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Although little investigated, thiono esters [RC(=S)- 
OR’] are normally prepared either through treatment 
of imino ethers with hydrogen sulfide2,3 or by reaction 
of a chlorothionoformate with a Grignard reagent.2 
Owing the the labilities of many masking groups which 
are normally used in the carbohydrate field, both of 
these procedures are subject to limitations in the syn- 
thesis of thiono esters of the sugar series. In the course 
of studies of the rearrangement of esters4 it became de- 
sirable to synthesize certain thionobenzoates of poly- 
hydroxytetrahydropyrans (1,5-anhydroglycitols) and 
we therefore sought a method for the preparation of 
thionobenzoates which would be suitable for use in the 
carbohydrate field. Thiobenzoylation with thio- 
benzoyl chloride in pyridine solution proved to be satis- 
factory. However, while the reagent is readily pre- 
parable from dithiobenzoic acid as described in the liter- 
a t ~ r e , ~ , ~  the standard preparation of dithiobenzoic acid 
from phenylmagnesium bromide and carbon disulfide5-’ 
proved troublesome in our hands. Methyl dithioben- 
zoate, a distillable red oil which is stable on storage, may 
readily be prepared from thiobenzoinorpholide meth- 
iodides and serves as a reliable source of dithiobenzoic 
acid as the latter is required. Simple treatment of the 
methyl ester with sodium hydrogen sulfide in dry meth- 
anol, followed by acidification gives dithiobenzoic acid 
which need not, however, be isolated and can be con- 
verted directly to thiobenzoyl chloride. 

The desired ester, 1,5-anhydr0-3,4-di-O-benzoyl-2- 
0-thiobenzoyl-D-arabinitol was synthesized in the fol- 
lowing fashion. lJ5-Anhydro-~-arabinitola was con- 
densed with acetone,lO the sirupy product, lJ5-anhydro- 
3,4-0-isopropylidene-~-arabinitol, being characterized 
as its crystalline 2-0-benzoyl derivative. Benzylation 
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of 1,5-anhydro-3,4-0-isopropylidene-~-arabinitol af- 
forded the 2-0-benzyl ether from which the isopropyli- 
dene group was removed by acid hydrolysis. The di- 
benzoate of the product, 1,5-anhydro-3,4-di-O-benzoyl- 
2-O-benzyl-~-arabinitol, was hydrogenated to give 1,5- 
anhydro-3,4-di-O-benzoyl-~-arabinitol; thiobenzoyla- 
tion of this diester afforded the desired lJ5-anhydro- 
3,4-di-O-benzoyl-2-O-t hiobenzoyl-~-arabinitol. 

Possessing the C=S chromophore, thionobenzoates 
are characteristically yellow in C O I O ~ , ~  a fact which mark- 
edly facilitates the chromatography of these substances. 

Experimental11 

Thiobenzomorpho1ide.-The substance was made from benz- 
aldehyde (42.5 g., freshly distilled), morpholine (52.0 g.), and 
powdered sulfur (19.2 g.) as described in “Method A ”  of Peak 
and Stansfield,E and the powdered, crude product was extracted 
in a Soxhlet apparatus with ca. 750 ml. of ethanol, the contami- 
nating sulfur being left behind. On cooling the ethanolic solu- 
tion, the product separated as large prismatic needles: 78.2 g. 
(94%), m.p. 137-138’. 

Methyl Dithiobenzoate.-Thiobenzomorpholide (91 .O 9.) was 
dissolved in 900 ml. of hot, anhydrous acetone, and the solution 
was cooled rapidly under the tap. Methyl iodide (40 ml.) was 
added through an efficient reflux condenser, and the solution was 
rewarmed at  gentle reflux with vigorous stirring. After about 5 
min., a yellow solid rapidly separated from the solution; the 
suspension was heated for a further 30 min., cooled, diluted with 
150 ml. of dry pyridine, and stirred while a gentle stream of 
hydrogen sulfide was passed in. The reaction mixture turned 
orange and then to the red color characteristic of methyl dithio- 
benzoate, the yellow solid gradually being replaced by a colorless 
one.l* A slow stream of hydrogen sulfide into the reaction 
mixture (at room temperature) was maintained overnight 
and the solution was then filtered, the solid being washed with 
absolute ethanol until colorless. The combined filtrate and 
washings were concentrated in vacuo (50’ bath) to remove the 
acetone, ethanol, and the major part of the pyridine, solid sepa- 
rating toward the end of the concentration. After cooling in ice, 
the magma was acidified with an excess of ice-cold 5 N hydro- 
chloric acid and the aqueous suspension was extracted with ether 
(a total of 500 ml.) until no more color was removed. The com- 
bined ethereal extracts were washed thoroughly with water and, 
finally, aqueous sodium bicarbonate solution. Moisture was 
removed with magnesium sulfate and the solution was concen- 
trated in vacuo, the residue being distilled at  90’ and 0.6 mm.I3 
to give 67.3 g. (91yo) of methyl dithiobenzoate as a mobile 
red oil. Until required, the substance was stored in stoppered, 
dark-colored bottles a t  room temperature. 

