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Abstract - A series of 3'-C-cyano-3'-deoxy-pentafuranosylthymine nucleosides
have been syothesized from 1-(8-D-ribofuranosyl)thymine (7). 2',5'-Selective
protection of 7 followed by oxidftion' efforded the corresponding 3'-keto-
nucleoside (9). The latter reacted with NaCN to give & mixture of 3'-cyano-
hydrins which were 3'—deoxygenated to afford 1- 2',5'-d1-0-(t-butyldimethyl-
#11yl)-3'~C-cyano-3'-deoxy-8-D-xylo-pentoftranosyl thymine (14). Deprotection
of 14 and selective 5'-O-protection gave the 3'-0-(t-butyldimethylsilyl)
derivative 16 which by 2'-deoxygenation yielded the corresponding 3'-C-cyano-
2, 3'-dideoxy-8-D-threo nucleoside 22. Reaction of 16 with an acylating
reagent in the presence of a strong base gave the 3'-C-cyano-2',3'-dideoxy-
2',3'=didehydro nucleoside 12. Epimerization of 14 and 22 with NaOH afforded
3'-C~cysno~3'~deoxy-p-P-ribo (18) and 3'-C-eyano-3'-deoxy-8-D-erythro (24)
nucleosides, respectively. Reactiom 12, 22 and 24 with HC] gave the cogrespon
ding deprotected nucleosides 13, 23 and 23. 5-0-Acetyl-3-C-cyano-3-deoxy-1,2
~0-1sopropylidene-o-D-ribofursnose has also been prepared by s route similar
to that described for 22.

2',3'-Dideoxynucleosides are among the most potent and selective anti-~-HIV agents describred
s0 !ar.1'2'3 Some compounds of this group such as 3'-axido-3'-deoxythymidine (AZTY, 1), and 2',3'
dideoxycytidine (4), are currently under clinical trhll.‘ Other related compounds, namely, 2',3'-
dideoxythymidine 3, 2',3'-dideoxy-2',3'-didehydrothymidine (3, 2',3'-dideoxy-2',3'-
didehydrocytidine (6), 2',3'-dideoxy-3'~fluorocytidine (2), alsoc shov potent and selective
inhibition of HIV in vitro.l12:3 The accepted mechanism of action for AZT, and other 2',3'-
dideoxynucleosides, involves the non selective phosphorylation by cellular kinases to the 5'-
triphosphate (AzddTTP). This may act as a competivive inhibitor or an alternate substrate of HIV
reverse transcriptase. Incorporation or AzddTIP into DNA, produces chain termination. AzdtTTP
inhibits HIV reverse transcriptase one hundred times better than cellular DNA polymerase and is
also able to cross the blood-brain bnrrier.s However it also shows bone marrow suppresion and
other side effects wvhich make necessary the search for nev nucleoside analogues more selective and
less toxic in its anti-AIDS activity.
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A group of choice candidates are the 3'-C-cyano-3'-deoxynucleosides. The main wethods for
the introduction of C-cyano branches in carbohydrates have been briefly reviewed.® Two of these
methods have been recently used for the synthesis of 3'~C-cyanonucleosides. 3'—C-cyano-3'-
deoxythymidine and its a-anomer have been prepared by reaction of a methyl 3-C-cyano-2,3-dideoxy-a
-D-erythro-pentofuranoside with thy-idinn.7 1-(3'-9_-Cyano-3'-dooxy-l-g-u-binofuruolyl)ur-cn has
been synthesized by reaction of a 1-(2',3'-mhydro-a-l_)-lyxo!utmotyl)urlcu with sodium cylnido.a
In a preliminary account of this work, we have also raported the synthesis of 3'~C-cyano-3'-
deoxythymidine derivatives by reaction of sodium cyanide with a 3'-ketothymidine nucleoside.’

In this paper we report the synthesis of 3’'-C-cyano-3'-deoxy derivatives of 8-D-xylo- (1%),
8-D-ribo- (18), 2'-~deoxy-f-D-threo- (24) and 2'-deoxy-f-D-erythro-pentofuranosylthymine (26), as
vell as the 1-(3'-C-cyano-2',3'-dideoxy-8-D-glycero-pent-2-enofuranosyl)thymine (13).

Reaction of 1-(8-D-ribofuranosyl)thyaine (7)10 with 3 equivalents of t-butyldimethylsilyl
chloride in pyridine afforded the 2',5'-di-g-s-butyldiuthyllilyl derivative 8 in 68X yield. The
latter was reacted with Croslpyridine/Aczou to give the 1-(8-D-erythro-pentofuranos-3-
ulosyl)thymine (9) in 73% yield. Reaction of 9 with sodium cyanide and sodium bicarbonate in an
ethyl ether~water, two phases system, afforded steresoselectively a (12:1) mixture of the two
cyanohydrin epimers 10 in 85X total yield. These compounds, which partially decomposed to
ketonucleoside 9, on standing in solution at room temperature were 3'-deomamtodu by reaction
with phenyloxythiocarbonyl chloride and 4-?d1-othy1ainopyr1d1uo.13 The resulting (6:1) mixture of
3'=C-cyano-3'-0-(phenyloxythiocarbonyl)epimers 11 was reacted with tributyltin hydride in the
presence of szobisisobutironitrile to give sterecsslectively 1-(3'~C—cyano-3'-deoxyxylofuranosyl)-
thymine 14 (60X yield from 9), as the only product. Remsoval of the 2'-° and 5'-0-(t-
butyldimethylsilyl) protecting groups with tetrabutylammonium fluoride in THF afforded 15 in 61X
yield.

