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ABSTRACT

A simple and fast procedure is described for the decomposition of dithiobis-
S S

i 1
(thioformates) (ROCSSCOR] by reaction with two equvalents of p-chlorobenzene-
thiol 1in pyridine for 10 min at 25° The procedure 1s effective even with derivatized
starch, which 1s 1nsoluble under the reaction conditions Use of less than two equiva-

lents of p-chlorobenzenethiol gives the intermediate, mixed disulfide Other functional
S S S S Ss

1 1 n ] (]
groups that react with this reagent are ROCSSSSCOR, ROCSOMe, ROCSCOR,
SO S S

1 n i 1
ROCSP(OMe),, and ROCSC¢H,4(NO,), However, the functional groups ROCOR,
S S S S S O

| i 1 I i} 1
ROCSCH,Ar, ROCSMe, ROCSR, RSCSR, ROCNEt,, ROCOR, and ROSO,C,-
H,Me do not react (R = carbohydrate moiety)

INTRODUCTION

Dithiobis(thioformate) groups, formed by the oxidative coupling of xanthates,
are useful as intermediates to mntroduce various functional groups into carbohydrates
Nucleophilic attack by amines, alcohols, and phenols at the thiocarbonyl carbon atom
gives thiocarbamoyl!?, alkyloxythiocarbonyl®, and aryloxythiocarbonyl 3derivatives,
respectively Treatment of certain sugar dithiobis(thioformates) with tertzary amines
affords thionocarbonate**> and dithiocarbonate® derivatives Frequently, the reaction
mixtures contamn unreacted sugar dithiobis(thioformate), which 1s difficult to separate
from the desired product Attempts to decompose the dithiobis(thioformate) selec-
tively with base 1n the presence of the various products have been only partially

*This 1s a laboratory of the Northern Marketing and Nutrition Research Division, Agricultural
Research Service, U S Department of Agriculture Mention of firm names or trade products does not
mmply that they are endorsed or recommended by the U S Department of Agriculture over other
firms or similar products not mentioned
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successful We now find that such selective decomposition 1s readily accomplished on
treatment with p-chlorobenzenethiol (21) In a prehminary communication, S J Brois
et al 7 described the decomposition of sulfenyl thiocarbonates with thiols to give
mixed disulfides

(e}
RSSCOR*+R'SH —> RSSR’+COS+R"OH

RESULTS AND DISCUSSION

When pyridine solutions of the dithiobis(thioformate) derivatives of 1,2 5,6-
di-O-1sopropyhidene-a-D-glucofuranose, 1,2- O-1sopropylidene-a-D-glucofuranose, 1,2 -
3,4-d1-O-1sopropylidene-a-D-galactopyranose (22), methyl 2,3,4-tr1- O-methyl-a-D-glu-
copyranoside, and methyl 4,6-O-benzylidene-a-D-glucopyranoside were treated with
two equivalents of 21, the dithiobis(thioformate) group immediately decomposed
and released the parent sugar alcohol quantitatively Even starch dithiobis(thioform-
ates), which are insoluble in pyridine, readily decomposed when treated with 21

The decomposition probably occurs by the following mechanism

S S
1] J(] It it
ROCSSCOR+HSCgH;Cl —> ROCSH+ROCSSCH4Cl 195
i i
ROCSSCH,Cl+HSCsH,C! —> ROCSH+CICsH,SSCaH.Cl )
3
ROCSH —-> ROH+CS. 26))

This mechanism 1s supported by the following observations made for the decom-
position of bis(1,2 3,4-di-O-1sopropylidene-«-D-galactopyranose) 6,6'-[dithiobis(thio-
formate)] (1)

() Carbon disulfide 1s produced, in amounts depending on the quantity of 21
used, up to 2 maximum of about 1 6 moles of carbon disulfide per mole of 1

Moles of p-chlorobenzenethiol 035 1 2 3

Moles of carbon disulfide 048 096 16 16

When known amounts of carbon disulfide were added to a solution of pyridine
and 21, recoveries were 80-85%

(2) Upon addition of one equivalent of 21, t1 ¢ of the mixture showed a new

S

component that was isolated and identified as the intermediate ROC“ISSC6H4C1,
namely, 1,2 3,4-di-O-1sopropylidene-a-D-galactopyranose 6-[S,S-(p-chlorophenyl)tri-
thioperoxycarbonate] (2) Addition of 21 1n pyridine to 2 gave the expected sugar
alcohol The structure of 2 was formulated on the basis of elemental analysss, ir.,
and n mr data Treatment of a dilute solution of 2 with alkali gave, according to the
u v spectrum, a xanthate that decomposed upon acidification. The structure was
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confirmed by the independent synthesis of 2 by a disulfide exchange-reaction®
between 1 and bis(p-chlorophenyl) disulfide
s
RO“CSS("ZOR+CIC5H4$SC5H4C1 —_— RO&SSCGH.,CI

