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Abstract: Regioselective Mannich-type C-nucleosidations of pyr-Obtamed' albeit in modest yields, by the reactiorLaf

roline derivatives3 and8 with 7-carba-purines and 4-aminopyrim- (31%), 1c (68%) and1ld (49%). with a solution of 50%
idines occur under mild conditis to afford C(8)- and C(5)- adueous chloroacetaldehyde in degassed Water.

azanucleosides, respectively. Scheme 1 summarizes the acid-catalyzed C-nucleosida-
Key words: C-azanucleosides, Mannich reaction, electrophilitions with 2,3-diO-benzoyl-pyrroline (as a trimes), un-
substitution, heterocycles, 7-carba-purine, pyrimidines, pyrrolinegler the conditions we have utilized for the previous C-

nucleosidatior’s® (products isolated after bocylation of

the reaction mixturé$ for conditions see caption of
We have recently reported on Mannich-type electrophili@cheme 1). Pyrimidine C(5)-azanucleosidies and 5a
substitution reactions in the family of 5,8-diaza-7,9-diwere isolated in excellent yields (>90%) as a single dia-
carba-purines with cyclic iminium salts derived from 4stereocisomerg-anomer only). In the carba-purine series,
deoxy-4-amino-threose derivative$These reactions are 2:1 mixtures of the- andp-anomer$a/f and7a/g were
regioselective C-nucleosidations proceeding efficientlgbtained in moderate yields (>60%) and separated by col-
under mild conditions to afford C(9)-nucleosides that atemn chromatography into the pure anomers.

isosteric with corresponding N(9)-nucleosides of th¢ne constitutional assignments of the C-azanucleosides

natural series. Here, we report on C-nucleosidation reggare pased ofH NMR and'3C NMR spectral data, and
tions of 2,6-disubstituted 4-aminopyrimidings—d, and \yere corroborated byH-'H and H-13C correlation

of 7-carba-purinega—d (Figure 1). experiments. The position of C-nucleoside bond in the C-
HoN HoN (0] (e}
6] la 1b 1c 1d
s | SNt | SN | )N\H NH
= ~
4 NJZ\N N N/go N N N N N
Hy 3 Hy Hy H Hy Hy Hy
NH, NH, 0 o}

7
5
X1 X
4 N/|
o N
N N

I N /I NH/| NH
NEN AN AN A
NT27N L OH N N N7 N7 So

H 2¢c Hp, H H 2d

E;S(ij)r/e 1 Purines and pyrimidines used in this C-nucleosidatiol N B20 OBz
. A\

These heterocycles are expected (and kAéwio have
the ability to act as carbon-nucleophiles (at the C(5) po:
tion in 1la—d, and at the C(8) position Ba—d), and there-
fore are anticipated to undergo Mannich-type reactions
these positions with pyrrolines of the typand8 which
we used in our previous studiés.

BzO 0Bz

NH
While the pyrimidine basesla—d® were available Na:o
commercially (from Aldrich), the known 7-carba-purine ab N 707
bases2a—d® were synthesized according to literature (68%, 2:1)

procedure’ carba-purine8a,”” 2c,”? and2d’¢ were easily B0 OBz

Scheme 1 C-Nucleosidation of pyrroline derivative. Reagents

and conditions: (a) 0.01-0.1 M (1 mol equiN3, 0.1 (1)1c or 1d or2c

SYNLETT 2005, No. 5, pp 0744-0750 or 0.04 (2.7)2d, 0.04-0.1 (1-2.7) TSOH-B, DMF, r.t., 2 h forlc
Advanced online publication: 09.03.2005 and1d; 50 °C, 5 h for2c; r.t., 18 h for2d; (b) 0.16-0.4 (4-10) BN,
DOI: 10.1055/s-2005-864789; Art ID: S10704ST 0.04-0.1 (1-2.7) Bo®, DMF. r.t., 30 min o 2 h.
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azanucleosides was revealed by the absence of H-C(GNucleosidations with 2,3-di-boc-pyrroline derivative
proton signal in the pyrimidine derivativéa and5a and 8 as the substrate is summarized in Scheme 2. Again, C-
the absence of H-C(8) proton in the carba-purine derivaucleosidation was followed by bocylation to help in iso-
tives 60/p and 7a/p. Configurational assignments af lation of the products. Reaction of pyrimidirkesandld
and p-anomers in the carba-purine series were made twth pyrroline 8 provided the C(5)-azanucleosid@s/ff
NOE and ROESY measurements; e.g7fgra correlation and10e/p in very good yields with the-anomer dominat-
between H-C(3 ats = 5.11 ppm and H-C(Batd = 5.35 ing (>9:1) over thep-anomer. C-Nucleosidation was
ppm was observed. While no such correlation was foumiound to occur with 7-carbaguanigeto afford C(8)-aza-
for 7p, a rather a strong correlation between HiC&hd nucleosidella/p in 84% yield with a 10:1 preponderance
H-C(2) was detected, indicative of tlees-disposition of of the a-anomer. Paralleling the observations made with
the geminal protons. In the case of pyrimididesnd5a, the 2,4-diO-pyrroline derivative3, no reaction of pyrro-
assignment of ther-configuration is tentative, and isline 8 was observed with pyrimidinegs or 1b and with
based on steric arguments and the predominance ef thearba-purin€a.*?

anomers in the carba-purine series. The constitutional and configurational assignments for
While the reaction with pyrimidinga, under various con- 9a/p and10a/p are based otH NMR and**C NMR spec-
ditions (0.03-0.1 Mla and 3, 0.01-0.1 M TsOH-kD, tral data and by comparison with spectral data of azanu-
DMF, r.t. to 50 °C, 6 h to 3 d), was inefficieitno cleosidesA and5. For C-azanucleosidéla, an X-ray?
reaction at all was observed with either pyrimidifseor  structural analysis provided the confirmation (Scheme 2).
carba-purine 2a; starting materials were recovered

unchanged.
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Scheme3 Preparation of free C-azanucleosidesagents and con-
ditions: (a) sat. NH in MeOH, r.t., 24-48 h; (b) 2 M to sat. HCI in
Et,0, r.t., 1.5-2 h. Yields calcd for n = 2MG nucleobase.

