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Structure and reactions of lactonic and acidic sophorosides of 
17-hydroxyoctadecanoic acid1a2 

A. P. TULLOCH, A.  HILL,^ AND J. F. T. SPENCER 
Prairie RegiotralLaboratory, Natiotral Research Co~rtrcil of  Canada, Soskatootr, Saskntcfre~vat~ 

Received May 31,1968 

The complete structures of the major components of the mixture of lactonic and acidic sophorosides of 
17-L-hydroxyoctadecanoic acid, which is produced by a yeast of the genus Tor~rlopsis, have been deter- 
mined. The principal lactonic component (1) (41 %) has acetate groups at the 6'- and 6"-positions and the 
fatty acid carboxyl group is linked to the 4"-position to form a macrocyclic lactone ring. Theother lactonic 
component (2) (8 %) differs from the first only in the absence of the acetate group at the 6'-position. The  
principal acidic component (5) (3 1 %)also has acetate groups at the 6'- and 6''-positions but the fatty acid 
carboxyl group is free. The structures were deduced by a combination of glycol cleavage and nuclear 
magnetic resonance studies and by examination of the products of acctobrominolysis of the acetylated 
lactones and acid. 

The 2",3"-glycol group of the lactones is resistant to oxidation by periodate and by lead tetraacetate in 
acetic acid. Studies of the rate of glycol cleavage of methyl 4,6-di-0-acyl-0-D-glucopyranosides showed 
that though an acyl group at C-4 retarded the oxidation of the 2,3-diol it did not stop it completely. The 
conformation of the lactone ring is probably responsible for the unreactivity of the 2",3"-glycol group. 
The lactone ring, however, considerably increases the rate of acetobron~inolysis of the fully acetylated 
lactone compared to that of the acetylated sophorosyl acid n~ethyl ester. 

Canadian Journal of Chemistry, 46, 3337 (1968) 

In an earlier publication it was reported that a 
yeast of the genus Torulopsis produced extra- 
cellular glycosides which were composed of par- 
tially acetylated sophorosides of 17-hydroxy- 
oleic and 17-hydroxystearic acids (I). Later long- 
chain compounds such as ethyl stearate and octa- 
decane were found to be converted by the yeast to 
the fatty acid portion of the sophoroside in yields 
of 50-80 % (2). 

We observed that the crude glycoside contained 
about 1.8 acetate groups and also that the neutral- 
ization equivalent was usually in the range 1200- 
1500. However, the value expected for a diacetyl 
sophoroside of a hydroxy acid is about 700 sug- 
gesting that in part of the product the carboxyl 
group had formed an ester with one of the sugar 
hydroxyl groups. Then (1962) we found that 
samples of the sophoroside crystallized on keep- 
ing in ethanol, giving a neutral material which 
had a molecular weight of about 690 and con- 
tained 2 acetate groups and a macrocyclic lactone 
ring (3). 

A preliminary report concerning the positions 
of the acyl groups has been made (4). In this paper 
we provide evidence to show that the principal 
lactonic component of the mixture of sophoro- 

'NRCC No. 10288. 
'Part V of the series: Fermentation of long-chain com- 

pounds by Torulopsis npicola. 
3NRCC Postdoctorate Fellow, 1965-1967. 

sides, obtained by fermenting octadecane, is 17-L- 
[(2'-0-P-D-glucopyranosyl-P-D-glucopyranosy1)- 
oxy] octadecanoic acid 1,4"-lactone 6',6"-di- 
acetate (I), that a second lactone 17-L- [(2'-0-P-D- 
glucopyranosyl- P-~-glucopyranosyl)oxy ] octa- 
decanoic acid 1,4"-lactone 6''-acetate (2) ,  is pres- 
ent as a minor component, and that the principal 
acidic component is 1 7-L- [(2-0-P-D-glucopyrano- 
syl-P-D-glucopyranosyl)oxy] octadecanoic acid 
6',6"-diacetate (5). 

When this work was almost complete Jones (5) 
(using a strain of Torulopsis obtained from us) 
isolated a lactone and proposed that it had struc- 
ture (9), which differs from our structure (1) in the 
attachment of the ester linkages to ring B. In 9, 
hydroxyl-4 of ring B is not esterified but an  acetate 
is present at OH-3 and the fatty acid carboxyl is 
linked to OH-6. The two products have been 
compared and were indistinguishable (4). Because 
of the proposal of structure (9) we have empha- 
sized those parts of our work which show that 
OH-4 is, in fact, acylated. 

Strzicture ofLactoize (1) 
The major component of the hydroxy acid 

portion of a typical fermentation product was 
17-L-hydroxyoctadecanoic acid (2) but 10-15 % 
of 17-L-hydroxy-9-octadecenoic acid, probably 
produced by direct introduction of a double bond 
(6), was also present. Crude lactone was obtained 
by crystallization and, after hydrogenation to 
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remove unsaturated components, lactones (1) and 
(2) were isolated by chromatography on silicic 
acid. Further quantities of lactone (1) were ob- 
tained during isolation of acid (5). The approxim- 
ate composition of the fermentation product was 
lactone (1) (41 %), lactone (2) (8 %), and acid (5) 
(3 1 %); the remainder consisted of possibly iso- 
meric lactones (14 %), which were not investi- 
gated further, and monoacetylsophorosyl hy- 

droxy acid (6 %). Lactones (1) and (2) are prob- 
ably true fermentation products and not artefacts; 
lactonization of acid (5) during recovery of the 
product would be unlikely to  produce a major 
proportion of one lactone since five secondary 
hydroxyl groups are available. Also acid (5) does 
not appear to lactonize readily as the neutraliza- 
tion equivalent was not changed by heating, in 
water, at 100" for  several hours. Deacetylated 

5 Rl = Ac, R = Rz = H 
6 Ri = Ac, R = HI, R2 = CH3 
7 R1 = R = H, Rz = CH3 
8 R1 = R = Ac, R2 = CH, 
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TABLE I 
Rate of oxidation of 1,2, and some diols by sodium periodate in aqueous t-butanol (moles/mole) 
- -- 

Compound 
- 

Methyl 4,6,di- Methyl 6-0-acetyl Methyl 4,6-0- 
Time 0-acetyl P-D- 4-0-stearoyl P-D- benzylidene p-D- 

(h) 1 2 glucopyranoside glucopyranoside* glucopyranoside 

I 'Oxidation in  47 % I-butanol. 

acid was previously observed to lactonize to 
some extent on keeping in the presence of formic 
acid ( I ) ,  but this may have been due to reaction 
with the free primary 6-OH groups. 

Sa~onification of 1 showed that three ester 
linkages were present; since 2 moles of acetic acid 
per mole of 1 were obtained the third linkage must 
involve the fatty acid carboxyl group. Compound 
(1) should contain four free hydroxyl groups, and 
as expected gave a hexaacetate 3 and a tetra- 
phenylurethane 4. Deacylation of lactone (1) with 
methanolic sodium methoxide gave methyl ester 
(7) which on acetylation yielded the heptaacetate 
ester (8). 

Oxidation ofLactone (1) 
Lactone (I) contains one readily cleavable 

glycol group since, on oxidation with lead tetra- 
acetate in acetic acid in the presence of potassium 
acetate (7), or with sodium periodate, one mole 
of oxidant is used per mole of 1 (Tables I and 11). 

The glycol group must be a 3,4 diol as reduction 
(8) and acid methanolysis of the oxidation pro- 
duct gave glycerol, D-glyceraldehyde dimethyl 
acetal, methyl a,P-glucosides, and fatty acid ester 
as shown in Table 111. The fragments were an- 
alyzed by gas-liquid chromatography (g.1.c.) and 
also isolated by cellulose column chromatog- 
raphy. The recovery of the fragments was not 
quantitative but was adequate to determine the 
course of the oxidation. 

The reduced oxidation product was methylated 
and the fragments obtained by acid methanolysis 
analyzed by g.1.c. Almost the entire glucosidic 
product was methyl a,P 2,3,4,6-tetra-0-methyl- 
glucosides with only a trace of methyl 3,4,6-tri-0- 
methyl-glucosides, showing that the 3',4'-diol of 
ring A had been attacked. This conclusion was 
confirmed when we found that mild hydrolysis of 
the reduced periodate oxidation product followed 
by a second borohydride reduction yielded 2-0-P- 
D-glucopyranosyl-glycerol and glycerol. A little 

TABLE I1 
Rate of oxidation of 1, 2, and some diols by lead tetraacetate in 

acetic acid (moles/rnole) 

Compound 

Methyl 4,6-di- Methyl 6-0-acetyl 
Time 0-acetyl p-D- 4-0-stearoyl p-D- 
(h) 1 2 glucopyranoside glucopyranoside 

1 0.16 0.22 - - 
2 0.23 0.33 - - 
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TABLE I11 
Oxidation fragments obtained by oxidation of 1 with lead tetraacetate 

- -- - -- - - 

Products (moles) 

Glyceraldehyde Methyl 17-Acetoxy 
Solvent dimethyl acetal Glycerol Tetritols glucosides stearate 

Acetic acid 0.34 0.53 - 1.1 1.0 
Pyridine 0.35 0.98 0.64 0.05 1 .O 

sorbitol, also isolated, probably resulted from 
hydrolysis of the glucosyl-glycerol. The hydroxy 
fatty acid fraction was treated with methanolic 
hydrogen chloride to convert any glycosides to 
methyl esters but only a very small amount of 
impure methyl a,P-glucosides was isolated. The 
latter would have been obtained from glucosyl- 
hydroxyoctadecanoic acid resulting from hypo- 
thetical oxidation of the 3",4"-diol group. 

