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Both the anomers for methyl 2,3-dideoxy-D-glycero-pent-2-enofuranoside were characterized and 
hydrogenated to the corresppnding methyl 2,3-dideoxy-D-glycero-pentofuranosides. The similar com- 
pounds were prepared in the pyranoside ring form but in the L-glycero configuration. The anomeric 
forms for methyl 3-deoxy-L-erytlrro-pentopyranoside are reported together with a number of their 
derivatives of interest for the study of solvation effects on conformational equilibria (21). The molar 
rotations of  the deoxy and unsaturated glycosides are discussed as are the conformational properties of 
the various compounds. 
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In a previous communication (I), the prepara- 
tion of the four stereoisomeric methyl 4,6-0- 
benzylidene-2,3-dideoxy-D-hex-2-enopyranosides 
was accomplished, in each case, by opening of 
the epoxide ring of a parent 2,3-anhydro deriva- 
tive to the corresponding iodohydrin which was 
treated with either p-toluenesulfonyl (tosyl) or 
methanesulfonyl (mesyl) chloride in pyridine. 
We wish to report a modified procedure which 
allowed the preparation of the anomeric forms 
both for methyl 2,3-dideoxy-D-glycero-pent-2- 
enofuranoside (4c and 9c) and for methyl 2,3- 
dideoxy-L-glycero-pent-2-enopyranoside (17c and 
18c). 

Methyl 5-0-benzoyl-2,3-dideoxy-P-D-glycero- 
pent-2-enofuranoside (9a) was first prepared by 
reaction of 3,5-di-0-benzoyl-D-erythro-pent-1- 
enofuranose with methanol (2). The p-D-con- 
figuration was later assigned by an alternative 
synthesis (3,4) involving reduction of methyl 
5-0-benzoyl-2,3-di- 0- tosyl- P-D-ribofuranoside 
by the method of Tipson and Cohen (5). The 
physical constants and nuclear magnetic reso- 
nance (n.m.r.) spectrum reported for 9a indicate 
that this compound was not pure. Also, the 
n.m.r. signal for Hz was erroneously assigned to 
HI.  It is of interest to note that several 2',3'-un- 
saturated nucleosides have been prepared (6-10). 

The 5-0-benzoyl derivative (la) of the readily 
available methyl 2,3-anhydro-a-D-lyxofuranoside 

'Presented at the Symposium on Unsaturated Sugars, 
155th National Meeting, American Chemical Society, 
San Francisco, California, March 31-April 5, 1968, 
Abstracts of Papers C34. 

ZPostdoctorate Fellow, 1966-1968. Present address, 
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3Postdoctorate Fellow, 1967-1968. Present address, 
Ecole Nationale SupCrieure de Chimie, Montpellier, 
France. 

(I 1) was treated with sodium iodide in acetone 
in the presence of acetic acid and sodium acetate 
as described previously (1). The spectrum of the 
sirupy product (2a) required high purity. That 
the epoxide opening followed the normal course 
(attack at the 3-position) for a 2,3-anhydro- 
furanoside (12,13) was established by benzoyla- 
tion of the iodohydrin 2a to 2c followed by hydro- 
genolysis to yield crystalline methyl 2,5-di-0- 
benzoyl-3-deoxy-a-D-theo pentofuranoside (3). 
This 3-deoxy structure was required since the 
anomeric proton (singlet at r 4.85) was not 
appreciably coupled to either of the methylene 
protons at r 7.35 and 8.05. The quartet at .r 5.35 
was assigned to Hz and the spacings indicated 
6.5 Hz coupling with the methylene proton (H,) 
at r 7.35, and 1.6 Hz coupling with that (H,) 
at r 8.05. Spin decoupling also showed the methyl- 
enic protons to be coupled with a signal forming 
part of a multiplet (H4, H,, and H,,) centered at  
r 5.5 and assigned to H,. 

Following the previously reported procedure 
for the reduction of iodohydrins to olefins (l), 
namely, treatment of the iodohydrin 2a with 
tosyl chloride in boiling pyridine gave only fur- 
fury1 benzoate. However, when the 0-tosyl 
derivative was treated with tetraethylammonium 
chloride in pyridine in the presence of zinc dust, 
an 82 % yield of pure crystalline 2,3-unsaturated 
furanoside 4a was readily obtained. 

Essentially the same sequence of reactions was 
carried out in the p-series starting with methyl 
2,3-anhydro-P-D-lyxofuranoside (5c) (1 1). The 
n.m.r. examination of the product obtained upon 
treatment of the sirupy 5-0-benzoyl derivative 
(5a) with sodium iodide in the usual manner 
showed that the nucleophilic attack had occurred 
at the 2-position as readily as at the 3-position to 
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2a R  = Bz; R' = H 
2 b  R  =Ac; R ' = H  
2c R  = R 1 =  Bz \ 

form compounds 6a and 7a. This was evident 
from the presence of two signals of about equal 
intensity for methoxy groups in the n.m.r. spec- 
trum of the product and from the fact the product 
gave an over 7 1 % yield of the olefin 9a. 

The acetyl derivative 56 also gave an about 
equimolar mixture of the iodohydrins (6b and 
7b). On treatment of this mixture with tosyl 
chloride in pyridine, a crystalline product was 

110 R = Bz 
110 R = Ac 
l l c  R = H 

obtained in 31 % yield together with furfuryl 
acetate. The structure of this crystalline com- 
pound (8) was assigned as methyl 5-0-acetyl-2- 
deoxy-2-iodo-3-0-tosyl- P -D-xylofuranoside on 
the basis of n.m.r. analysis. The signal for the 
anomeric proton (pyridine-ri, at 100 MHz) was 
a sharp singlet at T 5.30, that for H, a doublet at 
T 5.12 (spacing 4.3 Hz), and that for H, a quartet 
T 4.81 (J,,, = 4.3 and J,,, = 9.3 Hz). The small 
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LEMIEUX ET AL.: PENTOFURANOSIDES AND PENTOPYRANOSIDES 441 5 

FIG. 1. The n.m.r. spectra at 100 MHz of rnethyl 5-0-benzoyl-2,3-dideoxy-a-~-glycero-pent-2-enofuranoside (4a) 
and its e-anomcr (90). 

coupling constant (<0.5 Hz) for JIg2 requires a 
trmzs-relationship for these two hydrogens. 
Therefore, as expected and as was confirmed by 
the quartet signal for H,, C, was inverted in the 
formation of this iodohydrin. T11e large coupling 
of 9.3 Hz for H, and H, which are in cis-relation- 
s l ~ i p  on the furanoside ring is noteworthy. Exten- 
sive opening of the epoxide ring at C2 as well as 
C, is rare (12,13). However, a result similar to 

that presented above was obtained on treating 5b 
with benzyl mercaptide ion (14,15). Dick and 
Jones (16) have recently cor~cluded from a study 
of the epoxide ring opening of methyl 2,3- 
anhydro-4-azido-4-deoxypentopyranoside that 
the direction of opening could not, in some cases, 
be accounted for by cor~sideration of only steric 
and inductive effects. A proper appreciation of 
these phenomena requires a consideration of the 
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TABLE I 
Nuclear magnetic resonance parameters for 2,3-unsaturated methyl pentosides 

-- -- F z 
Con~pound Chemical shifts (r) Approximate coupling constants* (Hz, t0 .2 )  solvent 6 

F 
HI HZ H3 1~14 H 5  H 5 ,  J1.2 J1.3 J1.4 J2.3 J2.4 J 3 , 4  J3.5 J4.5 J4.5, J5.5, z 

a-D-Furanoside =: 

.. - - s  
*The signs given to these coupling constants are assumed. 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
E

R
SI

T
Y

 O
F 

U
T

A
H

 o
n 

11
/1

2/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



LEMIEUX ET AL.: PENTOFURANOSIDES AND PENTOPYRANOSIDES 

nucleophile as well as the epoxide and it is 
apparent that strongly ni~cleophilic reagents are 
either not as sensitive to differences in the electro- 
negativities of the carbons ofthe epoxide group or 
actually prefer the more electronegative center. 
Methyl 5- 0-acetyl- 0-D-glycero- pent-2-enofu- 
leanoside (9b) was readily obtained from 8 as a 
colorless liquid. 

