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STERBOSPECIFIC SYNTHESIS OF (+)-CARBOCYCLIC 2'-DBOXYADENOSINE. AN IMPROVED PROCEDURE
FOR THE PREPARATION OF (+)-(1R,28,4R)-4-AMINO-2-HYDROXY- 1 -HYDROXYMETHYLCYCLOPENTANE .
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Abstract: An improved procedure for the preparation of a versatile synthetic
precursor, (+)-13, of carba-2'-deoxyribonucleceides and the first sterecspe-
cific way to enantiomerically pure carbocyclic 2'-deoxysdenceine, (+)-14, are
presented from bicyclic lactone diol (+)-1. An unexpected formation of the di-
substituted 2-cxabicyclo(2.2.1)heptane skeleton 15 through a hypervalent iodo

species derived from § is also reported.
(Received in UK 14 June 1988)
Introduction
Carba-adencsine, the first representative of the carbocyclic analogues of muclecsides was synthe-
sized in recemic form by Bhealy et Al.l over two decades ago. This pioneering step was followed by

the preparstions and biological evaluations of carbocyclic analogues of other naturally occuring and

2 In several cases these caompounds, likely due to their analogous struc-

ture and enhanced stability, proved to be biologically active (e.g. antiviral) uenta.a Recently

much attention has been paid to the preparation of enantiomerically pure substances mainly for
4,5,6,7,8

many unnatural nucleocsides.

These non-racemic nucleoside amalogues have also the poten-
9,10

purposes of biological tests.
tial to be effective in viral infections (anti-AlDS drugs, etc. ).

Recently we reported the first sterecspecific syntheais of (+)-13 and the (+)-carboeyclic
nhynidim.a However, the synthetic process used was rather proctracted giving the required saino-
cyclopentane derivative (+4)-13 from (+)-(1R,59)-2-ccabicyclo(3.3.0)oct-8-en-3-one in 0.75% and 0.94%
overall yields, respectively. In this paper we publigh the first sterecepecific way to the enantio-
merically pure carbocyclic 2'-deoxyadenceine, (¢)-14, via (+)-13 which was now obtained in an im-

11

proved procedure from bicyclic lactone diol (¢)-1 in 11X overall yield.

Results and Discusgjon

The main feature of our improved proocedure (Scheme 1) is represented by two consecutive iodo-
decarboxylations (e and j steps) of the appropriate carboxylic acid side chains derived from the
lactone portion of (+)}-1. The easily accessible tetrshydropyranyl protection of (+)-] wms thought to

be compatible with the whole reaction sequence planned. Contrary to analogous c.m,lz

no signifi-
cant relactonization swms observed when the y-mesyloxy carboxylic ester 3 was prepared in a few steps
from 2. As expected' and evidenced indirectly at a later stage of the synthesis by 'H NR spectros-
copy (comparing the data of 8 and 8a), the displacement of the secondary mesyloxy function by azide
anion (transformation 3 -> 4) proceeded with full inversion of configuration. Conversion of acid-
labile carboxylic acid derivative $ to 6 needed well-controlled reaction conditions (optimal amounts

of resgents, short reaction time, temperature control) to attain satisfactory yield in the iodo-

6207
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a DHP, p-TeOH; b i, aq LiOH, ii, aq n-uso‘. iii, (}lzﬂz, iv, MeCl, TBA; c MG; d i, aq LiOH, 1i, aq
Mﬂ)‘: ¢ IBDA, 12. hv; £ MeCH, p-TeOH; (Aczo. Py, DMAP; h =CPBA; i PDC, DMF; j IBDA, 12. hv; &

MeCH, K2CD3: LHZ/IOX Ad-C; ®m i, S5-amino-4,6-dichloropyrimidine, TEA, ii, (BtO).CH, oc HCl, {ii,

3

Nﬂsm.

0

decarboxylation using iodobenzens diacetate (IK)A)s'l . To overcome the formation of undesired 2-

oxmbicycloheptans derivative 1§ (vide infra, Scheme 2), the THP groups in § were replaced by acetyl

10,14

ones prior to treataent with a-CPBA IBDA-decarboxylation (with 8 eq each of IBDA and I,) of

2
diacetoxy B-azido carboxylic acid derivative 10 proceeded in good yield giving chromatographically

(8102 TIC/column) readily separsble diastereomeric iodo azides )] (trens/cis ratio = 5:1, by

weight). Spatial orientation (trans/cis) of iodide relative to N, group in ]] vas established by R

3
spectroscopy analysing the coupling constants obtained for the separsted diasterecisomers. Catalytic

hydrogenation of a-iodo azides ]2 to key intermsdiate (¢)-13 afforded acoeptable yieldw. The

hetarocyclic moiety (adenine) of (+)-14 was constructed according to modified literature prooe-
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dureol. A novel version, swhich involves &i:lz-rodlmion of P&)z to H{z group as developed by Bellamy

and Q:ls

, was elaborated for the preparation of 6-1m-4,6-dichloawyrmd£m”, precursor for the
adenine portion of (¢)-14.