At this stage the nuclear magnetic resonance 
(n.m.r.) evidence (see below) suggested strongly 
that a 4,6-di-0-acyl grouping was present which 
is, from the oxidation results, in ring B. Ring B 
must therefore contain a 2,3-diol group which is 
not readily oxidized (we are indebted to Dr. A. S. 
Perlin for this suggestion). 011 oxidation with lead 
tetraacetate in pyridine, a reagent which is known 
to cleave "resistant diols" (9), lactone (1) rapidly 
consumed 2 moles of oxidant (Table IV). The 
oxidation fragments were glyceraldehyde di- 
methyl acetal, glycerol, tetritols, and only a trace 
of methyl glucosides (Table 111). Glycollic al- 
dehyde dimethyl acetal could not be detected, but 
the results confirmed the presence of a 2,3-diol 
grouping in ring B. 

TABLE IV 
Rate of oxidation of 1 by lead tetraacetate in 

pyridine (moles/mole) 

Compound 

Time Methyl 6-0-acetyl-4-0- 
(min) 1 stearoyl a-D-glucopyranoside 

5 1.73 - 
10 1.78 1.12 
30 1.89 1.29 
60 2.01 1.47 

180 2.17 2.20 
- -- 

The tetritol fraction was a mixture of erythritol 
and D-threitol. The latter compound is probably 
formed by enolization of the aldehydic oxidation 
product or by hydrolysis and isomerization to a 
2-ketose (10) which is reduced to the two tetritols. 

The oxidation results provide an exam~le of a 
diol made resistant to oxidation by the presence 
of an aliphatic ester group at the neighboring 
carbon atom. Honeyman and Shaw (1 1) exam- 
ined the periodate cleavage of a large number of 
glycosides and found that adjacent substituents 
had a retarding effect 011 the rate of cleavage. 
Methyl 4-O-p-to~ue1iesu~~ony~-a-~-g~ucopyrano- 
side, the only compound they examined with 
an ester group a t  C-4, was oxidized relatively 
slowly (about 4 the rate of methyl 4,6-0-benzyli- 
dene-P-D-glucopyranoside). 

We wished to determine whether the resistance 
of the 2,3-diol in ring B of 1 was peculiar to 1 or 
whether any 4,6-di-0-acylglucoside would behave 
in the same way. We accordingly investigated the 
oxidation of methyl 4,6-di-0-acetyl-P-D-gluco- 
pyranoside and methyl 6-0-acetyl-4-0-stearoyl- 
P-D-glucopyranoside (12). The rates of oxidation 
by periodate in 33 % t-butanol and by lead tetra- 
acetate in acetic acid are compared in Tables I and 
11, respectively. The oxidations were quite slow 
but were apparently complete after 168 h, except 
in the case of the oxidation of the 4-stearate by 
periodate. However, this compound had to be 
oxidized in 47% t-butanol owing to its low 
solubility and this may account for the incomplete 
reaction. The 6-acetate-4-stearate was oxidized 
very rapidly by lead tetraacetate in pyridine but 
extensive over-oxidation occurred (Table IV). 
Thus the resistance of the 2",3"-diol of (1) to 
oxidation is only partly explained by the presence 
of the ester group at C-4", steric hindrance due 
to the conformation of the lactone ring probably 
accounts for the complete resistance of the diol to 
periodate and to lead tetraacetate in acetic acid. 

Jones ( 5 )  reported that his lactone consumed 
only one molar equivalent of lead tetraacetate in 
pyridine. This result may have been due to the 
presence of traces of water in the solvent since we 
found, on one occasion, that when undried pyri- 
dine was used only 0.92 mole of oxidant per mole 
of 1 was consumed. 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 c
dn

sc
ie

nc
ep

ub
.c

om
 b

y 
N

at
io

na
l R

es
ea

rc
h 

C
ou

nc
il 

of
 C

an
ad

a 
on

 0
9/

13
/2

3



TULLOCH ET AL.: STRUCTURE OF SOPHOROSIDES OF 17-HYDROXYOCTADECANOIC ACID 3341 

Nuclear Magnetic Resonar7ce Spectra 
Spectra of lactones (1) and (2) were examined 

using a number of solvents. Those in acetone-& 
and in pyridine were the most useful and the low 
field portions are shown in Fig. 1. The high field 
portions of the spectra of 1 contained the ex- 
pected signals; in particular two acetoxyl singlets 
were visible. Figure 1A (lactone 1 in acetone-d,) 
shows signals (in p.p.m.) attributable to H-6 
centered in 4.1 1 and 4.27, to H-1 at 4.45 and 4.61 
and a t r i~let .  due to the carbinolic Droton of a . , 

secondary acyl grouping, at 4.88. Similar signals 
are seen in Fig. 1C (lactone (1) in pyridine) but 
one H-6 and one of the H-1 signals are over- 
lapping. 

The H-1 signals can be assigned after considera- 
tion of the spectra of the hexaacetate (3) in the 
different solvents. In these spectra and also those 
of 8 one anomeric proton signal is visible at about 
4.5-4.7 but is absent from the spectra of P- 
sophorose octaacetate and of compounds having 
the a-configuration at C-1' (10, 19, 20). This 
signal can therefore be assigned to H-1 ' and de- 
coupling experiments (in acetone-d,) show that it 
is coupled to the quartet at 3.65 which can be 
positively assigned to H-2'. 

FIG. 1 .  Nuclear magnetic resonance spectra of: A) 
lactone (1) in acetone-dG; B) lactone (2) in acetone-d6; 
C) lactone (1) in pyridine; D) lactone (2) in pyridine; 
(3.0-5.7 p.p.m. regions). 

On acetylation of 1 the H-1' signal should be 
deshielded to a much smaller extent than the 
H-1" signal. Table V compares the H-1 signals of 
1 and 3 in three solvents and assigns them on this 
basis. In the case of spectra in acetone-d,, H-1' is 
apparently displaced to lower field by 0.13 p.p.m. 
on acetylation, however, we have found that 
acetylation of methyl 2,3-di-0-benzyl-p-D-gluco- 
pyranoside causes a similar displacement (12). 
Using these solvents, and also dimethyl s~lfoxide- 
d,, we conclude that the higher field H-1 signal is 
due to H-1'. 

TABLE V 

Assignments of H-1 signals* of lactone (1) and 
hexaacetate (3) 

-- - - - - - --- - - -- 

H-1 ' H-1 " 

Solvent 1 3 1 3 

Acetone-[IG 4.45 4.58 4.61 >4.75 
Pyridine 4.68 4.66 5 .08 ? 
Chloro form-d 4.46 4.45 4 .56  >4.75 

Further information about the structure of 1 
can be obtained by assigning the H-6 signals. 
From a study of the n.m.r. spectra of a number of 
partially acylated P-D-glucopyranosides (12) we 
have found that when OH-4 and OH-6 are both 
acylated the H-6 signals are at higher field (by 
0.1-0.3 p.p.m.) than when only OH-6 is acylated, 
but the effect is not observed when OH-3 and 
OH-6 are acylated. Therefore the high field H-6 
signals are those of H-6 of a glucose ring in which 
OH-4 is also acylated. Taking the oxidation 
results into account these H-6 signals are due to 
H-6" and the low field H-6 signals are due to 
H-6'. The splittings of the low field H-6 signal 
which show that JBx > JAx (where B is the H-6 
proton at  higher field and X is H-5) support this 
conclusion. We found that in the case of spectra 
in acetone-d, and in pyridine, when OH-6 alone 
was acylated, JBx > JAx (12). 

The low field triplet was assigned to H-4", and 
the assignment was confirmed by spin-decoupling 
experiments in acetone-&. Irradiation a t  4.90 did 
not affect the H-1 doublets but produced a change 
at 3.75; irradiation at 3.75 had no effect on H-1 
signals but collapsed the triplet and reduced the 
spacing of H-6" at 4.1 1 suggesting that H-5" and 
probably also H-3" are at 3.75. We have previous- 
ly found that when OH-4 and OH-6 are both 
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acylated H-5 is at 3.75-3.90, but when only H-6 
is acylated H-5 is at 3.4-3.5 (12). This was con- 
firmed by irradiation at 4.12 which affected the 
3.70 region. Irradiation at 4.61 (H-1") affected 
the spectrum of 3.36 suggesting the presence of 
H-2" and irradiation at 4.45 (H-1') affected the 
spectrum at 3.44 suggesting the presence of H-2'. 
Irradiation at 3.36 and at 3.44caused the doublets 
at 4.61 and 4.45 respectively to narrow and tend 
towards singlets. However, when these H-2 posi- 
tions were irradiated there was no effect at all on 
the triplet at 4.90 showing that it cannot be due 
to H-3. Irradiation at 3.44 also affected H-6' at 
4.27 and irradiation at 4.27 affected the 3.44 
region showing that, as expected, H-5' is in this 
region of the spectrum. 

Some additional information was also obtained 
from the spectrum of 1 in dimethyl sulfoxide-d,. 
This was similar to the spectrum in acetone but 
the signals in the 4-5 p.p.m. region were closer 
together, H-6" was at 4.00, H-6' at 4.25, H-1' at 
4.40, H-1" at 4.55, and H-4" at 4.70. A doublet 
due to 2 hydroxyl protons was present at 5.23 and 
one-proton doublets at 5.50 and 5.60, the fact 
that the hydroxyl proton signals are all doublets 
confirms that the free hydroxyl groups of 1 are all 
secondary hydroxyls (13). Decoupling exper- 
iments gave the same results as those already 
carried out in acetone solution but also made 
possible a definite assignment of the H-1 signals. 
Irradiation at 3.20 (H-2') affected H- 1 ' at 4.40 but 
none of the hydroxyl doublets, but irradiation at 
3.05 (H-2") caused the collapse of H-1" at 4.55 
and also the OH doublet at 5.50. 

