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133°; AMOH 266 mu (¢ 11,750); A% br, bonded absorption 3.0-
4.5, 5.92, 6.2-6.3 (br), 7.2, and 7.4 u; nmr in deuterioacetone
7 5.04 (s) ~-CH, 7 8.28 (8) -CHjy; positive ferric chloride test.
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Registry No.—3, 899-79-6; 5, 13865-85-5; 6, 13865-
86-6; 7, 13765-87-7; 8, 13865-88-8; 8a, 517-06-6; 9
(X = Br), 13865-90-2; 9 (X = Cl), 13865-91-3; 9

Anal. Caled for CeHgO,Br:: C, 26.69; H, 2.24; Br, 59.21.
Found: C, 27.45; H, 2.55; Br, 58.79.

(X = FS0,), 13865-92-4; 10, 13865-93-5.

Nuclear Magnetic Resonance Studies on
Acetylated 1-Thioaldopyranose Derivatives'?
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The nrr spectra of the fully acetylated 1-thioaldopyranoses having the configurations 8-p-zylo (1), e-L-arabino
(2), B-D-ribo (&), B-p-gluco (5), and B-D-galacto (6) were determined in chloroform-d, acetone-ds, and benzene-ds.
The H-1 signal in these derivatives appears ~0.35 ppm to higher field than its position in the 1-oxygenated
analogs. The relative chemieal shifts of the various ring protons were sufficiently different in the three solvents
to permit useful conformational and configurational information to be derived by partial first-order analysis of
spectra measured at 60 MHz. Spectral measurements at 100 MHz were required for first-order analysis of the
spectra of the hexose derivatives 5 and 6. First-order analysis of the signals of the methine protons, in the a-1-
arabino derivative 2 (or its p enantiomorph, 3), was not possible at 100 MHz with any of the three solvents; com-
plete first-order analysis was, however, possible when the spectrum was measured at 220 MHz in chloroform-d.
Comparative spectral data are recorded for a series of S-substituted analogs (7-10) of substance 6, and 4,6-di-O-
acetyl-1-S-acetyl-2,3-dideoxy-1-thio-a-p-erythro-hex-2-enopyranose (11) is shown to adopt the HI conformation.

Investigations in this laboratory on the reactions
of thio sugar derivatives with halogens have shown?
that the progress of the reactions can be followed
conveniently by nmr spectroscopy. Acetylated 1-
thioaldose derivatives react with bromine to give
acetylated glycosylsulfenyl bromides,?™® acetylated
glycosyl bromides, and other products, according to
the conditions. The nmr spectra of a range of acet-
vlated aldopyranosyl bromides have been analyzed®
in terms of configurational and conformational factors,
and it has been shown? that these products are readily
detected in the mixtures of substances formed when
1-thioaldose derivatives are treated with bromine
under various conditions.

The present report describes a comparative analysis
of the nmr spectra of a series of acetylated 1-thioaldo-
pyranoses and some related derivatives, at 60, 100,
and, in some cases, at 220 MHz. The results illustrate
the use of solvent effects as an aid in spectral analysis,
for reducing the signals of methine and methylene pro-
tons to patterns that are amenable to first-order
interpretation. Such interpretation is particularly
facile for a proton (or protons) attached to C-5 of the
pyranoid ring, and the derived coupling constants are
especially useful for providing information on confor-
mation and configuration.

(1) Supported in part by the Agricultural Research Service, U. 8. Depart-
ment of Agriculture, Grant No. 12-14-100-7208 (71) (The Ohio State Uni-
versity Research Foundation Project 1827) administered by the Northern
Utilization Research and Development Division, Peoria, Ill. The 60-MHz
nmr spectrometer was provided through a grant from the National Science
Foundation,

(2) Preliminary reports of parts of this work have been given: (a) C. V.
Holland, D. Horton, M. J. Miller, and W, N. Turner, Abstracts, 149th
National Meeting of the American Chemical Society, Detroit, Mich., April
1965, p 1D; (b) D. Horton and M, J, Miller, Carbohydrate Res., 1, 335 (1965).

(8) To whom inquiries should be addressed.

(4) Undergraduate Research Participant, 1964~1965.

(5) R. H. Bell, D. Horton, and M. J, Miller, to be published.

(8) D. Horton and W, N. Turner, J. Org. Chem., 80, 3387 (1965).

Materials

1-Thio-B-p-glucopyranose pentaacetate (5) was pre-
pared from tetra-O-acetyl-a-p-glucopyranosyl bromide
and potassium thiolacetate.® 1-Thio-8-p-galactopy-
ranose pentaacetate (6), 1-thio-g-p-xylopyranose tetra-
acetate® (1), 1-thio-a-L-arabinopyranose tetraacetate
(2), and the o-p analog (3) of 2 were prepared similarly.
Low yields of product were obtained when this pro-
cedure was used to prepare l-thio-8-D-ribopyranose
tetraacetate (4) from tri-O-acetyl-g-p-ribopyranosyl
bromide, and it was difficult to remove an accompanying
side product. Condensation of tri-O-acetyl-B-p-ribo-
pyranosyl bromide with thiourea, to give 2-(2,3,4-
tri-O-acetyl-8-p-ribopyranosyl)-2-thiopseudourea  hy-
drobromide, followed by cleavage of the S-amidino
group by the general procedure of Cerny, Vrkoé, and
Stanek,® with subsequent reacetylation, gave pure 4.
The same route was also used to prepare 2 (an 3%)
by way of 2-(2,3,4-tri-O-acetyl-a-L-arabinopyranosyl)-
2-thiopseudourea. (and its p enantiomorph!®). The
enantiomorphs 2 and 3 had the anticipated opposite
signs of rotation, and were each obtained in two
dimorphous forms, one melting at 39° and the other at
81.5-82°. Melting points of 79°¢ and 80-81° ¥ have
been reported for substance 3. The anomeric con-
figurations assigned to the products are those antici-
pated to result from attack by the sulfur nucleophile
on an intermediate, 1,2 cyelic acetoxonium ion during
the condensation step. Nmr and optical rotatory data
provide firm support for the anomeric assignments.
Each of the products 1-6 showed absorption at 5.85-
5.90 pm in its infrared spectrum, characteristic® of the

(7) J. F. Danielli, M. Danielli, J. B. Fraser, P. D. Mitchell, L. N. Owen,
and G. Shaw, Biochem. J., 41, 325 (1947),

(8) D. Horton and M. L. Wolfrom, J. Org. Chem., 37, 1794 (1962),

(9) M. Gehrke and W. Kohler, Ber., 64, 2696 (1931).

(10) M. Cerny, J. Vrkot, and J. Stantk, Collection Czech, Chem. Commun.,
24, 64 (1959).
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S-acetyl group, in addition to the O-acetyl absorption
near 5.75 um.

Benzyl 2,3,4,6-tetra-0-acetyl-1-thio-8-p-glucopyrano-
side!! (7) was obtained in high yield by treatment of
tetra~-O-acetyl-a-p-glucopyranosyl bromide with po-
tassium a-toluenethioxide in ethanol, followed by re-
acetylation of the product, which was partially saponi-
fied during the condensation. This general procedure,
satisfactory for preparation of 2,3,4,6-tetra-O-acetyl-1-
S-benzoyl-1-thio-g-p-glucopyranose!*!? (8) and tetra-O-
acetyl-g-p-glucopyranosy! ethylxanthate't (9) without
the acetylation step, was unsatisfactory as a prepara-
tive route to i-butyl 2,3,4,6-tetra-O-acetyl-1-thio-3-p-
glucopyranoside (10) when sodium 2-methyl-2-pro-
panethioxide was used even when the product was
reacetylated. Mercaptolysis of 8-p-glucopyranose pen-
taacetate with 2-methyl-2-propanethiol and zine chlo-
ride, by the procedure of Fletcher and co-workers!
gave 10 in good yield. 4,6-Di-O-acetyl-1-S-acetyl-2,3-
dideoxy-1-thio-a-p-erythro-hex-2-enopyranose (11) was
prepared from p-glucal triacetate and thiolacetic acid,
as described by Tejima and co-workers, '

Results and Discussion

The nmr spectraof theacetylated 1-thioaldopyranoses
1-6 were measured at room temperature in chloroform-
d, acetone-ds, and benzene-ds. Substances 2 and 3
gave, as anticipated, identical spectra. All spectra
were determined at 60 and also at 100 MHz. The
low-field portion of the 100-MHz spectrum for each of

(11) W, Schneider, J. Sepp, and O. Stiebler, Ber., 81, 220 (1918).

(12) J. Kocourek, Collection Czech. Chem. Commun., 29, 316 (1964).