Debenzoylation of C-azanucleosidés/, by methanolic
ammonia treatment, afforded thg€32-dihydroxy deriva-
tives 12-18 (Scheme 3) and exposure of azanucleosides
12-18 to dry HCI in anhydrous diethyl ether at room tem-
perature gave the corresponding free C-azanucleosides
13-19 as the hydrochloride salts. The deprotections were
found to proceed without epimerization at the anomeric
center under these conditions. This was confirmed by con-
verting 6o and6p, separately, to the fully deprotectét

and 17, respectively (no epimers detected by NMR

and TLC). Treatment of C-azanucleosidies 100 and

11e with dry HCI in anhydrous diethyl ether at room
temperature afforded the hydrochloride salts of the
debocylated C-azanucleosid®Bu, 21 and22a, respec-
tively, without the loss of stereochemical integrity at the
anomeric center (Scheme 4).

The stability of these C-azanucleosides was probed in two

Scheme 2 C-Nucleosidation of pyrroline derivative. Reagents  specific cases. C-azanucleosid&e, as hydrochloride
and conditions: (a) 0.12 M (1.2 mol equivg, 0.1 (1)lcorld or2c, — gajt(s), was found to be constitutionally and configura-
gle(jgzgng'ﬂ'ﬁ’tD'\ggh:'iE’ 2-4h; (0)0.4(4) &, 0.11-0.4 (1.1~ tionally stable under acidic conditions (0.1 M at pH 2.2 in
' T ' D,0, monitored byH NMR for 15 h at r.t.). In contrast,
under basic conditions (0.1 M, pH 10.0 in NaOD, r.t.),
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BocHN NHBoc

100 — > 210 (76%)

Scheme4 Preparation of free C-azanucleosidesagents and con-
ditions: (a) 2 M to sat. HCl in BEO, r.t., 1.5-2 h. Yields calcd for
n = 4. C? = nucleobase.
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In this context it is of interest to note that no, or inefficient,
formation of C-nucleosides were observed when Schiff
bases from aldosugar derivatived af-di-O-benzoyl-
threose or 2,3-acetonide pfribofuranose were used in
place of pyrrolineg or 8 (see also Scheme 4 in ref. 2b).

In a deuterium incorporation study (pH 5-6,;CD,D,
DMSO-d,, D,0O, r.t.) of the four pyrimidine$a—d, the H-
C(5) proton was exchanged to D-C(5) most rapidl¥an
(87% in 5 min), followed bylc (84% in 5 min)1d (69% in

5 min) andlb (2% in 5 min; 85% after 24 h).

Girgis, N. S.; Michael, M. A.; Smee, D. F.; Alaghamandan,
H. A.; Robbins, A. K.; Cottam, H. Bl. Med. Chem. 1990,

33, 2750.

(a) Evans, G. B.; Furneaux, IR; Tyler, P. C.; Schramm, V.
L. Org. Lett. 2003, 5, 3639. (b) For reviews on the synthesis
and biological properties of azanucleosides see: Yokoyama,
M.; Momotake, A.Synthesis 1999, 1541. (c) See also:
Schramm, V. LAcc. Chem. Res. 2003, 36, 588.
C-Nucleosidation of (35,4S)-3,4-Dibenzoyloxypyrroline
(Scheme 1). Representative Procedure.
2,4-Diamino-5-[N-(tert-butyloxycar bonyl)-(2'S,3'S)-2",3'-
dibenzoyloxy-(1'S)-pyrrolidinyl]-6-oxopyrimidine (4a).

The amount of 927 mg (1.0 mmol) of pyrroline-trin3and
190 mg (1.0 mmolp-TsOH-HO was dissolved in 10 mL of
DMF, to which 126 mg (1.0 mmol) of pyrimidirie was
added in one portion and stirred at r.t. for 2 h. TLC, {0k
MeOH-25% aq NE) indicated that pyrimidineR; =0.25)
totally disappeared, and a new UV active sppt(0.76)

was formed. Then, 404 mg (4.0 mmol) ofNEand 250 mg
(1.1 mmol) of BogO was added to the above reaction
solution and stirred at r.t. for 30 min. TLC (§H,—MeOH-
25% aq NH) showed that th& = 0.76 spot was converted
to another spotR; = 0.81). Evaporation of solvent under
reduced pressure at 55 °C gave a light brown oil, which was
purified by CC (silica gel, C}Cl,—MeOH 100:8). Fractions
15-28 (10 mL each) were combined and evaporated under
reduced pressure at 40 °C to give 492 mg (92%y.cfs
amorphous light yellow solid; mp (EtOAc): >190 °C. TLC:
R = 0.31 CHCIl,-MeOH (10:1)H NMR (300 MHz,
DMSO-dg, 100°C): 6 =1.34 (s, 9 H, Me), 3.75 [dd,
234y =10.6 Hz,%3,,,,=8.1 Hz, 1 H, H-C(3], 4.16 [dd,

234 =10.6 HZ3),, = 7.6 Hz, 1 H, H-C(9], 4.86 [d,

J=56 HZ! 1 H, H-C(:D], 5.47 [ddetrans-H4-H3' :‘]cis-HA'-H3' =
7.9HzJy 4y =6.2Hz, 1 H, H-C(3], 5.62 (br s, NH, 2 H,
exchanges with D), 5.89 (br s, 2 H, Nk exchanges with
D,0), 6.15 [dd Jy1-12 = Inz-nz = 5.8 Hz, 1 H, H-C(J],
7.47-8.01 (m, 10 H, &15), 9.65 (s, 1 H, NH, exchanges with
D,0). *C NMR [75.45 MHz, DMSQd,): § = 28.14 (q),
48.49 (t), 56.00 (d), 74.40 (d), 78.47 (d), 85.69 (s), 128.44
(d), 128.58 (d), 128.95 (s), 129.12 (d), 129.37 (d), 133.29
(d), 133.41 (d), 152.92 (s), 153.00 (s), 161.32 (s), 162.46 (S),
164.98 (s), 165.09 (s). MALDI-MSwz (%) = 558.1(51)

[M + Na]*, 536.2 (34) [M + HY), 458.1(33) [M — Boc +

NaJ*, 436.1(100) [M — Boc + H). HR-MALDI: m/z calcd

for C,;H,gNsO;Na [M + Na]: 558.1959; found: 558.1965.
UV (c =5-10°M in MeOH): = 273 nm § = 1.40-10),
230 (2.98-19), 215 (3.23-19; Ay, = 253 Nnm(6500), 224
(2.84-10), 206 (2.67-1%). Anal. Calcd for GH,N;O;: C,
60.55; H, 5.46; N, 13.08; Found C, 60.45; H, 5.57; N, 12.82.
4-Amino-5-[N-(tert-butyloxycar bonyl)-(2'S,3'S)-2",3"-
dibenzoyloxy-(1'S)-pyrrolidinyl]-2,6-dioxopyrimidine

(Sa)

