Tetrahedron Vol. 50, No. 17, pp. 5273-5278, 1994

@ Pergamon Copyright © 1994 Elsevier Science Lid
Printed in Great Britain. All rights reserved

0040-4020/94 $6.00+0.00

0040-4020(94)E0208-B

The Synthesis of New 3'-bis-C-substituted-3'-Deoxy-3'-Dehydro-

[3.3.0]-o-fused Thymidines by Intramolecular Radical Trapping
by Tethered Acetylenes

Neeraj Garg, Nafizal Hossain and Jyoti Chattopadhyaya*

Department of Bioorganic Chemistry, Box 581, Biomedical Center,
University of Uppsala, S-751 23 Uppsala, Sweden

Abstract: The Michael addition reaction of propargyl alcohol with 3"-nitro-olefin 1 and subsequent Henry reaction at
C-3' with electron deficient reagents has produced various diastereomeric mixtures of 2°-0-propynyl-3'-deoxy-3"-
dehydro-3"-C-substituted-3 -nitro-thymidine derivatives 4 - 7 [ o-substitution (major); B-substitution (minor)] in 55-80%
yield. Subsequently, the intramolecular cyclization-trapping of carbon radicals by tethered acetylene in 4 -7 byv the
treatment with Bu3SnH and AIBN afforded 3'-bis-C-substituted-[3.3.0]-cis-fused thymidines 8 - 11 in 86-90% yield.
The results detailed here represent the first examples of title compounds using a three-step procedure: (1) Michael
addition of the propargyl alcohol to nitro-olefin, (2) Henry reaction with electron-deficient reagents, and (3)
subsequent inramolecular cyclization-trapping of tertiary carbon radicals by a tethered acetylene.

Several 2',3-dideoxy-3'-substituted nucleosides have been found to date which are effective inhibitors of
HIV-reverse transcriptase (RT). Our own interest in the design of suitable candidate drugs against AIDS is
mainly directed in the development of new synthetic methodologies for 2' or/and 3' modifications of the sugar
residue of the nucleoside in a stereospecific manner using either ionic or free-radical reactions!.

Intramolecular free-radical trapping reactions to give stereospecific cyclization reactions have been used
extensively to synthesize complex natural products22. In nucleoside chemistry, we are the first to show that
such intramolecular free-radical cyclization reactions provides an easy access to various 2',3'-cis-fused
derivatives of nucleosides.1(:.k.m) The 2' or 3' free-radical precursor for intramolecular free-radical cyclization
that works well as a radical source in nucleoside chemistry is either phenylselenol(iikn) (A) or
aryloxythiocarbonyl1(k) (B) derivatives as shown in Scheme 1. Recently, we have found10 that the secondary
radical generated from a 3"-nitro group vicinal to a tethered olefin (as in C in Scheme. 1) does not undergo the
expected intramolecular cyclization reaction. We have however been able to show that 2',3'-dideoxy-3'"-nitro-2'-
C-substituted thymidines can be easily denitrated by the action of n-BuzSnH and AIBN to give 2',3"-dideoxy-
2'-C-substituted thymidines in high yields!(¢), which established that the secondery radical can indeed be
generated from a secondary nitro group and be quenched intermolecularly by a hydrogen atom. We here report
our new methodologies for the first synthesis of 3'-bis-C-substituted-3'-deoxy-[3.3.0]-a-fused nucleoside 8 and
10 by trapping the tertiary free-radical, generated from a tertiary nitro group, by a tethered acetylene function,
asin4 -7, in an intramolecular manner.
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CH;,

(A) : x = SePh
(B) : x = 0-C(S)-OPh

Y, ©€):x=NO,
— > y = a suitable tether

Scheme 1

Thus the Michael addition reactionla-elm of 2'3'-dideoxy-2',3'-didehydro-3'-nitro-thymidine 1 with
propargyl alcohol gave an inseparable diastereomeric mixture of 2'-Q-propenyl-3'-nitro thymidines (2 + 3), a
subsequent Henry reaction!(.m).3-6 at C3' on this diastereomeric mixture with electron deficient reagents such
as formaldehyde or acrylonitrile gave various 2'-Q-propynyl-3'-deoxy-3'-dehydro-3'-C-substituted-3'-nitro-
thymidines 4 - 7, which upon treatment with Bu3SnH7-9 and AIBN afforded for the first time a 3'-bis-C-
substituted [3.3.0]-cis-fused nucleoside 8 (88%) or 10 (87%).