Compounds having different functional groups were treated with 21 to test the
selectivity of the reagent The results are summarized in Table I References are given
1n the table for the synthesis of all compounds mentioned, except for 6-0-[2,4-dinitro-

TABLE 1

MAJOR COMPONENTS OF THE REACTION OF p-CHLOROBENZENETHIOL WITH VARIOUS SUGAR
DERIVATIVES®

Starting Structure Reaction Reference
compound component
35
3 ROCSSSSCOR 9
s ROH
1
4 ROCSOMe 10
T
5 ROCSCOR 11
52 3
6 ROCSP(OMe). ROCSCsH, Cl+ROH 11
S
11
7 ROCSCsH;(NDO,).
do
8 l >C=S No change 4
—CO
]
5
9 ROCOCsH, No change 3
do
10 J_>C=S No change 12
oCc—
i
5
11 ROCOR No change i3
S
il
12 ROCSCH,CsHs No change
S
i
13 ROCSMe No change 14
S
1
14 RO(IZSR No change 9
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TABLE I (Continued)

Starting Structure Reaction Reference
compound component
&s
15 l \C=S No change 15
—cs
|
v
16 ROCN< No change
do
17 l >c_—_— No change 4
—CO
|
&o
18 J/\C= No change 12
oc—
|
19 ROSO,CgH Me No change

%Key to compounds 1t Table I 3, Bis(1,2 3,4-di- O-1sopropylidene-6-O-thiocarbonyl-2-p-galacto-
pyranose) tetrasulfide 4, 1,2 3,4-Di1-0-1sopropylidenc-6- 0-[methoxythio(thiocarbonyl)]-z-p-galacto-
pyranose, 5, Bis(1,2 3,4-di-O-1sopropylidene-6-O-thiocarbonyl-a-D-galactopyranose) monosulfide,
6, 1,2 3,4-D1-O-1sopropyhdene-ax-D-galactopyranose-6- O-dithiocarbonate anhydrosulfide with 0,0°-
dimethyl phosphorothioate, 7, 6- O-[2,4-Dimtrobenzenethio(thiocarbony})}-1,2 3,4-d1- O-1sopro-
pylidene-a-D-galactopyranose, 8, 1,2-0O-Isopropylidene-a-p-glucofuranose 5,6-thionocarbonate, 9,
1,2 5,6-D1- O-1sopropylidene-3- O-phenoxythiocarbonyl-a-p-~glucofuranose, 10, Methyl 4,6-O-
benzylidene-x-D-glucopyranoside 2,3-thionocarbonate, 11, Bis(1,2 3,4-d1- O-1sopropylidene-a-D-
galactopyranose) thionocarbonate, 12, 3-O-[Benzylthio(thiocarbonyl]-1,2 5,6-d1- O-1sopropyhdene-
x-D-glucofuranose, 13, 1,2 5,6-Di- O-1sopropylidene-3- O-[methylthio(thiocarbonyl)]-a-p-gluco-
furanose, 14, Bis(6-deoxy-1,2 3,4-di-O-1sopropylidene-a-p-galactopyranos-6-yl) 6-Q,6°-S-dithiocar-
bonate, 15, 1,2-0O-Isopropylidene-5,6-dithio-f§-L-1dofuranose 5,6-trithiocarbonate, 16, 3-O-Diethyl-
thiocarbamoyl-1,2 5,6-di-O-1sopropylidene-a-p-glucofuranose, 17, 1,2-O-Isopropylidene-a-D-gluco-
furanose 5,6-carbonate, 18, Methyl 4,6-0O-benzylidene-x-D-glucopyranoside 2,3-carbonate, 19,
Methyl 6-O-p-tolylsulfonyl-a-D-glucopyranoside

benzenethio(thiocarbonyl)}-1,2 3,4-d1- O-1sopropylidene-a-D-galactopyranose (7) and
3-O-[benzylthio(thiocarbonyl)]-1,2 5,6-di-O-1sopropylidene-a-p-glucofuranose  (12),
the syntheses of which are described in the Experimental

