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SUGARS WITH POTENTIAL ANTIVIRAL ACTIVITY—I
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Abstract—A method for rapid preparation of a glycosyl halide is described. The halide may be
wolated or used /n situ in nucleoside synthesis. Use of di-isopinocampheyl borane for conversion
of v-lactone to furano-sugar is discussed.

AMONG the most useful intermediates for synthesis in the carbohydrate field are the
O-substituted glycosyl halides. In most cases syntheses have employed pyranose
forms. The less available and more unstable furanosyl halides have received less
attention.! Relatively few have been obtained in crystalline form.2—4

Syntheses in the nucleoside field have often employed substituted glycosyl halides ;®
since the natural nucleosides contain the sugars in the furanose form, it has been of
interest, when preparing analogues for studies of their physiological activity, to
synthesize glycofuranosyl nucleosides. Essentially the problem falls into three
stages; (a) Preparation of the sugar in some suitably protected furanose form, (b)
conversion to halide, (c) condensation with some suitable derivative (e.g. a mercuric
salt)® of the hererocyclic base. In some cases, stages (a) and (b) involve long time-
consuming processes.’

We describe here a method for the preparation of glycofuranosyl chlorides and
their subsequent condensation, in this instance with an adenine derivative but potenti-
ally with a variety of materials, which promises to speed up and simplify these
procedures.
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Preparation of substituted furanose compounds

The preparation of suitable furanose derivatives of sugars is in many cases tedious.
In contrast, the lactones of the sugar acids show reversed stability in ring size and the
preparation of substituted y-lactones is readily accomplished.

Since Brown and Bigley® have shown that lactones are reduced to aldehydes by
di-isoamyl borane, the use of this reagent to convert sugar lactones to the correspond-
ing sugar hemiacetal seemed feasible. However since di-isopinocampheyl boranc is
morc casily prepared and handled than the di-isoamyl borane, and since it appears
to have rather similar steric properties, we investigated the use of this recagent with a
sugar lactone.

As a model reaction 2,3;5,6-di-O-isopropylidene-p-mannonolactone was treated
with di-isopinocampheyl borane in diglyme. From the reaction mixture, 2,3;5,6-di-
O-isopropylidenc-D-mannofuranose was isolated.

In this case the furanose sugar is more readily available by direct synthesis, but
the application of the reaction to other examples could prove fruitful, since it was
shown® that ester groups were stable to di-isoamyl borane under conditions in which
lactones reacted, and poly-acyl glyconolactones are rcadily available.

Preparation of glycosyl chlorides

Crofts and Downic® described the reaction of triethyl phosphite, ethanol, and
CX, (X - chlorine or bromine) to give ethyl halide, tricthyl phosphate and haloform.
A scheme involving successive phosphonium ions (I and 1I) secemed adequate to
account for their observations-—

I (E10),P - CCly —> [(FtO),PCCl,)* CI™
FtOH
1n (Et0),PO : EtCl «— ((E10),P]*Cl"" -« CHCl,

While Crofts and Downie did not investigate the rcaction further, it is obviously
capable of wider variation lcading for example to phosphonium ions of the type 111

ROH i CCl, - (R’O)P —= [(RO)P(OR"),]? Cl- < CHCl,
111 —> (RO)PO(OR’), + R’Clor (R"0),PO + RCl

in which competition will occur in the final Arbusov-type stage!® to give the halides
RCl and R’Cl in relation to their relative competitive ability. We have confirmed this
in a number of cases.

As a method for conversion of ROH to RCI the process as written is limited by this
competition. We considered that the usc of a tertiary phosphine in place of the
phosphite should lead to formation of an ion IV finally, in which decomposition in
the last Arbusov stage can proceed in one direction only.

v R,P(OR") ©CI"> — R,PO -i- R’Cl only

We have shown!! that with simple alcohols reaction proceeds very rapidly under
mild conditions, the conversion of alcohol to halide by triphenyl phosphine in carbon
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tetrahalide being essentially complete within a few minutes at 80°. The neutral,
anhydrous conditions should ensure the stability of protecting groups during reaction.

Wishing to prepare a number of nucleosides, we investigated whether this method
could be utilized for the synthesis of a glycofuranosyl chloride. As our first model we
choose the readily available 2,3:5,6-di-O-isopropylidene-x-D-mannofuranose (V).
We found that treatment of the anhydrous V with an equimolar amount of triphenyl
phosphine in anhydrous carbon tetrachloride at the reflux temperature gave a rapid
reaction to form chloroform, triphenyl phosphine oxide, and 2,3:5,6-di-O-isopropyli-
denc-a-pD-mannofuranosyl chloride (VI) in good yicld. The identity of VI was
confirmed'? by examination of its IR spectrum, chemical tests, and elementary
analysis.

Examination of this compound (VI) by PMR spectroscopy confirmed the overall
structure and further enabled us to assign the x-configuration to it, as follows:

In a planar 5-membered ring the projected valency angle between adjacent cis
hydrogens is 0°, and that between adjacent trans hydrogens is 120°. According to the
Karplus equation®® as modified for furanose systems! these angles are associated with
coupling constants of 9 ¢/s and 2 c/s (approximatcly) for cis and trans hydrogens
respectively.

