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ABSTRACT 

A slmpie and fast procedure 1s described for the decomposltlon ofdltkobis- 
s s 

(throformates) (RO&&OR] by reaction with two equivalents of p-chlorobenzene- 
thlol m pyndme for 10 mm at 25” The procedure IS effective even with derlvatlzed 
starch, which IS msoluble under the reactlon condltlons Use of less than two eqmva- 
lents ofp-chlorobenzenet~ol gves the mtermedlate, mlxed dlsulfide Other functlonal 

s s S ss 

groups that react with this reagent are ROkSSStOR, ROkOMe, ROkSkOR, 
so S S 
II II 

ROCSP(OMe),, and RO&3C6H,(N0,)2 However, the functional groups ROTOR, 
S S S S S 0 

RO&CH,Ar, RO&Me, ROdSR, R&SR, RO&Et,, ROeOR, and ROS02C,- 

H,Me do not react (R = carbohydrate moiety) 

INTRODUCTION 

D&obls(thloformate) groups, formed by the oxldatlve couplmg of xanthates, 
are useful as intermediates to introduce various functional groups mto carbohydrates 
Nucleophlhc attack by ammes, alcohols, and phenols at the tbocarbonyl carbon atom 

gives thlocarbamoyl 1 *7, alkyloxythlocarbonyl’, and aryloxytiuocarbonyl 32envatlves, 
respectively Treatment of certain sugar dlthlobls(thloformates) with tertiary ammes 

affords thlonocarbonate4*’ and dlthlocarbonate6 denvatlves Frequently, the reactxon 
mixtures contam unreacted sugar dltluobls(thloformate), which IS ddl?icult to separate 
from the desired product Attempts to decompose the dlthlobls(thloformate) selec- 

tively with base m the presence of the various products have been only partially 

*This IS a laboratory of the Northern Marketmg and Nutntlon Research Dlws~on, Agncultural 
Research Servxe, U S Department of Agnculture Mentton of firm names or trade products does not 
imply that they are endorsed or recommended by the U S Department of Agnculture over other 
firms or sumlar products not mentioned 
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successful We now find that such selectrve decomposrtron 1s readrly accomphshed on 

treatment wrthp-chlorobenzenethrol(21) In a prehmmary commumcatron, S J Brows 
et al ’ described the decomposrtron of sulfenyl throcarbonates wrth tluols to grve 
mrxed drsulfides 

0 

RS&OR’+R’SH + RSSR’+COS+R’OH 

RESULTS AND DISCUSSION 

When pyridme solutrons of the drthrobrs(throformate) derrvatrves of 1,2 5,6- 
dr-CLisopropyhdene-cr-D-glucofuranose, 1,2-0-rsopropyhdene-a-D-glucofuranose, 1,2 - 
3,4-dr-0-rsopropyhdene-a-D-galactopyranose (22), methyl 2,3,4-tn-O-methyl-a-D-glu- 
copyranosrde, and methyl 4,6-0-benzyhdene-a-D-glucopyranostde were treated with 
two equrvalents of 21, the drthrobrs(throformate) group lmmedrately decomposed 
and released the parent sugar alcohol quantrtatrvely Even starch drthrobrs(throform- 
&es), whrch are msoluble m pyrrdme, readrly decomposed when treated wrth 21 

The decomposrtron probably occurs by the following mechanism 

s s S S 

RO&S:OR+HSC6H&I + RO~SH+RO~SSC6H&l (0 

S S 

RO&SC6H&I+HSC6HJCI ---f RO~SH+CIC6H,SSC6H.&l (2) 

S 

RO&H d ROH+CSz X3) 

This mechamsm is supported by the following observations made for the decom- 
position of brs(1,2 3,4-dl-O-rsopropyhdene-c+D-galactopyranose) 6,6’-[drthiobis(tmo- 
formate)] (1) 

