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10,200). Lit.’. map. 98-100’, 244 and 295  nu^ ( e  10,300 
and 11,700). 

Several similar reactions were carried out for various 
periods ranging up to 4 hr., but in every case the total ex- 
tractable (petroleum ether) material amounted to not more 
than CQ. 15y0 of the original weight of starting material. 

Preparation of 8,6-cycIoB,B( 14),9( 11 ),Wergostatetrmns 
(VIII from 111). A solution of 1.0 g. of i-dehydroergosterol 
(111) (m.p. 126-127’) and 1.0 ml. of trichloroacetyl chloride 
in 20 ml. of pyridine waa allowed to stand overnight at  
room temperature. The resulting red solution was poured 
into a mixture of ice and aqueous potassium bicarbonate 
and the oily product waa extracted into chloroform. The 
chloroform solution w a s  waahed, dried, and evaporated to 
dryness. Chromatography on 30 g. of alumina (“almost 
neutral”) and elution with petroleum ether (b.p. 30-60’) 
yielded 0.4 g. of the hydrocarbon which after crystallization 
from acetone-water was still only 92% pure (Arnm 244 and 
295 Q, e 15,000 and 11,OOO). TheGpure material waa ob- 
tained by recrystallizing it twice further from acetone- 
methanol and gave VI11 aa colorless, long rods, m.p. 99- 
lo lo ,  Amax 244 and 295 mp ( e  16,100 and 12,100). Lit.’ 
m.p. 98-100”, Amax 244 and 295 mp ( e  16,300 and 11,700). 
Elution of the chromatographic column with chloroform 
gave 88 mg. of dehydroergosterol (I), identified on the 
basis of its ultraviolet spectrum. 

The hydrocarbon (VIII) was also obtained from the reac- 
tion of i-dehydroergosterol and 3,bdinitrobenzoyl chloride 

in pyridine. However, both the reaction of i-dehydroergolc 
terol with benzoyl chloride and with pnitrobenzoyl chloride 
yielded products with ultraviolet spectra consistent with the 
corresponding 3,5cyclo steroid ester and hydrolysis of these 
with hot potassium bicarbonate in aqueous acetone gave back 
the s w i n g  material. 

An attempt to prepare and isolate the trichloroacetate of 
i-dehydroergosterol by the reaction (15 min. a t  room temp.) 
of i-dehydroergosterol in benzene containing 2 equivalents 
of pyridine and 1 equivalent of trichloroacetyl chloride 
followed by extraction with a cold aqueous potassium bicar- 
bonate solution yielded an oil exhibiting maxima a t  244, 
295, 311, 324, and 340 m+ with approximately the same in- 
tensities a t  244 and 324 m p .  On slow evaporation of the 
mixture from methanol-water crystals were obtained which 
showed substantially the same spectrum. The intensities 
of the maxima indicated a 40% content of I and a 40% con- 
tent of VIII. 
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Condensation of the crystalline furanosyl halide, 3,5-di-O-benzoyl-~-ribosyl chloride (11), in ether solution with silver 
benzoate gives, in addition to the previously known 1,3,5-tri-0-be~uoyl-a-~-fibose (I), a new D-ribofuranose tribenzoate 
which is shown to be 1,3,5-tri-O-benzoyl-8-~-ribose (111). Treatment of the same halide (11) in benzene solution with mer- 
curic acetate gives a mono-0-benzoyl-0-benzylidyne-D-ribose which, by a series of reactions, has been converted to 1,2,3- 
tri-0-bensoyl-bO-methanesulfonyl-8-D-ribose (XII). Synthesis of the latter substance from the known 2,3-O-benzyiidene-fl- 
D-ribofuranose (XIII) confinned its structure and led to the conclusion that the orthoester is 5-0-benzoyl-1,2,3-0-benzyli- 
dyne-a-D-ribose (VII). 

The nature of the crystalline halide (11) is discussed with particular reference to  the question of its anomeric configuration. 

In recent communications we have described the 
preparation of 3,5-di-O-benzoyl-~-ribosyl bromide4 
and 3,5di-O-benzoyl-~-ribosyl chloride (11) ,6 These 
two substances are of unusual interest not only be- 

* This paper is a contribution in honor of Lyndon F. 
Small, former Editor of the Journal. 

