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CARBOCYCLIC RING CLOSURE OF AN AMINOOEOXY 

HEX-5-ENOPYRANOSIDE 

M a r i a  M i d i - P u s k a s * ,  I s t v a n  P e l y v a s  and RezsB Bognar  

I n s t i t u t e  of O r g a n i c  C h e m i s t r y ,  L a j o s  K o s s u t h  
U n i v e r s i t y ,  H-4010 D e b r e c e n  ( H u n g a r y )  

R e s e a r c h  Group o f  A n t i b i o t i c s  o f  t h e  H u n g a r i a n  
Academy of  S c i e n c e s ,  H-4010 Oebrecen ( H u n g a r y )  

* 

Received A p r i l  1 1 ,  1 9 8 5  - F i n a l  Form J u n e  2 5 ,  1 9 8 5  

F e r r i e r ’ s  i n t r a m o l e c u l a r  c a r b o c y c l i c  r i n g  
c l o s u r e  r e a c t i o n  of m e t h y l  3,4-di-O-acetyl-2-benzoyl- 
a m i n o - 2 , 6 - d i d e o x y - ~ - O - x y l o - h e x - 5 - e ~ o p y r a n o s i d e  (2) l e d  
t o  2~-2,4,5/3-2,3-di~D-acetyl-4-benzoylamino-5-hydroxy- 
c y c l o h e x a n o n e  (4). Upon a c e t y l a t i o n  compound 4 u n d e r -  
w e n t  6 - e l i m i n a t i o n  t o  g i v e  t h e  c o n j u g a t e d  enone ?. The 
c o n v e n i e n t  p r e p a r a t i o n  o f  t h e s e  h i g h l y  f u n c t i o n a l i z e d  
a m i n o c y c l o h e x a n o n e s  o f f e r s  a n  e f f i c i e n t  r o u t e  t o  
monoamino- o r  1,4-diaminocyclitol-type a m i n o g l y c o s i d e  
a n t i b i o t i c  a g l y c o n e s ,  s t a r t i n g  f r o m  2-amino-2-deoxy-D-  
g l u c o s e .  

- 

The r e c e n t  d i s c o v e r y  o f  numerous p s e u d o d i s a c -  

c h a r i d e - t y p e  a m i n o g l y c o s i d e  a n t i b i o t i c s ’  w i t h  r e l a -  

t i v e l y  s i m p l e  c h e m i c a l  s t r u c t u r e s  i n v o l v i n g  l - a m i n o -  
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324 MADI-PUSKAS, PELYVAS, AND BOGNAR 

o r  1,4-diaminocyclitol aglycones, has stimulated inter- 
est in the synthesis of such antibiotic analogues. 
Several routes, starting from carbohydrates, have been 
developed for the preparation of the aminocyclitol 
parts of these molecules. 

The Ferrier method' represents a convenient and 
effective way to obtain highly functionalized cyclo- 
hexanones, and has been extended by several authors 
to hex-5-enopyranosides derived from various neutral 
carbohydrates, and most recently, from a 3-aminodeoxy 

7 sugar . 
In contrast to previous approaches o u r  synthetic 

strategy' involves the Ferrier-transformation of pro- 
tected a ~ i d o - ~  and aminodeoxy -hex -5 -enopy ranos ides  into 
cyclohexanones already containing one of the nitrogen 
functions o f  the desired diaminocyclitol compound in 
the form of an azido- o r  amino group .  The present paper 
describes the first example for the conversion of a 
2-aminodeoxy sugar into an aminocyclohexanone by rncans 
of the Ferrier reaction. 

3-6 

RESULTS AND DISCUSSION - 
Methyl 3,4-di-~-acetyl-2-benzoylamino-2,6-dideoxy- 

-a-D-x~t-hex-5-enopyranoside - (2) was obtained in six 
steps f rom 2 - a m i n o - 2 - d e o x y - ~ - g l u c o s e  - by the methods of 

It is to be mentioned that upon the conversion of methyl 
3,4-di-~-acetyl-2-benzoylamino-6-iodo-2,6-dideoxy-~-~- - 

glucopyranoside (1) into exo-methylene compound 2 by 
treatment with dry silver fluoride, the reportedi2 40 % 

yield could be doubled by means of continuous extraction 
of the reaction mixture with warm ether. 