As mentioned, an unexpedted highly efficient forwation (90X yield) of the disubstituted 2-
mbicyclolz.z.l)hept'\em 15 ooccured when bis-tetrshyiropyranylated iodomethyl compound 6 was
treated with o-CPBA in (}12C12 in the presence of Mms in order to obtain the oorresponding hy-
droxymethyl derivative (Scheme 2). (Unlikely formation of the alternative trans-fused 3-cabicyclo
[3.3.0)octane ring-system could be excluded by NMR spectroscopy.) In contrast, no ring closure was
noticed for unblocked 7 in the absence of »-CPBA even under basio (acetylation) condition!®. For
tunately, however, conversion of diacetoxy iodomethyl compound 8 went ssoothly to the desired
hydroxymethyl derivative 9 using m~CPBA. On this basis we assume thst the above anomalous reaction
likely proceeds through a hypervalent iodo species (6a) derived from 6, loosing THP group selective-

ly from the secondary OH function prior to or in the cyclization process.

Schewe 2
-l THP OTHP
H THPO
Ny mCPBA | Ny | — Q N3 _ N3
HO 90% )
THPO o—
[} 63 15

H

. C ®
N3 Q - :ﬂ\:b m-CPBA o
H 1

O 7

To expand the applicability of this ring closure, eappropriately substituted cyclopentanol deri-
vative 16 (prepared in 8 steps from (¢)-(1R,58)-2-oxabicyclo(3.3.0)oct-6-en-3-one) was treated with
=a-CPBA in Cb{zCl2 in order to obtain unsubstituted 2-oxmbicyclo(2.2.]1]heptane skeleton. Surprisingly,
however, one isomer (17) of the m—chlorobenzoate of the bicyclic lactol was {solated (Scheme 2) as
the main TLC-detectable product. The stereochemaistry of the m—chlorobenzoate moiety derives from the
IH NMR data. The absence of detectable splitting on the signal of 4-H (6.97 pmm) indicates that the
dihedral angle between 4-H and 5-H is close to 90°. The low isolated yield (5%X) wvas likely due to
the loss of the volatile material during evaporation. Oxidation of the iodomethyl function to a
formyl one seems to be plausible in this process. So far, this kind of oxidation was only noted for

secondary alkyl iodides.'d
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Bxperimental

Materials. Dichloromethane and pyridine were distilled from 920 y oarbon tetrachloride and methanol

from Cdlz. Triethylamine was distilled from and stored over KOH. lodobenzene diacetate was prepared
as deecribed in the uunm.zo Pyridinium dichramate and 90% »—CPBA were purchased from Fluks AG

and 85X »—CPBA from Aldrich. Pre-coated 8102 TIC plates (DC-Alufolien, Kieselgel 60 st‘.

were purchased from Merck, Darmstadt. W-light and phosphomolybdic acid in msthanol were used to

detect compounds on TLC plates.

ipments. 'H and !3

0.2 sm)

C NR spectra were recordsd on Varian XL-100 and XL~400 :1nstruments. Non-
trivial ‘u assignments were confirmed by extansive spin-decoupling experimsnts. Comnectivities
between identified protons and protomated carbons, if necessary, were otained bv means of two-
dimensional (HETOOR) seasurements. Mass spectrometric seasurements were carried out on an ARl MB-902
double focusing instrument with ioniging energy of 70 eV, All samples were introduced by direct
probe. Optical rotation measurements were performed on a Polamat A (Carl Zeiss, Jema, GDR) polari-

meter.

Synthesias of (¢)-(1R,23,4R)-4-Amino-2-Hydroxy-1-Hydragmethylcyclopentane, (¢)-13.
Bis-Tetrshydropyranyl Bicyclic Lactone Diol (2).
A mixture of lactone diol (+¢)-] (20.44 g, 119 sM), 3,4-dihyiro-2H-pyren (32.6 al, 357 sM) and p-

toluenesulfonic acid sonchydrate (0.23 g, 1.19 aM) in 200 al of G"2C12 was stirred with cooling in
water bath (*15 °C) for 10 min. Stirring wms continued at room tempersture until complete dissolu-
tion oocured (approx. 50 min) and TIC showed full conversion of {¢)-1. After addition of triethyl-
smine (0.5 mL, 3.61 mM), the solvent was removed in vacuo. The residue was then dissolved i1n 400 mlL
of Bt ,0, washed with 40-1.0!"20, 30 ml of brine, driedmrw‘udmponwdwdmuw