(13) W. Schneider and A. Bansa, Ber., 64, 1321 (1931).

(14) W. Schneider, R. Gille, and K. Eisfeld, ibid., 61, 1244 (1928).

(15) H. B. Wood, Jr., B. Coxon, H. W. Diehl, and H. G. Fletcher, Jr.,
J. Org. Chem., 29, 461 (1964).

(16) T.Maki, H. Nakamura, 8. Tejima, and M. Akagi, Chem. Pharm. Bull.
(Tokyo), 18, 764 (1966).
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7 R= CHyPh 11
8 R= Bz
9 R= CSOE!t
10 R= tert—Bu
100 MHz
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Figure 1.—The low-field portion of the 100-MHz spectra of
1-thio-g-p-xylopyranose tetraacetate (1) in chloroform-d, acetone-
de, and benzene-ds.
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Figure 2.—The low-field portion of the 220-MHz spectrum of
1-thio-a-1~arabinopyranose tetraacetate (2) in chloroform-d.

the three solvents, is shown for 1 (Figure 1), 3 (Figure
3), 4 (Figure 4), 5 (Figure 5), and 6 (Figure 6). The
spectrum of 2 in chloroform-d was also measured at
220 MHz, and the low-field portion of this spectrum is
shown in Figure 2. The lowest field portions of the
220-MHz spectra of 1 and 5, in acetone-ds, are shown
in Figure 7, and Figure 8 shows the 220-MH3z spectrum
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Figure 3.—The low-field portion of the 100-MHz spectrum of
1-thio-a-D-arabinopyranose tetraacetate (3) in chlofororm-d,

acetone-ds, and benzene-ds.
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Figure 4.—The low-field portion of the 100-MHz spectrum of
1-thio-g-p-ribopyranose tetraacetate (4) in chlofororm-d, acetone-
ds, and benzene-ds.
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Figure 5.—The low-field portion of the 100-MHz spectrum of
1-thio-g-p-glucopyranose pentaacetate (5) in chlofororm-d,
acetone-ds, and benzene-ds.

of the unsaturated derivative 11, in acetone-ds. Chem-
ical shift data for the methine and methylene protons,
taken from the 100- and 220-MHz spectra, are given
in Table I. First-order coupling constants are given
in Table II, and chemical-shift data for the acetyl
methyl protons are given in Table III.
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Figure 6.—The low-field portion of the 100-MHz spectrum of

1-thio-g-p-galactopyranose pentaacetate (6) in chloroform-d,
acetone-dg, and benzene-ds.

220 MHz
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Figure 7.—The signals of H-1, 2, 3, and 4 of 1-thio-g-p-xylo-
pyranose tetraacetate (1) and 1-thio-g-p-glucopyranose penta-
acetate (5) in acetone-dg at 220 MHz.
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Figure 8.—The low-field portion of the 220-MHz spectrum of
4,6-di-O-acetyl-1-S-acetyl-2,3-dideoxy-1-thio-«- b -erythro-hex-2-
enopyranose (11) in acetone~ds. The scale divisions correspond
to 10 Hz.

Signals of the Acetyl Methyl Groups.—In all of the
spectra measured in chloroform-d or acetone-ds a
characteristic? three-proton singlet, assigned to the
(equatorial) S-acetyl group, is observed near r 7.65.
Signals of the acetoxy groups, in these two solvents,
showed resonances in the = 7.93-8.11 range; in the case
of substances 2 (in chloroform-d), 4, and 6, a three-
proton singlet at somewhat lower field was also ob-
served. The latter signal may be attributed to an
axial acetoxy group,—1¢ although such an assignment
can be regarded as tentative only!® and does not con-
stitute unambiguous evidence, such as would be pro-
vided by synthesis of specifically trideuterioacetylated

(17) R. U, Lemieux, R. K. Kullnig, H. J. Bernstein, and W, G. Schneider,
J. Am. Chem. Soc., 80, 8098 (1958).

(18) L. D. Hall, Advan. Carbohydrate Chem., 19, 51 (1064).

(19) R. U. Lemieux and J. D. Stevens, Can. J. Chem., 48, 2059 (1965).
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Compd Confign

1 B-p-zylo

2 a-L-arabino

(or8) (or a-D-arabinos)

4 8-p-ribo

[ ] B-D-gluco

[ ] B-p-galacto

s Data taken, unless otherwise noted, from spectra measured at 100 MHz.
¢ Complex multiplet, not analyzed on a first-order basis.
¢ From spectrum measured at 220 MHz.

analysis; see ref 22.
ated.

Compd Confign

1 B-p-zylo

2 a-L-arabino
(or3) (or a-D~-

arabino)

4 B-n-ribo

5 B-p-gluco

6 B-p-galacto

s Data taken, unless otherwise noted, from spectra measured at 100 MHaz.

designated H-6.

measured at 220 MHz.
field H-5 signals, respectively.

Solvent

CDCls
(CD9):CO

(CDs)2C0
CeDs

CDCls
(CD#)2CO
CsDs

CDClh
(CD):CO
CsDs

CDCh
(CD3):CO

CeDs

Chemical shifts, r

H1 H-2 —H3— —H-4 H-5
a a e a e a € 8 ——H-8— —H-6'—
4,62 5.00 4.78 5.08 5.84(5.86)° 6.46 (6.45)°
4.60 5.04 4.75 5.11 5,90 (5.91)° 6.40 (6.39)°
4.49 4.81 4.63 5.02 6.03(6.03) 8.73 (6.72)°
4,57-4,95° 6.049 (6.05)® 6.269 (8.25)°
4.85% 4.81°¢ 4.80°  4.74¢ 6.049 6.269
4,46-4,98° 6.05% 6.199
4,40-4,78° 6.229 (6. 24)% 6.60% (6.59)%
4,38 4.94 4.51 4,93  6.02(6.06)° 6.17 (6.13)"
4.41 4.96 4.52 4.93  6.03(6.05)° 6.20 (6.18)°
4.18 4.80 4.39 4,99 6.15(6.19)® 6.28 (6.23)°
4,59-5.00° 6.12 5.71(5.78)® 5.92 (5.90)
4.62 4.97 4.63 4.94 ~5.98 5.74 (5.76)> 5.95(5.92)*
4.48-4,93° 6.37 5.75(5.11% 5.98 (5.98)%
4.52~4,94° 5. 89°
4,55-4.76° ~4.76 ~4.54 5.68 5.87 (5.91) 5.99 (5.95)%
4.55 4.33 4.73  4.50 6.28 5.83 (5.84)% 5.97 (5.95)%

TasLe II

b Shifts given in parentheses were calculated by ABX

4 The two H-5 signals are not unambiguously differenti-

FirsT-OrDER CouPLIiNG CONSTANTS FOR PERACETYLATED 1-THIOALDOPYRANOSES?®

Solvent
CDCl,
(CD3;)CO
(CD3»CO
CsDs
CDCl,
CDCl,
(CDy),CO
CsDs
CDCI;"
(CD;).COr
CsDg?
CDCl;
(CD;),CO
(CD;).CO
CeDs
CDCls
(CD;3)CO
CaDs

¢ First-order couplings not observed.
¢ J3.5e

10.0 9.

,3 J34 o ——Jy e~
5 7.5 4.74.7F
.8 7.7 4.8(4.9)
.2¢ 8,07 4 94
9 7.3 4.9(5.0)
e 4.5/(4.6)
04 3.34 4.747 (4.6)4
e 3.6/
e 3.9(4.1)
0 3.0 4.7(3.1)
1 3.0 4.6(4.4)
1 3.0 5.2(2.5)
€
9.1
¢ 9.5
[
€
~3.0
4 3.4

Coupling constants, Hz

e J 4 fammme J 55,50 T 50, O e I P

.3(8.2)
4(8.5)
.64
.8(8.8)
.47 (2.0)
.34 (2.4)d
0
0(1.7)
.5(9.0)
7 (8.4
.5(10.1)
4

oy
© O WO W~ ~I =~ WK 000 0w oo

© = W
Q.

—
PR Y
ot

1.2

Ch

@ Data taken, unless otherwise noted, from spectra measured at 100 MHz,

Compd Confign
1 B-p-zylo
2 a-L-arabino
(or 3) (or a-p-arabino)
4 B-D-ribo
5 B-p-gluco
6 B8-p-galacto

= ~.0,6 Hz.

TasLE III

CHEMICAL SHIFTS OF ACETYL METHYL PROTONS®
Solvent

CDCl; 7.65 (3)
(CD;).CO 7.66 (3)
Cst
CDCl; 7.65(3)
(CD;)CO 7.66 (3)
CeDe
CDCl, 7.58 (3)
(CD;).CO 7.60 (3)
CGDG
CDCl; 7.65(3)
(CD;).CO 7.66 (3)
CeDe
CDCl,; 7.64(3)
(CD;3):CO 7.65(3)
CeDs
CCl¢ 7.65 (3)

11
11
11
11
12
12,
12.
12.
11.
12
11.