The structure of 1,2 3,4-di-O-1sopropylidene-a-p-galactopyranose 6-[S-(p-
chlorophenyldithiocarbonate] (20), which was obtained from the decomposition
of 5, 6, and 7, was formulated from elemental analysis, and 1r, uv,and nmr-
spectral data Treatment of 20 with alkali did not produce a xanthate (u v)
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EXPERIMENTAL

Melting points were determined with a Fisher-Johns apparatus and are uncor-
rected Optical rotations were measured 1n a I-dm tube with a Rudolph polarimeter
Ir spectra were recorded with a Perkin—Elmer Model 137 from samples as Nujol
mulls or films, uv spectra, with a Perkin-Elmer Model 202 spectrophotometer,
andn m r spectra, witha Varnian HA-100 spectrometer with tetramethylsilane as the
internal reference standard (7 = 10.00). For t.1 ¢., Silica Gel G served as the adsorbent,
9 1 (v/v) carbon disulfide-ethyl acetate as the solvent, and 19 1 (¢/v) methanol-sulfuric
acid as the spray reagent All other reagents were of good grade and were used without
further purification The susceptibility of a sample toward p-chlorobenzenethiol (21)
was tested by reaction of 0 1 mmole of sample with 0 2 mmole of 21 for 10 min at 25°

Determination of carbon disulfide — In a sidearm test-tube, bis(1,2 3,4-di-O-
1sopropylidene-a-D-galactopyranose) 6,6'-[dithiobis(thioformate]) (1) (67 mg) was
dissolved 1n pyridine (1 ml) contaiming 21 (30 mg) The mixture was flushed with arr,
and the gases were washed with sulfuric acid (2 5M) to remove pyridine The carbon
disulfide was collected n ethanol (1 liter) containing 0 4% of diethylamine The yield
of carbon disulfide was 82 5%, based on the assumption that each mole of 1 produces
two moles of carbon disulfide The calculation was based on A, 290 nm (g 13,400
in ethanol containing 0 4% of diethylamine) When known amounts of carbon disulfide
were added to solutions of 21 in pyridine that were then flushed with air, recoveries
ranged between 80 and 85% 1In other experiments, the amount of 1 added was kept
constant at 67 mg, but the amount of 21 was varied Addition of 45 mg gave 80% of
the expected carbon disulfide, whereas addition of 15 mg and 75 mg gave 48%
and 24% respectively

Decomposition of 1 with 21 — (a) Compound 1 (67 mg) was dissolved 1n pyridine
(1 ml) that contained 21 (30 mg) T 1c showed the presence of a single sugar compo-
nent, corresponding (t 1 ¢ and1r)to 1,2 3,4-di1-O-1sopropylidene-«-D-galactopyranose
(22)

(b) Compound 1 (670 mg) was dissolved 1 a solution of 21 (70 mg) 1n pyridine
(1 ml) Tlc showed the presence of three sugar components, identified as 22, 1, and
1,2 3,4-d1-O-1sopropylhidene-«-D-galactopyranose  6-[S,S-(p-chlorophenyl)trithio-per-
oxycarbonate (2) Compound 2 vvas purified by preparative t1c to yield 100 mg of
syrup, AE%H 250 nm (¢ 17,700) together with a narrow shoulder centered about
290 nm (e 5,470), [«]23 —140° (c 2, acetone), the 1 r spectrum showed characteristic
absorption at 1010 and 1250 cm™! for —OC(S)S—, 820 and 1500 cm™! for a 1,4-
substituted benzene ring, and 742 cm ™! for C—Cl The n m r spectrum showed a mul-
tiplet that resembled two doublets centered at T 2 6 and corresponded to four protons
of the disubstituted aromatic ring

Anal Calc for C;gH,3ClO¢S; C, 47 64, H, 4 88; Cl, 740, S, 2008 Found-
C,4758, H,507,Cl, 744, 8,19 82

Compound 2 was independently synthesized by a disulfide exchange-reaction
between 1 and bis(p-chlorophenyl) disulfide'® Bis(p-chlorcphenyl) disulfide (2 88 g)
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was added to a solution of 1 (670 mg) in pyridine (10 mi) After being kept for 1 h
at 25°, excess solvent was evaporated, and the mixture was exiracted with hexane
T Ic of the extract showed mainly one component, which was purified by adsorption
onto silicic acid and elution with n#-hexane followed by n-hexane—chloroform (1:3 v/v)
to yield 704 mg of 2, characterized by elemental analysis, uv, and 1r spectra

When a dilute solution of 2 (4-5 mg/100 ml ethanol) was treated with sodium
hydroxide (5M, O 1 ml), 1ts u v spectrum showed a strong absorption maximum at
304 nm (ROC(S)S-) that immediately disappeared upon acidification with dilute
hydrochloric acid

Addition of 21 (50 mg) to 2 (100 mg) 1n pyridine (1 ml) gave the starting sugar
alcohol (t1c and 1r1.)