These results disagree with those that Jones (5) 
obtained from the spectrum of 1 in deuterio- 
chloroform. He apparently assumed that H-2', 
which is clearly at 3.70 in the spectrum of 3, 
would also have the same chemical shift in the 
spectrum of 1 (the assumption is incorrect since 
acetylation of OH-3 and OH-4 will have some 
deshielding effect on H-2 (12)) and concluded that 
when irradiation of 1 at 3.70 affected the low 
field triplet, the triplet must be due to H-3". 
However, it is most likely that H-3" and H-5" 
are at 3.70 since we found that irradiation at 3.45 
(the true chemical shift of the H-2's) causes the 
H-1 signals to collapse but had no effect on the 
low field triplet. 

Thus we have established that the acyl groups 
are attached at  the 6'-, 6"-, and 4"-positions but 
the point of attachment of the lactone ring has 
still to be determined. 

Structure of Lactone (2) 
By consideration of the structure of lactone (2) 

one of the possible points of attachment of the 
lactone ring can be eliminated. Saponification 
showed that 2 contained 2 ester linkages but only 
1 acetate group. The n.m.r. spectra confirmed 
that only one acetoxyl group was present. Com- 
parison of the low field portions of the spectra of 
2 in acetone-& and in pyridine (Fig. 1, B and D) 
with those of 1 (Fig. 1, A and C) shows that the 
low field H-6 signal is missing from the spectra of 
2, suggesting that only OH-6" and OH-4" are 
acylated. The spectrum in dimethyl sulfoxide-rl, 
also showed a triplet due to a free primary hy- 
droxyl group at 4.25 (spectrum measured at 70') 
(13). Complete acetylation of 2 gave a hexa- 
acetate identical with 3 obtained from 1 showing 
that the lactone ring is at the same position in both 
2 and 1, and must be attached to either C-4" or 
C-6". 

The rate of oxidation of 2 by periodate com- 
pared to that of 1 (Table I) agreed with the con- 
clusion that OH-6' of ring A was not acetylated. 
Lactone 2 was oxidized approximately twice as 
rapidly as 1, similar to the difference between the 
rates of oxidation of methyl-P-D-glucopyranoside 
and methyl 6- 0-acetyl- P-D-glucopyranoside 
(Table VII). 

Position of Lactolze Rilzg of 1 and 2 
Vis and Fletcher (14) found that some acetyl- 

ated sophorosides undergo partial acetobromin- 
olysis fairly readily. When the hexaacetate 3 
was treated with 3 % hydrogen bromide in acetic 
acid the a-bromosophorose hexaacetate deriva- 
tive 10 was obtained in 50% yield. The low field 
portion of the spectrum (in deuteriochloroform) 
was very similar to that of a-acetobromo- 
sophorose, H-1' appeared at 6.44 and had a 
spacing of 4 c.p.s., H-3' was at 5.46 (this proton 
is deshielded by the axial oxygen at  C-1' (15)). 
Treatment of 10 with silver acetate gave the p- 
sophorose heptaacetate derivative 11, which also 
had an n.m.r. spectrum in agreement with the 
proposed structure. 

The isolation of 10 made it possible to confirm 
further that the compounds under investigation 
were in fact sophorosides. (The preparation of 
sophorose derivatives from the crude mixed gly- 
sides (1) indicated that the lactones were very 
probably sophorosides.) Compound (10) was 
converted to the methyl P-sophoroside derivative 
(12) by reaction with methanol. Deacylation of 12 
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gave methyl P-sophoroside (15), which has been 
synthesized by Finan and Warren (16). Methyl P- 
sophoroside and its heptaacetate (14) were also 
prepared from P-sophorose octaacetate. The 
heptaacetate (14) was also prepared by the 
Koenigs-Knorr reaction using methyl 3,4,6-tri- 
0-acetyl-P-D-glucopyranoside and ct-acetobro- 
moglucose. 

10 R = Ac, R1 = C H ~ C H ( O A C ) ( C H ~ ) ~ ~ C O ,  
Rz  = Br, R3 = H 

11 R = Rg = Ac, Rl  = CHaCH(OAc)- 
(CH,), SCO. R, = H 

12 R =-A;, R ' ~  = ~ C H ~ C H ( O A C ) ( C H ~ ) ~ ~ C O ,  
Rz  = H, R3 = 0 C H 3  

13 R = R1 = Ac, Rz = Br, R3 = H 
14 R = Rl = Ac, Rz = H, R3 = 0CH3 
15 R = R1 = Rg = H,  Rg = OCHg 

In addition to cleavage of the linkage between 
ring A and the fatty acid, cleavage between the 
glucose rings also took place. The material re- 
maining after isolation of 10 was treated with 
silver acetate and chromatographed on silicic acid 
giving the P-glucose tetraacetate derivative (16) 
in a yield of about 5%. This compound was in- 
distinguishable from 16 synthesized from B- 

1,2,3,6-tetraacetate and the acid chloride 
of 17-L-acetoxyoctadecanoic acid. The isomers 
with the fatty acid group at  C-6 (17) and at  C-3 
(18) were also synthesized from the corresponding 
glucose tetraacetates and clearly differed from 16 
in physical properties, n.m.r. spectra, and X-ray 
powder photographs. 

The n.m.r. spectra of 16, 17, and 18 differ 
mainly in the chemical shifts of the acetoxyl 
signals which are assigned as shown in Table VI. 
The signal at 2.09 is due to the equatorial acetate 
at C-1' (17), that at 2.06 is due to acetate a t  C-6' 
(12), and the others are in the 1.98-2.02 region. 
These signals readily distinguish between 16 and 
17; therefore, the spectra of the materials eluted 
immediately before and after the fraction con- 
taining 16 were examined, but no evidence was 
found for the presence of compounds such as 17, 
lacking acetoxyl at C-6'. 

TABLE VI 
Assignment of acctoxyl signals* in nuclear magnetic 
resonance spectra of colnpounds (16), (17), and (18) in 

deuteriochloroform 
-- 

2'-, 3'- ,  4'-, and 
Compound 1 '-Acetoxyl 6'-Acctoxyl 17-Acetoxyls 

'In p.p.m. 

Bonner (18) has shown that when 1,2,3,4,6- 
penta-0-acetyl-P-D-glucopyranose, which con- 
tained labelled acetate groups at C-4 or C-6, was 
treated with a mixture of acetic acid and acetic 
anhydride and sulfuric acid there was no exchange 
of the labelled groups with solvent acetate. 
Lemieux et al. (19) also obtained similar results. 
Thus it seems reasonable to assume that specific 
interchange of acetate and fatty acid residues will 
not occur during acetobrominolysis of 3. We 
therefore conclude that the lactone ring is 
attached to C-4" and not to C-6". 

Structure of Acid (5)  
The n.m.r. spectrum of (5) (in pyridine) showed 

that 2 acetoxyl groups were present (singlets at 
1.94 and 1.96) and that these were probably at 
C-6' and C-6" (4 H-6 protons in the region 
4.45-4.90 and no low field triplet). The  methyl 
ester (6) was prepared by treating 5 with diazo- 
methane. The spectrum of 6 in dimethyl sulfoxide- 
d ,  showed five low field doublets for the five 
secondary hydroxyl groups and also H-6 signals 
at 3.90-4.30 confirming that the acetate groups 
were at  the C-6 positions. Hydroxyl doublets were 
not seen in the spectrum of 5 in dimethyl sulf- 
oxide due to exchange catalyzed by the fatty acid 
carboxyl group (I 3). 

Deacetylation of 6 with sodium methoxide gave 
the ester (7) identical with that obtained from 
lactone (1); 7 was also obtained by treatment of 5 
with 1 % methanolic hydrogen chloride at room 
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temperature. Periodate oxidation of 6 and 7 
helped to confirm structure (6). Both compounds 
consumed 3 moles of oxidant but 7 was oxidized 
more rapidly than 6, the difference in rates being 
comparable to the difference in the rates of oxida- 
tion of P-methyl glucoside and its 6-acetate 
(Table VII). 

TABLE VII 

Rates of oxidation of esters (6) and (7) and some methyl 
glucosides by sodium periodate in aqueous t-butanol 

(rnoles/mole) 

Compound 

Time 6-0-Acetyl-(3-D- (3-D-Gluco- 
(h) 6 7 glucopyranoside pyranoside 

The same diacetate ester (6) was also obtained 
in 30 % yield by partial deacylation of lactone (1) 
with very weak methanolic sodium methoxide. 
This reaction helps to relate the structure of 
lactone (1) to that of acid (5) and also to confirm 
that the lactone ring is attached at C-4". 

The structure of acid (5) is thus firmly estab- 
lished and is similar to that of lactone (1) except 
that in 5 the carboxyl group is free whereas in 1 
it is combined with OH-4" to form the large 
lactone ring. Acid (5) is also similar in structure 
to the 6',6"-di-0-acetyl-P-sopl~oroside of 13- 
hydroxydocosanoic acid which is produced by 
another yeast, Candida bogoriensis (20). We can 
speculate that 5 is probably produced first and 
that part is then converted to lactone (1). 

