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INTRODUCTION

I t  i s  known that hydroxyl groups in  sugars have been 

blocked by variou s methods to  f a c i l i t a t e  a n a ly t ic a l, syn th etic  

and s tru ctu ra l problem s. Benzoates, methyl groups, a ce ta l groups, 

e t c .  have been used fo r  th is  purpose.

For example, compounds o f  g lu co s id e s  with aromatic 

aldehydes were synthesized by Ekenstein and Blanksma. 1 These 

compounds were o f  in te r e s t  because the arom atic group can be 

e a s ily  s p l i t  o f f  from th e ir  a ce ta l unions through c a t a ly t ic  

r e a c t io n . The arom atic g lu cos id es  w ith th e ir  p a r t ia l ly  concealed 

hydroxyl groups proved t o  be va luable and in te r e s t in g  m ateria l fo r  

synthetic  rea ctio n s  among the sugars.

Zervas^ proved that benzylidene compounds were more u s e fu l. 

He synthesized  the a lp h a -ben zy lid en e-g lu cose  from grape sugar with 

benzaldehyde in  presence o f  zinc c h lo r id e . The stru ctu re proved 

to  be 4 ,6 -ben zy liden e  a lp h a -d -g lu cose . Besides the pure m aterial 

there were other isom ers and stereo isom ers . Fhenylhydrazone as 

w e ll as osazones were form ed. Consequently the OH on carbon 1 and 

2 were f r e e .  With a lk a li  and d im eth ylsu lfa te  in  co ld  temperature 

he synthesized a ben zy lid en e-m eth y l-g lu cosid e .
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encens

4 ,6 -b en zy lid en e -b eta -d -ra eth y l-g lu cos id e , the product o f 

Freudenberg, T oep ffe r , and Anderson.^

This proved the structure o f  4 ,6 -b en zy lid en e -a lp h a -d -

g lu co se :

By a ce ty fa tin g  th is  compound a mixture o f  alpha and beta
t

t r y a c e ty l compounds were foi'med. The benzylidene ra d ic a l was 

e a s i ly  removed with c a t a ly t ic  hydrogenation and a t r i - a c e t y l -  

g lu cose  re su lte d . By again a ce ty la t in g  i t  he synthesized the 

p e n ta -a ce ty l-b e ta -g lu co se . The benzylidene r a d ic a l had proved
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a good b lo ck er  and could be removed e a s i ly .

Benzaldehyde was a lso  used with acetone g lu cose  to  

synthesize a -g lu cu ron ic  a c id . These two were combined in  presence 

o f  phosphoruspentoxide and resu lted  in  a good y ie ld  o f  c r y s ta ls  

o f  a ceton e-ben zy liden e-g lu cose  that melted sharply at 150°. The 

stru ctu re  proved to  be 1 , 2 -m onoacetone,3 ,5 -ben zy lid en e-a lp h a -d - 

g lu co fu ran ose . This blocked a l l  the hydroxyls except that o f  the 

carbon 6 . Upon o x id iz in g  i t  w ith KMn04  in  a weak a lk a li  s o lu t io n , 

i t  was converted to  a carboxy l group o f  l,2 -m o n o a ce to n e -3 ,5 -b e n zy li- 

dene-a lph a-d -g lu cu ron ic a c id . The benzylidene r a d ic a l  was removed 

with a ca ta ly s t  and the r e su lt in g  compound was m onacetone-glucuronic 

a c id . Equations fo r  the work o f  Zervas and S essler^  are given below -

it n r\
a lk a lin e

permanganate

— 0-Ç-H

H-C-0 Palladium

COOHH-C-CJH

H
OH

H-C/-

H-C-OH

HO-C-H HOH — 0-C-H

H-C-OH H-C-0'

COOH

Acetoneglucuronic acid G lucuronic acid  lacton e
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Papadakis^ prepared l,2 -raonoacetone-5 ,6-benzophenone-a lpha-d- 

glu cofuranose by tre a tin g  1 , 2-m onacetoneglucose and benzophenone- 

ch lo r id e  in  presence o f  p yrid in e  and showed that by c a ta ly t ic  

hydrogenation the aromatic resid u e  could be removed as shown by 

the fo llo w in g  scheme.

This presented another method analogous t o  Zervas. The 

compound was c r y s ta l l in e  but the p yrid in e  method gave low y ie ld s  due 

to  the form ation  o f  a red substance as a by -p rod u ct.