(1) In earlier papers (refs. 2 and 3) dealing with deriva- 
tives of orthobenzoic acid we have used the prefix “ortho- 
benzoyl” to refer to the radical CsHsC=. In the present and 
following papers we adopt the more accurate prefix “benzyl- 
idyne”; cj. Chem. Abstr., 39, 5963 (1945). 

(2) H. G. Fletcher, Jr., and R. K. Ness, J. Am. Chem. 
h’oc., 77, 5337 (1955): ’ 

Soc., 78,1001 (1956). 

Soc., 76, 1663 (1954). 

Soc., 78, 4710 (1956). 

(3) R. K. Ness and H. G. Fletcher, Jr., J .  Am. Chem. 

(4) R. K. Ness and H. G. Fletcher, Jr., J .  Am. Chem. 

(5) R. K. Ness and H. G. Fletcher, Jr., b. Am. Chm. 

cause they are the first ribofuranosyl halides to be 
obtained in crystalline forme but also because they 
are readily accessible from ~- r ibose~  or from 2,3,5- 
tri-O-benzoyl-~-ribose~ and, therefore, are of poten- 
tial value for the synthesis of ribonucleosides. 
While both of these halides are relatively labile sub- 
stances the chloride is, as might be expected, some- 
what less reactive than the bromide and is, there- 
fore, a more convenient object of study from the 
experimental point of view. The present paper will 
be devoted primarily to a description of the prep- 
aration, characterization, and proof of structure 

(6) One more crystalline di-0-benzoyl-n-ribofuranosyl 
halide is reported in the communication immediately follow- 
ing this one. 

(7) R. K. Ness, €I. W. Diehl, and H. G. Fletcher, Jr., 
J. Am. Chem. SOC., 76, 763 (1954). 



1466 NESS AND FLETCHER VOL. 22 

of the two products derived from 3,bdi-0-benzoyl- 
&ribosyl chloride which are named in the title. 

In  an earlier study6 we described the condensa- 
tion of 3,5-di-0-bemoyl-~-ribosyl chloride (11) in 
benzene solution with silver benzoate as giving a 
precipitate from which 1,3,5-tri-0-benzoyl-a-~- 
ribose (I) could be isolated. Subsequent investiga, 
tion has now shown that the benzene solution con- 
tains another D-ribose tribenzoate which is readily 
isolated in crystalline form. The new ester was not 
identical with any of the known D-ribose tribenzo- 
ates and did not exhibit mutarotation in chloro- 
form solution. Benzoylation afforded the known 
6-D-ribofuranose tetrabenzoate' in good yield; the 
substance therefore appeared to be a I ,x,x-tri-O- 
benzoyl-p-D-ribofuranose. Since experiments with 
@-D-ribofuranose tetrabenzoate showed that its 
1-0-benzoyl group was readily replaced through 
the action of boron trifhoride in acetic acid to give 
I-0-acetyl-2,3,5-tri-O-benzoyl-@-~-ribose,* the new 
t,ribeiizoate was acetylated and then acetolyzed 

B R O C (  VII, R=Bz 
VIII, R=H 

IX, R=Ac 
X, R=Ms 

>o 
1 OBz OH 

O>:-C8Hb 

B z o c P  Bz M s O C Y  

Y B z  

111, R=H 
IV, R=Bz 
V, R=Ac 

OBz OR 

J XI11 

0, / o  o\ 9 OH OH 
H/'\CeH, H /C\CCeH, XVI 

XIV xv 
(8) In earlier work (ref. 4) anhydrous zinc chloride, a less 

convenient reagent, had been used to carry out this trans- 
formation. 

in this selective manner. The product obtained 
proved to be the known416 1,2-di-O-acetyl-3,5-di-0- 
benzoyl-@-ribose (VI) and the tribenzoate from 
which i t  was derived is, therefore, l13,5-tri-0- 
benzoyl-@-ribose (111) , the anomer of the sub- 
stance (I) obtained earlier. Inspection of the optical 
rotatory values listed in Table I shows that these 
figures tend to support this conclusion, the 2A- 
values from the anomeric l13,5-tri-0-benzoyl-~- 
riboses agreeing roughly with those from the known 
anomeric D-ribofuranose tetrabenzoates. 

