-Tri-O-benzyl-l,2-O-cyclohexyl - - i dene-5-deoxy-5-iodo-neo-i - nosi- 

t o 1  ( 3 0 ) .  By t h e  same procedure  used f o r  29,  except u s i n g  i o d i n e  (990 

mg, 3.9 mmol) i n s t ead  of bromine, 709 mg (1.3 mmol) of 26 was converted 

t o  600 mg (72.1%) of 30: mp 131 - 133 O C ;  R f  0.47 (El; IR (KBr) 690 ( m ) ,  

730 ( m ) ,  840 ( m ) ,  910 ( m ) ,  1100 ($1, 1200 ( m ) ,  1260 ( m l ,  1350 ( m ) ,  1440 

( m ) ,  2900 ( 5 1 ,  3000 ( m )  cm-l .  Anal. 

Calcd f o r  C33H37105: C ,  61.88; H ,  5.82; I ,  19.81. Found: C ,  61.84; H ,  

5.84; I ,  19.87. 

For l H  N M R  d a t a ,  see T a b l e  1. 

2-Chl or-2-deoxy-neo-i nosi to1 (31). To an i ce-col d sol u t i  on of 350 

mg (0.64 mmol) of 28 i n  6 mL of dry dichloromethane maintained under a 

n i t r o g e n  a tmosphe re  was added 2.7 mL (2.7 mmol) o f  a 1 M s o l u t i o n  o f  

boron t r i b r o m i d e  i n  d i ch lo romethane  (A1 d r i c h ) ,  and the mixture was 

s t i r r e d  f o r  30 m i n  a t  0 O C ,  t h e n  a t  room temperature f o r  4 h. T h e  

s o l v e n t  was then e v a p o r a t e d  a t  20 O C  t o  give a brown s y r u p  t o  w h i c h  

three, 20-mL p o r t i o n s  o f  d r y  methanol were added and s u c c e s s i v e l y  

evaporated.  To the r e s i d u e ,  d i s s o l  ved i n  10 m L  o f  dry methanol ,  was 

added 10 mL o f  a c o l d ,  s a t u r a t e d  s o l u t i o n  o f  e t h y l e n e  o x i d e  i n  e ther ,  

w h i c h  e f f e c t i v e l y  neu t r a l i zed  the solution. The  sol vent was evaporated 

a t  20 OC t o  g i v e  a l i g h t  brown s o l i d  t o  w h i c h  20 mL o f  a mixture o f  

ethyl a c e t a t e  and dichloromethane was added, and a l i g h t  gray s o l i d  was 

o b t a i n e d  by f i l t r a t i o n .  R e c r y s t a l l i z a t i o n  o f  the c r u d e  p r o d u c t  from 

ethanol - water gave 95 mg (75%) o f  pure 31: mp 268 - 270 O C ;  IR (KBr) 

700 ( m ) ,  880 ( m ) ,  1050 ( m ) ,  1080 ( m l ,  1120 ( m ) ,  1250 ( m ) ,  1360 ( m ) ,  1400 

(m), 3300 (sb)  cm-l. For l H  N M R  d a t a ,  see Tab le  1. TR C p e r ( t r i m e t h y 1 -  

s i l y l )  d e r i v a t i v e ] :  2.52 m i n .  Anal. Calcd f o r  CgH11C105: C ,  36.29; H ,  

5.58; C1, 17.85. Found: C ,  36.21; H ,  5.57; C1, 17.89. 

- 
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350 JIANG, MOYER, AND BAKER 

2-Broao-2-deoxy-neo-i n o s i  t o 1  (32). By t h e  same procedure used f o r  

31, 560 mg (0.94 mmol) o f  29 was deprotected t o  g ive 185 mg (81%) o f  32: 

mp 228 - 230 OC; I R  (KBr) 1040 (51, 1080 ( m ) ,  1240 ( m ) ,  3300 (sb). F o r  

'H NMR data, see Tab1 e 1. TR Cper ( t r ime thy1  s i l y l )  d e r i v a t i v e ] :  2.95 

min. Anal. Ca lcd  f o r  CgH11Bt-05: C, 29.65; H, 4.56; B r ,  32.88. Found: 

C, 29.65; H, 4.59; B r ,  32.83. 

