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H A V I N G  D-GULO, p- IDO,  A N D  _L-MANNO CONFIGURATIONS - -  - -  - -  
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ABSTRACT 

Fusion o f  2-trimethylsilylpyridine and te t ra -g-ace ty l -  
-aldehyde-D-xylose o r  2,3:4,5-di-O-isopropylidene-aldehydo-&- - 
-a rab inose- led ,  a f t e r  removing of  t h e  p r o t e c t i n g  groups ,  to-2- 
-(pentitol-1-y1)pyridines of Q-gulo and Q-ido or &-manno con- 
f i g u r a t i o n s .  Dehydrat ion of t h e  sugar-chain wi th  9 - e  and 
D-ido c o n f i g u r a t i o n s  gave the  cor responding  2' ,5' -anhydro de- 
r i v a t i v e s ,  whereas 2-(5-O-isopropyl-~-manno-pentitol-l-yl)- - -  
p y r i d i n e  was t h e  only  compound formed by dehydra t ion  of t h e  
sugar -cha in  wi th  L-manno c o n f i g u r a t i o n .  S t r u c t u r a l  p r o o f s  are 
based  on 1 H  and 1% NMR s p e c t r a .  

- -  - -  

_ -  

INTRODUCTION 

I t  is w e l l  known t h a t  t he  ac id -ca t a lyzed  dehydra t ive  c y c l i -  

z a t i o n  of  pentahydroxypentyl  c h a i n s  jo ined  t o  n-excess he te rocy-  

c les ,  produces an  anomeric  mixture  o f  1 ' , 4 ' -  and/or  1 ' , 5 ' - anhydro  

d e r i v a t i v e s ,  depending on  the  r e a c t i o n  c o n d i t i o n s  . However 

i n  some cases, wi th  t h e  sugar-chain jo ined  t o  a + d e f i c i e n t  

h e t e r o c y c l e ,  C - 1 '  is n o t  u s u a l l y  involved  i n  t h e  c y c l i z a t i o n  

p r o c e s s ,  and 2 ' ,5 ' -anhydro  d e r i v a t i v e s  are formed . 

1-6 

7 
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228 BUENO MARTINEZ, ROMAN GALAN, AND GALBIS PEREZ 

In a previous publication8, we described that the direct 

acid-catalyzed dehydration of 2-(pentitol-l-yl)pyridines with 

D-allo and D-altro configurations led to 2',5'-anhydro deriva- 

tives. Our results contrast with those of Belmans et a1 ., 
who failed in attempting this cyclization, and circumvented the 

problem by introducing a mesylate group at C-1'. 

-- - - -  - 
9,lO 

In this paper, we have extended our study on dehydration 

reactions to new 2-(pentitol-l-yl)pyridines with D - e ,  !-=, 
and L-manno configurations. 

- - - 

- 

RESULTS AND DISCUSSION 

The reaction between 2-trimethylsilylpyridine (1) and 2,3, - 
4,5-tetra-0-acetyl-aldehydo-D-xylose - (2) - led to D-gulo - and 

D-ido compounds (3 and 4,  respectively), as a mixture from which 

only - 3 was obtained pure, after column chromatography. Treat- 

ment of the impure compound - 4 with acetic anhydride-pyridine 

led to the corresponding mixture of peracetates 2 and - 6, yield- 
ing pure - 6 after crystallization. 

- - - 
- - - 

CHO 

CyOAc CHpR 

Q 

4; R'= H ,  R= AC 

6; R'= R= A c  
- 3; R'= H ,  R= Ac 

5; R'= R= Ac 
2 - -- 

- - 
10; R'= R= H - 9; R'= R= H - 
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DEHYDRATION OF 2-(PENTITOL-l-YL)PYRIDINES 229 

The fusion of - 1 and 2,3:4,5-di-O-isopropylidene-aldehydo- - 
-L-arabinose (7 )  was carried out in a similar way; however, in 
this case, only the L-manno - isomer (8) - could be isolated. The 

k-gluco epimer was not detected. 