TABLE I 
RIBOFURANOSE BENZOATES 

[a1 a. Difference 
(CHCls) [M]Y 2 4  

a-D-Ribofuranose tetra- 
benzoate $90.4" +51,300 

41,700 
p-D-Ribofuranose tetra- 

1,3,5-Tri-O-bemoyl-c~-~- 
benzoate $17.Oo0 + 9,600 

ribose + 8 5 . 3 O C  +39,400 
37,700 

1,3,5-Tri-O-benzoyl-p-~- 
ribose + 3.60d + 1,700 

a Ref. 5, * Ref. 7. Ref. 4. Present work. 

When an attempt was made to condense 3,5-di- 
0-benzoyl-D-ribosyl chloride (11) in benzene solu- 
tion with mercuric acetate a product was obtained 
which showed no hydroxyl absorption in the in- 
frared and gave analytical values corresponding to  
a benzoylbenzylidynepentose. Both this substance 
and the crystalline derivative obtained through 
barium methoxide-catalyzed debenzoylation 
showed marked lability, particularly toward 
acidic reagents, further suggesting a benzylidyne 
structure. The alkali-debenzoylated product was 
further characterized through the preparation of 
its acetate. Mesylation of the orthobenzoate gave 
a Crystalline mesyl ester which was treated in 
methylene chloride solution at room temperature 
with benzoic acid to yield a crystalline di-0- 
benzoyl-0-methylsulfonylpentose; further benzo- 
ylation gave a tri-0-benzoyl-0-methylsulfonylpen- 
tose. The structure of the latter substance was dem- 
onstrated unequivocally by the following inde- 
pendent synthesis. 2,3-O-Benzylidene-p-~-ribofur- 
anose9 (XIII) was converted t o  the 5-0-methyl- 
sulfonyl derivative (XIV)l0 and thence to 
l-O-benzoyl-2,3-0-benzylidene-5-O-methylsulfonyl- 
0-D-ribose (XV). Mild acid hydrolysis to 
cleave the cyclic acetal gave l-O-benzoyl-5-0- 
methylsdfonyl-@-D-ribose (XVI) which, on fur- 
ther benzoylation, gave l12,3-tri-0-benzoyl-5-0- 

(9) H. B. Wood, Jr., H. W. Diehl, and H. G. Fletcher, 
Jr., J. Am. Chem. Soc., 78,4715 (1956). See also G. R. Barker 
and J. W. Spoors, J. Chem. Xoc., 1192 (1956). 

( 10) The analogous p-tolylsulfonyl derivative has re- 
cently been described as an intermediate in the synthesis of 
1,5-anhydro-p-n-ribofuranose: E. Vis and H. G. Fletcher, 
Jr., J. Am. Chem. Soc., 79,1182 (1957). 
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methylsulfonyl-P-D-ribose (XII), identical with 
the substance derived from the orthoester (VIII). 
Since this sequence of reactions demonstrates that 
the normal benzoyl group in the benzoylbenzyli- 
dynepentose is located at C5,11 the orthoester may 
be written as VII, 5-O-benzoyl-1,2,3-O-benzylidyne- 
a-D-ribose, the assignment of anomeric configura- 
tion appearing to be mandatory on steric grounds. 

Several substances closely related to, but probably 
less strained than, 1,2,3-0-benzylidyne-a-~-ribose 
(VIII) have recently been reported. Helferich and his 
coworkers,12JS for instance, have described a 2,3,6- 
O-benzylidyne-P-D-fructofuranose (XVII) while the 
present authors14 have obtained a pyranose analog 

7 0  

XVII XVIII 

of VIII, 1,2,4-O-benzylidyne-a-~-ribose (XVIII). 
It should be noted, however, that both these sub- 
stances were derived from 1-benzyloxybenzylidene 
derivatives through the acid catalyzed loss of benzyl 
alcohol. The formation of 1,2,3-0-benzylidyne-a- 
D-ribose (VII) through dehydrohalogenation of I1 
as described here represents a wholly different ap- 
proach to this type of compound. 

