APRIL 1961

ETHYL 5-O-BENZOYL-1-THIO-S-L-ARABINOSIDE WITH SILVER BENZOATE

1255

[CONTRIBUTION FROM THE NATIONAL INSTITUTE OF ARTHRITIS AND METABOLIC DISEASES, NATIONAL INSTITUTES OF HEALTH,
Pusric HEALTE SERVICE, U. 8. DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE]

Reaction of Ethyl 5-O-Benzoyl-1-thio-g-L-arabinoside with
Silver Benzoate and with Mercuric Acetate

CHRISTIAN PEDERSEN! anp HEWITT G. FLETCHER, Jr.

Received July 27, 1960

Ethyl 5-0-benzoyl-1-thio-8-L-arabinoside (I) reacts in boiling acetonitrile solution with silver benzoate to give 1,5-di-O-
benzoyl-a-L-arabinose (II). The structure of this product is shown through conversion to 1,5-di-O-benzoyl-2,3-di-O-p-nitro-
benzoyl-a-L-arabinose (IV) and 5-O-benzoyl-2,3-0-di-p-nitrobenzoyl-a-1-arabinosyl bromide (V) and through conversion of V

to IV by silver benzoate.

With mercuric acetate in acetonitrile at room temperature ethyl 5-O-benzoyl-1-thio-g-L-arabinoside (I) is transformed
to 1-O-acetyl-5-O-benzoyl-a-L-arabinose (VI). The nature of this product is clarified through its behavior with periodate,
stability in aqueous pyridine and conversion through 1-O-acetyl-5-O-benzoyl-2,3-di-O-p-nitrobenzoyl-a-L-arabinose (VII)

to V.

In recent communications it has been shown that
aldose dialkyl dithioacetals»® and an alkyl 1-
thioaldopyranoside? react with the silver salts of
various carboxylic acids to give 1-O-acylaldoses.
Likewise, 5-O-benzoyl-2-deoxy-p-ribose diisopropyl
dithioacetal has been found to condense with chloro-
mercuri-6-benzamidopurine to give (after removal
of the protecting groups) 2’-deoxyadenosine and its
anomer.* We have now extended this investigation
to a representative of a third class of 1-thioaldose
derivatives, an alkyl 1-thicaldofuranoside.

Ethyl 5-0O-benzoyl-1-thio-8-L-arabinoside (I) was
prepared through partial demercaptalation of 5-O-
benzoyl-L-arabinose diethyl dithioacetal using the
process which Reist, Hart, Goodman and Baker®
described for its enantiomorph. Condensation of
this substance with silver benzoate in boiling
acetonitrile led to the isolation in 339, yield of a
crystalline di-O-benzoylpentose. The ring structure
of this substance was demonstrated through
benzoylation which gave a-L-arabinofuranose
tetrabenzoate (III). That the newly introduced
benzoyl group was located at C, was ascertained
through p-nitrobenzoylation to the crystalline
ester IV and conversion of this with hydrogen
bromide to a crystalline O-benzoyl-di-O-p-nitro-
benzoyl-L-arabinosyl bromide (V), the loss of one
benzoyl group in the last step clearly indicating
its location at Ci.

Since the reaction of ethyl 1-thio-8-n-glucopyran-
oside with silver mesitoate is not stereospecific,?
giving both anomeric 1-O-mesitoyl-p-glucopyran-
oses, it is not possible to decide a prior:i whether IT
is an - or a B-anomer. However, condensation of
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the bromide V with silver benzoate should give
the trans, or a-1-, ester IV regardless of the anomeric
configuration of the bromide.® This condensation
was carried out and the crystalline product found
to be identical with that obtained from the p-
nitrobenzoylation of the 1,5-di-O-benzoyl-L-arabi-
nose. The latter is, therefore, the a-L-anomer
depicted by II.

