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The synthesis of two novel branched-chain N-sugar nucleosides is described. Condensation of diethyl cyano-
methylphosphonate with 1,2:5,6-di-O-isopropylidene-e-n-ribo-hexofuranos-3-ulose (1) by a Wittig reaction
afforded, after stereoselective reduction of the unsaturated sugars over palladium on charcoal, 3-C-cyanomethyl-
3-deoxy-1,2: 5,6-di-O-isopropylidene-a-p-allofuranose (2} in 78% yield. Compound 2 was reduced over rhodium
on ALO; to yield an amino sugar 3 (isolated as its acetamido derivative 4). Compound 2 was also converted by
alkaline hydrogen peroxide hydrolysis into the branched-chain 3-C-carbamoylmethyl-3-deoxy sugar 5 in 70%
yield. Compound 2 was hydrolyzed selectively to the 1,2-monoisopropylidene derivative 6, which was con-
verted via benzoylation, hydrolysis with trifiuoroacetic acid, and then acetylation into the 1,2-diacetate 7. Fu-
sion of 7 with 6-chloropurine afforded the blocked allo nucleoside 8 in 699 yield. Treatment of the latter with
methanolic aqueous dimethylamine gave the novel branched-chain allo sugar nucleoside 9 containing a 3'-C-(N,N-
dimethylcarbamoylmethyl) branched chain in 45% yield. Sodium metaperiodate oxidation of 9 followed by

sodium borohydride reduction of the aldehydo nucleoside gave the branched-chain ribo nucleoside 10.
pound 7 was also converted into the benzamido nucleoside 11.

Com-
Treatment of 11 with lithium aluminum hydride

afforded 9-[3'-C-(2'-aminoethyl)-3'-deoxy-a-p-allofuranosyl]adenine (12).

The occurrence of unique and unusual amino, deoxy,
and branched-chain sugars in some of the antibiotics
has stimulated increased interest in the distribution
of unusual carbohydrates in nature, and an extensive
list of unusual sugars has resulted from chemical in-
vestigations on bacterial cell walls, capsular materials,
and other naturally occurring macromolecules.?> A
classification of the sugar-containing antibiotics in ad-~
dition to a discussion of the chemistry of those members
whose complete structures were known to 1969 has
been made.?? The chemistry and biochemistry of
branched-chain sugars from 1969 to the present have
just been reviewed.?

The discovery that nucleosides with branched-chain
sugars can exhibit cytostatic and virostatic activity has
heightened the interest in the development of general
methods for the synthesis of branched-chain sugars.?
The isolation of nucleoside antibiotics containing car-
bamoyl and peptide groups (gougerotin and puromy-
cin?) has probably helped to stimulate a continued in-
terest in the synthesis of analogs of these substances.
With the recent report of the synthesis of 1-8-p-ribo-
furanosyl-1,2 4-triazole-3-carboxamide (virazole) by
Witkowski of I. C. N. and the finding that it has sig-
nificant and reproducible activity against a broad
spectrum of DNA and RNA viruses,” there might be
expected to be a further continued interest in nucleo-
s@des containing the carbamoyl group. In this connec-
tion, it is interesting to note that adenosine 5’-carbox-
amides are reported to affect blood circulation when
administered orally or parenterally.® Recently, ap-
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propriately blocked amino acids and peptides have
been coupled to a purine 5’-amino-5'-deoxy nucleoside
derivative’ and to a nucleoside containing a free car-
boxylic acid moiety to afford novel nucleoside peptides.®
Reasons for the preparation of this class of compounds
have been outlined.”

The objective of the research outlined in this and in
the following paper was to develop a general synthetic
procedure for the substitution of the 3’-hydroxyl on
adenosine and related nucleosides by cyanomethyl,
carbamoylmethyl, N,N-dimethylearbamoylmethyl,
aminoethyl, and a peptide branched chain.

In the preliminary communication,® we have re-
ported the synthesis of 3-C-cyanomethyl-3-deoxy-
1,2:5,6-di-O-isopropylidene-a-p-allofuranose (2) and its
subsequent utilization in the synthesis of a nucleoside
containing a branched-chain cyano sugar 8. We now
wish to describe in detail this synthesis and, in addition,
to outline the utilization of 8 in the synthesis of other
novel branched-chain N-sugar nucleosides.