The s-m derivative 13, was 2'-deoxygenated to the 8-D-threo nucleoside 24, Reaction of
15 with 1.1 equivalents of t-butyldimethylsilyl chloride gave the salectively 3'-O-protected
nucleoside 16 (93X). Treatment of the latter with phenyloxythiocarbonyl chloride and pyridine in
methylene chloride, followed by reaction of the resulting thiocarbonate 17 with tributyltin
hydride and o,a'-azobisisobutironitrile in toluene gave 23 (60% yield). Deprotection of 23 with
0.1N HCl afforded 24 in 94X yield.

Reaction of 16 with phenyloxythiocarbonyl chloride in the presence of A-dimethylsmino-
pyridine, a stronger base than the pyridine used before, did not afford the expected 2'-0-
thiocarbonyl derivative 17 but the 3'-C-cyano-2',3'-unsaturated nucleoside 12 in 80X yield. This
compound was deprotected with a 0.1 N solution of HCLl in methanol to give 13 in 835X yield. The
2',3'-double bond of 12 and 13 was demonstrated by analytical and spectroscopic data. The IR

-1 characteristic of a conjugated nitrile . The 1! NMR spectrum

spectrum showed a band at 2215 cam
shoved the absence of signals corresponding to 2'=CHM, and H~3' and the presence of an olefinic
R-2' at 7.08 ppm. Howaver, the valus of the allylic coupling constant JZ' 4'= 4.3 Hz was much
higher than expected (JZ' 4= 1.5 Hz). 14,13 The coupling constants of the pent-2'-enofuranosyl
ring of 12 and 13 (Jl ,2'" 1.5-1.8 Hx; Jl' 4t 1.6-2.0 Hz; Jz. 4= 3.9-4.3 Hz) were very close to
those reported for 2'-substituted-2',3'-unsaturated nucleosides zo“ 2117 and 2218 (Jl' 3" 1-1.8
He; Jl',k" 1.6-1.8 Hz; Js..‘.- 3.2-A4.0 Hz). This prompted us to check whether the CN group moved
from 3' to 2' during the latter reaction. NOE cxporincntl“ (Table 1) carried out with 12 showed
that irradiation of the olefinic proton at 7.08 ppm produced a wuch higher enhancement to the
signal of H-1' than to the signal of H-A', This indicates that the olefinic proton is H-2' and,
thus, that the cyano group in 12 and 13 is at C-3°'.

The 3'-C-cyano~8-D-xylo (14) and B8-D-threo (23) nucleosides were transformed to the
corresponding 3'-C-cyano-8-D-ribo (18) and 8-D-erythro (23) epimers under basic conditions. The
most efficient epimerizations in terms of yield (70-75%) and reaction time were carried out by
treatment of a methanolic solution of the "cyano up” compounds 14 and 23 with a solution of NaOH
in methanol up to pN 9 and refluxing of the resulting mixture. Good yields ( 75%) of the “cyano
down” compounds 18 and 23 were also obtained by reaction of 14 and 23 vith. a pH 9 refluxing
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solution of tetrsbutylammonium bydroxide (TBAH) in wmathanol/chloroform. With Lower wvalues of pH
and temperatures the epimerization was very slow or did oot take place at all,

The work up of thess reections involved treatment with 0.1 N HCI to neutralise the base
(NaOH, TBAN), The use of more concentrated HCl afforded in some cases the 5'~0-deprotected B-D-
ribo (19) and #-D-srythro (26) compounds as minor side products. i
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The stereochemistry at the C~3' position of cysnochydrins 10 and thiocarbonates 11 has not
been determined, and cammot be ianferred from the orientation of the 3'=C-~cyano group of the
nucleoside 14 resulting from B'dooxyputioa.lz The stareochemistry of the cyanc group of 14
depends on the relative steric hindrance of the a and 8 faces of the furanose ring whieh
facilitates the spprosch of the tributyltin hydride from the less hindered e¢ide of the wolécule.t?
This is supported by the transformations 27,31 —p 30 described in Scheme 2. The two
the configuration at C-3 of which have
dotcrﬂned,n were deoxygenated by rsaction with phenyloxythiocarbonyl chloride and then with
tributyltin hydride as described before. Both 27 and 31 afforded the same 3-C-cyano-3~
deoxyribofuranose 29, as the only product, which was identified as the 5-O-acetate 30. In this
case, the hydrogen atom enters from the less hindered, £-face of the molecule, opposite to the

cyanchydrin epimers 27 and 31, been unequivocally

bulky 1,2-0-isopropyltidens gtoup.zo In the case of cyanohydrin nucleosides 10, the hydrogen enters
from tha o-face, to afford the kinetically coantrolled 3'-C-cyano-8-D-xylo nucléoside 14. This
suggests that. the a-facq, opposite to the thymine and .the 5'-O-substituent, is the less hindered
face of the present nucleoside furanosyl ring. This is in agreement with the way in wich
epimerizations 1A ~» 18 and 213 —»23 take placs. The thersodynamically more stable 3'-C-cyano
epimars (18 and 23) are those in which.the cyano group is in the less hindered a-fuce of the

nucleoside furanosyl ring.