- 
- -  

- 

CHO 

7 - 

Q 
RO 
RO 

C%OR 

11; R= H 

16; R = AC 
- 
- 

Deprotection of - -  5, 6, and - 8 gave the corresponding pentitols 
9, 10, and - 11. The presence of pentahydroxypentyl side-chains 

was proved by periodate oxidation; a consumption of 4 mol per mol 

of substance was shown in each case. Assignments of chain con- 

figurations in pentitols are based on the configuration of their 

respective sugar precursors, and are consistent with the 

Richtmyer-Hudson rules . 

- -  

11 

As expected, the sugar-chain in compounds 2, 5,  16, and - 18 

adopt conformations (see Table 1) in agreement with those previous 

ly reported for acyclic carbohydrate derivatives 

NMR data are indicated in Tables 1 and 2, respectively. 

12-15. lH and 13c 

Compounds 2 and 10 could be cyclized by isopropanol-sulfuric 
acid, to give the anhydro derivatives - 12 and - 13, together with 

some minor carbohydrate products. Consumption of 1 mol of periodic 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
7
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



2 30 BUENO MARTINEZ, ROMAN G A L A N ,  AND GALBIS PEREZ 

2, H-1' 4.71C 5 . M  6.006 4.7% 4.65. 4.771. 4. a d d  

2 H-2' 5.69dd 5 . W d  4.2% 3. 85dd 

L 4.02-3.3- 4 .51-3 .m 
p H - 4 '  ,. ,7dd 4.13-3.6h 
Q n-5- 4.Ydd 4.42d6 

Y 

t 
1 5.334.- 5A322-5A01 5.42-5.OAm 8 n-3' 

I 
5.384 

1 
5.35d 

4 

I 3.97dd 4. OAdd A.Wd 

2 -:ti 4.45d 5.694 5.386 
4.734.2- 4.64-4.2- 

n-6 1.Ydq 8 . W q  e.mq 8 . 5 ~ 4  8.5wq a . m q  8.5odq 

! ti-4 7.6edt 7.71dt 7.69dt 7.76dt 7.7Bdt 7.78dt 7.7edt 

L ti-) 7.33bd 7.3% 7.2- 7.52bd 7.47bd 7.52bd 7.47bd 
0, 

a ti-5 7.2- 7.23dq 7.2249 7.23dq 7.26dq 7.2539 7.2Mq 

6.3 6.3 6.0 

4.0 4.2 

6.2 6.3 

4.3 4.0 

? l Q  . 2 '  

Ly ,.' 

&0,5'  

2. :, 500 6.0 5.5 

I50.5" -12.3 -12.0 

52 ' .3 '  

21 ,OH 6.3 

8.0 8.0 1.1 

I .7 1.7 1.3 

1 .o 1 .o 1 .o 

8.0 8.0 7.4 

2.0 2.0 2.0 

4.6 4.6 A.7 

23.4 

23,5  

2 4 , s  

23.6 

i A , b  

i 5 . 6  

g* lf*$; 2g- Sugar-ehain 
Conrornatlcn 

2.2 7.5 

5.4 5.1 

8.0 ' 8. 0 

1 .7 1.7 

1 .o 1 .o 

8.0 8.0 

2.0 2.0 

4.6 4.6 

3.9 

5.4 

5.6 

8.0 

1.7 

1 .o 

8.0 

2.0 

4.6 

a.0 

6.0 

0.0 

1 .7 

1 .o 

8.0 

2.0 

4.6 

aCharntcal 8 h l f t a  of rcotyl-group. are conpriacd Dctween 2.14-1.76 ppm. Isopropylldem methyl 

group. appear between 1.20-1.15 ppm as singlet .  f o r  5; i n  g. the Iaopropyl methyl groups 

appear a t  1.06 PPa am a doublet  (2  6 .0 )  and the ncthynlc proton a t  3.a5 ppm a8 mult ip le t .  