(1) Preparation of 1-(2-O-(2-propynyl)-3-deoxy-3-nitro-B-D-pentofuranosyl)thymines 2 and 3. 2'3'-
Dideoxy-2',3"-didehydro-3'-nitro-thymidine 1 was synthesised by our literature procedure.l¢ Treatment of 1
with propargyl alcohol in the presence of sodium hydride (2 equiv) at room temperature for 30 min gave an
inseparable diastereomeric mixture of 2 (ribo) and 3 (xylo) in a 13 : 1 ratio (\H-NMR) in a yield of 88%.
Clearly, compounds 2 and 3 were formed due to the attack of the propargyl alkoxide at the C2' center of the 3'-
nitro-olefin 1 exclusively from the o-face, which is consistent with our previous observations that the
nucleophile preferentially attacks from the less hindered a-face of the 2',3'-double bond in the sugar moiety of
a nucleoside in Michael-type addition reactions.1(a-¢.,m) The following trends of chemical shifts and coupling
constants were observed in the IH-NMR spectra of 2 and 3. (i) The H-1' was more deshielded (0.13 ppm) in 2
than in the isomer 3. (ii) The Ji' o' of 3 was smaller (1.3 Hz) than that of its epimer 2. These trends are in
accordance with our previous work describing the Michael addition reaction of nitrogen, carbon and oxygen
nucleophiles with 2',3'-dideoxy-2',3'-didehydro-3"-nitro thymidine1(¢:m) which unambiguously suggest the ribo
configuration for 2 and the xylo configuration for 3.

(I1) Reaction of 2 + 3 with formaldehyde and acrylonitrile, (The Henry reaction). Treatment of a
mixture of the diastereomeric 1-(2-Q-(2-propynyl)-3-deoxy-3-nitro-f-D-pentofuranosyl)thymines (2 + 3) with
35% aqueous formaldehyde in acetonitrile in the presence of 1,1,3,3-tetramethylguanidine (2 equiv) for 30 min
at room temperature gave a mixture of diastereomers which were separated on silica gel column to afford pure
2'-0-(R)-(2-propynyl)-3'-C-([R)-hydroxymethyl-3'-nitro-thymidine 4 (11%) and 2'-O-R)-(2-propynyl)-3'-C-
(8)-hydroxymethyl-3"-nitro-thymidine § (69%). The TH-NMR chemical shifts of H-2', H-4', H5'/5" and 3"
CH,-OH were remarkably different in 4 and 5 [for 4: 34.70 (H-2"), 4.86 (H-4"), 3.75 and 3.51 (H5Y/5"), 4.36 -
4.26 (3'-CH»-OH), and for 5: 5.29 (H-2"), 4.25 (H-4'), 3.50 and 3.42 (H5'/5") and 4.22 (3"-CH2-OH)] (see the
experimental part for the detailed 1H- and 13C-NMR). Treatment of the diastereomeric mixture of 2 and 3 with
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acrylonitrile in THF in the presence of tetrabutylammonium fluoride (0.2 equiv) for 60 min gave an inseparable
mixture 2'-Q-(R)-(2-propynyl)-3'-C-(R)-(B-cyanoethyl)-3"nitro-thymidine 6 and 2"-O-(R)-(2-propynyl)-3'-C-
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1: Ry = MMTr 2: Ry =MMTr, x=NO;
) ? 8: Ry = MMTr, x = CH,OH (88%)
y=H,z=0CH,C=CH (82%) 9: R = H, x = CH;OH (87%)
3 Ry=MMTr,x=H, 10: R = MMTT, x = CH,CH,CN (87%)
y =NO,, z = OCH,C=CH (6%) 11: R; = H, x = CH,CH,CN (90%)

4: R; = MMTr, x = NO,,
y = CH;0H, z = OCH,C=CH (11%)
5: Rj = MMTr, x = CH,0H,
y =NO,, z = OCH,C=CH (69%)
6: R = MMTr, x = NO,,
y = CHCH,CN , z = OCHC=CH (minor)
7: Ry =MMTr, x= CH2CH2CN,
y =NO;, z = OCHC=CH (major)

Conditions: (a): Propargy! alcohol, NaH; (b): HCHO, CH,= CHCN, TMG / TBAF, CH5CN (c):
BusSnH, AIBN, Toluene, 100 °C; (d) 80% aqueous acetic acid, RT.