Comparison of Acetobronlinolysis Reactions of 3 
and 8 

When the heptaacetate ester (8) was subjected 
to acetobrominolysis, a-acetobromosophorose 
was obtained confirming that acid (5) was a so- 
phoroside. However, the reaction proceeded 
much more slowly than it did with lactone hexa- 
acetate (3). We attempted to follow the reaction by 
measuring the change in rotation as the laevo- 
rotatory P-sophoroside was converted to the 
more dextrorotatory a-bromo derivative. As 
shown in Table VIII a fairly rapid rise in rotation 
occurred but the rotation of 8 changed much 
more rapidly than that of 3. 

CHEMISTRY. VOL. 46, 1968 

TABLE VIII 
Changes in specific rotation during 
acetobrorninolysis of lactone hexa- 
acetate (3) and methyl ester hepta- 

acetate (8) 
--- 

Specific rotations* 

Compound 

Time (h) 3 8 

Lindberg (21) has shown that P-glucosides of 
secondary alcohols are rapidly converted to cl 

anomers in acetic anhydride - acetic acidmixtures 
containing sulfuric acid. We were able to show 
that a anomers were produced from 3 and 8, 
under acetobrominolysis conditions by following 

FIG. 2. Changes in the nuclear magnetic resonance 
spectrum of 3 during acetobrominolysis. 
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1 the reaction with the n.m.r. spectrometer. Figure 2 
shows the spectral changes occurring during the 

I reaction of 3. The prominent doublet at 4.48, due 
to H-1', disappears slowly, and after 7 h is about 
one quarter of the original size. However, the low 

I field doublet at 6.47, due to H-1' of 10, is scarcely 
1 

visible at this stage. After 30 h this signal is fairly 
prominent and after 96 h a small doublet a t  6.62, 
probably due to H-1 ' of 16, has also appeared. 

The spectrum obtained during acetobromin- 
olysis of 8 showed that inversion also occurred 
but more rapidly than with 3, in agreement with 
the results of Table VIII. The H-1' doublet dis- 

I appeared in 2 h, but the signal due to H-1' of 13 
was not visible until 3 days later. Even at  7 days 

I 
the size of this signal indicated the conversion of 

I no more than 25% of 20 to 13. The yield of 13 

I actually isolated from such an experiment was 
20%. The slow formation of 13 is similar to the 

I results obtained on acetobrominolysis of the 

i 
sophoroside from C. bogorierzsis (20). 

When 3 was treated with 3 %hydrogen bromide 
in acetic acid for 7 h, the n.m.r. spectrum of the 
isolated product indicated that about 70% of 3 
had been inverted to 19. Compound 19 was much 
less soluble than 3 and could be isolated by 
crystallization (about 40% yield from 3). The 
structure of 19 followed from the relatively high 
positive specific rotation and the i1.m.r. spectrum. 

I The splitting of the H-2' signal (J,.,,, 3.5 c.p.s.) 
I suggested that H-I' was equatorial (15). The 

I H-1' signal was obscured by the signals of H-2", 
etc., but as expected for an equatorial proton (17) 

I it was clearly at lower field than the axial H-1' of3 
I 

(4.45). Also the signal of H-3' appeared at low 
1 field due to deshielding by the axial oxygen at  
i C-1' (15). A 2-4 % yield of 19 was also obtained 

from the 4 day acetobrominolysis reaction of 3 ) during the preparation of 10. 

I I 
-- co ( C H 2 ) ~ ~  

19 

The heptaacetate methyl ester was completely 

inverted to  20 after 2 h. This product also had a 
large positive rotation. The n.m.r. spectrum of20 
was also in agreement with the proposed structure 
though the H-2' signal was obscured by the 
methoxyl signal. Deacylation gave the a-so- 
phorosyl methyl ester (21). The n.m.r. spectrum 
of (21) (pyridine) had a signal for equatorial H-1' 
at 5.53 (J,,,,. 4 c.p.s.). 

Thus both 3 and 8 undergo anomerization 
before acetobrominolysis though 8 is inverted 
more rapidly than 3. However, acetobrominolysis 
of 3 is much faster than acetobrominolysis of 8. 
We assume that the attachment of the fatty acid 
carboxyl to C-4", forming the large lactone ring, 
in some way favors cleavage at C-1'. Aceto- 
brominolysis at C-1" also occurs slowly with 
both compounds. The spectrum of the reaction 
of 8, after 7 days, suggested that acetobromo- 
glucose was being formed at half the rate of aceto- 
bromosophorose, The mechallisms of the ano- 
merization and acetobroiniilolysis reactions are 
being investigated. 

Experimental 
Nuclear magnetic resonance (n.m.r.) spectra were 

measured at 100 Mc.p.s. using a Varian HA-100 spec- 
trometer. Chemical shifts are in parts per million (p.p.m.) 
from tetraniethylsilane (internal standard). Unless other- 
wise stated specific rotations were measured a t  25' in a 
1 dm cell using a Perkin-Elmer model 141 polarimeter. 

Silicic acid (Bio-Sil A from Bio-Rad Laboratories, 
Richmond, California) was used for silicic acid column 
chronlatography. Silica gel G was used for thin-layer 
chromatography (t.1.c.). Thin-layer chromatography was 
used to examine fractions from column chromatography 
and from crystallizations. Chloroform containing 10-20 % 
of methanol was the solvent for separations of 1,2,6,7,15, 
and 21 ; 1 % acetic acid was added when 5 was examined. 
Diethyl ether was used as solvent in separations of the 
other conlpounds. 

Standard grade Whatman cellulose powder was used 
for cellulose column chromatography. T h e  Following 
solvents were used as mobile phase: 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 c
dn

sc
ie

nc
ep

ub
.c

om
 b

y 
N

at
io

na
l R

es
ea

rc
h 

C
ou

nc
il 

of
 C

an
ad

a 
on

 0
9/

13
/2

3



3346 CANADIAN JOURNAL OF CHEMISTRY. VOL. 46, 1968 

Solvent a :  benzene - ethanol - water (10: 1 :trace, v/v). 
Solvent b: benzene - ethanol - water (7: 1 :trace, v/v). 
Solvent c: benzene -ethanol - water (5 : l :trace, v/v). 
Solvent d :  benzene - ethanol - water (3: 1 :trace, v/v). 
Solvent e: 11-butanol $saturated with water. 
Solvent f: 11-butanol 4 saturated with water. 

Paper chromatograms were developed using Whatman 
No. 1 paper, tr-butanol -ethanol - water (40: 11 : 19, 
v/v/v) as solvent, and p-anisidine hydrochloride or silver 
nitrate - ammonia as spray reagents where appropriate. 

Gas-liquid chromatography (g.1.c.) was carried out 
using an apparatus of conventional design with thermal 
conductivity detectors. The ethylene glycol succinate 
column described previously (22) was used in the analysis 
of the niethylated methyl glucosides. Oxidation fragments 
(after acetylation) were analyzed using a 6 ft x Sin, copper 
column packed with silicone SE-30 on 60-80 mesh acid 
washed Celite (1:9 w/w). The temperature was pro- 
grammed from 150-250" at 8" per min, the flow rate was 
50 nil helium per min. Tests with mixtures of pure com- 
ponents showed that the detector response was on a weight 
basis (22). A short silicone column (22) was also used in 
preliminary analysis of fragments. 

Glycolipirl Prod~~ciiorr 
In a typical fermentation, strain 325-66 of Tor~rlopsis 

apicola was used. The medium was glucose (lo%), yeast 
extract (1 %), and urea (0.1 %). Medi~~nl  (3 1 in 5 1 fer- 
mentors) was inoculated and one day later addition of 
octadecane was begun (35 g on each of 3 subsequent days). 
The medium was agitated at 400 r.p.m. a t  22" with an air 
flow of 1 l/min/fern~entor. The fermentation time was 
4 days after the first addition of octadecane. Six fermentors 
were used and the total weight of octadecane added was 
630 g. The contents of the fermentors were extracted with 
ethyl acetate and worked up as described previously (2), 
the yield of crude glycolipid was 712 g. 

Isolaiiotr of Laciotles (1) atrd (2) 
The above product was taken up in ethanol (3.5 I) and 

kept at 23" for 4 days and then at 12' for 2 days after 
which the crystalline lactone (307 g) was filtered off. 
Crude lactone (10 g) was hydrogenated in ethanol (200 ml) 
over palladiunl charcoal (5 "/,, 0.5 g) for 1 h and hydrogen 
(51 ml corresponding to about 15 % of mono-unsaturated 
material) was taken up. The product was chromatographed 
on a column of silicic acid (250 g); lactone (1) (7.4 g) was 
eluted with chloroforni-methanol (98:2) (4 1) and lactone 
(2) (1.5 g) was eluted with chloroform-methanol (96 : 4) 
(2 1). The remainder of the material on the colunin (1.4 g), 
which was slowly eluted with the same solvent, appeared 
(t.1.c.) to be acid (5). Lactone (1) was crystallized from 
ethanol and had m.p. 104-106" and [a]D2' - 8.2" (c, 5.6 in 
chloroform). 

Anal. Calcd. for C3,H,,Ol4: C, 59.11; H ,  8.46. Found: 
C, 58.84; H, 8.35. 

The saponification equivalent was 230.3 (calcd. 230.27); 
1.96 moles of acetic acid were obtained per mole of 1. 
The niolecular weight (osometric in acetone) was 690 
(calcd. 690.8). 