- 

2-Deoxy-2-iodo-neo-i n o s i  t o 1  (33). By the  same procedure used f o r  

31, 525 mg (0.82 mmol) o f  30 was d e p r o t e c t e d  t o  g i v e  198 mg (83.2%) o f  

33: mp 200 - 202 OC (dec.); I R  (KBr) 1040 ( m ) ,  1080 ( m ) ,  1240 (m), 3350 

(sb)  Cm-'. TR C p e r ( t r i m e t h y l s i l y 1 )  

d e r i v a t i v e ] :  3.34 min. Anal. Ca lcd  f o r  CgH11105: C, 24.85; H, 3.82; I ,  

43.75. Found: C, 24.91; H, 3.86; I ,  43.85. 

- 

F o r  'H NMR data, see Table 1. 

1,3,4,5,6-O-Penta-O-acetyl-2-chl - - oro-2-deoxy-neo-i - nosi to1 (34). By 

the  same procedure used f o r  22, 3 1  was converted t o  t h e  peracetate 34: 

mp 178 - 180 OC. F o r  l H  NMR data,  see Tab le  1. MS: m/z ( 9 )  373 (0.3 M - -  
- Cl) ,  271 (7.6, M - C1 - OAC - Ac), 169 (46.9, M - C1 - 20Ac - ~ A c ) ,  

43.1 (91.7, Ac). 

1,3,4,5,6-Pen ta-0-acetyl -2-bromo-2-deoxy-neo-i nosi  to1 (35). By t h e  

same procedure used f o r  22, 3 2  was conver ted  t o  t h e  p e r a c e t a t e  35: mp 

196 - 198 OC. F o r  l H  NMR data,  see Table 1. MS:  m/z ( % I ,  395 (0.3, M - 
- - 

- -  
AcO), 393 (0.3, M - AcO) ,  293 (1.6, M - 20Ac - AC), 291 (1.4, M - 20Ac - 
Ac), 232 (21.0, M - OAC - 2AcOH - Ac), 230 (19.1, M - OAC - 2AcOH - Ac) ,  

43 (100, Ac). 

1,3,4,5,6-P en ta-0-ace t y  1 - 2 - deoxy-2-i odo-neo-i nosi  to1 (36 1. By t h e  

same procedure used f o r  22, 33 was a c e t y l a t e d  t o  g i v e  3 r  mp 222 - 223 

OC. F o r  l H  NMR data, see Tab le  1. MS: - -  m/z ( % I  500 (0.3, M I ,  373 (6.2, 

- - 

M - I), 313 (42.5, M - I - ACOH), 271 (49.5, M - I - OAC - Ac), 43 

(72.3, Ac). 

3,4,6-Tri -O-benzyl-l,2-O-cycl ohexyl i dene-5-0-propi onyl -neo-i nosi  to1 

(37). To an i c e - c o l  d s o l u t i o n  of 2.42 g (4.6 mmol) o f  2 6  and 0.47 g 

(6.0 mmol) o f  p y r i d i n e  i n  40 mL o f  dry dichloromethane maintained under 

a n i t rogen atmosphere, was added dropwise over a p e r i o d  o f  10 min 10 mL 

o f  a sol  u t i o n  conta in ing 1.55 g (5.5 mmol 1 o f  tr i  fl uoromethanesul f o n i c  

- - - - 
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a c i d  anhydr ide i n  d ry  dichloromethane. The m i x t u r e  was s t i r r e d  f o r  3 h 

a t  0 OC, a t  wh ich  t i m e  TLC i n d i c a t e d  incomple te  reaction. An a d d i t i o n a l  

0.1 mL o f  p y r i d i n e  was added, f o l l o w e d  by 0.2 mL o f  t r i f l uo romethanesu l -  

f o n i c  a c i d  anhydride. The m i x t u r e  was s t i r r e d  a t  0 OC f o r  an a d d i t i o n a l  

30 m in  and then a t  room temperature f o r  4 h, a t  which t i m e  TLC (Rf 0.20 

f o r  26; 0.42 f o r  t r i f l a t e  in te rmed ia te ,  E )  i n d i c a t e d  complete conversion 

o f  26 t o  t h e  t r i f l a t e  de r i va t i ve .  The so l ven t  was then evaporated a t  20 

OC t o  g i v e  a y e l l o w  syrup t o  which 40 mL o f  DMF and 1.41 g (6.9 mmol) o f  

ces ium p r ~ p i o n a t e ~ ~  was added. The m i x t u r e  was s t i r r e d  a t  room 

t e m p e r a t u r e  f o r  3 h, a t  t h e  end o f  w h i c h  t i m e  TLC ( E l  showed t h a t  t h e  

r e a c t i o n  was c o m p l e t e  as  ev idenced  b y  a new zone a t  R f  0.32 ( E l .  The 