2
yield 40.10 g (99%) of 2. Rf (hexcane (H): ethyl acetate (E) = 1:1, v/v) = 0.22.

y-Mesyloxy Carboxylic Ester (3)

A solution of 2 (30.19 g, 88.7 aM) and 1 M/L aq LiOH (133 al) in 260 al of methanol was stirred at
ambient temperature (ph=13). After § min TLC showed complete saponifioation. MeCH was then removed
by evaporation. Water (150 ml) was added followed by extraction with BtOAc (3x50 al). Then EtOAC
(300 sl) was added to the aq solution in a separatory funnel and the pH was adjusted to 3-4 using 2
M/L aq Mm‘. The aq solution was further extracted with BtOAc (3x60 al). The combined organic
phase \ms smshed with brine (30 mL) and dired over MgS0,. The filtrate wms cooled to 0°C. The above
solution was treated with ethereal G{ZNZ (250 wi,190mM) genersted from N-methyl-N-nitrosourea. After
ocomplete esterification the solution was concentrated, dried over Pﬁ% and evaporated to dryness.
The residue thus obtained was taken up in 400 el of ()lzcl2 and ocooled to 0°c. Triethylamine (18.3
al, 132 =M) wms added followed by dropwise addition (5 min) of methanesulfonyl chloride (7.50 amlL,
96.9 aM). The mixture was kept at 0°C for sdditional 15 min. Then it was stirred at roos temperature
for 0.5h. The mixture was then sashed into a separatory funnel with 50 al of m2c12. wvashed with
ice-vater (3x50 mL), 2M/L aq NaHSO, (2x10 ml, pH=3), saturated aq NaHCO, (10 mL, pH=10), 40 mlL of

brine and evaporated to dryness, yielding 39.55 g (99%) of 3. Rf(ll:&l:l) = 0.24.
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Iy NR (100 e, ama)“: § 1.4-2.4(m,5-H,6-H,8-H,, 4’ -H, 4", ,6'H,, 67H,,6’ ~H, and 6"-H,), 2.65
(ma-Hy), 2.9642.96(s,G4,0,), 3.68(s,00,01;), 3.34.2 loverlapped multiplets, 7-H, 9, 3'-H, and
3"Hy), 4.60+4.62 (ovarlapped multiplets, 1'-H and 1"-H), 5.19 (m,J=6+4+1 Mz, 1-H).

Y-Azido Carboxylic Bster (4)

A mixture of 3 (2.33 g, 6.17‘4)-th3 (0.87 g, 10.3 s) in 40 =ml of dry DMF wms stirred at 70~
76°C for 2.75 b. mwlmwmmmmmmwmofnzo-um to
the resjidue. Compound gmmummZO(mu).mmm-olmmmw with
brine (10 ml), dried over Pw‘ and evaporauted affording 1.82 g of crude 4. The residus was purified

by dry column flash d\n-w;yzz (DCFC) using 30 g of 810,

2 (<0.063 wm), H:B=3:1 as eluant. Iso-

lated was 1.82 g (89%) of pure 4. R'(H:B=3:l)=0.23.

v-Azido Qurboxylic Acid (5)

A esolution of 4 (7.38 g, 18.6 M) and 1 M/L aq LiCH (37 =) in 200 =i MHL‘,O (3:1, v/v) vas left
to stand overnight at ssbient temperature (pH=12). Then TIC showed full saponificstion. MsOH was
removed by evaporetian and sater (70 al) was added followed by extractions with tho (3x30 ml). Then
nzo (50 mi) wvas added to the aq layer in a seyparatory funel and the pH was sdjusted to 3 with 2

M/L aq NaMBO, (20 mi). The aq solution was further extracted with B(.20 (W‘).Muﬂ)lrﬁdhzo

4
solution was washed with brine (20 al) and dried over w‘. On evaporation isolated vas 7.06 g
(99%) of pure 5. R,(N:acetun:Z:l):O.ZQ.

1 21, , " " -

H NR (100 MHe, a!:la) : 6 1.3-2.2(-.5-8,6-“.8-}12,4 -H2.4 {2,6’412.5 -HZ,G‘-Hz and 68 -Hz). 2.60

(m,4-H 3.3-4.2 (overlapped multiplets, 1-H, 7-H, Mlz. 3'-!!2 and 3"4{2) 4.63 (overlappsd mlti-

2).
plets, 1'-H and 1"-H), 8.54 (-.cozn).

Iodegwthyloycloventane Derivetive (6).