The mixture of iodohydrins (6a and 7a) on 
tosylation followed by reduction as described 
above for the formation of 4a gave crystalline 
methyl 5- 0-benzoyl-2,3-dideoxy - P - D - ~ ~ Y c ~ ~ o -  
pent-2-enofuranoside (9a); 71 "/: yield; m.p. 
62-63" (sharp); [a]," - 102" (chloroform), 
- 104" (dichlorometl~ane). The literature values 
(2,3) are n1.p. 40-46"; [a], -98" [in chloroform 
(4) or  in dichloromethane (2)]. The physical 

constants of the a-anomer (4a) are remarkably 
similar; m.p. 61-62"; - 100" (in chloro- 
form), - 102" (in dichloromethane). That these 
compounds are in fact different and anomeric is 
clear from the n.m.r. spectra shown in Fig. 1. 
For the a-anomer (4a), of the seven solvents used, 
only dimethylsulfoxide-d6 brought about a com- 
plete separation of the signals for H,  and H,. 
The n.m.r. parameters for 4a and its p-anomer 
(90) are given in Table I. The assignments of the 
signals for H, and H, are based on the assump- 
tion that, as always found in glycosidic struc- 
tures, the anomeric proton is more weakly 
coupled with a vicinal proton (because of the 
electron withdrawing effect of two oxygen atoms 
a t  C,) than are the other ring protons in a similar 
geometric relationship. For both anomers, as 
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seen in Table I, J, ,, and J2,, are equal at - 1.2 Hz. 
This result indicates that the dihedral angles de- 
fined by H, and H, and by H, and H, in each 
case are near equal and in the range 50 to 55" 
using the relationship shown in eq. [ I ]  provided 

[ I ]  J = 3.9cos2 4 - 2.6 (0" _< 4 5 90") 

by Garbisch (17) for the coupling of allylic 
protons. On this basis, the dihydrofuran rings in 
these compounds must be near planar as is 
indicated by molccular models. For both ano- 
mers, one of the vici~ial coupling constants (J, ,, 
or J,,,) is 1.2 Hz and the other is 2.2-2.3 Hz. For 
the reason stated above, the smaller value is 
assigned to J,,,. Thus, for both anomers the 
signal at lowest field is assigned to H,. This pro- 
cedure is supported by the fact that both J, ,, and 
J , , ,  are also - 1.2 Hz for methyl 4-0-acetyl-2,3- 
dideoxy-a-L-glycero-pent-2-enopyranoside (236) 
and for this compound J, , 2  = 1.5 Hz and J3,, = 
2.3 Hz as established uneq~~ivocally by spin- 
decoupling. It may be noted that, for 2,3- 
unsaturated pyranosides, the signal for H2 is to 
higher field than that for H, (see below and refer- 
ence I). It is of interest to note that the long range 
couplings J, ,, for the 1,4-trans-a-anomers (4) are 
much larger, 4.4 Hz, than those, 1.2 Hz for the 
1,4-cis-P-anomers (9). 

The 4-0-acetyl derivatives of both tlie known a 
(19) and p (18,19) anomers for inethyl 2,3- 
anhydro-t-ribopyranoside were treated with 
sodium iodide in the usual nianner (I) to provide 
the iodohydrins. Assuming diaxial opening of the 
oxide ring from the compounds in half-chair con- 
formation, the ground-state for attack in 3-posi- 
tion would be that depicted in 12h for the p-com- 
pound. High yields (> 90 %) of the 3-iodocom- 
pound were obtained from both the acetate (126) 
and the benzoate (12a). The yield of the 2-iodo- 
benzoate (14) was only 5 %. The 1l.m.r. spectrum 
of 126 required J,,, = J,,,, 1. 4 Hz and indicates 
that the compound is largely in the half-chair 
conformation wherein H, is in near gauche 
relationship with both the hydrogens at C,. J,,, 
was about 2.5 Hz and J5,5t about - 13 Hz. This 
latter coupling is in the range expected for the 
compound in this conformation (I). 

In the case of a-anhydride, the conformation 
appears to be close to that depicted in formula 
196 with the 4-acetoxy group in quasi-equatorial 
orientation. This was indicated by the fact that 
the rough quartet observed for H, collapsed to a 

clean quartet (r 4.87) with spacings of 8.5 and 
3.3 Hz when the signals for H, and H,, both at 
about r 6.50, were spin-decoupled. Therefore, 
diaxial opening of the epoxide ring with attack by 
iodide at the 3-position would require a change in 
conformation. Althougha high yield of the 3-iodo 
compound was obtained from the acetate (196), 
about equal amounts of the 2- and 3-iodo deriva- 
tives were obtained from the benzoate 190. This 
may result from a greater resistance by the ben- 
zoyloxy group to accept the quasi-axial orienta- 
tion of the alternate half-chair confornlation 
which can lead to diaxial opening. It should be 
noted that here, as for the analogous furanoside 
compounds considered earlier, extensive attack 
at the 2-position was observed only when the 
methoxyl group was cis to the oxygen of tlie 
anhydro ring so that a 1,2-trans-product was 
obtained. The n.1n.r. spectra of the benzoates 
(12a and 19a) gave almost identical patterns for 
the ring protons as did the corresponding acetates 
(126 and 19b). It is of interest to note that for 

?CH3 BzO I 

R o d  OR' 

i 
20a R = Bz; R' = H 
206 R = Ac; R' = H 
20c R = R' = Ac 
20d R = Ac; R' = Ts 
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TABLE I1 
Physical properties of methyl 2,3-dideoxypentosides 

Chemical shifts (r)* 

Compound Ht H4 Methoxyl Acetyl Solvent [aIDz5:T [MIDZ5 

B-D-Furanoside 
lla 
116 
llc 

a-D-Furanoside 
10a 
106 
1oc 

a-L-Pyranoside 
24a 
246 
24c 

!3-L-Pyranoside 
18a 
186 
18c 

*Tetramethylsilane as internal standard with carbon tetrachloride and as external standard wi th  deuterium oxide. 
?Quartet with spacings of about 2 and 4 Hz. 
$Triplet with spacings of 2 to 3 Hz. 
§Broad multiplet. 
IIUnresolved narrow signal. 
Bc, 1.5 in chloroform. 

both anomeric pairs of the anhydrides, the ano- 
meric effect plays a significant role in determining 
conformation. This was especially surprising in 
the case of the p-anomers since, by the methoxy 
group becoming quasi-axial, the acetoxy group 
must approach closely the oxygen of the an- 
hydride ring. 

The iodohydrins (13b and 20b) were tosylated 
and these treated with tetraethylammonium 
chloride in pyridine in the presence of zinc dust 
to  provide the olefins (17b and 236) in excellent 
yield. Deacetylation provided the anomeric 
methyl 2,3-dideoxy-L-glycero-pent-2-enopyrano- 
sides (17c and 23c). The n.m.r. parameters for 
these compounds are reported in Table I together 
with those for the 4-0-benzoates (17a and 23a). 
The coupling constants which are apparent from 
the spacings observed clearly require a large 
predominance of the conformations shown for 
the compounds with R = Ac or Bz. This follows 
especially from a consideration of the magnitudes 
of J,, , ,  J , , , ,  and J, , , . .  According t o  the Garbisch 
relationship (17), the values for J ,  ,, suggest that 
the anomeric protons of the p-anomers are more 
in the quasi-axial orientation than are those of 
the a-anomers. It is evident that, as  found for the 
corresponding 2,3-anhydro compounds which 
are also expected to  be in half-chair conforma- 
tions, the anomeric effect controls the conforma- 
tions of these olefins. 