n t .  'CDCl3 st 90 Wz. dCDC13 a t  80.13 NHz. '2 measured i n  tho f l r s t - o r d c r  spectrum 

obmervd by awing cu(rod)3. a t  90 mnz. %o,o a t  80.13 Y H ~ .  
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4.Wm 4 . m  

1 
I 

f 

J 4.20-3.2(* 

4.70-4.041 

4.09dd 

3.55dd 

5.- 
1 

8.r) 6.8 

3.7 

1.1 

-10.0 

7.9 

1.4 

1 .o 

7.5 

1.8 

4.9 

8.0 

1 .7 

1.0 

8.0 

2.0 

4.6 

- 14d 

n-1 5. Md 6 . W  

4.76dd 4.83dd 5-77-5.53. 5.00-5.55. Ik2' 
u-3' 

t t 
n A *  5.1Mq 5.13dq 5.00dq 

4.2Md 4.37dd 4.28dd 3.57dd n-5' 

3 . 7 m  3.Wdd 4.OWd 3.3Md n-5- 

c 1 
%60dd 5.30-5.0m 

-on 

a.66dq 

7.?Wt 

7.4- 

7.24dq 

9.6 

3.4 

0.9 

4.6 

1 .8 

-10.7 

7.7 

1.5 

0.9 

7.7 

1 .8 

4.8 

8.56dq 

7.67dt 

7.34bd 

7.2% 

7.8 

4.2 

4.4 

2.2 

-9.8 

8.0 

1 .o 

8.0 

2.0 

4.8 

8.5edq 

7.6Mq 

7.- 

7.21dq 

8.6 

2.0 

9.5 

3.2 

5.2 

-12.6 

8.1 

1 .2 

1 .O 

7.4 

2.0 

4.7 

P - 

8.53dq 

7.5Mt 

7.21bd 

7.15dq 

8.4 

4.0 

5.4 

-10.4 

8.0 

1.7 

1 .o 

8.0 

2.0 

4.6 
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DEHYDRATION OF 2-(PENTITOL-l-YL>PYRIDINES 233 

acid indicated that these structures contain either an 1',4'- or 

2',5'-anhydro ring. Their tri-0-acetyl derivatives 14 and 15, 

clearly showed by 'H and 13C NMR spectra that dehydration pro- 
ceeded between C-2' and C - 5 ' .  

- - - 

12; R= H 

14; R= AC 

- 
- 

- 13; R= H 

15; R= AC - 

The proposed mechanism for the cyclization reaction is si- 

milar to that described by Hudson and Barker for the acid-cata- 

lyzed dehydration of simple alditols 16'17, which has been sugges- 

ted to proceed via a S 2 process. In our case, the protonated 

C-5' primary hydroxyl group would undergo the displacement in- 

duced by C-2' hydroxyl group, leading to 2',5'-anhydro deriva- 

tives with 8 anomeric configuration (retention of configuration). 

A similar explanation has also been given for the acid-catalyzed 

cyclization of 6-azauracils . These results contrast with those 
described for other (pentitol-1-yl)heterocycles, such as pyrro- 

le or uracil derivatives, in which the ring closure is 

easier and usually gives an anomeric mixture of 1',4'- and/or 

1',5'-anhydro compounds. The qualitative difference in the be- 
haviour of both systems is probably due to the decreased ability 

of the pyridine (or 6-azauracil) rings to stabilize a carbocation 

in the u position. 

N 

7 

1-6 18-20 
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2 34 BUENO MARTINEZ, ROMAN GALAN, AND G A L B I S  P E R E Z  

The same conditions applied for the cyclization of compounds 
- 9 and lo failed in the case of pentahydroxypentylpyridine with 
L-manno configuration, even after substantially prolonged reac- 

tion periods. Also, after refluxing compound 11 in isopropanol- 
-sulfuric acid for 10 days, TLC showed that the starting mate- 

rial was still predominant, and that other minor products had 

been formed; amongst which the only significant impurity separated 

by preparative TLC was found to be 2-(5-O-isopropyl-L-manno-pen- - -  - 
titol-1-y1)pyridine (17) - on the basis of the NMR data of its 
tetra-0-acetyl - derivative (18). Under more drastic conditions 
decomposition took place with the formation of dark-colored fluo- 

rescent by-products. These facts are in agreement with prior 

studies , indicating a striking influence of configuration 
on the rate of cyclization of alditols in acid media. 