6-0O-12,4- Dinitrobenzentino(thiocarbonyl)}-1,2 3,4-di- O-1sopropylidene-o-D-galac-
topyranose (7) — A solution of 22 (5 g) in methyl sulfoxide (5 ml) was treated with
carbon disulfide (5 ml) The mixture was cooled 1n an 1ce bath, treated with sodium
hydroxide (5™, 5 ml), and kept for 10 mun at 5° 1-Chloro-2,4-dinitrobenzene (3 5 g)
was added with stirring The mixture immediately turned dark and product 7 crystal-
hized out of the mixture during about 10 min The crystals were filtered, washed with
water, and dissolved in ether Upon partial evaporation of the solvent, the product
recrystallized from the solution to yield 30 g, mp 123-125°, [«]23 +002° (c 4,
acetone), AEOH 270 nm (¢ 12,900)

Anal Calc for C,oH,,N,0,,S, C, 4523, H,439, N, 557, S, 1278 Found
C,4500,H,444; N, 548, S, 1253

T 1c¢ of the mother hiquor showed several spots, the major one having the same
mobility as 7 The liquor was purified by desorption from silicic acid with hexane and
hexane—chloroform (1 3 v/v) as eluents

A solution of 7 (500 mg) min pyridine (1 ml) was treated with 21 (150 mg)
The mixture turned dark red immediately and t1 ¢ showed mainly two components,
the one having the lower Ry value corresponding to 22 The other (150 mg) was
1solated by preparative t1c¢ and was shown to be 1,2 3,4-di-O-1sopropyhdene-a-D-
galactopyranose 6-[S-(p-chlorophenyl)dithiocarbonate] (20), initially obtained as a
colorless syrup but which crvstalized on beng kept, mp 83-85°, [«]*® —61 5°
(c 1, acetone), AE9H 288 nm (£ 11,200),n m r multiplet centered at 2 6 (four protons
of the disubstituted aromatic ring)

Anal Calc for C,,H,3CIOgS, C, 5105, H, 518, Cl, 793; S, 14 34 Found
C, 51.15, H, 546, Cl 8,10; S, 14 04,

Treating an alcoholic solution of the ester with alkali did not produce xanthate
{(u v.) under the conditions used for 2 Consequently, alkal treatment could be
used to differentiate between 20 and 2 In another experiment, 7 was treated in pyrid-
me with 21 Carbon disulfide was detected by the procedure already described

3-O-[Benzylth:o(thiocarbonyl))-1,2 5,6-di-O-1sopropylidene-a-D-glucofuranose
{12) — To a solution of 1,2 5,6-di-O-1sopropyhidene-a-D-glucofuranose (5 g) in methyl
sulfoxide (5 ml), carbon disulfide (5 ml), and sodium hydroxide (5M, 5 ml) were
added The xanthate solution thus formed was kept for 10 min at 5°, treated with
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a-bromotoluene (2 ml), and kept for an additional 10 min When the mixture was
poured mnto 1ce—water (500 mli), a thin syrup precipitated, which was collected and
analyzed as 12 (3 7 g) Traces of a-bromotoluene were removed by preparativetlc,
AEOH 285 nm (g 11,900), [«]33 —28° (c 1.0, acetone)

Anal Calc for C, H,50.S, C, 5633, H, 614, S, 1503. Found C, 5602,
H, 623, S, 14 80

Decomposition of 1,2 3,4-di-O-1sopropylidene-a-p-galactopyranose 6-O-dithiocar-
bonate anhydrosulfide wirth O,O’-dimethyl phosphorothioate (6) — To a solution of 21
(150 mg) in pyridine (5 ml), 6 (220 mg) was added T 1c¢ showed one major compo-
nent, which was 1solated by preparative tl1 ¢ and identified as 20 by uv, 1r, and
sulfur analysis The yteld was 165 mg A minor component (10 mg) was 1solated and
shown (t1c and1r) to be 22

Decomposition of bis(1,2 3,4-di-O-1sopropylidene-6-O-thiocarbonyl-a-p-galacto-
pyranose) monosulfide (5) — When 5 (250 mg) was treated in pyridine solution (4 ml)
contammng 21 (120 mg), 20 (140 mg) was obtained, together with 22 (90 mg)
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