Y

\l'ooorhc:o;iobo'usbobo

5.7(2.8)
6.7(9.3)

ical shifts, = (integral, protons)

2.2 (2.2)
~2(1.7)

2.3(2.2y
e

7.0(10.2)

6.0(3.6)

Js,0’

12.4
12.4
13.2¢
12.4
e
11.0
11.2

® The proton on C-6 giving the higher field signal is
¢ Coupling constants given in parentheses were calculated by ABX analysis; see ref 22.

4 Data from spectrum

7 Ju5e and J4,5 refer to coupling of H-4 with lowest field and highest

7.97 (9)

8.02 (8) 8.03 (3)

8.25(3) 8.31(3) 8.33 (3) 8.41 (3)
7.92 (3) 7.96 (6)

7.97 (3) 8.01(3) 8.04 (3)

8.14 (3) 8.22 (3) 8.28(3) 8.32(3)
7.85(3) 7.93 (6)

7.90 (3) 7.99 (6)

8.18 (3) 8.26 (3) 8.28 (3) 8.35 (3)
7.96 (3) 8.01 (6) 8.03 (3)

8.05 (6) 8.07 (3) 8.10 (3)

8.25(3) 8.31 (6) 8.32 (6)

7.87(3) 8.00 (6) 8.04 (3)

7.92 (3) 8.05 (6) 8.11(3)

8.26 (6) 8.28 (3) 8.35(3) 8.38 (3)
7.87(3) 8.01(8) 8.06 (3)

b Data taken from 60-MHz spectrum.
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derivatives.202 The spectrum of 2 in acetone-ds in-
deed does not show a signal below 7 7.93, although at
least one axial acetoxy group clearly must be present.
In benzene-ds; solution, all of the acetyl-group signals
are observed at high field®2 (+ 8.2-8.4), and dif-
ferences of shift characteristic of the environment of
the acetyl groups were not readily rationalized.

Signals of the Methine and Methylene Protons.
General.—The low-fleld portion of the spectra of
substances 1-6 resembles the spectra of other acetylated
aldopyranoses in that it can be subdivided into two
nonoverlapping regions. Signals of H-5 and H-6
methylene groups (pentopyranoses and hexopyranoses,
respectively) and the proton of the C,CHOR group
(H-5 of hexopyranoses) appear in the region r 5.65-
6.75. Signals of the remaining methine protons, on
H-1, 2, 3, and 4, appear at lower field, below = 5.25.

Signals in the upper (H-5, 6) group constitute three-
(pentopyranoses) or four- (hexopyranoses) spin systems,
in which the H-5 proton(s) also interact with the pro-
ton on H-4, whose signal appears at lower field. The
H-5 signals of pentopyranoses constitute the AB?
portion of an ABX system, where X is H-4, unless the
H-5 protons have the same chemical shift, in which
case an A,X system is observed. In the ABX case
the Jap coupling can be measured directly and approx-
imate values of Jax and Jpx can be obtained by di-
rect measurement (first-order analysis), or the values
of Jax and Jpx can be determined more exactly by
calculation?®? from the observed spectral lines. The
magnitudes of the couplings between H-4 and the H-5
protons (Jax and Jrx) thereby obtained are especially
useful for configurational and conformational studies,
as they indicate whether the relationship of H-4 with
each of the H-5 protons is antiparallel or gauche.
In the case of the hexopyranoses, the C-6 methylene
group and H-5 interact with H-4 as a four-spin system,
commonly of the ABXY or ABCY type, where A and B
are the C-6 protons, X(or C) is H-5, and Y is H-4; the
difference in chemical shift between X and Y is nor-
mally large. For configurational and conformational
studies, a spectrum of the ABXY type is the most
informative because it enables Jx v, the coupling be-
tween H-4 and H-5, to be determined; this indicates
whether H-4 and H-5 are antiparallel or gauche. The
Jx v value is readily determined in the ABXY system
because J4 x -+ Jpx can be measured from the spac-
ings of the AB octet, and the total width between
outer peaks of the H-5 multiplet is Jox + Jpx +
Jx,yv. The examples studied in the present article
illustrate how specific solvent shielding, especially
the use of benzene to cause upfield shift of the signal
of an axial proton at C-5, can be used to reduce a com-
plex ABCY multiplet to the ABXY case, amenable to
simple analysis.

In addition to the first-order chemical shift and
coupling data given in Tables I and II, calculated??
values are given in parentheses for the ABX systems.

(20) D. Horton, J. B. Hugkes, J. 8, Jewell, Kerstin D, Philips, and W, N.
Turner, J. Org. Chem., 832, 1073 (1967).

(21) D. Horton, W. E. Mast, and Kerstin D. Philips, ¢bid., 82, 1471 (1967).

(22) For details of the ABX notation and calculation of Jax and Jpx
couplings, see J. A. Pople, W. G. Schneider, and H. J. Bernstein, ‘‘High-
Resolution Nuclear Magnetic Resonance,” McGraw-Hill Book Co., Inc.,
New York, N. Y., 1959, p 132; J. D. Roberts, ““An Introduction to the
Analysis of Spin-Spin Splitting in Nuclear Magnetic Resonance,” W. A.
Benjamin, Inc., New York, N. Y., 1962, p 71.
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It can be seen that, in those instances where the A and B
quartets are fully separated, the first-order splittings
are very close to the calculated Jsx and Jpx values.
Substantial differences between the first-order split-
tings and the caleulated couplings are evident when
overlap of the A and B quartets occurs, as in 4 and 6.

Signals in the lower (H-1, 2, 3, 4) group constitute
a mutually coupled spin system in which H-4 is also
coupled with H-5. This portion of the spectrum may
be very complex unless the differences in chemical
shift between strongly coupled protons are large com-
pared to the coupling constants. In the acetylated
aldopyranoses, and many other aldopyranose deriva-
tives, analysis of this group of signals is facilitated
by the fact that the H-1 signal [CH(OR)(OR’) group]
appears at considerably lower field than the H-2, 3, and
4 signals (CHOR groups), so that the H-1 signal can
be treated as the X portion of an AX system, where A
is H-2 (or as the X portion of an AA’X system?? when
H-2 and H-3 are strongly coupled and differ little in
chemical shift). The observed coupling, Jsx, between
H-1 and H-2 is useful for determining anomeric con-
figuration and favored ring conformation. In the
case of the acetylated 1-thioaldopyranoses 1, 4, 5, and
6, the H-1 signals [of the CH(OR)(SR) group] appear
0.35~0.4 ppm to higher field than the H-1 signals for
the corresponding l-oxygenated analogs,'® while the
chemical shifts of the H-5 signals are approximately
the same (within 0.1 ppm), for spectra measured in
chloroform-d (Table I). The shift to higher field of
the H-1 signal causes it to appear close to, or within,
the “envelope’ of signals for H-2, 3, and 4 in the spectra
of 1-6, so that first-order interpretations of this region
of the spectra of the acetylated 1-thioaldopyranoses
are more difficult than with the 1-oxygenated analogs.
The use of solvent effects for obtaining first-order
analyses in this region is illustrated herein.

Coupling Constants, Configuration, and Conforma-
tional Inversion.—For protons on adjacent carbon
atoms in a six-membered ring system, the generaliza-
tion, based on the Karplus relationship,?* that anti-
parallel protons give rise to large (7.5-10 Hz) first-
ordercouplings and gauche protons give small (<5.5 Hz)
couplings, is valid,’® although precise calculations of
bond angles from coupling constants may not be
meaningful. In particular, configurational factors may
influence the magnitudes of gauche couplings;® ad-
jacent diequatorial protons show couplings (~1-2 Hz)
considerably smaller than the usual coupling (~3-4 Hz)
of adjacent, axial-equatorial protons.?® It is unlikely
that molecular distortion is entirely responsible for
these differences.

Assuming that the energy barrier for ring inversion
is sufficiently low that conformational inversion is
fast on the nmr time scale, the observed spectra will
represent a time average of the various conformers pres-
ent. The measured coupling constants will be averaged
values of those of the various conformers, weighted
according to the proportion of each present. The
proportion of each conformer will depend on its
free energy in the system, and forms of presumed high

(23) J. I. Musher and E. J, Corey, Tetrahedron, 18, 791 (1961).

(24) M. Karplus, J. Chem. Phys., 80, 11 (1959); J. Am. Chem. Soc., 88,
2870 (1963).