Dithiobenzoic Acid.-Methyl dithiobenzoate (67 9.) was added 
to a solution of anhydrous, freshly prepared sodium hydrogen 
sulfide (25 9.) in absolute methanol (150 ml.). The mixture 
was stirred at room temperature until homogeneous (2 hr.) 
and then left overnight a t  room temperature. Concentration 
in vacuo (45” bath) afforded a very dark red residue which waa 
dissolved in 200 ml. of water, and the resulting solution was 
extracted with dichloromethane until the extracts were virtually 
colorless. Ether (250 ml.) and then ice-cold 5 N hydrochloric 
acid (150 ml.) were now cautiously added to the aqueous solu- 
tion, and the system was shaken until the aqueous layer was 
colorless. The red-violet ethereal solution was washed twice 
with water and then dried with sodium ~u1fate.l~ Dithiobenzoic 
acid (41 g., 67y0) was obtained as a red-brown oil on concentrat- 
ing the solution under nitrogen at 0’; it was characterized through 
the formation of its lead salt, obtained as purple-red needles, 
m.p. 204-205’, from toluene. The lead salt may also be used 
for further purification of the dithiobenzoic acid.’J6 

(11) Melting points are corrected. 
(12) Care must be taken to avoid clogging of the hydrogen sulfide delivery 

(13) Also noted were h.p. 80-85’ (0.3 mm.) and h.p. 76O (0.2 mm.).  
(14) I t  is advantageous to  use this solution directly for the preparation 

of thiobeneoyl chloride, without isolating the dithioheneoic acid. 
(15) T .  G. L,evi, Gatz.  chim. ital.,  61, 665 (1931); Chem. Abst i . ,  96, 1250 

(1932). 

tube by the  precipitate. 
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Thiobenzoyl Chloride.-Dithiobenzoic acid (37.5 g.) was dis- 
solved in ether (50 ml.) and the solution was treated with thionyl 
chloride (ca.  40 ml.) under conditions defined by earlier workers's6 
to give thiobenzoyl chloride (23.1 g., 61%) as a violet-red, 
lachrymatory liquid, b.p. 88" (3.75 mm.). 

1,5-Anhydro-2,3,4-tri-O-benzoyl-~-arabinitol.-a-~-~rab~no- 
pyranose tetrabemoatel6 (22.64 9.) was warmed gently with 40 
ml. of a 30% solution of hydrogen bromide in glacial acetic acid 
until 2,3,4-tri-'0-benzoyl-8-~-arabinopyranosyl bromide began 
to crystallize from the clear solution. The mixture was then 
stirred at  room temperature for 2.5 hr., and the solution was 
decanted from the crystalline halide which was washed three 
times (by decantation) with petroleum ether b.p. (60-70'). 
Dissolved in 250 ml. of ethyl acetate, the halide was treated 
with 2.0 g. of 10% palladium on charcoal (presaturated with 
hydrogen) and 10.0 g. of triethylamine; on shaking with hydro- 
gen, the solution absorbed the theoretical amount of hydrogen 
in 5.8 hr.; after removal of the catalyst by filtration, the solu- 
tion was washed with aqueous sodium bicarbonate and concen- 
trated to give 16.29 g. (86YG) of 1,5-anhydro-2,3,4-tri-O-benzoyl- 
D-arabinitol, m.p. 119". Recrystallization from methanol 
afforded pure material: m.p. 119-120", [a]% -219' ( c  0.11, 
CHCls). Fletcher and Hudson0 reported m.p. 120-121" and 
[a]zoD -220' (CHCl,) for 1,5-anhydro-2,3,4-tri-O-benzoyl-~- 
arabinitol. 

