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ABSTRACT 

Conditions have been established for the microsyntheses of dianhydra- 
hexitols by reaction of 1,4-monoanhydro-D,L-galactitols and 1,5-mono- 
anhydro-D-galactftol as well as of 1,4- and 1,5-monoanhydro-Dglucltols and 
-D-mnnitols with tosyl chloride in pyridine followed by cyclization of 
the resulting 6-O-tosyl derivatives in methanolic solution of sodium 
mthoxide. The dianhydrohexitols were formd by intramolecular nucleaphi- 
l i c  substitution of the C-6 G-tosyl group with a properly stereochemicRlly 
oriented hydroxyl group. 

Components of the mixtures were separated by capillary gas chromato- 
graphy using columns coated with SP-2340 and identified by GC-MS. The 
identities of the synthesized dianhydrohexitols were confirmed by 
comparison with the GC retention times and mass spectra of authentic 
samples. 

I?fTRODUCT I08 

Alditols, anhydroalditols and their derivatives are known compounds 
of the family of carbohydrates. 8 -  Some of them occur in plants-' as well 
as in cerebrospinal fluid in animals.*-* Others have found medicinal uses, 
e .g . ,  Dmnnitol is an effective brain antioedemic agent,' 1,2:5,6- 
dianhydro-D-galactitol (DAG) is a renowned anticancer agent,'' and 1,4:3,6- 
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74 WISNIEWSKI ET AL. 

dianhydro-D-mannltol 13 a completely fiirn-toxic d iu rc t i i  ' In  ttt. t-erc.trn- 

s p i n a l  f l u l  ti thaw3 ~:ompou~icl ni I- L t l o i r ~ i f ~ a J  by u t ~ p i l l a r y  IAII i jmn GC-MI 

method.c Some d i f f i c u l t i e s  dre u s u a l l y  exper ienced  when assiGnlng r e l a -  
t i v e  coiif lguratiorrc, t o  t h e  d e t e c t e d  manu- and d l -anhvdrohexi to ic ,  ~ I J C  t o  
l a c k  of s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  IM>S s p e c t r a  c)f t h o f r  
~ o n f i g u i - d t i u n n l  i t owrs .  The GC-MS d+3terminat ion of t h e  conf lguratioiidl 

lsomrs i s  p o s s i b l e  by comparison of f he  compnuitds w i t h  t h n s o  o f  known 

s tandard5  . 
Classic-al withods of t h e  p r e p a r a t i v e  s y r i t h r S e s  of p a r t i c u l a r  btdndarrl- 

b y  dehydra t lan  of t h e  hexitolz, i n  acidic .  medium, ' % '  reduction Lif 1-bromn- 

1-deoxy-per-U-acztylhexopyranosr; with  L i  A I H n ,  ' rer tuct lon of w i f u r -  

c o n t a i n i n g  glycosi&?c, over Ranay n lcka l14  or c y c l i L d t l a n  of t.hc, m G n o  0- 

t 0 5 y l  der f v a t i v e 5  of l I 5 - a n h y d r o h e x i t o l s  i n  w ~ t h a n o l i c  w l b t  ioiz 1.i -ud i~ . ru  

xuethoxide'", I * -  a r e  t;m-con~;uming ant' i i f ten dt%eptivv. Therefore ,  there ic- 

d need for  t h e  tlevelapnreut of d m p l e  and r3pid m t h o d s  f o r  s y n t h p s l s  of 

these compodndb w e n  wlthout  t h e j r  w p a r a t i o n .  The compounds obtaineif i n  

t h i s  way on the  micro-scale ,  could be used as s t a n d a r d s  I n  gas chromatogra-  

PhY 
Methods of t h e  s y n t h e s i s  o f  diar ihydrohexi to ls  a r e  r e p o r t e d  here in .  