1-BuMegSiO— o RO~ 0 1~BuMeaSiO- O
R
CN » .
[+ o 0
RO © CN o—+- ON o—+-
27 .R=H 29 . R=t—-BuMegSt St,.R=H
28, R=CS~0~CgHg 30 . R=Ac 32. R =CS—0—~CgHy
SCHEME 2

Cyanosugar 30 can be s suitable synthetic intermediate for the synthesis of 3'-C-cysno-3'-

deoxy-g~D-ribo-pentofuranosyl nuclevsides, such as 18, The reaction of suitably protected
derivatives of 30 with nucleic acid bdases should provide a synthetic route to the above

nucleosides alternative to that described here.

Table 1, NOE values for 12, 24, and 26

Compound Proton NONs observed at the indicated protons
Ircadiated
B-1' H~2'(a) B-2'{8) R®R-1' R-4' H-5 H~6 5t-08
12 B-1? -65 2.% 1.0
q1-2' 2.9 -64 0.7
H-&' 0.8 =77 5.6
24 H-1t -390 6.0 2.3 3.3 1.8
H-2'(a) 7.6 14.0 2.5
H-21(8) 1.3 -66 6.2
B-3"%(r-5") 2.3 5.0 0.5 ~19 18.1 . 2.1 11.5
26 A-1' -74 6.3 2.9 3.3
g=-3 2.6 ~Th 5 2.6

* The chemical shifts of R-3' and H-3' are coinctdent in (CD4),80 solution. Thus, the XOEs induced
by the thres protons are observed upon irradiation if H-3' (H-3'),
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The stereochemistries at C-3' for nucleosides 23 and 23 and thus, for the 8-D-xylo
(14-17) eand B-l_)-gt_b_g (18 end 19) derivatives has been unequivocally determined by NOE
exparinents.l9 The data shows in Table 1 indicate that in compound S-D-threo 23, irradistion of
N-1', induce a NOE to H-2' (a), H-3' and ¥-4', irradiatiom of H-3' induce a NOE to H-1', H-2'(x)
and H~4', and irradistion of N-2' (o) and H-2'(8) confirm the above NOK psttern. This demonstrates
that protons H-1', H-2' (a), H-3' and H-4' are all in the o-face of the furanose ring. FYor
compound a-g—m 2%, irradiation of M-1' induces a NOE to N-2'(a) and H-4', while, irradiation
of H~3' induces a WOR to H-2'(8) and H-3'. This demonstrates that H-1' {s in the c-face and H-3'

in the 6~face of the furanose ring and confirm the proposed structures.
EXPERIMENTAL

M.ps were measured with a kofler hot-stage apparatus. lg R and B¢ e spectra were
recorded with a Bruker ANM-200 or & Varien XL~300 spectrometer using Me,Si as internal standard. IR
spectra wars recorded with a Shimadzu IR-435 spectrometer. MNass spectra were obtsined with a
Vacuum Generators VG 12-250 spectrophotometer. Optical rotations were deterwined with a Perkin-
Kimer 141 polacimeter. Analytical tlc plates were purchased from Merck. Preparative tlc was
performed on glass plates coated with a 2mm layer of silica gel PF,q, (Merck). Flash column
chromatography was performed with silice gel 60 230-400 mesh (Merck). Compounds were detected by
OV 1light (254 nm) or by spraying the plates with 30X H,S0, in ethanol, and heating.

1-{2',5'=D1-0-(t-butyldimethylsilyl)-8-D-ribofuranosyl |thymine (8). A mixture of 7 (1.29 g,
5 mmol), dry pyridine (10 mL) and t-butyldimethylsilyl chloride (2.26 g, 15 mmol) was stirred at
room temp. for 48 h., The solvents were evaporated to dryness and the residue dissolved in
chloroform was washed with cold (4 C) 1 N HCl (50 mL) and water (2 x 50 mL). The organic phase was
dried over anhydrous N2,30,, filtered, and evaporated to dryness. The residue was purified by

column chromatography using hexane/ethyl acetate (4:1) as eluent to give 8 (1.65 g, 68%) as a
white foam; 1,  (EtOH) 265 nm (¢, 8820); lH WMR (CDCl;, 90 MHx): 6 0.86, 0.93 (2s, 18H, t-Bu),
1.90 (s, 3H, 5-(:1'13). 2.66 (bs, 1H, 3'-0H), 3,70-4.30 (m, SH, H-2', H-3', H~4', H-3'), 6.03 (4, 1H,
Jye,zr 5.5 Hr, H-1'), 7.50 (s, 1§, H-6), 9.40 (bs, 1H, 3-WE). Anal. Calcd. for Cp,H;,K;0481,: C,
$4.28; H, 8.70; W, 5.75. Found: C, 54.07; H, B,65; W, 5.81.