Condensation of 1,2:5,6-di-O-isopropylidene-a-n-
ribo-hexofuranos-3-ulose® (1) with diethyl cyanometh-
ylphosphonate in the presence of sodium hydride fol-
lowed by hydrogenation over 109, palladium on char-
coal according to a procedure already published!
afforded the key intermediate in our synthesis, namely,
3-C-cyanomethyl-3-deoxy-1,2: 5,6-di-O-isopropylidene-
a-D-allofuranose (2), in over 80%, yield. The assign-
ment of configuration of 2 was deduced from its nuclear
magnetic resonance spectrum, Based on the fact that
trans H;~H; of the furanose sugars have small cou-

(7) M. J. Robins, L. N. Simon, M. G. Stout, G. A. Ivanovies, M. P.
Schweizer, R, J. Rouseau, and R. K. Robins, J. Amer. Chem. Soc., 98, 1474
(1971).

(8) M. Kawana, R. J. Rousseau, and R. K. Robins, J, Org. Chem., 87T,
288 (1972).

(9) A. Rosenthal, M. Sprinzl, and D. A. Baker, Tetrahedron Lett., 4233
(1970).

(10) (a) P. J. Beynon, P. M. Collins, and W. G. Overend, Proc. Chem.
Soe., 342 (1964); (b) K. Onodera, 8. Hirano, and N. Kashimura, J. Amer.
Chem. Soc., 87, 4651 (1965); (¢) K. Onoders, 8. Hirano, and N. Kashimura,
Carbohyd. Res., 6, 276 (1968); (d) K. N, Slessor and A. 8. Tracey, Can, J.
Chem., 47, 3989 (1969).

(11) A. Rosenthal and D. A, Baker, Tetrahedron Lett., 397 (1969).



194 J. Org. Chem., Vol. 38, No. 2, 1978

RosENTHAL AND BARER

M§e<o_CH2 . M>e<0—CH2 Meo—cH,
VL O—CH 0 LEonbomey  MeO—CH 0 LH-Rh-4L0, MeOCH O
NaH NH;
e —————
0 2 H,~Pd 0 2. Ac,0 0
0 O-"Me HCH O—l~M HCH 0—’~Me
Me (.JN Me HcH ~ Me
1 2
B0,
lHaO'+ NaOH HNR
3,R=H
4,R = COCH,
ROCH,
ROCH o M>e<0“CHz
Me 0—CH o
0
HCH O~+Me 0
A M
6R=H ‘|3=0 ¢
6a,R = PhCO NH,
5
1.CF,COH
2.Ac,0 )i
B2OCH, Bzoc:H2
BzOCH 0. 6-chloropurine BZOCH 0.
OAp  —meo——>
HCH OAc H(|:H OAc
NHR CN
7 8
N
N/
k I > HNMe, { —HO
ROCHZ N N 1.HBr=HOAc MeOH
RO(|3H 0 NNHB‘" . NMez NMe,
2 l | N#
X o
HgCl
HO"—‘C 2
HCH OR'
HOCH, o lNaIO, HO—CH 0
R2
1L,R = Bz R! = Ac;R? = C=N s,
12,R =R'=H:R? = CH,NH,
e HCH OH HCH OH
O_C_NM62 O_C—NM82
10 9