Scheme 2

(8)-(B-cyanoethyl)-3'-nitro-thymidine 7 in 25 : 75 ratio ({H-NMR). It is also clear from the above results that
the incipient carbanion preferentially attacks the electron-deficient reagents from the o-face of the
pentofuranose ring [4 /5 =1:6.3; 6 /7 = 1 : 3; vide infra for NMR arguments for the unequivocal assignment
of the configuration at C3']. Again, this is consistent with our earlier results of Michael addition reactions of
the 2',3"-enenitrile]®, 2',3"-enesulfone!d and 2',3"-eneselenonel® nucleosides with various carbon or nitrogen
nucleophiles in which it has been shown that 2',3"-trans-substituted nucleosides are by far the major products
formed.

(I11} Assignment of configurations in compounds 4 - 7. The following trends of chemical shifts were
observed in the TH-NMR spectra of 4 - 7: (i) The H-2' was more shielded (0.59 ppm) in the case of 4 and 6 in
comparison with their respective epimers 5 and 7. (ii) The H-4' in epimers 4 and 6 was more deshielded (0.61
ppm) than in their corresponding epimers § and 7. (iii) The difference in chemical shift of H-5' and H-5" in 4
was larger (A3 = 0.24 ppm) in comparison with its counterpart 5 (A8 = 0.08 ppm). Above spectroscopic
characteristics clearly suggested two distinctly different trends of chemical shifts for the pair of 3'-epimers with
C-substituent at the B-face (i.e. 4 and 6) or at the a-face (i.e. § and 7). These spectroscopic results are also
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consistent with our previous work on 2',3'-dideoxy-3'-nitro-thymidine that the electron-deficient reagent
preferentially react from the relatively unhindered c-face of the pentofuranose ring.1(Lm)

(IV) Intramolecular free radical cyclization in 2',3'-disubstituted nucleosides. The free-radical
intramolecular cyclization’-? in 4 - 7 were performed in the following manner. Treatment of § with tributyltin
hydride (3 equiv) and AIBN (1 equiv) in dry toluene at 100 °C for 30 min gave 2-Q, 3'-C-((3-
Methylidene)ethylene)-3'-deoxy-3'-dehydro-3'-C-(8)-hydroxymethyl-ribothymidine 8 which was isolated in
88% yield upon purification by column chromatography. We have also performed the radical-promoted
intramolecular cyclization reaction on the mixture of diastereomeric 4 + 5 to give exclusively 8 in 88% yield.
The reaction of diastereomeric mixture 6 + 7 under the above radical reaction conditions gave also only one
diastereomer: 2'-Q, 3'-C-((3-Methylidene)ethylene)-3'-deoxy-3'-dehydro-3'-C-(R)-(B-cyanoethyl)ribothymidine
10 (87%). Subsequently, the 5'-O-MMTr group from 8 and 10 was removed by a brief treatment of 80%
aqueous acetic acid at RT to give 9 (87%) and 11 (90%), respectively.

Following points may be noted on the above free-radical intramolecular cyclization procedure: (i) The o-
orientation of 2'-O-alkynyl ether dictated the ribo configuration of the resultant cis-fused five membered rings.
(i) Radical trapping cyclization gave exclusively 5-exo ring closure products, no trace of 6-endo ring
closure2(b-8) products was formed. This implies that the radical cyclizations were kinetically controlled and
preferred formation of less stable primary radical is due to pseudochair-like transition state which
regiospecifically produce the five membered ring. This is consistent with ourl(liX®) and other observations2.”
on the radical cyclization in the literature.

EXPERIMENTALS

IH-NMR spectra were recorded in 3 scale with Jeol GX-270 at 270 MHz, using TMS as internal reference (0.0
ppm). 13C-NMR were recorded at 67.8 MHz using both 'H-coupled and H-decoupled or INEPT modes. Jeol
DX 303 instrument was used for recording the high resolution mass spectra (HRMS). TLC was carried out
using Merck pre-coated silica gel F254 plates. The column chromatography was carried out using Merck G60
silica gel.