The alcohols of both the 2-enofuranosides (4c 
and 9c) and the 2-enopyranosides (23c and 17c) 
were readily hydrogenated to  provide the ano- 
meric forms for methyl 2,3-dideoxy-D-glycero- 
pentofuranoside (10c and l l c )  and methyl 2,3- 
dideoxy-L-glycero-pentopyranoside (24c and 18c) 
respectively. From the n.m.r. parameters given in 
Table 11, it is evident that for the 2,3-dideoxy- 
pyranosides the anomeric effect controls the 
conformational equilibria. 

I t  is of interest to  note (Table 11) that neither 
acetylation nor benzoylation of a given anomer 
for a 2,3-dideoxyf~~ranoside changed the molar 
rotation appreciably. Therefore, following the 
line of interpretation presented by Brewster (20) 
to account for optical rotation, it is apparent 
that the contributions t o  rotation by the hydroxy- 
methyl group is not affected by acylation. Appli- 
cation of Brewster's rules as  elaborated for 
pyranoside structures to  these furanosides yields 
molar rotations of 230 for the a-anomer and 
- 180 for the p-anomer, values that are in excel- 
lent agreement with those observed, 194 and 
-169, respectively, if it is assumed that the 
furanose rings favor conformations for both 
anomers that have the methoxy group in quasi- 
axial orientation in accordance with expectations 
based on the anomeric effect. 

According to  Brewster (20), it can be expected 
that the conformational units defined by the 
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substituents at C, and C, with the endocyclic 
double bonds of the 2,3-unsaturated furanosides 
(4c and 9c) make important contributions to 
rotation. For the a-D-anomer (4c), following 
Brewster, two such contributions can be assigned 
each ofabout - 130". Also, a strong contribution 
of + 105" from the conformational unit defined 
by the methoxy group and C, to ring-oxygen 
group can be expected. On this basis only, a molar 
rotation of - 155" is indicated. The observed 
rotation was - 102". In the case of the p-anomer 
(9c) (observed molar rotation = -202), the 
contributions arising from the conformational 
units defined by the C,  and C, substituents with 
double bond should nearly cancel. Thus, a 
rotation of - 105" would be indicated dis- 
regarding all contributions other than that arising 
from the inethoxy group. Since other contribu- 
tions to rotation can be expected to be relatively 
small, these considerations provide a basis for 
appreciating why both anomers are levorotatory. 
It should be noted, however, that the nature of 
the substituent at C, has, for these unsaturated 
compounds, a considerable influence on rotation. 
Indeed, for the 5-0-benzoyl derivatives, the 
anomers 4a and 9a differ little in rotation. 

The molar rotations of the 2-enopyranosides, 
as seen in Table 111, are very dependent on the 
nature of the substituent at C,. The strong 
levorotations for all the compounds listed likely 
arise mainly for reasons similar to those noted 
above for the 2-enofuranosides. 

TABLE I11 

Rotations in chloroform of 2,3-~~nsaturated 
methyl pentosides and their 0-acyl 

derivatives 
-~ 

t a IDz5  [ I W ] ~ ' ~  

The main reason for undertaking these syn- 
theses was to obtain the anomeric methyl 3-deoxy- 
L-erythro-pentopyranosides 16c and 22b by way 
of hydrogenolyses of the iodohydrins 13 and 20. 
The effect of solvent on the conformational 
equilibria for the P-L-pentoside (16c) has already 
been reported (21). An accompanying paper (22) 
reports the relative effects on conformational 
equilibria observed in changing the substituents 
at the 2 and 4 positions. These compounds are 
reported herein and include the dibenzoate, 
diacetate, dinlesylate, di-p-nitrobenzoate, di-0- 
methyl, 4-0-methyl, and 2-0-acetyl-4-0-methyl 
derivatives of methyl 3-deoxy-P-L-erythro-pento- 
pyranoside (16c). The diacetate (22a) of inethyl 
3-deoxy-a-L-erythro-pentopyranoside (22b) is also 
reported. 

The nlethyl 2,3-dideoxypentopyranosides 18c 
and 24c were desired for an extension of these 
studies and a discussion of the effect of solvent 
on their rotations is reserved for a communication 
related to solvent effects on the conformational 
equilibria of methyl 2,3,4-trideoxy-P-L-pento- 
pyranoside (dextro-2-methoxypyran). 

Experimental 
Methyl ~ , ~ - A I I / I ~ ~ ~ O - ~ - D - ~ ~ X O J ~ I ' C I ~ I O ~ ~ ~ ~  (Ic) 

Methyl 2-0-methanesulfonyl-a-D-xylofuranoside (11) 
(70 g, 0.29 mole; obtained from 58.5 g of methyl 3,s-0-iso- 
propylidene-a-D-xylofuranoside) was dissolved in absolute 
methanol (140 ml) and cooled to 0'. To the stirred solurion 
was added freshly prepared 2 M merhanolic sodium merh- 
oxide (158 ml, 0.316 mole) at  such a rate that the temper- 
ature was maintained at  0'. After 3 days at  this temperature 
the reaction mixture was filtered through Celite. The 
filtrate was neutralized with acetic acid (8 ml) then evapor- 
ated to dryness under reduced pressure. The residue was 
dissolved in water (50 ml) and extracted with chloroform 
(3 x 100 ml). The extracts were dried over magnesium 
sulfate and evaporated to dryness under reduced pressure. 
Crystallization occurred during evaporation of the chloro- 
form. The residue was recrystallized from benzene 
(about 100 ml). A first crop was obtained (31.0 g) as 
colorless, long needles, n1.p. 82-83". A second crop 
(6.6 g), m.p. 75-79", was obtained fro111 the mother liquor, 
giving a total yield of 92.0 %. 

Methyl 2,3-A11hyclro-5-0-be11zoyl-a-~-l~~xo~~rn110side ( l a )  
Compound l c  (29.2 g, 0.2 mole) was dissolved in 

pyridine (100ml) and treated with benzoyl chloride(30ml). 
After 3 h at room temperature, the mixture was poured 
onto an ice-water mixture (ca 1000ml). The solid was 
collected and recrystallized from ethanol as colorless 
needles, (48.0 g, 96%); m.p. 88-90", [a]DZ5 + 42.6' (c, 
2.32 in chloroform). 

Anal. Calcd. for Cl3Hl4O5: C, 62.40; H, 5.60. Found: 
C, 62.58; H, 5.66. 
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LEMIEUX ET AL.: PENTOFURANI 3SIDES A N D  PENTOPYRANOSIDES 442 1 

Metl1y/5-O-Be11zoy/-3-deoxy-3-iodo-a-~-arabir10- 
firranosicle (20) 

l a  (25 g, 0.1 mole) was treated with sodii~ni iodide 
(75 g, 0.5 ~nole), sodium acetate (4.1 g, 0.05 mole) and 
acetic acid (120 ml) in acetone (500 rill) at  refli~x tempera- 
ture for 20 h. The orange solution was evaporated to dry- 
ness and the residue was partitioned between water (500 
ml) and chloroform (500 nll). The aqueous layer was 
again washed with chloroforni (500 ml). The combined 
organic extracts were washed with 0.1 M sodium thio- 
sulfate and with water (each 500 lnl), dried over sodium 
sulfate, and evaporated to a sirup under reduced pressure. 
The sirup (38 g, quantitative yield), [a]DZ5 + 73.1° (c, 
1.58 in chloroform), could not be crystallized, but examin- 
ation by thin layer chromatography (t.1.c.) and n.ni.r. 
spectroscopy showed it to be lioniogeneous. 

Merlry/2,5-Di-O-ber1zoyl-3-~~eoxy-a-~-theo- 
per1tofi4rartoside (3) 

2a (1.56 g) was treated with benzoyl chloride (0.53 nil) 
in pyridine (2 nil) at room tenlperature overnight. The 
reaction mixture was worked LIP in thc ~lsual way, giving 
the sirupy dibenzoate of the iodohydrin (2c). 