(25) D. H. Williams and N. S. Bhacea, ibid., 86, 2742 (1964).

(26) B. Coxon, Tetrahedron, 31, 3481 (1965).
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energy such as the nonchair conformations will make a
negligible contribution to the total conformational
population. Considering only the two possible chair
conformations for substances 1-6, it is evident from the
interaction energies?” between various ring substit-
uents that, in the case of the p-glucose and p-galactose
derivatives (5 and 6), the C1 (p) conformation shown
is overwhelmingly favored, and the very small pro-
portion of the 1C (p) conformation statistically present
will have a negligible effect on the appearance of the
nmr spectrum. With the pentose derivatives 14
the possibility cannot be discounted, especially with
2—4, that the alternative chair form may exist in ap-
preciable proportion in equilibrium with the (apparently
favored) forms shown. It cannot be assumed that the
forms having the most substituents equatorial are neces-
sarily the most stable, because of possible unfavorable
polar interactions between the ring-oxygen atom and
the C-1 substituent (anomeric effect).t27—2%

1-Thio-3-p-glucopyranose Pentaacetate (5).—Com-
plete first-order analysis of the spectra was possi-
ble by use of acetone-ds and benzene-d; as solvents
(Figure 5). The H-5, 6 multiplet for 5 in benzene-ds
could be analyzed as a simple ABXY system at either
60 or 100 MHz. The H-5 signal is observed at high
field (r 6.37) as a symmetrical eight-peak multiplet.
The width of this multiplet is expected to be J45 + Js6
-+ Jse, and, since Jse and Js¢ are readily measured
from the H-6 and H-6’ signals (AB portion), the
value of Jus (9.9 Hz) is determined by difference.
A similar analysis eould be made of the H-5, 6 multiplet
for the spectrum of 5 in chloroform~d, but only at
100 MHz. First-order analysis of this multiplet was
not possible when acetone-ds was used as solvent, be-
cause the H-5 signal overlapped the high-field H-6 sig-
nal (H-6'), although it was still possible to observe the
lower field H-6 signal as a quartet.

The low field envelope of signals (H-1, 2, 3, 4) was
not amenable to simple analysis when benzene-ds or
chloroform-d was used as solvent, in contrast to the
spectrum of the 1-oxygenated analog!® of 5, where the
H-1 signal appears at substantially lower field than
the signals of the other methine hydrogens. However,
In acetone-ds at 100 MHz it was possible to assign sig-
nals of all four protons on a first-order basis despite
overlap of multiplets, because the overlaps involved
the signals of the noncoupled pairs of protons H-1 and
H-3, and H-2 and H-4. After identification of the
H-1 doublet in the group of five peaks centered near
r 4.63, it was evident that the remaining three peaks
were the H-3 triplet, because any otherassignment would
have given a second-order spectrum in this or the r
r 4.95 region. The H-2 and H-4 signals could then be
assigned straightforwardly in the multiplet near -
4.95. The same pattern of signals for H-1, 2, 3,
and 4 was observed when the spectrum was measured
at 220 MHz in acetone-ds (Figure 7), and the first-

(27) R.U. Lemieux in ‘‘Molecular Rearrangements,” Part 2, P. de Mayo,
Ed., Interscience Division, John Wiley and Sons, Inc., New York, N. Y.,
1064, pp 735-743.

(28) B. Coxon, Tetrahedron, 32, 2281 (1966); C. V. Holland, D. Horton,
and J. 8. Jewell, J. Org. Chem., 82, 1818 (1967).

(29) The anomeric effect of the acetylthio group appears to be less than
that of the acetoxy group, because in the l-oxygenated analog of 4 the 1C
(p) conformation preponderates over the C1 (p) conformation by about
2:1, as revealed directly by low-temperature nmr spectroscopy in acetone-
de (N. 8. Bhacca and D. Horton, to be published).
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order couplings were slightly greater (by ~0.5 Hz)
than those measured from the 100-MHz spectrum.
The first-order vicinal couplings of all methine protons
were large (9.1-10.0 Hz from the 100-MHz spectrum),
as anticipated for the all-axial arrangement of protons
in 5. The splittings measured from the 220-MH:z
spectrum are, presumably, closer to the absolute
coupling constants than those measured from the 100-
MHz spectrum.

The conformations that the acetoxymethyl group
(C-5 substituent) can adopt by rotation about the
(C-5-C-6 bond undoubtedly give rise to a time-averaged
spectrum, with contributions from the three staggered
rotomers.’»%  The magnitudes of the observed Jys
and J;, couplings indicate a major contribution from
the rotomer having the C-4 and C-6 acetoxy groups
antiparallel, and a smaller contribution from the
rotomer having H-5 bisecting the angle of the C-6
methylene group (H-5 and 6-OAc antiparallel). The
rotomer having the 4,6-acetoxy groups opposed (syn)
probably makes no significant contribution.

1-Thio-3-p-xylopyranose Tetraacetate (1).—In each
of the three solvents, at 100 MHz (Figure 1) and at
60 MHz, it was possible to analyze the signals of the
C-5 methylene group as the AB portion of an ABXY
system, and the higher field quartet in each spectrum
is clearly assignable to the axial H-5 in the C1 conforma-
tion on the basis of the large (8.3-8.8 Hz) coupling
with H-4. The J.s. coupling (4.7-4.9 Hz) is larger
than that normally observed for vicinal protons
in a gauche relationship, but it is relevant to note that
relatively large Jis. couplings have been observed
with tetra-O-acetyl-a-p-xylopyranosyl chloride*® and
a-p-xylopyranose tetraacetate.!®

The signals of the methine protons yielded readily
to first-order analysis in the spectrum measured in
acetone-ds at 100 MHz and also at 60 MHz. The wide
doublet at 7 4.60 is assigned to H-1. The line intensi-
ties of the triplet at r 4.75 and the absence of second-
order effects indicate that this is the signal of H-3
rather than H-2. From the remaining signals the
H-2 triplet (r 5.04) can be distinguished. The re-
maining multiplet, at = 5.11, has a width of 21 Hz
between the outer peaks, in agreement with the value
determined independently for the H-4 signal from the
sum of Jss + Jese + Jipa. Similar assignments of
the methine signals can be made for the spectra in
chloroform-d and benzene-ds at 100 MHz, although
some deviation from strict first-order character is
observed. The spectrum of 1 in acetone-ds at 220 MHz
showed the H-1 doublet and H-3 triplet well separated
with little intensity buildup toward higher field (Figure
7). The highest field peak of the H-2 triplet over-
lapped one peak of the H-4 multiplet, and the latter
was observed as a six-line multiplet, width 21.7 Haz.
The first-order coupling constants measured from the
220-MHz spectrum are slightly greater than those
measured at 100 MHz, and are probably very close to
the absolute |J| values.

In comparison with its hexose homomorph 5, the
pentose derivative 1 shows somewhat smaller vicinal
coupling constants (~7.5-8.5 Hz) between axial pro-
tons. The possibility that a small proportion of the
alternative, all-axial 1C conformer of 1 is present

(30) D. Horton and M. J. Miller, J. Org. Chem., 80, 2457 (1965).
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in equilibrium with the favored CI (all-equatorial)
conformation cannot be excluded.

1-Thio-B-p-galactopyranose Pentaacetate (6).—As
in the case of the p-gluco analog (5), the H-5, 6 multiplet
was most readily analyzed when benzene-ds was used
as the solvent (Figure 6), and again the H-5 signal is
observed in this solvent at considerably higher field
than the H-6 signals. Full analysis at 60 MHz was
not possible, but at 100 MHz the Jss and J;¢ cou-
plings could be determined from the AB portion (H-6
and H-6') of the ABXY system. The H-6 and H-6'
signals overlapped, and the caleulated?? couplings
with H-5 were substantially different from the ob-
served line splittings. The H-5 signal was observed as
a triplet of narrow multiplets, in sharp contrast to
its appearance in the p-gluco analog 5 where it was ob-
served as an octet. The difference between Js5 +
Jse and the separation of the outer peaks of the H-5
signal in 6 indicates that J4;.1s 1.1 Hz. In acetone-ds
the H-5 signal was observed at lower field than the H-6
signals. In chloroform-d H-5 and H-6 had almost
identical chemical shifts, and analysis was not at-
tempted.

