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Abstract - The nucleoside Q (1) and its biosynthetic precursors, preQ, (2)
and preQ, (3) were synthesized from the key intermediate, 6-bromo-2-
diacetylamino-3,4-dihydro-3-methoxymethyl-5-methyl-7-(5-0-acetyl-2,3-0-
isopropylidene-8-D-ribofuranosyl)-7H-pyrrolo(2,3-d]pyrimidin-4-one (6) by
conversion of the methyl group on the base to 3S,4R,5S-4,5-dihydroxycyclo-
pent-l-en-3-ylaminomethyl, cyano, and aminomethyl groups, respectively.

Nucleoside Q (l)1 is a hypermodified nucleoside, which occurs in the first position of

anticodon in some tRNAs, and whose structure was established by a total synthesis.2 Nishimura

et al. found that its blosynthesis is an unusual post-transcriptional modification3

ATyr

involving the
precursors, prer (2) and/or prte (3). The former was isolated from tRN of a mutant of
Escherichia coli and the latter from E. ¢coli methyl-deficient tRNA. The structures were determined
to be 5-cyano-7-deazaguanosine (2)“ and S-aminomethyl-7-deazaguanosine (3)5, respectively, by the
syntheses described briefly in the previous papers.u'5
It seems that Q and the precursors have potential as biologically active compounds since

deficiency of Q is related to tumor growth6 and since an analogous antibiotic cadeguomycin

(5-carboxy-7-deazaguanosine)(8) has activities of antitumor and immune response stimmulation.7
O R
HN N\ ¢
l Nucleoside Q (1), R-Cl-{zm*ln-zj'(m
HoyN“N“ N
prer (2), R=CN
HO )
preQ1 (3), R-CHZNH2
Cadeguomycin (4), R=COOH
HO OH

Fig. 1.

We now report the efficient total syntheses of Q, prer. and prte. possessing a T-deaza-
guanosine skeleton as a common structure. The protected S-methyl-7-deazaguanosine (6) was chosen
as the key intermediate because the synthesis of each nucleoside could be ideally achieved by
conversion of the methyl group at 5 positio:: on the bese to the desired group such &s cyano,
aminowethyl, or 38,4R,5S-4,5-dihydroxy-1-cyclopent-1-en-3-ylaminomethyl group. In turn, 6 was
obtained from 5, which was prepared according to our newly developed method8 for the large scale

synthesis of cadeguomycin.
207
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Synthesis of nucleaside Q (1)

In our total synthesis previously reported2 there were two difficulties: (1) a large excess of.
the optically pure cyclopentenylamine (10) was necessary for condensation with 6 in order to avoid
overalkylation, and (2) the subsequent debromination was unreproducible because of using a hetero-
geneous reagent, Zn-Cu couple.

Now we have overcome the above difficulties by adopting a new procedure involving a Shiff base
of the aldehyde 9 as an intermediate. Nucleoside 6, which was obtained from 5 by four steps.8
was converted to the bromo-alcohol 7 by bromination and hydrolysis according to the previously
Prior to the oxidation of 7, debromination at 6 position was carried out by
Oxidation

reported method.8
hydrogenation in the presence of 10% Pd-C and potassium acetate to give 8 in 82% yield.
of 8 with active manganese(IV) oxide in acetonitrile gave an aldehyde, which was hydrolyzed with
ammonium hydroxide in methanol to give 9 in 71% yield from 8. The aldehyde 9 readily formed the
Schiff base with 1.2 equivalents of the optically active cyclopentenylamine acetonide 102 in

In the
proton and disappearance of the aldehyde proton at 10.25 ppm confirmed the structure of the Schiff
base. Without purification the Schiff base was immediately reduced with sodium borohydride to
afford the amine 11 in 97% yield. Deprotection of 11 with 2N HCl at 80 °C and neutralization by
passing through an Amberlite IR-45 column gave nucleoside Q (1), which was further purified by use
of a Sephadex G-~10 column and by recrystallization from water to give pure nucleoside Q (1) as
crystals in 89% yield. The physical data of the synthetic Q (1) was identicael with that of natural

benzene. 1H-NMm spectrum, appearance of the signal at 8.84 ppm assignable to the imine

necleoside Q.