A mixture of § (5.22 g, 13.8 aM), iodobenzens dne-uuzo (8.76 g, 27.2 sM) and 12 (6.90 g, 27.2 aM)
in 370 al of dry (x:l‘ was refluced over a 250-¥ tungsten-filsment lasp for 10 min. The ocooled selu-
tion was washed with 5X agq thszoa (90 mL), sat’'d aq uma (40 al,, pH:=10), dried over Pw‘ and
evaporated. The residue wes purified twice by DCFC (80 g 8102. H:E=10:1). Chromatogrsphy yielded
3.48 g (55%) of pure §. R, (H:B:5:1):0.21.

R (100 M, 001,02 6 1.4-2.30m,5-H, 64,47ty 4"y 67 -H, 5" -H,,6" -H, 67, and B-H,), 3.3-
4.0 (overlapped multiplets, 9—"2. 4-“2, 1-H, 3'-“2 and 3"-".2). 4.16 (m,J=744.544 He, T-H), 4.62
(overlapped multiplets, 1’'-H and 1"-H).

Synthesis of 7.

A solution of 6 (3.24 g, 6.96 s) and p-tolusmssulfonic acid msomohydrete (0.200 g, 1.06 i) in 100
nl. of sethano]l was lept at rooa tamperature for 1 h. Then the catalyst was quenched with triethyi-
saine (0.20 ml, 1.44 sM). The solution was ewaporeted wrier redued pressuae and the residus was
purified by DCFC (30 g 8102, H:E=1:2). Bvaporution of the appropriate frections gave 1.99 g (96%X) of
pre 7. R, (H:B=1:2)=0.25.
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21: 6 1.68 (m,J=9¢8.5¢45.5¢5 He, 5-H), 1.84 (m,J=9+7.5¢6+5 He, 6-H), 2.08

l!l NR (400 Mz, Gﬂls)
(t,Ja6.8 He, 8-*(2). 3.33 (dd,Js10.5+46.5 He, Q-HA). 3.44 (dd, J=10.545 He, C-MB), 3.68(dd, J=10.6+7.5

Hz, 9-llA). 3.856 (m,J=6.5¢8.56+6.5 He, 1-H), 3.87(dd,J=10.5¢5 Hz, 9-}%), 4.29 (m,J=6.546.5+6 He, T-H).

Acetylation of 7 to 8.

A solution of 7 (8.24 g, 27.7 mM), pyridine (6.69 aL, 83.1 sM) and 4-dimethyleminopyridine (0.68 g,
5.5¢ wM) in 140 ml of dichloromethane was treated with scetio anhydride (6.50 mlL, 69.3 sM) using
tap~ater oooling for 10 min. Then the solution was kept at smbient tempersture for additiomal 10
min. The excess of AcZOm quanched by adding MeOH (5.0 ml.,, 123 sM). The solution was evaporated
and the residue coevaporated with tolusne (3x20 sL). DCPC:100 g 9i0,, H:B=A:l. YVield: 10.26 g (97%).
Ry (H:E=3:1)=0,36.

"h R (400 iz, COC1 't 6 1.49 (m,J=908.50444 He, 5-H), 2.06-2.15 (overlapped multiplets, 8-H,+
6-H), 2.06 (s,0hc), 2.07 (s,0Ac), 3.38 (dd,J=10.5¢4 Hz, 4-H,), 3.48 (dd,J=10.5+4 He, 4-Hy),
3.84(8,J58.5¢847.5 He, 1-H), 4.12 (&d, J=11.544.5 He, 9-H,), 4.21 (dd,J=11.5¢5 He, 9-Hy), 5.04
(3,J=7.6¢443.56 He, 7-H).

ga: 'HNR (400 iz, C0C1 711 8 1.87 (m,J160301.6 He, 8-H,), 2.21 (m,Jc11410+4.5¢4.3 He, 5-H),
2.27 (m,J=1105.5¢4.6¢4 He, 6-H), 2.39 (m,J=16+8.5¢5.2 He, B-Hy), 3.22 (dd,J=10+9.5 He, 4-H,), 3.33
(4d,J29.564.5 He, 4-Hy), 4.18 (d4d,Jo11.504.5 He, 9-H,), 4.24 (dd,Jr11.5e4 He, 9-Hg), 5.09

(m,J=8.5+6.5¢+3 He, 7-H), 5.23 (m,J=5.2¢4.3¢1.5 He, 1-H).

Rrdroxymethyicyclopentane Derivetive (9).

A weolution of 8 (10.26 g, 26.9 mM) in 150 ml of dichloromethane was trested with 90% »-CPBA (16.13
g, 78.9 sM) employing cold water cooling for 10 min. Then the solution wes kept at r.t. for 30 min.
TIC showed camplete conversion of 8. The solution was then sashed with 120 al of 1.1 M/L &q Ndma
(pH=9). The aq phase was extracted with C!'lzCl2 (5x20 al.). The combined organic solution was washed
with 5% aq !h.ls.‘,o3 (30 al). The aq layer was repeatedly extracted with ()12012 (3x20 ml). The
combinad (}'IZCI2 solution was dried over Pw‘ and evaporated to dryness. [DCPC: 100 g Si0,, H:B =
2:1 -> 1:1. Fractions with impure § were evaporated and chromatography was repeated, Yield: 5.18 g
(69%) . Rf(H:B:l:l):O.z‘l.

