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5 , (S-d i -0 - i sopropy l idenehexofuranoses cou ld eas i ly b e 
exc luded also on t h e bas i s of t h e o p t i c a l r o t a t i o n of t h e 
h y d r o l y s i s p r o d u c t . T h e r o t a t i o n of a so lu t ion of 
X X I X af te r h y d r o l y s i s w i t h 0.1 N h y d r o c h l o r i c acid 
w a s in a g r e e m e n t o n l y w i t h t h e e q u i l i b r i u m v a l u e of 
D-galactose w h i c h is q u i t e di f ferent f rom all o t h e r 
hexoses , t h e s t e r e o c h e m i s t r y of w h i c h cou ld p e r m i t t h e 
f o r m a t i o n of a 1 ,2 :5 ,0 -d i -O- i sop ropy l idenehexofu ranose . 
F u r t h e r m o r e , t h e m e l t i n g p o i n t of X X I X differs f rom 
t h a t of V a n d X X V . T h u s t h e second d i -O- i sop ropy l i -
dene -D-ga lac tose h a s s t r u c t u r e X X I X . 

Exper imenta l 

Mass Spectra.—The spectra were determined with a CEC 21" 
103C mass spectrometer, equipped with a heated stainless steel 
inlet system operated at 170°; ionizing potential 70 e.v., ionizing 
current 50 (jamp,, temperature of the ion source 250°. The 
sample (~0 .5-1 .0 mg.) was sublimed from a glass tube into 
the reservoir (3 1.). 

High resolution spectra were determined13 with a CEC 21-110 
double focusing mass spectrometer, equipped with a glass inlet 
system operated at 200°; ionizing current 250 /iamp., ionizing 
potential 150 e.v. 

l,2:4,5-Di-0-isopropylidene-(i]2-D-fructopyranose (XIX).—D-
Fructose (170 mg.) was dissolved in deuterium oxide to replace 
the hydroxy 1 protons with deuterium. After evaporation of the 
excess deuterium oxide, the residue was converted to the di-O-
isopropylidene derivative22 using acetone-de in place of acetone. 
The product had m.p. 115-120° which was undepressed on ad­
mixture of authentic, nondeuterated material (lit.22 119.5°). 
The mass spectra of the product when purified either by re-
crystallization or by gas chromatography (3% SE-30, 165°) were 
identical, thus proving that no changes occur on gas chromato­
graphic separation. 

l,2:5,6-Di-0-isopropylidene-<fi2-D-glucofuranose (V).—D-GIU-
cose (100 mg.) was similarly converted to D-glueose-O-de; the 

(22) H. O. L. Fischer and C. T a u b e . Chem. Ber., 6OB, 485 (1927) 

di-O-isopropylidene derivative was prepared23 by treating this 
with acetone-d6; m.p. 109-110° (reported24 for unlabeled mate­
rial, 109-110°). 

l,2:3,4-Di-0-isopropylidene-D-galactopyranose (II), 1,2:5,6-
Di-O-isopropylidene-D-galactofuranose (XXIX), and Their <2]2-
Analogs IIa and XXIXa.—A mixture of 10 mg. of D-galactose, 50 
mg. of cupric sulfate, and 0.8 ml. of acetone was sealed in an am­
poule and heated on a steam bath for 18 hr. The acetone layer 
was separated and made slightly basic with potassium carbonate. 
After evaporation of the excess acetone, the residue was shown by 
gas chromatography (Apiezon L, 200°) to consist of two compo­
nents (ratio 4:1), in addition to traces of acetone and its self-
condensation products. Both components were collected: the 
mass spectrum of the larger fraction was found to be identical 
with the spectrum of l,2:3,4-di-0-isopropylidene-D-galactopyran-
ose (II) prepared by the method of Levene and Meyer21 (by this 
procedure only a trace, less than 3'"c, of the second component is 
detectable by gas chromatography). The smaller, slower-moving 
fraction was a solid, m.p. 97.5-98.5°; it has been assigned the 
structure l,2:5,6-di-0-isopropylidene-D-galactofuranose (XXIV) 
for reasons discussed above. 