1-{2',5'~di~0-(t-butyldimethylsilyl)-8~D-erythro-pentofursnos-3'-ulosyl}thymine (9). Compound
8 (0.96 g, 2 mmol) was added to a previously prepared solution of CrOS (0.6 g, 6 mmol), pyridine
(1 mL, 12 mmol), acetic anhydride (0.6 mL, 6 mmol) and methylane chloride (14 mL). The resulting
mixture was stirred at room temp for 45 min, evaporated to dryness, and the residus, suspended in

ethyl acetate (10 mL), was filtered through a silica gel (20 g) column using ethyl acetate as
eluent. The filtered solution was evaporated to dryness and the residue coevaporated with ethanol
(3 x 5 mL). The finsl residue was chromatographed (coloumn) with hexane/ethyl acetste (5:1) to
give 9 (0.70 g, 73%) as a white foam; [°]D + 72° (c 0.3, CHCLy); vg,, (Mujol) 1780 (furanosulose
C=0), 1700 ca”! (thymine C=0); 'u MMR (CDC1;, 90 MHz): 60.82, 0.90 (2s, 18H, t-Bu), 1.93 (s, 38,
S-Cﬂs), 3.90 (m, 24, A-3'), 4.20 (d, 1H, Jl',2' 8 He, H-2'), 4,23 (m, 1H, H-4'), 6.27 (4, 1H,
B-1'), 7.50 (s, lH, R-6), 9.40 (bs, 1H, 3-NH). Anal. Calcd. for CypHyoN04815: C, 54.51; H, 8.32;
N, 5.78, Pound: C, S4.20; H, 8.47; N, 5.92.

5'-0-(t-Butyldimethylsilyl)-3'-C~¢yano~3'-deoxy-2',3'~didehydro thymidine (12). A mixture of
16 (0.38 g, 1 mmol), acetonitrile (15 ul), 4-dimethylaminopyridine (0.25 g, 2 mmol) and
phenyloxythiocarbonyl chloride (0.2 aL, 1.1 mmol) was stirred at room temperature for 1 h. The
solvents were evaporated to dryness and the residue wvas purified by column chromatography with
ethyl acetate/hexane (1:1) as the eluent and crystallized from chloroform/hexane to afford 12
(0.29 5, B0%) w.p. 128-9°C; v . (XBr) 2215 ca™l (@W); 3., (EtOH) 260 nm (e 13150); lm wm
(CDC13, 200 MHR): 8§0.93 (s, 9%, t-Bu), 1.90 (q, 3W, J 1.2 Hx, 5-083). 4.0 (m, 20, H~S'), 4.96 (m,
19, H-4'), 6.66 (dd, 1H, Jyr,z2v 1.8, MTUNY 2.1 Hx, H-1'), 7.08 (44, Jar,4 4,3 Hx, H-2'),
7.30, (q, 1H, H-6), 9.65 (bs, 1H, 3-NH). Anal. Calcd. for C,,HycN;0,8i: C, $6.17; H, 6.93; W,
11.%6. Pound: C, $6.35; B, 6.70; W, 11.44,
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3'-C—Cyano-3'-~deoxy-2',3'-didehydrothymidine (13). Compound 12 (0.36 g, 1 mmol) was stirred
at room temp with a 0.1 N solution of RACl in methanol for 30 wmin. The reaction mixture was
neutralized with a 1N solution of WNaOH in methanol send the sclvent was evaporated to dryness. The
residue was crystallised from ethyl ascetate to give 13 (0.21 g, 85%); m.p. 200-1°C; V aax (xBr)
2210 ! (00; 17 0w [(CDy),%0, 300 wHx]: 81.74 (d, 1R, J 1.3 Hx, 5-CHy), 3.72 (bs, 24, E-3'),
5.01 (m, 1M, H-4'), S.41 (t, JS'.O!I 4.4 Nz, 5'-0W), 6.99 (4d, 1B, Jl',2' 1.5, "2',6' 3.9 Ns,
B-2'), 7.14 (t, 1R, Jl',b' 1.9 g, H-1'), 7.6% (q, 14, ®W-6), 11.44 (bs, 1, 3~NH). Anal. Caled.
for CqH  Wy0,: C, 33,01; B, 4,49; N, 16.86. Pound: C, 52.88; W, 4.51; W, 16.81.

1- [2',S'-Di-o—(t-butyldinthylluyl)-:i'-C-cyano-B'-dooxy-B -D-xylo-pontofuxunolzll thymine
(14). A wixture of 9 (0.48 g, 1 mmol), ethyl ether (8 mL), water (4 mL), sodium bicarbonate
(0.16 g, 2 wmol) and sodium cyanide (0.05 g, 1 mmol) was vigorously stirred at 15°C for 16 h: the

organic phase was separated, and the aqueous phase was washed with ethyl ether (2 x 8 mL). The
combined organic phases were dried over anhydrous sodium sulfate, filtered and cnpbnud to
dryness. The residue, dissolved in acetonitrile (10 mL), reacted with &-dimethylaminopyridine
(0.25 g, 2 mmol) and phenyloxythiocarbonyl chloride (0.2 mL, 1.1 mmol) at room temp for 2 h. The
solvent was evaporated to dryness, and the residue was purified by preparative tlc with
hexane/ethyl acetste (5:1) as the eluent to yield a mixture of the two epimeric 1-(2°,3'-di-0~(t-
butyldimethylsilyl)-3'-C~cyano-3'-0-(phenyloxythiocarbonyl)- 8 -D-xylo~ and ribo-pentofuranoceyl]
thysine (11) (0.53 g, 82%) as a syrup. lH MR (CDC1,, 90 MHs): 6 0.86 (s, 18H, t-Bu), 1.90 (s, 3E,
S-Cﬂa), 4,00-4.33 (m, 28, H-5'), 4.50 (m, 1H, H-4' minor epimer), 4.65 (m, 1H, H-4' major epimer),
6.30 (4, 1H "1’,2' 6.5 Bz, X-2'), 6.32 (d, 18, B-1'), 6.96-7.66 (m, 58, CgHg), 9.00 (bs, 1H, 3-NH
msjor), 9.20 (bs, 1M, 3-NH ainor).

