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ABSTRACT 

Partial benzoylation of L-rhamnono-l,4-lactone (1) gave 
2,5-di-g-benzoyl-~-rhamnono-1~4-lactone (2) as the main product. 
In similar conditions, D-mannono-1,4-lactone (3) gave preferentially 
2,5,6-tri-~-benzoyl-~-m~nnono-l,4-lactone (4) .  2,3,5,6-Tetra-g- 
benzoyl- (2) and 3,6~di-~-benzoyl-~-mannono-1,4-lactone (5) were 
isolated in low yield from the reaction mixture. The structures of 
the partially benzoylated compounds 2, 5 and 5 were assigned on the 
basis of spectroscopic data. 

INTRODUCTION 

In previous papers we have described the 
benzoylation of L-rhamnono-1,5- and 1,4-lactones to 
give, depending on the experimental conditions, either 
the perbenzoate or elimination products, which were 
used as starting materials for the synthesis of dideoxy- 
and trideoxysugars. 

= 

We now report the partial benzoylation of L_-rhamno- - 
no-lI4-lactone (1) and ~-mannono-1,4-lactone (3) to 
obtain in good yield 3-cnsubstituted derivatives useful as 
intermediates for the preparation of ketosugars, amino- 
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168 FERNANDEZ CIRELLI ET AL. 

sugars and disaccharides. 

"T 
1 R =R =R =H - 1 2 3  
2 R =R =Bz; R =H - 1 3  2 
7 R =R =R =Bz - 1 2 3  

3 R =R =R =R =H 
- 1 2 3 4  
4 R =R =R = B z ;  R =H - 1 3 4  2 
5 R =R =R =R =Bz - 1 2 3 4  
6 R =R = H ;  R =R =Bz - 1 3  2 4  

RESULTS AND DISCUSSION 

In our studies on the benzoylation of aldonolactones, 
we have found that ~-rimnnono-l, 4-lactone (1) , under 
controlled conditions, gave crystalline 2,5-di-g- 
benzoyl-~-rhamnono-l,4-lactone (2) in 48% yield. In 
order to determine the applicability of this reaction, 
- Q-mannono-lr4-1actone (3) bearing the same relative 
ccnfiguration as I, was benzoylated under similar 
conditions. From the reaction mixture, 2,5,6-tri-g- 
benzoyl-Q-mannono-lr4-lactone - (2) w a s  isolated by 
column chromatography as the major product (60%). 
The perbenzoate 2 was also obtained and 3,6-di-2- 
benzoyl-D-rnannono-l,4-lactone - ( 6 )  was crystallized 
in very low yield from a mixture of di-2-benzoyl-deriva- 
tives. 

- 

The isolation of 2 and - 4,respectively, as the main 
products, would indicate that the 3-OH group is hindered 
for benzoylation. No studies on the selective acylation of 
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_L-RHAMNONO- - AND e-MANNONO-l,4-LACTONE 169 

five-membered rings and particularly aldono-1,4-lactones, 
have been reported. In hexopyranoses, the 4-OH group 
proved to be the least reactive, and this fact was 
attributed to gczuche interactions with the 5-benzoyloxy- 
methyl group and the 3-c-benzoyl group.6 

On the basis of 'H NMR data, - D-mannon0-1~4-lact- 
one (2) appears to exist largely in the 3E (p)-conform- - 

ation in pyridine s~lution,~ and the 3-OH group would 
show go2*ohe interactions with both the 2-OH group and 
the bulky substituent on C-4. Although no conformational 
studies have been carried out on free &-rhamnono-1,4- 
lactone (L), one can assume similar interactions due to 
the same relative confiauration in both compounds. 

The structure of 1. was assigned by comparison of 
its 'H NMR spectrum with that of Z13,5-tri-~-benzoyl- 
L-rhamnono-l,4-lactone - (7-1 . Both spectra were per- 
formed in DMSO-d6,and the chemical shifts and coupling 
constants observed are shown in Table 1. An upfield 
shift of 0.57, 1.53 and 0.39 p.p.m., respectively, was 
observed for H-2, H-3 and H-4, whereas H-5 was only 
slightly displaced. On deuteration, the H-3 signal in 
the spectrum of 2 was simplified, and the doublet at 
5 6.15 corresponding to the hydroxylic proton dis- 
appeared. 