The dibenzoate (2c) (1.47 g, 0.003 mole) was dissolved 
in methanol (25 nil) and hydrogenated with 5 % palladii~ni 
on charcoal (0.22 g) in the presence of triethylamine 
(0.65 g). After 75 min, the mixture was filtered througl~ 
Celite and the filtrate was evaporated to dryness. The 
residue was taken up in chloroforn~ and washed with 
water. The organic layer was dried over magnesium sulfate 
and evaporated to dryness. The crystalline residue was 
recrystallized froni ether-Skellysolve B. Tlie yield (first 
crop) was 0.756 g (70%); n1.p. 89-89.5", [aIDz5 + 36.7" 
(c, 1.05 in chloroforn~). 

Anal. Calcd. for CZ0Hz0O6: C, 67.40; H, 5.67. Found: 
C ,  67.10; H, 5.63. 

Met/tyl 5-O-Bertzoy/-cr-~-g/~~cer.o-perrt-2-enofirrfl)1osi(/e 
f 4a) 

20 (38 g, 0.1 mole) was treated with p-toluenesulfonyl 
chloride (21 g, 0.11 mole) in pyridine (100 nil) at 0" for 
3 days. The reaction n~ixture was diluted with an ice-water 
mixture (600 ml) and extracted with chloroforni (2 x 200 
nil). The extracts were washed with saturated sodii~m 
bicarbonate solution and water then dried over sodium 
sulfate. Evaporation of the chloroforni left a sirup (53.5 g, 
quantitative yield) which could not be crystallized, but 
examination by t.1.c. and n.m.r. showed that the sirup was 
practically pure. 

The above compound (53.5 g, 0.1 mole) was dissolved in 
pyridine (150 ml). Tetraethyla~ii~iionii~m chloride (1.66 g, 
0.01 niole) and zinc dust (16 g, 0.25 niole) were added and 
the mixture was refluxed for 20 niin. Residual zinc was 
collected and washed with a small amount of pyridine. The 
combined pyridine solutions were cvaporatcd to dryness. 
The residue was s~lspended in water (200 ml) and extracted 
with ether (4 x 100 ml), and the extracts were dried over 
sodium sulfate and evaporated to dryness. The crystalline 
residue was recrystallized froni a sniall anioiint of ether. 
The yield of colorless needles aftcr two rcc~.ystallizations 
was 16.5 g (70.5%); n1.p. 61-62,, [tt]DZi - 100" (c, 1.25 in 
chloroforni), - 102" (c, 1.24 in niethylene chloride). 

Anal. Calcd. for C,3H,404: C, 66.67; H,  5.98. Found: 
C ,  66.38; H, 5.97. 

The mother liquors from the two recrystallizations were 
evaporated to a dry brown solid. The solid was suspended 
in ether (20 ml) and filtered throi~gh an alumina colunin 
(1.7 x 4 cm). The column was washed with ether (20 nil), 
and the filtrate and washings were combined and evapor- 
ated. Colorless needles remained and were recrystallized 
froni ether-Skellysolve B to yield 2.6 g (1 1.1 "/,)of needles; 
n1.p. 59.5-6O0, alone or admixed with the first crop. 

Metlty/5-O-Ber1zoy/-~-~-glycer.o-pertt-2- 
er~ofirmnoside (90) 

The epoxide (5c) (1 1) (1.46 g, 0.01 mole) was quantita- 
tively benzoylated in the ilsual way, giving 50 as a sirul~; 
[aIDz5 -48.9" (c, 1.88 !in chloroform). This (2.5 g) was 
refluxed for 6 11 in acetone (50 ml) with sodium iodide 
(7.5 g), sodii~ni acetate (0.41 g), and acetic acid (12 ~nl) ,  
then worked LIP as usual. The n.1n.r. sl~ectrum of the 
sirupy product showed two signals for mcthoxyl groups 
at .r - 5.5, indicating that thc product consisted of two 
conipounds. 

Tlie mixture, w~thout further purification, was treated 
with p-toluenesulfonyl chloride (2.1 g) in pyridine (15 ml) 
for 3 days at 0". The dark sirup obtained (4.8 g) was 
triturated well with Skellysolve B (10 ml). The solvent was 
decanted and the residue was dissolved in pyridine (30 1111) 
and refluxed for 20 ~ n i n  with tetraethylammonii~~iicliIoridc 
1.65 g) and zinc dust ( 1  6 g). Zinc was rcmoved and washed 
with a small amount of pyridine and the combined filtrate 
and washings were evaporated to dryncss to a dark sirup 
which was covered with Skellysolve B (10 1171) and stored 
overnight at 0'. Crystals separzted which werc gathered 
and redissolved in ethcr (20 ml). The ether solution was 
filtered through a bed of alumina (1.7 x 4 cm) and thc 
alunlina was washcd with ether (20 ml). The filtrate and 
washings were combined and evaporated to dryness, 
whercupon colorless needles were obtaincd. After one 
recrystallization froni ether-Skellysolve B, the yield of 9a 
was 1.67 g (71.4%); m.p. 62-63", [orlDZi = - 102" (c, l .I 
in chloroforni), - 104" (c, 1.23 in niethylene chloride; 
lit. 11i.p. 40-46' (2,3), [crIDZ0 -98' both in chloroforn~ (4) 
and in niethylene chloride (2). The niixed n1.p. with 4a 
was 37-44", 

Anal. Calcd. for CI3Hl4O4: C, 66.67; H, 5.98. Found: 
C, 66.25; H, 5.74. 

Met/rj~/ 5-0-~cety/-2,3-arr/ry(/l.o-cc-~-/ysofrrrarrosi(/e (Ib) 
l c  (2.92 g, 0.02 niole) (1 I) was acetylatcd in pyridine 

(5.5 nil) with acetic anhydride (3 nil) at room temperature 
overnight. The reaction liiixti~re was poured onto an ice- 
water misturc (50 nil) and extracted with cliloroforni 
(5 x I0 1n1). After being dried over magnesium sulfate, 
the extracts were evaporated to dryness under reduced 
pressure. The residual long, colorless nccdlcs were re- 
crystallized from a sniall anioilnt of ethanol. Yicld, 3.70 g 
(98.4%); m.p. 73-75", [aIDzi + 64.2' (c, 1.84 in chloro- 
form). 

Anal. Calcd. for C,Hl2O5: C, 51.06; H,  6.38. Found: 
C, 51.00; H, 6.45. 

Metltjd 5 - O - ~ c e ~ ~ / - a - ~ - , ~ ~ / j ~ c e r o - p e r 1 t - 2 - f r r  (4b) 
l b  (2.66 g, 0.014 niole) was treatcd with sodiii~ii iodide 

(10.5 g), sodii~ni acetate (0.57 g), and acctic acid (17 ml) 
in acetone (70 ml) at reflux temperat~lrc for 20 h, then the 
niixti~rc was worked LIP as L I S L I ~ ~ .  The iodohydrin 2b was 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
E

R
SI

T
Y

 O
F 

U
T

A
H

 o
n 

11
/1

2/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



4422 CANADIAN JOURNAL OF CHEMISTRY. VOL. 47, 1969 

obtained as a slightly yellowish sirup; 4.21 g (95.2%), 
[aIDZ5 f78.3" (c, 4.1 in chloroform). The n.m.r. spectros- 
copy and examination by t.1.c. showed it to be homo- 
geneods. 

This sirup was treated with p-toluenesulfonyl chloride 
(3.46 g, 0.018 mole) in pyridine for 3 days at 4'. The pro- 
duct (7.30 g) isolated as a sirup was, without purification, 
dissolved in pyridine (15 ml) and refluxed for 20 min with 
tetraethylammonium chloride (0.23 g, 0.0014 mole) and 
zinc dust (2.3 g). The zinc was gathered and washed with a 
small amount of pyridine. The combined filtrate and 
washings were worked up as usual and purified by dis- 
tillation; 1.92 g (79.8%); b.p. 47-47.5" (0.1 mm Hg), 
m.p. 0-2", [a]DZ5 -91" (c, 4.9 in chloroforn~), llDZ3 = 
1.4502. 

Anal. Calcd. for C8H1204: C, 55.81; H, 7.03. Found: 
C, 56.25; H, 6.94. 

