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ABSTRACT
BnO _— Reformatskii-Claisen, H
RCM and Pd-AA R B R T
CIF . O > F@ ' F
10 O 1B=U; 3
2B=T.

3',3'-Difluoro-2 '-hydroxymethyl-4 ',5'-unsaturated carbocyclic nucleosides 1
can be conveniently prepared from 2,3-isopropylidene-  p-glyceraldehyde 7

-3 have been stereoselectively synthesized from ester 10, which
in five steps. The whole synthesis highlighted the stereoselective

Reformatskii —Claisen rearrangement, ring-closing metathesis (RCM), and palladium-catalyzed allylic alkylation, in which the regioselectivity

was reversed from that of nonfluorinated substrates.

Carbocyclic nucleosides (CNAs) have received considerable

abacavif and entecarvir(Figure 1); all of them are already

attention because they possess greater metabolic stabilityin clinical use. Now modifications to some bioactive CNAs

toward the nucleoside phosphorylases and higher lipophi-
licity, two properties that are potentially beneficial in terms
of increased in vivo half-life, oral efficiency, and cell-wall
penetratiort. In the past two decades, a large number of
CNAs have been synthesized and biologically evaluated.
The best known CNAs are the anti-HI\-}-carbovir?
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Figure 1. Some highly bioactive CNAs and rational design 683
difluoro-4',5'-unsaturated OTCk-3.

represent an important active area in search for compounds

with improved biological property. Based on CNAs skel-
etons, 1,2-disubstituted carbocyclic nucleosides (OTCs),
recently attracted more and more attenti@specially after

De Clercq et al. found that some OTCs showed moderate to

good activity against murine leukemia cells L1210/0, human
T-lymphocyte cells Molt4/C8, and CEM/0 via topological
substructural approach to molecular design (TOSS-MCDE).
On the other hand, it is well-known that the introduction of
fluorine atom(s), especiallgem-difluoromethylene (G

fluorination of carbonyl groups with DAST, which has been
limited to wide use not only for its frequently low yield but
also for its invalidity to stereo-hindered cyclopentones. To
break through this limitation and continue our ongoing efforts
to develop new antiviral and anticancer agents, we would
like to explore an efficient synthetic route to optically pure
gem-difluorinated CNAs utilizing commercially available
fluorinated building blocks. Herein we describe the stereo-
selective synthesis of 3'-difluoro-4',5'-unsaturated OTCs
1-3.

Our retrosynthetic analysis of target moleculés-2
highlighted three key steps, as outlined in Scheme 1.

Scheme 1. Retrosynthetic Analysis of—2
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group, into an organic compound can bring about remarkable  As for regio- and stereoselective installation of the base

changes in the physical, chemical, and biological propetties.
However, to the best of our knowledge, only a fgem-
difluorinated CNAs have been develop@dwhich was
attributed to the limitation of fluorination methdéin the
reported syntheses gém-difluorinated CNAs, all thgem-
difluoromethylene groups (GJFwere introduced via direct
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moiety of carbocyclic nucleosides, one of the most conve-
nient methods was palladium-catalyzed allylic substitutfon.
Konno and Okano have reported that the nucleophile would
attack at the carbon remote from the electro-withdrawing
fluoroalkyl groups!® so compoundlL—2 may be prepared
from allylic carbonatel through palladium-catalyzed allylic
alkylation. The special backbone dfcould be built from
diene 5 via ring-closing metathesis (RCM), which was
considered as a potential tool to build five-membered
carbasugat* Compounds could be derived from chlorodi-
fluoroacetic este6 through silicon-induced Reformatskii—
Claisen rearrangement. According to Lewis’s repdthe
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chiral auxiliary of 6 may induce the rearrangement and
resulted in the desired product. The target mole8uteuld
also be prepared by the same synthetic route.

The requiredgem-difluorinated ester was synthesized in
a straightforward manner (Scheme 2). Aldehydewas

Scheme 2
WLO

1) (Et0),POCH,CO,E, OBn
NaH, THF;
O\)\fo 2) ACOHM,O; B”O\/'\/\ CO.Et
3) AgzO, BnBr, CH,Cl, 2
7 1 64% (3 steps) 8

DIBALH,CH,Ch, g o o CICF,CO,H, CHCl,
-78°C, 99%. = 90 °C, 87%.
OH
9
OBn 1) Zn, TMSCI, OBn_
BnO = MeCN, 105°C;  BnO. N OEt
2) EtOH, H,80,,
CIF,C._0 2 EOR FzS0s J 6
16 © 72% (2 steps) 11 (syn :anti = 3:1)

subjected to WadsworttEmmons condensation with ethyl

Scheme 3
Bn® r HN(Me)OMe- HC, Bn® o |
BnO OEt nBuLi, THF, -78°Cc.  BnO N\o/
~ 0 R'R o
11 12 R' = CH=CH,, R%2=H (65%)
13 R' = H, R?= CH=CH, (22%)
BnO EE
1) allylmagnesium chloride, BnQ 2 NaBH,, CeCls* 7H,O,
THF,-78°C; B MeOH, 0°C
2 R'R? o
) EtsN, THF.
14 R' = CH=CH,, R?®=H (94%)
15 R' = H, R? = CH=CH, (90%)
BnQ R _F &3
° Bno\)\é"}?“
BnQ é‘
BRO R F e GrubbsCata[())/St n, S 18 R¥=OH, R = H (42%)
~ toluene, 100 °C 19 RP=H,R* = OH (42%)
R'R? oH