Nuclear niagnetic resonance (acetone-dG): terminal 
CH3 1.2 (doublet); methylene chain, 1.34; acetoxyl, 2.00, 
2.03; a-CH2, 2.33; glucose ring protons, 3.15-3.85; H-6", 
4.11; H-6',4.24;H-1', 4.45; H-lJ',4.61; H-4",4.88. 

Nuclear magnetic resonance (pyridine): methylene 
chainand terminal CH3, 1.37; acetoxyl, 1.92, 1.99; a-CH,, 
2.32; glucose ring protons, 3.654.25; H-6", 4.42; H-6' 
and H-1', 4.604.86; H-I", 5.08; H-4", 5.43. 

Lactone (2) was crystallized from acetonitrile and had 
m.p. 89-91" and [aIDz5 - 13.6" (c, 2.0 in chloroform). 

Anal. Calcd. for C32H56013: C, 59.24; H, 8.70. Found: 
C, 58.98; H, 8.44. 

The saponification eq~~ivalent was 322.36 (calcd. 
324.38); 1.03 moles of acetic acid were obtained per mole 
of (2). 

Nuclear magnetic resonance (acetone-(IG): similar to 
that of (1) but only one acetoxyl at 2.03 ; H-6", 4.14; H-1', 
4.48; H-I", 4.66; H-4", 4.90. 

Nuclear niagnetic resonance (pyridine): acetoxyl at 
2.00; H-6", 4.43; 13-l', 4.73; H-l", 5.10; H-4", 5.45. 

Preparaiiotl of He.unaceiaie (3) 
Lactone (1) (2 g) was dissolved in acetic anhydride 

(5 ml) and pyridine (5 nil) and kept overnight. The re- 
agents were taken off at 40" and the residue was crystallized 
from ethanol to give (3) (2.1 g) with m.p. 108-109" and 

- 7.6" (c, 2.2 in chloroform). 
Anal. Calcd. for C42H66Ol8: C, 58.73; H, 7.74. Found: 

C, 58.90; H, 7.71. 
Nuclear magnetic resonance (acetone-d6) (fatty acid 

protons omitted): acetoxyl, 1.93, 1.95, 1.98 (6 protons), 
2.04, 2.08; H-2', 3.65 (quartet, J1,,2, = 7.5 c.P.s., J2p,3. 
= 9.0c.p.s.); H-5', H-5" 3.65-3.97; H-6', H-6", 3.97- 
4.35; H-1', 4.58 (J1..2, = 7.5c.p.s.); H-I", H-2", H-3", 
H-3', H-4", H-4', 4.74-5.34. 

Lactone (2) was acetylated in the sanie way and gave 
the same hexaacetate (3) with n1.p. 108" which did not 
depress the melting point of the above conipound. The 
n.nl.r. spectra and the X-ray powder photographs of the 
two compounds were indistinguishable. 

Preparaiiorl of Teivaphenyl~rreil~atre (4) 
Lactone (1) (1.0 g) was refluxed in pyridine (6 ml) with 

phenyl isocyanate (0.8 ml) for 24 h. After renioval of the 
pyridine the residue was extracted with ether, the ether 
was taken off, and the product crystallized from aqueous 
ethanol to give 4 (1.0 g). The rnelting point was 232" and 
[aIDZ5 was +2.6" (c, 1.9 in chlorofornl). 

Anal. Calcd. for C62H7801sN4: C ,  63.79; H, 6.74. 
Found: C, 63.92; H ,  6.76. 

Preparaiiott of Methyl Ester (7) 
Lactone (1) (2.0 g) was refluxed with methanolicsodiun~ 

methoxide solution (25 ml, 0.022 N) for 1 h, the solution 
was neutralized with acetic acid, and the methanol taken 
off. The residue was crystallized from methanol and then 
from methanol-water (1 : 3) to give 7 (1.6 g) as fine needles 
with m.p. 148.5-149.5' and [aID2' - 17.6" (c, 4.0 in 
pyridinej. 

Anal. Calcd. for C31H58013: C, 58.28; H, 9.15. Found: 
C, 58.24; H, 9.19. 

Nuclear magnetic resonance (pyridine): H-1', 4.84; 
H-1". 5.14. 

~ e t h ~ l  ester (7) (1.0 g) was acetylated with acetic an- 
hydride and pyridine. The reagents were removed and the 
product crystallized from ethanol at - ISo to give the 
methyl ester heptaacetate (8) (1.1 g). The n1.p. was 52.5- 
53.5" and [ffIDZ5 was - 8.2" (c, 2.0 in chloroform). 
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TULLOCH ET AL.: STRUCTURE OF SOPHOROSl 

Anal. Calcd. for C,,H7,0Zo: C, 57.92; H, 7.78. Found: 
C .  57.70: H. 7.64. 

Nuclear magnetic resonance: H-1', 4.71 (pyridine), 
4.61 (acetone-&), 4.46 (deuteriochlorofor~n). 

Glycol Cleavage Reactiotrs of Lactotle ( I )  
I Cotlclitiotls for Detertt~itzatrot~ of Reactiotl Rates 

Oxidations with sodium periodate were carried out in 
t-butanol-water (1 :2) because 1 IS insoluble in water. 
Aqueous t-butanol was used in periodate oxidation of 

I glycolipids by Smith et nl. (23) and in permanganate- 

1 
periodate oxidations of lipids by von Rudloff (24). A five- 
fold excess of periodate was used and the rate was followed 

1 
by the method of Neumuller and Vasseur (25). 

Oxidations with lead tetraacetate in acetic acid in the I 
presence of potassium acetate were carried out by the 

I method of Perlin (7). and with lead tetraacetate ~n pyridine 
by the method of Goldschmid and Perlin (9). A threefold 

I to fivefold excess of oxidant was used. 
I Products of O~idation ofLactot1e ( I )  ~ortll 

Lend Tetrnncetnte it1 Acetic Acicl 1 Lactone (1) (1.0 g) was added to a solution of lead 
tetraacetate (2.0 g) and potassiun~ acetate (2.0 g) in acetic 
acid (200 ml) and the solut~on kept at room temperature 
for 24 h when 0.92 moles of oxidant per mole of 1 had been 

I consumed. A solution of oxallc acid (1.0 g) ~n acetic acid 
(30 ml) was added and the mixture stirred for 30 min, the 
precipitate was filtered, the solvent ~emoved, and the 
residual gum extracted with chloroform. After removal of 
the chloroforn~ the product was reduced with sodium 
borohydride in nlethanol; after 2 h the mixture was 
acidified with acetic acid and the solvent taken OR. Water 
was added and the reduction product extracted with ethyl 
acetate. After removal of thesolvent the residue (0.8 g) was 
refluxed overnight with methanolic hydrogen chloride 
(5%). A c ~ d  was neutralized with silver carbonate, the 
methanol taken off, and methyl 17-hydroxystearate 

I (0.25 g) was extracted with hexane. 
The mixture of polyols (0.5 g) was chromatographed on 1 a cellulose column; elution with solvent n (5 1) gave D- 

glyceraldehyde dimethyl acetal (identified by paper chro- 

I n~atography). Elution with solvent b (3.5 1) gave glycerol 
(0.13 g) which was converted to the tris-p-nitrobenzoate 

I with n1.p. and mixed n1.p. 199-200" (26). Elution with 
solvent d (3 1) gave methyl a-D-glucopyranoside (0.27 g) 

1 which crystallized from ethanol with n1.p. and mixed 
m.p. 172-173". 1 The borohydride reduction product obtained from 
another oxidation was methylated twice with methyl 

I iodide and s~lver oxide and the product refluxed with 
I methanolic hydrogen chloride for 18 h. Analysis of the 
I methylated methyl glucosides, so obtained, by g.1.c. (27) 
1 showed only methyl 2,3,4,6-tetra-0-methyl-a,(3-D-gluco- 

pyranosides. 
Isolatiot~ of2-O-(3-~-Glltcopyrat1osyl-g/yce,.olfrt the 

Prodrcts o j  Periodate Oxidation of Lnctotre ( I )  
Lactone (1) (1.52 g) was dissolved in 0.04 M sodium 

periodate in 33 % t-butanol-water (70 ml), after 6 h 0.79 
moles of oxidant per mole of 1 had been consumed and 
after 22 h 0.94 moles had been consumed. Water (200 ml) 
was added and the mixture extracted four times with ethyl 
acetate. Removal of the ethyl acetate gave the brittle 
resinous oxidation product, which was reduced with 
sodium borohydride and worked up as before. The reduc- 

IDES OF 17-HYDROXYOCTADECANOIC ACID 3347 

tion product was dissolved in dioxan (25 ml) and 0.01 N 
sulfuric acid (85 ml) added to  give a pH of 2.0. After heat- 
ing on a steam bath for 1 h, the mixture was extracted with 
ethyl acetate to give crude 17-hydroxystearic acid (0.60 g), 
which was refluxed overnight with 4 %  methanolic hy- 
drogen chloride. The mixture was poured into water and 
extracted with hexane. The aqueous layer was neutralized 
with silver carbonate and the water taken off. The residue 
(0.06 g) which appeared to  be a mixture of q(3-methyl 
glucosides, glycerol, and at  least two unidentified com- 
ponents (from paper chromatography), was probably 
derived from unoxidized 1 and unhydrolyzed oxidation 
product. The hexane extract was a mixture of methyl 17- 
hydroxyoctadecanoate (n1.p. and mixed n1.p. 53-55") 
and octadecane-1, 17-L-diol (resulting from sodium boro- 
hydride reduction of the fatty acid ester linkage). The 
diol was separated by crystallization from carbon tetra- 
chloride and had m.p. 77-78" which was not depressed by 
admixture with authentic diol obtained by lithium alu- 
minium hydride reduction of methyl 17-L-hydroxyocta- 
decanoate. 