- 

The spectra €or compounds 4 and 2, recorded in 
chloroform-d, showed similar upfield shifts for H-2, 
H-3 and H-4 in 4, which resulted in the superposition 
of the H-2 and H-5 signals, and the H-3, H-4 and H-6,6' 
signals, respectively (Table 1). When the spectrum 
was measured in DMSO-g6, better resolution was achieved, 
arid upon deuteration the signai assigned to H-3 was 
simplified. 

Compound 2 has two free hydroxyl groups and was 
characterized as 3,6-di-)-benzoyl-g-mannono-lI4-1actone 

by its 'H NMR spectrum (Table 1). 
with 5, the more shielded hydrogens are H-2 and H-5 
( A 6  1.31 and 1.72 p.p.m., respectively), while H-3, 

in comparison 
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TABLE 1 

'€1 NMR Chemical Shifts and Coupling Constants (J,Hz) of Compounds -_-- 2,4,5,6 and - 7. 

Compound fl-2 
(J2,3) 

- 7a 6.57(d) 
(5.2) 

2a 6.00(d) - 
(5.0) 

._ 4a 6.04(d) 
(4.5) 

6.28(q) 5.27(q) 5.56(m) 1.56(d 

4.75(~i)~ 4.88(q) 5.42(m) 1.45(d 

(3.0) (8.0) (6.0) 

(3.0) (8.0) (6.0) 

H-6 ' Other 
(J6,61) 

d 

a 

4.6-5.lh) 5.76 (m) 4.6-5.1 (m) 

Aromatic H 
7.3-8.1 (m, 1511) 

Aromatic H 
7.4-8.2(m, 10fi) 
OH: 6.15 
JH-3,0H=5.G fiz 

Aromatic €I 
7.3-8.2 (m, 15H) 
OH: 3.8 

Aromatic H 
7.3-8.2 (m, 15H) 
OH: 6.32 
JH-3,0H=4.0 Hz 

Aromatic H 
7.2-8.2(m, 20H) 

Aromatic H 
7.3-8.2(m, 10Ii) 
OH: 5.3 

a. In DMs0-d~. b. In chloroform-5. c. The signal multiplicity corresponds to the spectrum 
with added D20. d. 3H. 
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L-RHAMNONO- - AND Q-MA"ONO-1,4-LACTONE - 171 

H-6 and H-6' showed only  small  s h i f t s .  
I f  w e  compare t h e  coup1ir.g cons t an t s  f o r  compounds 

4 ,  5 and 6 (Table  1) with  those  r epor t ed  f o r  Q-mannono- 
1, 4-lactoner ' w e  can a s s i g n  t h e  same conformational  
equ i l ib r ium f o r  the benzoylated products .  The l a r g e r  
va lue  observed f o r  J 3 , 4  i n  4 and 5 should i n d i c a t e  
some c o n t r i b u t i o n  of  t h e  Ej pconfo rma t ion*  which accords  
wi th  t h e  f a c t  t h a t  i n  t h e  f r e e  l a c t o n e s  in t r amolecu la r  
hydrogen bonding between t h e  2-OH and t h e  l a c t o n e  
carbonyl  t a k e s  p a r t  i n  t he  s t a b i l i z a t i o n  of  t h e  favored  
conformation. This  a d d i t i o n a l  s t a b i l i z a t i o n  is  no 
longer  p o s s i b l e  i n  t h e  p ro tec t ed  compounds 4 and 2 b u t  
s t i l l  o p e r a t e s  i n  6 ,  adding f u r t h e r  evidence f o r  i t s  
bear iny  a f r e e  2-OH group. 

a s  those  r epor t ed  f o r  t h e  perbenzoate  Il4 i n d i c a t i n g  
a favored E3 (&)-conformation.  