Inouye et al.;' Gibbs et al.ll and Khan and Hough. 1 2  

A solution of - 2 and mercury(I1)chloride in aqueous 
acetone was refluxed for 3.5 hours (Scheme 1, route A ) ,  
as described by Ferrier , to afford 29-2,4,5/3-2,3-di- 2 

- 
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CARBOCYCLIC RING CLOSURE 325 

- '0 _@ - A ' o ~  AcO A c O 1 2 Y  AcO 
At0 OCH3 A cO OCH3 HgC'2 BzNH 

ace tone -lip OH NHBz NH Bz NHBz 

5 - 4 - 2 - 1 - 

L 
Scheme 1 

- O-acetyl-4-benzoylamino-5-hydroxycyclohexanone (4 ) .  The 
values of the 'H-NMR coupling constants ( J2, 3=J3, 4= 
= 1 0  Hz; J4,5=J5,6=2 Hz; J5,6,=3.5 Hz) clearly showed 
that cyclohexanone 4 was present, in chloroform solution, 
in the form of the 'C5(L) conformer bearing an axial 
hydroxyl group at C-5. In the l3C-NMR spectrum, carbons 
C - 1  and C-6 appeared (6=199.95 and 45.05 ppm) in the 
ranges characteristic of a ketone carbonyl, and a 
rnethylene group adjacent to a carbonyl function, 
respectively. The additional l3C-NMR data (see Experi- 
mental) were also consistent with structure 2. 

Cyclohexanone 4 is formed from 2 presumably -- via a 
five-step sequence (Scheme 2 1 ,  involving oxymercuration, 
hydrolysis, a-elimination, demercuration and acid-cata- 
lyzed intramolecular carbonyl addition. Thus, the initial 
step of the Ferrier reaction is a highly regioselective 
addition o f  mercury(I1)chloride on the double bond of 2 
t o  produce a 5 - h y d r o x y - 6 - d e o x y - 6 - c h l o r o r n e r c u r i  intermedi- 
ate ( 6 ) .  Although only a small portion of the positive 
charge resides on carbon in the c h l o r o m e r c u r i - s u b s t i t u t e d  
carbocation, it is large enough to account for the 
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326 MADI-PUSKAS, PELYVAS, AND BOGNAR 

NHBz acetone 
r e f l u x  

2 - 

NHBz 

0 

- Ac 0 OOH+ 
NH Bz 

NHBz 

I - 

M a r k o v n i k o v - t y p e  h y d r a t i o n  and t o o  s m a l l  t o  a l l o w  t h e  

u s u a l  r a p i d  c a r b o n - s k e l e t o n  r e a r r a n g e m e n t  p r o c e e d i n g  

w i t h  f u l l y  d e v e l o p e d  c a r b o c a t i o n s .  I n  t h e  h o t  s o l u t i o n  

h y d r o c h l o r i c  a c i d ,  g e n e r a t e d  i n  t h e  o x y m e r c u r a t i o n  

p r o c e s s  c a u s e s  r a p i d  h e m i a c e t a l  r i n g  o p e n i n g  and t h e  

c l e a v a g e  o f  t h e  m e t h y l  g l y c o s i d e .  D e h y d r a t i o n  o f  t h e  

d e v e l o p e d  g e m i n a l  d i o l s  a t  C - 1  and C - 5  (z> r e s u l t s  i n  

t h e  o p e n - c h a i n  1 , 5 - d i o x o  i n t e r m e d i a t e  - 8 w h i c h  is 
d e m e r c u r a t e d  u n d e r  a c i d  c o n d i t i o n ,  a n d  t h e n  t h e  a c i d -  

- c a t a l y z e d  n u c l e o p h i l i c  a d d i t i o n  of  C-6 on  t h e  c a r b o n -  

- o x y g e n  d o u b l e  bond o f  C - 1  c o m p l e t e s  t h e  r e a c t i o n  s e q u e n c e  

t o  a f f o r d  t h e  p r o d u c t  4. The s t e r i c  p o s i t i o n  of t h e  

C - 5  h y d r o x y l  g r o u p  i n  4 i s  p r e s u m a b l y  d e t e r m i n e d  by  

t h e  c o n f o r m a t i o n a l  p r o p e r t i e s  of  one o f  t h e  o p e n - c h a i n  

i n t e r m e d i a t e s  o f  t h e  p r o c e s s .  

Th is  mechan ism i s  e x p e r i m e n t a l l y  s u b s t a n t i a t e d  by  

t h e  r e a d y  c o n v e r s i o n  of m e t h y l  6 - a c e t o x y m e r c u r i - 2 , 3 -  

d i - ~ - a c e t y l - 2 - b e n ~ o y l a m i n o - 2 , 6 - d i d e o x y - 6 - m e t h o x y - ~ - ~ -  - 

g l u c o p y r a n o s i d e  (?), o b t a i n e d  f r o m  2 b y  m e t h o x y m e r c u -  
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CARBOCYCLIC RING CLOSURE 327 

ration13, into cyclohexanone k upon heating in dilute 
hydrochloric acid (Scheme 1, route - 6 ) .  