1,5-Anhydro-2-O-benzoyl-3,4-O-isopropylidene-~-arabinitol.- 
1,5-Anhydro-2,3,4-tri-O-benzoyl-~-arabinitol was debenzoylated 
in conventional fashion using ammonia in methanol to give 1,5- 
anhydro-D-arabinitol as a sirup which crystallized on seeding. 
Without further purification, the anhydride (15.6 g.) was sus- 
pended in 200 ml. of anhydrous acetone containing 0.2 g. of p -  
toluenesulfonic acid. The solution was boiled for 16 hr. under a 
Soxhlet extractor holding Molecular Sieve, type 5A, and then 
neutralized with ammonia. After filtration, the solution w&s 
concentrated and the residue was distilled i n  vacuo to give 1,5- 
anhydro-3,4-0-isopropylidene-~-arabinitol as a yellow oil: 
b.p. 78-80", (0.1-0.05 mm.), 19.05 g. (94oj,) A sample of the 
product was benzoylated with benzoyl chloride in pyridine to 
give 1,5-anhydro-2-O-benzoy1-3,4-O-isopropylidene-~-arabin~tol 
&s fine needles from ethanol: m.p. 102-103", [ a I rn~  -111' ( c  

Anal.  Calcd. for ClbH1805 (278.31): C, 64.76; H, 6.52. 
Found: C, 64.62; H, 6.76. 

1,5-Anhydro-2-O-benzyl-3,4-C)-isopropylidene-~-arabinitol.- 
1,5-Anhydro-3,4-0-isopropylidene-~-arabinitol (3.36 9.) was 
mixed with 50 ml. of anhydrous tetrahydrofuran, 2.2 g. of pow- 
dered potassium hydroxide,'? and 3.65 g. of benzyl chloride, and 
the suspension was boiled under reflux for 12 hr. Solid carbon 
dioxide was added, the solution was concentrated to dryness, and 
the residue was extracted with acetone. The sirup obtained on 
concentrating the extract was distilled to give a mobile yellow oil: 
b.p. 110-120' (0.1 mm.), 4.5 g. (88%). A benzene solution of 
the crude product was passed through a short column of neutral 
alumina and then concentrated, the sirupy residue being distilled 
as before: 3.91 g., [ a ] % ~  -57' ( c  1.19, ethanol), nZoD 1.5125. 
Attempts to obtain the product in crystalline form were un- 
successful. 

Anal.  Calcd. for C1.,HzoOa (264.33): C, 68.16; H ,  7.63. 
Found: C, 68.28; H, 7.50. 

1,5-Anhydro-2-O-benzyl-~-arabinitol.-l,5-Anhydro-2-O-ben- 
zyl-3,4-0-isopropylidene-~-arabinitol (22.4 9.) was dissolved 
in 300 ml. of 50Oj, aqueous ethanol. Amberlite IR-12O(H) 
(5.0 9.) was added, and the solution was refluxed and stirred for 
3 hr. After filtration and removal of the solvent, the product 
wm dried by azeotroping with benzene. Crystallization was 
spontaneous: 18.8 g. (99%), m.p. 99-100'. After two re- 
crystallizations from benzene, the product was obtained as fine 
needles: m.p. 101-102', [alZo~ -35' ( c  1.19, ethanol). 

Anal.  Calcd. for C1zH,eOa (224.25): C, 64.27; H, 7.19. 
Found: C, 64.44; H, 7.21. 

1,5-Anhydro-3,4-di-O-benzoyl-2-O-benzyl-~-ara binitol .-1,5- 
Anhydro-2-O-benzyl-~-arabinitol (18.80 9.) was benzoylated 
with benzoyl chloride in pyridine to give a sirup which solidified 
to a crystalline mass: 34.83 g. (96%). Recrystallized twice 
from petroleum ether (60-80"), the ester was obtained as needles: 
m.p. 62-63', [a]"D -155" (c 0.95, ethanol). 

0.50, CHzCL). 

(16) H. G .  Fletcher, Jr., and C. S .  Hudson, J .  Am. Chem. SOC., 69, 1145 
(1947). 