Methyl 5-0-Acetyl-2-deoxy-2-iodo-3-0- (p-toluenes~rl- 
fony1)-p-D-xylo/irr.anosirle ( 8 )  

Acetylation of 5c (1 1) (1.50 g, 0.0104 mole) afforded 56 
(1.88 g, 96.2%) as a sirup, which was, without further pu- 
rification, refluxed in acetone (50 ml) with sodium idiode 
(7.5 g), sodium acetate (0.41 g), and acetic acid (12 ml) for 
6 h. The product, 2.12 g (67 %), isolated in the usual man- 
ner, was a mixture of two isomers (66 and 7b) (n.ri1.r.). 
The mixture was dissolved in pyridine (15 ml) and treated 
with p-toluenesulfonyl chloride (1.6 g, 0.008 mole) for 
3 days at 4". The reaction mixture was poured onto an ice- 
water mixture (70 nil) and cxtracted with chloroform 
(3 x 30 ml). The extracts were dried over sodium sulfate 
then evaporated to dryness under reduced pressure. Pyri- 
dine was removed from the residue by repeated azeotropic 
distillation with ethanol. The scnii-crystalline residue, 
2.5 g (7973, was covered with a srnall amount of ethanol 
and kept at -7" for 3 h. Crystalline cubes deposited and 
were washed with a small amount of cold ethanol, 0.99 g 
(31.4%); 1n.p. 117-118". 

For analyses, a small amount of the co~iipound was 
recrystallized from cthanol; m.p. 118-119", [aIuZ5 -80.7" - - 

(c, 3.4 in chlororornl). 
Anal. Calcd. for C,5Hlq07SI:  C, 38.31; H, 4.08; I, 

26.98. Found: C, 38.27; H, 3.94; I, 26.95. 

Metlryl 5-O-Acetyl-~-~-glycero-pe,rt-2-e11ofrrr011o.~ide (96) 
A mixture of 8 (4.70 g, 0.01 mole), tetraethylammoni~~n~ 

chloride (0.17 g, 0.001 mole), and zinc dust (1.66 g) in 
pyridine (20 rill) was refluxed for 20 min. The product was 
isolated in the usual manner, purified by distillation to 
provide a colorless liquid, 1.21 g (70.3%); b.p. 49" (0.4 
mni Hg), [a]DZ5 -103" (c, 1.99 in chloroform), 11DZ3 = 
1.4473. 

Anal. Calcd. for C 8 H l ~ O 4 :  C, 55. 81; H, 6.98. Found: 
C, 56.12; H, 7.06. 

M e t / ~ y 1 2 , 3 - A ~ r l r y r l r o - 4 - O - b e t l z o y l - ~  (120) 
Benzoylation of 12rl (18,19) and recrystallization from 

ethanol gave an analytical sample as colorless needlcs; 
n1.p. 108-108.5', [aIDZ5 -22.4" (c, 2.78 in chloroforn~). 

Anal. Calcd. for C, 62.40; H, 5.60. Found: 
C, 62.23; H, 5.31. 

Met/~j~/4-O-Ber~zoy/-3-deoxy-3-iof/o-~-~-sj~/op)~r0trosic/e 
(13n)mld Metlryl4-O-Berrzoj~l-2-rleosy-2-iodo-~- 
arabiriopyralroside (14) 

12a (5.0 g, 0.02 mole) was mixed with sodium iodide 
(15 g, 0.1 mole), sodium acetate (0.84 g, 0.01 mole), acetic 

acid (24 ml), and acetone (100 ml) and refluxed for 20 11. 
The reaction mixture was worked up as usual and the 
semi-solid residue (7.6 g, quantitative yield) was recrystal- 
lized from ethanol (60 nil) to give 130 as colorless needles, 
6.27 g (82.9%); m.p. 158-159", [aIDZ5 +113" (c, 1.44 in 
chloroform). 

Anal. Calcd. for C13H15051: C, 41.29; H, 3.99; I, 33.56. 
Found: C, 41.42; H, 3.95; 1, 33.34, 

The mother liquor of the above recrystallization was 
evaporated to dryness. Upon triturating the sirupy residue 
with cold ethanol (5 ml), crystals (m.p. 84-86") separated, 
which were recrystallized from a small amount of ethanol 
(2.5 ml). Colorless needles of methyl 4-O-benzoyl-2- 
deoxy-2-iodo-B-L-arabinopyranoside (14) were obtained, 
377 mg (5 %); m.p .96-97", [aIDZ5 + 144" (c, 2.32 in chlo- 
roform). Mixed m.p. with 13a, 68-76". 

Anal. Calcd. for C13H,,0SI: C, 41.29; H, 3.99. Found: 
C, 41.40; H, 4.01. 

Metliyl4-O-Berrzoyl-~-~-glycero-pe1rt-2-e1iopyr01~osic/e 
(170) 

13a (1.89 g, 0.005 mole) was treated with p-toluene- 
sulfonyl chloride (1.29 g, 0.0063 mole) in pyridine (5 ml) 
for 3 days at roo111 temperature. The ~iiixture was poured 
onto an icc-water rnixt~~re (50 ml) and was cxtracted with 
chlorofornl (3 x 25 rill). The combined extracts were 
dried over sod i i~n~  sulfate and evaporated. 

The residue was mixed with pyridine (20 1111) containing 
tetraethylamnioni~~m chloride (0.083 g, 0.0005 mole) and 
zinc dust (0.83 g). The mixture was heated to reflux for 
20 min, cooled, and filtered. The filtrate was evaporatcd to 
dryness and the residue was suspended in water (25 ml); 
then extracted withcther (3 x 25 ml). Thecombined ether 
extracts were dried over sodium sulfatc and evaporated. A 
small anlount of pyridine was removed from the residue 
by repeated azeotropic distillation with ethanol until 
fine needles were obtained. The crystalline residue was 
dissolved in ether (3 nil) and decolorized by filtration 
through an alumina column (2 x 2 cm) and the colu~nn 
was washed with ether (10 ml). Upon evaporation of the 
combined ethereal solutions and recrystallization of the 
residual colorless needles from ethanol, the product 0.86 g 
(75 %) had the following propcrties, n1.p. 58-59.5", [aIuZ5 
- 187" (c, 2.03 in chloroform). 

Anal. Calcd. for C,,H1404: C, 66.67; H, 5.98. Found: 
C, 66.56; H, 6.12. 

Metlryl2,4- Di-O-berrzoy/-3-deoxy-3-iorIo-~-~- 
ribopyrmrorirle (150) 

Bcnzoylation of 13rr in the usual lnanner and recrystal- 
lization of the product from ethanol gavecolorless leaflets; 
m.p. 143-144", [aIuZ5 f55.0" (c, 1.64 in chloroform). 

Anal. Calcd. for CZOHl9O6I: C, 49.80; H, 3.98; I, 26.31. 
Found: C, 49.67; H, 4.04; I, 26.34. 

Metlryl 2,4- Di-O-Dertzoyl-3-rleo.~y-~-~-e~~tlrro- 
pe~rtopyrn~roside (16~1) 

150 (723 mg, 0.001 5 mole) was hydrogcnated in ethyl 
acetatc (20 ml) with 5 %  palladium on charcoal (200 111g) 
in the prcsence of diethylarnine (0.1 ml). After the con- 
sunlption of hydrogcn had ceased, the mixture was filtered 
the filtrate was evaporated to dryness to a sirup, which 
then was dissolved in chloroform (25 1111). The chloroform 
solution was, aftcr being washcd with water (3 x 25 n ~ l )  
and dried over sodii~m sulfate, cvaporated to dryness to a 
sirup. The sirup was dissolved in benzene (1 1111) and the 
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solution was absorbed on an alumina column(l.2 x 4 cm) 
then eluted with benzene (50 ml). The eluate was evapor- 
ated to a colorless sirup to a constant weight (452 nig, 
84.6%); [aIDz5 + 100" (c, 1.70 in chloroforn~). The n.m.r. 
spectrum of this sirup was identical with that of the pro- 
duct formed on benzoylation of methyl 3-deoxy-p-L- 
erythro-pentopyranoside (16c) as described below. 