It is of interest to contrast the behavior of ethyl
5-0-benzoyl-1-thio-g-L-arabinofuranoside (I) with
that of ethyl 1-thio-g-p-glucopyrancside toward
silver benzoate.? With the furanoside, one hour
in boiling acetonitrile with an excess of silver
benzoate served to give, as stated earlier, a 339,

(6) R. S. Tipson, J. Biol. Chem., 130, 55 (1939).
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yield of the ¢rans product II. Three hours in boiling
acetonitrile with an excess of silver benzoate was
required to desulfurize the 1-thiopyranoside and
the product, 1-O-benzoyl-g-p-glucopyranose (iso-
lated as its tetraacetate), was obtained in only 6.29
yield. The role, if any, of neighboring groups in
this type of reaction is not known although it should
be observed that ethyl! 1-thio-8-p-glucopyranoside
is a trans-glycoside while I is a cis-glycoside.
However, it seems from the present work that
alkyl 1-thioaldofuranosides may be more reactive
toward silver benzoate than alkyl 1-thioaldopyran-
osides.

In the condensation of ethyl 1-thio-g-p-gluco-
pyranoside with silver benzoate 2-0-benzoyl-p-glu-
cose as its tetraacetate was isolated? in 5%, yield
and evidence found for the formation of a trace of
free Dp-glucose. Both anomeric 1-O-benzoyl-n-
glucopyranoses had doubtless been formed, the
cis ester, however, undergoing acyl migration under
the conditions of the reaction. With the more
stable mesitoyl group, both anomeric 1-O-mesitoyl-
p-glucopyranoses were isolated.? A considerable
quantity of crystalline by-product was found after
the formation of the trans ester 1,5-di-O-benzoyl-
a-t-arabinose (II). This proved to be heterogeneous
and efforts to resolve the mixture were unsatis-
factory; it seems likely that products derived from
the migration of the 1-O-benzoyl group of 1,5-di-O-
benzoyl-B-1~arabinose may have been present.

In contrast to silver benzoate, mercuric acetate
reacts rapidly with ethyl 5-O-benzoyl-1-thio-8-L-
arabinoside (I) in acetonitrile at room temperature
to give, in 349, yield, a mono-O-acetyl-mono-0-
benzoyl-L-arabinose. This ester reduced 1.03 molar
equivalents of sodium metaperiodate at room
temperature during twenty-four hours and was
stable in 209, aqueous pyridine. These facts, to-
gether with the analogy provided by II, indicate
the trans ester structure VI.7 p-Nitrobenzoylation
of VI gave an O-acetyl-O-benzoyl-di-O-p-nitro-
benzoyl-L-arabinose which was converted to the
bromide V, identical with that obtained from IV.

The rotation of the 5-0O-benzoyl-2,3-di-O-p-
nitrobenzoyl-r-arabinosyl bromide (V), [a]]2)0
—40.0° in chloroform, indicates that it is probably
the a-L-anomer V. It may be noted that Ness and
Fletcher®* found 2,3,5-tri-O-benzoyl-a-p-arabinosyl
bromide to be the predominant anomer formed
when methyl a-p-arabinofuranoside tribenzoate is
treated with hydrogen bromide.®

(7) The cis ester 1,3,5-tri-O-benzoyl-a-D-ribose is readily
converted to 2,3,5-tri-O-benzoyl-p-ribose by aqueous pyri-
dine: R. K. Ness and H. G. Fletcher, Jr., J. Am. Chem. Soc.,
78, 4710 (1956). For a general discussion of this rearrange-
ment see H. G. Fletcher, Jr., Record Chem. Progr. Kresge-
Hooker Sci. Libr., 19, 147 (1958).

(8) R. K. Ness and H. G. Fletcher, Jr., J. Am. Chem. Soc.,
80, 2007 (1958).