O-Acetyl-9: 'H NR (100 Mtz, C1,)%): 6 1.8-2.4 (overlapped multiplets, B8-H,,5-H and 6-H), 3.87
(m,J=84847.5 He, 1-H), 2.08 (s,0Ac), 2.06 (»,0AC) 2.09 (8,0Ac), 4.18 (d,J=5 He, 9-&2). 4.20 (d,

J=56.6 Hz, C-Hz), 5.05 (m,J=6.544.044.0 He, 7-H).

Cryclopentanecarboxylic Acid Derjvatjve (10).

A solution of § (2.28 g, 8.40 sM) and pyridinium dichromate (11.06 g, 29.4 =) in 40 ml of dry DMF
was left at smbient tamperature overnight (22 h). TIC showed almost full conversion of § to 10. The
mixture sas poured into 300 sl of water and extracted with ether (13x50 ml.). The etheral layer was
then waahed with § al of 2 M/L NaHSO, in 10 =L of water (pH=3), brine (20 al) and dried over MgSO,.
Bvaporation afforded 2.38 g (99%) of pure 10. nf(u:x:nz):o.m.
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a-Asidocyclopentyliodide Derivetives {(]1).
A mixture of 10 (5.97 g, 20.93 sM), IBDA (13.50 g, 41.9 sM) end Iz (10.63 g, 41.9 sM) in 600 al, of
carbon tetrachloride sms refluwced over a 250-W tungsten-filament lemp for 10 min. The addition of

IRDA and I, wvas repeated (three times, each followed by 10 min reflux) until full conversion of 10

2
was observed (TIC). The cooled solution was wvashed with 5% aq )h.‘,szo3 (240 al), water (50 mlL), sat’'d
aq m3 (50 ml, pH=10), water (50 sl) and dried over PUS)‘. After removal of the solvent, the

residue was purified by DCFC (100 g SiO, H:Bz=4:1). Chromatogrsphy afforded 5.22 g (68X) of pure

2'
isomeric 11. Rf(ﬂ:8=3:l)=0.l7 (cis), 0.24 (truna).

trans-11: 'H NR (400 Mz, cDC2)%!

© 61.93 (8,J71449.5¢7.5 Hz, 8-H,), 2.06 (m,14+7.5¢2.8 He, 8-Hy),
2.07 (s,0ac), 2.08 (8,0Ac), 2.63 (m,J=104645¢6 He, 6-H), 3.73 (dd,J=1049 Hz, 5-H), 4.24
(,J29.54907.5 He, 1-H), 4.25 (d,J=5 Mz, 9-H,), 6.02 (m,J=7.6¢5+2.8 Hz, T-H).

cis-1l: "M MR (400 Miz, 0C1?!: 6 1.96 (m,J=14.6484302 Hz, B-H,), 2.05 (s,0Ac), 2.06 (s,0Ac),
2.15 (8,J58.50746.545 Hz, 6-H), 2.45 (m,J=14.5¢9.5¢9.5 Hz, 8-H ), 3.75 (m,J=9.5+844.5 Hz, 1-H), 4.13
(dd,J=1148.5 He, 9-H,), 4.35 (dd,J=1146.5 He, 9-Hp), 4.64 (m,5¢4.542 Hz, 5-H), 5.04 (m,9.5¢743 Hz,

7-H).

Descetylation of 11 to 12.
A mixture of trans-o-azidocyclopentyliodide derivative, trans-1] (5.06 g, 13.76 sM) and x2m3 (3.80
8, 27.52 aM) in 135 ml of MeOH was stirred at room temperature for 5 min. Then it ues concentrated

to approx. 10 al volume and purified by DCPC (80 g SiO H:B=1:2). Isolated was 3.48 g (689%) of

2'
trans-12. nfm:r_x:z)zo.ss.

{#)-{1R,28,4R)-4-Amino-2-Hydroxy- | ~Hydroxymethylcyclopsntane, (¢]-13.