RESULTS AICD DISGUSSIOB 

Both t h e  r e g l o 5 e l e c t f v i t y  of 0 - t o s y l a t i o n  of s u g a r  d e r i v a t i v e s  and 
t h e  results of cycl  i z a t i o n  of t he  p e n t i t o l c  v i a  t h e i r  D t o s y l  der iva t ives ' - ,  
were u t l l i s e d  f o r  t h e  p r e p a r a t i o n  of d i a n h y d r o h e x i t o l s .  Heat ing of the 

corresponding monoanhydrohexitols wi th  t o s y l  c h l o r i d e  i n  p y r i d i n e  a t  100 c'C 

for 2 h gave internrjdiate 6-0-tonyl d e r i v a t i v e s  which underwent i n t r a m l e -  
c u l a r  n u c l e o p h i l l c  s u b s t i t u t i o n  by proper ly  s t e r e o c h e m i c a l l y  o r i e n t e d  
hydroxyl groups (Scheme 1, l a ,  FIG. 1 and r e a c t i o n  l a ,  described i n  the 

Experimental s e c t i o n ) .  
The d ianhydrohexi to ls  were i d e n t i f i e d  by the  GC-MS niethod and by 

L.,ompartson wi th  s t a n d a r d  r e t e n t i o n  times of known compounds. Two represen-  
t a t i v e  mass s p e c t r a ,  from a to t a l  of six recorded, (FIG. 2 , 3 )  permi t  unam- 
biguous c o n f i r m t i o n  a f  t h e  d ianhydrohexi to l  s t r u c t u r e  of t h e  campounds 
owing t o  c o m n  c h a r a c t e r i s t i c  f ragment- ions a t  m/z 230 (K), d z  170 (W- 

AcOH) and m/z 110 (M- ZxAcOH). 
The s t a n d a r d s  were prepared  b o t h  on t h e  macro scale (1,4:3,6-dianhy-  

d r o - D g l u c i t o l l @  and -D-mannitollL), and on t h e  micro scale ( r e a c t i o n  3 ) .  

I n  t h e  la t ter  i n s t a n c e  the s t a n d a r d s  were formed by c y c l i z a t l o n  of 6-Q- 
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a /  

75 

1 , 4  - anhydro - 
- 0 -  GALACTITOL 

1.4 ; 2.6 - dianhydro - 
- 0 - G A L A  CTlTOL 

b f  

1.5 -anhydro - 
- D  -GALACTITOL 

1,s j3.6 -dianhydro- 

-0  - G A L A C T I  TOL 

1,4- anhydro - 
-0  - G  LUC ITOL 

1,kj $6 -dianhydro- 

- 0 - GLUC ITOL 

SCHEME 1 
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76 WISNIEWSKI ET AL. 

d l  

1.5 - anhydro- 

- D  -GLUCIIOL 

1.5 i 3 6  -dionhydro- 

-0 - GLUCITOL 

e l  

T s C l  I P y  

1 , 4 ;  3.6-dianhydro 

- 0 -  MANNlTGL 

l . L  -3nhydro-  

- D  - MANNIT3L 

f l  

l . h , 2 . 6 - d l a n h y d r o -  = 1.5,3,6 -dianhydro- - 
T r C l  I P y  -D - H A N N I T O L  - D  - M A N N I T O L  

1 , s  - i n h y d r o -  

- D  - M A N t I I T C l l  \ H2C-0 Lb 
1 . 5 ; 2 . 6  -d imhydro-  

-D - MANNITOL 

SCHEME la 
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MICROSYNTHESIS OF DIANHYDROHEXITOLS 7 7  

Sp- 2340 
100' r i m i n  
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TIME ( m i d  

d l  

SP-23LO 
100' 2'1 min 

Sp- 2360 
100' 2V min 

I-- 

40 

el 

50 60 
TIME ( m i d  

SP - 2 x 0  I 100' Z'lmin 

50 60 70 
TIME (minf 

- 
50 60 70 

TIME ( m i d  

SP- 2340 
100' TI min 

50 

11 

*@ 
--h- 

60 70 
TIME ( m i n )  