(9) The “normal’’ anomer in the arabinopyranose series
is, however, 8.
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EXPERIMENTALY

1,5-Di-0-benzoyl-c-1-arabinose (II) from ethyl 6-O-benzoyl-
1-thio-g-1~arabinoside (I). To a solution of 2.00 g. of ethyl
5-0-benzoyl-1-thio~8-1-arabinoside!! in 30 ml. of acetoni-
trile was added 3.08 g. (2.01 molar equivalents) of silver
benzoate. The mixture was refluxed and stirred for 1 hr.
and then cooled and filtered, the solid being washed several
times with fresh acetonitrile. Solvent was removed from the
combined filtrate and washings and the residue dissolved in
dichloromethane. After filtration through decolorizing
carbon the solution was concentrated to give 2.84 g. of
brownish sirup which was dissolved in 50 ml. of benzene and
adsorbed on a column of 50 g. of alumina (‘“Woelm,”” Grade
III, acid-washed). Elution with 500 ml. of benzene, followed
by removal of solvent, afforded 879 mg. of sirup which
crystallized spontaneously. Recrystallized twice from a
mixture of ether and pentane, the nearly pure product
(470 mg., 209%,) melted at 111-115° and had {«]%) —31.2°
in chloroform. Two further recrystallizations from the
same solvent mixture gave pure 1,5-di-O-benzoyl-a-1-
arabinose: m.p. 113-115°, [a]% —34.4° (CHCL;, ¢ 1.21).

Anal. Caled. for 019H1307 (35833): C, 6368, H, 5.07.
Found: C, 63.33; H, 5.19.

Further elution of the alumina with benzene-ether (1:1,
500 ml.) gave a second fraction (1.1 g.) which, from ether-
pentane afforded 800 mg. of crystalline material melting as
95-105° and rotating [«]3%d +36.1° in chloroform. Attempts
to obtain a homogeneous product from this were unsuc-
cessful. A sample (100 mg.) was p-nitrobenzoylated to give
73 mg. of 1,5-di-O-benzoyl-2,3-di-p-nitrobenzoyl-a-L-arabi-
nose identical with the ester prepared from pure 1,5-di-O-
benzoyl-a-L-arabinose as described later in this paper. The
total yield of 1,5-di-O-benzoyl-a-r-arabinose in this reaction
is therefore at least 339,.

a-L-Arabinofuranose tetrabenzoate (11I) from 1,6-d7-O-
benzoyl-a-L-arabinose (II). Pure 1,5-di-O-benzoyl-o-L-arabi-
nose (120 mg.) was benzoylated in the usual manner with
benzoy! chloride (0.30 ml.) in pyridine (1 ml.) to give, after
removal of the reagents, a sirup which, from ether-pentane
solution, afforded 150 mg. (79%) of o-1-arabinofuranose
tetrabenzoate, melting at 114-118°. After recrystallization
from ethanol it melted at 115-118° and showed [a]%
—28.1° (CHCI;, ¢ 1.06). An authentic sample of a-L-arabino-
furanose tetrabenzoate, prepared through the condensation
of 2,3,5-tri-O-benzoyl-a-L-arabinosyl bromide with silver
benzoate as described earlier by Ness and Fletcher® for its
enantiomorph, showed m.p. 115-117° and [a]% —28.5°
(CHCL, ¢ 1.56). A mixed melting point was undepressed.

Anal. Caled. for CyuHes0s (566.54): C, 69.96; H, 4.63.

Found: C, 69.99; H, 4.72.

1,6-Di-Q-benzoyl-2,3-di-O-p-nitrobenzoyl-a-L-arabinose
(IV). Pure 1,5-di-O-benzoyl-a-1-arabinose (110 mg.) was
added to a solution of 200 mg. of p-nitrobenzoyl chloride in
2 ml. of pyridine. The mixture was kept at room tempera-
ture for 3 hr. and a crystalline mass then precipitated
through the addition of ca. 15 ml. of water. The crude
product was washed successively with water and methanol;
recrystallization from benzene-pentane then afforded 190
mg. (949%) of fine needles melting at 170-172°, After one
further recrystallization the ester melted at 171-172° and
showed [a]%? —9.6° in chloroform (¢ 1.09).