- 

16,17,21 

Q 

L 11 H$w - 
H 

17 
L 

OAC 

AcO 
AcO 

18 
c 

The NMR spectra show that there is no acetoxy group at 

C-2' indicating that the dehydration took place between C-2' 
and C-5' .  Moreover, the comparison of the triacetates 14 and 15 
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DEHYDRATION OF 2-(PENTITOL-l-UL>PYRIDINES 235 

with their precursors 12 and 13, shows that the l', 3', and 4' 

protons are typically deshielded by up to 1 ppm, while H-2',5', 

5" remain essentially unchanged . 

- - 
7,20 

The assigned B configuration at C-2' is supported by the 

mechanism for the acid-catalyzed cyclization and by chemical 

shift measurements; thus, Nishimura and Shimizu22 noted that the 

anomeric protons in trans-aldofuranosyl derivatives resonate at 

higher field than in the corresponding - cis compounds. We observe 

that in 14 and 15 (H-2',3', - cis) the signals of H-2' are at lower 

field (4.76 and 4.83 ppm) than in 2',5'-anhydro of D-allo8 - -  (21) - 
and paltro (22) configurations (4.54 and 4.52 ppm) (H-2',3', 

trans). This effect may result from the diamagnetic shielding 

of the OAc-3' on H-2', when they both are cis . 

- - 
- 

8 
- -  - 

23 - 

Q 
R b  OR 

19; R= H 
21; R= AC 
- 
- 

Q 
0 RO OR 

20; R= H 
22; R= AC 
- 
- 

Assignments of I3C NMR chemical shifts in 2 '  ,5'-anhydro de- 
13 rivatives are similar to those reported for  model compounds . 

When the spectra of compounds 12 and - 13 were compared with their 

corresponding tri-0-acetyl - derivatives 2 and 15, the signals of 

C-2' (which has two acetoxy groups in the 6-positions and none 

in the a ) are the furthest shifted upfield, while the signals 

of C-1' (which has only one acetoxy group in the a-position) 

suffer the furthest downfield shift. On the other hand, for an 

1',4'-anhydro structure, carrying a primary hydroxyl group 24,25 
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2 36 BUENO MARTINEZ, ROMAN GALAN, AND G A L B I S  PEREZ 

at C-5', the signals of C-5' should appear at higher field (60- 

-64 ppm) than actually found (71.7-72.3 ppm). Chemical shifts 

for C-2' are at lower field than for the other glycosyl carbons, 
thus corroborating the proposed structures, since it is known 13 

that the anomeric carbon atoms in pyranoses and furanoses, and 

in their derivatives, resonates at lowest field. The 6 values 

for C-2' also support the B configuration, because for furanoses 
possessing trans-oriented substituents at C-1' and C-2', the 

signals of the anomeric carbons are always found at lower field 

than in the case of the corresponding cis isomers 
in the case of 2-(2,5-anhydro-D-allo and D-altro-pentitol-l-yl)- 

pyridines' (19 and 20) with H-2' and H-3' in trans-position, the 

signals of these carbons appear at 86.8 and 84.9 ppm, whereas 
in 2-(2,5-anhydro-D-@ and D-ido-pentitol-1-ylfpyridines (12 
and 13), with H-2' and H-3' in cis, these signals are at 83.6 

and 84.4 ppm. This same conclusion can be deduced by comparison 

of the 6 values of C-2' of their tri-0-acetyl derivatives. 