Papadakis0 la te r  prepared benzophenone-ascorbie acid  by 

heating a scorb ic  acid  -with benzophenone ch lo r id e  in  dry toluene 

instead o f  p y r id in e . This method d id  not g iv e  the red m ateria l 

and the y ie ld s  were good . The o b je c t  o f  the form ation  o f  

benzophenone a sco rb ic  a c id  was t o  a ffo rd  a tu bercu lar p a tien t the 

b e n e fit  o f  both benzophenone and a scorb ic  acid  by slow h y d ro ly s is  

in  the system. Benzophenone i s  known to  have a b a c te r io s ta t ic  

e f f e c t  on tu b e rc le  b a c i l l i .

From the standpoint o f carbohydrate chem istry i t  seemed 

important to  f in d  out whether benzophenone ch lo r id e  w i l l  react with 

sugars or sugar d e r iv a t iv e s  which have secondary hydroxyl groups f r e e .



OBJECT OF RESEARCH

The o b je c t  o f  the present research  i s :

To t e s t  th is  method, namely the preparation  o f  arom atic k eta ls  

by t re a t in g  benzophenone ch lo r id e  in  toluene with sugar or 

sugar d e r iv a t iv e s ,

To extend the work o f  sugar a lco h o ls  o f  the h e x ito l  s e r ie s ,  and 

To find  out "whether the benzophenone ch lo r id e  can react a lso  

with two secondary hydroxyl groups -



METHOD

Papadakis'® work on benzophenone-ascorbic acid  was repeated 

using the toluene method and found to  g iv e  good r e s u lt s .  On tre a tin g  

p la in  g lu co se , the r e s u lts  were negative perhaps due t o  the fa c ts  

a) that in  the pyranose r in g  numbers 1 and 5 carbons are jo in e d  by 

an oxygen brid ge  and b) t o  the bu lk in ess o f  the benzophenone m olecule 

i t s e l f .  I t  may be necessary to  in v e stig a te  t h is  case fu r th e r .

Next the re a c t io n  o f  benzophenone ch lo r id e  with m annitol 

was t r ie d  according to  the method d escribed  in  d e t a i l  in  the 

experim ental p a r t . The open chain h e x ito ls  a ffo rd  s ix  hydroxyl 

groups and th ere fo re  a p o s s ib i l i t y  o f  a re a c t io n  o f  th ree  benzophenone 

c h lo r id e s . Because o f  s tru ctu ra l con s id era tion s  in  the case o f  t r i -  

benzophenone d e r iv a t iv e , one o f  the benzophenone ch lo r id e s  would 

n e ce s sa r ily  have t o  rea ct with secondary hydroxyl groups. Should 

th is  be the case , i t  would answer the th ird  o b je c t iv e  o f  the 

present in v e s t ig a t io n . The r e s u lts  o f  the benzophenone ch lo r id e  

w ith mann i t o l  as shown in  the experim ental part o f  th is  in v e s t i ­

g a tion  prove that a tri-benzophenone d e r iv a t iv e  has been formed.

The compound formed was a white powdered substance which
f

under the m icroscope showed that i t  was c r y s ta l l in e  in  s tru ctu re .

The c r y s ta ls  are in so lu b le  both in  hot water and hot a lc o h o l, 

m .p. 161-162°•
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I t  would be in te re s t in g  as a fu rth er research  in  the 

fu tu re  to  t r y  the ra te  o f  h y d ro ly s is  o f  the benzophenone residu es 

o f  the tri-benzophenone m annitol. Interm ediate products o f  the 

h y d ro ly s is  may help  to  e lu c id a te  the structure o f  the o r ig in a l  

tri-ben zophenone-d -m ann itol.

Ihe stru ctu re  o f  tri-benzophenone-d -m ann itol has not yet 

been proved experim enta lly . T h e o re t ica lly  the fo llow in g  isom eric 

compounds are p o s s ib le ;

1 .2  : 3 ,4  : 5 ,6  -  tri-benzophenone-d -m ann itol;

1 .2  : 3 ,5  : 4 ,6  -  tri-benzophenone-d -m ann itol;

1 .3  : 2 ,4  : 5 ,6  -  tri-ben zophenone-d -m ann itol.

The g ra p h ica l stru cture o f  th ese  isom ers i s  shown below . 