plings of less than 0.5 Hz whereas cis Ho—H; have cou-
plings greater than 2.5 Hz,'% the fact that H-2 of com-
pound 2 exhibited a triplet at = 5.18 having Jo 3 = 3.6
Hz (irradiation of the H-1 signal at 7 4.2 collapsed the
H-2 signal to a doublet of J = 3.6 Hz) showed that
H-2 and H-3 must be in the cis orientation and, there-
forc, compound 2 must have the allo configuration.
The stereoselectivity of the reduction of the unsaturated
sugars obtained in the Wittig reaction of 1 makes the
synthesis of the key intermediate 2 very useful.
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Because the primary objective of our research was
to prepare structural analogs of puromyein,*® we first
converted 2 into the branched-chain amino sugar 3 by
reduction over 5% rhodium on aluminum followed by
acetylation to afford 3-C-(2'-acetamidoethyl)-3-deoxy-
1,2:5,6-di-O-isopropylidene-a-p-allofuranose (4) in 809,
vield. When an attempt was made to utilize 4 in the
synthesis of a branched-chain amino sugar nucleoside
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by a known sequence of reactions* the synthesis was
unsuccessful owing to the fact that, on deisopropyl-
idenating 4, the acetamido group participated and
formed what was presumed to be a N-heterocyclic
sugar.*> Another course open to us appeared to be via
the conversion of the cyanomethyl sugar into a car-
bamoylmethyl sugar. Hydrolysis of 2 with hydrogen
peroxide in the presence of sodium hydroxide pro-
ceeded smoothly to afford crystalline 3-C-carbamoyl-
methyl-3-deoxy~1,2:5,6 -di- O - isopropylidene - o= D-
allofuranose (8) in 709, yield. The latter compound
also could not be directly utilized in nucleoside syn-
thesis. This fact, coupled with the knowledge that the
chemistry of nucleosides containing a carbamoyl group
(as exemplified by the nucleoside antibiotic gouge-
rotin®*) has posed a problem of great complexity led
us to direct our principal efforts towards the direet
utilization of 2 in the synthesis of a structural analog
of puromyein.

Selective hydrolysis of the 5,6-isopropylidene group
of 2 was achieved with aqueous methanol containing
sulfuric acid. The reaction was conducted at room
temperature for 4 hr, giving the monoisopropylidene
derivative 6 in almost quantitative yield. The reac-
tion was monitored by thin layer chromatography
(tle) on silica gel and was stopped when 2 was con-
sumed. It was essential to keep the reaction under
careful surveillance because of the possibility of further
hydrolysis. Compound 6 was converted into the
crystalline 5,6-di-O-benzoate ester 6a (which was puri-
fied by column chromatography) and its structure was
confirmed by nmr spectroscopy. Acetolysis of the
dibenzoate ester with an 809, solution of trifluoro-
acetic acid at room temperature for 0.75 hr (careful
monitoring of reaction by tle) removed the 1,2-0-iso-
propylidene group and did not hydrolyze the cyano
group. The hydrolysis product obtained by use of
trifluoroacetic acid was immediately acetylated with
acetic anhydride and pyridine to afford crystalline
1,2-di-O-acetyl-5,6-di-0-benzoyl-3-C~cyanomethyl-3-de-
oxy-B-p-allofurancse (7) in 549% yield based on 6.
The g-anomeric configuration of 7 was assigned on the
basis of the fact that H-1 exhibited a singlet in its nmr
spectrum.!? The 8 anomer 7 was condensed with 6-
chloropurine by direct fusion at 160° without catalyst?
to afford, after column chromatography on silica, the
blocked nucleoside 8 as a solid foam in 699, yield.
Treatment of the latter with 259, aqueous dimethyl-
amine and methanol'® at room temperature for 4 hr
afforded, after column chromatography on silica, an
unblocked crystalline nucleoside 9 in 45%, yield. This
nucleoside exhibited a strong carbonyl absorption in
its infrared spectrum at 6.30 u but did not possess a
cyano band. Its nmr spectrum clearly showed that
deacylation was complete and that the compound 9
had four methyl groups (one NMe, from the expected
substitution of the 6-chloro atom by the NMe,).
This evidence, coupled with the fact that the molecular
weight of compound 9 was 394, strongly supported the
unexpected result that the nucleoside now contained
an N,N-dimethylcarbamoyl group in place of the cyano
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group. It is tentatively suggested that the C-2’ hy-
droxyl (after unblocking) might have participated' in
forming an imine from the eyano group, and the imine
was subgequently hydrolyzed to yield a five-membered
cyclic lactone. The latter might be expected to un-
dergo ready aminolysis with the dimethylamine to
yield the unusual branched-chain nucleoside 6-N,N-
dimethylamino-9-(3'-C-N,N-dimethylecarbamoylmeth-
y1-3’-deoxy-B-p-allofuranosyl)purine (9). The assign-
ment of B-anomeric configuration to 9 was based on
the following: (1) ultraviolet (uv) absorption data
of 9 substantiates the site of glycosylation!® at N-9;
(2) the trans rule® indicates that 9 has a 8 configura~
tion; the allo nucleoside 9 exhibits a negative Cotton
effect that is consistent with the proposals advanced?! 2
for purine g-p-nucleosides. Although the nmr measure-
ment of 9 was of little value in confirming the B-ano-
meric configuration, the magnitude of Jy-»» = 4 Hz is
consistent with the Jy» coupling constant of other
branched-chain §-allo nucleosides, 423