Syrupy compound 11 obtained before, was suspended in toluene (20 mL) and transferred to a
three neck flask. a,a'-Azobisisobutironitrile (0.03 g, 0.2 mmol) was added, oxigen free Ny was
bubled through the suspension for 15 min, and then tributyltin hydride (0.4 II;, 1.5 mmol) was
added. The flask was heated in an oil bath at 70°C for &4 h, while the N, bubbling was maintained.
The hesting was removed until the reaction mixture resched the room temp. Then, it was washed with
water (1 x 20 mL), dried over anhydrous sodium sulfate, filtered, and the filtrate evaporated
under reduced pressure. The residue was purified through a silica gel (20 g) column chrosatography
using hexane/ethyl acetate (4:1) as the eluent to afford 14 (0.29 g, 60% from 9) as a white foam.
[aly + 32¢ (c 0.5, CHCly); v, (Mujol) 2225 ea™! (cw); lw me (cpCl,, 90 MEx): 6 0.80, 0.93 (2s,
188, t-Bu), 1.90 (s, 3H, S-Cls). 3.23 (d4, 18, Jz.’3. 7.3, Js.’,.. 8 Hz, H-3'), 3.91 (=, 2H, H-S'),
h.41 (m, 19, B-4'), 4.52 (4ad, 1H, Jl',Z' 6 ®#x, H-2'), 5.90 (4, 1H, A-1'), 7.35 (s, 1lH, H-6), 9.30
(bs, 1H, 3-NN). Anal. Caled., for Cnllul,OSSi: C, 55.72; H, 8.33; N, 8.47, Yound: C, 5%5.59; H,
8.33; N, 8,12,

1- (3'-C-Cya_£o-3'-dooxy-B-D—xylo-pontofuranoozl[thﬂnc (1%). A mixture of 14 (0.49 g, 1
mmol), tetrahydrofuran (15 mlL), and tetrabutylamsonium fluoride trihydrate (0.63 g, 2 mmol) was
stirred at room temperature for 1 h. The reaction mixture was filtered through a short column of

silica gel (10 g) using tetrahydrofuran as the eluent. The solvent was evaporated under reduced
pressure and the brown residue was purified by column chromatography using ethyl acetate/mathanol
(50:1) as the eluent to afford 1% (0.16 g, 61%); w.p. 194-5°C (dec.) (from ethyl acetate) V max
(3cK) 2230 cn~! (cW); lE wm [(cpy),%0, 300 MAx }: & 1.79 (d, 38, J 1.0 Hx, 35-CH,), 3.62 (m, 1N,
B-3', after addition of D,0, dd, JZ',J' 8.1, EINY 8.4 Ex), 3.65 (m, 28, B-3'), 4.3 (m, 1N,
A-~4', after addition of 0,0, dt), 4.50 (m, 18, H-2', after addition of D0, dd, Jl',z' 6.5 Hx),
5.45 (t, 1H, JS',OH 4,3 Az, %'-0H), 5.76 (4, 1H, K-1'), 6.26 (d, 1H, J2',OH 5.8 He, 2'-0H), 7.73
(q, 1H, H-6), 11.40 (bs, 1H, 3-NM). Anal. Caled. for C11H13%405: C, 49.44; B, 4.90; N, 13.72.
Pound: C, 49,38; H, 5.07; N, 15,58,

1- [3'-0-(t~-Butyldimethylsilyl)-3'~C-cyano~3'-deoxy-8 -D-xylo-pontofurmouxl]thln_ino (16). A
cold (ice bath), stirred solution of 15 (0.27 g, 1 mmol) in pyridine (8 mlL) was treated with t-
butyldimethylsilyl chloride (0.17 g, 1.1 mmol). The ice bath was removed and the temperature

slovly rised to 18 C. The stirring wvas maintained for 24 h. The solvents were evaporated under
reduced pressure and the residue, dissolved in ethyl acetate (25 mlL) was washed with 1IN HC1 (25
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ml), and with water (2 x 23 mL), The orgsaic phase was dried over anhydrous Wa,80,, filtered, and
evaporated to dryness. The residue crystallized from chloroform/haxane to afford 16 (0.35 g, 93%X)
as a white solid; m.p. 189-90°C; v, (KBr) 2225 ca™! (c0); lm mm (cDCly, 90 M2): € 0.93 (s, 9H,
t-Ba), 1.85 (s, 3H, S-Cdy), 3.42 (44, 1W, Jy, 3¢ 6, Jy. 40 7.2 Hr), 3.96 (m, 20, H-5'), 4.50 (m,
18, B#-A'), 4.67 (a, 1E, N-2°, collapses to dd oo D,0 shake, Jl',z’ 3.5 Ux), 5.43 (4, 1N, 2'-0H),
$.82 (d, 1%, ¥-1'), 7.40 (s, 1H, ¥-6). Ansl, Caled, for 017!!27830531: C, %3.%2; %, 7.13; W, 11.01.
round: C, 33.41; N, 7.01; X, 11.00.

