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ABSTRACT 

The t rea tmen t  o f  p e n t i t o l s  i n  concen t ra ted  h y d r o c h l o r i c  

a c i d  causes 1,4 ( o r  2,s) i n t r a m o l e c u l a r  dehydra t i on  w i t h  e i t h e r  

r e t e n t i o n  o r  change o f  c o n f i g u r a t i o n ,  1 , s -dehydra t i on  and c h l o -  

r i n e  f o r  hyd roxy l  s u b s t i t u t i o n .  These mono- and d i c h l o r o a l d i t o l  

d e r i v a t i v e s  mos t l y  w i t h  the  c o n f i g u r a t i o n  o f  a r i s i n g  anhydro 

compounds, a r e  formed f rom t h e  a l d i t o l s  themselves o r  1,4-anhydro- 

p e n t i t o l s .  

INTRODUCTION 

1,6-Dihalogeno-l,6-dideoxyhexitol d e r i v a t i v e s  a r e  c l i n i -  

c a l l y  employed a s  an t i t umour  agents.”2 A number o f  methods f o r  

t h e  s y n t h e s i s  o f  these d e r i v a t i v e s  have been some 

o f  which i n v o l v e  t h e  a c t i o n  o f  a h y d r o h a l i c  a c i d  on a l d i t o l .  5,6 
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CARBOWAX 20 M 
160" l'lmin 

20 

I ,k 5 4 1  

7 1 -  1- 1 I - 1 -  ~ r 
28 24 20 16 12 8 4 

TIME /MIN/ 

F ig .  1:  Gas chromatogram o f  the f u l l y  ace ty la ted  products produced 
by the  reac t i on  o f  D -a rab in i t o l  i n  concentrated hyd roch lo r i c  
a c i d  a t  100" f o r  4 h.  

- 1 :  unknown; 2: unknown; 3: 5-chloro-5-deoxy-1,4-anhydro-arabinitol 
and - x y l i t o l ;  k: unknown; 5: unknown; 6 :  5-chloro-5-deoxy-1,4- 
anhydror ib i  to1 ; 7 :  5-chloro=5-deoxy-l ,4-;nhydrolyxi to1 ; 8: 1,s-  
anhydroarabini to17 a: 1 ,b-anhydroarabini to1 ; 
- c:  1 ,banhydro r ib i t oT ;  d:  1 ,4 -anhydro lyx i to l ;  9: 1,5-dichloro- l  ,5- 
d i d e o x y r i b i t o l ;  10: 1,5~dichloro-l,5-dideoxyara~initol; 1 1 :  unknown; 
12: 1,5-dichloro-~5-dideoxyxylitol; 1 3 :  1-chloro-1-deoxyribitol; n: - 1-chloro-1-deoxyarabini to l  ; E: l-chloro-1-deoxylyxitol; 16: 2- 
chloro-2-deoxypenti  to1 ; 17: 1-chloro-1-deoxyxyl i t o l ;  2: 2 - c h c r o -  
2-deoxypent i to l ;  19: unkzwn; 20: a r a b i n i t o l .  

b: 1 ,4-anhyTroxyl i to1 ; 
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1 
CH20H 
I 2 

HO-CH 
31 

HC -OH 
4 I 

HC-OH 
51 
CH20H 

D - arabinitol = 

CYCL I SA TION 

SCHEME 7 
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CH2 CI 

29 7 

CHOH CHOH 
I I 
CHOH CHOH 

+ HCI 
- 1  

CHOH H20 C HOH 
I I 

.0CH2Q OH OH = CHzOH ' CH2 CI 

OH OH 

SCHEME 2 
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-1 -deoxy- r ib i to l  (peak 13, Fig.  l), -D-arab in i to l  - (peak 14), 

-D- lyxi  - to1 (peak 15)  and -xy l  i to1 (peak 17 ) ,  from x y l  i to1 l - ch lo ro -  

-1 -deoxyxy l i to l  and - a r a b i n i t o l  and from r i b i t o l  l -chloro- l -deoxy- 

r i b i t o l .  The presence o f  ion  m/e 265/267, 193/195 and 163/165 i n  

t h e i r  mass spectra (Table 1,  I )  and the r e t e n t i o n  times ind i ca te  

one ch lo r i ne  atom i n  these molecules. I n  tu rn ,  the ion m/e 289 

s t rong ly  supports the p o s i t i o n  o f  ch lo r i ne  a t  C - 1 .  

o f  mixtures der ived from each p e n t i t o l  gave the conf igura t iona l  

i d e n t i f i c a t i o n  o f  isomeric compounds. 