Sodium metaperiodate oxidation of the allo nucleo-
side 9 yielded an aldehydo nucleoside that was imme-
diately reduced with sodium borohydride to give, after
column chromatography on silica, in 689, yield the ex-
pected ribo nucleoside 10. Although the nmr spec-
trum was consistent with structure 10 (the nmr spec-
trum showed one primary and one secondary hydroxyl
group and four methyl groups) the nucleoside failed to
crystallize.

The cyanomethyl branched-chain sugar 7 was also
used to prepare a nucleoside having a cyano group fol-
lowing a classical nucleoside synthesis.?* Thus, treat-
ment of 7 with anhydrous hydrogen bromide in di-
chloromethane readily afforded the bromo sugar (not
characterized because of instability), which was im-
mediately condensed with chloromercuri-6-benzamido-
purine in anhydrous toluene under reflux conditions
to afford, after silica column chromatography,
6-benzamido-9-(2’-0-acetyl-5',6’-di-O-benzoyl-3’-C-cy-
anomethyl-3’-deoxy-g-p-allofuranosyl)purine (11) in
609 vield. Treatment of the latter with lithium alumi-
num hydride in tetrahydrofuran gave a mixture of com-
pounds. The major component 12, which was in-
soluble in water, was further purified by passage
through a column of Dowex 1X resin. This compo-
nent, isolated in 309, yield, gave a positive ninhydrin
test and its nmr spectrum showed that the cyano-
methyl group was reduced to an aminoethyl group.
However, owing to complexing of the amino sugar nu-
cleoside 12 with inorganic ions which could not be re-
moved, its elemental analysis was not satisfactory.

Experimental Section

General Considerations.—Nmr spectra were obtained in
chloroform-d solution (unless otherwise stated) with tetramethyl-
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silane as the internal standard (set at » 10) by using a Varian
T-80 or Varian HA-100 spectrometer (peak multiplicities: s,
singlet; d, doublet; t, triplet; m, multiplet). Ir spectra were
obtained with a Perkin-Elmer Model 437 spectrophotometer.
Molecular weight was obtained by mass spectroscopy using an
AEI.-M.B.9 spectrometer. All melting points (micro hot
state) are corrected. Silica gel G was used for tle and silica gel
Grace (60~200 mesh, deactivated with 109, water) was used for
column chromatography. Elemental analyses were performed
gy the microanalytical laboratory, University of British Colum-
ia.