16 R' = CH=CH,, R*=H BnQ R_F .
17 R' = H, R?= CH=CH, \), R
BnO: "/R6
20 R°=OH, R® =H (44%)
21RO =H, R® = OH (44%)

the carbonyl group into hydroxyl group should alleviate the
electron-deficient status. Thus, reduction of the ketdives
and15 with NaBH,/CeCk provided the alcohol$6 and17,

diethylphosphonoacetate to provide the corresponding esterrespectively. As expected, subjecting of the alcoiéand

of which the protecting group was changed to give e8ter
Reduction of the esté&with DIBAL-H gave the allyl alcohol
9 in good yield. Upon treatment 09 with the excess
chlorodifluoroacetic acid in refluxing CHglthe esterifica-
tion took place to deliver the chlorodifluoroacetic esiér
in 87% yield. Then, estet0 underwent a silicon-induced
Reformatskii—Claisen reactiofi. A mixture of esterl0,
chlorotrimethylsilane and freshly activated zinc dust was
heated in dry acetonitrile at 10% for 24 h. The resulting
crude product was further esterified with ethanol catalyzed
by H,SO, to give our desiregem-difluorinated estdrl (syn/
anti = 3:1, determined by°F NMR) in 72% yield.

After the access to the optically active estet was
accomplished, the ring-closing metathesis (RCM) reaction

BnQ RF DMAP, CH,Cly:
BnOJ\é;OH 2) BClg, CH,Cly, -40 °C;
was implemented to establish the cyclopentene ring (Scheme 3) DCC, p-NO,PhCOH,

3). Esterll was converted to the Weinreb amid&2 and
13 by treatment with HN(Me)OMeHClI/n-BuLi in 87%
yield. Gratifyingly, diastereoisomer$2 and 13 could be

readily separated by flash chromatography. Subjecting the

isomers12 and 13 to 2 equiv allylmagnesium chloride at
—78 °C in THF followed by EfN-mediated double bond
migration gave thet,5-unsaturated ketoried (94%) andl5
(90%), respectively. When the diethé was treated with the
Grubbs Il catalyst (5 mol %) in toluene at 10C, 40%
starting material was recovered. In our opinion, the low
conversion of the RCM reaction of compoubdiwas mainly
ascribed to the strong electron-withdrawing effecigein-
difluoromethylene group and carbonyl group. Reduction of

(16) (a) Yang, Y. Y.; Meng, W. D.; Qing, F. lOrg. Lett.2004 6, 4257.
(b) Greuter, H.; Lang, R. W.; Romann, A. Tetrahedron Lett1988,29,
3291.
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17 to RCM reaction using 2.5 mol % Grubbs Il catalyst
smoothly caused the complete conversion of the starting
materials, and the cyclic alcohol8—19and20—21were
provided, respectively. The diastereocisom&3saand19, 20
and21 were readily separated by column chromatography.

To determine the configuration of compourids-19 and
12—-13, the alcohol8, at this stage, was converted to the
ester22 in 56% vyield over three steps (Scheme 4).

Scheme 4
RO R F
RO\)\@,OR

1) DCC, p-NO,PhCOH,
22 ( R= p-NOgCGH4CO)

DMAP, CH,Cl,

18 56% (3 steps)

The structure of compoun@?2 was then confirmed by
X-ray crystal analysis (see Supporting Information). Fur-
thermore, on the basis of the X-ray structure of compound
22, the configuration of compoundd and 21 was estab-
lished by COSY and NOESY experiments (Figure 2). The
obvious correlations between H1 and H3 was observed in
NOESY of compoun@1, whereas there was no considerable
correlation between H1 and H3 in NOESY of compound
20.

With the chiral difluorinated cyclic alcohols in hand, we
embarked on installation of base moieties into them (Scheme
5). The intermediat&8 was treated with methyl chlorofor-
mate in the presence of pyridine to give the corresponding
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Scheme 5
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7]/NBZ

87% (2 steps)

2) NaBH4 0°C.
74% (2 steps)

% .

?]/NH

28

the allylic carbonate, which reacted with suitably protected ©€nzoyl groups and benzyl groups in compoud8and24
nucleobases 3-benzoyl uracil and 3-benzoyl thymine in the afforded diols25 and 26, which were directly converted to

BnO R _F BnO FK_F
Bno\)"‘/éfOH BnO\)I"/'é‘\“OH
Hs Hy H3 Hq
\/ U
N
20 21

Figure 2. NOESY correlations of compound®® and21.

presence of catalytic amount of Pd(RRat 60°C in THF.

the target molecules and2 by oxidation with NalQ and
subsequent reduction with NaBHThe structure of com-
pound2 was confirmed by X-ray crystal analysis.

In addition, utilizing the identical reaction conditions as
described for2, the nucleoside analogu®was prepared
starting from the alcoha21. TheH NMR, °*F NMR and
13C NMR spectra of produc8 were identical to those of
compound2, and the optical rotation of compourddwas
opposite to that of compourzl Therefore compoun8was
demonstrated as the enantiomer of compo2ndhe stere-
ochemistry of compoun@ and21 were further confirmed.

In conclusion, we have completed the synthesis'(§'3
difluoro-4,5-unsaturated OTCk—3. The key steps included
the Reformatskit-Claisen rearrangement, ring-closing me-

Just as we predicted in the retrosynthetic analysis, thetathesis (RCM), and palladium-catalyzed allylic substitution.

regioselectivity of these Pd-catalyzed allylic substitution was

very high and only-substituted compound3 and24 were

obtained in good yields, respectively. The outcome of the

exclusive regioselectivity was totally different from those
of nonfluorinated substraté$The structures of compounds
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