Samples of both di-O-isopropylidene-D-galactoses (II and 
X X I X ) were each dissolved in 1.00 ml. of 0.1 AThydrochloric acid 
and hydrolyzed for 2 hr. at 100°. The optical rotations of the 
resulting solutions were measured: D-galactose from derivative 
II , [a!32D + 7 8 ° (0.1 A7HCl, c 0.55) and D-galactose from deriva­
tive XXIX, [ff]32D + 75° (0.1 A7HCl, c 0.19); lit. 2 6M 32D +77.4° 
(H2O1C 11.4). 

l,2:3,4-Di-0-isopropylidene-L-arabinopyranose (VII) and its 
<ii2-analog, m.p. 40.0° (reported26 for nonlabeled material, 42°); 
2,3:4,6-di-0-isopropylidene-L-sorbofuranose (XXII) and its dir 
analog; 1,2:3,4-di-O-isopropylidene-L-fucopyranose (XXIV); 1,-
2:3,5-di-0-isopropyIidene-D-xylofuranose (X) (prepared on 1 
mg. of D-xylose) and its <2i2-analog; 2,3-O-isopropylidene-D-ribo-
furanose (XIV), 2,3-0-isopropyIidene-l,5-anhydro-D-ribofuranose 
(XV) and their de-analogs; and 2,3-O-isopropylidene-a-D-lyxo-
furanose (XXVIII) were prepared by the procedure described 
above for D-galactose and purified bv gas chromatography (3% 
SE-30, 130-160°). 
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(23) D. J. Bell, J Chem. SoC., 1874 (1935). 
(24) E . Fischer and C. R u n d , Chem. Ber., 49, 88 (1916). 
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Formation and Hydroboration of an Olefinic Sugar1 
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The tosylate VI of methyl 6-deoxy-2,3-0-isopropylidene-S-D-allofuranoside (IV) on base-catalyzed elimination 
afforded the furanose propenvl ether VII, rather than the desired terminal olefin VIII . Hydroboration of VII 
occurred from the less hindered side to form methyl 6-deoxy-2,3-0-isopropylidene-/3-D-gulofuranoside (IX), 
identical with an authentic sample prepared by inverting the rhamnofuranoside tosylate (XI) . 

The D-ribofuranose moieties I in RNA are connected 
in this impor tan t polymer through a series of 3 ' ,5 ' -
phosphate linkages. If the homologous 5-deoxy-D-
allofuranose bases II could be incorporated into nucleic 
acids, these would probably be linked by 3',6'-phos-
phate bonds with a t t endan t changes in the nucleic acid 
geometry. As a first step in the preparation of II , we 
were interested in devising a synthesis of hitherto un­
reported 5-deoxy-D-allose, and this paper reports some 
efforts in tha t direction. 

(1) Th i s work was carr ied ou t u n d e r the auspices of t he Cance r C h e m o ­
t h e r a p y Na t iona l .Service Cen te r , Na t iona l C a n c e r I n s t i t u t e , Na t iona l 
I n s t i t u t e s of Hea l th , Publ ic H e a l t h Service. C o n t r a c t No . SA-43-ph-1892. 
The op in ions expressed in th is paper are those of t h e a u t h o r s a n d not neces­
sari ly those of t h e Cance r C h e m o t h e r a p y N a t i o n a l ,Service Cen te r . 

(2) T o w h o m repr in t r eques t s should be sent . 
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A logical point of depar ture for the work- was the 
known3-4 6-deoxy-D-allose derivative IV, whose con-

(3) E. J. Reis t , L. G o o d m a n , R. R. Spencer , and B. R. Baker , J. Am. 
Chem. Soc, 80, 3962 (1958). 

(4) P . A. Levene and J. C o m p t o n , J. Biol. Chem., 116, 169 (1936). 
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version to the terminal olefin VI I I followed by hydro­
boration might be expected to form the desired deriva­
tive I I I of 5-deoxy-D-allose; hydroboration is known 
generally to result in ant i-Markovnikov addition 
of the elements of water to the olefinic bond.6 