1-{5-0-(MMTTr)-2-Q-(R)-(2-propynyl)-3-deoxy-3-(R)-nitro-p-D-pentofuranosyl jthymine (2) & 1-[5-Q-
(MMTr)-2-O-(R)-(2-propynyl)-3-deoxy-3-(8)-nitro-B-D-pentofuranosyl]jthymine (3). Sodium hydride
(80%, 48 mg, 2.0 mmol) was added in dry propargyl alcohol (4 ml) and was stirred in an ultrasonic bath for 15
min. It was cooled in ice-water bath for a further period of 15 min and then 1 (540 mg, 1.0 mmol) was added.
The reaction mixture was stirred in ice-water bath for 30 min and poured into aqueous ammonium chloride
solution which was extracted with dichloromethane (3 x 25 ml). The organic phase was pooled and
concentrated in vacuo and was subjected to silica gel column chromatography to give an inseparable mixture of
2 and 3 (524 mg, 88%) in 13 : 1 ratio {H-NMR). H-NMR (CDCl3): 8.14 (br. s, 1H) NH; 7.55 (d, 1H) H-6;
7.39-7.24 (m, 12H) arom; 6.87-6.84 (m, 2H) arom; 6.18 (d, ] = 5.3 Hz, 1H) H-1' (major); 6.03 (d, J;» = 4.0
Hz, 1H) H-1’ (minor); 5.30 (dd, J3:4' = 1.6 Hz,1H) H-3'; 4.89 (dd, J53 = 6.8 Hz, 1H) H-2"; 4.81 (ddd, 1H) H-4}
4.52 (dd, J2'cHa2'cH2C=CH = 2.3 Hz, JcHa,2CHp = 16.3 Hz, 1H) 2-CH,; 4.35 (dd, Jo'cHb 2'cH20c=cH = 2.3 Hz,
1H) 2'-CHp; 3.80 (s, 3H) OMe; 3.71 (dd, J45- =2.6 Hz, J55-= 11.1 Hz, 1H) H-5; 3.38 (dd, J45» = 2.4 Hz, 1H)
H-5"; 2.49 (dd, 1H) 2'-OCH,C=CH; 1.29 (d, J¢ cy3 = 1.1 Hz, 3H) 5-CH3. 13C-NMR (CDCly): 135.2(d, Jcu=
180.5 Hz) C-6; 111.5 (s) C-5; 87.4 (d, Jcu = 172.3 Hz) C-1; 87.4 (s) MMTr; 83.9 (d, Jcy = 158.5 Hz) C-3;
78.9,78.7 (2xd) C-2' & C-4'; 62.4 (t, Jcy = 145.7 Hz) C-5%; 58.4 (1) 2-OCHy; 55.1 (d, Jcq = 150.0 Hz) OMe;
11.6 (q, Joy = 129.2 Hz) 5-CH;3.
1-[5-Q0-(MMTr)-2-O-(R)-(2-propynyl)-3-deoxy-3-dehydro-3-C-(R)-hydroxymethyl-3-nitro-B-D-
pentofuranosyllthymine (4) & 1-[5-Q-(MMTr)-2-Q-(R)-(2-propyny})-3-deoxy-3-dehydro-3-C-(8)-
hydroxymethyl-3-nitro-B-D-pentofuranosyljthymine (5). To a solution of mixture of 2 and 3 (249 mg, 0.4
mmol) and 35% aqueous formaldehyde (0.5 ml) in acetonitrile (5 ml) was added 1,1,3,3-tetramethylguanidine
(92 mg, 0.8 mmol), and kept it standing at RT for 30 min. The reaction mixture was worked-up and purified in
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the usual mannerl™m to give 4 (28 mg, 11%) & 5 (172 mg, 69%). Compound 4, TH-NMR (CDCl3): 8.03 (br. s,
1H) NH; 7.68 (d, 1H) H-6;7.42-7.26 (m, 12 H) arom, H-6; 6.88-6.85 (m, 2H) arom; 6.22 (d, J{ = 6.9 Hz, 1H)
H-1' 4.86 (dd, 1H) H-4'; 4.70 (d, 1H) H-2"; 4.36-4.26 (m, 2H) 3-CHp; 3.81 (s, 3H) OMe; 3.75 (dd, J45 =5.0
Hz, Jg5» = 11.2 Hz, 1H) H-5"; 3.51 (dd, J4'5- = 2.1 Hz, 1H) H-5"; 2.46 (dd, 1H) 2'-OCHC=CH;1.37 (4, J6,CH3
= 1.2 Hz, 3H) 5-CH;. HRMS (FAB"): calcd. for (M-H)" 626.2139, found 626.2103. Compound §, lH-NMR
(CDCly): 8.58 (br. s, 1H) NH; 7.58 (d, Jg,cra = 1.1 Hz, 1H) H-6; 7.39-7.23 (m, 12H) arom, H-6; 6.87-6.83 (m,
2H) arom; 6.12 (d, Jy+o = 6.2 Hz, 1H) H-1%; 5.29 (d, 1H) H-2'; 4.56 (dd, J2:cHa,c=CH = 2.3 Hz, J2'CHa,2’CHb =
16.2 Hz, 1H) 2'-CH,; 4.44 (dd, J2'cHb2'C=CH = 2.4 Hz, 1H) 2'-CH}; 4.25 (dd, 1H) H-4'; 4.22 (m, 2H) 3'-CHy;
3.80 (s, 3H) OMe; 3.50 (dd, J45 = 4.3 Hz, J55» = 11.0 Hz, 1H) H-5'; 3.42 (dd, J45» = 3.7 Hz, 1H) H-5"; 2.47
(dd, 1H) 2'-OCH,C=CH; 1.55 (d, 3H) 5-CH3; 13C-NMR (CDCl): 135.2 (d, Jcu= 181.5 Hz) C-6; 111.9 (s) C-
5; 95.4 (s) C-3'; 86.0 (d, Jcy = 168.6 Hz) C-1; 82.9 (d, Joyy = 152.1 Hz), 79.6 (d, Jcy = 152.1 Hz) C-2' & C-4';
779 (d) 2-OCHC=CH,; 63.1 (t, Joy = 148.0 Hz) 3'-CH,0H; 61.8 (t, Jcy = 142.3 Hz) C-5 59.3 (t, Jcy =
151.2 Hz) 2-OCHgy; 55.1 (q, Joy = 143.9 Hz) OMe; 11.7 (q, Jcy = 129.5 Hz) 5-CH3. HRMS (FAB-): calcd.
for (M-H)" 626.2139, found 626.2108.
1-[5-Q-(MMTr)-2-0-(R)-(2-propynyl)-3-deoxy-3-dehydro-3-C-(8)-(B-cyanoethyl)-3-nitro-p-D-
pentofuranosyl]thymine (6) & 1-[5-Q-(MMTr)-2-Q-(R)-(2-propynyl)-3-deoxy-3-dehydro-3-C-(R)-(p-
cyanoethyl)-3-nitro-f-D-pentofuranosylJthymine (7). To a solution of 2 and 3 (100 mg, 0.17 mmol) and