Co in jec t ion  

Moreover, the chromatogram (peaks 16 and 18 i n  F i g .  1) 

show other monochloro-tetra-2-acetylpent i t o l s  (Scheme 2 ) .  

The presence o f  ions m/e 265/267 and 217 and the absence o f  

ions m/e 289 and 187 (Table 1 ,  I I )  i nd ica tes  on ly  possib e 

pos i t i ons  o f  ch lo r i ne  a t  C-2 o r  C - 1 .  Because a l l  four  C -  ch lo ro  

isomers were i d e n t i f i e d  before (peak 13,  14, 15 and 1 7 ) ,  they 

must have ch lo r i ne  atom a t  C-2. 

Dichlorodideoxypentitols appear i n  reac t ion  mixtures a l so  

i n  connection w i t h  previous format ion o f  s p e c i f i c  1,b-anhydro- 

p e n t i t o l s  and t h e i r  5-chloro-5-deoxy de r i va t i ves  

I n  the case o f  0 -a rab in i t o l  - (F ig .  l), we i d e n t i f  

reac t ion  products a l l  three isomers 1,5-dichloro- 

t i t o l s ,  1,5-dichloro-1,5-dideoxyribitol (peak 9 

(peak 1 0 )  and - x y l i t o l  (peak 1 2 ) .  X y l i t o l  gave r 

(Scheme 2 ) .  

ed among the 

,5-dideoxypen- 

, -arab in i  to1 

se t o  1,5- 

-dichloro-l,5-dideoxyxylitol and - a r a b i n i t o l .  From r i b i t o l  

we obtained most ly 1,5-dichloro-l,5-dideoxyribitol, owing t o  

the absence prev ious ly  observed o f  1,4-anhydrolyxitol,and on ly  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
4
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



HYDROCHLORIC ACID ON PENTITOLS 299 

TABLE 1: P a r t i a l  e l e c t r o n  impact mass spec t ra  of  p e r - 0 - a c e t y l a t e d  
d e r i v a t i v e s  of 1-chloro-1-deoxy- / I ,  GC peaks 13, 14, 15 
and 17, 2-chloro-2-deoxy-/ l  I, GC peaks 16 and 18 and 
1,5-dichloro-l,5-dideoxypentitols / I l l ,  GC peaks 9, 10 
and 12. 

m/e 

289 

265/267 

217 

19311 95 

187 

163/ 165 

73 

r e l a t i v e  i n t e n s i t i e s  /%/ 

I I i  I l l  
The s t r u c t u r e  o f  ion 

CH- CH-CH-CH 
1 2 1  I II 

1 2 1  I ll 

1 2 1  u 

OAc OAc OAc 8Ac 

CH --.CH -CH -CH 

C 1  OAc OAc ~ A C  

CH -CH-CH 

OAc OAc QAc 

FHrjH-FH or I 2 I 11 
C 1  OAc ~ A C  OAc C I  QAc 

CH -CH- CH 

AcOHC-CHOAc 

CH -C-CH-CH 

C! OH {Ac 
1 2 1  

c H 2 = 6 ~ c  

a t r a c e  o f  5 - c h l o r o - ~ - d e o x y x y l i t o l  i n  t he  r e a c t i o n  p roduc ts .  

T h e i r  r e t e n t i o n  t imes i n  r e l a t i o n  t o  the  anhydr ides and t o  t h e  

monochloromonodeoxyderivatives o f  p e n t i t o l s  o r  t o  the  s u b s t r a t e s  

and t h e i r  mass spec t ra  (Table 1 ,  I l l )  i n d i c a t e  two atoms o f  c h l o -  

r i n e  i n  t h e  mo lecu le  o f  p e n t i t o l .  The presence of  i ons  m/e 265/267, 

193/195 and 163/165 and t h e  absence o f  ions m/e 217 and 73 i n  t h e i r  

mass s p e c t r a l 3  (Table 1 ,  I I I ) i n d i c a t e s  t h e  p o s i t i o n s  of c h l o r i n e s  

a t  C-1 and C - 5 .  
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I t  i s  s t r  

c h l o r i c  a c i d  on 

k i n g  t h a t  t h e  p roduc ts  o f  t h e  a c t i o n  o f  hydro-  

any g i v e n  p e n t i t o l  c o n t a i n  n e i t h e r  i somer i c  epime- 

r i z e d  p e n t i t o l  no r  any c h l o r o  d e r i v a t i v e s  o f  1 ,5 -anhydropen t i t o l s .  