SP - 2340 
100' 2'1min 

50 60 70 
TIME ( m i n l  

PIG. 1 .  Gas c h r o m t o g r a t  of t h e  products obtained In r e a c t l o n  la Iron: a /  
1.4-anhydro-D.1-galactltol, bl 1.5-anhydrcl-Bgalactltol. c/ 1.4-anhydro-D 
RluCltOl. d l  1.5-anhydrO-DglUCftOl. E l  1,4-anhydro-Dmannitol. f /  1,5* 
hydro-D-mannl to l  . 
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FIG. 2. The mass spectrum of per-p-acetyi - I,&: 2,6 -dimhydro-D-wlactitol. 
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FI6.3. The mass w c t r u m  ot per-g-acetyl - I,& : 3,6-dianhydro-D-$JCitol. 
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MICROSYNTHESIS OF DIANHYDROHEXITOLS 79 

tosyl-2,3,4-tri-D-benzoyl-l,5-anhydro-D-galactltol,~” -PglucitoliE and -P 
mannitol”” in a solution of sodium methoxide in methanol with retention of 
the configuration of all asymmtric carbon atoms (reaction 3 ) .  

Along with the expected dianhydrohexi tols, mnochloro derivatives of 
I, 4- and 1,5-anhydrohexitols, accompanied by small amounts of dichloro 
derivatives appeared in almost a l l  of the derivatives (with the exception 
of the products derived from 1,5-anhydro-Dgalactito1; PIG. lb). 

The structures of the 6-chloro-6-deoxy-l,4- and 1,5-anhydrohexitols 
were established on the basis of their mass spectra and fragmntation 
patterns, which gave inter alfa the following dlagnostic fragment-ions; 
m/z 273 (M-Cl), m/z 1461148 (M- 2xAcOH - CHZCO) and m/z 187 (X-CICHzCHOAc), 
(Table l/I-IV). 

The structures of dichlorodideoxy monoanhydrohexitols were established 
on the basis of GC retention times17 and mass spectra. Hence the ions at 
m/z193/195 (M-CHr;Cl - CH,.CO), m / z  1631165 (M-CICH-CHOAc), (Table 1/V), m/z 
235/237 (If- CHzC1), m/z 163/165 (M-ClCH&HOAc), (Table lIVI), as well us 

the missing ion of m/z 187 in both spectra (Table 11V-VI) and the GC 
retention times revealed the presence of two chlorine atoms; in the 
molecule, one at C-6 and the other at one of the carbon atoms in the 
monoanhydrohexltol ring. 

The monochloro- and dichloro-derivatives of 1,4- and 1,5-anhydrohexi- 
tols resulted from the nucleophilic attack of the chloride anion, released 
during tosylatlon, on the carbon atoms attached to the U-tosyl groups.17 

The conditions described in reaction la for cyclization of monoanhy- 
drohexitols were unsatisfactory in certain cases <e.g., cyclizatlon of 1,5- 
anhydro-D-glucitol; PIG. Id). However, the use of a solution of sodium 
mthoxide in methanol (reaction lb) may cyclize the undesired 6-chloro-6- 
deoxy-l,5-anhydro-Dglucitol, to afford the expected 1,5:3,6-dianhydro-D- 
glucitol in a satisfactory yield (PIG. 4a). 

Recently we developed better conditions for the selective synthesis of 
dianhydrohexitols. Tosylation of the monoanhydrohexitols using TsCl at 
room temperature (l:l,l molar ratio of the reactants) and directly 
cyclizing the post-reaction mixture with a solution of sodium methoxide in 
methanol (1:l molar ratio, reaction 2) ensured the formation of the 
expected dianhydro-compounds free of any side products (PIG. 4b). 