The aqueous portion, left after ethyl acetate extraction 
was neutralized with barium carbonate, water and dioxan 
taken off, and the residue dissolved in water and  reduced 
with sodium borohydride. Acetic acid was added, the 
solution shaken with Arnberlite IR-120 and filtered, water 
was removed, and methanol added and removed three 
times. The clear syrupy residue (0.68 g) was chromato- 
graphed on a cellulose column. Elution with solvent b 
(2 1) gave glycerol (0.12 g) which gave a tris-p-nitro- 
benzoate with n1.p. and mixed m.p. 196-199". Elution 
with solvent e gave a tetritol fraction (0.009 g) (according 
to paper chron~atography). Elution with solvent f (1.2 1) 
gave a mixture of 2-0-(3-D-glucopyranosyl-glycerol and 
sorbitol (0.24 g) from which insoluble glucosyl-glycerol 
(0.15 g) was obtained by treatment with hot ethanol. The 
mother liquors (0.09 g) were acetylated and analyzed by 
g.l.c., using the short silicone column. Sorbitol hexa- 
acetate and glucosyl-glycerol hexaacetate were present and 
had r e l a t i~~re t en t ion  times of 1.0 and 4.7, respectively. 
The analvsis indicated that the mother liauors contained 
glucosyl-glycerol (0.04 g), giving a total of (0.19 g), and 
sorbitol (0.05 g). After crystallization from methanol the 
glucosyl-glycerol had m.p. 167-169" and [aIDZ5 -29.9' 
(c, 0.9 in water), the mixed m.p. with a n  authentic 
sample (28) of n1.p. 168-170" was 167-169" (lit. (29) gives 
m.p. 165" and [aIDz0 -30.1"). 

P r o d r ~ t s  of Oxidntiot~ of ( I )  with Lead Tetraacetate it! - . .  
~yridit lk 

Lactone (1) (2.0 g) was dissolved in pyridine (450 ml), 
which contained 34.6 umoles of lead tetraacetate per ml. 
and the solution kept at 0" for 45 min.   he consumption of 
oxidant was 2.1 moles per mole of 1. A solution of oxalic 
acid in pyridine was added, the mixture allowed to stand 
for 1 h and then filtered. Pyridine was removed and the 
residue reduced with sodium borohydride and worked up 
as before to  yield a viscous gum (1.75 g). T h e  product 
obtained after acid methanolysis, neutralization with 
silver carbonate, and removal of methanol was extracted 
with hexane to give methyl 17-hydroxystearate (0.6 g). 
Hexane insoluble material (1.2 g) was chromatographed 
on a cellulose colun~n. D-Glyceraldehyde dimethyl acetal 
(0.18 g) was eluted with solvent a (1.6 I), the bis-p-nitro- 
benzoate had n1.p. 108-109" and [aIDZ5 $52.0" (c, 0.7 in 
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chloroform), the mixed m.p. with authentic D-glycer- 
aldehyde dimethyl acetal bis-p-nitrobenzoate was 108.5- 
109.5". The authentic compound had m.p. 109-110" and 

+55.8' (c, 1.0 in chloroform), (lit. (30) gives m.p. 
107-108" and [a]D1' + 71 .To). 

Glycerol (0.21 g) was eluted with solvent b (5 I), and 
gave a tris-p-nitrobenzoate with m.p. and mixed m.p. 
199-200". A mixture of tetritols and a, P-D-glucopyrano- 
sides (c, 3: 1 by g.1.c. of acetates) (0.27 g) was eluted with 
solvent c. This fraction was acetylated and the tetritol 
acetates separated from those of the methyl glucosides by 
preparative g.1.c. (short silicone column). Analysis by 
g.1.c. with an ethylene glycol succinate column (22) showed 
that erythritol tetraacetate (relative emergence time 1.00) 
and threitol tetraacetate (relative emergence time 1.22) 
were present in equal amounts. The mixture of acetates 
had [aIDZs + 15" (c, 1.1 in ethanol) (lit. (31) gives [ct]D2S 
- 32" for L-threitol tetraacetate (c, 4.0 in ethanol)). 

Erythritol tetraacetate crystallized from a solution of 
the mixture in ethanol and had m.p. and mixed m.p. 85". 

Preparation of 2'-0-(4"-0-(17-L-Acetoxyoctadecat~oyl)- 
2",3",6"-tri-0-acetyl-~-~-glrrcopyranosyl)-3',4'-6'- 
tri-0-aceryl-a-D-glucopyranosyl Bromide (10) 

Compound (3) (10 g) was dissolved in acetic acid (180 
ml) and 30% hydrogen bromide in acetic acid (20 ml) was 
added; after 4 days at 23" the mixture was poured into ice 
water and extracted with methylene chloride. The extract 
was washed with water and dried over sodium sulfate. 
The solvent was removed, the residue taken up in ether 
(100 ml), hexane (100 ml) added, and the mixture kept at 
0" when the acetobromosophorose derivative (10) (5.5 g) 
crystallized. After recrystallization from ethyl acetate it 
had m.0. 127-128" and Ialnz5 +65.6' (c. 2.2 in chloro- 

Compound (10) (1.3 g) was dissolved in methylene 
chloride (10 ml), and methanol (25 ml) and silver carbon- 
ate (1.3 g) were added and the mixture shaken for 2 days. 
Methylene chloride was added and silver salts removed by 
filtration. The solvent was taken off, leaving crude (12) 
(0.9 g) which was chromatographed o n  silicic acid. Elution 
with chloroform-hexane (1 : 1) gave 12 (0.63 g). After 
crystallization from ether-hexane (1 :4) the m.p. was 
65.5-66.5" and [aIDz5 was -4.0" (c, 1.0 in chloroform). 

Nuclear magnetic resonance (deuteriochloroform): 
terminal CH3, 1.19; CH2, 1.28; acetoxyl 1.96-2.09; a-  
CHZ, 2.74; OCH3, 3.52; H-2', 3.65 (J1r,2, 7.75 c.P.s.); 
H-6' and H-6", 3.984.32; H-1', 4.39 (Jl,,zt 7.75 c.p.s.); 
H-3', H-4', H-1", H-2", H-3", H-4", H-17,4.68-5.26. 

Anal. Calcd. for C45H72020: C, 57.92; H, 7.78. Found: 
C, 57.84; H, 7.84. 

Metl~yl a-Sophoroside (15) frottz 12 
Compound (12) (0.43 g) was refluxed with methanolic 

sodium methoxide (0.022 N; 40 ml) for 4 h and the solu- 
tion acidified with acetic acid. After removal of the 
methanol the residue was distributed between hexane and 
water. The hexane extract yielded methyl 17-L-hydroxy- 
octadecanoate (0.15 g). Crystallization from hexane gave 
the ester (0.1 g) with m.p. 52-54"; the m.p. after ad- 
mixture with authentic ester was 53-55" (2). 

The aqueous extract was shaken with Amberlite IR-120 
and the water removed. Crystallization of the residue 
(0.14 g) from ethanol-water gave (15) (0.08 g) which had 
m.p. 198-200" and [aIDZs -30.4" (c, 1.1 in water). The 
m.p. was not depressed by admixture with 15, prepared as 
described below. The mother liquors from the above 
crystallization were acetylated giving heptaacetate 14. 
The m.p. and mixed m.p. was 126-128". 

form). Nuclear magneticLr&onance (deuteriochloroform) 
(assigned signals only) : terminal CH3, 1.19; CH2, 1.26; Synthesis of 2-0-(2',3',4',6'-Tetra-0-acetyl-13-D-glrrco- 

acetoxyl, 1.93-2.10 (7 singlets); H-2', 3.78 (quartet, J,.,,. pyrat2osyl) -3,4,6-tri-0-acetyl-a-D-ficopymosyl 

4 c.P.s., J2, ,3,  9.5 c.P.s.); H-6', H-6", 4.0-4.44; H-1", Bromide (13) 

4.69 (Jl,,,z,, 7.5 c.P.s.); H-3', 5.46 (triplet JZ.,3, 9.5 c.P.s.); p-Sophorose octaacetate (1.0g) (I) was dissolved in 

H-l', 6.44 (Jl,,2,, 4c.p.s.). acetic acid containing 3 % hydrogen bromide (20 ml) and 

Anal. Calcd. for C44H,,0,,Br: C, 53.82; H, 7.08. allowed to stand for 24 h. Large crystals of 13 (0.65 g) 

Found: C, 53.42; H, 6.94. which had separated were filtered off. The filtrate was 
poured into water, extracted with methylene chloride, 

Preparation of 2'-0-(4"-0-(17-L-Acetoxyoctadecanoyl)- 
2",3",6"-tri-0-acetyl-~-~-glucopyrat10syl) - 
1',3',4',6'-tetra-O-acetyl-~-~-g~~~copyrat1ose (11) 

Compound (10) (1.0 g) was dissolved in acetic acid 
(20 ml), silver acetate (I .O g) added, and the mixture shaken 
for 2 days. After addition of methylene chloride, silver 
salts were filtered and the solvents removed. When the 
crude product (0.9 g) was chromatographed on a silicic 
acid column elution with chloroform-hexane (I : 1) gave 
11 (0.37 g). After crystallization from ether-hexane (1 :2) 
the m.p. was 79-80" and [aIDz5 -3.3" (c, 1.2 in chloro- 
form). 