When the 5-tosylate VI 3 of the 6-deoxyalloside 
IV was treated with one equivalent of potassium t-
butoxide in refiuxing /-butyl alcohol for 70 hr., the olefin 
formed (about 4 0 % yield) was mainly the propenyl 
ether VII , rather than the desired terminal olefin VII I , 
and was accompanied by about 2 0 % of the parent al­
cohol IV. Integration of the n.m.r. spectrum of the 
olefinic product suggested the presence of about 10% of 
VI I I as judged by a deficiency in the C6-methyl doublet 
of VI I a t 8.31 r. Base t rea tment of VI in higher boil­
ing solvents such as diethylene glycol dimethyl ether 
(diglyme), or in 2-methoxyethanol6 containing sodium, 
afforded identical product in a shorter time, bu t separa­
tion of the olefinic product from the solvent was incon­
venient and wasteful. Since allyl ethers rearrange to 
propenyl ethers7 under conditions similar to those em-

(5) H. C. Brown. "Hydroboration," W. A. Benjamin, Inc., New York, 
N. Y., 1962. 

(6) E. Vis and H. Cl. Fletcher, Jr., J. Org. Chem., S3, 712 (1987). 

ployed in the generation of VII , the possibility existed 
tha t the allyl ether VI I I had been formed first, then iso-
merized to VII in the medium. However, when the 
tosylate VI was heated for 45 min. a t 170° and 0.05 
mm. with soda lime8 and the distillate collected a t — 70°, 
conditions tha t permitted minimum contact between 
the base and the elimination product, the product was 
identical with tha t obtained previously, suggesting tha t 
VII was formed directly. 

If the elimination9 to form VII was a concerted proc­
ess (E2) requiring trans orientation between the 5-tosyl 
group in VI and the Cj-proton, the resulting olefin VII 
should be the geometrical isomer shown in Scheme II,10 

SCHEME II 

H. OTs 

O O 
CH3 CH3 

VII 

OCH3 

with the terminal methyl (Ce) extending forward from 
the plane of the paper. I t is possible to obtain a pri­
mary alcohol from the hydroboration of an internal 
olefin by isomerizing6 the intermediate borane in re-
fluxing diglyme, whereupon the boron substi tuent 
moves to the least hindered position, generally the end 
of the carbon chain. The use of tljis procedure was 
considered for the possible conversion of VII to I I I , es­
pecially since there was precedent1 1 in the hydrobora­
tion of vinyl ethyl ether to expect polarization of the 
olefinic bond under influence of the ether oxygen to give 
at tack by the boron a t C& rather than a t Ct. The 
stereochemistry of hydroboration5 is cis hydration from 
the less hindered side; in VII this means from the top 
(the isopropylidene group will hinder approach from 
beneath the furanose ring). Thus even if a borane 
from VII could be isomerized to a terminal borane, the 
final hydroboration product would have the wrong con­
figuration a t C4. T h a t these considerations were valid 
was demonstrated by hydroboration of VII in tetra-
hydrofuran with sodium borohydride and boron tri-
fiuoride etherate1 2 to form methyl 6-deoxy-2,3-0-iso-
propylidene-/3-D-gulofuranoside (IX), having the allose 
configuration at C6, bu t the rhamnose configuration at 
C4. The product was a crystalline solid, further charac­
terized as a crystalline tosylate X I . The identity of 
both these 6-deoxy-D-gulose derivatives was established 

(7) T. J. Prosser, J. Am. Chem. Soc, 83, 1701 (1961); C. C. Price and 
W. H. Snyder, ibid., 83, 1773 (1961). 

(8) F. Weygand and H. WoIz, Chem. Ber., 86, 2.56 (1952); K. Antonakis, 
A. Dowgiallo. and L. Szabo, Bull. soc. chim. France, 13.55 (1962). 

(9) J. F. Bunnett, Angew. Chem. Intern. Bd. Engl., 1, 225 (1962). 
(10) The structures VI and IX in Scheme II are depicted as rotamers 

(at the C4-C6 bonds) of VI and IX in Scheme I; in accord with the usual 
Fischer convention, the configuration of Cs in the formulas of Scheme I 
is portrayed with the functional groups at Cs (OH, OTs, OBz) and the hydro­
gen at Cs projecting out from the plane of the paper, and with Cs lying 
behind the plane of the paper. 

(11) B. M. Mikhailov and T. A. Shchegoleva, Izv. Akad. Nauk SSSR, Old. 
Khim. Nauk, 546 (1959); ref. 5, p. 112. 