acrylonitrile (100 pul) in acetonitrile (2 ml) was added TBAF (8 mg, 0.03 mmol), and kept it standing at RT for
30 min. The reaction mixture was worked-up and purified in the usual mannerl™ to give an inseparable
mixture of 6 & 7 (60 mg, 55%) in 25 : 75 ratio (from !H-NMR). 1H-NMR (CDCl3): 8.73 (br. s) NH (major);
8.58 (br. s) NH (minor); 8.56-6.81 (m) arom and H-6; 5.97 (d, J12' = 4.5 Hz) H-1' (minor); 5.95 (d, J1'2' = 4.0
Hz) (minor); 5.11 (d) H-2' (major); 4.97 (d) H-2' (minor); 4.55 (m) 2'-OCHpy; 4.16 (m) H-4' (minor); 4.06 (m)
H-4' (major); 3.81 (s) OMe; 3.42 (m) H-5', H5"; 2.70-2.22 (m) 3'-CH>CH2CN; 2.51 (m) 2-OCHoC=CH: 1.75
(d, Js.cu3 = 1.1 Hz) 5-CH3. HRMS (FAB-): calcd. for (M-H)™ 649.2299, found 649.2275.
5'-O-MMTr-Z'-_Q,3'-Q—((3-Methylidene)ethylene)-3'-deoxy-3'-dehydro-3'-_C-(S)-hydroxymethyl-ribo
thymidine (8). A mixture of 4 & § (157 mg, 0.2 mmol), Bu3SnH (160 pl, 0.6 mmol) and AIBN (33 mg, 0.2