The PMR spectrum of 2,3:5,6-di-O-isopropylidenc-a-D-mannofuranose shows a
singlet absorption (4-63 7) for the low-field anomeric proton, which is consistent with
the known frans arrangement of H, and H,. the furanose ring being twisted' slightly
out of plane. The signal for H, in the 2,3:5,6-di-O-isopropylidene mannofuranosyt
halide appears at still lower field (3-90 7) as is expected, since a more clectronegative
group has been introduced ncarby, but more significant is its appearance as a singlet
absorption.

J values less than 3 c/s have been observed for cis hydrogens in furanose systems!t
representing a projected valency angle of almost 50°, but since a singlet absorption
would require an angle greater than 70°, which in this casc would be a highly strained
arrangement, H, and H, must be considered to be trans, and we therefore consider
that retention of configuration has occurred. Since examination of some other systems
suggests that a bimolecular nucleophilic substitution is usual in the method employed
to synthesize the chloride, retention of configuration must imply some form of SNi
mechanism.

Condensation of compound V1 with adenine

A variety of routcs are available for the synthesis of nucleosides; of those which
involve glycosyl halides, the mercuri procedure!® has been investigated and shown to
be generally applicable.’” In this method anhydrous mixtures of the mercuri
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* Cf. also R. U. Lemieux, Canad. J. Chem. 39, 116 (1961); L. D. Hall, Chem. Ind. 950 (1963):
Adv. Carbohkydrate Chem. 19, 75 (1964).

' J. Davoll and B. A. Lowry, J. Am. Chem. Soc. 73, 1650 (1951).
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and I. Wempen, /bid. 14, 283 (1959).
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derivative of the base and glycosyl halide react in an inert solvent (usually xylene)
under reflux.

Since the glycofuranosyl halides in particular are rather unstabie, it wouid be
convenient, to avoid losses in isolating material, and to further shorten the reaction
time, if the halide could be prepared and condensed in situ.

In the above described preparation of the glycosyl chloride (VI), the only additional
materials present, formally, apart from the required halide, are solvent and the
unreactive triphenylphosphine oxide. We find that the condensation of mercuri
compounds with the hydroxy compound V via the chlorocompound VI can be
readily accomplished in one stage.

In this case, when 2,3:5,6-di-O-isopropylidene-x-D-mannofuranose (V) was
reacted with triphenylphosphine and carbon tetrachloride as described above, and
then reacted directly with chloromercuri-6-benzamidopurine’® in xylene, under
conditions similar to those used by Davoll and Lowry,!® a product was obtained,
which, after removal of the protecting groups, gave 9-pD-mannofuranosyladenine (VII).

The structure of this compound was confirmed by elemental analysis, oxidation
with periodate, (when extensive over-oxidation occurred, but formaldehyde (1 mole
approx) was set free) and spectroscopic examination.

In the case of condensations of glycosyl halides having an acetyl group in the
C(2) position, it is well known!? that the product obtained in these nucleoside syntheses
has the trans arrangement of the C(1) and C(2) substituents, whereas this is not
necessarily the case where groups incapable of participation in the reaction are
substituted on C(2).? In the case in question the trans rule!® will not operate. The
overall reaction may be represented as follows:

Mannose -:%—» 2,3:5,6-di-O-isopropylidenc-a-p-mannofuranose
(a) CCl, + &,P
(b) chiormercuri-base

NHCO® NHCO@
|

N7 N ,\-/K/N
| \> . ‘ N\
k\.\' N '\\N/\N/
—J_\ X

mannofuranose o) o

o

EXPERIMENTAL

CCl, was kept over CaCl,, filtered, and distilled, rejecting the first 259, approx of distillate.
Triphenyl phosphine, recrystallized, was dried by dissolution in anhyd toluene with subsequent
removal of solvent under reduced press.

18 R. S. Wright, G. M. Tener and H. G. Khorana, J. Am. Chem. Soc. 80, 2004 (1958).
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G. M. Tener and H. G. Khorana, /bid. 80, 2004 (1958).
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Acetone was dried and purified by treatment under reflux with KMnO,, distillation, and storage
for several days with anhyd K,CO,, followed by filtration and distillation.

2,3:5,6-Di-O-isopropylidene-x-D-mannofuranose (V). To a soln of 15 mlconc HySO, in 1 |. acetone
was added 22 g anhyd mannose and the soln was stirred vigorously, with exclusion of moisture, for
5 hr. Anhyd Na,CO, was added until the soln was neutral, the soln was filtered and the residues
extracted with several lots of hot acetone. The combined filtrate and extracts were evaporated on a
rotary evaporator and the residue dissolved in Na-dried ether, filtered, and precipitated with thrice
the volume of pet. ether. The ppt was separated, and the mother liquor partially evaporated to give
a further crop of crystals. After recrystallization from hot pet. ether, 2,3:5,6-di-O-isopropylidene-a-
pD-mannofuranose was obtained (25 g, 90%), m.p. 121-122°, {x ',: -4+-16-6° (¢, 20 in EtOH) [cf. lit.®
m. 122-123°, [a.]',: +17° (¢, 10 in acetone)). This material reduced alkaline permanganate but not
Fehling’s soln.