26,27 . Thus, 
- -  - - -  - 

- - 

- -  - - 
- - 

- 

EXPERIMENTAL 

Melting points were determined with a Gallenkamp apparatus, 

and are uncorrected. Optical rotations were measured at 22i 5' 

with a Perkin-Elmer 141 polarimeter (10-cm cell). TLC was perfor- 

med on silica gel GF (Merck) with detection by UV light or 

iodine vapour. Preparative layer chromatography was performed on 

20x20 cm glass plates coated with 2 mm layer of silica gel PF2% 
(Merck). Column chromatography was performed in the "flash" mo- 

de28. IR Spectra (KBr discs or chloroform solutions) were recor- 
ded with a Perkin-Elmer 399 spectrometer, and UV spectra with a 
Pye-Unicam SP8-250 instrument. The H NMR spectra were recorded 

at 90 MHz on a Perkin-Elmer R-32 spectrometer aqd at 80.13 MHz 

on a Bruker WP-80-SY spectrometer, using Me4Si as internal stan- 

dard. 13C NMR Spectra were recorded at 20.15 MHz on a Bruker Sp- 
-80-SY instrument. 

254 

1 
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DEHYDRATION OF Z-(PENTITOL-1-YL>PYRIDINES 237 

2-(2,3,4,5-Tetra-O-acetyl-D-gulo - -  and D-ido-pentitol-l-yll- - - - 
pyridines ( 3  and 0 ) .  A mixture of 2-trimethylsilylpyridine (1, - 
7.1 g, 47.0 mmol) and tetra-0-acetyl-aldehydo-g-xylose - (2, 11.0 g, 
34.5 mmol) was kept for 24 h at room temperature and then was 

heated at 55O for 2% h. After cooling, the mixture was stirred 

until dissolution with 50% ethanol (120 mL) and a catalytic 

amount of pyridinium trifluoroacetate (10 mg). Then, the solu- 

tion was refluxed gently for 2 h, evaporated under vacuum to 

dryness and co-evaporated several times with ethanol, giving a 

residue that was chromatographed on a silica gel column, using 

ether as the eluant. Evaporation of the fractions containing - 3 
(€IF 0.29, ether) led to a syrup that was crystallized from 
ethanol (2.2 g, 15%); m.p. 92-94', [a ID - loo,  [a]578 -1l0, 

[a]546 -13', [a]436 -30°, [a]365 -69' (c - 0.5, chloroform); 
255, 260 and 266 nm ( ' E ~  2.5, 2.8 and 2.0); v 

(C=O), 1585, 1565 and 1470 cm-l (C=C, C=N aromatic). 

- 

E t O H  

3440 (OH), 1740 
4nax 

max 

- Anal. Calc. for C1SH23NOg: C, 54.40; H, 5.83; N, 3.52. 

Found: C, 54.33; H, 6.00; N, 3.59. 
Further elution yielded (€lF 0.23, ether) which on evapo- 

ration gave a syrup that was found, by TLC, to be always conta- 

minated with its D-gulo isomer. Overall yield: 60%. - 
2-(Penta-O-acetyl-D-gulo-pentitol-l-yl)pyridine ( 5 ) .  - A so- - =  

lution of - 3 (0.2 g, 0.45 m l )  in pyridine (0.2 mL) and acetic 
anhydride (0.2 mL) was stirred at room temperature for 24 h. Af- 
ter pouring into ice-water (20 mL), the mixture was extracted 

into chloroform, washed with a solution of sodium hydrogen carbo- 

nate, water, and evaporated to give a syrup that was co-disti- 

lled several times with water until 5 solidified (0.19 g, 86%). 

M.P. 101-103° (from ethanol), [a], +15O, +16O, 
+77O (c 0.5, chloroform); Amax EtoH 256, +190, +39O, - 

1735 (C=O) , 1585, max 261 and 266 nm (cmM 3.0, 3.4 and 2.4); v 

1565 and 1470 cm-l (C=C, C=N aromatic). 
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Anal. Calc. for C20H25NO10: C, 54.67; H, 5.74; N, 3.19. - 
Found: C, 54.91; H, 5.90; N, 2.99. 