Mp >200 °C(decomp). TLCR, = 0.33 (CHCl,~MeOH,
10:1).*H NMR (300 MHz, DMSO#, 100 °C): 1.39 (s, 9 H,
Me), 3.72 [dd2J,,,, = 10.6 Hz3J,, ,, = 8.4 Hz, 1 H, H-C(3],
4.14 [dd 2J,,, = 10.6 Hz23J,,, = 8.1 Hz,, 1 H, H-C(3],
4.83 [d,J=6.0 Hz, 1 H, H-C(3], 5.45 ['q", Jupssz =

Jeis-Ha-z = Jyans-Hanz = 8.7 Hz, 1 H, H-C(3], 6.01 (brs, 2

H, NH,, exchanges with J©), 6.09 [dd, Jy.1, = Jnz-nr = 6.3

Hz, 1 H, H-C(2)], 7.49-7.80 (m, 10 H, &i5), 9.97 (s, 1 H,
NH, exchanges with fD), 10.36 (s, 1 H, NH, exchange with
D,0). C NMR (75.45 MHz, DMSQdy): 28.1 (q), 48.4 (1),
56.0 (d), 74.5 (d), 78.5 (d), 85.8 (s), 128.6 (d), 128.8 (d),
129.1 (s), 129.3(d), 129.6 (d), 133.5 (d), 133.6 (d), 153.1 (s),
153.7 (s), 161.6 (s), 162.7 (s), 165.2 (s), 165.3 (s). MALDI-
MS: mVz (%) = 559.2(60) [M + N&] 459.1(68) [M — GH3]*,
437.1(100) [M — Boc + H. HR-MALDI: m/z calcd for
C,H,gN,OgNa [M + Na: 559.1719; found: 559.1811. UV
(¢ =5-105M in MeOH): A= 266 Nm £ = 1.83-10), 230
(3.26-10), Lmin = 249 (9500), 210 (1.18-490Anal. Calcd for
C,H3oN,Og-H,0: C, 58.48; H, 5.45; N, 10.10. Found: C,
58.71; H, 5.60; N, 10.14.

Data for C-nucleoside product isolated from reactewith
3:H NMR (600 MHz, DMSOd;, 70 °C): 1.30 (s, 9 H, Me),
3.76 [dd, 1 H)=6.8,12.0, H-C(3], 4.14 [dd, 1 HJ = 7.9,
12.0 Hz, H-C(4)], 5.14 [d, 1 HJ = 7.4 Hz, H-C(1)], 5.30
(brs, 2 H, -NH), 5.49 [m, 5 H, H-C(3, 2 NH,], 5.82 [d, 1
H,J=6.7 Hz, 1 H, H-C(3], 7.37-8.02 (m, 10 H, arom. H).
EI-MS (pos., MeOH)m/z (%) = 557 (100) [M + N&), 535
(40) [M + HJ%), 435 (20) [M — BOCY). EI-MS (neg.,

MeOH): m/z (%) = 569 (80) [M + CIi.
8-[N-(tert-Butyloxycarbonyl)-(2'S,3'S)-2",3'-
(dibenzoyloxy)pyr rolidinyl]-7-car ba-guanine (6a/p).
Representative Procedure.

A mixture of 432.6 mg (0.47 mmol) of pyrroline-trim@&r

and 89.0 mg (0.47 mmol) pfTsOH-HO was dissolved in
4.7 mL of dry DMF (molecular sieves), to which 70.6 mg
(0.47 mmol) of purin@c was added in one portion and
stirred at 50 °C for 5 h [after 5 h, TLC (gEl,—MeOH-aq
NH,, 9:1:0.1) showed the disappearanc2aénd presence
of two spots R = 0.22, 0.19)]. To this reaction mixture was
added 0.27 mL (1.88 mmol) of J&t followed by 102.6 mg
(0.47 mmol) of BogO and stirred at 50 °C for next 2 h (after
2 h, spots @& = 0.22 and 0.19 disappeared and two new UV
active spots a® = 0.3 and 0.27 were observed on TLC).
Evaporation of the solvents (45 °C) under reduced pressure
(rotavap.) followed by drying under high vacuum (0.3 mbar,
12 h) gave crude residue as yellow sticky solid, which was
redissolved in CKCl, and purified by CC (silica gel,
CH,Cl,—MeOH 98:2 to 93:7). Fractions (33-70, 10 mL
each) eluted with 3% MeOH in GAIl, were combined and
concentrated in vacuo to afford 89.4 mg (34%whs off
white solid. Fractions (71-103) eluted with 3-5% MeOH in
CH,CI, were combined and concentrated in vacuo to give
139.2 mg (53%) of a mixture of epimersgfwhich was re-
purified by CC (silica gel, C}Cl,—MeOH 98:2 to 94:6).
Fractions (45-67) eluted with 2.5% MeOH in {H, were
combined and concentrated in vacuo to give 17.0 mg (6.5%)
of 6a [identical ¢H NMR) with the epimer 06 isolated
before] as an off-white solid. Fractions (72—115) eluted with
2.5-3.5% MeOH in CkCl, were combined and
concentrated in vacuo to afford 66.6 mg (25.4%) of the other
B-epimer of6. Thus, overall isolated yields after two CCs are
40.5% for6a and 25.4% fo6p. Purity was greater than 95%
by *H NMR.

Analytical data oba: TLC: R; = 0.22 (MeOH-ag NH
9:1:0.1).*H NMR (600 MHz, DMSO#d;, 70 °C):5 =1.38 (s,
9H, 3Me), 3.79 [dd)=2.7, 12.9 Hz, 1 H, H-C(}1, 4.16
[dd,J=6.2,12.7Hz, 1 H,H-C({, 5.11 [brs, 1 H, H-C(3],
5.57 (ddJ=3.2,6.1 Hz, 1 H, H-C(}, 5.62 [br s, 1 H, H-
C(1)],5.92 (s, 2 H, -NB), 6.14 [s, 1 H, H-C(7)], 7.37-8.02
(m, 10 H, arom. H), 10.19 (br s, 1, -NH-), 10.87 (brs, 1 H,
-NH-). 3C NMR (150.9 MHz, DMSQ4d,, 70 °C):5 = 28.89

(g, Me), 51.40 [d, C(4], 60.93 [d, C(2], 75.71 [d, C(3],
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80.35 (s, CMg), 81.29 [d, C(9], 100.04 [d, C(7)], 101.01,
128.89, 129.27, 129.61, 129.92, 130.06, 130.26, 134.29,
134.53, 152.39, 153.22, 154.5 (arom. C), 159.41, 165.55 (2
s, C=0). ESI-MS (pos., MeOHz (%) = 598 (25) [M +

K]*, 582 (100) [M + Na]. ESI-MS (neg., MeOH)m/z

(%) = 594 (35) [M + CI, 558 (100) [M — Hj.