DMF was evaporated t o  g i v e  a syrup t o  which 200 mL o f  e t h y l  ace ta te  was 

added, and t h e  s o l u t i o n  was washed w i t h  two, 100-mL p o r t i o n s  o f  

sa tura ted  aqueous sodium chlor ide.  The organ ic  e x t r a c t  was d r i e d  over  

magnesium su l fa te .  The so l ven t  was evaporated t o  p rov ide  2.4 g (89%) o f  

37 as a y e l l o w  syrup. An a n a l y t i c a l  sample  (200 mg) was p u r i f i e d  b y  

co lumn chromatography  o v e r  20 g o f  s i l i c a  ge l  u s i n g  s o l  v e n t  E: R f  0.26 

( E l ;  I R  (CCl4) 690 ( m ) ,  930 ( m ) ,  1020 ( m l ,  1100 ( s ) ,  1160 (51, 1350 ( m ) ,  
1440 ( m l ,  1725 (51 ,  2910 ( 5 )  cm'l. F o r  l H  NMR data,  see Tab1 e 1. Anal .  

C a l c d  f o r  C36H4207'0.5 H20: C, 72.58; H, 7.28. Found: C, 72.46; H, 

6.97. 

3.4.6-Tri-0-benzyl-1,2-O-cycl - - ohexy l  i deneneo-i - n o s i t o l  (38). To a 

s o l u t i o n  o f  2.2 g (3.8 mmol) o f  37 i n  50 mL o f  methanol  was added 6 mL 

o f  1 M aqueous sod ium hyd rox ide .  The m i x t u r e  was s t i r r e d  a t  room 

t e m p e r a t u r e  f o r  5 h, a t  t h e  end o f  w h i c h  t i m e  TLC ( E l  showed t h a t  

hyd ro l ys i s  was complete. The methanol was evaporated t o  g i v e  a y e l l o w  

syrup t o  which 250 mL o f  dichloromethane was added, and t h e  s o l u t i o n  was 

washed w i t h  two, 100-mL p o r t i o n s  o f  w a t e r  and d r i e d  o v e r  magnesium 

su l fa te .  The so l ven t  was evaporated t o  g i v e  a syrup which was p u r i f i e d  

by column chromatography over  80 g o f  s i l i c a  gel us ing  so l ven t  E t o  g i v e  

a homogenous, sy rupy  p r o d u c t  t h a t  was c r y s t a l l i z e d  f r o m  e t h e r  - 
petroleum e t h e r  t o  p rov ide  1.8 g (89%) o f  c o l o r l e s s  c r y s t a l s  o f  pure  38: 

mp 87 - 89 OC; R f  0.63 ( D ) ;  I R  (KBr) 700 ( m ) ,  780 ( m ) ,  1020 ($1, 1090 
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352 JIANG, MOYER, AND BAKER 

( s ) ,  1120 ( s ) ,  1255 ( m ) ,  1355 ( m l ,  1390 ( m ) ,  2900 ( m ) ,  3300 ( sb )  cm'l. 
For 'H N M R  d a t a ,  see Table 1. Anal. Calcd f o r  C33H3806: C ,  74.69; H ,  

7.22. Found: C ,  74.74; H ,  7.22. 

3,4,6-Tri-O-benzy1-5-chl oro-1,2-0-cycl ohexyl i dene-5-deoxy-myo-i no- - - - 
s i to l  (39). To a s o l u t i o n  of 700 mg (1.3 mmol) of 38 i n  50 mL of  dry 

carbon t e t r ach l  ori de was added 1.35 g (5.1 mmol of t r i  phenyl phosphi  ne. 
The  m i x t u r e  was h e a t e d  under  r e f l u x  f o r  24 h under  dry c o n d i t i o n s ,  a t  
the  end o f  w h i c h  time 350 mg (5.1 mmol) of i m i d a z o l e  was added. The 

mixture was refluxed f o r  an  addi t ional  1 2  h a t  w h i c h  time TLC ( F )  showed 

t h a t  the reaction was complete. Evaporation of the solvent gave a syrup 

t o  w h i c h  100 m L  o f  e t h y l  a c e t a t e  was added. Some t r i p h e n y l p h o s p h i n e  

oxide p rec ip i t a t ed  a s  a white s o l i d  and was removed by f i l t r a t i o n .  The 

solution was washed w i t h  two, 50-mL portions of s a tu ra t ed  aqueous sodium 

ch lo r ide  and d r i ed  over magnesi urn sul fate. The sol vent was evaporated 

t o  give a syrup w h i c h  was p u r i f i e d  by column chromatography over 80 g of 

s i l i c a  gel u s i n g  s o l v e n t  F t o  p r o v i d e  620 mg (86.7%) of pure 3 9  as a 

syrup:  R f  0.37 ( F ) ;  IR (CCl4) 690 ( m ) ,  910 ( m ) ,  925 ( m ) ,  1100 ( 5 1 ,  1200 

( m ) ,  1350 ( m ) ,  1450 ( m ) ,  2850 ( m ) ,  2920 ( 5 )  cm'l. F o r  l H  N M R  d a t a ,  see 

Table  1. Anal. Calcd f o r  C33H37C105: C ,  72.18; H ,  6.79; C1, 6.46. 