benzoylated a ldonolac tones  2, 4, 2 and 5 w e r e  
s u b s t a n t i a t e d  by s e l e c t i v e  decoupl ing experiments  and 
a r e  shown i n  Table 2 t o g e t h e r  wi th  d a t a  f o r  compound 7 
inc luded  f o r  comparison. 
C-4 was more desh ie lded  than t h e  o t h e r  s a t u r a t e d  carbons.  
The debenzoylated carbon atom i n  2 and 4 (C-3) showed a 
n e g l i g i b l e  s h i f t .  This  € a c t  can be expla ined  t ak ing  
i n t o  account  t h a t  t!ie u p f i e l d  s h i f t  observed f o r  t h e  
.-carbon on deacy ia t ion  of  cyclohexanols ' l  i s  cance l l ed  
o u t  by t h e  downfield s h i f t  caused by less  s t e r i c  h indrance .  
On t h e  o t h e r  hand, t h e  B-carbon atoms ('2-2 and C-4)  

s u f f e r e d  a downfield s h i f t  ranging from 1 . 4 7  t o  1.85 p.p.r .~.  
I f  w e  compare the I 3 C N M R  spectrum o f  6 with  t h a t  

- - -  

Compound 2 shows s i m i l a r  coupl ing  cons t an t  va lues  

- 
The I 3 C  NMR chemical s h i f t  assignments f o r  t h e  

A s  w e  a l r eady  repor ted ,"  

- - 

of  5 ,  t h e  debenzoylated carbons,  C-2 and C - 5 ,  showed on ly  
s l i g h t  v a r i a t i o n  ( 0 . 6 1  and 0 . 6 0  p.p.m., r e s p e c t i v e l y ) ,  
while  t h e  6-carbon atoms were s h i f t e d  downfield (4.25 

- 
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172 FERNANDEZ CIRELLI ET AL. 

TAELE 2 

I3C N M R  Chemical S h i f t s  of Compounds 2 ,  A, 2,  6 and 2 

C-6 Compound - c-1 c- 2 - c-3 - c-4 c- 5 - 
7a  1 6 9 . 5 3  6 9 . 5 8  6 8 . 7 9  7 9 . 8 9  6 7 . 3 3  1 7 . 5 1  

Z a , b  -- 7 1 . 3 1  6 8 . 4 7  8 1 . 4 6  6 7 . 4 5  1 7 . 4 6  

1 6 8 . 8 3  6 9 . 3 1  6 8 . 5 1  7 5 . 2 6  6 7 . 9 3  6 2 . 6 0  

4 a , b  -- 7 0 . 7 8  6 8 . 5 3  7 7 . 1 1  6 8 . 1 9  6 2 . 7 5  

6c 1 7 5 . 8 4  6 9 . 9 2  7 2 . 7 6  7 7 . 2 0  6 7 . 3 3  6 6 . 4 3  

- 
- 
- 
- 
- 

a .  I n  chloroform-g. b.  I n  t h e  record ing  cond i t ions  
carbonyl  carbons were n o t  observed.  c .  I n  DMSO-d_6. 

p.p.m. f o r  C-3; 1 . 9 4  p.p.m. f o r  C-4 and 3 . 8 3  p.p.m. f o r  
C - 6 ) .  

These a r e  t h e  f i r s t  s t u d i e s  on 13CNMR s p e c t r a  
of p a r t i a l l y  benzoyla ted  a ldono lac tones ,  bu t  a s i m i l a r  
behavior  has been r e p o r t e d  for p a r t i a l l y  a c e t y l a t e d  
p g l u c o p y r a n o s e s l 2  and L-rhamnoses - . l3 

t h a t  the3-OH group is t h e  less r e a c t i v e .  Th i s  compound 
w a s  c r y s t a l l i z e d  i n  ve ry  low y i e l d  ( 4 . 6 % )  from a mixture  
of  d ibenzoyla ted  p roduc t s  w i th  s i m i l a r  m o b i l i t y  i n  TLC,  

which w a s  n o t  f u r t h e r  ana lysed .  The very  good y i e l d s  
ob ta ined  f o r  5 and 4 make thsm p o t e n t i a l l y  u s e f u l  i n t e r -  

media tes .  