Synthesis of proQo (2)

Prer (2) was syntheslzed by trangformation of the formyl group at the side chain of 9 to a
Thus, the treatment of the aldehyde 9 with hydroxylamine in ethanol gave an oxime 12
The oxime 12 was refluxed in acetic anhydride to afford the acetylated nitrile 13

in IR spectrum indicating the

cyano group.
in 82% yield.
(90% yield), which exhibited a strong absorption band at 2230 em!
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presence of a cyano group.

Finally, deprotection of 13 was accomplished by treatment with ammonia-

methanol followed by 2N HC1l to obtain prer (2) hydrochloride, which was neutralized with an

Amberlite IR-45 column. The synthetic prer

4
previous paper.

furanosyl-7H-pyrrolo[2,3-d]pyrimidin-4-one.

Synthesis of preQ, (3)

(2) was identical with natural prer as reported in the
Thus, strucure of natural preQ0 was confirmed to be 2-Amino-5-cyano-7-~8-D-ribo-

We achieved a synthesis of prte (3) employing the key intermediate 6 as follows.
Bromination of the allylic position in 6 with N-bromosuccinimide (NBS) gave a dibromide, which was
treated immediately with sodium azide in N,N-dimethylformamide (DMF) at 0 'C to give azidomethyl

derivative 18 in 91% yield.

By catalytic hydrogenation of 14 were reduced both the azido and the

bromo groups and the resulting compound was subsequently acetylated with acetic anhydride and

pyridine (80% overall yield) to give 15.

purification easier.

manner as above.

The acetylation was carried out in order to make
Deacetylation of 15 was carried out by use of ammonia-methanol in the same

Reaction of removal of the remaining 2',3'-O-isopropylidene and 3-methoxymethyl

protective groups with 2N HCl was monitored by ODS HPLC and stopped at the stage to afford prte in

a maximum yield because the degradation simultaneously occurred.

preparative HPLC.

Natural preQ

The crude product was purified by
(3) was identified by comparing its physical data with that of

the synthetic preQ > Thus, its structure was confirmed to be 2-Amino-5-aminomethyl-7-B8-D-
ribofuranosyl-?ﬂ-pyrrolo[2.3 g]pyrimidin-“-one.
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EXPERIMENTAL

Qeneral. Mslting points were taken on a Mitamura Riken flat-bulb thermometer in a heating
metal block and uncorrected. Elemental analyses were done on a Perkin-Elmer 240C elemental
analyzer. Nuclear magnetic resonance’spectra (NMR) were obtained with a JEOL FX-200 instrument in
the FT mode. Chemical shifts were expressed in parts per million from internal tetramethylsilane
(8) unless otherwise noted. Coupling constants are in hertz (Hz) and splitting pattern abbrevia-
tions are: s, singlet; d, doublet; g, quartet; dd, doublet of doublets; ddd, doublet of double
doublets; br, broad. Mass spectra (MS) were obtained on a JEOL D-100 {EI) or DX-300 (FAB)
spectrometer. Infrared spectra (IR) were recorded on either a Shimadzu IR 435 or a JASCO A-3
spectrophotometer. Ultraviolet spectra (UV) were measured on a Hitachi 228 spectrophotometer.
Optical rotations [a]D were recorded on a JASCO DIP-181 digital polarimeter.

Analytical thin-layer chromatography (TLC) was conducted on precoated TLC glass sheets (ailica
gel 60 F-254, layer thickness 0.25 mm) manufactured by E. Merck. Preparative silica gel thick
layer chromatography was performed on 20 X 20 cm glass plates coated with Silica gel PF-254
(E. Merck, Darmstadt)}. Silica gel columns for chromatography were made with Merck silica gel 60
(70-230 mesh).