The anomeric con$gurations of compounds X I ,  
XI1 and XIV to XVI.  These five compounds al- 
most certainly have the same configuration at C1 
and have all been assigned the 0-configuration on 
the baRis of two different lines of evidence. 2,3-0- 
Benzylidene-6-D-ribofuranose (XIII), [ a ] g  - 22.409 
was earlier shown to be a P-isomer; the rot* 
tion of its 5-O-mesyl derivative (XIV), [a]: -4", 
suggests that this also is a ,&isomer. The rotation 
of monobenzoate XV, [a]% -47.3", further sup- 
ports this view. On the other hand, let us consider 
the probable mechanism of the scission of the ben- 
zylidyne cage by benzoic acid in going from X to 
XI. This transformation may be rationalized by 
assuming protonation of X followed by nucleo- 
philic attack with inversion at C1. Obviously, the po- 
tential benzoyl group in X may give rise to a nor- 
mal benzoyl at C2 or C3, retention of configuration 
being expected at both positions in either case. 
(11) Rebensoylation of VI11 afforded VII, showing that 

catalytic debensoylation had not affected the orthobenzoate 
group. 

(12) B. Helfwich and L. Bottenbruch, Chem. Ber., 86, 
651 (1953). 
(13) B. Helferich and W. Schulte-Hurmann, Chem. Ber., 

87, 977 (1954). 
(14) Reference 2. The statement made in this paper that 

"no orthobensoylribofuranose appeared possible" emphasizea 
the inadequacy of rigid mechanid models for portraying 
many of these cage structures. 

All question of mechanism aside, we will show in 
the succeeding paper16 that benzoic acid alone con- 
verts VI1 to 1,2,5-tri-O-benzoyl-p-~-ribose, a trans- 
formation which may be construed as supporting 
the fl configurations in the present case and also as 
favoring by analogy XI rather than its 1,3-di-0- 
benzoyl isomer which a priori seems equally plau- 
sible. 

In passing, attention is drawn to the somewhat 
unusual circumstance that each of the three benzoyl 
groups in XI1 was introduced by a different method 
when the substance was prepared from 1,2,3-0- 
benz ylidyne-a-D-ribose (VIII) . 

Anmeric conJiguration of J,6-di-O-benzoyl-~-~bo- 
syl chloride (11). The anomeric configurations of 
the fully acylated glycosyl halides are usually in- 
dicated quite clearly by their rotations. The aldosyl 
halides having C2 unsubstituted present a peculiar 
problem, however, since in contrast to the above 
class, they often mutarotate in inert solvents. 
Thus 3,4,6-tria-aCetyl-~-D-glUCOSyl chloride ([a] D 
+28.7016) readily isomerizes to the a-anomer 
([a]?+ 185") in acetone solution.16 Matters are 
further complicated in the case of the 3,s-di-0- 
benzoyl-D-ribosyl halides by the fact that spon- 
taneous loss of halogen acid accompanies mutaro- 
tation. Thus, while the bromide shows [a]: $96" 
(3 min.) --t +27" (60 min., c o n ~ t a n t ) ~  in absolute 
chloroform and the chloride shows [a]: +1.2" 
(5 min.) -t +50.7" (500 h r ~ . ) ~  in methylene chlo- 
ride we cannot safely conclude therefore that the 
bromide is an a-anomer and the chloride a 0- 
anomer. The initial rotations, however, rule out 
the possibility that both are P-anomers since such 
a relationship would require the bromide to be more 
negative than the chloride. l7 

The steric and structural features of replace- 
ment products are often a reliable key to the con- 
figuration of fully acylated glycosyl halides because 
the reactions of these substances are dominated by 
neighboring group effects when an acyloxy group 
is adjacent and trans to the halogen. While C2 
bears no acyl group in the present case, it should 
be pointed out that the conversion of I1 to I 
and to VI1 can easily be rationalized if we 
assume that the halide is the a-anomer and 
that the displacement proceeds through partici- 
pation of the benzoyloxy group a t  C5.'8 The 

(15) R. K. Ness and H. G. Fletcher, Jr., J .  Org. Chem., 

(16) R. U. Lemieux and G. Huber, Can. J .  Chem., 31, 

(17) C .  S. Hudson, J .  Am. Chem. SOC., 46,462 (1924). 
(18) Participation of an acyloxy group a t  C5 in displace- 

ment reactions at, C1 in a pentofuranose derivative does not 
seem wholly unreasonable when one recalls that 2,3-0- 
bensylidene-5-O-ptoluenesulfonyl-&D-ribofuranose readily 
gives 1,5-anhydro-fl-z+ribofuranose when treated with 
alkali (Vis and Fletcher, ref. 10) and that derivatives of 
1,5-0-benzylidene-~-z+ribofuranose have recently been pre- 
pared (Barker and Spoors, ref. 9). Such C5 to C1 interaction 
has not, to our knowledge, been demonstrated, however, 

22, 1470 (1957). 