(12) H. C. Brown, K. J. Murray, L. J. Murray, J. A. Snover, and G. 
Zweifel, J. Am. Chem. Soc., 82, 4233 (1960), 
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TABLE 1 

NUCLEAR MAGNETIC RESONANCE DATA" 

Compound 

IV 
IX 
VI 
XI 
XI I 
VII 
V 

Cs-H + Cj 

5. l l , h 5.416 

~ 5 . 3 C 
01 
08 
11 
23 
38 

16 5.45c 

-H 

AB) 

-Proton chemical shifts, 
Cs-H C1-H 

Q.846 

6.28d 

6.07' 
6.1 
6.177 

6.19" 

.1-6 . 

.85" 

• / 

8. 72s 

8.7O6 

8.50 
8.56* 
8.31 6 

8.99c 

OCHs 

6.55 
6.67 
6.67 
6,74 
6.85 
6.66 
6.72 

C ( C H J ) ! 

8.51,8.66 
8,53,8,70 
8,56,8,74 
8.75,8,91 
8 .68,8 .75 
8 .55 ,8 .65 
8,54,8.68 

J 1,1 

6.2 

Proton coupling 
constants, c.p.s.-

Jt, 6 

3 
6.2 

10.0 

J>,i 

< 0 . 5 
3.1 

< 0 . 5 

3.0 

3.0 

-8 
9.0 

-6 .8 8.25c 

" Spectra were determined in chloroform-d solutions (5-15% wt./wt.) containing 1% tetramethylsilane as internal 
Varian A-60 and HR-60 spectrometers. Signals are singlets unless otherwise designated; multiplets are measured 
centers. Accuracy is ±0,02 p.p.m. for chemical shifts and ±0 .5 c.p.s. for coupling constants; Ji1? was always <0 
'• Multiplet, but not fully resolved. d Pair of doublets. 'Quin te t . ' Quartet. » Triplet of doublets. 

Ji.i 

6.5 
~ 6 . 2 
~ 6 . 2 

6,2 
~ 6 , 3 

7.1 
6 8 

reference, with 
from multiplet 
.5. b Doublet 

by comparison with authentic samples prepared from 
L-rhamnose. Inversion of methyl 2,3-O-isopropyli-
dene-5-O-tosyl-a-L-rhamnoside (XI) by the useful dis­
placement1 3 with sodium benzoate in dimethylform-
amide afforded the 5-O-benzoate X of the 6-deoxy-
guloside; saponification afforded authentic free IX, 
which was further converted to the authentic 5-6>~tosyl 
guloside X I I . Comparison of these materials with IX 
and X I I from the hydroboration revealed identical 
n.m.r. and infrared spectra within each pair, a good agree­
ment in optical rotation, and absence of any mixture 
melting point depression. The fact tha t authentic IX 
melted some 10° higher than the G-deoxyguloside IX 
from the hydroboration may reflect the presence of a 
little, difficultly removed, hydroboration product (pos­
sibly I I I ) from the isomeric olefin VIII 1 4 suspected in 
VII ; the much better agreement in melting points of 
the two samples of the tosylate X I I suggests tha t 
purification of the derivative is easier. Mixture melting 
point depressions with the epimeric rhamnoside and de-
oxyalloside tosylates (XI and VI, respectively) were 
striking. The absolute configurations at C6 of the epi­
meric tosylates X I and X I I could be predicted16 by 
comparing the n.m.r. spectra, data for which are com­
piled in Table I1 along with da ta for the other com­
pounds prepared during this study. The abnormal 
chemical shifts of the acetonide methyls in the spectrum 
of X I can be accounted for by the shielding of those 
methyls by the tosyl moiety; similarly, the abnormal 
chemical shifts of the Ci-proton and methoxyl in X I I 
can be accounted for by shielding by the tosyl group. 
Assuming t ha t the most stable conformation for either 
XI or X I I is the rotamer with the C6-proton pointed 
under the furanose ring, then, as in Scheme II I , the 
tosyl group in X I lies in front of the plane of the paper, 
and in X I I the tosyl group lies behind the plane of the 
paper. Molecular models show tha t the aromatic 
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ring of the tosylate XI can approach the acetonide 
methyls, and in X I l the aromatic ring can approach the 
Ci-substi tuents. In general, except for XI , chemical 
shifts of the acetonide methyl resonances in Table I 

(Ki) E. r. Heist, i. Goodman, and B. R. Baker, J. Am. Chem. Sue, 80, 5775 
(1958). 