1~ I 2} ,5'-Di-0-{t-butyldimethylsilyl)-3'-C-cyano-3'~deoxy~ 8 ~D-ribo~pentofuranosyl ] thymine

(18). A 1X solution of MaO® in metharol was added dropwise to a solution of 14 (0.4 g, 0.8 mmol)
in methanol (1% sL) until the pN of the resulting sclution was 9, The reactifon mixture was heated
to reflux for 5 h, neutralized with a 1 N solution of HCI in wmethanol and avaporated to dryness.
The residue was purified by columm chrowatography with hexane/ethyl acetate (4:1) as the eluent to
yield 18 (0.30 g, 76X) as a syrup; (Rf 0.45); V. (rilm) 2230 ca™! (0N); w wom (cocl,, 300
MEx): 80,93 (s, 188, t-Bu), 1.89 (4, 3H, J 0.8 Mx, 5-CH;), 3.19 (44, 1N, Jae, 3 h.h, YNY 10.0
Hx, E~-3'), 3.88 (4d, 1w, Jﬁ',S'l 2.0; JS'.,S'b 12.2 Hs, N-5's), 4,27 (44, 1N, J#',S'b 1.5 Hez,
H~5'b), A.52 (ddd, 1H, H-4'), 4.5% (44, 1H, Jye,20 0.8 Hx, H-2'), 5.66 (4, 1H, H-1'), 7.47 (q, 1H,
B~6), 8.49 (bs, 1H, 3-MH). Anal. Calcd. for CgyH, Ne0cSi: C, 55.72; H, 8.33; N, 8.47. Pound: C,
55.5%5; B, 8.08; N, 8,31,

From this reaction s minor, slower vrumning syrup was also isolated which was identified as
1-[2'-0-(t-butyldimethylsilyl)~3'~C-cyano-3'~deoxy-8~D-ribo~pentofuranosyl thymine (19). (0.024 g,
6%.); (R 0.35, hexane/ethyl acetate, (4:1)); vg,, (Pila) 2230 ca™l (an), 3420 ca”! (om); 1% wm
(COCly, 300 MHx): & 0.90 (s, 9, t~-Bu), 1.86 (4, 38, J 1.0 Hx, 5-CH,y), 2.92 (bs, 1%, 5'-0H), 3.A9
(dd, 18, Jy, 51 4.9, Jy:1 40 9.5 Hx, H-3"), 3.84 (d&d, 1A, Jg1 g1, 1.8, Jgi, gop 12.6 s, B-3'a),
4.14 (a4, 1H, Jyi gop 1.8 Bz, B-5'D), 4.52 (dt, 1H, N-4'), 4.66 (dd, 18, Jy. 5 1.5 Hz, H-2'),
5.50 (d, 18, X-1'), 7.55 (g, 1¥, B-6), 9.35 (bs, 1H, 3-NH). Anal. Calcd. for CyyH,yN30,8i: C,
53.52; ®, 7.13; N, 11.01. Pound: C, 33.30; H, 7.19; W, 10.89.

1- [ 5'-0-(t-Butyldimethylsilyl)~3'-C~cyanc-2',3'~dideoxy~ 8 ~D-threo~pentofursncsyl] thymine
(23). A mixture of 16 (0.38 g, 1 wmol), methylene chloride {15 =L), pyridine (0.3 ml, & mmol) and
phenyloxythiocarbonyl chloride (0.2 =L, 1,1 mol) was stirred at room tewp for 2 h. The solvenls
ware evaporated st reduced pressure and the residue was suspended in toluene (20 mL) and
transferred to a three necked flask, &, o'-Asobisisobutironitrile (0.03 g, 0.2 mmol) was added,
oxigen fres N, was bubbled through the suspension for 15 min, and then tributyltin hydride (0.4
alL, 1.5 smol) was added. The resction flask was hested in an oil bath at 70 C for 3 h, while the
N, bubbling was maintasined. The reaction was allowed to reach room temperature, vashed with water
{20 mL), dried over anhydrous sodium sulfste, and filtered. The filtrate was evsporated to dryness
and the residue was purified by silica gel (10 g) column chromatography using haxane/ethyl acetats
{3:1) as the eluent to afford 23 (0.21 g, 60X) as a white foam; Vuax (Mujol) 2225 el (a0); Iy
MM (CDCly, 90 MHz): 40.90 (s, 9H, t-®u), 1.93 (s, 3E, 5-CHy), 2.34 [44d, 1A, Jyr,20(a) 648
Jz1(a),20(8) 139 Jaicgy, 30 Te2 Ms, H-20(8)], 2.75 [ddd, 18, Jy. 204y 6:85 Jpi(y), 3 7.2 Br,
B-2'Ca) , 3.43 (q, 1K, Jy 40 7.4 Ax, B-3'), &.01 (4, 23, Jg. 5 3.7 Ny, H=5'), 4.23 (dt, 1H,
E-4'), 6.18 (¢, 1H, B-1'), 7.46 (s, 1H, A-6), 9.55 (bs, 1H, 3-NH). Anal. Calcd. for CpjH,sN,0,8%:
C, 55.86; K, 7.44; ¥, 11.%0. Pound: C, 55.65; H, 7.40; N, 11.69,