2-Diacetylamino-3,4-dihydro-5-hydroxymethyl-3-methoxymethyl-7-(5-0O-acetyl-2,3-0O~isopropylidene~
B-D-ribofurancsyl)-TH-pyrrolo{2,3-dlpyrimidin-4-cne (8). The bromo alcohol 78 {545 mg, 0.91 mmol)
was dissolved in methanol (15 ml) and water (5 ml) containing potassium acetate {300 mg) and hydro-

genated in the presence of 10% Pd-C (300 mg) at room temperature under hydrogen atmosphere for
30 min. After removal of the catalyst, the filtrate was evaporated in vacuo. The residue was
partitioned between ethyl acetate and water and the organic layer was washed with water and brine,
dried over anhydrous Nazsoa, and evaporated in vacuo to give a syrup, which was chromatographed on
a silica gel column (benzene-ethyl acetate, gradient elution from 1:1 to 1:2) and triturated with
hexane to give 8 (390 mg, 82%) as a white powder: mp 57-59 'C, UV(MeOH) 300 (g 8770) and 265 nm
(5410); [a]éz -47.9" (c 0.2, cnc13); g NMR(CDC1,) & 1.35 (3H, s, CHy), 1. 60 (3H, s, CHy), 2.11
(3H, s, CHBCOO), 2.37 (3H, s, CH3CON) 2.38 (3H, s CH CON), 3.42 (3H, s, CH3O) 4.20 (1H ad,
Js,,u,-6.6Hz. JS,'5,=12.7HZ, H-5'), 4.33 (1H, 44, 35.'a,_u 2Hz, J 50,5 =12.7Hz, H-5"), 4.36 (1H,
ddd, JQ,’3.=3.TH2, Ju,’5,=u.2 and 6.6Hz, H-4'), 4.3-4.5 (1H, br, OH), 4.75 (2H, br. s, OCHZ—S),
4.80 (1H, 44, 33,,2,=6.3Hz, J3,‘“,=3.7Hz H-3"}, 4.93 {1H, daq, J 1,—2 .9Hz, 2,'3,=6.3Hz, H-2'),
5.35 (2H, a, OCHZN). 6.18 (1H, d, Jl,'z,—z J9HZ, H-1'), and 6.94 (IH g, H-6); IR(KBr) 3450 (OH),
1740 (COO), 1690, 1675 (amide I}, and 1572 (amide II) cm™ ; MS{EI} m/z 522 (M'). Anal. Calcd for
023H30Nu010‘ C, 52.87; H, 5.79; N, 10.72. Found: C, 52.97; H, 5.65; N, 10.93.
2-Amino-3,4-dihydro-5~formyl-3-methoxymethyl-7-(2,3-0O-1sopropylidene-8~D-ribofuranosyl )-7H-
pyrrolol[2,3-dlpyrimidin-4-one {9). To a solution of 8 (390 mg, 0.75 mmol) in acetonitrile {25 ml)
was added active MnO2 (3.0 g) in four portions every 30 min with stirring. After stirring for