(I) Carbon drsulfide 1s produced, m amounts depending on the quantity of 21 
used, up to a maxrmum of about 1 6 moles of carbon drsuliide per mole of 1 

Moles ofp-chlorobenzenethrol 0 5 1 2 3 
Moles of carbon dlsulfide 048 096 16 16 
When known amounts of carbon drsulfide were added to a solution of pyndme 

and 21, recovenes were 80-85% 

(2) Upon addrtron of one eqmvalent of 21, t 1 c of the rmxture showed a new 
S 

component that was Isolated and rdentied as the mtermedrate RO&SC,H,CI, 
namely, 1,2 3,4-dr-O-rsopropyhdene-a-D-galactopyranose 6-[S,S+chlorophenyl)tn- 
throperoxycarbonate] (2) Add&on of 21 m pyndme to 2 gave the expected sugar 
alcohol The structure of 2 was formulated on the basis of elemental analysis, i r., 
and n m r data Treatment of a ddute solution of 2 wrth alkah gave, accordmg to the 
u v spectrum, a xanthate that decomposed upon acrdnicatron. The structure was 
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confirmed by the independent synthesis of 2 by a dlsuEde exchange-reaction’ 
between 1 and bls(p-chlorophenyl) dlsulfide 

: s S 

ROCSS80R+CICsH.$SC6H.&l + RO8SSC,H,CI 

Compounds having dflerent functional groups were treated with 21 to test the 
seIectlvlty of the reagent The results are summarized m Table I References are gven 
III the tabIe for the synthesis of alI compounds mentioned, except for 6-O-[2,4-dlmtro- 