Anal. Caled. for Ci;HyN:015 (656.54); C, 60.37; H, 3.68;
N, 4.27. Found: C, 60.56; H, 3.86; N, 4.18.

5-0-Benzoyl-2,3-di-O-p-nitrobenzoyl-a-1~-arabinosyl bromide
(V) from 1,6-di-O-benzoyl-2,3-di-O-p-nitrobenzoyl-a-1-arabi-
nose (IV). 1,5-Di-O-benzoyl-2,3-di-O-p-nitrobenzoyl-a-1~
arabinose (100 mg.) was dissolved in 5 ml. of dichloro-

(10) Melting points are corrected.

(11) Using the method of Reist, Hart, Goodman, and
Baker (ref. 5), the yields of this compound varied unace
countably from 30-67%.



APRIL 1961

methane and the solution treated with 1 ml. of a 309, solu-
tion of hydrogen bromide in glacial acetic acid. The reac-
tion mixture was kept at room temperature for 30 min.,
diluted with dichloromethane and washed successively with
water, saturated aqueous sodium bicarbonate and water.
Moisture was removed with granular sodium sulfate and the
solution, after filtration through decolorizing carbon, con-
centrated in vacuo. Dissolved in a mixture of benzene and
pentane (1:1), the residue crystallized as short needles:
57 mg. (61%), m.p. 160-161°. Recrystallization failed to
change this value. The pure bromide showed [a]%® —40.0°
in U.S P, chloroform (¢ 0.73) and could be recovered un-
changed from this solvent.

Anal, Caled. for CyH;sBrN,Oun (615.35): C, 50.75; H,
3.11; N, 4.56; Br, 12.99. Found: C, 50.95; H, 3.05; N,
4.74; Br, 12.68.

1,6-Di-0-benzoyl-2,3-di-O-p-nitrobenzoyl-a-1~arabinose (IV)
from 5-0-benzoyl-2,3-di-O-p-nitrobenzoyl-a-1-arabinosyl bro-
made (V). A solution of the bromide V (76 mg.) in 10 ml. of
dry benzene was stirred with 150 mg. of silver benzoate for
30 min. at room temperature. The mixture was then filtered
through decolorizing carbon, the filtrate evaporated in
vacuo and the residue crystallized from benzene-pentane to
give 51 mg. (62%) of 1,5-di-O-benzoyl-2,3-di-O-p-nitro-
benzoyl-a-L-arabinose, melting at 169-170°; the substance
failed to depress the melting point of a sample prepared
through the p-nitrobenzoylation of 1,5-di-O-benzoyl-a-
L-arabinose.

1-0-Acetyl-6-O-benzoyl-a-L-arabinose (VI) from ethyl -
O-benzoyl-1-thio-g-L~arabinoside (1). To a stirred solution
of 5.0 g. of ethyl 5-O-benzoyl-1-thio-g-L-arabinoside in 125
ml. of acetonitrile was added 5.90 g. (1.1 molar equivalents) of
mercuric acetate. The salt dissolved within a few minutes
and then a precipitate began to form. The mixture was
stirred for 2 hr., filtered and the filtrate concentrated in
vacuo. After solution in dichloromethane the residue was
treated with hydrogen sulfide and the solution filtered
through decolorizing carbon. Evaporation of the filtrate
afforded a partly crystalline mass (5.53 g.) which was re-
crystallized from 50 ml. of ether to yield 2.12 g. of crude
1-O-acetyl-5-O-benzoyl-e-L-arabinose. After two recrys-
tallizations from a mixture of ethyl acetate and pentane
the pure ester (1.70 g., 34%,) was obtained as plates melting
at 117-118°, [a]%® —49.3° (¢ 0.53). The substance failed
to mutarotate in 209, aqueous pyridine and could be re-
covered unchanged after 24 hr. in this solvent mixture. In
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aqueous solution it reduced 1.03 molar equivalents of
sodium periodate in 24 hr. at room temperature.