Wittig Reaction of 1,2:5,6-Di-O-isopropylidene-a-n-ribo-hexo-
furanos-3-ulose (1) to Yield 3-C-Cyanomethyl-3-deoxy-1,2:5,6-
di-O-isopropylidene-a-p-allofuranose (2).—To a suspension
of sodium hydride (2.33 g) in anhydrous 1,2-dimethoxyethane
(100 ml) was carefully added a solution of diethyl cyano-
methylphosphonate (17.4 g) in 1,2-dimethoxyethane (100 ml).
When the evolution of gas had ceased the mixture was filtered
(all operations were performed in a drybox under & nitrogen
atmosphere) and the solution was then cooled to 0°. To the cold
solution of the carbanion a solution of the ketose 1 (16.9 g) in 1,2-
dimethoxyethane (300 ml) was added with stirring and external
cooling. The reaction was then allowed to warm to room tem-
perature. After 4 hr the reaction mixture was removed from
the drybox, diluted with 100 ml of water, and extracted with 3 X
250 ml of ether. The combined ether extracts were washed with
water (3 X 20 ml), dried over sodium sulfate, filtered, and evap-
orated under reduced pressure to afford a syrup which appeared
to be homogeneous as evidenced by tle on silica gel G with 19:1
benzene-methanol (B; 0.68). Hydrogenation of the syrup in
ethanol over 10% palladium on charcoal gave 14.5 g (78%;) of
produet 2 which was recrystallized from ether-petroleum ether
(bp 35-60°): mp 109°; {a]?p +91° (¢ 2, chloroform); ir 4.5 u
(C=N); P 4.18 (d, J1,s = 3.6 Hz, H-1), 5.23 (t, Jo.s = 3.6
Hz, H-2), 8~7.5 (m, H-3). Irradiation of the H-1 signal at r
4.2 collapsed the H-2 signal to a doublet.

Anal. Caled for CuHyNO;: C, 59.30; H, 7.47; N, 4.04,
Found: C, 59.26; H, 7.35; N, 4.81.

3-C-(2'-Acetamidoethyl)-3-deoxy-1,2:5,6-di-O-isopropylidene-
a-D-allofuranose (4).~—The branched-chain sugar 2 (1 g) dissolved
in absolute ethanol (70 ml) saturated with ammonia was hy-
drogenated over 5% rhodium on alumina at room temperature
and 60 psi for 20 hr. The catalyst was removed by filtration
and the solvent was evaporated under diminished pressure. The
resulting syrup was acetylated with a mixture of acetic anhy-
dride (3.5 ml) and pyridine (3.5 ml) for 24 hr, The product
was worked up in the usual way to afford 0.92 g of compound
4 (80%): ir 6.15 and 6.55 u (C=0); 7°°% 5.26 (t, H-2), 4.23
(d, J1. = 3 Hz, H-1), 3.20 (NH); [alp 41° (¢ 1, CHCly).

Anal. Caled for C;HNOs: C, 58.34; H, 8.20; N, 4.25.
Found: C, 58.27; H, 8.44; N, 4.00.

3-C-Carbamoylmethyl-3-deoxy-1,2:5,6~di-O-isopropylidene-a-
p-allofuranose (5).—To a solution of 2 (0.566 g) in ethanol (6
ml) was added hydrogen peroxide (0.8 ml) and 6 N sodium
hydroxide® (0.8 ml). After the reaction mixture was left to
stand at 50° for 6 hr, the solution was evaporated under reduced
pressure to yield a syrup which was extracted with dichloro-
methane. The dichloromethane extract was evaporated under
diminished pressure to yield a solid which was recrystallized from
ether to yield 0.400 g (709%,) of 5: mp 138°; [a]*D +86° (c 1.3,
chloroform); ir 2.9 (NH,), 6.1 u (C=0); 7°°® 4.1 (NH,), 4.23
(d, J1,2 = 4 Hz, H-1), 5.27 (t, H-2).

Anal. Caled for CyHyuNOg: C, 55.8; H, 7.69; N, 4.47.

Found: C,55.7; H,7.91; N, 4.57.

3-C-Cyanomethyl-3-deoxy-1,2-0O-isopropylidene-«-n-allofura-
nose (6).—To a solution of 6.5 g of 2 in 300 ml of methanol
was added 30 ml of 1 N sulfuric acid. The reaction mixture was
left stand at room temperature for 4 hr, then neutralized with
solid sodium hydrogen carbonate, and extracted with chloro-
form (3 X 200 ml). The combined chioroform extracts were
dried over sodium sulfate, filtered, and evaporated under di-
minished pressure to afford 5.5 g of 6 (quantitative yield):
la]®p +99° (c 1.7, chloroform); ir 2280 c¢m~! (C==N); ¢
8.17 (s, 3 H), 8.33 (s, 3 H, isopropylidene).

Anal. Caled for CuHﬂNO;: C, 54:.31, H, 7.04:, N, 5.76.
Found: C, 54.01; H, 7.21; N, 5.536.