1-{3‘-C—Cynuo~2',3'—didcogtG-b—thuo-pcntol’tg_t_noul)thmm (24). Compound 23 (0,27 g, 0.75
mmol) was stirred at room temp with a 0.1 ¥ solution of HCl in methanol for 30 min. The reaction
mixturs was neutralized with a 1 N solution of MaOH in methanol and the solvent was evaporated to
dryness. The residue was crystallized from ethyl scetate to afford 24 (0.17 g, 94%); m.p. 201-2 C;
lal, + 26°(c 0.5 DMSO); v, (KBr) 2230 ca™d (OW); X .. (MeON) 262 nm (e, 8500); @ W
[(cpy);%0, 300 wmz]: 81.78 (4, 36, J 1.1 Ns, 5-CHy), 2.30 [4dd, 18, Jys 5e¢s) 6.8, J30(q),2'(s)
13.1, Jz.(” g+ 7.1 Mz, 2-27(8) | 2.65 [4dd, 1m, J;, ,2'(a) 6.6, Jz.(a) 3+ 8.1 Hz, B-2'(a)], 3.74
(m, 38, B~3', H-53'), &4.16 (dt, 1%, J3. &t o1, IR 4.4 Nz, B-4'), 5.30 (t, 1N, J,, on 4.6 Hx,
510, 6.07 (r, 1%, B-1'), 7.65 (q, 1K, #-6); 13 mm [(cDy),80, 73 MAx]: 8 12.37 (3~CHy), 29.43
(C-3'), 36.64 (C-2'), 61.49 (C-S'), 78.38, 83.3% (C-1', C-4'), 109.76 (C-3), 119,400 (CW), 135.6%
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#(C-6), 150.46 (C-2), 163.77 (C-4). Anal. Caled., for Cy H;,Ns0.: C, 52.59; M, 5.21; N, 16.72.
Pound: C, 52.43; H, 3.38; N, 16,88,

3'=0-(t-Butyldimethylailyl)-3'-C-cyano-3'~deoxythymidine (23). Compound 28 (0.73 g,A 2 mmol)
was epimerized following method A, described before for 18, to afford 2% {0.5% g, 76X} as a syrup.
Vpax (Film) 2230 ca™l (a0); lm e (cvCI3, 90 MBx): £0.90 (s, 9H, t-Bu), 1.89 (s, 3N, 5~CHy),
2.41 add, 18, 330 pecp) S0 Jae(a), 20(8) 13:6s Jargpy,3e 8.6 He, E-2'(8)], 2.67 [ddd, 1%,
Jpr,21(a) 83 Ja1(q), 3+ 8.6 Ex, B-2'(a)], 3.36 (q, 1H, J3, 4. 8.2 Hx, B-3'), 3.9A (m, 2H, B-3'),
4.2% (dr, 1B, N-A'); 6.16 (44, 1N, H-1'), 7.33 (s, 1M, H-6), 9.62 (bs, 1E, 3-MM). Anal. Calod. for
CqyHyyN30,31: C, 55.86; B, 7.44; N, 11.50. Found: C, 55.85; B, 7.21; N, 11.66.

3'-C-Cyano-3'-deoxythymidine (26). Compound 25 (0.36 &, 1 mmol) was treated with 0.1 N HC1
in methsnol and worked up, as demcribed bafore for 24, to afford 26 (0.23 g, 91%); m.p. 132-3 C
(from ethyl acetate/hexans) Lit.” m.p. 133-4¢C J; [G)n + 35 (c 0.3 MeOH) { tie.? o]y + 32.4 (¢
0.25 NeOM)]; v . (Wajol) 2240 ca”! (cw); lm wm [(cD4),80, 300 wmx]: 6 1.78 (4, 3, J 0.8 Hs, 5-
CHy), 2.47 [dad, 1R, Jr,20(8) 4.2, J21(a), 2'(8) 13.5, Ja1(8),3" 91 Nz, B-2'(8)], 2.66 [d§d, 1H,
J10,2t¢a)y o5 J21¢ay, 30 9.2 Hr, H-2'(a)], 3.50 (q, 1M, Jy: 4« 8.8 Mz, H-3'), 3.64 (m, 1§,
Jgig,stp 13.2 Hr, H-3'a), 3.70 (w, 1H, H-5'b), 4,13 (d4t, 1M, H-A'), 5.32 (bs, 1H, 5'-OH), 6.15
(4d, 14, E-1'), 7.63 (q, 1H, H-6), 10.86 (bs, 1%, 3-¥E); 13c mm [(CD,),80, 50 MRz]: & 12.12
(5-CHy), 27.68 (C-3'), 34,87 (c-2'), 60.15 (C-3'), 82,37, 83.9%5 (c-1°, C-4'), 109.22 (C-3), 119.59
(CN), 136.23 (C-6), 150.30 (C-2), 163.71 (C-4). Aunal. Caled. for Cy H;s8404: C, 32.59; E, 5.21; N,
16.72. Found: C, $2.51; H, 5.11; N, 16,58,

3-0-(t-Butyldimethylsilyl)-3-C-cysno~1,2-0~isopropylidene-~3-0-(phenyloxythiocarbonyl)-a-D-
ribofurancse (48), A solution of compound 272! (0.98 g: 3 mmol) in acetonitrile (30 ml) was
treated with A-dimethylaminopyridine (0.75 g, 6.1 mmol) and phenyloxythiocarbonyl chloride (0.6
aL, 3.3 mmol). The mixture was stirred at room temp for 3 h and evaporated to dryness. The residue

was chrometographad on tlic plates using hexane/ethyl acetate (6:1) as the sluerit to yield 28 (1.24
5, 89%) as a syrup; [alps 67¢ (c 0.5, CHCly); lH W (cDC1,, 90 MAx): 60.76 (s, 9, t-Bu), 1.20,
1.47 (28, 6H, isopropylidena), 3.96 (m, 2§, H-5), 4.31 (m, 1H, A-4), 5.30 (4, 1N, J1,2 4 He, H-2),
5.86 (d, 1, B-1), 6.93-7.40 (m, SH, Cgily). Anal, Caled. for Cy,Hy NOSS1: C, %6.75; H, 6.71; N,
3.01. Pound: C, 56.%3; H, 6.57; X, 2.80,