The H-1, 2, 3, and 4 signals were observed as a com-
plex multiplet in chloroform-d, even at 100 MHz, and
no analysis was attempted. Partial analysis was pos-
sible when acetone-ds was the solvent. In benzene-ds
a full first-order analysis was possible, The wide
triplet at = 4.33 and the quartet at » 4.73 can clearly
be assigned to H-2 and H-3, respectively, and the H-1
doublet, occurring at higher field (= 4.55) than the H-2
signal, can be observed. The remaining signal, a
multiplet at r 4.50 assigned to H-4 has a line width of
4.5 Hz, in good agreement with that determined as
Jss + J 4,6+

The values observed for Jys and J;4 indicate that
the two C-5-C-6 rotomers having H-5 antiparallel to
one of the C-6 protons are both involved, with the
rotomer having the 6-acetoxy group antiparallel to
C-4 presumably being the most highly populated state;
it is probable that the contribution of the rotomer
having the 4- and 6-acetoxy groups opposed (H-5
gauche to both C-6 protons) is negligible. One C-6
proton shows a larger coupling with H-5 than the
other. In acetone-d;, the relative positions of the H-6
signals in the field appears to be the reverse of that ob-
served in benzene-ds.

1-Thio-a-L-arabinopyranose Tetraacetate (2).—The
spectrum of this compound, or that of its a-p enantio-
morph (3), proved to be extremely difficult to analyze.
The methine protons gave complex multiplets in chlo-
roform-d, acetone-dg, and benzene-ds, when measured at
100 MHz (Figure 3). The methylene protons gave a
pattern recognizable as the AB portion of an ABXY
system in the spectrum measured in chloroform-d.
A similar pattern was also observed with the spectrum
in benzene-ds;, although second-order effects were ap-
parent, probably because of a small difference in the
chemical shift between X and Y (H-4 and H-3). In
acetone-ds; the two H-5 protons were almost equivalent,
so that the H-5 signals overlapped; the first-order
splittings of the H-5 protons with H-4 were approxi-
mately equal (~3 Hz).

The spectrum could be reduced to first-order analysis
by measurement, in chloroform-d, at 220 MHz (Figure
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2). In this spectrum, the multiplet of the methine
protons was completely resolved. At lowest field a
wide doublet (H-1) was observed. The quartet at
highest field in this group of signals was readily as-
signed to H-3. The wide triplet, 0.08 ppm to lower
field than the H-3 signal, was assigned to H-2. The
five-peak multiplet observed between the H-1 and H-2
signals was assigned to H-4; the separation of the
outer peaks of this signal (10.3 Hz) is in excellent
agreement with the value calculated (J34 + Jse + J45a
from coupling constants measured elsewhere in the
spectrum. It was not possible to differentiate the
H-5¢ and H-5a signals unambiguously from the Jygs
couplings since both of these are for vicinal-gauche
protons, and the chemical shifts (Table I) and cou-
plings (Table II) given for the H-5 signals are not
specifically identified as those of H-5¢ and H-5a.

The nmr data clearly support the CI (1) confor-
mation of 2 (and the corresponding 1C (p) confor-
mation of 3) as the favored conformation. The fact
that the diaxial couplings (/.. and J.3) are appre-
ciably smaller than those observed in the hexose
structures suggests that there may be an appreciable
contribution from the less favored, alternative chair
conformation. No direct evidence was obtained to
support this possibility; the low field portion of the
spectrum of 3 at 220 MHz showed no detectable change
to indicate “freezing-out” of the conformational
equilibrium at —30°.

The first-order analysis of the methine multiplet of
3 that is possible by nmr measurements at 220 MHz
effectively illustrates the use of the high-field strengths
achieved with a superconducting solenoid. The rel-
ative chemical shifts involved are very small, 8, =
0.16 ppm, 8,3 = 0.08 ppm, 8. = 0.15 ppm, and be-
cause the vicinal couplings are comparatively large
(~3-8 Hz) the spectra measured at lower field strengths
are very complex owing to second-order effects.

1-Thio-B-p-ribopyranose Tetraacetate (4).—A com-
plete analysis of the spectrum of this compound could
be achieved by measurements at 60 MHz; more ac-
curate parameters were obtained by measurements at
100 MHz (Figure 4). The methylene signals were
readily analyzed in the spectrum measured in acetone-ds
and the signals of each of the methine protons were
clearly observed as nonoverlapping multiplets when
benzene-d; was the solvent. The H-1 signal was ob-
served at lowest field as a wide doublet, and a narrow
triplet at somewhat higher field was assigned to H-3.
Further upfield, a quartet and an eight-peak multiplet
were assigned to H-2 and H-4, respectively. The
signals of H-2 and H-4 overlapped in spectra measured
in acetone-ds and chloroform-d. In each case the
width of the H-4 multiplet (~15.5 Hz) was in good
agreement with that caleulated as the sum (J;4 +
J4,5e + J4,5a)-

The separation of the H-5e and H-5a signals was
small in each of the solvents, but was greatest with
acetone-ds. In all cases there was overlap of the H-5e
and H-5a signals, and the calculated Jiz, and Jygs
values are appreciably different from the directly
measured splittings. The observed coupling con-
stants indicate the CI (p) form as the favored con-
formation, and the signals of the axial and equatorial
protons at C-5 are clearly differentiated. The lower
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field H-5 quartet (H-5e) was slightly broadened, as
were the peaks in the H-3 triplet, indicating a long-
range coupling between H-5e and H-3 (/3. = 0.6 Hz).
Long-range couplings of this magnitude are well estab-
lished#2%31 for diequatorial protons in the “W”
arrangement.

4,6-Di-O-acetyl-1-S-acetyl-2,3-dideoxy-1-thio-a-p-
erythro-hex-2-enopyranose (11).—Details of spectral
measurements on this substance are recorded in the
Experimental Section. At 60 MHz in chloroform-d the
two olefinic protons were almost equivalent and the
J12 and J34 couplings were very small. The H-1 sig-
nal was observed as a narrow multiplet, and a wide
doublet of narrow doublets was assigned to H-4;
the narrow splitting indicated homoallylic coupling of
H-1 with H-4. The appearance of the H-4 signal and
that of H-5 indicated a large Ji; coupling (~9 Hz),
clearly supporting formulation of 11 in the H! con-
formation, with the ring oxygen atom above, and C-5
below, the plane of C-1, C-2, C-3, and C4. Measure-
ments in acetone-ds at 100 and at 220 MHz (Figure 8)
fully supported this assignment, and these spectra in-
dicated more subtle features of the couplings involved.
The H-1 signal remained an incompletely resolved
multiplet, even at 220 MHz, presumably because of
virtual coupling?® with H-3, and long-range coupling
with H-3 and H-4. The lowest field olefinic hydrogen
signal is observed as a doublet of narrow quartets;
this signal is assigned to H-2, coupled to H-3, to H-1,
and also to H-4. The H-3 signal is observed as a
doublet of narrow multiplets by strong coupling with
H-2, virtual coupling with H-1, and small coupling
with H-4. The H-4 signal shows the large coupling
with H-5, and the multiplicity of the peaks is ascribed
to homoallylic, long-range coupling with H-1, and
couplings with H-2 and H-3. Addition of benzene-ds
to the solution caused the H-2 and H-3 signals to col-
lapse to a single peak, and the spectrum then resembled
closely the 60-MHz spectrum in chloroform-d; the
H-4 signal became a sharper quartet and the H-1
multiplet became narrower.

Derivatives of 2,3,4,6-Tetra-O-acetyl-1-thio-3-n-
glucopyranose.—A detailed spectral analysis was made
only for the 1-S-acetyl derivative (5). Spectral data,
recorded at 60 MHz, are given in the Experimental
Section for the benzyl and #-butyl glycosides (7 and
10), the 1-S-benzoyl derivative 8, and the ethylxanthate
derivative 9. In none of the spectra of these compounds
was it possible to observe the H-1 signal independently
of the envelope of signals for the methine protons at
C-2, 3, and 4. In each case, however, it was possible
to observe the characteristic H-5 multiplet, when the
spectra were measured in benzene-ds.

Experimental Section?®?

1-Thio-8-p-galactopyranose Pentaacetate (6).—A mixture of
tetra-O-acetyl-a-p-galactopyranoyl bromide3? (mp 84-86°, 41.6

(31) L. D. Hall and L. Hough, Proc. Chem. Soc. (London), 382 (1962).