A mixture of trans-12 (3.46 g, 12.22 mM) and 0.44 g of 10X Pd-C in 110 mlL of methanol was stirred at
smbient temperature under argon for a short time (5 min). Then H2 was bubled through the mixture at
stacepheric pressure. Nearly complete reduction of trens-12 to (¢)-13 wvas attzined in 10 hrs. Then
the catalyst was filtered off through a short asbestos pad, washed with MeOH (8x5 al) and H20 (56
ml). The combined MeCH solution ums evaporsted to drynees and the residue was dissolved in the above
8q washing and applied to a DOWEX 50 Wx8 (H') column (1.2x18 ca). The column wms first washed with

vater (10x20 ml) and crude (¢)-13 (1.22 g, 76%) wms eluted with 1 M/L aq NH,OGH. DCPC (30 g 8i0,

0
MeCH: 25% aq NH,OH=30:1) provided 0.927 g (66%) of pure(+)-13. mf’ + 31° (c 1.0, o), 14¢.B

2'
26
(°]n

+ 34° (¢ 1.0, DPF). Rf(m‘: 25% aq NH,OH=30:1)=0.20.

4

1y R (400 Mz, ueo-ds/cncxa)“: §1.05 (m,J=12.547.5¢7.5¢ He, 5-H,), 1.57 (m,J=13674741.6 He, 3-
Hyo 177 (m,J3130764.5 Bz, 3-Hp), 1.92 (,J=7.5¢7.6480806 Hz, 1-H), 2.11 (m,J=12.547.547.5s
+1.5 He, B4y, 3.47 (m,J=7.507.54707 He, 4-H), 3.48 (d,J=6 Ha, 6-1,), 4.03 (m,J=70644.5 He, 2-H).

3¢ eR (100 iz, M0, /C0C1,) 2%: §37.90(C8), 44.73 (CI), 49.76(C1), 50.09(CA), 63.47(08),

72.90(C2).



6214 J. Btmes er al.

EIS., /e (rel. intensityX): 131(9)M*, 114(15), 101(10), 100(12), 96(10), 86(36), 84(9), 83(9),
82(8), 72(100), 69(31), 66(62), 44(44), 43(38).

Synthesis of (+)-Carbocyclic 2°-Deoxymdenceine, (¢)-14.
S-ARino-4,6-Dichloropyrimidine.

A aixture of 4,8-dichloro-5-nitropyrimidine'’ (13.00 g, 67.0 wM) and SnCL,.21,0 (76.60 g, 0.335 M)
in 135 sl ethanol vms refluxed under N, for 20 min. After cooling, the solution was poured over
crushed ice (450 al). Then the pH was adjusted to 8 by adding solid Mms. The suspension thus

obtained was extracted with BtOAc (3x200 mL). The orgmnic layer was washed with brine (3x150 w=l),
treated with charcoal and dried over Pw‘. The crystalline residue obtained on evaporation was
recrystallied from hexane affording vhite crystals. Yield: 10.03 g (91X), m.p. 146%C (lit.24,
147°C). Anal.calod. for CH,CLN,: C: 29.27; H: 1.83; Cl: 43.29; N: 25.61. Found: C: 29.22; H: 2.03;

Cl: 43.36; N: 25.41.

{1R, 28, 4R)-4-(5-Amino-6—chloro-4-pyrimidinylemino ) -2-Hydroocy- | -Hydroxymethyjoyclopentane, l4a.

A solution of (+)-13 (0.536 g, 4.09 aM), S-saino-4,6-dichloropyrimidine (1.34 g, 8.20 aM) and tri-
ethylamine (1.8 mL) in 45 al of dry n-butanol was refluxed for 3 days. After removal of the solvent,
the oily residue wvas partitionsd between 60 ml of water and 50 sl of chloroform. The aq layer swms
further extraoted with CHCl, (2x25 al), then treated with Amberlite IRA-400 (OH7) to adjust pH8.
The resin was filtered off and smshed with N20 and BEtOH. The filtrute was evaporsted and the residue

was ooevaporated with BtOH (2x25 ml). The residue was purified by DCPC (45 g SiO cha ->

z'
QCls:HsGkQ:l gradient). The appropriate fractions were concentrated and gave on treatment with

ocold, dry 8'.20 0.846 g (80%) of pure l4a. nf(am:,:m«:o:l):o.os. (BtOH: 25% aq NI‘QDO:I):O.GZ.

{+)-Carbocyclic 2'-Doadenceipe, {¢)-14.

A mixture of 14a (0.825 g, 3.19 sM), triethyl orthoformate (40 al) and oc aq HC1 (0.43 ul) wvas
stirred at room temperature for 20 hrs. After addition of triethylamine (1.0 ml), the solution was
evaporated in vaocuo and the residue was coevaporated with toluens (3x30 ml). The brown oil obtained
was heated with sat’d ssmonia in msthanol (60 mL) in a stainless steel bosb at 100°C for 20 hrs.
After removal of the solvent, the syrup was dissolved in 60 sl of 1 M/L aq HCl and stirred at 60 °C
for an hour. The solution was then evaporated to dryness. The residue was dissolved in sethanol (80
al) and treated with Amberlite IRA-400 (CH ). Purification by DCFC (35 g 810,, CHCl;: MeQH39:1)
afforded 0.549 g (69%) of pure(+)-14. (alga +15.6%1 (c 1.0, MeGH). M.p.: 182°C. QD (H,0 , 3.29
mmol/L, 0.05 om): A{Ae) 202.0(+0.092), 226.0 (-0.137) rm.