In accordance with Ferrier's finding2 compound 4 ,  
as a 8-hydroxyketone, underwent @-elimination upon treat- 
ment with acetic anhydride in pyridine to give the hete- 
roconjugated 2L-2,4/3-2,3-di-O-acetyl-4-benzoylamino- 
cyclohex-5-enone (2).  In the 'H-NMR spectrum of - 5 the 
protons attached to unsaturated carbons (H-5 and H-6) 
resonated at 6=6.95 and 6.24 ppm, respectively, with 
coupling constants J4,5*J4,6 * 2.0 Hz and JgI6=1O.8 Hz. 

The above simple route to aminocyclohexanones 4 
and - 5 provides a convenient method for the preparation 
of intermediates applicable for the synthesis of l-amino- 
o r  ll4-diaminocyc1itol-type aglycones of pseudodisaccharide 
aminocyclitol antibiotics from the readily available 
2-amino-2-deoxy-D-glucose. - 

EXPERIMENTAL ------------ 

General methods. Melting points were determined on a 
Kofler hot-stage apparatus and are uncorrected. Optical 
rotations were measured with a Perkin-Elmer 241 polari- 
meter. 'H- and 13C-NMR spectra (200 and 50.3 MHz) were 
obtained with a Bruker WP 200 S Y  spectrometer, tetra- 
methylsilane being the internal standard. Mass spectra 
were recorded with a VG-7035 instrument. TLC and column 
chromatography were performed on DC-Alurolle Kieselgel 

(Merck) and Silica gel 6 0  (Merck) adsorbents. 6o F254 

--------------- 

- 

---- Methyl 3 ---2----------- 4 - d i - 0 - a c e t y l - 2 - b e n z o y l a m i n o - 2  -_____--- --------L-------- 6-dide0xy-~-O- ---- 
- x y l o - h e x - 5 - e n o e y r a n o s i d e  ------------ --__--__ (2) 

A mixture of methyl 3 , 4 - d i - 0 - a c e t y l - 2 - b e n z o y l a r n i n o -  
2,6-dideoxy-6-iodo-a-D-glucopyranoside - (1) (4.9 g ) ,  

silver fluoride (4.9 g, dried in vacuo at 75OC) and abs. 
pyridine (42 mL) was stirred with a magnetic stirrer in 
the dark f o r  20 h. The reaction mixture was continuously 
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328 MADI-PUSKAS, PELYVAS, AND BOGNAR 

extracted with ether, the extract was filtered through 
a pad of Hyflo Supercel adsorbent and then concentrated. 
The residue was dissolved in ether and purified by means 
of adsorptive filtration through a small column packed 
with Silica g e l  6 0 .  Upon evaporation of the eluate the 

residue started to crystallize to give 3.35 g (81%) of 
crude 2 which was recrystallized from ether-petroleum 
ether, mp 118OC, lit.12 mp 118-119CC,[aJi5 +115' ( 5  1.5, 
chloroform) , lit. 12[a] i5+l180 ( 5  1.65, chloroform) . 

Anal. Calcd for C18H2'07N (363.35): N, 3.86 %. 

Found : N,  4.03 %. 

----------- 'H-NMR data (CDC13, ppm):b 2.0 and 2.20 (2s,6H, 
2 OAc), 3.48 (s,3H,0CH3), 4.65 and 4.72 (2d,2H,H-6 and 
H-6'> '6,6> =12Hz), 4.82 (d,lH,H-2), 4.95 (d,lH,J1,2=3 Hz), 
5.50 (q,lH,H-3), J2,3=10.0 Hz), 5.62 (dd,lH,H-4, J3,4= 
= 9 . 0  Hz), 6.45 (d,lH,Ntl, J2,,,,,=8.0 Hz),  7.80-7.30 ( m ,  

5H,aromatic). 

- 1 into 2 failed when the reaction was performed with 
1,8-diazabicyclo-(5.4.O)-undec-7-ene (DELI) in dry toluene 
under nitrogen atmosphere. 