Nuclear magnetic resonance (deuteriochloroform): 
H-2', 3.8 (quartet J,.,,. 7.75 c.p.s.); H-1", 4.62 (Jl.,,2,. 
7.75 c.P.s.); H-1', 5.66 (J1,.2, 7.75 c.P.s.). 

Anal. Calcd. for C46H72021 : C, 57.49; H, 7.55. Found: 
C, 57.15; H, 7.45. 

Preparation of Methyl 2'-0-(4"-0-(I 7-L-Acetoxyocta- 
decanoy1)-2",3",6"-tri-0-acetyl-13-D-glucopyran- 
osy~)-3',4',6'-tri-0-acetyl-~-~-g~ucopyranoside (12) 

and worked up as in the preparation of 10, giving afurther 
quantity of 13 (0.2 g). The m.p. was 191-194" (lit. (14) 
195-197"). 

Nuclear magnetic resonance (deuteriochloroform): 
acetoxyl, 1.98-2.12 (7 singlets); H-2, 3.78 (Jlb2 4 c.p.s., 
J 2 , S  9 c.P.s.); H-l', 4.70(Jl,,2, 7.75c.p.s.);H-3, 5.48(Jz,3 
9 c.P.s.); H-l,6.45 (J1.2 4 c.P.s.). 

Synthesis of Metf~yl 2-0-(P-D-glucopyranosyl)-[3-D- 
glucopyranoside (15) 

a-Acetobromosophorose (13) (0.8 g )  was dissolved in 
rnethylene chloride and allowed to react with methanol in 
the presence of silver carbonate as described in the prepa- 
ration of 12. The heptaacetate (14) (0.46 g) so obtained was 
crystallized from ethanol giving methyl 2-0-(2',3',4',6'- 
tetra-O-acetyl-~-~-glucopyranosyl)-3,4,6-tri-O-acety~-~- 
D-glucopyranoside (14). The m.p. was 127-128" and 
[a]DZ5 t0 .3"  (c, 6.6 in chloroform). 

Nuclear magnetic resonance (deuteriochloroform): 
acetoxyl, 1.97-2.08; OCH3, 3.54; H-2, 3.65 (Jlb2 7.75 
c.P.s.); H-l,4.38 (J1.Z 7.75 c.P.s.) 
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Anal Calcd. for CZ7H38018: C, 49.84; H, 5.89. Found: 
C, 49.94; H, 5.93. 

Compound (14) (0.35 g) was deacylated as before giving 
15 (0.20 g). The product was crystallized from ethanol- 
water (10: 1); m.p. 20&202", [ c ( ] D ~ ~  -29.4' (c, 1.1 in 
water); (lit. (16) 189-190", and [aID -28" (c, 0.2 in water)). 

Nuclear magnetic resonance (pyridine): OCH,, 3.50; 
H-1, 4.66; H-l', 5.26. 

Preparation of 14 by Koenigs-Knorr Reaction 
Methyl 3,4,6-tri-0-acetyl-p-D-glucopyranoside (0.22 g) 

(32) was dissolved in nitromethane (0.9ml), mercuric 
cyanide (0.17 g) and a-acetobromoglucose (0.28 g) were 
added, and the mixture was shaken for 24 h. Benzene (2 ml) 
was added and insoluble salts filtered off. Solvents were 
evaporated and the residue chromatographed on silicic 
acid. Elution with cliloroform gave an unidentified gum, 
and elution with chloroform-ether (4:l) gave 14 (0.11 g). 
After crystallization from ethanol the m.p. was 128" and 
was not depressed by admixture with previously prepared 
14. The n.m.r. spectrum was indistinguishable from that 
of 14 prepared from e-sophorose octaacetate. 

Isolation of l6fr.0111 Acetobron7i11olysis of 3 
After separation of bromo-derivative (10) solvent was 

removed from the mother liquors and the residue dis- 
solved in acetic acid (60 ml) and shaken with silver acetate 
(2.0 g) for 18 h. Methylene chloride was added, and silver 
salts filtered off to yield a viscous gum (4.84 g) which was 
chromatographed on silicic acid (100 g). Elution with 
hexane-chloroform (3 : I) yielded first unidentified material 
(0.24 g) (the n.m.r. spectrum showed that it was not 17), 
followed by a fraction (0.71 g) which after rechroniatog- 
raphy and crystallization from ether-hexane (3: 1) gave 
compound (16) (0.41 g). The melting point was 63-64" and 
was not depressed by admixture with synthetic material; 
[aIDZ5 -0.24" (c, 8.2 in chloroform). The n.m.r. spectrum 
and X-ray powder photograph were indistinguishable 
from those of the synthetic sample. The n.m.r. spectrum 
of material recovered from the mother liquors of the above 
0.41 g showed them to consist of impure 16. 

Isolatior~ of a-Lactor7e Hexaacetate (19) from 
Acetobromir~olysis of 3 

Column chromatography of the products from the 
mother liquors was continued. Elution with hexane- 
chloroform (1 : 1) gave a semisolid fraction (0.69) which on 
crystallization from ethanol gave a-lactone hexaacetate 
(19) (0.22 g), m.p. 153.5-154.5", [ci]DZ5 +42.0° (c, 2.1 in 
chloroform). 

Nuclear magnetic resonance (deuteriochloroform): 
terminal CH,, 1.22; CH,, 1.28; acetoxyl, 1.98, 2.00 (6 
protons), 2.02, 2.05,2.08; K H z ,  2.30; H-2', 3.68 (quartet 
J13,2,, 3.5 c.p.s., Jz , , , .  9 c.P.s.); H-5', H-5", 3.60-3.95; 
H-6', H-6", 3.96-4.34; H-1", 4.68 (J,j.,z,. 7.75 c.P.s.); 
H-l', H-4', H-2", H-3", H-4", 4.80-5.24; H-3', 5.38 
(triplet). 

Anal. Calcd, for C42H66018: C, 58.73; H, 7.75. Found: 
C, 58.95; H, 7.70. 

Finally elution with chloroform gave a fraction (1.62 g) 
which appeared from its n.m.r. spectrum to be impure 11. 

Preparation of 17-L-Acetoxyoctan'ecat~oyl Cl~loride 
17-L-Hydroxyoctadecanoic acid (16 g) was acetylated 

at room temperature for 18 h with acetic anhydride 

(50 ml) and pyridine (50 ml). The reagents were removed 
and the resulting 17-acetoxyoctadecanoic anhydride (the 
i.r. spectrum (film) showed anhydride C =  0 bands at 
1805 and 1730 cm-I (overlaps acetoxyl carbonyl at 
1725 cm-I) but no acid carbonyl at 1700 cm-') was dis- 
solved in thionyl chloride (32 ml) and kept overnight. 
Excess reagent was taken off and the product was distilled 
giving thedesired acid chloride (14.0 g), b.p.10.05 mm 132", 
[aIDZ5 t-0.93" (c, 5.0 in chloroform). 

Anal. Calcd. for CzoH3703CI: C, 66.54; H, 10.33. 
Found: C, 66.49; H, 10.19. 

Synthesis of 4'-0-(17-L-Acetoxyoctadecanoyl)-1',2',3',6'- 
tetra-0-ncetyl-13-D-glucopyranose (16) 

The above acid chloride (4.12 g) in methylene chloride 
(40 nil) was added to a solution of 1,2,3,6-tetra-0-acetyl- 
e-D-glucopyranose (4.00 g) (18) in methylene chloride 
(100 ml) and pyridine (2 ml). The mixture was kept over- 
night at room temperature and then refluxed for 2 h. The 
solution was washed with water, dried, solvent taken off, 
and the product chromatographed on a silicic acid column. 
Elution with hexane-ether (9: 1) gave compound (16) 
(4.9 g), which was crystallized from hexane-ether. The 
n1.p. was 63-64" and [ c ( ] ~ ~ ~  was -0.32" (c, 10.0 in chloro- 
form). 

Nuclear magnetic resonance (deuteriochloroform): 
terminal CH,, 1.18; CH,, 1.26; acetoxyl in Table VII; 
a-CHZ, 2.26; H-5', 3.7-3.9; H-6', center 4.16; H-17, 4.84 
(multiplet); H-2', H-3', H-4', 4.98-5.36; H-l', 5.72. 

Anal. Calcd. for C3JH56013: C, 60.69; H, 8.39. Found: 
C, 60.50; H,  8.20. 

Synthesis of 6'-0-(17-L-Acetoxyoctadeca~~oyl) -1 ',-2',3',4'- 
tetra-0-ncetyl-(3-D-glrrcopyra~~ose (17) 

Reaction of 1,2,3,4-tetra-0-acetyl-p-D-glucopyranose 
(18) with the acid chloride as described above gave com- 
pound (17). The m.p. was 70" and [aIDZ5 +6.8O (c, 1.0 in 
chloroform). 

Anal. Calcd. for C34H56013: C, 60.69; H, 8.39. Found: 
C, 60.55; H, 8.49. 

Syr~fl~esis of 3'-0-(17-L-Acefoxyoctadecanoy1)-11,2',4',6'- 
tetra-0-acetyl-~-~-g111copyranose (18) 

Reaction of 1,2,4,6-tetra-0-acetyl-b-glucopyranose 
(33) with the acid chloride by the method used to prepare 
16 gave compound (18). The m.p. was 62" (the mixed 
m.p. with 16 was depressed to 58") and [aIDZ5 t-2.4" (c, 
2.0 in chloroform). 