1040 (1953). 
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cyclic intermediate thus formed could react with a 
benzoate ion to give I or with itself to form a 
second cyclic intermediate ion involving the ben- 
zoyloxy group a t  C3; the latter could stabilize it- 
self through loss of a proton from the hydroxyl 
group at C2 with the formation of VII. 

EXPERIIVIENTAL'~ 

1,S15-Tri-O-benzoyl-~-o-ribose (111) from S,S-di-O-ribosyl 
chloride (11). One gram of 3,5-di-0-benzoyl-~-ribosyl 
chloride6 was added to an actively stirred suspension of 1.0 g. 
of silver benzoate in 10 ml. of dry benzene. After 1.5 hr. a t  
room temperature the solid material" was removed and 
washed with benzene. The combined washings and filtrate 
were concentrated to a sirup; from 10 ml. of ether crystal- 
lization was spontaneous: 0.22 g., ( 1870), m.p. 137-139'. 
One recrystallization from 2: 1 methylene chloride-pentane 
gave 0.143 g. of pure 1,S16-tri-0-benzoyl-p-D-ribose (III), 
m.p. 144-145",21 [a]: 4-3.6" in chloroform (c 2.2). 
Anal. Calcd. for ClsHzzOs: C, 67.52; H, 4.80. Found: C, 

67.66; H, 4.88. 
p-o-Ribofuranose tetrabenzoate (IV) from 1 ,S16-tri-0-ben- 

zoyl-p-D-ribose (111). 1,3,5-Tri-O-benzoyl-p-~-ribose (43.6 
mg.) was treated with a cold mixture of 0.5 ml. of pyridine 
and 0.02 mi. of benzoyl chloride for 1 hr. After the usual 
workup there was obtained from absolute alcohol a total of 
41.9 mg. (79%) of crystalline product melting a t  120-121'. 
Mixed with aut hen tic p-D-ribof uranose tetra benzoate7 i t  
melted a t  120-121'. 

Z-0-Acetyl-~,Sl5-tri-O-benzoyl-p-o-ribose from p-D-ribo- 
furanose tetrabenzoate (IV).  A solution of p-D-ribofuranose 
tetrabenzoate (115.8 mg.) in 4.0 ml. of acetic anhydride was 
observed to rotate +0.38" in a I-dm. tube a t  20". The 
addition of 0.20 ml. of 7.OM boron trifluoride in ether caused 
a rapid mutarotation: +0.89' (45 see.), $1.05" (85 see. 
and 8 min.). Fourteen minutes after the addition of the 
catalyst the mixture was worked up to yield 47.4 mg. (46%) 
of crystalline product melting a t  129-130'. Mixed with 
authentic 1-0-acetyl-2,3,5-tri-O-benzoy~-~-~-ribose it  melted 
a t  129-131'. 

1 ,d-Di-O-acety~-~,6-d~-0-benzoy~-~-o-ribose (VI) from 1,3,6- 
tri-O-benzoyl-@-D-ribose (111). 1,3,5-Tri-O-benzoyl-~-~-ribose 
(100.9 mg.) was acetylated a t  -5" with an excess of acetic 
anhydride in pyridine solution; excess reactants were re- 
moved in conventional fashion to give 114.5 mg. of a solvent- 
free sirup which was treated with 4 ml. of a mixture made 
from 20 ml. of acetic anhydride and 1 ml. of 7M boron tri- 
fluoride in ether. After 13 min. the material was worked up 
to yield 49.8 mg. (51y0) of crystalline material melting a t  
126-127'. Mixed with authentic 1,2-di-O-acetyl-3,5-di-O- 
ben~oyl-p-o-ribose~ the product melted at  126-127'. 
2-0-Acetyl-i ,3',5-tri-O-benzoyLp-~-ribose (V). 1,3,5-Tri-O- 

benzoyl-p-o-ribose (58.6 mg.) was acetylated a t  a low 
temperature with acetic anhydride in pyridine solution fol- 
lowing the customary procedure. The addition of water 
precipitated a sirup which was washed with water and then 
dissolved in 1 ml. of alcohol. The crystals (36.7 mg., 57%, 
m.p. 98-100") which formed were twice recrystallized from 
absolute ethanol to give a pure product melting a t  99-101" 
and rotating [a] -17' in chloroform (c 1.0). 