Anal. Caled. for CiH160:%(296.27):,C, 56.75; H, 5.44.
Found: C, 56.77; H, 5.47.

1-0-Acetyl-5-0-benzoyl-2,3-di-0 -p-nitrobenzoyl-o-1-arabi-

nose (VII). To a solution of 1.25 g. of p-nitrobenzoyl chlo-
ride in 10 ml. of pyridine was added 500 mg. of 1-O-acetyl-
5-0-benzoyl-a-L-arabinose. After standing at room tempera-
ture overnight the mixture was diluted with water and
the product extracted with dichloromethane. The extract
was washed successively with 3N sulfuric acid, saturated
aqueous sodium biearbonate and water. Moisture was re-
moved with granular sodium sulfate and the solution filtered
through decolorizing carbon. Removal of solvent left an
amorphous residue; dissolved in a mixture of benzene
(10 ml.) and pentane (10 ml.) this yielded 750 mg. (75%)
of 1-O-acetyl-5-O-benzoyl-2,3-di-0-p-nitrobenzoyl - « - L
arabinose as very pale yellow prisms melting at 149-151°,
[e]2? +38.6° in chloroform. A further recrystallization
failed to change this melting point but raised the rotation
to [a]%y +39.7° (CHCl;, ¢ 0.82).

Anal. Caled. for CH,yN,Oi (594.48): C, 56.57; H,
3.73; N, 4.71. Found: C, 56.83; H, 3.65; N, 4.70.

6-0-Benzoyl-2,3-di-O-p-nitrobenzoyl-a-1~arabinosyl bromide
(V) from 1-O-acetyl-5-O-benzoyl-2,3-di-O-p-nitrobenzoyl-a-
L-arabinose (VII). 1-O-Acetyl-5-0-benzoyl-2,3-di-O-p-nitro-
benzoyl-a-L-arabinose (295 mg.) was dissolved in 8 ml. of
dichloromethane and 2 ml. of a 309, solution of hydrogen
bromide in glacial acetic acid added. Mutarotation ceased
after 3 min. at 20°; after 23 min. the solution was diluted
with 15 ml. of dichloromethane and washed successively
with water, saturated aqueous sodium bicarbonate and
water. Moisture was removed with granular sodium sulfate,
the solution filtered through decolorizing carbon and solvent
removed #n vacuo. From its solution in a mixture of 10 ml.
of benzene and 10 ml. of pentane the residue afforded 230
mg. (75%) of 5-O-benzoyl-2,3-di-O-p-nitrobenzoyl-a-1-
arabinosyl bromide melting at 160-161° either alone or in
admixture with a sample prepared as described earlier from
1,5-di-O-benzoyl-2,3-di-O-p-nitrobenzoyl-a-L-arabinose.
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The phospholipid fractions of two sponges, Lissodendoryz isodyctialis and Speciospongia vesparia, have been isolated and
characterized. That from L. ¥sodyctialis was found to consist of sphinegosine phosphate fatty acid esters, free of choline and
sugars; the other, from 8. vesparia, was a lecithin containing aldehyde in an enol ether linkage.

The study of the phospholipids of marine in-
vertebrates has been continued as an extension of

(1) This investigation was supported by a research grant,
Nonr 253(00) from the Office of Naval Research.

(2) Taken in part from the dissertation submitted in
1958 by R. A. Landowne to the Graduate School of Yale
University in partial fulfillment of the requirements for the
degree of Doctor of Philosophy.

our comparative studies on the composition and
evolution of the lipids of these organisms. In the
previous report® the importance of isolation fol-

(3) Present address, Department of Internal Medicine,
Yale University School of Medicine, 333 Cedar Street,
New Haven 11, Conn.

(4) Deceased, November 3, 1959,