(25) C.R. Noller, *'Organic Syntbeses,”’ Collect. Vol. II, Wiley, New York,
N. Y., 1943, p 586.
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5,6-Di-0-benzoyl-3-C-cyanomethyl-3-deoxy-1,2-0-isopropyl-
idene-a-p-allofuranose (6a).—To a solution of 3-C-cyanomethyl-
3-deoxy-1,2-O-isopropylidene-a-p-allofuranose (2) (60 g) in
anhydrous benzene (30 ml) was added dropwise a mixture of
benzoyl chloride (32 ml) and pyridine (4.5 ml). After standing
for 14 hr at room temperature, the reaction mixture was filtered
through a short column of grade IT alumina (25 g) and the column
was washed was washed with benzene (150 ml). Evaporation
of the combined eluents gave 6a, which was crystallized from
ether—petroleum ether (bp 30-60°) to give 10.0 g (90%) of
product: mp 71-72°; [a]*p +48.2° (¢ 1.3, chloroform).

Anal. Caled for CousHusNO;: C, 66.60; H, 5.57; N, 3.10.
Found: C,66.33; H, 5.54; N, 2.95.

1,2-Di-O-acetyl-5,6-di-O-benzoyl-3-C-cyanomethyl-3-deoxy-8-
p-allofuranose (7).—An amount of 8 g of 6a was allowed to
react with an 809, solution of trifluoroacetic acid (70 ml) for
0.73 hr, followed by neutralization with solid sodium hydrogen
carbonate. The resulting mixture was extracted with methylene
chloride. Evaporation of the combined methylene chloride
extracts, after drying over sodium sulfate, gave 5.9 g of syrup.
An aliquot of this syrup (5 g) was acetylated with acetic anhy-
dride (20 ml) and pyridine (20 ml) and the product was worked
up in the usual way to yield 3.4 g (5349 yield based on 6) of
product 7. An analytical sample of 7 was prepared by chro-
matographing it on neutral alumina using an 8:1 mixture of
dichloromethane—ether as developer. The product, crystallized
from ether, had mp 110°; [a]2p —31° (¢ 2, chloroform); ir
(KBr) 4.48 u (C=N); +°°°#3.77 (s, H-1).

Anel. Caled for CogHosNOQy: C, 63.02; H, 5.08; N, 2.81.
Found: C, 63.00; H, 4.97; N, 2.65.

An attempted acetolysis?* of the dibenzoate ester 6a gave a
complex mixture of products; the major component did not
possess nitrogen.

6-Chloro-9-(2'-0O-acetyl-5',6'-di-O-benzoyl-3’-C-cyanomethyl-
3’-deoxy-3-n-allofuranosyl)purine (8).—A thoroughly dried,
finely powdered mixture of 1 g (2.02 mmol) of 1,2-di-O-acetyl-
5,6-di-0-benzoyl-3-C-cyanomethyl-3-deoxy-8-p-allofuranose and
0.350 g (2.27 mmol) of anhydrous 6-chloropurine was heated in
an oil bath at 160° at 30 Torr for 5 min followed by further heating
at 160° at 1 Torr for 40 min. The melt was extracted with 50
m} of dichloromethane and the extract was then filtered. Evap-
oration of the filtrate gave 1.24 g of syrup, which was chro-
matographed on a silica column (70 g) using 1:1 benzene-ethyl
acetate as developer. The faster moving component (0.150 g)
was starting material, whereas the second fraction (0.700 g, 69%
yield) was the blocked nucleoside 8. This nucleoside was a solid
foam which could not be crystallized: ir 4.5 u (C==N); [«]*
—13° (¢ 1.7, CHCL); +°2°% 7.2 (d, CH:CN), 6.6-6.4 (m, H-3"),
3.9, Jy = 2Hz, H-1"), 1.3 and 1.76 (s, H-2 and H-8).

Anal. Caled for CooHauN;0:Cl:  C, 59.19; H,4.10; N, 11.87.

Found: C,59.46; H,4.35; N, 11.47.