Anal. Calcd. for CzoHz0O6: C, 67.40; H, 5.67. Found: 
C, 67.54; H, 6.08. 

Methyl 4-O-Acetyl-3-deoxy-3-iodo-~-~-xylopyranoside 
(13b) 

12b (18,19) (1.88 g, 0.01 mole) was treated with sodium 
iodide (7.5 g, 0.05 mole), sodium acetate (0.41 g, 0.005 
mole) and acetic acid (12 ml) in acetone (50 ml) at  reflux 
temperature for 6 h. The mixture was worked up in the 
usual manner. The product was recrystallized from a 
small amount of ethanol to yield 3.01 g (95.3%); m.p. 
145-145.5", [aIDz5 + 10.7" (c, 3.28 in chloroform). 

Anal. Calcd. for C8H13051: C, 30.38; H, 4.11. Found: 
C, 30.44; H, 4.05. 

Acetylation of 13b with acetic anhydride in pyridine 
gave methyl 2,4-di-0-acetyl-3-deoxy-3-iodo-h-xylopy- 
ranoside (15b) as colorless leaflets; n1.p. 141-141.5", 
[ a ] ~ ' ~  + 39.4' (c, 3.2 in chloroform). 

Anal. Calcd. for Cl0Hl5O6I: C, 33.54; H, 4.22. Found: 
C, 33.70; H, 4.04. 

Methyl 3-Deoxy-P-L-erythro-pentopyra~~oside (16c) 
15b (10.4 g, 0.029 mole) was dissolved in hot methanol 

(300 ml) containing triethylamine (3.6 g), and hydro- 
genated with 5 % palladium on charcoal catalyst (1.25 g). 
After the theoretical amount of hydrogen was consumed, 
the catalyst was removed by filtration. The filtrate was 
evaporated to dryness. The residue was dissolved in ether. 
Insoluble triethylammonium iodide was filtered off and 
the filtrate was evaporated to yield 4.2 g (69.7%) of a 
colorless sirup. Examination by t.1.c. showed that de- 
acetylation had occurred during hydrogenolysis. 

The above sirup (450 mg) was dissolved in absolute 
methanol (6 ml). Sodium methoxide in methanol (3 ml), 
prepared by dissolving sodium (0.5 g) in methanol 
(100 ml), was added and the mixture was set aside for 1 h. 
The reaction mixture was neutralized with Dowex 50 
(H+), filtered and evaporated to a sirup. The residue was 
purified by chromatography on a Celite column (23), then 
by distillation (70-80" bath temperature at  0.05 mm Hg). 
The product had [aIDz5 +94.5" (c, 10.5 in water). The 
examination by t.1.c. and n.m.r. spectroscopy showed it to 
be honlogeneous. The same product was obtained on 
deacylation of the crystalline p-nitrobenzoyl derivative 
(16e). 

Anal. Calcd. for C6Hlo04: C, 48.65; H, 8.16. Found: 
C, 48.72; H, 8.22. 

Methyl 2,4-Di-O-acetyl-3-deoxy-~-~-erythro-pe11to- 
pyra11oside(l6b) 

Prepared by acetylation of the pure 16c obtained from 
16e and isolated as a distilled sirup; [aIDz5 + 117' (c, 1.78 
in chloroform). 

Anal. Calcd. for C,oH1606: C, 51.72; H, 6.93. Found: 
C, 51.93; H, 7.12. 

Methyl 3 - D e o x y - 2 , 4 - d i - O - r r 1 e t / r a r 1 e s 1 1 ~ 0 1 1 y l - ~ r o -  
per~topyratroside (16d) 

Prepared from 16c in the usual manner and recrystal- 

lized from ethanol; m.p. 101.5-102", [aIDz5 +73.1° (c, 
1.04 in chloroform). 

Anal. Calcd. for C8H1608Sz: C, 31.58; H, 5.29. Found: 
C, 31.54; H, 5.16. 

Methyl 3-Deoxy-2,4-di-O-(p-1iitr'ober1zoyl) -P-L-erythra- 
petrtopyr'arroside (16e) 

Treatment of 16c with recrystallized p-nitrobenzoyl 
chloride in pyridine gave a crystalline product which was 
recrystallized from ether; n1.p. 123.5-1243, [aIDz5 
+51.2" (c, 1.30 in chloroform). 

Anal. Calcd. for CZOHl8OlON2: C, 53.82; H, 4.06. 
Found: C, 53.63; H,  4.23. 

Methyl 3-Deoxy-2,4-di-O-rnet/1yl-P-~-erythro- 
per~topyranoside (16 f) 

Methyl 3-deoxy-p-L-erythro-pentopyranoside (16c, 200 
mg) was dissolved in 6 ml of freshly distilled methyl iodide 
and gently refluxed for 6 h. Freshly prepared silver oxide 
(1.39 g) was added in 10 equal portions at  0.5 h intervals 
to the continuously stirred solution. The heating was con- 
tinued for 1 h after the final addition, then the silver oxide 
was removed by filtration and washed with 15 ml of 
diethyl ether. After solvent removal, the slightly yellow 
liquid residue was twice distilled under vacuum to give a 
colorless liquid b.p. (25 mm), 80-85" (180 mg, yield 75 %) 
with the n.m.r. parameters consistent with the assigned 
structure (22). The three methyl groups gave singlets a t  
7 4.7, 4.75, and 4.81 in CDCI,. The specific rotations, 
[aIDZ5, were +86.2" (c, 0.9 in chloroform) and +94.0° 
(c, 1 in water). 

Anal. Calcd. for C8Hl6O4: C, 54.54; H, 9.14. Found: 
C, 54.51; H, 9.05. 

Methyl 2,3-A1rhydr0-4-0-1net/1yl-~-~-ribopyrarroside (12c) 
Methyl 2,3-anhydro-p-L-ribopyranoside (10 g) was 

0-methylated using 30 ml of freshly distilledmethyl iodide 
as described above. On solvent removal, crystalline 
material was obtained and recrystallized from ethanol to 
give 7.50 g (68%); m.p. 7+75", [aIDz5 +3.6 (c, 1.2 in 
chloroform) and -10.6 (c, 1.3 in water). The n.m.r. 
spectrum (60 MHz in CDCI,) showed two sharp methoxy 
signals at 7 6.50 and 6.53 and the anomeric singlet a t  
7 5.18. 

A solution of 7.5 g of 12c, 27.2 g of sodium iodide, 2 g 
of sodium acetate, and 50 ml of acetic acid in 50 rill of 
acetone was refluxed overnight. A crystalline product was 
isolated in the usual manner (1). After recrystallization 
from ethanol, the yield was 12.6 g, m.p. 94.5-95.5". The 
signals for the two methyl groups in the n.m.r. spectrum 
(in CDCI, at  60 MHz) were at  7 6.45 and 6.49. The anom- 
eric proton produced a doublet at 7 5.83 with a spacing of - 6.5 HZ. 

Methyl2-0-Acetyl-3-deoxy-3-iodo-4-O-r~ret/ryl-~-~- 
xylopyranoside (15d) 

Compound 13c 7.5 g was acetylated using pyridine and 
acetic anhydride in the usual manner to afford a crystalline 
product. After recrystallization from ethanol, the yield 
was 7.6 g; n1.p. 125.5-126.5". The n.m.r. spectrum (in 
CDCI, at 60 MHz) showed the presence of the two 
methoxy groups, 7 6.54 and 6.61 and the acetoxy group 
signal at 7 6.91. The anomeric proton produced a doublet 
at r 5.89 with a spacing of 7 Hz. 
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Metl1yl2-0-Acetyl-3-deoxy-4-O-metl1yl-~-~-erythro- 
pentopyranoside (16g) 

The above iodo-compound (15d) (7.5 g) was dissolved 
in 100 ml of methanol containing 4 ml of triethylamine 
and shaken in an  hydrogen atmosphere with I g of 5 %  
palladium on charcoal. After the uptake of hydrogen 
ceased, the catalyst was removed by filtration and the 
filtrate evaporated to  dryness. The residue was extracted 
with benzene, the benzenesolution was washed with water, 
then with sodium thiosuliate, and finally with water. 
After drying with sodium sulfate, the solvent was removed 
to  give a colorless syrup. The n.m.r. spectrum (22) required 
a high state of purity. The specific rotations, [aIDz5, were 
+ 94.8" (c, 1.3 in water) and + 81.1" (c, 1.4 in CCI4). 