Data for6p: TLC: R, = 0.19 (MeOH-aq. Nkj 9:1:0.1).*H
NMR (600 MHz, DMSO#d,, 70 °C):5 = 1.31 (s, 9 H, 3Me),
3.71[ddJ=3.2,8.9Hz,1H,H-C(¥, 4.18 [ddJ=5.8,9.4
Hz, 1 H, H-C(4)], 5.31 [d,J = 4.3 Hz, 1 H, H-C(2], 5.63

[m, 1 H, H-C(3)], 5.77 [brm, 1 H, H-C(3], 5.79 (br s, 2 H,
NH,), 6.06 k, 1 H, H-C(7)], 7.35-8.06 (m, 10 H, arom. H),
9.94 (brs, 1 H, -NH-), 10.84 (br s, 1 H, -NH3C NMR
(150.9 MHz, DMSOdg, 70 °C):3 = 28.83 (q, Me), 49.82 [d,
C(4)], 57.39 [d, C(2], 75.29 [d, C(3], 76.75 [d, C(D)],

80.17 (s, CMg), 100.84, 101.05 [d, C(7)], 127.41, 129.3,
129.60, 130.0, 130.09, 130.13, 130.17, 134.22, 134.5, 149.3,
152.18, 152.93, 154.61 (arom. C), 159.3, 165.4, 165.84 [s,
C=0). ESI-MS (pos., MeOH)1/z (%) = 582 (10) [M +

NaJ*), 560 (30) [M + HI). ESI-MS (neg., MeOH)m/z

(%) = 558 (40) [M — Hj.
8-[N-(tert-Butyloxycarbonyl)-(2'S,3'S)-2",3'-
(dibenzoyloxy)pyrrolidinyl]-7-car ba-xanthine (7a/).

Overall isolated yield of the two epimers, after purification
by CC, is 67.5% (the ratio of the andp-epimers in the
crude residue is 2:1).

Data for7a: TLC: R = 0.34 (CHCI~MeOH, 19:1)H

NMR (600 MHz, DMSOd,, 70 °C):8 = 1.40 (s, 9 H, Me),
3.75[dd,J=2.3, 12.7 Hz, 1 H, H-C(}, 4.15 [dd,J = 5.9,
12.7 Hz, 1 H, H-C(3], 5.11 [s, 1 H, H-C(3], 5.59 [m, 1 H,
H-C(3)], 5.62 [s, 1 H, H-C(3], 6.19 [s, 1 H, H-C(7)], 7.39—
8.03, (m, 10 H, arom. H), 10.13 (br s, NH, 0.6 H), 10.90 (br
s, NH, 1 H).2*C NMR (150.9 MHz, DMSQ4,, 70 °C):5 =
28.86 (g, Me), 51.47 [t, C(, 60.54 [d, C(D], 75.62 [d,
(C3)], 80.49 [d, C(2], 80.73 (s, CMg), 99.14 [s, C(5)],
101.21 [d, C(7)], 128.45 [s, C(8)], 128.45, 129.13, 129.46,
129.64, 129.76, 129.97, 130.09, 134.20, 134.45 (arom. C),
139.79 [s, C(4)], 151.47 [s, C(2)], 154.34 (arom. C), 160.12
[s, H(C6)], 165.19 (s, C=0), 165.27 (C=0), 173.0 (s, C=0).
ESI-MS (pos., MeOH)m/z (%) = 599 (10) [M + KY), 583
(100) [M + Na}, 561 (25) [M + HY), 461 (20) [M — Boc +
H]*). ESI-MS (neg., MeOH)1/z (%) = 595 (10) [M + Cl],

559 (80) [M — Ht.

Data for7p: TLC: R = 0.29 (CHCl,~MeOH, 19:1)H

NMR (600 M Hz, DMSO#d;, 70 °C):8 = 1.32 (s, 9 H, Me),
3.75[dd,J=3.54, 12.15 Hz, 1 H, H-C4, 4.13 [dd,
J=5.52,12.05 Hz, 1 H, H-C(¥}, 5.34 [m, 1 H, H-C(3],

5.58 [m, 1 H, H-C(3], 5.78 [m, 1 H, H-C(J], 6.09 [s, 1 H,
H-C(7)], 7.43-8.00, [m, 10 H, arom. H), 10.02 (br s, 0.7 H),
10.98 (br s, 1 H). ESI-MS (pos., MeOH)z (%) = 583

(100) [M + Na}, 561 (25) [M + HY), 461(25) [M — Boc +
H]*). ESI-MS (neg., MeOH)Yz (%) = 595 (5) [M + CIfj,

559 (100) [M — HY).

C-Nucleosidation of (3R,4S)-3,4-Di(tert-butyloxy-

car bonylamino)pyrroline (Scheme 2). Representative
Procedure. 2,4-Diamino-5-[N-(tert-butyloxycar bonyl)-
(2R,3'9)-2’,3-di(tert-butyloxycabonylamino)-(1'S)-
pyrrolidinyl]-6-oxopyrimidine (Sa/p).

A mixture of 360 mg (1.2 mmol) of compouBiénd 190 mg
(2.0 mmol) ofp-TsOH-HO was dissolved in 10 mL of

DMF, to which 126 mg (1.0 mmol) of pyrimidirie was
added all in one portion and the mixture was stirred at r.t. for
2h. TLC (CHCIl,—MeOH-25% aq NkJ 4:1:0.2) showed the
total consumption ofc (R = 0.21) and the formation of a
new main spot = 0.32). Then, 404 mg (4.0 mmol) of,Ht
and 250 mg (1.1 mmol) of Bgo were added and the
reaction mixture was stirred at r.t. for 30 min. TLC ¢(CH—

Synlett 2005, No. 5, 744-750 © Thieme Stuttgart - New York

MeOH-25% aq NK| 4:1:0.2) showed that the sp& €

0.24) was converted to another sggit£ 0.88). After
evaporation of the solvent under reduced pressure (at 55 °C),
250 mL of EtOAc was added, the organic layer washed with
H,O (3x 50 mL) and dried (N®0O,). Removal of solvent
gave a light brown solid, which was purified by CC (silica
gel, CHCIl,—MeOH. 100:10). Fractions 16-35 (5 mL each)
were combined and evaporated under reduced pressure at 40
°C to give 413 mg (78%/B = 9:1, by*H NMR) of 9a/p as
light yellow solid. Crystallization of 400 mg of epimeric
mixture from EtOAc—hexane gave 203 mg (51%) of [9are
Mp >202 °C (decomp.). TLAR = 0.09 (CHCIl,—MeOH,
100:10).'H NMR (300 MHz, DMSO#d;, 100 °C):$ = 1.31
(s,9H,3CH),1.38(s,9H,3C}, 1.39 (s, 9 H, 3 C}),