mmol) in toluene (10 ml) was heated at 100 °C for 30 min. The solvent was removed in vacuo and the residue
was purified by a silica gel column to give 8 (129 mg, 88%). lTH-NMR (CDCl3): 8.43 (br. s, 1H) NH; 7.77 (q,
J6.cus = 1.2 Hz, 1H) H-6; 7.48-7.23 (m, 12H) arom; 6.89-6.85 (m, 2H) arom; 5.98 (d, J;»»: = 3.4 Hz, 1H) H-1%
491 (br. s, 1H) 3'C=CHy; 4.77 (d, 1H) H-2"; 4.63 (dt, JrcHa,2’cHb = 13.3 Hz, 1H) 2'-OCHj; 4.55 (br, 1H)
3'C=CHp;4.44 (dt, J1H) 2'-OCHy; 4.03 (dd, J45 = 4.3 Hz,1H) H-4'; 3.80 (s, 3H) OMe; 3.78 (dd, 1H) H-5',
3.72 (dd, J3'CHa,0H = 4.6 Hz, J3'CHa,3'CHb = 11.7 Hz, 1H) 3'-CHy; 3.56 (dd, J3'cHa,0H = 7.0 Hz, J3:CHa 3'CHb =
11.7 Hz, 1H) 3-CHj,; 3.42 (dd, 1H) OH; 3.28 (dd, J4'5» = 2.9 Hz, Jg5» = 11.0 Hz,1H) H-5"; 1.91 (d, 3H) 5-
CHj; 13C-NMR (CDCl3): 137.0 (d, Jcu = 180.5 Hz) C-6; 111.0 (s) C-5; 105.5 (1, Jey = 158.8 Hz) 3-C-
C=CHjy; 91.2 (d, Jcy = 157.8 Hz) C-4’; 89.7 (d, Jcy = 165.5 Hz) C-1"; 87.5 (s) MMTT; 82.8 (d, Joy = 145.3
Hz) C-2% 73.0 (t, Jcy = 151.0 Hz) 2-OCHz; 63.6 (t, Jcy = 143.8 Hz) 3'-CH,OH; 60.8 (1, J cy = 143.4 Hz) C-
5',59.7 (5) C-3'; 55.1 (q, Jcu = 143.9 Hz) OMe; 12.3 (g, Jcy = 129.7 Hz) 5-CH;.
2'-0,3'-C-((3-Methylidene)ethylene)-3'-deoxy-3'-dehydro-3'-C-(S)-hydroxymethyl-ribothymidine (9).
Compound 8 (116 mg, 0.1 mmol) was treated with 80% aqueous acetic acid (2.5 ml) overnight at RT. The
solvent was removed in vacuo and coevaporated with toluene and ethanol. The residue was purified by a silica
gel column to give 9 (54 mg, 87%). IH-NMR (CDCl3 + CD;0D): 7.74 (q, Jo,cH3 = 1.2 Hz, 1H) H-6; 5.91 d,
Jy2 = 3.4 Hz, 1H) H-1'; 5.07 (br, 1H) 3'C=CH,; 5.00 (br. s, 1H) 3'C=CHy;4.77 (d, 1H) H-2'; 4.63 (dt,
J2'CHa,2’CHb = 13.3 Hz, 1H) 2'-OCH,; 4.44 (dt, 1H) 2'-OCHp; 4.03 (dd, J4:5 = 4.3 Hz,1H) H-4'; 3.80 (s, 3H)
OMe; 3.78 (dd, 1H) H-5' 3.72 (dd, J3'CHa,0n = 4.6 Hz, J3cHa3'CHb = 11.7 Hz, 1H) 3-CH,; 3.56 (dd,
J3'CHa,0H = 7.0 Hz, J3:CHa 3cHb = 11.7 Hz, 1H) 3-CH,; 3.42 (dd, 1H) OH; 3.28 (dd, J45» = 2.9 Hz, Jgge =
11.0 Hz,1H) H-5"; 1.91 (d, 3H) 5-CHj; 13C-NMR (CDCl5 + CD;0D): 137.1 (d, Jcy = 182.4 Hz) C-6; 110.7 (s)
C-5; 105.8 (1, Jcy = 158.5 Hz) 3'-C-C=CH»; 91.2 (d, Jcy = 156.7 Hz) C-4'; 88.6 (d, Jcy = 165.9 Hz) C-17
84.1 (d, Jcyg = 146.6 Hz) C-2', 72.7 (1, Icy = 150.8 Hz) 2-OCHg; 63.0 (t, Joy = 144.8 Hz) C-5', 59.4 (1, } o =
143.0 Hz) 3-CH,0H; 11.6 (q, Jcy = 129.2 Hz) 5-CH3. HRMS (FAB-): caled. for (M-H)" 309.1086, found
309.1125.
5'-0-MMTr-2'-Q,3'-C-((3-Methylidene)ethylene)-3'-deoxy-3'-dehydro-3'-C-(R)-(B-cyancethyl)ribo
thymidine (10). A mixture of 6 & 7 (50 mg, 0.08 mmol), BusSnH (62 pl, 0.23 mmol) and AIBN (3 mg, 0.02
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mmol) in toluene (5 ml) was heated at 100 °C for 30 min. The solvent was removed in vacuo and the residue
was purified by silica gel column to give 10 (40 mg, 87%). !H-NMR (CDCl3): 8.72 (br. s, 1H) NH; 7.47-7.21
(m, 13H) arom and H-6; 6.86 (m, 2H) arom; 5.72 (d, J»» = 3.8 Hz, 1H) H-1'; 5.17 (br. s, 1H) 3'C=CH,; 4.90
(br. s, 1H) 3'C=CHy; 4.69 (dt, J3:c=CHa,2CHa = 2.1 Hz, Jo'cHa 2'CHb = 14.0 Hz, 1H) 2'-OCH,; 4.61 (d, 1H) H-
2';4.49 (dt, J3c=CHb.2’CHb = 1.9 Hz, 1H) 2'-OCHy; 4.15 (t, 1H) H-4'; 3.80 (s, 3H) OMe; 3.40 (m, 2H) H-5', H-
5"; 2.21(m, 2H) 3-CHy; 2.10-1.80 (m, 2H) CH,CN; 1.68 (d, Jg cy3 = 1.1 Hz, 3H) 5-CHg; I3C-NMR (CDCl3):
163.3 (s) C-4; 150.1 (s) C-2, 136.2 (d, JcH = 178.7 Hz) C-6; 119.0 (s) CN; 111.4 (s) C-5; 107.5 (1, oy = 158.5
Hz) 3'-C=CHg; 89.6 (2x d, Jcy = 165.0 Hz)C-1' and C-2'; 87.5 (s) MMTT; 83.6 (d, Jop = 148.5 Hz) C-4; 72.4
(t, Jog = 155.8 Hz) 2'-OCHg; 61.6 (t, Joyg = 142.1 Hz) C-5'; 57.0 (s) C-3'; 55.1 (q, Jcu = 143.9 Hz) OMe; 25.9
(t, Joy = 132.9 Hz) 3'-CHy; 12.6 (t, Jcy = 141.1 Hz) CH,CN;12.0 (q, Jop = 129.8 Hz) 5-CH;.