(17) Hooker Chemical Corp.. Niagara Falls, N.  Y. 

Anal. Calcd. for Cz6H2406 (432.45): C, 72.21; H, 5.59. 
Found: C, 72.28; H, 5.78. 

1,5-Anhydro-3,4-di-O-benzoyl-~-arabinitol .-Palladium chlo- 
ride (1 9.) was suspended in ethanol (15 ml.) and reduced with 
hydrogen at  room pressure. 1,5-Anhydro-3,4-di-O-benzoyl-2-0- 
benzyl-D-arabinitol (2.16 g.), dissolved in 100 ml. of ethanol, 
was added to the suspended catalyst and the mixture was agi- 
tated with hydrogen until no more gas was absorbed. The 
catalyst w&s removed by filtration and the solution was con- 
centrated i n  vacuo, finally a t  80" (bath) to give 1.68 g. (98%) 
of crude crystalline product, m.p. 134-136'. Recrystallized 
from ethanol-hexane and sublimed a t  135" and 0.01 mm., 
the ester melted at  134-135" and showed [ C Y ] ~ O D  -212' (c 0.85, 
ethanol). 

Anal.  Calcd. for C18H1806 (342.33): C ,  66.66; H, 5.30. 
Found: C, 66.39; H, 5.52. 

1,5-Anhydro-3,4-di-O-benzoyl-2-O-thiobenzoyl-~-arabinitol.- 
To a solution of 3.4 g. of 1,5-anhydro-3,4-di-O-benzoyl-~-arabi- 
nitol in 15 ml. of dry pyridine (5.4 g., 3.5 molar equiv.) of thio- 
benzoyl chloride was added in one portion without cooling. A 
viscous sirup separated and the medium assumed a red-brown 
coloration distinct from the violet-red color of the reagent. 
After 12 hr., water (1 ml.) was added, then, after a further 30 
min., the pyridine was removed by evaporation at  80". The 
residue was dissolved in dichloromethane and the solution 
washed successively with dilute hydrochloric acid, water, and 
saturated aqueous sodium bicarbonate. After removal of 
moisture with sodium sulfate, the solution was concentrated 
to a red, viscous oil (7.1 g.). With benzene as a solvent, thin- 
layer chromatography on silica gel resolved the product into four 
components, a fast moving red fraction (Rf -0.9)) two closely 
associated orange and yellow fractions (Rf -0.5), and one 
fraction which failed to migrate. Chromatography of 1 .O 
g. of the mixture on a short column of silica gel (10 g., packed 
as a slurry in benzene) effected an excellent resolution of the 
orange (0.03 9 . )  and yellow (0.40 g.) components. The char- 
acteristic color, optical activity, and infrared spectrum of the 
latter identified it as the required thionobenzoate; yield was 
equivalent to 62%, based on the 1,5-anhydro-3,4-di-O-benzoyl- 
D-arabinitol. Thin layer chromatography of the product thus 
isolated revealed a trace of a contaminant which fluoresced 
under ultraviolet light. Final purihation by rapid distillation 
at  0.03 mm. and 220" (bath) afforded chromatographically 
pure material which rotated [a]zo~ - 140.2 f 3.0' in ethanol (c  
0.5): ultraviolet absorption data, A::" 282 mp (e 9680), 
292 mp (E 9400). 

Anal.  Calcd. for Cz6&?OeS (462.53): C, 67.52; H, 4.79. 
Found: C, 67.81; H, 4.81. 
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The only reference found in the literature to the prep- 
aration of methyl 6-chloro-6-deoxy-~u-~-glucopyranoside 
is by Helferich, Klein, arid Schaefer,2 who report an 
over-all 8% yield3 of methyl 6-chloro-6-deoxy-a-~-glu- 

( 1 )  This is a laboratory of the Northern Utilization Research and De- 
velopment Division, Agricultural Research Service, U .  S. Department of 
Agriculture. 

(2) B.  Helferich, W. Klein, and W. Schaefer, Be?., 69B, 79 (1926). 
(3) The yield reported in ref. 2 is much lower than 8 % ,  hut subsequent 

work by B .  Helferich and H. Bredereck [Ber. .  60B, 2002 11927)l on methyl 
8-D-ghcopyranoside improved the chlorination step, and this improvement 
was used in the calculation. 