TABLE I 

hWOR COhlPONENTS OF THE REACTION OF P-CHLOROBENZJiNETHIOL WITH VARIOUS SUGAR 

DERIVATIVEtf 

Startmg 
compound 

Structure Reactron 
component 

Reference 

S S 

3 ROkiSSS6OR 9 
S ROH 

4 RO&iOMe 10 

s s 
5 RO&:OR 11 

:: S 

6 ROCSP(OMe)+ RO&C&Cl + ROH 11 
S 

7 RO:SCsH3(N&)+ I 

8 

9 

10 

11 

12 

13 

14 

No change 4 

f 
ROCOCsHs No change 

-co \ 1 c=s 
oc- 

1 

No change 

S 

ROEOR 

f 
ROCSCH2CsHs 

? 
ROCSMe 

S 

RO&R 

No change 

No change 

No change 

No change 

3 

12 

13 

14 

9 
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Startmg 
compound 

Reachon 
component 

Reference 

15 

16 

17 

18 

I 
-cs 

1 =,=s 
-cs 

I 

No change 

S 

RO& y/ 
\ 

-JO 
I \ / c=o 

-CO 
I 

I 
-co \ L C=O 
oc- 

No change 

No change 4 

No change 12 

19 ROS0&H4Me No change 

15 

nKey to compounds in TabIe I 3, B1s(1,2 3,4-dl-U-lsopropylldene-6-O-thlocarbonyl-r-o-galacto- 
pyranose) tetrasulfide 4, I,2 3,4-D1-O-isopropylldene-6-U-[melhoxyth~o(th~ocarbonyl)]-a-D-galacto- 
pyranose, 5, B1s(1,2 3,4-d1-O-lsopropylldene-6-O-thlocarbonyl-a-D-galactopyranose) monosulfide, 
6, 1,2 3,4-D1-O-isopropylldene-a-D-galactopyranose-6-O-~thlocarbonate anhydrosulfide wth O,O’- 
dlmethjl phosphorothloate, 7, 6- 0-[2,4-Dlmtrobenzenethlo(thlocarbonyl)]- I,2 3,4-dl- O-lsopro- 
pyhdene-a-D-gaiactopyranose, 8, 1,2-0-Isopropylldene-a-D-glucofuranose fi,Gthlonocarbonate, 9, 
1,2 5,6-D1-O-lsopropy!ldene-3-O-phenoxythxocarbonyl-a-~-gIucofuranose, 10, Methyl 4,6-0- 
benzyhdene-a-D-glucopyranoslde 2,3-thlonocarbonate, 11, B1s(l,2 3,4-dl- 0-lsopropyhdene-a-D- 
galactopyranose) thlonocarbonate, 12, 3-0-[Benzylthlo(throcarbonyl)]-1,2 5,6-dl-O-lsopropyhdene- 
a-D-glucofuranose, 13, 1,2 5,6-DI- 0-lsopropyhdene-3- 0-[methylthlo(thlocarbonyl)]-a-~-gluco- 
furanose, 14, Bls(Gdeoxy-I,2 3,4-dl-0-lsopropyltdene-a-o-galactopyranos-6-yl) 6-0,6’-S-dlthlocar- 
bonate, 15, 1,2-O-Isopropyhdene-5,6-d~th~o-19-r_ldofuranose Z+tnthiocarbonate, 16, 3-0-Dlethyl- 
thlocarbamoyl-1,2 5,6-dl-0-nopropyhdene-a-D-glucofuranose, 17, 1,2-O-Isoprop>hdene-a-D-gluco- 
furanose 5,6-carbonate, 18, Methyl 4,6-0-benzyhdene-a-D-glucopyranoside 2,3-carbonate, 19, 
Methyl 6-0-p-tolylsulfonyl-a-D-glucopyranos1de 

benzenethlo(thlocarbonyl)]-1,2 3,4-di-0-isopropyhdene-a-D-galactopyranose (7) and 
3-0-[benzylthlo(thlocarbonyl)]-1,2 5,6-dl-0-isopropyhdene-or-D-glucofuranose (12), 
the syntheses of which are described m the ExperImental 

The structure of 1,2 3,Pdl-0-lsopropyhdene-a-D-galactopyranose 6-IS-(p- 
chlorophenyl)dlthlocarbonate] (20), which was obtained from the decomposition 
of 5, 6, and 7, was formulated from elemental analysis, and I r , u v , and n m r - 
spectral data Treatment of 20 with alkali did not produce a xanthate (u v ) 
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EXF’ERIMENTAL 

Melting pomts were determmed wrth a Fisher-Johns apparatus and are uncor- 

rected OptIcal rotations were measured m a I-dm tube wrth a Rudolph polarrmeter 
I r spectra were recorded with a Perkm-Elmer Model 137 from samples as NUJOI 

mulls or films, u v spectra, with a Perkm-Elmer Model 202 spectrophotometer, 
and n m r spectra, with a Vanan HA-i00 spectrometer wrth tetramethylsrIane as the 

internal reference standard (z = 10.00). For t.1 c., Slllca Gel G served as the adsorbent, 
9 1 (v/u) carbon dlsulfide-ethyl acetate as the solvent, and 19 1 (L/V) methanol-sulfunc 
acid as the spray reagent All other reagents were of good grade and were used wlthout 
further punfication The susceptiblhty of a sample toward p-chlorobenzenethlol(21) 
was tested by reaction of 0 1 mmole of sample wrth 0 2 mmole of 21 for 10 mm at 25” 

Determmatron of carbon dwljide - In a sidearm test-tube, brs(l,2 3,4-dr-O- 
Isopropyhdene-cu-D-galactopyranose) 6,6’-[drthrobrs(throformate]) (1) (67 mg) was 
dissolved m pyndme (1 ml) contammg 21 (30 mg) The mixture was flushed with air, 
and the gases were washed with sulfuric acid (2 5M) to remove pyrldme The carbon 
dlsulfide was collected m ethanol (1 liter) contalmng 0 4% of dlethylamme The yield 
of carbon dlsulfide was 82 5%, based on the assumption that each mole of 1 produces 
two moles of carbon drsulfide The calculatron was based on h,,, 290 nm (E 13,4!M 
m ethanol contammg 0 4% of dlethylamme) When known amounts of carbon dlsulfide 
were added to solutions of 21 in pyrldme that were then flushed with air, recoveries 
ranged between 80 and 85% In other expenments, the amount of 1 added was kept 
constant at 67 mg, but the amount of 21 was varred Addrtron of 45 mg gave 80% of 

the expected carbon drsulfide, whereas addrtron of 15 mg and 7 5 mg gave 48% 
and 24% respectively 