6-N,N-Dimethylamino-9-(3'-C-N,N-dimethylcarbamoylmeth-
yl-3'-deoxy-g-p-allofuranosyl)purine (9).—To a solution of 20
ml of methanol and 10 ml of aqueous 259, dimethylamine was
added 0.430 g of the blocked nucleoside 8 and the mixture was
left to stand at room temperature for 4 hr. After removal of the
solvent under diminished pressure, the residue was partitioned
between water (20 ml) and dichloromethane (10 ml). The
dichloromethane layer was washed with water (10 ml). The
combined aqueous extracts were evaporated under diminished
pressure to yield a syrup. This syrup was chromatographed on
a column of silica (12 g) using 9:1 dichloromethane-methanol
as developer to afford 0.160 g (45% yield) of the unblocked
nucleoside 9. An analytical sample of 9 was prepared by re-
chromatographing 9 on silica using water as developer. The
nucleoside 9 was crystallized from ethanol-ether: mp 178-
179°; ir 6.30 p (C==0); Amax (MeOH) 275 mu (e 20,000); CD
max (MeOH) 275 mu (6 —11,000); [o]p —66° (c 1.8, meth-
anol); r™° 4.76 (t, H-2'), 3.74 (d, Jyv,» = 4 Hz, H-1"), 1.56,
1.74 (s, H-2 and H-8); %% 538 (t, primary OH), 4.23
and 4.50 (d, due to secondary OH’s) (these signals disappear
on addition of D,0); 7°°°® 7,10 and 6.95 (two methyls), 6.57
(singlet, equal to two methyl groups); mol wt (mass spec-
troscopy) 394.

Anal. Caled for CiHyQ:Ng: C, 51.79; H, 6.64; N, 21.31.
Found: C,51.69; H,6.71; N, 21.28.

Metaperiodate Oxidation and Reduction of 9 to Yield 6-N,-
N-Dimethylamino-9-(3'-C-N,N-dimethylcarbamoylmethyl-3'-de-
oxy-g-n-ribofuranosyl)purine (10).—To a solution of the allo
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nucleoside 9 (0.275 g, 0.7 mmol) in 21 ml of water and 14 ml of
ethanol was added with stirring 0.5 ml of saturated sodium
hydrogen carbonate and a 39, aqueous solution of sodium meta-
periodate (0.150 g, 0.7 mmol). The reaction mixture was left
standing at room temperature in the dark for 2.5 hr. To the
resulting solution was added with stirring sodium borohydride
(0.212 g) and the mixture was stirred for 3 hr. Excess sodium
borohydride was decomposed by addition of glacial acetid acid.
The reaction mixfure was evaporated under reduced pressure
and the residue was treated with 3 X 5 ml of methanol followed
by evaporation. The residue was extracted with dichlorp-
methane and filtered, and the filtrate was evaporated to a syrup.
Chromatography of this residue on silica (32 g) with 92:8 di-
chloromethane-methanol gave 0.170 g (68%,) of a nucleoside 10.
This product appeared to be homogeneous by paper chromatog-
raphy with 40:19:11 n-butyl alcohol-ethanol-water (R; 0.68)
or by tle on silica with 9:1 dichloromethane-methanol (R; 0.42):
[a]®p —353° (¢ 1.37, water); ir 3.2 (OH), 6.5 u (C=0); uv
Mmax 275 mp (e 14,300, water); 7°°% 7.10 and 6.97 (s, NMes),
6.55 (s, equal to 6 H of NMe,y), 4.5 (two OH groups), 4.07 (d,
Jyrer = 3 Hz, H-1"), 1.82 (H-2 and H-8).

Anal. Caled for CiHauN¢Os 1/ H0: C, 51.30; H, 6.68;
N, 23.06. Found: C, 50.86; H, 6.43; N, 22.40.

The analysis varied depending on the temperature at which
the sample was dried under vacuum. The compound lost di-
methylamine on heating.