- 
It is to be noted that the dehydrohalogenation o f  

---_ Methyl --,L----------- 3 4-di-0- a c e t ~ - 6 - a c e t o ~ m e r c uri-2-benzoylarnino- __---- ------------- ------- 
- 2  6 - d i d e o x y - 5 - m e t h o ~ - a - D - c ~ 1 u c o p y r a n o s i d e  (2)  

a solution of mercury(I1)acetate ( 0 . 5  g) in abs. methanol 
(2.7 mL) was added and the mixture was kept at room 
temperature for 2 h. Solvent was then evaporated and the 
residue dried over P205 to obtain - 3 (0.94 g, 93.2 % )  

mp 87'C, [a] i5+ 45.3'(5 1.17, chloroform) . 
Anal. Calcd for C21H27010NHg (654.05): C, 38.56, 

H, 4.16, N,  2.14 %.  Found: C ,  38.68, H, 4.24, N,  2.21 % .  

----- Mass sgectrum: -----_ m/e 363 (M-OCH3-HgOAc). 
-----__-- 'H-NMR data (C0Cl3, ppm): 6 1.95, 2.05 and 2.15 

---L-------- -------- ----- ---- -------- 
To a solution of - 2 ( 0 . 5 6  g) in abs. methanol (1.5 mL) 

(3s,9H,3 OAc), 2.12-2.30 (m,2H,H-6 and H-6'1, 3.38 and 
3.48 (2s,6H,2 OCH3), 4.65 (bs,lH,NH), 4.90 (dd,lH,H-2, 
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CARBOCYCLIC R I N G  CLOSURE 329 

J 1 , 2 = 4  H z ,  J2,3=11.0 H z ) ,  5 .26 ( d , l H , H - l ) ,  5 .36-5 .50  

(m, lH,H-4) ,  J 3 , 4 = 1 0 . 0  H z ) ,  5 . 6 0  ( t , l H , H - 3 ) ,  6 . 8 0 - 7 . 9 0  

( m , 5 H , a r o m a t i c ) .  

- A .  A m i x t u r e  o f  2 ( 1 . 5  g )  and e q u i m o l a r  amount o f  
m e r c u r y ( I 1 ) c h l o r i d e  (1.1 g )  i n  1 : 2  w a t e r - a c e t o n e  ( 4 5  mL) 

was r e f l u x e d  f o r  3.5 h when TLC ( c h l o r o f o r m  c o n t a i n i n g  

0 . 5  % o f  m e t h a n o l )  i n d i c a t e d  t h a t  a l l  o f  t h e  s t a r t i n g  

- 2 h a d  d i s a p p e a r e d .  The r e a c t i o n  m i x t u r e  was e v a p o r a t e d ,  

t h e  r e s i d u e  was d i s s o l v e d  i n  c h l o r o f o r m  and t h e n  washed 

w i t h  s m a l l  p o r t i o n s  o f  w a t e r .  The o r g a n i c  l a y e r  was d r i e d  

(MgSO,) and c o n c e n t r a t e d .  C r y s t a l l i z a t i o n  of t h e  r e s i d u e  

f r o m  c h l o r o f o r m - p e t r o l e u m  e t h e r  y i e l d e d  4 ( 0 . 9 8 5  g,  6 8 . 4 % ) ,  

mp 205OC ( d e c . )  ,[a] 2 5  + 9 O  (2  0 . 1 ,  c h l ~ r o f o r m ) ~ a ] ~ ~ +  24' 

( 5  1, p y r i d i n e ) .  

A n a l .  C a l c d  f o r  C17H1907N ( 3 4 9 . 3 2 ) :  C ,  58 .45 ,  H ,  

5 . 4 4 ,  N ,  4 . 0 0  % .  Found:  C ,  58 .39 ,  H ,  5 .39 ,  N ,  3 . 9 6  %.  

------ Mass s p e c t r u m :  ------ m/e 3 3 1  (M-H20). 

---------- 'H-NMR d a t a  (DMSO-d6, ppm): 6 1 . 9 0  and 2.05 ( 2 s ,  

6H, 2 OAc), 2 .48-3 .20  (m,2H,H-6 and H - 6 ' ,  J 5 , 6 = 2  Hz, 

J 5 , 6 = 3 . 5  H Z  9 ' 5 , 6 >  =16 H z ) ,  4 . 1 8  ( b s , l H , H - 5 ,  J 4 , 5 = 2  H z ) ,  

4 .92  (m, lH,H-4,  J 3 , 4 = 1 0 . 0  H z ) ,  5 .50  ( t , l H , H - 3 ,  J 2 , 3 = 1 0  Hz) ,  

5 . 6 2  ( d , l H , O l j ) ,  5 . 7 0  ( d , l H , H - 2 ) ,  7 .30-7 .85  (m,5H, a r o m a t -  

i c ) .  