Found: C ,  72.13; H ,  6.82; C1, 6.56. 

3,4,6-Tri-O-benzyl-5-bromo-l .2-O-cycl ohewl i dene-5-deow-ayo-i nosi- 
to1 (40). By t h e  same p r o c e d u r e  used f o r  29, 450 mg (0.85 mmol) of 38 

was brominated u s i n g  0.13 m L  (2.6 mmol) o f  bromine t o  g i v e  400 mg 

(79.3%) of 40 as  homogeneous syrup:  R f  0.49 ( F ) ;  IR (CCl4) 690 ( m ) ,  930 

( m ) ,  1100 ( s ) ,  1350 ( m ) ,  1450 ( m ) ,  2850 ( m ) ,  2930 ( 5 )  cm'l. Fo r  l H  N M R  

d a t a ,  see Tab1 e 1. Anal. Cal c d  f o r  C33H37Br05: C ,  66.78; H ,  6.28; Br, 

13.46. Found: C ,  66.92; H ,  6.32; Br, 13.39. 

5-Chloro-5-deoxy-nyo-inositol (41). By the same procedure used f o r  

31, 550 mg (1.0 mmol) of 39 was deprotected t o  give 170 mg (85.4%) of 4 1  

as a c o l o r l e s s  c r y s t a l l i n e  s o l i d :  mp 230 - 232 OC; IR (KBr) 700 ( m ) ,  

770 ( m ) ,  1030 ( 5 ) .  1120 ( s ) ,  1260 ( m ) ,  1350 ( m ) ,  2900 ( m ) ,  3300 ( s b )  cm' 
'. For 1H N M R  data,  see Table 1. Anal. Calcd f o r  CgH11C105: C ,  36.29; 

H, 5.58; C1, 17.85. 

- - - 

- 

Found: C ,  36.36; H, 5.58; C 1 ,  17.79. 
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5-Bromo-5-deoxy-myo-fnosi t o 1  (421. By t h e  same procedure used f o r  

31, 350 mg (0.59 mmol) o f  40 was d e p r o t e c t e d  t o  g i v e  115 mg (80.4%) o f  

42 as c o l o r l e s s  c r y s t a l s :  mp 228 - 230 OC; I R  (KBr) 710 (m), 1030 (51 ,  

1090 ( m ) ,  1120 ( m ) ,  1170 (m), 1260 ( m ) ,  1350 (m), 2900 ( m ) ,  3340 ( s b )  

cm-l .  Anal. C a l c d  f o r  CgHl lBr05 :  C, 
29.65; H, 4.56; B r ,  32.88. Found: C, 29.60; H, 4.59; B r ,  32.78. 

Fo r  l H  NMR da ta ,  see T a b l e  1. 

1,2,3,4,6-Penta-O-acety1-5-chl - oro-5-deoxy-myo-i - n o s i  t o 1  (43). By 

t h e  same p r o c e d u r e  used  f o r  22, 4 1  was c o n v e r t e d  t o  t h e  p e r a c e t a t e  

d e r i v a t i v e  43: mp 208 - 210 OC. F o r  l H  NMR data,  see T a b l e  1. MS: m/z - -  
(%)  374 (0.1, M - C l ) ,  373 (0.4, M - C l ) ,  168 (55.1, M - HC1 - 20Ac - 
2Ac), 43.1 (91.7, Ac). 

1,2,3,4,6-Penta-O-acetyl-5-brom0-5-deoxy-myo-i - - nos1 to1 (44). By t h e  

same p r o c e d u r e  used f o r  22, 42 was c o n v e r t e d  t o  t h e  p e r a c e t a t e  

d e r i v a t i v e  44: mp 196 - 198 OC. F o r  l H  NMR d a t a  see T a b l e  1. MS: - -  m/z 

( % )  395 (0.1, M - OAC),  393 (0.1, M - OAC), 293 (0.5, M - 20Ac - Ac), 

291 (0.5, M - 20Ac - Ac), 43 (42, AC).  
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