(19) Melting points are corrected. 
(20) As described previously (ref. 5), extraction of this 

solid with methylene chloride afforded 1,3,5-tri-O-benzoyl-a- 
D-ribose. However, our earlier description erred in stating 
that the extracts were combined with the original filtrate 
which was not the case. See the correction J. A m .  Chem. 
SOC., 78, 6427 (1956). 

(21) As described in the succeeding paper (ref. 15) 1,3,5- 
tri-0-benzoyl-p-D-ribose may exhibit a double melting point. 

Anal. Calcd. for C28H2bO~: C, 66.66; HI 4.80. Found: C, 
66.38; H, 4.93. 
6-0-Benzoyl-1 ,f?,S-O-benzylidyne-a-n-ribose (VII)  from S15- 

di-0-benzoyl-D-ribosyl chloride (11). 3,5-Di-O-benzoyl-o- 
ribosyl chloride (1.00 g.) was added over a 6-min. period to a 
vigorously stirred suspension of 1 g. of mercuric acetate in 
10 ml. of dry benzene. After 15 min. from the beginning of 
the reaction, 30 ml. of saturated sodium chloride solution was 
added along with methylene chloride. The organic layer was 
successively washed with water and sodium bicarbonate 
solution; moisture was removed with sodium sulfate and the 
solution concentrated in vmuo to a crystalline residue. 
From methylene chloride-ether practically pure 5-0- 
benzoy~-1,2,3-0-benzylidyne-a-~-ribose (VII)  (0.43 g., 47%) 
was obtained: m.p. 181-183'. Repetition of the preparation 
employing 13 g. of the chloride gave the same product in 
45% yield. Recrystallization from methylene chIoride-pen- 
tane afforded a pure product melting a t  182-183", ICY]? 
+43.4' in chloroform (c 2.62). 
Anal. Calcd. for Cld&O6: C, 67.05; H, 4.75; mol. wt., 340. 

Found: 67.13; H, 4.98; mol. wt., 339 (Rast and cryoscopic 
in CSHS), 350 (signer, CH2C12). 

Infrared absorption measurements in a potassium bromide 
pellet showed no hydroxyl absorption. 
1,f?,S-O-Benzylidyne-a-n-ribofuranose (VIII) .  A solution 

of 218.4 mg. of 5-O-benzoyl-l,2,3-0-benzylidyne-a-~-ribose 
in 5 ml. of methylene chloride was diluted with 5 ml. of 
methanol and treated with 0.07 ml. of 1.5N barium meth- 
oxide a t  room temperature. Part of the starting material pre- 
cipitated but soon redissolved; polarimetric observations 
showed the reaction to be complete after a total of 12 min. 
The mixture was treated with carbon dioxide and then con- 
centrated to a dry mass which was dissolved in methylene 
chloride and filtered. Concentration of the filtrate followed 
by dissolution of the residue in ca. 1 ml. of ether and ca. 1 ml. 
of pentane gave 0.1194 g. (79%) of crystalline product 
melting a t  102-103". After two recrystallizations from ether- 
pentane, one from carbon tetrachloride and another from 
ether-pentane] pure 1,2,3-0-benzylidyne-~-~-ribofuranose, 
m.p. 106-108", [a]? $41.0' (CHCls, c 1.3, no mutarotation 
after 3 hr.), was obtained. The substance showed no car- 
bonyl absorption in the infrared (5.6-5.9 p). 
Anal. Calcd. for CI2H12O5: C, 61.02; HI 5.12. Found: c, 

60.96; H, 5.19. 
Rebenzoylation of a sample of the above product with 

benzoyl chloride in pyridine a t  0" for 5 min. gave crystalline 
5-O-benzoy~-1,2,3-0-benzylidyne-a-~-ribose in 96% yield. 
6-0-Acetyl-l1I,S-O-benzylidyne-a-~-ribose ( I x ) .  1,2,3-@ 