2'-Q,3'-C-((3-Methylidene)ethylene)-3'-deoxy-3'-dehydro-3'-C-(R)-(B-cyanoethyl)ribothymidine (11).
Compound 10 (20 mg, 0.03 mmol) was treated with 80% aqueous acetic acid (2 ml) overnight at RT. The
solvent was removed in vacuo and coevaporated with toluene and ethanol. The residue was purified by a silica
gel column to give 11 (9 mg, 90%). TH-NMR (CDCl; + CD;0D): 7.43 (q, Js,cH3 = 1.0 Hz, 1H) H-6; 5.58 (d,
Jy2 = 3.9 Hz, 1H) H-1'; 5.27 (br. s, 1H) 3'C=CHa; 5.13 (br. s, 1H) 3'C=CHy; 4.74 (d, 1H) H-2"; 4.70 (dt,
J3'C=CHa,2’CHa = 1.7 Hz, J>'CHa,2'CHb = 14.0 Hz, 1H) 2'-OCHy; 4.53 (dt, 'c=cHb.2'CHb = 1.7 Hz, 1H) 2-
OCHp; 4.09 (dd, 1H) H-4"; 3.89 (dd, J45 = 4.8 Hz, Jg5+ = 12.2 Hz, 1H) H-5"; 3.83 (dd, Jy5v = 4.8 Hz, 1H) H-
5"; 2.43-2.03 (m, 4H) 3'-CH,CH,CN; 1.92 (d, 3H) 5-CHj3; 13C-NMR (CDCl5): 137.3 (d, Jc = 185.8 Hz) C-6;
119.3 (s) CN; 110.9 (s) C-5; 107.0 (t, Jcq = 158.3 Hz) 3'-C=CH»; 90.2 (d, Jcy = 163.7 Hz), 89.3 (d, Jcx =
160.9 Hz).C-1' and C-2'; 85.0 (d, Jcy = 148.4 Hz) C-4'; 72.0 (t, Jcq = 148.5 Hz) 2'-OCHj; 60.2 (t, Jcq =
142.7 Hz) C-5'; 56.9 (s) C-3'; 26.4 (t, Jcu = 131.8 Hz) 3'-CH,; 12.6 (t) CH,CN;12.0 (q) 5-CH3. HRMS (FAB-
): caled. for (M-H)- 332.1247, found 332.1260.