further 1 h at room temperature, the mixture was filtered and washed well with acetone. The
filtrate was evaporated in vacuo to give a syrup, which was dissolved in a mixture of methanol
(15 ml) and 28% ammonium hydroxide (15 ml) and stirred for 15 h at room temperature. The reaction
mixture was dried up in vacuoc to give a viscous syrup, which was chromatographed on a silica gel
column (CHzclz-methanol, gradient elution from 20:1 to 10:1) and triturated with hexane to give 9
(208 mg, 71%) as a pale yellow powder: mp 89-91 ‘C; UV(MeOH) 317 (e 6660), 290 (5190), and 249 nm
(21300); (alj? ~77.4° (c 0.1, CHOL,); 'H-NMR(CDC1,) & 1.37 (3K, s, CH;), 1.61 (3H, s, CH3), 3.4
(3H, s, CH3O), 3.77 (1H, 4, Js,'5,=12.2Hz, H-5'), 3.95 (1H, 4dd, JS',N'=2'OH2' J5'.5'=12'2Hz' H-5'),
4,42 (1H, t, Jq,'3,=J4,‘S,=2.OHz, H-4'), 5.02 (1H, dd, Iy, ,,=5.9Hz, J,, ,,=2.0Hz, H-3'), 5.13 (1H,
dd, 3 :Q 4Hz, J 20,30 .=5.9Hz, H-2'}, 5.50 and 5.61 {2H, AB guartet J=10.8Hz, OCH N), 5.60 (2H,
br. s, NH }, 5.75 (1H, 4, Jl' 2,-u .4Hz, H-1'), 7.49 (1H, s, H-6), and 10. 25 (1H, s, CHO); IR(KBr)
3440 (NHZ. OH), 1695 (CHO), 1662 1630 (amide I), and 1530 (amide II) em~ ; MS(FAB) m/z 395 (M+H).
Anal. Caled for C17 ZZN&O7' C, 51.77; H, 5.62; N, 14,21, Found: C, 51.47; H, 5.68; N, 14.06.
2-Amino-3,4-dihydro-5-[(3S,4R,5S8)-4,5-dihydroxy-4,5-0~1sopropylidenecyclopent-l«en-3-
ylaminomethyl]-3-methoxymethyl-7-{2,3-0-isopropylidene-B-D-ribofuranosyl }-7H-pyrrolo{2,3-d]~
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pyrimidin-d4-one (11). 38,4R,58-4,5-Dihydroxycyclopent-1-en-3-ylamine 4,5-0-acetonide D{-)-mandelic
acid laltz (190 mg, 0.62 mmol) was partitioned between IN NaOH and CBZCIZ. and the organic layer
was dried over anhydrous Nazso“ and eveporated in vacuo. The residusl free amine 10 was dissolved
in benzene (10 ml) and this solution was added to a solution of 9 (208 mg, 0.53 mmol) in benzene
{10 m1). The mixture was stirred at room temperature for 5 h and evaporated in vacuo to give the
Shiff base, which was dissolved in ethanol (7 ml) and the solution was cooled to 0 'C. To this
solution was added sodium borohydride (10 mg, 0.26 mmol) with stirring. After 1 h, the mixture was
diluted with water (2 ml) and stirred at room temperature for further 30 min. The clear solution
was dried up to give a residue, which was chromatographed on a eilica gel column (CH Cl -methanol,
15:1) to give 11 (272 mg, 97%) as a yellow powder: mp 98-100 "C; UV(MeOH) 292 (¢ 7100) and 264 nm
(9950); [al? +11.8" (c 0.1, CHO1;); "H-MMR(CDC1;) & 1.35 (6H, s, CHy), 1.39 (3H, s, CKy), 1.60
(34, s, CH3), 3.41 (3H, s, 0033). 3.74 (iR, 44, JS,,u,=1.SHz, 35.,5,=12.1Hz. H-5'), 3.85 (1H, 4,
33"'2"=1.532. H-3"), 3.86 and 3.93 (2H, AB quartet, J=13.5Hz, cuzx), 3.91 (iH, 44, 35,'u,=z.oxz.
J5'»5':12'1Hz' H-5'), 4.38 (1M, d4t, Ja,’3,-2.0Hz, Jk,’5,nl.§ and 2.0Hz, H-4'), 4.57 (1H, 4,
J““‘5"-5.6Hz, H-4"), 4.99 (1H, 44, J3,,2,=6.0Hz, 33,'u,n2.0Hz. H~3'), 5.07 (1M, d4d, Jz,’1,=u.uﬂz,
32,‘3,-6.0Hz, H-2'}, 5.28 {1H, 44, an’u“tS.Gﬂz. 35"'1"'1.5H2. H-5"), 5.38 (24, s, NHZ)' 5.43 and
5.56 {2H, AB quartet, J=10.7Hz, 00528}, 5.63 (1H, 4, Jl,‘2,=4.QHz, H-1'), 5.85 (1H, 44,
32"’1H=5.6Hz, JZ".3”=1'5HZ' H-2"), 5.92 (1H, 44, JI"’2,-5.6HZ, 31,'5"=1.5Hz, H-l"),-;nd 6.61 (1H,
s, H-6); IR(KBr) 3430, 3330, 3200 (NH , OH), 1677 (amide I), and 1540 (amide II) cm ~; MS(FAB) m/z
534 (M+H). Anal. Caled for C 08 C, 56.27; H, 6.61; N, 13.13. Found: C, %6.43; H, 6.84;
N, 13.14,
2-Amino-3,4-dihydro-5-{(3S,4R,55)~4,5-dihydroxycyclopent~1-en-3-ylaminomethyl )-7~8-D~ribo~
furanosyl~TH-pyrrolo[2,3-djpyrimidin-4-one (nucleoside Q) (1). A solution of 11 (272 mg,
Q.51 mmol) in 2N HCl (50 ml) was stirred at 80 'C for 8 h. The reaction was monitored by ODS HPLC
(JASCO Finepak SIL 018’ at 40 °C; eluent: 20% methanol containing 1% acetic scid) and the mixture
was dried up to afford nucleoside Q hydrochloride, which was applied to an Amberlite IR-45 column