Benzylidyne-a-o-ribofuranose (103.0 mg,) was added to a 
cold (0'), stirred mixture of 2.0 ml. of dry pyridine and 0.2 
ml. of acetyl chloride. Five minutes later, 10 ml. of saturated 
aqueous sodium bicarbonate was added and, after cooling, 
the product was removed by filtration. It was dissolved in 
ethanol which was then removed in vacuo: solution of the 
residue in I ml. of ethanol and addition of 3 ml. of pentane 
gave 17.9 mg. of crystalline material melting a t  114-1 15'. 
Two further crops of crude product were recovered from the 
mother liquor to make a total of 66.0 mg. (54%). TWO re- 
crystallizations from hexane gave pure 5-0-acetyl-l12,3-0- 
benzylidyne-a-D-ribose, m.p. 117-118", [a]? $42" in 
chloroform (c 0.67). 

Anal. Calcd. for ClrHlaOs: C, 60.43; H, 5.07:Found: C ,  
60.59; H, 4.96. 

1,I(?)-Di-0-benzoyl-6-0-rnethylsulfonyZ-p-~-r~bose (XI )  
from 1 ,d,J-O-Benzylidyne-o-D-ribofuranose (VIII)  via 6-0- 
m,ethylsulfonyl-l1f?,S-0-benzylidyne-a-D-ribose (x). 1,2,3- 
Benzylidyne-a-D-ribofuranose ( 149 mg.) was added to a 
cooled mixture of 0.5 ml. of dry pyridine and 0.10 ml. of 
methanesulfonyl chloride. After 15 min. a t  room tempera- 
ture the reaction mixture was cooled and diluted with 5 ml. 
of saturated aqueous sodium bicarbonate. Five minutes 
later the crystalline precipitate was filtered off and dissolved 
in methylene chloride. The solution was dried with sodium 
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sulfate, filtered through decolorizing carbon, and concen- 
trated in vacw to give a crystalline mass of crude 5-0- 
methylsulfonyl-1,2,3-O-benzylidyne-a-~-ribose: 141.8 mg., 
m.p. 119-124". Dissolved in 5 ml. of methylene chloride and 
observed in a 1.5-dm. tube, this product showed CY? + M O O  

( [ C Y ]  ea. +42'). Benzoic acid (498 mg.) waa dissolved in 
the solution and the rotation observed: +1.65" (3 min.), 
+1.52" (36 min.), f1.32" (112 rnin.), -0.24" (26 hr.), 
-0.44" (42 hr.), and -0.47' (49 hr.). The reaction mixture 
waa then washed with sodium bicarbonate, dried with 
sodium sulfate and concentrated in vacuo a t  25" to give a 
crystalline residue melting at  148-151" (dec.). Recrystallized 
from ethanol, the 1,2(?)-di-O-benzoyl-5-O-methylsulfonyl- 
b-n-ribose was obtained as slightly elongated prisms (96 
mg., 35% based on X) melting with decomposition a t  170- 
171" (in bath a t  160"; lO'/min.). A second recrystallization 
failed to change this value. In acetone (c 0.94) the substance - 
showed [CY], -29.0". 

Anal. Calcd. for C20H200QS: C, 56.04; H, 4.62. Found: 
C, 54.99; H, 4.76. 

1 ,W,3-Tri-O-benzoylb-O-methylsulfonyl-,9-~r~bose (XII) 
from 1 ,W( ?)di-O-benzoyld-O-thylsulfonyl-,9-D-ribose (XI). 
1,2(?)-Di-O-benzoyl-5-O-methylsulfonyl-,9-~-ribose (20.8 
mg.) waa treated with a cold mixture of 0.10 ml. of benzoyl 
chloride and 1.0 ml. of dry pyridine and left a t  room tempera- 
ture for 20 min. Aqueous sodium bicarbonate (ca. 4 ml.) waa 
then added and the precipitated sirup separated. From 1 ml. 
of ethanol the product (19.1 mg., 74%) separated as clusters 
of needles m.p. 103-105", [a], -1.8" in chloroform (c 
1.1). A second crystallization from ethanol afforded material 
melting at  104-105'. Mixed with authentic 1,2,3-tri-O- 
benzoyl-5-0-methy~sulfonyl-,8-~-ribose, prepared as de- 
scribed below, the product melted at  104-106'. 