2-(Penta-O-acetyl-D-ido-pentitol-l-yl)pyrid~ne - ( 6 ) .  - Compound - 
4 (0.09 g, 0.23 mmol; slightly contaminated with its isomer 3) 

was acetylated as described for 5, yielding pure 6 after frac- 

tional crystalization from ethanol (0.06 g, 60%); m.p. 100-102°, 

[a], -46O, -47O, - 5 6 O ,  -105O, -182' 

(c 0.5, chloroform), A EtoH 256, 261 and 267 nm ( E ~  3.0, 3.4 

and 2.4); v 1740 (C=O), 1590, 1570 and 1470 cm-1 (C=C, C=N 

aromatic). 

- - 
- - 

max - 
max 

Anal. Calc. for C20H25N010 : C, 54.67; H, 5.74; N, 3.19. - 
Found: C, 54.93; H, 5.71; N, 3.07. 

- -  2-(D-gulo-Pentitol-l-yl)pyridine (2). To a solution of - 5 - 
(1.20 g, 2.73 mmol) in dry methanol (75 mL) was added a cataly- 

tic amount of sodium methoxide. After 24 h at room temperature, 

the solution was neutralized with two drops of dilute acetic acid 

and evaporated to a syrup that was crystallized from ethanol 

(0.67 g ,  97%); m.p. 113-115', [a], +23O, [a]578 +22O, [a]546 +25O, 

+61° (c 0.5, water); AEtoH 254, 259 and max +40°, - 
265 nm (cmM 3.1, 3.4 and 2.5); v 

1585, 1565 and 1475 cm" (C=C, C=N aromatic). 

3400, 3300 and 3220 (OH), 
max 

Anal. Calc. for C H NO C, 52.42; H, 6.59; N, 6.11. 10 15 5: - 
Found: C, 52.69; H, 6.75; N, 5.92. Periodate consumption: 4.00 

mol/mol 

2-(D-ido-Pentitol-l-yl)pyridine (10). - Deacetylation of - 6 - -  
(1.26 g, 2.86 mmol) as described for 9 led, after neutralization 

and evaporation, to compound 10 as a syrup that crystallized 

from ethanol containing a few drops of ethyl acetate. Yield: 

0.52 g (78%); m.p. 84-86O, [a], -29O, [a]578 -32O, ia]546 -36O, 

[01436 - max 
265 nm ( E  3.1, 3.4 and 2.5); v 3420 (OH), 1595, 1570 and 

1480 cm-' (C=C, C=N aromatic). 

- 
- 

-65O, [a]365 - 1 1 0 O  (c 0 . 5 ,  w a t e r ) ;  A EtoH 254, 259 and 

mM max 
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DEHYDRATION OF 2-(PENTITOL-l-YL>PYRIDINES 239 

- Anal. Calc. for C H NO C, 52.42; H, 6.59; N, 6.31. 10 15 5: 
Found: C. 52.38; H, 6.70; N, 5.95. Periodate consumption: 3.93 
mol/mol 

2-(2,5-Anhydro-D-gulo-pentitol-l-yl)pyridine (12). A solu- - - - 
tion of - 9 (0.6 g, 2.6 mmol) in 1% isopropanol-sulfuric acid (120 
mL) was refluxed for 10 days. After neutralization with sodium 

hydrogen carbonate, the solution was evaporated under diminished 

pressure, and the residue was treated with ethanol. The preci- 

pitate obtained was filtered off and the filtrate evaporated 

again. This procedure of adding ethanol, filtering the salts for- 

med (mainly sodium isopropyl sulfate) and evaporating, was re- 

peated until a homogeneous syrup was obtained. This syrup was 

crystallized from ethanol, yielding - 12 (0.24 g ,  44%); m.p. 180- 

182', [a], +210, +2i0, +a0, +42', 

+6 2 O  ( c  0.5, water); XEtOH 255, 261 and 267 nm (€mM 2.8, 3.2 

and 2.3); vmax 3380 (OH), 1595, 1570 and 1480 cm-l (C=C, C=N 

aromatic 1. 