(14) The desired terminal olefin VIII has recently been prepared; its 
synthesis and hydroboration will be the subject of a separate paper. 

(15) S. A. Fuqua, personal communication. 

resemble those recorded16 for a series of isopropylidene 
glucofuranosides; and except for X I I , chemical shifts 
for the Ci-protons and methoxyls resemble those re­
corded17 for a methyl /3-D-ribofuranoside. 

The formation of the olefin VTI can be compared to 
the reaction described1819 between the rhamnose 5-
tosylate XI and aqueous methanolic potassium hy­
droxide, which also formed an olefin along with a little 
free 5-hydroxyl sugar (XI, Ts = H) . The olefin was 
not completely identified, and was assumed19 to be the 
terminal olefin (anomeric with VI I I at C4). The con­
version of VI to VII makes it very likely (especially if 
electronic influences are decisive) tha t the product from 
X was also a 4,5-olefin, in fact the same geometrical iso­
mer VII . The. optical rotation1 9 and refractive, in­
dex1 8 1 9 reported for the olefin from X I agree with data 
for VII . A striking property of VII , also noted by 
Muskat,1 9 is the instantaneous consumption of bromine 
in large excess in chloroform or carbon tetrachloride 
solutions; easy loss of hydrogen bromide such as was 
found with the bromine adduct of a pyranoside vinyl 
ether20 similar to VII can give rise to a series of de­
gradation products requiring the excess bromine. 

The double bond in VII was easily saturated by hy-
drogenation at one atmosphere with a 5% pal ladium-
carbon catalyst. The same steric considerations which 
predicted hydroboration by a t tack from the topside of 
the molecule VII also predicted topside at tack in the 
reduction, so tha t in the product V the ethyl side chain 
(Cs and Ce) extends downward. 

Experimental21 

Gas chromatography (g.l.p.c.) was used to determine purity 
of the volatile compounds prepared, both when crude and when 
purified, and in some cases was used preparatively. A 1.5-m. 
column, 3/8 in. diam., packed with 20% butanediol succinate 
supported on acid-washed, 80-100 mesh Chromosorb W, was 
used at 200° with helium as carrier gas at 200 ml. /min. in 
an Aerograph Autoprep A-700 (Wilkens Instrument and 
Research Inc., Walnut Creek, Calif.), with an injection tempera­
ture of 210°. The olefin VII had a retention time (r.t .) of 1.8 
min. and the dideoxy compound V had r. t . 1.3 min.; under the 
same conditions, the two 5-hydroxyl compounds IV and IX were 
resolved, r . t . 5.2 and 4.5 min., respectively. Lower tempera­
tures or flow rates, if used are mentioned under each compound; 
otherwise all g.l.p.c. data are for these conditions. 

M ethyl 5,6-Dideoxy-2,3-0-isopropylidene-)3-D-allof uranosid e -
4-ene (VII).—A solution of 11.5 g. (0.0309 mole) of methyl 6-

(16) R. J. Abraham, L. D. Hall, L. Hough, and K. A, McLauchlan, / . 
Chem. Soc.,3699 (1962). 

(17) L. 1). Hall, Chem. InH. (London). 950 (1963). 
(18) P. A. Levene and J, Compton, J. Am. Chem. Soc, 67, 2306 (1935). 
(19) I. K. Muskat, Md., 66, 2653 (1934). 
(20) B, Helferich and E. Himmen, Ber., 61B, 1825 (1928). 
(21) Melting points were determined on a Fisher-Johns block and are 