M NR: (400 Mz, Dﬂ)—ds/ax:ls)zsz 6 1.88(m,J=12.5¢41049 Hz, 6°-H,), 2.16 (overlapped multiplet, 4’-
H), 2.19 (overlapped multiplet, 2°'-H,), 2.31(m,J213.6¢8.6¢6.6 Hz, 2°-Hj), 2.47(w,J=12.6¢7.547.6
He, 6'-Hy), 3.64(d,J=5.5 He,6'-H,), 4.28(m,J=6.644.6¢4 Mz, 3'-H), 5.13(m,J=0.048.5¢8+7.5 Hz, 1'-H),

7.06(s, le). 8.11(s,2-H), 8.20(w,8-H).
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13C R (100 Mz, Mo,80-d ADC1,)2%: & 32.66 (08'), 40.10 (C2'), 48.36 (CA'), §2.84 (C1'), 62.49
(C5'), 72.00 (C3'), 118.85 (CS), 138.14 (C8), 148.68 (C4), 151.30 (C2), 164.90 (C8).

BIZ8 (direct inlet, 180°C), m/e (rel. intenaity): 249(20m", 232(5)M’-cH, 218(20)M°-OH,OH, 206(3),
202(5), 162(60), 136(100)B*+2H, 135(50)B*+H, 119(6), 108(40).

Formation of 18.

A mixture of 6 (3.49 g, 7.50 aM), NeHCO,, (4.18 g, 49.5 mM) and 90X =~CPBA (4.76 g, 24.8 sM) in 76 =L
of 012012 was stirred at room temperature for 30 min. The mixture was then washed with 20 =l of
sater, 1 M/L aq LiOH (4x15 wl, pH=13). The aq layer wms extracted with ether (2x30 al). The combined
organic phase was washed with brine (20 sl) and dried over m‘. After removal of the solvents, the

residue was further purified by DCPC (30 g SiO H:B=4:1). Chromatography affordsd 1.71 g (90%) of

2
pure 15. R (H:E<2:1):0.20.

4 R (100 Mz, cnc13)2‘: § 1.3-1.9(m,4"-Hy, 5'-H,, 6'-H,), 1.7(n,8-H,), 2.20(m,8-Hy, 2.4(m,8-H),
2.55(m,5-H), 3.55¢3.9¢4.51 (overlapped multiplets, 1'-H, 3'-H)), 3.9 (,9-H,). 3.46 (d,J=7.2 Hs, 4-
Hy)v 3.77 (dd,J=7.243 He, 4-Hp), 3.9(m,1-H), 4.31 (m,Je2¢140.8 He, 7-H).

3¢ R (26.16 Miz, cnc13)2': 5 19.41419.87(C5’), 25.48(C4"}, 30.65¢30.69 (C-6'), 38.61+38.67(C8),
43.39+443.59(CB), 48.80+449.07(C6), 62.14462.27(C1), 62.39+62.43(C3’), 64.73+64.87(C9), 70.99¢ 11.02
(C4), 76.98477.01(C7), 99.00(C1°).

156 'H MR (400 M, csns)“): 8 1.39 (m,J21443.542 He, 8-H,), 1.67(s,000), 1.72 (m,J=1448+140.5
Hz, B8-Hy), 1.78(m,Jz3+140.6 Hz, 5-H), 2.07 (m,J2946.2014141 He, 6-H), 2.8 (d,J27.2 He, 4-H,), 3.07
(m,J=8+3.5¢40.5 Hz, 1-H), 3.2 (dd,Jz7.203 He, 4-Hg), 3.98 (m,J=20140.6 Rz, 7-H), 4.07 (dd,J=11.646.2
Hz, 9-H,), 4.16 (dd,J=11.5¢9 Hz, 9-Hy).

3¢ g (100 e, coc1p?!:

8 20.86(0AC), 38.53(C8), 43.84(C5), 48.00(C8), 61.95(C9), 62.19(Cl),
70.72(C4), 76.92(C7), 170.86{0Ac).
Bl of ]18a (direct inlet, 120°C), m/e (rel. intensityX): 211(0.2)M*, 182(0.6), 169(2.3)n’-3,

122(2.1), 109(12), 43(100)04300’.

Formation of 17.