ACKNOWLEDGEMENTS

The authors wish to thank the Swedish Board for Technical Development (NUTEK) and Medivir AB for
generous financial support. We thank Mr. N. Puri and B. Rousse for high resolution mass spectra.

REFERENCES

1. (a) Wu, J. C.; Chattopadhyaya, J. Tetrahedron 1990, 46, 2587. (b) Wu, J. C.; Chattopadhyaya, J.
Tetrahedron 1989, 45, 4507. (c) Wu, J. C.; Chattopadhyaya, J. Tetrahedron 1989, 45, 855. (d) Wu, J. C.;
Pathak, T.; Tong, W.; Vial, J-M.; Remaud, G.; Chattopadhyaya, J. Tetrahedron 1988, 44, 6705. (e)
Hossain, N.; Papchikhin, A.; Garg, N.; Fodorov, L.; Chattopadhyaya, J. Nucleosides & Nucleotides, 1993,
12, 499. (f) Koole, L. H.; Buck, H. M,; Vial, J,-M.; Chattopadhyaya, J. Acta Chem. Scand. 1989, 43, 665.
(g) Koole, L. H.;Moody, H. M.; Buck, H. M.; Grouiller, .A.; Essadig, H.; Vial J-M.; Chattopadhyaya.J.
Recl. Trav. Chim. Pays-Bas. 1988, 107, 343. (h) Grouiller, A.; Essadiq, H.; Pacheco, H.; Juntunen, S.;
Chattopadhyaya, J. Angew. Chem. Int. Ed. Engl. 1988, 24, 52. (i) Xi, Z.; Agback, P.; Sandstrém, A.;
Chattopadhyaya, J. Tetrahedron 1991, 47, 9675. (j) Xi, Z.; Agback, P.; Plavec, J.; Sandstrém, A.;
Chattopadhyaya, J. Tetrahedron 1992, 48, 349. (k) Wu, J. C; Xi, Z; Gioeli, C.; Chattopadhyaya, J.
Tetrahedron 1991, 47, 2237. (1) Garg, N.; Plavec, J.; Chattopadhyaya, 1. Tetrahedron, 1993, 49, 5189 (m)
Hossain, N.; Garg, N.; Chattopadhyaya, J. Tetrahedron, 1993, 49, 10061. (n) Xi, Z.; Glemarec, C.;
Chattopadhyaya, J. Tetrahedron 1993, 49, 7525.

2. (a) Jasperse, C. P.; Curran, D. P.; Fevig, T. L. Chem. Rev., 1991, 91, 1237. (b) Beckwith, A. L. J.;

Schiesser, C. H. Tetrahedron, 1985, 41, 3925. (c) Spellmeyer, D. C.; Houk, K. N. J. Org. Chem. 1987, 52,

959. (d) Beckwith, A. L. J. Tetrahedron, 1981, 37, 3073. (¢) Rajanbabu, (Bavu). T. V. Acc. Chem. Res.

1991, 24, 139. (f) Beckwith, A. L. J. Chem. Soc. Rev. 1993, 143. (g) Giese, B. Radicals in Org. Syn.

Formation of Carbon-Carbon Bonds, Baldin, J. E. Pergamon Press: 1987, pp 141-209.

Henry, L. C. R. Hebd. Seance Acad. Sci. 1898, 120, 1265.

Seebach, D.; Beck, A. K.; Mukhopadhyay, T.; Thomas, E. Helv. Chim. Acta. 1982, 65, 1101.

Aebischer, B.; Bieri, J. H.; Prewo, R.; Vasella, A. Helv. Chim. Acta. 1982, 65, 2251.

Baumberger, F.; Vasella, A. Helv. Chim. Acta. 1983, 66, 2210.

Ono, N.; Miyake, H. and Kamimura, A. Tetrahedron 1985, 26, 4013.

Ono, N; Kamimura, A.; Kaji, A. Tetrahedron Lest. 1984, 25, 5319.

. Chen, Y-J. and Lin, W-Y.Tetrahedron 1993, 49, 10263.
10. Hossain, N.; Chattopadhyaya, J. (unpublished observation).

© PNOL AW

(Received in UK 7 February 1994; accepted 4 March 1994)