3.24 [dd 2, = 10.0 Hz 2J,,,, = 8.8 Hz, 1 H{rans-H-

C(4)], 3.78 [m, 2 Heis-H-C(4) and H-C(3)], 4.05 [m, 1 H,
H-C(2)], 4.42 (d,J=5.6 Hz, 1 H, H-1), 5.63 (br s, 2 H,
NH,), 5.85 (br s, 2 H, Nk, 6.68 (br s, 1 H, NHBoc), 6.75
(brs, 1 H, NHBoc), 9.67 (brs, 1 H, NHJC NMR (75 MHz,
DMSO-dg, 100 °C):5 = 28.19 [q, (CH);C], 50.34 [t, C(4],
54.21 (d), 57.73 (d), 59.95 (d), 78.88 (s,;ME 78.29 (s,
Me,C), 87.52 (s, C-6), 153.18 (s), 153.35 (s), 154.87 (s),
155.62 (s), 161.41 (s), 162.38 (s). UV (c =5°Min

MeOH): Aoy = 213 nm § = 2.32:16), 274 (1.18-19).
MALDI-MS: m/z (%) = 548.3(100) [M + N&), 448.2(46),

[M — Boc + Nat), 348.2(10) [M — 2 Boc + N&).
4-Amino-5-[N-(tert-butyloxycar bonyl)-(2'R,3'S)-2’,3'-
di(tert-butyloxycabonylamino)-(1'S)-pyrrolidinyl]-2,6-
dioxopyrimidine (10a/p).

TLC: R = 0.29 (CHCI,—MeOH, 100:10). Mp 205 °C
(decomp.)H NMR (300 MHz, DMSO¢;, 100 °C):5 =
1.32-1.39 (s, 27 H,9CH,), 3.21[ddJ=9.7, 8.1 Hz, 1 H,
H-C(4)], 3.78 [m, 2 H, H-C(4 and H-C(3)], 4.19 [pseudo

4, hznr = dzne = Jhoan = 8.0 Hz, 1 H, H-C(]], 4.36
[d,3J=7.1Hz, 1 H, H-C(3], 5.75 (br s, 2 H, Nk, 6.45 (br

s, 1 H, 2< NHBoc), 9.74, 9.83 (br s, 2 H, NH-1 and NH-3).
13C NMR (75 MHz, DMSO¢, 100 °C):5 = 28.16 [q,
(CH,)5Cl], 28.20 [q, (CH);C], 48.53 (t, C-3, 49.88 (q,
CH,OH), 53.82 (d), 56.28 (d), 58.94 (d), 77.99 (s), 78.07(s),
78.23 (s), 84.73 (s), 149.65 (s), 152.17 (s), 153.07(s), 154.99
(), 155.44 (s), 162.72 (s). UV (c = 5-1M in MeOH):

hmax = 268 € = 1.48-16), 224 ¢ =5.01-10). ESI-MS:m/z

(%) = 549.3(96) [M + N&] 449.2(100) [M — Boc + N3]
349.2(38) [M — 2 Boc + NaJ. HR-MALDI: m/z calcd for
C,3H3gNgOgNa: 549.2643; found: 549.2653. Anal. Calcd for
C,3H3sNOg-MeOH: C, 51.60; H, 7.57; N, 15.04. Found C,
51.50; H, 7.28; N, 14.86.
7-Carba-8-[N-(tert-butyloxycarbonyl)-(2R,3'S)-2’,3-
di(tert-butyloxycabonylamino)-(1'S)-pyrrolidi-

nyl]guanine (11a/).

Compoundlla: mp 225 °C (decomp.yH NMR (300 MHz,
DMSO-dg, 100 °C):6 =1.30 (s, 9 H, & CH;), 1.35(s, 9 H,
3% CH;y), 1.40 (s, 9 H, % CH;,), 3.21 [ddJ = 10.3, 8.0 Hz,
1H, H-C(4)],3.80[ddJ=10.3,7.6 Hz, 1 H, H-C({], 3.93

[m, 1 H, H-C(3)], 4.05 [pseudo GJy.1p.0 = Jngnz =
Jnznn = 8.0 Hz, 1 H, H-C(3], 451 @,J=7.5, 1H, H-
C(1)],5.77 (br s, 2 H, NK), 6.05 [dJ,y.7.nH0 = 2.2 HZ, 1 H,
H-C(7)], 8.35 (br dJ=7.5Hz, 1 H, NHBoc), 6.76 (brs, 1
H, NHBoc), 9.93 (br s, 1 H, N13), 10.41 (br s, 1 H, NH-9).
13C NMR (75 MHz, DMSO#d;, 100 °C):5 = 28.06 [q,
(CH,)sCl, 28.16 [q, (CH)5C], 28.20 [q, (CH)5C], 48.98 [t,
C(4)], 53.48 [d, C(3], 58.43 [d, C(1)], 61.23 [d, C(2)],
78.14 [s, (CH)LC], 78.21 [s, (CH)sC], 78.83 [s, (CH)5Cl,
99.23 [d, C(7)], 99.86 [s, C(5)], 130.31 [s, C(8)], 150.97 [s,
C(4)], 151.94 [s, C(2)], 153.43 (s, C=0 of N-Boc), 154.93 (s,
C=0 of NHBoc-3), 155.10 (s, C=0 of NHBoc"R 158.29

[s, C(6)]. UV (c =5:16 M in MeOH): A= 262 Nm
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(e = 1.55:10), Ayin = 233 nm ¢ = 3200), 216€ = 2.05-16).
MALDI-MS: m/z (%) = 572.3(100) [M + N&] 472.2(48),
432.2(60), 372.2(10), 227.1 (88), 151.1 (46). HR-MALDI:
m/z calcd for GgH3gN,O,Na: 572.2803; found: 572.2804.
Anal. Calcd for GsH3gN,O;: C, 54.63; H, 7.15; N, 17.84.
Found: C, 54.58; H, 7.01; N, 17.87.

Preparation of Free C-Azanucleosides (Scheme 3).
Representative Procedure for Step a: 2,4-Diamino-5-[N-
(tert-butyloxycar bonyl)-(2'S,3'S)-2’,3"-dihydr oxy-(1'S)-
pyrrolidinyl]-6-oxopyrimidine (12a).