Not even t r a c e  amounts o f  3-chloro-3-deoxypentitols have been 

found among t h e  p roduc ts  o f  these r e a c t i o n s .  Exper imenta l  r e s u l t s  

o f  r e a c t i o n  o f  a l d i t o l  w i t h  h y d r o h a l i c  a c i d  or s u l f u r i c  a c i d  p e r m i t  

us t o  r u l e  o u t  dehydra t i ons  t h a t  lead t o  o l e f i n i c  double bonds 

fo l l owed  by h y d r a t i o n ,  s i n c e  we have never  found any p roduc ts  w i t h  

a change o f  t he  c o n f i g u r a t i o n  a t  C - 3 .  Dehydra t i on  performed under 

d r a s t i c  c o n d i t i o n s  (5% aq H2S04, 7 days, 180') does n o t  l ead  t o  

the  f o r m a t i o n  o f  d i a n h y d r o p e n t i t o l s  o r  o f  any o t h e r  dehydra t i on  

p roduc ts  s i m i l a r  t o  the p roduc ts  o f  a c i d  pentose degrada t ion .  

CONCLUSIONS 

Gas chromatography and GC-MS a n a l y s i s  o f  t h e  p roduc ts  o f  

h y d r o c h l o r i c  a c t i o n  on p e n t i t o l s  revea led  t h e  main f e a t u r e s  o f  

r e a c t i o n s  c o n s i s t i n g  o f  dehydra t i on  t o  anhydr ides and s u b s t i t u t i o n  

o f  hyd roxy l  group i n  open-chain and anhydr ides by c h l o r i n e  atoms, 

w i t h  the  l a s t  p roduc ts  as t h e  most abundant f o r  l onger  t rea tmen t  

( 7  days). The p r imary  s t r u c t u r e s  o f  t he  p roduc ts  have been d e t e r -  

mined by GC-MS w i t h  c o n f i g u r a t i o n s  being ass igned by comparing 

t h e  G C  r e t e n t i o n  t imes o f  compounds ob ta ined  f rom i n d i v i d u a l  pen- 

t i t o l s .  Genera l l y ,  t he  r e a c t i o n s  s t u d i e d  were found t o  be ve y 

compl icated and t h e i r  use f o r  p r e p a r a t i v e  purposes i s  probab y 

n o t  p r a c t i c a l .  
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HYDROCHLORIC ACID ON PENTITOLS 30 1 

EXPERIMENTAL 

Gas chroma tog  raphy . 
The s t u d i e s  were performed w 

chromatograph equipped w i t h  a capi  

20 M.14 The e f f i c i e n c y  o f  a column 

120' was o f  n = 80 ,000  t h e o r e t i c a l  

t h  a V a r i a n  Aerograph 1400 gas 

l a r y  column coated w i t h  Carbowax 

as determined f o r  hexadecan a t  

p l a t e s  ( k ' =  4 ) .  

A c e t y l a t e d  ~-chloro-~-deoxy-1,4-anhydropentitols were sepa- 

r a t e d  on a c a p i l l a r y  column (40 m x 0 . 0 3  cm) coated w i t h  SP-2340 

l i q u i d  phase. The column was prepared acco rd ing  t o  Grob procedure. 15 

Mass spect rometry .  

Mass spec t ra  o f  pe r -2 -ace ty l  d e r i v a t i v e s  were recorded on an 

LKB 2091 mass spect rometer  l i n k e d  w i t h  a PDP e / l l  minicomputer. 

The mass spect rometer  was i n t e r f a c e d  by a Ryhage mo lecu la r  

separa to r  to  a gas-chromatograph equipped w i t h  a c a p i l l a r y  

column coated w i t h  Carbowax 20 M l i q u i d  phase. The temperature 

o f  t h e  i o n  source and the  mo lecu la r  separa to r  was 280 . An e l e c -  

t r o n  beam o f  7 0  eV energy was used f o r  i o n i z a t i o n .  The scan f rom 

m/e 10 t o  m/e 680 was i n  2 sec. 

0 

Dehydra t i on  o f  p e n t i t o l s  i n  concentrated h y d r o c h l o r i c  a c i d .  