6-Benzamido-9-(2'-0-acetyl-5',6’'-di-O-benzoyl-3'-C-cyano-
methyl-3’-deoxy-3-p-allofuranosyl)purine (11).—A solution of 1
g of 1,2-O-acetyl-3,6-di-O-benzoyl-3-cyanomethyl-3-deoxy-3-p-
allofuranose (7) in dichloromethane (50 ml) kept at 0° was kept
saturated with anhydrous hydrogen bromide for 15 min and the
flask was then lightly stoppered and kept at 0° for 1 hr and
finally at room temperature for 15 min. The solvents were re-
moved under diminished pressure and two portions of anhydrous
toluene were then added and removed under reduced pressure
to yield a syrup. This syrup, dissolved in anhydrous toluene
(40 ml), was immediately added to a thoroughly dried mixture
(by distilling, at atmospheric pressure, anhydrous toluene from
it) of 0.950 g (2.0 mmol) of chloromercuri-6-benzamidopurine,
Celite (0.300 g) in anhydrous toluene (30 ml). The mixture
was heated to the reflux temperature and refluxing was con-
tinued for 0.75 hr. The hot mixture was filtered and the filtrate
was then evaporated under reduced pressure. The residue was
extracted with dichloromethane (120 ml), and the extract was
washed with two 20-ml portions of 30% KI and two 20-ml por-
tions of water. - Concentration of the dried (MgSO;) dichloro-
methane layer gave a residue which was chromatographed on a
silica column (60 g) using 1:1 benzene-ethyl acetate as developer
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to give 0.900 g (609 ) of purified 11: ir 4.50 u (C=N); +°°% (100
MHz) 7.26 (d, CH,CN), 0.8 (NH); [a]22p —37° (¢ 1.5, CHCY,).

Anal. Caled for CssHpNeOs: C, 64.07; H, 4.45; N, 12.47.
Found: C,63.76; H, 4.72; N, 12.08.

9-(3'-C-Aminoethyl-3’-deoxy-8-p-allofuranosyl Jadenine (12).—
To a suspension of lithium aluminum hydride (210 mg, 5.5 mmol)
in tetrahydrofuran (150 ml) was added dropwise a solution of
6 - benzamido -9 - (2'- 0 - acetyl - 5,6 - di-O-benzoyl-3'-C-cyano-
methyl-3’-deoxy-g-p-allofuranosyl)purine (11) (826 mg, 1.23
mmol) in THF. After the reaction mixture was left stand at
room temperature for 0.5 hr and then refluxed for 2 hr, the excess
reducing reagent was destroyed by the slow addition of water
(10 ml), ethanol (10 ml), and 3 N ammonium hydroxide (10 ml).
The resulting precipitate was removed by filtration and washed
with ethanol (50 ml). The residue, obtained by evaporation of
the combined filtrate and washings, was partitioned between
dichloromethane (10 ml) and water (7.5 ml). Examination of
the dichloromethane extract showed that it contained no nu-
cleoside nor any substance giving a positive test with ninhydrin.
The water extract was evaporated to dryness and the remaining
material (700 mg) was taken up in ethanol and left to stand at
0° overnight. From this solution was obtained 200 mg of
crystalline product having an ultraviolet spectrum similar to
that of adenosine. The ultraviolet spectrum of the mother
liquor indicated that it contained a negligible amount of nu-
cleoside.

The above crystalline material was dissolved in 29, acetic acid
(2 ml) and chromatographed on 5 ml of Dowex 50W-X2 (NH,*
form) resin. The column was first washed with 100 ml of water
and then with 5% ammonium hydroxide to afford, after crystal-
lization of the main component from methanol, a homogeneous
nucleoside 12 (0.080 g, 309 yield): mp 170-171°; UV Amax 261
mpu (e 15,000, H,O); +7V°% 1,66, 1.82 (2 s, 2 H, H-2, H-8), 2.70
(b, 2 H, NH;), 4.10 (d, 1 H, H-1"), 4.2-4.6 (b, 2 H, NH,), 5.28
(t, 1 H, H-2); [a]®p —39° (¢ 1, H,0).

Anal. Caled for C;HoNOy:  C, 48.14; H, 6.18; N, 25.91.
Found: C, 44.45; H, 5.41; N, 21.69. The sample contained
some inorganic material which could not be removed by use of
resins.
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