The dianhydrohexitols obtained in this way, after acetylatlon, can be 
directly used as standards for GC analysis. . 
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bl 

ACO Q OAC 

SP- 2340 
100 OC 2 OClmin 

1 

SP- 2340 
100 OC 2 O C l m i n  

50 KO 70 5 0  60 70 
TIME I m i n l  TIME l m i n  1 

FIG. 4. Gas chromatograms 01 the products ob!oined in a /  reaction l b  , b Ireactton 2. 

TmLE 1. Electron-impact mass spectra (inter alia) of per-0-acetylated 
derivatives of 6-chloro-6-deoxy-l,5-anhydro-D-glucitol ( I ) ,  -1,5-anhydro-D- 
mannitol (II), -1,4-anhydro-D-glucitol (III), -1,4-aahydro-Dmnnltol 
(IV), dichloro-dideoxy-l,4-anhydrohexitol (V) , -1,5-anhydrohexitol (VI). 

Relative intensities t%)  
nJ/z I I1 I11 IV V VI 

273 48 100 1 3 - 
259 8 11 15 8 - 

2351237 612 
2061208 1214 18/6 - - - 
1931 195 2719 - 
187 34 27 78 96 - 

1631 165 - - 6/2 612 100132 55/30 
1461148 80132 63 I22 1515 1214 913 913 
139 100 33 13 9 11 
127 55 32 36 28 41 5 
115 29 16 100 100 100 

3081310 2.511 110.3 - - - - 
- 
- 

- - - - - 
- 

- - - - 
- 

- 

- 
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MICROSYNTHESIS OF DIANHYDROHEXITOLS 81 

EXPERIKEJJTAL 

Reaction 1. (a) 4 .92  mg (3x10-" mol) of each of t he  following anhy- 
drohexi to ls :  1,4-anhydro-D,L-galactitol, - D g l u c i t o l ,  -Dmannltol  and 1 ,5-  
anhydro-D-galactitol, -Dg luc i to l , and  -D-mannitol toge ther  with 11.46 mg 

(6x10-" m o l )  of p to luenesulphonyl  ch lo r ide  < T s C l )  were placed i n  screw- 
capped g l a s s  v i a l s .  To each v i a l ,  0.3 mL of dry,  f r e s h l y  d i s t i l l e d  

pyridine was added and the mixtures were maintained a t  100 <'C f o r  2 h, 

After the  mixtures were cooled, t he  pyridlne was expelled i n  a n i t rogen  
stream and the residue was acetylated with 0 . 3  mL of acetic anhydride I n  
the  presence of anhydrous sodium a c e t a t e  a t  100 "C f o r  1 h .  

(b) After  removal of t h e  so lven t ,  the to sy la t ed  product was d isso lved  
i n  0 .1  mL of absolu te  methanol and t o  the  s o l u t i o n  was added 0 . 3  mL of t h e  
0.31  M methanolic s o l u t i o n  of sodium methoxide t o  ad jus t  t h e  measured pH 
t o  8-9. The r e su l t i ng  so lu t ion  was heated a t  70 <'C f o r  2 h. The s o l u t i o n  
was neu t r a l i zed  (Iy HzSOa), concentrated t o  dryness in a n i t rogen  stream 
and ace ty l a t ed  as i n  la. 

Reaction 2. 1,5-Anhydro-Dglucitol ( 4 . 9  mg = 3x10-& nml) and TsC1 
( 6 . 3  mg = 3.3x10-" mol) were d isso lved  in 0 . 3  mL of pyr id ine  and l e f t  f o r  
24 h a t  room temperature, after which 0 .3  mL of acetic anhydride was added 

and the  mixture was again l e f t  f o r  24 h. Subsequently, 1.5 mL of chloro- 
form and 2 mL of water were added; the  chloroform l aye r  was washed with a 
sa tu ra t ed  aqueous 2iaHCO:a so lu t ion ,  and dried over MgSO,. The chloroform 
so lu t ion  was f i l t e r e d ,  concentrated t o  dryness i n  a n i t rogen  stream, and 
0 . 2  mL of absolute methanol and 0 . 1  mL of the  0.032 M methanolic s o l u t i o n  
of sodium nethoxlde were added and the r e su l t ed  so lu t ion  heated a t  70 "C 

for 2 h. The so lu t ion  was cooled, neut ra l ized  (I# HzSOn), concentrated t o  

dryness i n  a n i t rogen  stream, and ace ty la ted .  
Reaction 3. 1,5-Anhydro-2,3,4-tri-1Fbenzoyl-6-O-tosyl-Dgalactitol 