(32) Melting points were determined with a Thomas-Hoover ‘‘Unimelt”
apparatus (Arthur H. Thomas Co., Philadelphia, Pa.) and are uncorrected.
Optical rotations were determined in a 2-dm polarimeter tube. Infrared
spectra were measured by the potassium bromide disk technique with Perkin—
Elmer Model 137 or 237 infrared spectrophotometers. Ultraviolet spectra
were measured with a Perkin-Elmer Model 202 recording spectrophotometer.
Nuclear magnetic resonance spectra were measured with Varian A-60 or
HA-100 nmr spectrometers, with tetramethylsilane (r = 10.00) as the
internal standard. Nmr spectra at 220 MHz were measured with a Varian
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g), potassium thiolacetate (11.6 g, 1.01 molar equiv), and dry
acetone (250 ml) was shaken for 18 hr at room temperature.
The mixture was filtered, the solution was evaporated, and the
residue was crystallized from ethanol. The crude product was
decolorized with activated carbon® and recrystallized from etha-
nol, yield 35.9 g (889,), mp 115-116°, [a]®¥p +31.3 £0.5° (¢
1.9, chloroform); R: 0.51; AKX 5.78 (OAc), 5.87 (SAe), 11.15
pm (axial H-1);% AZO 226 nm (e 3500); nmr data, see Figure
6 and Tables I, II, and III; X-ray powder diffraction data:
12.57 vw, 9.09 vs (1), 7.80 vw, 5.61 m, 5.28 m, 4.91 w, 4.60 s
(2),4.29 w,4.10 m, 3.68 s (3), 3.41 m.

Anal. Caled for CiH»00S: C, 47.30; H, 543; 8, 7.90.
Found: C, 47.44; H, 5.53; S, 8.08.

Preparation of 1-Thio-3-p-xylopyranose Tetraacetate (1).—
This substance was prepared from tri-O-acetyl-a-p-xylopyranosyl
bromide® (mp 100-103°, 0.100 mole) and potassium thiolacetate
(0.101 mole) in acetone, essentially by the procedure used for
the p-galactose analog, yield 829, mp 103°, [a]®p —7.7 £0.5°
(¢ 1.4, chloroform) [lit.* mp 99°, [«]*p —6.88° (chloroform)];
R: 0.70; AP 572 (OAc), 5.88 um (8Ac); A2o¥ 225 nm (e
3000); nmr data, see Figure 1 and Tables I, II, and III; X-ray
powder diffraction data: 9.02 vs (1), 7.41 m, 7.09 m, 6.12 w,
4.89 vs (2), 4.20 5 (3,3) 3.91 5 (3,3), 3.64 vw, 3.17 w.

Anal. Caled for C;3His0s8: C, 46.80; H, 5.38; S, 9.58.
Found: C, 46.99; H, 5.66; S, 9.31.

2-(2,3,4-Tri-O-acetyl-3-p-ribopyranosyl)-2-thiopseudourea Hy-
drobromide.—A mixture of tri-O-acetyl-g-p-ribopyranosyl bro-
mide® (mp 96°, 3.7 g) and thiourea (0.83 g 1 molar equiv) in
dry acetone (25 ml) was refluxed for 15 min, and the resultant
clear solution was refrigerated overnight. The crystalline product
was filtered and washed with cold acetone, yield 1.50 g (339.),
mp 173-174°, [a]®p —85.4 =£1.0° (¢ 0.8, water); A 5.70
(OAc), ~3.2 (broad), 6.01, 6.10 um (amidinium); X-ray powder
diffraction data: 11.59 s (2), 7.15 m, 6.52 w, 6.16 s (3,3),
5.31 m, 4.90 m, 4.58 s (3,3), 4.19 m, 3.80 m, 3.55 vs (1), 3.39
vw, 3.08 w, 2.85 5, 2.78 s, 2.66 vw, 2.60 vw.

A sample recrystallized from acetone had mp 173-174°.

Anal. Caled for Ci2HygBrN,0:S: C, 34.70; H, 4.58; Br, 19.20;
N, 6.75; 8, 7.73. Found: C, 34.72; H, 4.48; Br, 20.00; N,
7.19; S, 7.93.

When the preparation was repeated, starting with syrupy
tri-O-acetyl-8-p-ribopyranosyl bromide (26.1 g), the yield of the
product was 15.5 g (49%), mp 172-174°.

1-Thio-B-p-ribopyranose Tetraacetate (4). A, From 2-(2,3,4-
Tri-O-acetyl-g-p-ribopyranosyl)-2-thiopseudourea Hydrobromide.
—The general procedure of Cerny and co-workers!® was followed.
A solution of sodium pyrosulfite (Nas:S:0s; 7H.0, 1.75 g) in
water (9 ml) was stirred for 10 min at 85° with 2-(2,3,4-tri-O-
acetyl-8-p-ribopyranosyl)-2-thiopseudourea hydrobromide (5.0
g) and carbon tetrachloride (20 ml). The mixture was cooled,
the organic phase was separated, and the aqueous layer was
extracted twice with 10-ml portions of earbon tetrachloride. The
combined organic phase was dried (magnesium sulfate), evapo-
rated, and to the resultant syrupy 2,3,4-tri-O-acetyl-1-thio-8-p-
ribopyranocse was added pyridine (15 ml) and acetic anhydride
(10 ml). After 18 hr at room temperature, the mixture was
poured onto ice (100 g), and after 3 hr the oily product was
extracted with three 50-ml portions of dichloromethane. The
extract was washed successively at 0° with 1 N sulfuric acid,
water, aqueous sodium hydrogen carbonate, and water, and
the dried (magnesium sulfate) extract was evaporated. The

spectrometer equipped with a superconducting solenoid (¢f. F. A. Nelson and
H. E. Weaver, ‘‘High Resolution Superconducting Spectrometer,” presented
at the International Conference on Magnetic Resonance and Relaxation,
X1Vth Colloque Ampére, Ljubljana, Yugoslavia, Sept 1966). Microanalyses
were determined by W. N. Rond. X-Ray powder diffraction data give inter-
planar spacings, A, for Cu Ke radiation. The camera diameter was 114.59
mm. Relative intensities were estimated visually: s, strong; m, moderate;
w, weak; v, very. The strongest lines are numbered in order (1, strongest);
double numbers indicate approximately equal intensities. Thin layer chro-
matography was perofmred with Desaga equipment by the ascending tech-
nique, with silica gel G (E. Merck, Darmstadt, Germany), activated for 2
hr at 110°, as the adsorbent. Unless otherwise stated, 4:1 chloroform—~ether
was used as the developing solvent, and indication was effected with sulfurie
acid.

(33) H. Ohle, W. Marecek, and W. Bourjau, Ber., 62, 833 (1929); M.
B4rczai-Martos and F. Kérosy, Nature, 166, 369 (1950).

(34) Norit A, Matheson Coleman and Bell Co., Inc., Cincinnati, Ohio.

(35) H. Spedding, Methods Carbohydrate Chem., 1, 539 (1962).

(36) L. C. Kreider and W. L. Evans, J. Am. Chem. Soc., 88, 797 (1936).

(37) P. A. Levene and R. S, Tipson, J. Biol. Chem., 9%, 109 (1931).
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resultant syrup was dissolved in ethanol (5 ml), and the solution
was refrigerated to give 4, yield 1.5 g (38%,), mp 88-89°. Re-
crystallization from ethanol gave pure 4, mp 88-89°, [a]¥D
4+9.1 £0.2° (¢ 0.8, chloroform); R: 0.60; Maer 5.70 (OAe),
5.86 um (SAc); AL 929 nm (e 4560); nmr data, see Figure 4
and Tables I, II, and III; X-ray powder diffraction data: 12.36
vw, 7.91 vs (2), 6.890 vw, 6.28 vs (1), 5.68 s (3), 5.00 vw, 4.66
w,4.51 vw,4.27m,4.02 m, 3.79 w, 3.56 s.

Anal. Caled for C;3HiOsS: C, 46.80; H, 5.38; 8, 9.58.
Found: C, 46.61; H, 5.26; 3, 9.56.

For this product, prepared by way of tri-O-acetyl-8-p-ribo-
pyranosyl ethylxanthate, Tejima and co-workers® reported mp
85-87°, [a]¥p +10.7° (¢ 1.97, chloroform).

B. From Tri-O-acetyl-g-p-ribopyranosy! Bromide.—A mixture
of tri-O-acetyl-8-p-ribopyranosyl bromide¥ (mp 96°, 2.17 g),
potassium thiolacetate (0.74 g, 1 molar equiv), and dry acetone
(25 ml) was shaken for 10 hr at room temperature. The mixture
was filtered, the filtrate was evaporated, and the residue was
crystallized from ethanol, yield 0.58 g (279%), mp 94-94.5°,
[«)®p +8.9 £0.2° (¢ 2.3, chloroform). The product, in ad-
mixture with 4 prepared by method A, had mp 88°, and the tlc
mobilities, infrared spectra, and X-ray powder diffraction pat-
terns of the two samples were indistinguishable. The nmr
spectrum of the product prepared by method B showed the pres-
ence of impurities giving rise to weak signals at r 4.96 (doublet,
J = 5 Hz), and 7.39 (chloroform-d), which were not completely
removed, even after six recrystallizations.