max - 

Anal. Calc. for C H NO * C, 56.86; H, 6.20; N, 6.63. - 10 13 4' 
Found: C, 56.97; H, 6.33; N, 6.51. Periodate consumption: 1.02 
mol /mol 

2-( l13,4-Tri-O-acetyl-2, 5-anhydro-D-gulo-pentitol-1-yl - )py- - 
ridine (14 ) .  Conventional treatment of 12 (0.11 g ,  0.53 mmol) 

with pyridine (1 mL) and acetic anhydride (1 mL) gave the tria- 

cetate 14 as a syrup that was crystallized from ethanol (0.1 g, 

56%); m.p. 73-750, [a], -27O, [a]578 -2g0, [O]546 -330, 

-54', [a]365 -8 1 O  (c - 2.0, chloroform); 
nm ( E  3.1, 3.3 and 2.4); v 1735 (GO), 1585, 1570 and 1475 

cm (C=C, C=N aromatic). 

- -  - 

- 

lItoH 256, 261 and 266 'max 

mM max 
-1 

Anal. Calc. for C H NO * C, 56.97; H, 5.68; N, 4.15. - 16 19 7' 
Found: C, 56.87; H, 5.80; N, 4.24. 
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2 40 BUENO MARTINEZ, ROMAN GALAN, AND GALBIS PEREZ 

2-(2,5-Anhydro-~-ido-pentitol-l-yl)pyridine (13). - Compound 

13 was prepared from 10 (0.54 g, 2.35 mmol) as described for 12. 

The resulting syrup was subjected to preparative layer chromato- 

graphy with 5:1:1 chloroform-methanol-acetone as eluant, yiel- 

- - - 

ding (AF 0.42) as a syrup (0.17 g, 35%); ["ID -19', [a]578 

-71' (c 0.26, water); EtoH 257, 261 - 'max -220, -25OI 
and 266 nm ( E  2.8, 3.0 and 2.2); v 3340 (OH), 1595 and 

1570 ( C d ,  C=N aromatic) (nujol . mM max 

Anal. Calc. for C H NO C, 56.86; H, 6.20; N, 6.63. - 10 13 4: 
Found: C, 56.52; H, 6.47; N, 6.50. 

2-(1,3,4-Tri-0-acetyl-2,5-anhydro-D-ido-pentitol-l-yl)pyri- - - 
dine (15). Acetylation of 13 (0.045 g, 0.21 mmol) as described 

for 12 gave the triacetate 15 as a syrup (0.034 g, 74%); [a],, 

-86O, [a]578 -89O, [a]546 -103'. 

0.3, chloroform); XEtoH 

2.2); vmax 1740 ( G O ) ,  1590, 1570 and 1470 cm-' (C=C, C=N aroma- 

tic). 

- -  - 
- - 

-176O, [a]365 -280' (5  
257, 261 and 267 nm (cmM 2.8, 3.0 and 

I436 

max 

Anal. Calc. for C16H19N07: C, 56.97; H, 5.68; N, 4.15. - 
Found: C, 56.69; H, 5.46; N, 3.87. 

2-~2,3:4,5-Di-0-isopropylidene-L-manno-pentitol-l-yl)pyri- L 

- -  dine (8). 2-Trimethylsilylpyridine (1, - 9.1 g, 59.9 mmol) was 
added to 2,3:4,5-di-0-isopropylidene-aldehydo-~-arabinose - - (3 ,  
10.4 g, 45.1 mmol) with external cooling. When the exothermic 

reaction ceased the mixture was kept at room temperature for 

17 h, and then heated at 65' for 9 h. After cooling, the mixtu- 

re was stirred with 50% ethanol (362 mL) and a catalytic amount 

of pyridinium trifluoroacetate, and the solution was refluxed 

gently for  1 h, evaporated under vacuum to dryness, dissolved 
in water, and extracted into chloroform. The extracts were com- 

bined, dried, and evaporated again to a syrup that was dissolved 

in 1:l ethyl acetate-n-hexane, yielding crystalline S (6.2 g, 
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DEHYDRATION OF 2-(PENTITOL-l-YL>PYRIDINES 241 

45%); m.p. 72-74', [a], -14O, [a]578 -14O, 

-37O, [a]365 -85' (c 0.56, chloroform); A EtoH 257, 261 and 
267 nm (cmM 3.2, 3.4 and 2.5); u 

1475 cm-' (C=C, C=N aromatic). 