corrected. Infrared spectra were determined on all compounds reported, 
either as pure liquids, or in Nujol mull for solids. Optical rotations were 
determined on 1% solutions (except for Xl, as noted) in 1-dm. tubes with :i 
Rudolf photoelectric polarimeter. the error reported represents an estima­
tion of maximum possible weighing and volumetric errors, plus a constant 
instrument error at this concentration of :±rl.2° 
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cieoxy-2,3-0-isopropylidene-5-0-tosyl-/3-D-allofuranoside3 (VI) in 
250 ml. of redistilled Z-butyl alcohol was treated with 3.47 g. 
(0.0309 mole) of potassium ^-butoxide, and the mixture was re-
fluxed for 70 hr. while a white precipitate was formed. Most of 
the solvent was removed by concentration at 17 mm. (at or 
below 30°, to minimize volatilization of VII) , and the residue was 
dissolved in 25 ml. of water. The product was extracted with 
four 5-ml. portions of dichloromethane. The combined, dried 
extracts upon concentration at 30° and 17 mm. afforded 4.74 g. 
(761Jc yield) of colorless oil, which showed some hydroxy! absorp­
tion in the infrared but complete absence of tosyl bands at 6.24 
(weak) and 8.48 (strong) ju. The only infrared absorption band in 
the 5.5 to 6.5 M region was of moderate intensity at 5.87 n and 
was assigned to C = C stretching, although the wave length was 
shorter than expected; a weak band at 10.9 M was tentatively 
assigned to the single olefinic C-H. Gas chromatography showed 
that the olefin contained 28% 5-hydroxyl compound IV as a by­
product. The olefin was distilled (50-60% recovery) at 40-42° 
(0.1 mm.), [a]2'D +12 .5 ± 1.7° (chloroform), M24D +13.0 
± 1.7° (methanol; lit.19 [a] 26D + 1 4 ° in methanol for the olefin 
obtained from XI) , K24-6D 1.4500 (lit. K24D 1.4491,18W25D 1.4485,19 

for the olefin from XI) ; however, the olefin VII still contained 
5% of the alcohol IV. 

Anal. Calcd. for Ci0H16O4: C, 60.0; H, 8.05; O, 32.0. 
Found: C, 59.7; H, 8.22; O, 32.2. 

Removal of the remaining IV by alumina chromatography in 
petroleum ether afforded a sample of VII which gradually poly­
merized on standing. There were indications of increased oxygen 
content in other purified samples of VII, suggestive of an oxida­
tive polymerization. 

Methyl 5,6-Dideoxy-2,3-0-isopropylidene-5-D-guloiuranoside 
(V).—A stirred solution of 0.750 g. (3.75 mmoles) of VII in 50 ml. 
of absolute ethanol was hydrogenated at 1 atmosphere with 0.075 
g. of 5%. palladium-charcoal. After 25 min., hydrogen consump­
tion was complete, the catalyst was collected by filtration through 
Celite, and the filtrate was evaporated at 40° (20 mm.) to form a 
colorless liquid residue (67%), [a]24D - 7 7 . 2 ± 3.6° (chloro­
form). The infrared spectrum disclosed the loss of absorption 
bands in VII at 5.8 and 10.9 M- Gas chromatography indicated 
8% of a second component (r.t . 1.65 min.) closely following the 
main peak, and 2% of IV, which had been present in the starting 
material VII. Integration of the n.m.r. spectrum indicated the 
terminal C6-methyl signal was deficient by just the amount of 
the second component present. 

Anal. Calcd. for C10H18O4: C, 59.4; H, 8.97. Found: C, 
59.4; H, 8.96. 

A sample of the major component V for the n.m.r. spectrum 
was collected by preparative gas chromatography at 125° with 
a flow rate of 50 ml. /min. (r.t . 14 min.). A small amount of the 
second component (r.t . 19 min.) was also collected; both com­
ponents upon infrared comparison showed absence of hydroxyl 
and presence of methvl isopropylidene furanoside (7.25, 8.27, 
8.61, and 11.4-11.5 M) bands. 