2535"s

{eluent: 20% nmethancl). The almost pure nucleoside Q obtained was further purified by use of a
Sephadex G-10 column (eluent: water) and crystallized from water to give free nucleoside §Q (1)
{185 mg, 89%) as pale yellow cryatals mp 225-230 "C {dec); UV(H Q) 261 (¢ 10020) and 220 nm
(15450); [a])! «43.4° (e 0.1, H,0); "H-NMR(D,0; internal standerd: £-BuOH ss 1.23 pom) § 3.82 (1K,
dd, JS,’n,=“.0ﬂz, JS,'5,112.5H2, H-5'}), 3. 85 (1H, dd, 35,'u,=3.2ﬂz. JS,'S.-IZ.SHZ, H-5'), 4.20 (1H,
ddd, Jh,‘3,n2.232, Jh‘,5'=3'2 and 4.0Hz, H-4'), 4.22-4.31 (2H, =, H-3" and 4"), 4.34 (1H, 44,
3, 2,-5 4Kz, J3, u,32.2!{2, H-3"), 4.40 and 4.42 (2H, AB quartet, J=5.2Hz, CH N) 4,54 (1H, 44,
2. =6 §Hz, J 3,35,4Hz, H-2'), 4.67 (1H, ddd, JS",I"—l .5Hz, JS" U"ss 44z, J5" 2":2 .2Hz, H-5"},
5. 90 {1H, 4, 31,,2,36.382. H-1'), 6,09 (1H, dd, 31"'2“=6 JUHz, Jl" 5" #=1.5Hz, H-1"}, 6.27 (1H, dd4d,
JZ“'IHcG.QHz, 32,y5"=2.2H2,_12"'3”=2.0Hz, H-2"), and 7.18 (1H, s, H-6); IR{KBr) 3350 (NHZ, OH),
1660 (amide I), and 1635 cm (amide II}; MS{FAB) m/z 410 (MeH).
2-Amino-3,4~dihydro-5-hydroxyiminomethyl-3-methoxymethyl-7-{2,3-0O-isopropylidene-B-D-ribo~
furanosyl)-7H-pyrrole[2,3-d]pyrimidin--one (12). To a stirred solution of 9 (100 mg, 0.25 mmol)
in ethanol (5 ml) wae added hydroxylamine (1.0 M ethanol solution, 0.3 ml, 0.30 mmol} at room