Anal. Calcd. for C34H56013: C, 60.69; H, 8.39. Found: 
C, 60.44; H, 8.30. 

Isolatiorz of Acid (5) from Fermentatior~ Product 
A portion of the mother liquors in ethanol, left after 

crystallization of lactones (1) and (2), was hydrogenated 
over 5 % palladium charcoal. The solvent was taken off and 
crude product (10 g) was chromatographed on silicic acid 
(200 g). Elution with chloroform-methanol (98:2) gave 
crude lactone (1) (3.8 g) which was crystallized from 
ethanol to give l(1.5 g); the material in themother liquors 
appeared to consist of amixture of isomeric lactones (from 
the n.m.r. spectrum). Elution with chloroform-methanol 
(96:4) gave first a mixture of lactones (1) and (2) and acid 
(5) (1.1 g) and next acid (5) (4.0g). Finally a viscous 
gummy material (0.6 g) was eluted which, when examined 
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by t.1.c. had the Rf expected of a sophorosyl hydroxy- 
stearic acid with only one acetate group. Acid (5) could not 
be induced to crystallize but it separated from acetone 
solution at 0' in amorphous lumps with m.p. 107-1 13" and 
[alez5 - 15.2' (c, 1.7 in chloroform). The neutralization 
equivalent was 712.9 (calcd. 708.82). 

Nuclear magnetic resonance (pyridine): CH,, 1.27; 
terminal CH,, 1.36 (doublet); acetoxyl 1.94, 1.96 (2 
singlets); a-CH,, 2.45; glucose ring protons 3.7-4.2; H-1', 
H-6', H-6", 4.45-4.90; H-I", 5.06. 

Anal. Calcd. for C34H60015: C, 57.61 ; H, 8.53. Found: 
C, 57.71 ; H, 8.37. 

Preparation of Methyl Ester (6) 
Acid (5) (1 g) was dissolved in dry acetone (25 ml) and 

a solution of diazomethane in methylene chloride was 
added until the yellow color persisted, just sufficient acetic 
acid to neutralize the excess diazomethane was then added 
and the solvents were removed at room temperature. 
Product (1 g) was chromatographed on silicic acid and 
crystallized from ethanol to give 6 (0.4 g). Like the soph- 
oroside of methyl 13-hydroxydocosanoate (20), ester (6) 
was difficult to recrystallize in good yield. The melting 
point was 105-106" and [aIDz5 -20.5" (c, 1.4 in chloro- 
form). 

Nuclear magnetic resonance (pyridine): CH,, 1.26; 
terminal CH,, 1.36; acetoxyl, 1.94, 1.96; a-CH,, 2.28; 
OCH,, 3.58; glucose ring protons, 3.60-4.20; H-l', H-6', 
H-6", 4.40-4.90; H-1 ", 5.06. 

Nuclear magnetic resonance (dimethyl sulfoxide-d6): 
terminal CH3, 1.08; CH,, 1.26; acetoxyl, 1.99 (6 protons); 
a-CH,, 2.28; glucose ring protons, 2.9-3.6; OCH,, 3.56; 
H-6', H-6", 3.9-4.3; H-1', H-1", 4.32,4.40; OH protons, 
5.00,5.08,5.22,5.34,5.52. 

Anal. Calcd. for C35H62015: C, 58.15; H, 8.65. Found: 
C, 58.31 ; H, 8.49. 

Deacylated Ester (7) from Acid (5) 
( 1 )  Alkaline Metltar~olysis 
Crude acid (containing small amounts of lactone and 

monoacetate) (25 g) was dissolved in methanol (50 ml) and 
treated with diazomethane in ether. Solvents were re- 
moved and the residual methyl esters dissolved in 0.022 N 
sodium methoxide in methanol (200 ml) and refluxed for 
2 h. Acetic acid was added until the solution was neutral. 
The solution was then added to boiling water (600 ml) and 
the product (7) allowed to crystallize. The yield was 14.5 g 
and the m.p. and mixed m.p. with 7 obtained from 
lactone (1) was 146148". 

(2) Acid Methanolysis 
Crude acid (25 g) was dissolved in methanol (200 ml) 

and methanolic hydrogen chloride (4 %, 60 ml) added. The 
solution was kept at room temperature for 18 h and the 
acid neutralized with silver carbonate and the product 
crystallized as before. Compound (7) (18.0 g) with m.p. 
146-148" was obtained. 

Preparation of Ester (6)  from Lactone ( I )  
Lactone (1) (0.53 g) was dissolved in chloroform (50 ml), 

cooled to 0' and mixed with a solution of 0.0022 N sodium 
methoxide (25 ml) also at O". After exactly 8 min at 0" the 
solution was neutralized with acetic acid and the solvent 
removed at room temperature. The product was chro- 
matographed on silicic acid; elution with chloroform- 

methanol (98:2) gave first starting material and then a 
fraction (0.15 g) which was shown by t.1.c. in chloroform- 
methanol (90: 10) to  be pureester (6). Crystallization from 
ethanol gave 6 with m.p. 105-106", the mixed m.p. with 6 
prepared from acid (5) was 105-106". The n.m.r. spectra of 
the two samples of (6) in dimethyl sulfoxide-d6 were 
indistinguishable. 

Optical Rotatory Measurements During Acetobrontinolysis 
of Cornporrrtds ( 3 )  and (8) 

The reading at zero time was calculated from the 
specific rotations of 3 and 8 in acetic acid. 

Compound (3) had [a],'' - 11.4" (c, 5.0 in acetic acid) 
and compound (8) had [aIDz5 -9.2" (c, 5.0 in acetic acid). 
The compound (0.1 1 g) was dissolved in acetic acid (2 ml) 
and 30% hydrogen bromide in acetic acid (0.2 ml) was 
added, themixture was then placed in a 0.5 cm polarimeter 
tube at 25" and the rotation measured at intervals. 

I~zversion of Lactone Hexaacetate (3) 
Compound (3) (1.0 g) was dissolved in acetic acid con- 

taining 3 % hydrogen bromide (20 ml) and kept at 25" for 
7 h. The reaction was worked up as described for the 
preparation of 10. The n.m.r. spectrum of the recovered 
material (0.88 g) was measured in deuteriochloroform and 
the ratio of the H-1" signal of 19 to the H-1' signal of 3 
indicated that about 70 % of 3 had been converted to 19. 
The product was crystallized from ethanol at room tem- 
perature and crude 19 (0.38 g), with m.p. 145-15S0, was 
isolated. Recrystallization gave pure a-lactone hexaacetate 
(19) (0.27 g) with m.p. 154-155". 

Inuersio~z of Heptaacetate (8)  
Compound (8) (1.0 g) was dissolved in acetic acid con- 

taining 3 % hydrogen bromide (20 ml). The solution was 
kept at 25" for 2 hand  then worked up as  above. Removal 
of the solvent gave 20 as a gum (0.81 g),  which had the 
same Rr on t.1.c. as 8, but it could not be induced to 
crystallize. 

Nuclear magnetic resonance (deuteriochloroform) 
showed H-3' at 5.38 (triplet) and H-1" at 4.61; [a],,' 
+ 37.6" (c, 0.5 in chloroform). 

Anal. Calcd. for C45H72020: C, 57.92; H, 7.78. Found: 
C, 58.17; H, 7.72. 

Deacylation of 20 (0.75 g) with sodium methoxide and 
crystallization from methanol gave the a-sophoroside 
(21) (0.41 g); the m.p. was 175-176" and [a],'' f59.2" 
(c, 4.0 in pyridine). 

Nuclear magnetic resonance (pyridine): H-1 ", 5.06 
(J1.t.2p, 7.75 c.P.s.) and H-l', 5.53 (JlP,,, 4.0c.p.s.). 

Anal. Calcd. for C31H58013: C, 58.28; H, 9.15. Found: 
C, 58.24; H, 8.87. 

a-Acetobron~osphorose (13) front 8 
Compound (8) (1.0 g) was treated with 3% hydrogen 

bromide in acetic acid (22 ml), and the solution kept for 
7 days at room temperature and then worked up as before. 
The gummy product (0.89 g) was dissolved in methylene 
chloride (3 ml) and hexane (1 ml) added. a-Acetobromo- 
sphorose (13) (0.15 g, 20%) crystallized and had m.p. 
191-193" (lit. (14), 195-197"). The n.m.r. spectrum 
(deuteriochloroform) was indistinguishable from that of 
authentic 13. 
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Nuclear Magnetic Resonat~ce Spectra of Acetobromitzolysis 
Reactiotls 

The acetobrominolysis reactions of compounds (3) and 
(8) at 25" in 3 % hydrogen bromide - acetic acid were 
followed by n.m.r. spectroscopy. The chemical shift of 
the chloroform proton in acetic acid-d4 was 7.53 p.p.m. 
relative to tetramethylsilane (internal standard). A trace of 
chloroform was added to the reaction mixture and the 
chemical shifts were measured relative to the chloroform 
signal (the acetic acid CH, being used as lock signal). 
The chemical shifts were then calculated relative to tetra- 
methylsilane and were as follows: H-1' of 3,4.48; H-1' of 
8,4.49 (J1T.2.7.75 c.p.s. for both signals); H-3' of 10,5.38; 
H-3' of 20, 5.30; H-1' of 10 and 13, 6.47 (JlZ,,, 4 c.p.s.); 
H-1' of 16 and H-1 of a-acetobromoglucose 6.62 (JlV2 
4 c.P.s.). 
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