Methyl 3- Deoxy-4-0-1~1etl1yl-~-~-erythro- 
per~topyranoside (1611) 

Deacetylation of the foregoing methyl 2-0-acetyl-3- 
deoxy-4-0-methyl-P-L-erythro-pentopyranoside with0.5% 
sodium methoxide solution at room temperature gave the 
desired methyl 3-deoxy-4-0-methyl-P-L-erytlzro-pento- 
pyranoside in 95 % yield. After short-path distillation (at 
about 0.5 mm with a bath temp. 50") the specific rotations, 
[aIDz5, were + 131" (c, 1.6 in chlol-oform), + 144" (c, 1.4 
in dichloroethane), and +83.5" (c, 1.4 in dimethylsulf- 
oxide). The n.m.r. spectrum is discussed in the accompany- 
ing publication (22). 

Anal. Calcd. for C,H1404: C, 51.85; H,  8.69. Found: 
C, 51.85; H, 8.72. 

Metl1yl4-0-Acetyl-3-deoxy-3-iorl0-2-0-(p-tobe11e- 
s~rlfor~yl) P-L-xylopyrar~oside (15c) 

The iodohydrin (136) (3.16 g, 0.01 mole) was treated 
with p-toluenesulfonyl chloride (2.10 g, 0.011 mole) in 
pyridine (20 ml) for 44 h at room temperature. The re- 
action mixture was worked up as usual whereupon a 
crystalline product was obtained (4.70 g, quantitative 
yield). A small amount was recrystallized from ethanol; 
m.p. 131-132.5°, [aIDz5 -60" (c, 2.51 in chloroform) and 
found to possess an  n.m.r. spectrum consistent with the 
assigned structure. 

Methyl 4-O-Acetyl-~-~-glycero-pe11t-2-e11opyrat1oside 
(176) 

The foregoing crude 15c (4.5 g) was dissolved in pyridine 
(20 ml) and refluxed for 20 min with tetraethylammonium 
chloride (0.1 6 g) and zinc dust (1.6 g). The product was a 
colorless liquid, 1.28 g (78%); b.p.,., 56", nDZZ 1.4582, 
[a]D25 - 135' (c, 1.56 in chloroform). 

Anal. Calcd. for C~H1204:  C, 55.81; H, 7.03. Found: 
C, 56.33; H,  7.26. 

Metl~yl2,3-A11hydro-4-0-benzoyl-a-~-ribopyranoside 
(190) 

Benzoylation of methyl 2,3-anhydro-a-L-ribopyrano- 
side, m.p. 83-84.5", [aIDZ5 - 160' (c, 2.1 in chloroform) 
(19), provided colorless needles; m.p. 80-8Io, [aIDZ5 
- 172" (c, 2.53 in chloroform). 

Anal. Calcd. for C13H1405: C, 62.40; H, 5.60. Found: 
C, 62.66; H, 5.40. 

Methyl 4-O-Benzoyl-a-~-glycero-pent-2-e11opyra11oside 
(230) 

The foregoing benzoate 19a (2.50 g, 0.01 mole) was 
treated with sodium iodide (7.5 g) in acetone (50 ml) with 

sodium acetate (0.41 g) and acetic acid (12 ml) for 6 h. A 
mixture containing 20a and 21 in approximately equal 
amounts was obtained as a sirup in quantitative yield. 

The mixture, without purification, was dissolved in 
pyridine (30ml) and treated with p-toluenesulfonyl 
chloride (2.1 g, 0.011 mole) at room temperature for 3 
days. The dark product obtained was refluxed in pyridine 
(20 ml) containing tetraethylammonium chloride (0.166 g) 
and zinc dust (1.66 g) for 20 min. The product, 1.66 g 
(71 %), was isolated in the usual manner, and after distilla- 
tion, b.p.,.,, 95", was found to have m.p. 14-15', 
- 180" (c, 1.71 in chloroform). 

Anal. Calcd. for C13Hl4O4: C, 66.67; H,  5.98. Found: 
C, 66.82; H.5.91. 

Methyl 4-0-Acetyl-3-deoxy-3-iodo-a-~-xylopyra11oside 
(206) 

Methyl 2,3-anhydro-a-L-ribopyranoside (2.92 g, 0.02 
mole) (18), m.p. 83-84.5", [aIDz5 - 160" (c, 2.1 in chloro- 
form), was acetylated in the usual way, giving 196 in 
quantitative yield. This product was treated with sodium 
iodide in acetone in the presence of sodium acetate and 
acetic acid as usual. A colorless, crystalline product 
which appeared to  be homogeneous by t.1.c. and n.m.r. 
exan~in~tions,  was obtained-in quantitative yield. For 
analysis a small amount was recrvstallized from ethanol: 
m.p: 125-1260, [ c ( ] D ~ ~  - 109' (c, 2.2 in chloroform). 

' 

Anal. Calcd. for CsHI30,I: C, 30.40; H,  4.14. Found: 
C, 30.73 : H, 4.47. 
 he n.m.r. spectrun~ in CDCI, showed two sharp sing- 

lets for the n~ethoxy and acetoxy groups at  r 6.58 and 
7.80, respectively. The anomeric proton gave a doublet 
(spacing 3.0 Hz) at  r 5.40 and H, a triplet (spacings 10.3 
Hz) at r 5.88. 

Mett~yl 2,4-Di-0-acetyl-3-deoxy-3-iodo-a-L- 
xylopyranoside (20c) 

Acetylation of 206 in pyridine-acetic anhydride pro- 
vided a crystalline product; m.p. 89.5-90.5". The n.m.r. 
spectrum in CDCI, showed singlets at r 6.60 (methoxy) 
and 7 7.82 and 7.87 (acetoxy). The signal for the anomeric 
proton was a doublet (spacing 3.2 Hzj at r 5.30 and H, 
was a triplet (spacings 10.6 Hz) at  r 5.72. 

Methyl 3-Deoxy-a-L-erytkro-pentopyranoside (226) 
The above diacetate (20c) was hydrogenolized a s  de- 

scribed above for the preparation of its p-anomer. The 
product was a sirup which, on deacetylation using sodium 
methoxide in methanol provided the title compound; 
m.p. 95.5-96" with [aIDZ5 - 157O (c, 0.9 in water), - 120" 
(c, 0.9 in chloroform). 

The n.m.r. spectrum in D 2 0  at 100 MHz (TMS exter- 
nal) showed a doublet for H I  ( r  4.90, spacing 3.5 Hz), 
a triplet for the axial-H5 ( r  6.16, spacings 10.2 Hz), the 
equatorial-H3 was a n~ultiplet centered at r 7.41, and the 
axial-H, appeared as a sextet centered at  r 7.89. The 
following approximate coupling constants were estab- 
lished by double irradiation, J3a.3c = 11.4, J3e,4 = J3e,Z = 
4.5, J3a,4 = J3a,2 = 10.5, and J3c,5e = 1.7 HZ. The meth- 
oxy signal was at r 6.10. 

Metl1yl4-O-Acetyl-3-deoxy-3-iodo-2-0-(p-tol1~enesul- 
fony1)-a-L-xylopyranoside (20d) 

Treatment of 206 (3.16 g, 0.01 mole) with p-toluene- 
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sulfonyl chloride (2.10 g, 0.011 mole) in pyridine (20 ml) 
for 44 11 at room temperature gave a crystalline product 
in quantitative yield. A small quantity was recrystallized 
from ethanol; n1.p. 116-117", [a]D25 -60" (c, 2.5 in 
chloroform). 

Anal. Calcd. for C15Hle07SI: C, 38.31; H, 4.08. 
Found: C, 38.02; H, 3.78. 