temperature. The mixture was stirred for 1 h and evaporated in vacuo to give a syrup which was
subjected to preparative silica gel TLC (CHZCIZ—methanol 25:2) to afford 12 (85 mg, 82%) as pale
yellow crystals: mp 213-215 'C; UV{MeOH) 306 (e 9390), 284 (7730}, and 245 nm (23870); {G311 -45.9"
{e¢ 0.1, CHCl ) H'NHR(CD OD) § 1.39 (3H, s, CH ¥, 1.63 (3H, s, CH3), 3.43 {3H, s, CH30). 3.77
(1H, 44, JS, 4,:3 4Hz, J 5,50 ,=12.2Hz, H-%')}, 3. 88 (1K, 44, 35. 4“3 4Hz, J ‘5,=12.2Hz, H-5'), 4.33
(14, ddd4, Jb' 3,a2 .THz, JU' 5,—3 .% gnd 3.4Hz, H-4'), 5.03 {1H, 44, 13,'2,=6 4Hz, J3',Q'=2'7H2’
H-3'), 5.18 (IH, dd, JZ,'1,=3 JTHz, J 20,30 =6.4Hz, H-2'}, 5.49 and 5.54 (2H, AB quartet, J=10.8Hz,
GCHZN), 5.91 (1H, 4, Jl’,2"3'7Hz‘ H-1'), 7.55 (1H, s, H-6), and 7.91 (1K, s, CH=N); IR(KBr) 3350
{NH 2, OH), 1696 {amide I}, 1630, and 1550 (amide II) cm‘l; MS{FAB) m/z 410 (M+H). Anal. Caled for
C17823N507. C, 49.87; H, 5.66; N, 17.11. Found: C, 50.02; H, 5.55; N, 16.93.
§:gz__o—2~diucotylamino~3,“-dihydro-3-methoxxgethy1-7-(5-0~acety1-2,3-O-iaopropylidene-8-n—
ribofuranoceyl)-7H-pyrrolo[2,3-d]pyrimidin-4-one (13). A solution of 12 (75 mg, 0.18 mmol) in
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acetic anhydride (5 ml) was refluxed for 2.5 h under argon atmosphere. After evaporation, the
residual oil was chromatographed on a silica gel column (hexane-ethyl acetate, 1:2) and triturated
with hexane to give 13 (85 mg, 90%) as a white powder: mp 71-73 °C; UV(MeOH) 294 (¢ 7150), 263
(9230), and 221 nm (18170); [a]tl,1 -47.3° (c 0.1, CHC1,); 1H-Nun(cn<:13) § 1.36 (3H, s, CH;), 1.61
(3H, s, CH3). 2.13 (3H, s, CHBCOO), 2.38 (34, s, CH3CON). 2.39 (3H, s, CHacON), 3.43 (3H, s, CH3O).
4.25 (1H, ad, Js,,u,=u.9Hz, =12,2Hz, H-5'), 4.35 (1H, dd, Js,'u,=3.9ﬂz. Js,,s,-IZ.ZHz. H-5'),
4.44 (1H, dda, Ju.’a,-3.4Hz. J“,'s,x3.9 and 4.9Hz, H-4'), 4.81 (1H, dd, J3,'2,=6.1Hz, J3,‘Q,=3.th,
H-3'), 4.91 (1H, 44, J2',1"2'7H2' J2,,3,-6.1Hz. H-2'), 5.35 (2H, s, OCHZN). 6.18 (1H, d,

=2.7Hz, H-1'), and 7.62 (1H, s, H-6); IR(KBr) 2230 (CaN), 1738 (C00), 1705 (amide I}, and

1 +
; MS(EI) m/z 517 (M ). Anal. Calcd for CZ3H27N509- C, 53.38; H, 5.26; N, 13.53.

51,50

Igr 20
1580 (amide II) cm”
Found: C, 52.99; H, 5.26; N, 13.55.

2-Amino-5-cyano-3,4~dihydro-7-8-D-ribofuranosyl-7H-pyrrolo{2,3-d]}pyrimidin-4-one (ggggo) (2).
A solution of 13 (80 mg, 0.16 mmol) in methanol (2 ml) and 28% ammonium hydroxide (2 ml) was

stirred at room temperature for 15 h and evaporated to dryness. To the residual syrup was added
2N HC1 (4 ml) and the resultant mixture was heated at 80 "C for 8 h and dried up to a syrup, which
was applied to an Amberlite IR-45 column (eluent: 20% acetonitrile) to give free preQ, (2) (31 mg,
65%) as pale yellow crystals and showed a single peak on HPLC analysis (NOMURA ODS 5 u, eluent:
acetonitrile-water, 1:8): mp 260-270 °‘C (dec); UV(HZO) 289 (¢ 8750), 268 (10090), and 229 nm
(19900); [a]ll)5 -59.1° (c 0.1, DMSO); IH-NMR(DZO-DMBO-D6, 4:1; internal standard: t-BuOH as
1.23 ppm) 6 3.74 (1H, ad, Jg, ,,=4.2Hz, J5, ;,=12.7Hz, H-5'), 3.83 (1H, dd, Jg5,,,=3.4Hz,
Jg gi=12.THz, H-5'), 4.12 (1H, add, Jy, 5,=3.9Hz, J;, ;,=3.4 and 4.2Hz, H-4'), 4.28 (1H, ad,
Tye =398z, Jg, 5,=5.2Hz, H-3'), 4.49 (1H, dd, Tpe 10756z, T, 5,=5.2Hz, H-2'), 5.95 (1, d,
Jl,,2,=5.6H2, H-1'), and 7.82 (1H, e, H-6); IR(KBr) 3420 (NHZ, OH), 2230 (C=N), 1680 (amide I),
1640, and 1598 (amide II) cm ™ ; MS(FAB) m/z 308 (MeH).
2-Acetylamino-5-azidomethyl-6-bromo-3,4-dihydro-3-methoxymethyl-7-(5-0O-acetyl-2,3-0-isopro-
pylidene-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidin-4-one (18). To a solution of 6 (400 mg,
0.68 mmol) in carbon tetrachloride (8 ml) were added NBS (135 mg, 0.76 mmol), anhydrous potassium
carbonate (320 mg, 2.32 mmol), and benzoyl peroxide (BPO, 10 mg). The mixture was purged with