Further work on p a r t ia l ly  hydrolyzed interm ediates w i l l  be necessary 

to  e lu c id a te  th is  s tru ctu re .

<
H

i-C-H

NN o-C-H
I

O-C-H

H-C-0

H-C-0
, \

B - C - o /  'XHD
H

1,2  : 3 ,4  : 5 ,6  -  Tri-benzophenone-d-m annitol





EXPERIMENTAL

Benzophenone C h lorid e . -  The method used fo r  the preparation

o f  benzophenone ch lo r id e  i s  e s s e n t ia lly  the same as that o f  KeKule 
n

and Franchimont. An equivalent amount o f  benzophenone and 

phosphorus- pentach loride was placed in  a f la s k  under a reflux- 

condenser. The temperature o f  the o i l  bath was kept from  145-150°. 

The temperature o f  the re flu x in g  m ateria l was kept around 90 °.

I t  was re flu xed  from  one t o  two hours. The product was fr a c t io n ­

ated tw ice .

Benzophenone A scorb ic  Ac i d . -  The method, used f o r  the 

preparation  o f  benzophenone a scorb ic  acid  was e s s e n t ia lly  the 

same as that o f  Fapadakis with some m o d ifica tio n s .

Benzophenone ch lo r id e  (1 2 .5 g .) was c a r e fu l ly  added to  

ascorb ic  acid  (9 .2 g .)  in  dry toluene and heated under a r e flu x  

condenser u n t i l  no more HC1 was coming o f f .  O il bath temperature 

was kept between 8 5 -9 0 °. A fter  f i l t e r i n g  the compound was treated  

w ith i c e  water that had a small amount o f  NaHC03  to  remove any 

unreacted a scorb ic  acid  and HC1, then with benzene t o  remove any 

benzophenone formed,. I t  was f in a l ly  r e c r y s ta ll iz e d  from methyl 

a lc o h o l , m .p. 207-208°. The substance i s  in s o lu b le  in  water 

but so lu b le  in  e th y l and methyl a lc o h o l.

Benzophenone M annitol. -  Benzophenone ch lo r id e  (3 2 .5 g .)  

was c a r e fu l ly  added, to  m annitol (2 2 .5 g .)  in  dry toluene and



10

and heated under a r e flu x  condenser. A mechanical s t ir r e r  was 

used . Hie temperature o f  the o i l  bath was started, at n inety  and 

was gradually  ra ised  so that the HC1 was d is p e l le d .  The reactants 

were re flu xed  from 12 to  15 hours. The tem perature o f  the o i l  

bath was 125-130° during the la t t e r  part o f  the p ro ce ss . The 

product was c a r e fu lly  washed w ith i c e  water to  remove any unreacted 

m annitol, then with benzene t o  remove the unreacted benzophenone.

The re su lt in g  product was in s o lu b le  in  hot water and in  hot a lc o h o l. 

Mannitol i s  so lu b le  in  co ld  water and. benzophenone i s  very so lu b le

in  a lco h o l but not in  w ater. Judging from the s o lu b i l i t y  stand-
\

poin t a new product was form ed. This was re flu xed  with methyl 

a lco h o l, f i l t e r e d  hot by su ction  and d ried  in  vacuo. The m elting 

point o f  the product d id  not d i f f e r  much from  that o f  the o r ig in a l  

m annitol, m.p. product was 161-162°; m .p. o f  m annitol 166-168°.

The c ry s ta ls  were set a s id e  u n t i l  the fo llo w in g  summer. Again the 

product was in so lu b le  both in  hot water and in  hot a lc o h o l . The 

substance was again washed w ith b o i l in g  methyl a lc o h o l .  A fter 

drying the m elting point o f  substance was found t o  be the same.

Caled, fo r  C^HggOg: c , 80 .08 ; H, 5.68

Found c, 80 .06 ; H, 5.73



SUMMARY

1 . Papadakis' work on benzophenone-ascorbic a c id s  using 

the toluene method was repeated and found s u cce s s fu l.

2 . Aromatic k e ta ls  o f  h e x ito ls  were formed by heating 

benzophenone ch lo r id e  and mannitol in  dry  toluene with s t ir r in g  

u n t i l  no more HC1 was given  o f f .

3. The form ation o f  a tri-benzophenone d e r iv a t iv e  o f  

m annitol in d ica te s  that one o f  the benzophenone ch lo r id e s  has 

reacted  with secondary hydroxyl groups.
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