W,S-O-Benzylidene-6-O-methyZsulfony~,8-~-ribose (XIV). 
2,3-O-Benzylidene-fl-~-ribofuranose (XIII, 0.5 g.), prepared 
as described by Wood, Diehl, and Fletcher,g was added to a 
cold mixture of 1.0 ml. of dry pyridine and 0.19 ml. of 
methanesulfonyl chloride. After 30 min. saturated aqueous 
sodium bicarbonate was added and, upon cooling, the 
solidified mass was removed by filtration. From ethanolic 
solution this solid gave 0.4683 g. (71%) of crystalline ma- 
terial melting a t  139-141" (in bath a t  125", 8"/min.) and 
decomposing visibly a t  150". Successive recrystallizations 
from ethanol, from acetone-pentane and from ethanol 
failed to change this melting point. In chloroform (c 0.3) 
the compound showed [a], -4" (constant over 1 hr.). 

Anal. Calcd. for ClaH1607S: C, 49.36; H, 5.10. Found: C, 
49.51; H, 5.26. 

1 -O-Benzoyl-W,bO-benzyl~dene-6-O-methylsulfonyl-,9-~- 
ribose ( XV). 2,3-0-Benzylidene-5-0-methylsulfonyl-,9-~- 
ribose (XIV, 381 mg.) was added to  a cold (0') mixture of 
1.00 ml. of dry pyridine and 0.20 ml. of benzoyl chloride, 
After 40 min. at 0' and 80 min. a t  25', 4 drops of aqueous 

eodium bicarbonate solution waa added. Upon the addition 
of several milliliters of water and cooling, a solid waa 
formed. Crystallization from 5 ml. of ethanol yielded 415.4 
mg. (82%) of a product melting a t  109-111"; two further 
crystallizations from ethanol gave pure material melting a t  
112-114' and rotating [ C Y ]  a. -47.3" in chloroform (c 2.2). 

Anal. Calcd. for CX&O~S: C, 57.13; H, 4.80; 5, 7.63. 
Found: C, 57.05; H, 5.04; S, 7.54. 
1-0-Benzoyld-O-methyIsulfonyl-,9-~-r~bose (XVI). 1-0- 

Benzoyl-2,3-O-benzylidene-5-O-methylsulfonyl- 6 - D - ribose 
(XV, 697 mg.) was dissolved in a mixture of 21 ml. of di- 
oxane and 14 ml. of 0.1N sulfuric acid and the solution 
heated at 85' for 3 hr. The cooled reaction mixture waa 
diluted with methylene chloride, washed with saturated 
aqueous sodium bicarbonate, and dried with magnesium 
sulfate. Solvent wm removed in vacuo; the residue, dissolved 
in methylene chloride-pentane, gave 260 mg. (47y0) of 
product melting a t  113-117' (lO"/min.). [a]: -6.8" in 
chloroform (e 0.4). Two recrystallizations from chloroform 
afforded material melting at  115-118' (in bath at 108", 
10°/min.),ae [a]? -6.5" in chloroform (c 0.6). A third re- 
crystalliiation from ethanol-pentane failed to change the 
melting point. 

Anal. Calcd. for C&I~O~S: C, 46.98; H, 4.85. Found: C, 
46.84; H, 4.98. 

1 ,~,3-Tri-O-ben~oyl-6-O-methylsulfonyl-~-~-r~bose (XII) 
from l-O-benzoyl-6-O-methylsulfonyZ-,9-~4bose (XVI). 1- 
O-Benzoyl-5-O-methylsulfonyl-,9-~-ribose (XVI, 76.5 mg.) 
was added to a mixture of 0.1 ml. of benzoyl chloride and 
0.5 ml. of dry pyridine. After 25 min. at  25', the reaction 
mixture was diluted with a few drops of aqueous sodium bi- 
carbonate solution and then with 8 ml. of water. The 
crystalline material thus precipitated was washed and re- 
crystallized from ethanol: 107.8 mg. (87%), map. 103-107". 
After two more recrystallizations from ethanol the product 
melted a t  104-106" and showed a rotation in chloroform (c 

Anal. Calcd. for C ~ ~ H ~ ~ O I O S :  C, 59.99; H, 4.48; S, 5.93. 
1.08) of [ala" -7.0". 

Found: C, 60.09; H, 4.70; S, 5.90. 
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(22) The molten material decomposes visibly a t  145'. A 
sample held at  100' and 0.1 mm. waa almost completely 
fused after 20 min., decomposing with the evolution of 
benzoic acid. 