The amount of 333 mg (0.62 mmol)4i was dissolved in
50 mL of sat. NHin MeOH and stirred atr.t. for 24 h. TLC
(CH,CI—~MeOH, 8:1) showed the consumption of starting
materiada (R, = 0.50) and the formation of a new UV active
spot R = 0.05). Evaporation of the solvent afforded a yellow
oil residue that was purified by CC (silica gel, £OH—
MeOH, 8:1). Fractions 29—41 (5 mL each) were combined

and evaporated under reduced pressure at 30 °C to give 198

mg (98%) ofl2a aswhite solid. TLC:R; = 0.21 (CHCl—
MeOH, 4:1).2H NMR (300 MHz, DMSO#;, 100 °C):§ =
1.30(s,9H,3Me),3.29[dd~11.2, 3.8 Hz, 1 H, H-C(¥,
3.59 [dd,J=10.8,6.9 Hz, 1 H, H-C({], 3.76,3.93 [br s, 2
H, H-C(2), H-C(3)], 4.32 (dJ= 2.8 Hz, 1 H, H-1), 4.81
(brs, 1 H, OH, exchanges with®), 5.67 (br s, 2 H, NH
exchanges with fD), 5.91 (br s, 2 H, NK exchanges with
D,0), 6.19 (br dJ = 7.5 Hz, 1 H, OH, exchanges with®),
9.75 (br s, 1 H, OH):3C NMR (75 MHz, DMSOd;,

100 °C):8 = 28.08 (q), 52.96 (br t), 61.07 (d), 73.62 (d),
77.45 (s), 82.06 (br d), 87.41 (s), 153.08 (s), 153.37 (s),
162.61 (s), 162.53 (s). ESI-M®&Vz (%) = 676.9 (32) [2 M +
NaJ*, 366.0(20) [M + K}), 350.0(100) [M + N&] UV
(c=5-10°M in MeOH): A= 274 nm § = 1.16-10), 213
(e =2.24-10), Ay = 251 nm £ = 3500).
4-Amino-5-[N-(tert-butyloxycar bonyl)-(2'S,3'S)-2’,3'-
dihydroxy-(1'S)-pyrrolidinyl]-2,6-dioxopyrimidine

(14a).

TLC: R = 0.42 (CHCI,~MeOH, 4:1].1H NMR (300 MHz,
DMSO-dg, 100 °C):5 = 1.32 (s, 9 H, 3 Me), 3.29 [dd,
J=10.8,5.1Hz, 1 H, H-C(4, 3.57 [ddJ=10.8,6.3Hz, 1
H, H-C(4)], 3.80 (br s, 1 H, H-C(}, 4.01 [br s, 1 H, H-
C(2)],4.32[dJ=3.9Hz,1H,),4.83[brs, 1H, HO-CR
5.46 [br s, 2 H, HO-C(J, 5.89 (br s, 2 H, NK exchanges
with D,0O), 9.85 (br s, 2 H, 2 NH}3C NMR (75 MHz,
DMSO-dy): 6 = 28.11 (q), 51.66 [br t, C-(4, 58.91 [d, C-
(11, 73.55[d, C-(3], 77.74 (s, MgC), 80.11 [br d, C-(],
84.97 [s, C-(5)], 150.05 (s), 152.48 (s), 153.53 (s), 163.42
(s). ESI-MSm/z (%) = 679.0(8) [2 M + N4), 366.9(12) [M
+ K]*, 351.0(100) [M + N&). HR-MALDI: m/z calcd for
Ci3H,0N,OgNa [M + Na]: 351.1275; found: 351.1272. UV
(c=5-105M in MeOH): Ao = 269 Nm £ = 1.62-10), 222
(g = 5300) \min = 242 € = 3200), 2154 = 5220).
8-[N-(tert-Butyloxycarbonyl)-(2'S,3'S)-2",3-dihydr oxy-
(1'S)-pyrrolidinyl]-7-carba-guanine (16a.).

IH NMR (600 MHz, DMSO¢g, 70 °C):6 =1.31 (s, 9 H, 3
Me), 3.35 [ddJ=3.2,11.4 Hz, 1 H, H-C(4, 3.66 [dd,
J=5.5,11.4 Hz, 1 H, H-C(¥, 3.99 [br s, 1 H, H-C(2,
exchanges with D), 4.00 (br s, 1 H, H-C(B exchanges
with D,0), 4.47 [brs, 1 H, H-C({], 5.22 [d,J=3.3 Hz, 1
H, HO-C(2)], 5.39 [br s, 1 H, OH-C(}, 5.85 (br s, 2 H,
NH,), 6.05 [d,J=1.8 Hz, 1 H, H-C(7)], 10.02 (br s, 1 H,
NH), 10.22 (br's, 1 H, NH}3C NMR (150.9 MHz, DMSO-
ds, 70 °C):5 = 28.96 (g, Me), 53.47 [d, C{4 63.50 [d,
C(1)], 75.13 [d, C(3], 79.37 (s, CMg), 81.58 [d, C(2],
100.71 g, C(7)], 118.14, 13.05, 151.77 [s, C(4)], 153.07 [s,
C(2)], 154.94 (s, C=0), 159.49 [s, C(6)]. ESI-MS (pos.,
MeOH):m/z (%) = 374 (10) [M + Nd&j, 352 (40) [M + Hj.
ESI-MS (neg., MeOH)m/z (%) = 386 (30) [M + CI}), 350

(100) [M — HF.

8-[N-(tert-Butyloxycar bonyl)-(2'S,3'S)-2’,3’-dihydr oxy-
('R)-pyrroalidinyl]-7-car ba-guanine (16p).

TLC: R = 0.14 (CHCI,~MeOH, 8.5:1.5)*H NMR (600
MHz, DMSOd,, 343 °K):6 = 1.26 (s, 9 H, Me), 3.22 [dd,
J=3.7,11.0Hz, 1 H, H-C(4, 3.67 [ddJ=5.4,11.0 Hz, 1
H, H-C(4)], 3.93 [t,J=5.1 Hz, 1 H, H-C(J], 4.00 [dd,
J=45Hz,1H,9.2 H-C(}, 4.75[d,J=59 Hz, 1 H, H-
C(2)],5.77 (brs, 2 H, Nk, 5.93 [s, 1 H, H-C(7)}-*C NMR
(150.9 MHz, DMSOd,, measured at 343 Ky:= 28.92 (q,
Me), 52.39 [t, C(4], 58.93 [d, C(D)], 73.91 [d, C(3], 77.82
[d, C(2)], 79.06 (s, CMg), 100.22 [d, C(7)], 100.86, 129.44,
151.78, 152.94, 155.03, 159.76. ESI-MS (pos., Me@i#):
(%) = 374 (100) [M + N4), 352 (30) [M + H]J. ESI-MS
(neg., MeOH): 386 (20) [M + Ci] 350(100) [M — Hj).
8-[N-(tert-Butyloxycarbonyl)-(2'S,3'S)-2',3'-dihydr oxy-
(1'S)-pyrrolidinyl]-7-car ba-xanthine (18a).