-17', ['I436 

max - 
3220 (OH), 1595, 1570 and max 

Anal. Calc. for C H NO C, 62.12; H, 7.49; N, 4.52. - 16 23 5: 
Found: C, 62.20; H, 7.66; N, 4.38. 

- -  2-(L-manno-Pentitol-1-y1)pyridine (11). - A solution of - 8 - 
(5.3 g ,  17.13 mmol) in 25% acetic acid (180 mL) was heated at 

100' for 8 h. The solvent was eliminated and the residue dissol- 

ved in ethanol and kept at room temperature, yielding 2 (3.04 
g ,  78%); m.p. 159-161'. [a],, +21', [a]578 +22O, [a]546 +25', 

+65O (c 0.5, water); Amax EtoH 258, 261 and 266 fa1436 +420* fa1365 - 
nm (E 

1570 and 1480 c m - l  (C=C, C=N aromatic). 

3.7, 3.8 and 3.1); vmax 3400, 3300 and 3240 (OH), 1595, 
mM 

Anal. Calc. for C H NO C, 52.42; H, 6.59; N, 6.11. - 10 15 5: 
Found: C, 52.12; H, 6.49; N, 5.94. Periodate consumption: 4.02 

mol/mol 

2-(Penta-O-acetyl-L-manno-pentitol-l-yl)pyridine - -  (16). Ace- - 
tylation of 31 (0.3 g ,  1.31 mmol) as described for - 5 gave the - 
pentaacetate 16 as a syrup that crystallized on scratching (0.5 
g ,  89%). M.p. 136-138O (from ethanol), [aID -31°, [a]578 -33', 

-86O (c 0.55, chloroform); Amax E tOH 
-370, -590, - 

255, 259 and 266 nm (emM 2.7, 2.9 and 2.1); vmax 1740 (C=O), 

1595, 1575 and 1480 cm-l (C=C, C=N aromatic 1. 
Anal. Calc. for C H NO C .  54.67; H, 5.73; N, 3.19. - 20 25 10: 

Found: C, 54.60; H, 5.83; N, 3.18. 

2-( 5-0-1 sopropyl-l-manno-penti tol-1-yl Ipyridine and - - - 
its tetra-0-acetyl derivative (18). A solution of 11 (0.6 g, - - 
2.62 rnmol) in 5% isopropanol-sulfuric acid (120 mL) was reflu- 

xed for 10 days. After neutralization with barium hydroxide, the 
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solution was processed as described for g. The resulting syrup 
was subjected to preparative layer chromatography, using 3:l  

ethyl acetate-ethanol as eluant, yielding 

rup (0.09 g, 13%). Acetylation of the foregoing product by a 
conventional procedure led to a syrup from which compound 3 
was isolated by preparative layer chromatography (4 :1 ,  ether- 

-light petroleum) as a syrup that crystallized on standing 

(0.03 g); m.p. 77-79O, [a ID -28O, [a]578 - 2 9 O ,  [a]546 -33O, 

and 266 nm (EmM 2.7, 2.9 and 2.1) ;  u 

and 1470 cm-’ ( C X ,  C=N aromatic). 

(RF 0.19) as a sy- 

-78O ( c  0.38, chloroform); AZ:gH 254, 259 [‘I436 -560, [‘I365 - 
3740 (C=O), 1590, 1570 max 

Anal. Calc. for C H NO C, 57.39; H, 6.65; N, 3.18. 21 29 9: 
Found: C, 57.05; H, 6.67; N, 3.13. 
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