---------- l 3 C - N M R  d a t a  (DMSO-d6, ppm): 6 2 0 . 2 1  and 20 .38  

(C-31,  77.12 (C-21,  1 2 7 . 2 4 ,  1 2 8 . 3 3 ,  1 3 1 . 4 1  and 1 3 4 . 3 2  

( a r o m a t i c  c a r b o n s ) ,  1 6 6 . 6 1  ( a m i d e  C = O > ,  169.23  and 

1 6 9 . 8 8  ( 2  e s t e r  C = O ) ,  199 .95  ( C - 1 ) .  

s o l v e d  i n  a m i x t u r e  o f  a c e t o n e  ( 9 . 4  mL) and w a t e r  ( 3 . 4  mL) 

and one m o l a r  e q u i v a l e n t  o f  1 n h y d r o c h l o r i c  a c i d  

( 1 . 3  mL, 0 .0472 g o f  H C 1 )  was added.  The m i x t u r e  was 

b o i l e d  u n d e r  r e f l u x  f o r  4.5 h and t h e n  w o r k e d  up  a s  

( 2  C H 3 ) ,  45 .05  ( C - 6 1 ,  53.37  (C-4) ,  6 7 . 4 9  (C-51 ,  7 1 . 2 0  

- 6 .  The m e t h o x y m e r c u r i  compound 2 ( 0 . 8 5  g )  was d i s -  
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MADI-PUSKAS, PELYVAS, AND BOGNAR 330 

d e s c r i b e d  i n  m e t h o d  A t o  o b t a i n  c y c l o h e x a n o n e  4 ( 0 . 3 4  g ,  

7 5 . 2  X), mp 205OC ( d e c . ) ,  [a]:' +24O ( 2  0 . 9 9 ,  p y r i d i n e ) ,  

t h e  s p e c t r a l  d a t a  o f  w h i c h  w e r e  i n  good a c c o r d a n c e  w i t h  

t h o s e  o f  t h e  s a m p l e  p r e p a r e d  b y  t h e  F e r r i e r  r e a c t i o n  o f  

2.  - 

-,-I,---&------- 2L-2 4 / 3 - 2  3 - D i - D - a c e ~ l - 4 - b e n z o y l a m i n o - c y c l o h e x - 5 -  --- 
---- enone ( 2 )  

A m i x t u r e  o f  4 (0 .38  g)  i n  a b s .  p y r i d i n e  ( 7 . 6  mL) 

and a c e t i c  a n h y d r i d e  ( 2  mL) was k e p t  a t  room t e m p e r a t u r e  

f o r  20 h and t h e n  p o u r e d  o n t o  i c e  and w a t e r .  The s o l i d  

p r e c i p i t a t e  was f i l t e r e d  o f f ,  washed w i t h  c o l d  w a t e r  

a n d  d r i e d  i n  v a c u o  o v e r  P 0 a n d  KOH. The c r u d e  p r o d u c t  2 5  
( 0 . 2 2  g ,  61 .3  % )  was r e c r y s t a l l i z e d  f r o m  m e t h a n o l  t o  

y i e l d  p u r e  2, mp 223OC ( d e c .  1, [a] i2 +14.6'  (c  1, 

c h l o r o f o r m ) .  

A n a l .  C a l c d  f o r  C17H17D6N ( 3 3 1 . 3 1 ) :  C ,  6 1 . 6 2 ,  

H ,  5 . 1 8 ,  N ,  4 . 2 3  %. Found:  C ,  6 1 . 5 7 ,  H, 5 . 1 2 ,  N ,  4 .16  X .  
------ Mass s p e c t r u m :  ----- m/e 3 3 1  ( M + ) .  
---------- 'H-NMR d a t a  ( C D C 1 3 ,  ppm) :h  2 . 2 5  and 2 . 1 0  (2s ,6H,  

2 OAc), 5 . 3 0  (m, lH,H-4,  J 3 , 4 = 8 . 6  H z ) ,  5 . 5 5  (m,2H,H-2 

and H-3, J2 ,3=11.D H z ) ,  6 .24  ( d d , l H , H - 6 ,  J 4 , 6 = 2 . 0  H z ) ,  

7 .80-7 .43  ( m , S H , a r o m a t i c ) .  

6 .75  ( d d , l H , N l j ) ,  6 .95  ( d d , l H , H - 5 ,  J 4 , 5 = 2  Hz, J 5 , 6 = 1 D . 8  H z ) ,  
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