The i s o l a t i o n  of 6 i s  n o t  c o n t r a d i c t o r y  wi th  t h e  f a c t  

EXPERIMENTAL 

General procedures.  The ins t rumenta t ion  used has  
been descr ibed previous ly .  TLC was performed on 
S i l i c a  G e l  G (Merck). The fol lowing so lvent  systems 
w e r e  u sed :  ( a )  benzene-ethyl a c e t a t e  (19:l) ; ( b )  

chloroform-methanol ( 1 9 : l ) .  Detection was e f f e c t e d  
with iod ine  vapor .  G L C  was performed w i t h  g l a s s  
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L-RHAMNONO- - AND g-MANNONO-1,4-LACTONE 173 

columns (180 x 0.2 cm) packed with 2.5% SE-30 on 
Chrom W (AW/DMCS 80-100 mesh) with nitrogen at a flow- 
rate of 28 mL/min; Ti2800C; Td 280OC. 
silyl derivatives were prepared with hexamethyl- 
disilazane and trimethylchlorosilane . l4 
lI4-lactone and pnannono-lI4-lactone were obtained 
by bromine oxidation of &-rhamnose - and p-mannose, 
re spec t i vel y. 

Trimethyl- 

&-rhamnono- 

15,16 
- 

2,5-Di-O-benzoyl-~-rhamnono-l,4-lactone (a. 
~-rhamnono-l,4-lactone - (L, 0.5 g) was dissolved in 
2 mL of anhydrous pyridine,and 0.9 mL of freshly 
distilled benzoyl chloride was addeddropwise with 
external cooling. The solution was shaken for two 
hours at room temperature, poured into 30 mL of ice- 
water and treated as previously described. 
of the reaction mixture showed a main product 
(Rf 0.54, solvent a) and a minor one (Rf 0 . 7 3 ,  

solvent a), which were separated by column chroma- 
tography on Silica Gel H (Merck) using benzene with 
increasing concentrations of ethyl acetate as eluent. 
The product of greater mobility was characterized as 
2,3,5-tri-0_-benzoyl-~-rhamnono-l14-lactone (7) 
(0.200 g, 13.7%). 

TLC 1-4 

4 

The compound of Rf 0.54 crystallized upon addition 
of ethanol (0.550 g, 48.2%) imp 195-197'C; 
[ a ] i O  +13.5'( c 1.0, chloroform). v max 

1 7 9 0  (1,4-lactone carbonyl) ; 1700 ern-' (benzoate carbonyl) 
TR of the 2-trimethylsilyl derivative 6.10 min (Tc 2 3 0 O C ) .  
'H NMR data are shown in Table 1. I 3 C  NMR data 

are shown in Table 2 .  

3480 (OH); 
- 

Anal. Calcd for C20H1807: C, 64.86; H, 4.86. Found: 
C, 64.57; HI 5.07. 

2,3,5,6-Tetra-0-Denzoy1-~-mannono-1,4-1actone - ( 5 ) .  

Q-mannono-1,4-lactone - (3,  1.0 g )  was dissolved in 5.0 mL 
of anhydrous pyridine and benzoylated with 4.5 mL of 
benzoyl chloride. The mixture was shaken for 2 h at 
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room t e m p e r a t u r e ,  poured i n t o  1 0 0  mL o f  i c e - w a t e r  and 

t r e a t e d  a s  p r e v i o u s l y  d e s c r i b e d .  TLC showed 

o n l y  one p r o d u c t  ( R f  0 .70,  s o l v e n t  a ) ,  which w a s  
p u r i f i e d  by t r e a t m e n t  w i t h  e t h a n o l  b u t  c o u l d  n o t  be  

induced t o  c r y s t a l l i z e  (3 .0  g ,  8 9 % ) .  It  w a s  c h a r a c t e r i z e d  

as 2,3,5,6-tetra-~-benzoyl-~-mannono-lr4-lactone; 

lacTone c a r b o n y l ) ,  1720 cm-' ( b e n z o a t e  c a r b o n y i )  . 
d a t a  are  shown i n  T a b l e  1. 1 3 C  NMR d a t a  a r e  shown 

i n  Tab le  2 .  