2-(2,3,4-Tri-O-acetyl-a-L-arabinopyranosyl)-2-thiopseudourea
Hydrobromide.—A mixture of tri-0O-acetyl-g-L-arabinopyranosyl
bromide® (mp 138-140°, 18.7 g) and thiourea (6.2 g, ~1.5
molar equiv) in dry acetone (75 ml) was refluxed for 15 min,
and the resultant clear solution was refrigerated overnight. The
crystalline product was filtered and washed with cold acetone,
yield 18.5 g (819%), mp 169-171°, [«]*Dp +8.8° (c 1.3, water),
Anrr 5.70 (OAc), ~3.2 (broad), 6.03 gm (amidinium).

Anal, Caled for CpHpBrN:0.S: C, 34.70; H, 4.58; Br,
19.20; N, 6.75; 8,7.73. Found: C, 34.93; H, 4.61; Br, 18.72;
N, 7.053; 8, 7.64.

The same procedure was used to convert tri-O-acetyl-g-n-
arabinopyranosyl bromide (39 g) into 2-(2,3,4-tri-O-acetyl-a-p-
arabinopyranosyl)-2-thiopseudourea hydrobromide, yield 33.65
g (719), mp 170-171°, [«]®> —6.1° (¢ 2.5, water), Ao 5.72
(OAc), ~3.2 (broad), 6.03 ym (amidinium). B

For the latter product, prepared by a similar route, Cerny and
co-workers' reported mp 172°, [alp —26.5° (¢ 2.1, ethanol),

1-Thio-«-L-arabinopyranose Tetraacetate (2). A. From 2-
(2,3,4-Tri-O-acetyl-o-L-arabinopyranosyl)-2-thiopseudourea Hy-
drobromide.—The general procedure of Cerny and co-workers,¥®
as used for preparation of 4, was followed. The product 2 was
obtained from ethanol as large prisms, mp 39°, and subsequently
as small needles, mp 81.5-82°, {a]®p 4-39.4° (¢ 2.2, chloroform);
R: 0.65; 252 5.73 (OAc), 5.89 um (SAc); nmr data, see Figure
2 and Tables I, 11, and I1I; X-ray powder diffraction data (high-
melting point form): 9.46 w, 7.97 s (3), 7.22 w, 5.81 w, 5.43 vs
(1,1), 523 vs (1,1),4.94 m, 470 s (2), 4.52 m, 4.08 m, 3.74 m,
3.58 s.

Anal. Caled for CHipsOs8: C, 46.80; H, 5.38; S, 9.58,
Found: C, 46.73; H, 5.38; S, 9.41.

B.—The same product 2, mp 38° (high-melting dimorph, mp
80°), [a]®™p +41.3° (¢ 3, chloroform), was obtained in 729,
yield by treatment of tri-O-acetyl-g-L-arabinopyranosyl bromide
with potassium thiolacetate, by the general procedure of Gehrke
and Kohler.? The products from A and B were homogeneous
by thin layer chromatography, and had superposable infrared
and nmr spectra, and the high-melting point dimorphs had
identical X-ray powder diffraction patterns. The product from
method B was slightly yellow, and the color was not removed by
repeated recrystallization.

1-Thio-a-D-arabinopyranose Tetraacetate (3).—This product
was prepared from 2-(2,3,4-tri-O-acetyl-a-p-arabinopyranosyl)-
2-thiopseudourea hydrobromide by the method of Cerny and
co-workers,® and also from tri-O-acetyl-8-p-arabinopyranosyl
bromide by the method of Gehrke and Kohler.? The product
from each preparation had mp 39° {«]p —37.4° (¢ 1.6, chloro-
form). The produets were homogeneous by tle, and gave in-
frared and nmr spectra (Figure 3) superposable on those of the

(38) 8. Tejima, T. Maki, and M. Akagi, Chem. Pharm, Bull. (Tokyo), 12,
528 (1964).
(39) M. Gehrke and F. X. Aichner, Ber., 60, 918 (1927).
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L enantiomorph 2. Nucleation of an ethanolic solution of 3
with a sample furnished by Dr. M. Cerny gave a high-melting
dimorph, mp 81.5-82°. The X-ray powder diffraction pattern
was superposable on that of the high-melting-point dimorph of
the L enantiomorph 2.

For 1-thioarabinose tetraacetate of unspecified configuration
at C-1 and C-5, Gehrke and Kohler® reported mp 79°, [a]?D
+4-41.8°, indicating that their product was the «-L pyranose
form. For 3, Cerny and co-workers® reported mp 80-81°,
[aelD —44.2° (¢ 1.2, chloroform).®

Preparation of Benzyl 2,3,4,6-Tetra-O-acetyl-1-thio-8-p-
glucopyranoside (7).—To a solution of e-toluenethiol (3 ml,
0.024 mole) in 3 N ethanolic potassium hydroxide (8 ml) was
added tetra-O-acetyl-a-p-glucopyranosyl bromide (10.00 g, 0.024
mole) that had just been dissolved in warm ethanol (25 ml). The
mixture was shaken for 5 hr at room temperature, and then con-
centrated to a syrup. The latter was refluxed briefly with anhy-
drous sodium acetate (1 g) in acetic anhydride (17 g), the cooled
solution was poured onto ice (500 g), and the mixture was stirred
for 2 hr. The gum that separated was extracted with carbon
tetrachloride (100 ml); the extract was washed with saturated
aqueous sodium hydrogen carbonate, dried (magnesium sulfate),
and evaporated to a syrup, yield 9.71 g (88%). Crystallization
from methanol gave 7 as needles, yield 8.3 g (76%), mp 100-101°,
la]®p —94 =£1° (¢ 0.6, chloroform); M 5.72 (OAc), 6.70, 6.89
(aryl C=C), 14.0 pm (substituted benzene); AZOH 908 nm (e
10,500); nmr data (60 MHz, chloroform-d): r 2.63 (five-proton
singlet, Ph), 4.61-5.12 and 5.50-5.88 (multiplets, three and three
protons, H-1, 2, 3, 4, 6, 67), r 6.08 two protons, benzylic CHy),
6.37 (one-proton multiplet, width ~20 Hz, H-5), 7.88, 7.98,
8.00 (three-, six-, and three-proton singlets, OAc); X-ray
powder diffraction data: 10.65 w, 9.72 w, 8.84 w, 7.08 vw,
5.28s5(1,1),4.855(1,1),4.62vw, 4.195(2),3.97m(3), 3.80 vw.

Anal. Caled for CoHa0,8: C, 55.48; H, 5.72; 8, 7.05.
Found: C, 55.65; H, 5.91; S, 7.07.

When the experiment was performed with omission of the
acetylation stage, a crystalline produet, yield 539, was obtained.
This product was found by tlec to contain 7 together with a
series of slower moving components, presumably products of
partial O-deacetylation. Acetylation of this product gave chro-
matographically homogeneous 7.

For this compound, prepared by a related procedure, Schneider
and co-workers!! reported mp 98°, [«]%Dp —93.1° (1,1,2,2-tetra-
chloroethane), and a yield of 159.

Preparation of 2,3,4,6-Tetra-O-acetyl-1-S-benzoyl-1-thio-g-p-
glucopyranose (8).—A solution of thiolbenzoic acid (10.9 g) in
ethanol (50 ml) was neutralized with 3 N ethanolic potassium
hydroxide (50 ml), and to this was added tetra-O-acetyl-a-p-
glucopyranosyl bromide (27.5 g) which had just been dissolved
in warm ethanol (50 ml). The mixture was shaken for 18 hr at
room temperature, and poured onto ice (1 kg). The gum that
separated crystallized on trituration, and after 3 hr the product
was filtered and washed with water, yield 29.9 g (94%). Re-
crystallization from methanol gave pure product, mp 130-131°,
[a]®p —12.5 £0.5° (¢ 1, chloroform); Ame 5.70 (OAc), 5.95
(SBz), 6.20, 6.30, 6.89 (aryl C==C), 13.0 pm (aryl); A22" 206
nm (e 13,500), 240 nm (e 12,500); nmr data (60 MHz, chloro-
form-d): = 1.98-2.70 (five-proton multiplet, Ph), 4.33-4.91
(four-proton multiplet, H-1,2,3,4), 5.65 (one-proton quartet,
Jss ~5 Hz, Jse' ~12 Hz, H-6), 5.92 (one-proton quartet,
Jse' ~2 Hz, H-6"), ~6.07 (one-proton multiplet, width ~20
Hz, H-5), r 7.95, 7.97, 7.99, 8.01 (three-proton singlets, OAc);
X-ray powder diffraction data: 10.0 w, 8.43 w,7.65s(1),6.37
$(3),5.37m, 4.80 m, 4.25m, 4.11 w, 3.90 w, 3.72 vw, 3.52 5 (2).