3-0-(t-Butyldimethylsilyl)«3~C-cyano~1,2-0-1isopropylidene~-3-0-(phenyloxythiccarbonyl)-c-D—

xylofuranose (3%). A wmolution of compound n?t {(0.66 g, 2 mmol) in acetonitrile (25 =mL) was
reacted with 4-dimethylaminopyridine (0.50 g, 4.1 wmol) and phenyloxythiocarbonyl chloride (0.4
nl, 2.2 mmol) and was worked up as described before for 28, to afford 32 (0.83 g, 91X) as a syrup
which spontaneously crystailized; m.p. 136-7°C; [a], + 49* (c 0.3 CHC14); 1y oz (epcly, 90
Wiz): 80.75 (s, 9H, t-Bu), 1.21, 1.47 (2s, 6H, isopropylidene), 3.90 (d, 2H, JA,S 6.5 Hx, B-%),
4.53 (¢, 1R, R-4), 5.12 (d, 1B, Jy , 4 Hz, B-2), 5.86 (4, 1H, B-1), 6.90-7.33 (m, 5H, C¢Hs). Anal.
Calcd, for CyoHy MOgSSL: C, 56.7%; H, 6.71; N, 3.01, round: C, 56.3%7; H, 6.81; N, 2.81,

S-O-Acetyl-3-c-cyauo-3-d.oxy-l,2-0;1!opropylidtne-a-D-riboturnnou (30). rrom 28, A three-

necked flask fitted with magnetic stirrer, reflux condenser and nitrogen inlet was charged with
compound 28 (0.46 g, 1 mmol), toluene (20 =mL), and o,x'-azobisisobutironitrile (0.032 g, 0.2
mmol). Oxigen free nitrogen was bubbled through the mixture for 15 min and tributyltin hydride
(0.4 mL, 1.5 smol) was added. The flask was heated in an oil bath at 70°C for 3 h while the
nitrogen flow was maintained. On cooling tc roca temperature, the resction mixture was washed with
water (1 x 20 mi), dried over anhydrous Nay50,, filtered and evaporated to dryness. The residue
was chromatographed (column) using hexane/ethyl acetate (4:1) to give 0.27 g of a syrup vhich was
& (10:1) mixture of two compounds with 1dentical chromatographic mobilities is several solvent
systems. The wminor compound was S-Q_-(E—butyldi-‘thylnilyl)-l,2-9_—uopropyltno-a-l_:-cgthro-
pentofuranos-3~ulose which may be formed from cyanohydrin 27. The major compound was 3-0-(t-
butyldimethylsilyl}-3~C-cysne-3-deoxy-1,2-0-isopropylidene-o-D-ridofuranose (29). g wa (cncl,.
90 MAx): 8 0.83 (s, 99, t-Bu), 1.30, 1.51 (2s, 6H, tsopropylidene), 3.03 (dd, 1A, J2’3 5, J3.’0 9.5
Rz, R-3), 3.80 (w, 20, #-3), 4.25 (W, 1H, H-4), 4,75 (dd, 1B, 31,2 4 He, H-2), 5.80 (4, 1H, R-1).
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This compound was fully characterised as its 5-O-acetyl derivative 30 as indicated as follows.

The above (10:1) mixture (0.27 g) was treated with a 0.1 ¥ solution of HCl in methanol (10
aL) with stirring for 30 min. The reaction was neutralised with 1 N NaOH in wmethanol and the
solvent was evaporated to dryness. The residue was acetylated with acetic ahydride (0.5 mL) and
pyridine (8 =mL) at room temperature for 6 h. The solvents were evaporated under reduced pressure
and the residue was purified by column chromatography with hexane/ethyl acetate (2:1) to afford 30
(0.165 g, 66%); m.p. 101-2 C* (from hexane); [a] p * 121° (c 0.3, chloroform); V ngx (KBr) 2235 cn”l
(c); 15 om (cpC1l,, 90 MHx): 8 1.37, 1.60 (28, 6H, isopropylideme), 2.10 (s, 3H, OAc), 2.90 (dd,
1H, J2’3 5, JL‘ 9 Rz, H-3), 4,15-4.60 (w, 3H, H-4, H-S), 4.83 (dd, 1H, Jl'z 4 Az, H-2), 5.90 (d,
1H, H-1). Anal, Calecd. for CyyHysNOg: C, 54.76; R, 6.26; N, 5.80. Pound: C, 54.96; H, 6.30; N,
6.10.

Nuclear Overhauser Rffect Experiments. IH NMR steady-state NOE diference spectroscopy experiments
were carried out on compounds 12, 24 and 26 with a Brucker AM 200 spectrometer operating in the

pulse mode, The standard Brucker microprogram library was used to perform sequential multiplet
line 1n:ad1.tion.22 Bach irradiation multiplet frecuency was cycled 20 times before adquisition. A
total irradiation time of 2s and an adquisition time of 2s was used. Solutions (CDCI:,#)IQ‘SI) were
measured at 30 C and a 90 read pulse was used in all cases. The decoupling pover was adjusted in
order to obtain maximum saturation (80-90X) compatible with minimum frecuency spillover to
neighbouring multiplets. ¥.I.D. were weighted with a 2 Hz exponential line-broadening factor,
substracted and fourier transformed. NOE values were calculated from integrals of the difference

and control irradiation spectra.
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