(20 mg = 3.2x1Vh ml), or - D g l u c i t o l  or -Dmannitol  was d isso lved  in 0.2 

mL of methanolic so lu t ion  of sodium methoxide (3.5x10-" m o l )  and t h e  so lu-  
t i o n  heated a t  68-70 "C f o r  2 h. With t h e  1,5-anhydro-Dgalacti tol  deriva- 
t i v e  d isso lved  i n  0 . 6  mL of CHC13 t h e  r eac t ion  was conducted a t  room 
temperature f o r  3 days. The s o l u t i o n s  were than  neu t r a l i zed  (I HzSO~), 
concentrated t o  dryness i n  a n i t rogen  stream and ace ty la ted .  

The products of these  r eac t ions  were analyzed by GC-IGS. 

Reactants. The following r eac t an t s  were synthes ized  accarding t o  
the  referenced methods: 1,4-anhydro-Dgl~citol,~~ 1,4-anhydro-Dmnnnit01,~~' 
l15-anhydro-Dgalactitoll'~ 1,5-anhydro-D-glucitol,'~ 1,5-anhydro-Pmanni- 
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WISNIEWSKI ET AL. a2 

t o l , “ ’  6-Dtosyl-2,3,4-tri-0-benzoyl-l,5-anhydro-D-glu~itol,~‘ -D-galactl- 
tol’” anti -Dmannitol I prToleunesulphony1 chloride was freshly crystal- 
lized from ether. 

The racemiL 1,4-anhy&o-D, L-galactit01 was synthesized as follows: 10 
g of crystalline galactitol in 40 mI, of concentrated HC1 was refluxed for  

24 11. The solution was then concentrated at diminished pressure to a dense 
syrup which was dtssolved in 4F mL of water. After addition of 1 g of 
charcoal, the buspension was heated for 10 m i n ;  the charcoal was filtered 
off and the solution was concentrated at dimintshed pressure to a dense 
syrup which was dissolved In 50 mL of absolute ethanol. The precipitate 
was filtered off. After the filtrate was cooled, a crystalline product was 
obtained which, after repeated crystallization from ethanol, gave 2.6 g of 

colourless crystals. After careful washing with ether the melting point 
was determinated t o  be at 69-71 [‘C, (about 25 ‘’C lower than the 1,4-anhy- 
dro-D-galactitol’-’), The compound was optically inactive. After acetyla- 
tion the product displayed an identical mi68 spectrum and GC retention 
time as the authentlc derivative of 1,4-anhydro-Dgalactitol. 

Gas chromtography. Thc instrument used was a CHROMATROB model 
GCHF 18.3 Gas-Chromatograph equipped with a flame ionization detector and 
a glass capillary column (40 m x 0.3 mm) coated with SP-2340 on barium 
carbonate. Hydrogen was used as a carrier gas. The temperature of the 
detector .and the injection port were both held at 250 ‘‘C* The temperature 
program was: 100 “C, 2 c’C/min. 

Gas chrometography - PBGG spectroEtry. Mass spectra were obtained 
on a Hewlett-Packard CC-HS System model 5992 B instrument equipped with a 
packed column (0.7 m x 0.2 cm) with a mixed phase of 2 J OV-101 and 0.2 id 

Carbowax 201 on Chromosorb WHP 80-100 mesh. The injection port temperature 
was 240 ‘X. The mass spectrometer WAS equipped with a jet separator. An 
electron beam of 70 eV was used f o r  Ionization 
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