Anal, Caled for CuHaO,S: C, 53.84; H, 5.12; S, 6.83.
Found: C, 54.16; H, 5.05; S, 6.88.

The following constants have been reported for this compound,
prepared by a related procedure,? mp 127-128°, [a]*p —13.2°
(chloroform), and by a different procedure,’® mp 126°, [a}®D
—12.44° (1,1,2,2-tetrachloroethane).

Preparation of ¢-Butyl 2,3,4,6-Tetra-O-acetyl-1-thio-g-p-
glucopyranoside (10).—An adaptation of the procedure used for
the benzyl analog 7 gave low yields, but treatment of penta-O-
acetyl-8-p-glucopyranose with ¢-butyl mercaptan and zine chlo-
ride, according to the procedure of Fletcher and co-workers®® gave
10 in 659, yield, mp 142° (lit. mp 145-146°); A5% 5.72 mp
(OAc); nmr data (60 MHz, chloroform-d): = 4.62-5.48 (four-

(40) In the original paper of Cerny and co-workers!¢ the rotation of 8 was
given incorrectly as 444.2° (personal communication from Dr. M. Cerny).
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proton multiplet, H-1,2,3,4), 5.71, 6.00 (two protons, H-6,
H-6'), 6.20 (one-proton multiplet, H-5), 7.95, 7.98, 8.01 (three-,
six-, and three-proton singlets, OAc), 8.62 (nine-proton singlet,
CMea).

Nmr Data for 2,3,4,6-Tetra-O-acetyl-8-p-glucopyranosyl Ethyl-
xanthate (9).—Substance 9, prepared by the method of Schneider,
et al.'* gave nmr data (60 MHz, chloroform-d): r 4.42-5.05
(four-proton multiplet, H-1,2,3,4), 5.33 (two-proton quartet,
J = 7 Hz, CH; of ethyl), ~5.83 (two-proton multiplet, H-6,6'),
6.29 (one-proton multiplet, H-5), 7.95, 7.98, 8.00 (three-, six-,
and three-proton singlets, OAc), 8.59 (three-proton triplet,
CHj; of ethyl).

Nmr Data for 4,6-Di-O-acetyl-1-S-acetyl-2,3-dideoxy-1-thio-a-
p-erythro-hex-2-enopyranose (11).—p-Glucal triacetate was
treated with thiolacetic acid and sulfuric acid* according to the
procedure of Tejima, ef al.’® to give 11, mp 102-105° (lit.** mp
104-105°). In chloroform-d, the 60-MHz spectrum of 11 gave
r 3.70 (one-proton multiplet, Wy = 4.8 Hz, H-1), 4.08 [two-
proton singlet with satellites, J»s = ~10 Hz, H-2, 3 (lit.** =
4.10 singlet)], 4.59 (one-proton quartet, Js; = 9 Hz, H-4),
5.68 (one-proton quartet, Jss = 5 Hz, Jesr = 12.5 Hz, H-6),
5.90 (one-proton quartet, Js,¢’ = 2.5 Hz, H-6"), 6.10 (one-proton
multiplet, width = 16.5 Hz, H-5), 7.58 (three-proton singlet,
SAc), 7.90, 7.93 (three-proton singlets, OAc). Large values of
Js.5, indicative of the axial-quasi axial disposition of H-4 and
H-5, have been observed*? for related 2,3-unsaturated pyranose
derivatives.

(41) This experiment was performed by J. 8. Jewell and P. Durette.
(42) R.J. Ferrier, W, G. Overend, and G. H. S8ankey, J. Chem. Soc., 2380
(1965).
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The spectrum of 11 in acetone-ds was measured at 100 and at
220 MHz (Figure 8) and gave the following data: = 3.78 (one-
proton triplet, width 6.6 Hz, H-1), 4.01 (one-proton doublet of
narrow quartets, Ja,s = 10.3 Hz, width of quartets 4.7 Hz, H-2),
4.15 (one-proton doublet of narrow multiplets, H-2), 4.68
(one-proton doublet of narrow multiplets, J45s = 9.3 Hz, width
of multiplets 4.5 Hz, H-4), 5.77 (one-proton quartet, Jss = 5.0
Hz, Jss' = 11.7 Hz, H-6), 5.92 (one-proton quartet, Js.¢ = 2.8
Hz, H-6’), 6.12 (one-proton multiplet, width 17.0 Hz, H-5).
Addition of benzene-ds to the solution caused the H-2 and H-3
signals to collapse to a singlet, and H-5 signal to shift to higher
field. At the same time the H-1 signal collapsed to Wiy = 4.5
Hz and the H-4 signal collapsed to a doublet of narrow doublets,
Jis = ~2 Ha.
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Amination of 6-0O-Tritylamylose
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Amylose aminated at the secondary hydroxyl groups was prepared by (a) tritylation, p-tolylsulfonylation,
reaction with sodium azide, reduction, and detritylation, or by (b) the same method except for replacement of

sodium azide with hydrazine.

The product of route a, DS 0.45, was N-acetylated and hydrolyzed to give mainly

3-amino-1,6-anhydro-3-deoxy-p-altrose. The product of route b, DS 0.8, gave on hydrolysis in low yield 3-amino-

1,6-anhydro-3-deoxy-p-altrose and 2-amino-2-deoxy-p-glucose.

Apparently both amination routes proceed

through the 2,3-pD-manno-epoxide derivative, the modified units of product (a) having mainly the p-aitro con-
figuration. Attempts to apply the Guthrie amination reaction (successive periodate oxidation, controlled reaction
with phenylhydrazine, and reduction) failed at the reduction stage with both starch and 6-O-tritylamylose, al-
though evidence was obtained that the phenylazo group was present in the latter.

Amylose has been aminated to a degree of substitu-
tion (DS) of 1.4 by successive p-tolylsulfonylation,
hydrazinolysis, and reduction.! The product ob-
tained contained 3,6-anhydro units and subsequent
model studies?—* showed that the main modified unit
present very probably possessed the 3,6-diamino-3,6-
dideoxy-p-altrose structure.2? We then decided to
block C-6 hydroxyl participation by the use of 6-O-tri-
tylamylose®® and to replace the secondary p-tolyl-
sulfonyloxy group by reaction with azide ion rather
than by reaction with the more basic hydrazine mole-
cule. Accordingly, 6-O-tritylamylose was p-tolylsul-
fonylated to a DS of 0.8. It has been pointed out
previously! that evidence exists to show that this prod-
uet had been sulfonated mainly, if not exclusively, at

(1) M. L. Wolfrom, M. L. Taha, and D. Horton, J. Org. Chem., 28, 3553
(1963).

(2) M. L. Wolfrom, P. Chakravarty, and D. Horton, ibid., 30, 2728 (1965).

(3) M. L. Wolfrom, Y.-L. Hung, and D. Horton, ibid., 80, 3394 (1985).

(4) M. L. Wolfrom, Y.-L. Hung, P. Chakravarty, G. U. Yuen, and
D. Horton, ibid., 81, 2227 (1966); M. L. Wolfrom, P. Chakravarty, and
D. Horton, bid., 81, 2502 (1966).

(6) R. L. Whistler and 8. Hirase, ibid., 26, 4600 (1961).

(6) W. M. Hearon, G. D. Hiatt, and C. R. Fordyce, J. Am. Chem. Soc.,
65, 2449 (1943).

the C-2 hydroxyl group. This amylose derivative was
then treated with sodium azide, under the conditions
used previously’ for monosaccharide derivatives, to
produce a product, with the trityl group intact, contain-
ing an azide function (DS 0.45). The azide entity was
transformed readily to the amino group by reduction
with lithium aluminum hydride® and the product was
detritylated with methanolic hydrochloric acid.>® The
final, aminated amylose (DS 0.45) was purified by di-
alysis and was isolated by lyophilization as a white,
nonhygroscopic powder of high dextrorotation that
was readily soluble in water and dimethyl sulfoxide.
The N-acetyl derivative was prepared and showed
similar properties.

The amino sugar fraction of the acid hydrolysate of
the N-acetylaminated amylose showed two components
by paper chromatography in an approximate 5:1
ratio. The main component crystallized and was
identified as 3-amino-1,6-anhydro-3-deoxy-p-altropy-

(7) M. L. Wolfrom, J. Bernsmann, and D. Horton, J. Org. Chem., 37, 4505
(1962).

(8) R. L. Whistler and D. G. Medcalf, Arch. Biochem. Biophys., 104, 150
(1964).