TLC: R = 0.47 (CHCI~MeOH, 4:1)H NMR (600 MHz,
DMSO-d,, 70 °C):6 = 1.33 (s, 9 H, Me), 3.35[d,=11.5
Hz, 1 H, H-C(4)], 3.62 [dd,J=4.8, 11.5 Hz, 1 H, H-C({,
3.99 (s, 1 H), 4.03 (m, 1 H), 4.50 (s, 1 H), 5.29 (br s, 1 H,
OH), 6.10 [s, 1 H, H-C(7)], 10.07 (br s, 1 H, NFfC NMR
(150.9 MHz, DMSOd,, 70 °C):d = 28.94 (g, Me), 53.83[
C(4)], 63.50 [d, C(D], 79.64 [d, (C3], 98.81 [s, C(5)],
102.34 [d, C(7)], 130.42 [s, C(8)], 139.76 [s, C(4)], 151.47
[s, C(2)], 160.56 [s, H(C6)]. ESI-MS (positive, MeOl#yz
(%) = 727 (10) [2 M + N4), 705(2) [2 M + HJ), 398 (100)
[M + 2 NaJ, 375 (40) [M + Naj, 353 (40) [M + HY). ESI-
MS (neg., MeOH)m/z (%) = 387 (5) [M + CIf, 351 (100)
[M—H].

8-[N-(tert-Butyloxycar bonyl)-(2'S,3")-2’,3'-dihydr oxy-
('R)-pyrrolidinyl]-7-car ba-xanthine (18).

TLC: R =0.39 (CHCI,~MeOH, 4:1)*H NMR (600 MHz,
DMSO-dg, 70 °C): 1.27 (s, 9 H, Me), 3.26 [ddl= 11.2 Hz,
1H, 298, H-C(3],3.61[ddJ=5.1,11.2 Hz, 1 H, H-
C(4)], 3.94 (m, 1 H), 3.97 (s, 1 H), 4.75 (s 5.4 Hz, 1 H),
5.02 (br s, 1 H, OH), 6.00 [s, 1 H, H-C(7)], 10.06 (br s, 1 H,
NH), 10.35 (br s, OH, 0.5 H). ESI-MS (positive, MeOH):
m/z (%) = 375 (10) [M + N&), 353 (5) [M + HY). ESI-MS
(neg., MeOH)M/z (%) = 387(50) [M + CIj, 351 (100) [M —
H]~.

Representative Procedurefor Step b: 2,4-Diamino-5-
[(2’S,3'9)-2',3-dihydr oxy-(1'S)-pyrr olidinyl]-6-oxo-
pyrimidine Hydrochloride (13a).

The amount of 151 mg (0.46 mmol) e was suspended
in 50 mL of sat. HCI in EO and stirred at r.t. for 2 h. The
off white solid in the reaction mixture was filtered, washed
with 20 mL EtO and dried to give 113 mg (83%, calcd
according to 2HCI salt) df3e. as white solid*H NMR (300
MHz, CD,0D): 6 =3.35[ddJ=4.5,12.2 Hz, 1 H, H-C({,
3.53 [dd,J=5.6, 12.2 Hz, 1 H, H-C(}, 4.25 [ddd,
Jois-Ha-nz = 9.6 HZ, Jpans ans = oy = 4.2 Hz, 1 H, H-
C(3)], 4.44[dd,J=3.5,7.5Hz, 1 H, H-C(}, 4.55 [d,
J=7.5Hz, 1 H, H-C(3]. 3C NMR (75 MHz, DMSO#):
5=48.30 (t), 57.95 (d), 74.01(d), 76.49 (d), 80.38 (s), 151.88
(s), 155.47 (s), 160.75 (s). ESI-M8/z (%) = 228.0(100)
[M + H]*). HR-MALDI: m/z calcd for GH,,NsO; [M + H]*:
228.1091; found: 228.1089.
4-Amino-5-[(2'S,3'S)-2,3’-dihydr oxy-(1'S)-pyrrolidinyl]-
2,6-dioxopyrimidine Hydrochloride (15a).

H NMR (300 MHz, DMSO#): § = 3.08 [d,J= 5.1 Hz, 1
H, H-C(4)], 3.24 [dd,J=6.3, 11.7 Hz, 1 H, H-C({1, 3.98
[d,J=4.8 Hz, 1 H, H-C(3], 4.28 (m, 2 H, H-2and H-3),
5.69 (brs, 2 H, N, 7.01 (br s, 2 H, Nk}, 8.45 (br s, 1 H,
OH), 9.56 (br s, 1 H, OH), 10.71, 10.72 (s, 2 H, NF{.
NMR (75 MHz, DMSO#): & = 48.16 (t), 58.16 (d), 73.99
(d), 76.48 (d), 77.44 (s), 149.34 (s), 154.42 (s), 164.00 (s).
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ESI-MS: 229.0(100) [M + H). HR-MALDI: m/z calcd for
CgH14NsO; [M + H]*: 229.0937; found: 229.0927.
8-[(2'S,3)-2",3-Dihydroxy-(1'S)-pyrrolidinyl]-7-car ba-
guanine Hydrochloride (17a).

TLC: R = 0.08 (CHCI,—~MeOH, 8:2)*H NMR (600 MHz,
DMSO-dg): 6 = 3.15-3.17 [br m, 1 H, H-C{4, 3.40 [m, 1

H, H-C(4)], 4.14 (ddJ=3.5,7.3Hz, 1 H, H-C(}, 4.24 [t
J=4.0Hz, 1 H, H-C(3], 4.36 [ddJ=6.0, 11.5 Hz, 1 H, H-
C(1)], 6.49[s, 1 H, H-C(7)], 9.15 (br s, 1 H, -NH), 10.02 (br
s, 1 H, -NH), 10.73 (br s, 1 H, -NH), 11.21 (br s, 1 H, -NH).
13C NMR (150.9 MHz, DMSQ4,): § = 41.35 [d, C(4],

61.64 [d, C(D], 74.96 [d, C(3], 79.84 [d, C(2], 101.01 [s,
C(5)], 104.81 [d, C(7)], 125.0 [s, C(8)], 152.91 [s, C(2)],
158.21 [s, C(6)] (one carbon signal is not observable). ESI-
MS (pos., MeOH)m/z (%) = 503 (20) [2 M + H), 252

(100) [M + HT"). ESI-MS (neg., MeOH)YWz (%) = 537 (10)

[2 M + CI, 286 (50) [M + CI}), 250 (100) [M — Hi.
8-[(2'S,3'S)-2',3-Dihydr oxy-(1'R)-pyrrolidinyl]-7-car ba-
guanine Hydrochloride (17p).