- 9 9 . 0 "  (c 1 . 0 ,  c h l o r o f o r m ) ;  umax 1800 ( 1 , 4 -  

'H NYR 

Anal .  C a l c d  f o r  Cj4HZ6Ol0:  C,68.68; H ,  4 .39.  

Found: C ,  68.55; H ,  4 . 4 0 .  

2,5,6-Tri-0-benzoyl-~-mannono-l,4-1actone - ( 4 ) .  

D-rnannono-lr4-lactone - (2, 1 . 0  g )  was b e n z o y l a t e d  w i t h  

7.5 mL o f  anhydrous p y r i d i n e  and 2 .5  mL o f  f r e s h l y  

d i s t i l l e d  benzoyl  c h l o r i d e .  The s o l u t i o n  w a s  shaken 

f o r  2 h a t  room t e m p e r a t u r e ,  poured i n t o  100 mL of ice- 
w a t e r  and t r e a t e d  a s  p r e v i o u s l y  descr ibed. ' -*  

showed a major  p r o d u c t  of  Rf 0.50 ( s o l v e n t  a ) ,  t o g e t h e r  

w i t h  two minor  o n e s  ( R f  0 . 7 0  and Rf 0 . 8 0 ,  s o l v e n t  a ) .  

The mix tu re  ( 3 . 0  g) w a s  s e p a r a t e d  by column chromatography 

on S i l i c a  G e l  H (Merck) u s i n g  chloroform-methanol  ( 9 9 : l )  

a s  e l u e n t .  

TLC 

The f a s t e r  moving component was c h a r a c t e r i z e d  as  
compound 2 ( 0 . 8 3  g ,  2 5 % ) .  

from benzene o r  methanol (1.65 q, 6 0 % ) .  The me l t ing  p o i n t s  
o b t a i n e d  were 88-90°C and 136-138"C, r e s p e c t i v e l y ;  

[ O I ~ ~  -20.0" (c 1 . 0 ,  c h l o r o f o r m ) ;  v 3400 ( O H ) ;  1820 
(1 ,4 - l ac tone  ca rbony l )  and 1730 ~ r n - ' ~ ? b e n z ~ a t e  carbonY1) - 
Its  2 - t r i m e t h y l s i l y l  d e r i v a t i v e  showed T 5 .16  min (Tc 
programmed from 230' t o  28OoC, 10°C/min).  'H NMR 

d a t a  a r e  shown i n  Table 1. 

i n  Table  2 .  

The p roduc t  of  R f  0.50 cou ld  be c r y s t a l l i z e d  e i t h e r  

1 3 C  NMR d a t a  a r e  shown 

Anal. Calcd f o r  C 2 7 H 2 2 0 9 :  C ,  6 6 . 1 2 ;  H I  4 .52.  Found: 

The l a s t  f r a c t i o n s  from t h e  column were e l u t e d  wi th  

C ,  6 6 . 1 2 ;  H ,  4.68. 
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L-RHAMNONO- - AND P-MANNONO-1,4-LACTONE 175 

chloroform-methanol (1:l) and concentrated to a syrup 
(0.51 g )  . Upon addition of ethanol 3 , 6-di-O_-benzoyl-g- 
mannono-lI4-lactone ( 6 )  crystallized (0.1 q, 4.6%) and 
was recrystallized from the same solvent to give m p  

NuJol 3400 (QH); max 204-208OC; +8.7O (c 1.0, acetone); v 

1820 (1,4-lactone carbonyl) ; 1740 and 1700 cm-1 (benzoate 
carbonyl) . Its di-O_-trimethylsilyl derivative showed 
T~ 1.96 min (Tc programmed from 230 to 280 "C, 1O0C/min). 

are shown in Table 2. 
N,MR data are shown in Table 1. 13c NYR data 

Anal. Calcd for C20H1808: C, 62.18: H I  4.70. 
Found: C, 62.37: H, 4.95. 
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