Methyl 4-0-Acetyl-a-~-glycero-perrt-2-er~opyrarroside 
f 236) 

The crude product obtained in the above experiment 
was dissolved in pyridine and treated with tetraethyl- 
anlnlonium chloride (0.16 g) and zinc dust (1.6 g) for 
20 min at reflux temperature. The product was a colorless 
liquid, 1.19 g (69.2%); b.p.o.5 52.0",[a]D25 -148" (C, 1.32 
in chloroform) noz2 1.4560. 

Anal. Calcd. for C8H1204: C, 55.81; H, 7.03. Found: 
C, 55.68; H, 7.15. 

Methyl 2,3-Dideoxy-a-L-glycero-pent-2-enopyranoside 
( 1 7 ~ )  

The acetate (176) (5.0 g, 0.0287 mole) dissolved in 
absolute methanol (75 ml) was treated with 2 M sodium 
methoxide in methanol (5 ml) for 1 h at room temperature. 
The alkaline solution was neutralized to p H  6.8 with 
acetic acid and the solvent evaporated under reduced 
pressure. The residue was extracted with ethyl acetate. 
The ethyl acetate was removed and upon distillation of the 
colorless residue, there was obtained a colorless liquid 
(b.p. 0.07 38.Y; 3.53 g, 93.3%) which crystallized to long 
needles; m.p. 44" [a]DZ5 - 108' (c, 1.5 in chloroform). 

Anal. Calcd. for C6H1003: C, 55.38; H, 7.96. Found: 
C, 55.28; H, 7.66. 

Methyl 2,3-Dideoxy-a-L-glycero-pentopyrarrosie (18c) 
and Der.iuntives 

The foregoing olefin (17c) (2.87 g, 0.022 mole) was 
dissolved in absolute methanol (30 ml) and hydrogenated 
in the presence of 5 %  palladium on charcoal catalyst 
(280 mg). The hydrogen uptake ceased within 2 h. The 
catalyst was filtered and washed with small amount of 
methanol. The combined filtrate and washings wcre 
evaporated and the residue was distillated. A colorless 
liquid was obtained; b.p.,., 51.0°, 2.44 g (84%), [,ID3' 
+ 168" (c, 1.5 in chloroform), 1 1 , ~ ~  1.4529. 

Anal. Calcd. for C6H1203: C, 54.55; H, 9.09. Found: 
C, 54.31; H, 9.11. 

Derivatives: Methyl 4-0-benzoyl-2,3-dideoxy-a-L- 
glycero-pento-pyranoside (180); b.p.,.,, 92.0°, 
+ 115" (c, 1.7 in chloroform), 1 1 , ~ ~  1.5173. 

Anal. Calcd. for C13H160j:  C, 66.08; H, 6.83. Found : 
C, 66.08; H, 6.84. 

Methyl 4-0-acetyl-2,3-dideoxy-a-L-glycero-pentopyr- 
anoside (186); b.p.,,,, 50.0°, +141° (c, 1.8 in 
chloroform), nDZ2 1.4418. 

Met/1yl2,3-Dideoxy-a-~-glycero-pe1r1-2-e,ropyra1ioside 
(23c) arid Derivatives 

The title compound b . p . ~ . ~ ~  40°, [aIDz5 - 129" 
(chloroforn~), was obtained by deacetylation of 236 in Lhe 
manner described above for the preparation of 17c from 
176. 

Anal. Calcd. for C6HI003: C, 55.38; H, 7.96. Found: 
C, 55.18; H, 8.02. 

Hydrogenation of 23c as described for the preparation 
of 18c provided methyl 2,3-dideoxy-a-L-glycero-pento- 
pyranoside (24c); b . ~ . ~ . ~  48", [a]D2' - 131" (c, 1.3 in 
chloroform), rrDzz 1.4550. 

Anal. Calcd. for c6H1203 :  C, 54.55; H, 9.09. Found: 
C, 54.27; H, 8.99. 

Benfoylation of 24c gave methyl 4-0-benzoyl-2,3- 
dideoxy-a-L-glycero-pentopyranoside (240); b.p. ,.,, 90°, 
[a]D2' -85" (c, 2.0 in chloroform), 1.5193. 

Anal. Calcd. for C13H1604: C, 66.08; H, 6.83. Found: 
C, 66.04; H, 6.93. 

Acetylation of 24c gave methyl 4-0-acetyl-2,3-dideoxy- 
a-L-glycero-pentopyranoside (246); b.p.,,, 52", [a]D25 
-105" (c, 1.8 in chloroform), noZZ 1.4429. 

Anal. Calcd. for CsH1404: C, 55.17; H, 8.05. Found: 
C, 54.98; H, 8.18. 

Metlryl 2,3-Dideox}~-a-D-g/ycero-pent-2-enofirrar10siile 
(4c) and Derivatives 

Deacetylation of 46 provided the title compound 4c; 
b.p.,,,, 38", [aIDz5 -78" (c, 2.5 in chloroforn~), no2' 
1.4656. 

Anal. Calcd. for C6H10O3: C, 55.38; H, 7.96. Found: 
C, 55.19; H, 8.04. 

Hydrogenation of 4c as described for the preparation 
of 18c gave methyl 2,3-dideoxy-a-D-glycero-pentofurano- 
side (10~) ;  b.p.O,,, 40°, [a]Dz5 +147" (c, 1.5 in chloro- 
form), noz2 1.4460. 

Anal. Calcd. for C6H1203: C, 54.55; H, 9.09. Found: 
C, 55.68; H, 8.95. 

Benzoylation of 10c gave methyl 5-0-benzoyl-2,3- 
dideoxy-a-D-glycero-pentofuranoside (10a); b.p.,,,, 95", 
[aIDZ5 +88" (c, 1.5 in chloroform), 1.5108. 

Anal. Calcd. for C13H1604: C, 66.08; H, 6.83. Found: 
C, 66.17; H, 6.87. 

Acetylation of 10c gave methyl 5-0-acetyl-2,3-dideoxy- 
a-D-glycero-pentofuranoside (106); b.p.,,,, 41.5", [a]DZ5 
+ 119" (c, 1.5 in chloroforn~), riDZ2 1.4368. 

Anal. Calcd. for C8H1404: C, 55.17; H, 8.05. Found: 
C, 55.38; H, 8.23. 

Methyl 2,3-~ii/eoxy-~-~-g/}~cero-perito-2-e110firrariosii~e 
(9c) and Derivarices 

Deacetylation of 96 provided the title conlpound 9c; 
b . ~ . o , ~ ,  36", [a]D25 - 155" (C, 2.4 in chloroforn~), I ~ D ~ ~  

1.4667. 
Anal. Calcd. for C6HI0o3:  C, 55.38; H, 7.96. Found: 

C, 55.22; H, 7.91. 
Hydrogenation of 9c as described for the preparation 

of 18c gave methyl 2,3-dideoxy-~-~-g/j~cero-pcnto- 
furanoside ( l lc) ;  b.p.,,,, 38", [aIDz5 -128" (c, 1.5 in 
chloroforn~), 1 1 , ~ ~  1.4446. 

Anal. Calcd. for C6Hj203: C, 54.55; H, 9.09. Found: 
C, 54.29; H, 9.03. 

Benzoylation of l l c  gave methyl 5-0-benzoyl-2,3- 
dideoxy-a-D-glycero-pentofuranoside (110); b.p.0.07 94', 
[aIDz5 -73' (c, 1.8 in chloroforn~), ) lDZ2 1.5098. 

Anal. Calcd. for CI3Hl6O4: C, 66.08; H, 6.83. Found: 
C, 66.01 ; H, 6.87. 

Acetylation of l l c  gave methyl 5-0-acetyl-2,3-dideoxy- 
a-D-glycero-pentofilranoside (116); b.p.0.07 41°, [ c ( ] D ~ ~  
- 99" (c, 1.5 in chloroform), 1.4340. 

Anal. Calcd. for C,H1404: C, 55.17; H, 8.05. Found: 
C, 54.99; H, 8.18. 
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