A solution of 16 (0.452 g, 2.00 mM) and 85X =-CPBA (0.812 g, 4.00 mM) in 200 ml of 012012 was kept
at ambient temperature for 30 min. Then 20 al of (112012 vas added and the solution was washed with
sat'd aq Nn)ma (10 mL, pH=9), 5% ag )628203 (10 mL) and dried over Fw‘. The solvent was removed
at atmospheric pressure (‘OOOC). Repeated purification by DCFC (15 g 8!02, H:B=15:1) gave 0.025 g
(5%) of volatile 17. Rf(H:R=10:l):0.20.

' oNR (400 iz, oDC1Zli 6 1.42 (44,0:10.541.5 He, 6-H,), 1.45-1.76 (m,1-H, ¢ B-H), 2.04
(m,J=10.642.2¢2 Hz, G-HB). 2.69(m,J=442.242 Hz, 5-H), 4.59 (m,J=241.5¢1.56 Hz, 7-H), 6.97 (s,4-H),
7.38 (dd,J=8¢7.5 Hz, 5'-H), 7.53 (m,J=7.5¢2¢1.5 He, 4°'-H), 7.91 (m,J=8¢1.5¢1.5 Hz, 6'-H), 8.01
(dd,J=2+41.5 He, 2°'-H).

139 N'R (25.16 Mz, ar13)2‘: & 22.80(C1), 29.75(C8), 34.17(C8), 41.34(C5), 78.46(C7), 100.38(C4),
127.87(08"), 129.654129.72(C2'+C5"), 132.0(C1’), 133.07(CA’'), 134.48(C3’).
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RIS (direct inlet, 100°C), m/e (rel. intensityX): 252 (2.2)M°, 156(3.5), 139(100), 113(38),
111(19), 97(80).

Acignow] edigement .
Thanks are due to Dr.J.Tamas for the mass spectra and Maes.P.Bartdk and B.Loffler for the excellent

technical assistance.

Baferences and Notes

1. Y.F.Shealy and J.D.Clayton J.Am.Chem.Soc. 1968, 88, 3886.

2. For a recent paper see e.g.: Y.F.Shealy, C.A.0’Dell, and G.Armett J.Med.Chem. 1887, 30, 1090.

3. J.A.Montgomery Acc.Chem.Res. 1986, 19, 293.

4. P.Herdewijn, J.Balzarini, B.De Clercq, and H.Vanderhaeghe J.Med.Chem. 1985, 28, 1385.

5. M.Bodenteich and H.Griengl Tetrshedron Lett. 1986, 27, 4291.

6. J.A.Secrist III, J.A.Montgomery, Y.F.Shealy, C.A.O’Dell, and S.J.Clayton J.Med.Chem. 1987, 30,
746.

7. K.Biggadike, A.D.Borthmick, A.M.Baall, B.B.Kirk, S.M.Roberts, and P.Youds J.Chem.Soc.,
Chem.Commun. 1987, 1083.

8. L.Otvde, J.Beres, Gy.8agi, 1.Tomoskozi and L.Gruber Tetrmhedron Lett, 1987, 28, 6381.

9. M.Bodenteich and H.Griengl Tetrshedron Lett. 1987, 28, 5311.

10. J.Beres, Qy.Sagi, I.Témoskozi, L.Gruber, E.Culacsi, and L.Otvos Tetrahedron Lett. 1988 (in
press).

11. I.Tomoskosi, L.Gruber, G.Kovacs, 1.8zekely, and V.Simonidesz Tetrahedron Lett. 1976, 4639.

12. J.J.Partridge, N.K.Chadha, and M.R.Uskokovic J.Am.Chem.Soc. 1973, 95, 7171.

13. M.B.C.Biffin, J.Miller, and D.B.Paul in Patai "The Chemistry of the Azido Growp”, pp. 57-119,

Interscience, New York, 1971.
14. R.C.Cambie, B.G.Lindsay, P.S.Rutledge, and P.D.Woodgate J.Chem.Soc., Chem.Commm. 1978, 919.
15. For similar reduction see: G.V.B.Madhavan and J.C.Martin J.Org.Chem. 1988, 51, 1287.
16. F.D.Bellamy and K.Ou Tetrahedron Lett. 1984, 25, 839.
17. W.R.Boon, W.G.M.Jones, and G.R.Ramage J.Chem.Soc. 1951, 96.
18. R.C.larock and D.R.Leach J.Org.Chem. 1984, 49, 2144.
19. 0.L.Bundy Tetrahedron Lett. 1975, 1957.
20. Org.Synth.Coll.Vol. 3, 482; R.Neu Ber. 1939, 72, 1605.
21. Atomic numbering refers to that of (¢)-1 in Scheme 1.
22. L.M.Harwood Aldrichimica Acta 1985, 18, 25.
23. Atomic mmbering follows the systematic nomenclature of (+¢)-13.
24. D.J.Brown J.Appl.Chem. 1954, 4, 72.
26. Atomic mumbering correspornds to that of the natural mucleosides.