200 mg o f  t h e  p e n t i t o l  ( D - a r a b i n i t o l ,  x y l i t o l  o r  r i b i t o l ,  - 
1.32 mM) and 1 mL o f  concen t ra ted  h y d r o c h l o r i c  a c i d  was heated 

a t  100' i n  a sealed g l a s s  ampoule (1 .5  mL) for 4 h o r  7 days. 

Ten,uL o f  t he  s o l u t i o n  was evaporated to  dryness under a n i t r o g e n  

stream, then  a c e t y l a t e d  a t  1 0 0  f o r  1 h w i t h  an a c e t i c  anhydr ide  0 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
4
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



302 WISNIEWSKI, SOKOLOWSKI, AND SZAFRANEK 

and sodium a c e t a t e  m i x t u r e .  l3 

products  ob ta ined  were analysed by gas chromatography (column 20 m 

x 0.025 cm, Carbowax 20 M, 160°, 1°/min). 

Pe r -2 -ace ty l  d e r i v a t i v e s  o f  t h e  

P e n t i t o l  r e a c t i o n s  w i t h  5% aqueous s u l f u r i c  a c i d  s o l u t i o n .  

200 mg o f  t he  p e n t i t o l  ( D - a r a b i n i t o l ,  - x y l i t o l  or  r i b i t o l ,  

1.32 mM) and 0.8 mL o f  5 %  aqueous s u l f u r i c  a c i d  s o l u t i o n  were 

p laced  i n  a sealed g l a s s  ampoule and heated f o r  7 days a t  180'. 

The r e s u l t i n g  m i x t u r e  was then  e x t r a c t e d  t h r e e  t imes w i t h  30 mL 

of e t h y l  e t h e r .  The o r g a n i c  l a y e r  was washed w i t h  s a t u r a t e d  sodium 

b i ca rbona te  s o l u t i o n ,  t hen  w i t h  wa te r ,  and d r i e d  w i t h  c a l c i u m  s u l -  

phate. The s o l u t i o n  was concen t ra ted  t o  ca. 1 mL under atmospher ic  

pressure and analyzed by c a p i l l a r y  gas-chromatography. 

No p roduc ts  w i t h  s h o r t  r e t e n t i o n  t imes were de tec ted .  

P r e p a r a t i v e  s y n t h e s i s  o f  5-chloro-5-deoxy-1 , b a n h y d r o -  

12 
p e n t i t o l s .  

200 mg o f  a p e n t i t o l  ( D - a r a b i n i t o l ,  - x y l i t o l  o r  r i b i t o l ,  

1.32 mM) and 1 mL o f  concen t ra ted  h y d r o c h l o r i c  a c i d  (36%)  was 

heated a t  100' i n  a sealed g l a s s  ampoule f o r  7 days. Upon com- 

p l e t i o n  of t h e  r e a c t i o n ,  water  and hydrogen c h l o r i d e  were removed 

i n  vacuo a t  50 . The r e a c t i o n  p r o d u c t  was d i s t i l l e d  o f f  under 

reduced pressure ( 0 . 1  - 0.2 Tort-)  on an o i l  b a t h  a t  145-150°. 

0 

Isomer ic  5-chloro-5-deoxy-l,4-anhydropentitol m i x t u r e s  were 

ob ta ined  i n  each case i n  t h e  f o l l o w i n g  y i e l d s :  
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HYDROCHLORIC ACID ON PENTITOLS 303 

. 140 mg of oil from 4-arabinitol: - yield = 70% of a mixture of 

5-chloro-5-deoxy-1 ,b-anhydroarabini to1 , -xyl i tol, -ribi to1 

and -1yxitol (70:8:11:10 respectively)* 

. 140 mg of oil from xylitol: yield = 70% of a mixture o f  5-chloro- 

-5-deoxy-1,4-anhydroarabinitol and -xylitol (1:25 respectively)* 

. 160 mg of oil from ribitol: yield = 80% of a mixture of 5-chloro- 

-5-deoxy-1 ,b-anhydroribi to1 and -1yxitol (5O:l respectively)* 

The mass spectra of a1 1 the 5-chloro-5-deoxy 1 ,h-anhydropen- 

ti tols obtained were identical to those of 5-chloro-5-deoxy-l,4- 

13 anhydroxylitol whose structure had previously been determined. 
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- Me3N BH2.AICI, = 
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