TLC: R = 0.08 (CHCI,~MeOH, 8:2)H NMR (600 MHz,
DMSO-dg): 8 = 3.01-3.04 (br m, 1 H, H% 3.53-3.57 [m,
1H, H-C(4)], 4.08 [br s, H-C(9], 4.24 [d,J=4.3 Hz, 1 H,
H-C(3)], 4.70 [dd,J= 2.5, 8.7 Hz, 1 H, H-C(}], 6.59 (d,
J=1.9Hz,1H, H-C(7)],9.24 (br s, 1 H, NH), 10.38 (br s, 1
H, NH), 11.48 (br s, 1 H, NH), 11.56 (br s, 1 H, -NHC
NMR (150.9 MHz, DMSOdy): 8 = 51.32 [d, C(9], 58.46

[d, C(2)], 74.92[d, C(2], 76.79 [d, C(3], 100.98 [d, C(5)],
105.35 [d, C(7)], 122.56 [d, C(8)], 152.64 [s, C(2)], 157.97
[d, C(6)] (one carbon-signal not observable). ESI-MS (pos.,
MeOH): § = 503(10) [2 M + H], 252 (100) [M + H}). EI-

MS (neg., MeOH)5 = 537 (10) [2 M + CIj, 286 (40) [M +
Cl], 250 (100) [M — H].
8-[(2'S,3'S)-2,3-Dihydroxy-(1'S)-pyrrolidinyl]-7-car ba-
xanthine Hydrochloride (19a).

TLC: R = 0.56 (CHCl,-MeOH-ag NH, 5:5:0.5)*H NMR
(600 MHz, DMSO€): & = 3.43[ddJ = 11.95,5.06 Hz, 1 H,
H-C(4)], 4.19 [m, 1 H, H-C(3], 4.23 [m, 1 H, H-C(9],
4.45[d,J=4.32 Hz, 1 H, H-C(3], 6.48 [s, 1 H, H-C(7)],
9.11 (br s, 0.5 H, NH), 9.94 (br s, 0.5 H, NH), 10.27 (br s, 1
H, OH,), 10.86 (br s, 1 H, OH), 11.30 (br s, 0.6 H, N¥¥{J.
NMR (150.9 MHz, DMSOdg): 8 = 50.93, 62.43, 75.26,
79.93, 99.54, 105.78, 123.71, 140.91, 151.52, 160.39. ESI-
MS (pos., MeOH)m/z (%) = 275 (10) [M + N&)), 253 (100)
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[M + H]*). ESI-MS (neg., MeOH)mz (%) = 287 (5) [M +
Cl]-, 251 (10) [M — Hi.

Preparation of Free C-Azanucleosides (Scheme 4).
Representative Procedure. 2,4-Diamino-5-[(2R,3)-2,3-
diamino-(1'S)-pyrrolidinyl]-6-oxopyrimidine
Hydrochloride (20a).

The amount of 132 mg (0.25 mmol)%i was suspended in
20 mL of sat. HCl in ED and stirred at r.t. for 2 h. The off
white solid in the reaction mixture was filtered, washed with
20 mL EtO and dried to give 85 mg 80a (91%, calcd
according to 4HCI salt) as white solith NMR (300 MHz,
CD,COOD-D0, 5:2):6 =4.01 [ddJ=4.7, 13.7 Hz, 1 H,
H-C(4)], 4.23 [ddJ=8.1, 13.7 Hz, 1 H, H-C({, 4.67
[ddd,J=8.0, 5.0, 5.0 Hz, 1 H, H-C{3, 4.90 (ddJ =5.6,
7.5Hz, 1 H, H-2,5.20 [dJ= 7.8 Hz, 1 H, H-C(3]. *3C
NMR (75 MHz, DMSO€): 44.54, 50.11, 51.98, 55.07,
76.86, 156.56, 157.12, 161.06. ESI-MS (MeOidke (%) =
226.1 (100) [M + H], 450.9 (13) [2 M + Hi].
4-Amino-5-[(2'R,3)-2',3-diamino-(1'S)-pyrrolidinyl]-
2,6-dioxopyrimidine Hydrochloride (21a).

H NMR (300 MHz, CQCOOD-D,0, 2:1; contaminated
with 6% of the correspondingrepimer):s = 4.02 [dd,
J=4.6,13.4Hz,1H,H-C(4, 4.24[ddJ=8.1,13.4Hz, 1
H, H-C(4)], 4.67 (dddJ=8.1,5.2,5.2 Hz, 1 H, H*3 4.89
[dd,J=5.6,8.1 Hz, 1 H, H-C(}, 5.14 (dJ=7.8 Hz, 1 H,
H-1’). 1¥C NMR (75 MHz, DMSOd-D,0): 47.67, 53.19,
55.68, 58.87, 77.07, 152.46, 156.82, 166.30. ESI-MS
(MeOH): m/e (%) = 227.1 (100) [M + H, 453.0 (32) [2 M
+ H*].

7-Carba-8-[(2’R,3'S)-2,3-diamino-(1'S)-pyrrolidi-
nyl]guanine Hydrochloride (22a).

H NMR (400 MHz, DO): 6 = 3.60 [ddJ=7.3,13.4 Hz, 1
H, H-C(4)], 3.97 [dd,J= 9.1, 13.4 Hz, 1 H, H-C({, 4.35
[ddd, Jyanstarz = 7-3 HZ, e gy = 91 HZ,y o5 =
8.3 Hz, 1 H, H-C(3], 4.50 [dd,J = 8.3, 10.4 Hz, 1 H, H-
C(2)],5.03 (dJ=10.5Hz, 1 H, H-7, 5.03 [d,J= 0.5 Hz,
1 H, H-C(7)].23C NMR (100 MHz, DO): § = 45.29 [t,
C(4)], 50.49 [d, C(3], 54.95 [d, C(2], 56.82 [d, C(D)],
101.00 [s, C(5)], 106.65 [d, C(7)], 119.59 [s, C(8)], 145.08
(s), 151.99 (s), 160.01 (s). ESI-MS (MeOHRye (%) =
250.2 (20) [M + H], 499.3 (37) [2 M + H], 537.3 (100)
[2 M+ K'].
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