argon and refluxed for 1.5 h. After cooling, the precipitate was removed through a glass filter
and the filtrate was evaporated in vacuo to give the dibromide. The crude dibromide in anhydrous
DMF (2 ml) was dropped into a suspension of sodium azide (200 mg, 3.08 mmol) in anhydrous DMF
(4 m1) at 0 °C under argon atmosphere. The mixture was stirred for 15 min, poured into water, and
extracted with ethyl acetate. The organic layer was washed with water and brine and dried over
anhydrous NaZSOu. The solvent was evaporated and the residue was chromatographed on a silica gel
column (benzene-ethyl acetate, gradient elution from 1:1 to 1:3) and triturated with hexane to give
14 (365 mg, 91%) as a pale yellow powder: mp 43-45 °C; UV(MeOH) 305 (e 9690) and 272 nm (9270);
[alf? +44.1° (c 0.1, CHCL,); 1H-NMR(CDCI3) 5 1.42 (3H, s, CHy), 1.61 (3H, s, CH;), 2.06 (3H, s,
CH,C00), 2.30 (3H, s, CHSCON), 3.48 (3H, s, CH0), 4,14 (1H, 44, JS,'u,=5.8Hz, JS,'S,x9.6Hz. H-5'),
4.35 (1H, ddd, Jyr 30=3-9Hz, Iy, 5.°5.2 and 5.8Hz, H-4'), 4.42 (1H, dd, Igo yr=5-2Hz, JS,'s,-9.6Hz.
H-5'), 4.50 and 4.55 (2H, AB quartet, J=13.4Hz, CH3N3), 5.24 (1H, dd, J3,'2,-6.6Hz, J3,'u,-3.9Hz,
H-3'), 5.36 and 5.77 (2H, AB quartet, J=11.0Hz, OCHZN). 5.55 (1H, dd, JZ,'1.=2.0H2, JZ,'3,=6.6H1,
H-2'), 6.21 (1H, d, Jir pe=2.0Hz, H-1'), and 8.63 (1H, br. s, CONH); IR(KBr) 1735 (COO) and 1686
(amide I) cm-l; MS(FAB) m/z 584 and 86 (M+H). Anal. Calcd for 021H26N7088r: C, 43.16; H, 4.49;
N, 16.78. Found: C, 43.56; H, 4.68; N, 17.21.
5-N-Acetylaminomethyl-2-diacetylamino-3,4-dihydro-3-methoxymethyl-7-(5-0-acetyl-2,3-0-isopro-~
pylidene-8-D-ribofuranosyl)-7H-pyrrolo(2,3-d]pyrimidin-4-one (15). A mixture of 18 (350 mg,
0.60 mmol), sodium hydrogen carbonate (350 mg) and 10% Pd-C (350 mg) in methanol (21 ml) and water