Decomposrtion of 1 wrrh 21 -(a) Compound 1(67 mg) was drssolved m pyrrdme 

(1 ml) that contamed 21(30 mg) T 1 c showed the presence of a smgle sugar compo- 
nent, correspondmg (t 1 c and 1 r ) to 1,2 3,4-dl-0-lsopropyhdene-U-D-galactopyranose 

(22) 
(b) Compound 1 (670 mg) was dissolved m a solution of 21 (70 mg) m pyndme 

(1 ml) T 1 c showed the presence of three sugar components, ldentlfied as 22,1, and 
1,2 3,4-dl-O-lsopropyhdene-a-D-galactopyranose 6-[S,S-(p-chlorophenyl)tnthlo-per- 
oxycarbonate (2) Compound 2 !las purllied by preparative t 1 c to yield 100 mg of 
syrup, lZEloH 250 nm (E 17,700) together with a narrow shoulder centered about ma= 
290 nm (s 5,470)) [cc]: - 140” (c 2, acetone), the 1 r spectrum showed characterrstrc 

absorptron at 1010 and 1250cm- i for -OC(S)S-, 820 and 1500 cm-’ for a 1,P 
substituted benzene rmg, and 742 cm -’ for C-Cl The n m r spectrum showed a mul- 

trplet that resembled two doublets centered at ‘c 2 6 and corresponded to four protons 
of the dlsubstltuted aromatlc rmg 

AnaZ Calc for C,9H23C10sS3 C, 47 64, H, 4 88; Cl, 7 40, S, 20 08 Found- 
C, 47 58, H, 5 07, Cl, 7 44, S, 19 82 

Compound 2 was mdependently synthesrzed by a drsulfide exchange-reaction 

between 1 and bls(p-chlorophenyl) dlsulfide16 Bls(p-chlorcphenyl) dlsulfide (2 88 g) 
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a-bromotoluene (2 ml), and kept for an addrtional 10 mm When the mixture was 
poured mto Ice-water (500 ml), a thm syrup precrprtated, which was collected and 
analyzed as 12 (3 7 g) Traces of a-bromotoluene were removed by preparatrve t 1 c , 

AEAz 285 nm (E 11,900), [al22 -28” (c 1.0, acetone) 
AnaZ Calc for C,,H,,O,S, C, 56 33, H, 6 14, S, 15 03. Found C, 56 02, 

H, 623, S, 1480 
Decomposltron of I,2 3,4-dr-0-xopropyhdene-u-mgaiactopyranose 6-O-drthrocar- 

bonate anhydrosz@de wrth O,O’-dmethylphosphorothioate (6) - To a solutron of 21 
(150 mg) m pyrrdme (5 ml), 6 (220 mg) was added T 1 c showed one major compo- 
nent, whrch was Isolated by preparatrve t 1 c and rdentrhed as 20 by u v , 1 r , and 
sulfur analysrs The yreld was 165 mg A mmor component (10 mg) was Isolated and 
shown (t 1 c and 1 r ) to be 22 

Decomposmon of bzs(l,2 3,4-dl-O-~sopropylrdene-6-O-tl~locarbonyl~-D-gaiacto- 

pyranose) monosulfide (5) - When 5 (250 mg) was treated m pyndme solutron (4 ml) 
contammg 21 (120 mg), 20 (140 mg) was obtamed, together wrth 22 (90 mg) 
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