2,3:5,6- Di-O-isopropylidene-x-D-mannofuranosyl chloride (V1). To a soln of 19-5 g 2,3:5,6-di-O-
isopropylidene-a-D-mannofuranose in 100 ml CCl, was added 19:65 g triphenylphosphine, and the
mixture was heated under reflux, with exclusion of water. Triphenyl phosphine oxide commenced
to separate from the mixture after 15 min, and, after 45 min, 2 g anhyd PbCO, and some powdered
charcoal were added. The cooled soln was filtered through Kieselguhr, concentrated and strongly
cooled. A further portion of triphenyl-phosphine oxide which deposited was separated. The soln
was then distilled in a short path distillation apparatus. The fraction boiling at 112-122° (bath temp)/
01 mm was coliected (10-4 g), n'5"* 14679, («]'} * +2-75° (c. 8-3 in acetone). (Lit.'* b.p. 119°at 1 mm.)
This material gave a white ppt with AgNO, in HNO,, and showed bands in the IR at 665(m), 720(s),
765(m), 825(s), 850(s), 900(s), 950(m), 975(m), 985(m), 1020(m), 1070(s), 1100(s), 1125(s), 1170(s).
1220(s), 1270(s), 1315(m), 1380(s), 1390(s), 1460(s), 2890(sh), 2910(s), 2940(s), 2960(sh), 2995(s).
GLC" showed a single peak: Column A ® R, 18-06 min; R, 1084 mI: Column B,* R; 15-13 min;
R, 330 ml. (Found: C,51-70,51-64; H,6-85,6:71; Cl, 12:60, 12:47. C,4H,,0,Clrequires: C, 51-71;
H, 6:82; Ci, 12-75%.)

PMR spectra of V and V1. Compound V showed signals at 4:73 = (singiet, one proton) 5:1-6-0 +
(complex, 6 protons), 6-3 7 (onc proton, absent on deutcration), 8-:54 and 8-64 + (singlet and doublet,
12 protons).

Compound VI showed signals at 3:92 r (singlet, one proton) 4-98-6-0 r (complex, 6 protons),
8:54 and 8:64 r (singlet and doublet, 12 protons).

The downward shift of the low field proton is as expected for H,. Some slight downfield shift of
H, probably accounts for the slight difference in the group of signals corresponding to the remaining
6 sugar chain protons. The lack of change in the Me signals confirms the retention of basic ring
structure. Some alteration might also have been expected if a S<hloro group was introduced.

Preparation of 6-amino-9-D-mannofuranosyl-purine. To a soln of 2-5 g 1,2:5,6-di-O-isopropylidene
a-p-mannofuranose in 100 ml CCl, was added 2-5 g tripheny! phosphine, and the soln was then heated
under reflux for 20 min. Some of the solvent was removed by direct distillation, the mixture was
cooled slightly, and the remainder was removed under reduced press.

A suspension of 5 g Celite and 4-8 g chloromercuri-6-benzamido purine'* in Na-dried redistilled
xylene (approx 350 ml) was partially distilled under slightly reduced press, and when reduced to about
# volume, the residue from the triphenyl phosphine reaction (slurried with dry xylene) was then added.
The mixture was then refluxed gently for several hr, with exclusion of moisture. Charcoal was added,
and the hot soln was then filtered, the residues were washed with chf, and the combined washings
and filtrate were evaporated, using a rotary evaporator, to small bulk. The residues were dissolved
in chf, washed with several portions of Klaq, then with water. The solvent was then removed under
reduced press. A soln of Na in McOH was added, and the mixture heated under reflux for 1 hr.
Solvent was removed and the mixture stirred with a mixture of 30 ml water and 10 ml glacial AcOH
on a steam bath for 4 hr, and then solvent was removed at 1 mm press. The residues were extracted
with benzene and then aqueous ETOH. From the aqueous extract were obtained white needles (650 mg)

1 ], C. Irvine and A, F. Skinner, J. Chem. Soc. 1089 (1926).

% C. T. Bishop, Adr. Carbohydrate Chem. 19, (1964).

= Pye 104 Chromatograph, Apiezon L on firebrick, 200°, 60 ml per min H, flow.

% Perkin-Elmer 452 Chromatograph, silicone oil on firebrick, 195°, 21:8 ml per min N, flow.
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m.p. 225-226° (dec); after recrystallization from aqueous EtOH, the material gave only one spot on
TLC, with a variety of eluting solvents. This showed absorption in the UV AZ3%* 262 mu; (emas
13,900), and in the IR at 3440, 1505, 1585, 1090, 1060 cm™*.

Periodate oxidation of this material (100 mg) with unbuffered sodium metaperiodate (0-1M, 50 ml)
at room temp proceeded rapidly with uptake of considerably more than 2 moles of oxidant; Formal-
dehyde (0-88 mole approx) was obtained. Overoxidation is not surprising in view of the expected
production of a substituted malon-dialdehyde as the primary product of oxidation.