(7 ml) was stirred vigorously at room temperature under hydrogen atmosphere for 45 min. After

removal of the catalyst, the filtrate was evaporated and partitioned between chloroform and water.
The chloroform layer was dried over anhydrous Nazsou and evaporated in vacuo. The residue was
treated with anhydrous pyridine (4 ml) and acetic anhydride (2 ml) at room temperature for 1 h and
concentrated. The resultant syrup was purified by preparative silica gel TLC (CHZCIZ-methanol.
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20:1) and crystallized from hexane to give 15 (270 mg, 80%) as white crystals: mp 59-61 °C;
UV(MeOH) 301 (e 8520) and 265 nm (5490); [a];1 -61.8" (c 0.1, CHCL4); IH-NHR(CDCIB) 8§ 1.35 (3H, s,
CH3)' 1.60 (3H, =, CH3), 1.97 (3H, s, CH3CO), 2.13 (34, s, CHacO), 2.37 (34, s, CHacON), 2.40 (3H,
a8, CH3C0N), 3.43 (3H, s, CH30), 4.19 (1R, ad, Js,‘“,=6.lﬂz, Js,'s,aIZ.THz, H-5'), 4.33 (1H, d4,
35.‘u,=3.9ﬂz, Js,’5,=12.7Hz, H-5"), 4.34 (1H, add, JQ,'3.=3.9H2, J“',5'=3'9 and 6.1Hz, H-4'), 4,45
(1H, dd, J=5.9Hz, 14.9Hz, CHZN)' 4.58 (1H, dd4, J=6,4Hz, 14.9Hz, CHEN), 4.80 (1H, 44, J3,‘2,=6.3Hz,
J3.’u,=3.9Hz. H-3'), 4.92 (1H, dd, JZ',1'=2'7H2' Jz,'3,=6.qu, H-2'), 5.31 and 5.35 (2H, AB quartet,
J«10.5Hz, OCHZN), 6.18 (1H, 4, Jl' 2,=2.7Hz, H-1'), 7.01 (1H, s, H-6), and 7.20-7.23 (1H, m, NH);
IR{KBr) 3400 (NH), 1735 {(CO00), and,1680 {amide I) cm“l; MS(EI) m/z 563 (M'). Anal. Calcd for
CZ3H3IN509: C, 52.97; H, 5.99; N, 13.43. Found: C, 53.04; H, 6.21; N, 13.22.

2-Amino-5-amjinomethyl-3,4~dihydro-7-8-D-ribofuranosyl-7H-pyrrolof2,3-dlpyrimidin-4-one (pgggl)
{3). A solution of 15 (110 mg, 0.20 mmol) in methanol (2 ml) and 28% ammonium hydroxide (2 ml) was
stirred at room temperature for 15 h and concentrated. To the residue was added 2N HC1l (4 ml) and
the mixture was heated at 80 °C for 5 h. The reaction was monitored by HPLC (NOMURA ODS 5 B,

eluent: acetonitrile-acetic acid-water, 1:1:100}. The mixture was evaporated in vacuo to give the
prte hydrochloride, which was purified by preparative HPLC {NOMURA ODS 10-20 yu, 10 ¢ x 250 mm,
eluent: acetonitrile-acetic acid-water, 1:1:100) and then applied to an Amberlite IR-U45 column
(eluent: water-acetonitrile, 10:1) to afford free prte (3) (31 mg, 51%) as a white powder:

mp 145-150 ‘C (dec); UV(H,0) 262 (¢ 9270) and 219 nm (14030); [a]Il,3 -52.0" (c 0.1, H0); 1H-NMR(DZO;
internal standard: t-BuOH as 1.23 ppm) § 3.76 (1H, 44, Js,’u,=ﬂ.2Hz, JS,’5,=12.7H2, H-5'), 3.82

{1H, 44, Js,,a,=3.3Hz, 35'.5‘=12‘7Hz’ H-5'), 4.16 (1H, dd4, Ja,’3,=3.25z, J“,’5.=3.“ and 4.2Hz,
H-4'), 4.21 (2H, s, 2H, CH2N). 4.32 (1H, 44, 33,'2.=5.2Hz, J3,'q,=3.2ﬂz, H-3'), 4.57 (1H, 44,
32.'1,=6.6Hz, JZ',3'=5'2HZ' H-2'), 5;?6 (1H, 4, Jl.'2,=6.6Hz. H-1'), and 7.08 (1H, s, H-6); IR(KBr)
3400 (NHZ' OH) and 1650 (amide I) cm ~; MS(FAB) m/z 312 (M+H).
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