Methyl 6-Deoxy-2,3-0-isopropylidene-/3-D-gulofuranoside 
(IX). (1) From VII.—Sodium borohydride (0.134 g., 3.54 
mmoles) was added to a solution under nitrogen of 2.21 g. (11.0 
mmoles) of olefin VII in 20 ml. of anhydrous tetrahydrofuran, 
and the stirred mixture was treated dropwise during a 30-min. 
period with a solution of 0.660 g. (4.65 mmoles) of freshly distilled 
boron trifluoride etherate in 10 ml. of anhydrous tetrahydrofuran. 
Stirring of the mixture was continued at room temperature under 
nitrogen for 1.5 hr., and the excess reagent was decomposed by 
dropwise addition of water until the moderate effervescence sub­

sided; 2 ml. of 2 M sodium hydroxide and 1.5 ml. of 30% hydro­
gen peroxide were added, the mixture was stirred at room tem­
perature for 1.25 hr., and the tetrahydrofuran was removed 
under reduced pressure. The aqueous residue was extracted with 
ether, and the extracts were dried and freed of ether at reduced 
pressure. The residual product was a colorless sirup (1.41 g., 
59%) that crystallized on standing. Infrared bands characteris­
tic of VII at 5.85 and 10.9 M were absent, and a strong -OH band 
appeared at 2.87 i±. A flame test showed the absence of boron 
compounds. Gas chromatography indicated a purity of 96% 
(r.t. 12.2 min. at 60 ml. /min. flow rate) with a single contaminant 
(r.t. 7.7 min. at 60 ml. /min.) . Preparative g.l.p.e. afforded an 
analytical sample, m.p. 65-68°, [<*]24D - 8 8 . 5 ± 5.7° (methanol). 

Anal. Calcd. for Ci11H18O6: C, 55.0; H, 8.31; O, 36.7. 
Found: C, 54.9; H1 8.26; 0 , 3 6 . 5 . 

The 5-0-tosylate XII was prepared by treating 1.41 g. (6.45 
mmoles) of IX in 50 ml. of pyridine with 2.45 g. (12.9 mmoles) 
of tosyl chloride in 10 ml. of chloroform, as described3 for the 
analogous alloside. The sirupy product (1.60 g., 67%) retained 
only a weak absorption at 2.80 \x in the infrared (unreacted -OH) 
and was crystallized from ethyl acetate-petroleum ether (b.p. 
30-60°). The resultant large prisms (34% yield) were collected 
in several crops and recrvstallized from methanol (5 ml./g. , 
85% recovery); m.p. 68-69°, [a]23D - 7 4 . 4 ± 3.0° (methanol). 
The melting point on admixture with the 6-deoxyalloside 5-
tosylate VI, m.p. 96-97° (lit.84 91-92°, 93-94°), was 54-55°. 
With the 5-tosyl rhamnoside4 X I , the mixture melting point was 
48-54°. 

Anal. Calcd. for C17H24O7S: C, 54.8; H, 6.50; O, 30.1; 
S, 8.61. Found: C, 54.9; H, 6.75; O, 29.8; S, 8.41. 

(2) From XI.—Inversion of the rhamnose tosylate XI (see 
below) with sodium benzoate in refluxing dimethylformamide13 

and debenzoylation of the resulting ester with anhydrous meth-
anolic sodium methoxide was carried out as described13 for prep­
aration of the corresponding talosides. The product was sepa­
rated from methyl benzoate by saponification with potassium 
hydroxide in methanol-water (5:1) at room temperature; the 
methanol was removed in vacuo, and the sugar was extracted 
from potassium salts with dichloromethane and obtained fom 
the extracts as a residual white solid. A contaminant (10%) 
with r. t . the same as the olefin VH was revealed by g.l.p.e. 
Recrystallization from Skelly B (25 ml. /g. , 68% recovery) af­
forded white needles, [a]23D - 8 5 . 3 ±3 .4° (methanol), m.p. 78-
78.5°, m.p. 73-76° on admixture with the product from (1). 
The two materials were identical in infrared and n.m.r. spectra, 
and in r.t. 

The 5-0-tosylate XII was prepared as in 1 above. The sirupy 
product (81%) crystallized on seeding with XII from (1), and was 
recrystallized from methanol, [a]24D —73.1 ± 3.0° (methanol), 
m.p. 70-71.5°. The mixture m.p. on admixture with XII from (1) 
was 69-70°, and the infrared and n.m.r. spectra of the two 
samples were identical. 

Methyl 2,3-0-isopropylidene-5-0-tosyl-a-L-rhamnofuranoside 
XI, m.p. 83.5-84°, [a]26D - 1 4 . 7 ± 0.8° (c 3 in methanol), was 
prepared4 from L-rhamnose (lit.4 m.p. 82 83°, [<*]D —14.3°). 
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