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(gtive? Such routes could be adapted to access phosphonic

Abstract: An efficient and flexible synthesis of cyclopentane and, . - S -
hydroxylated cyclopentane phosphonic acid analogues is describ S!ds’ however, we wished to maximise the flexibility of

The key step involves the opening of an epoxide with either a n@Ur route, and chose to synthesise all targets via the readi-
cleoside base or a selenyl anion to access the target molecules.ly prepared epoxy-alcohdl. In this strategy, nucleoside

Key words: phosphonic acids, ribose analogues, nucleosideg,ases can be added to theso—transrepoxy—phosphonyl—
epoxide methyl cyclopentanes to generate directly "@leoxy-

carbocyclic nucleoside§. Conversely, thecis-epoxy-
phosphonylmethyl cyclopentarecould be converted to
allyl species onto which bases could be appended using
st-allylation chemistry, providing access to a range of
l%@pselo, arabinosdl, cyclopentan® and cyclopentene
analogues. This article describes how this strategy was
out into practice.

Chemotherapies based on the administration of analog
of nucleosides and deoxynucleosidelsave proved suc-
cessful against a range of cancers and viral infections s
as HIV, cytomegalovirus, and herpes vitus.each case,
intracellular processing of the nucleoside to its tripho
phate2 generates the active form of the nucleosidais
phosphorylation sequence is often stepwise, and pi A
formed by more than one cellular kinase, and the initi
formation of the nucleoside monophosphate is often tl

most difficult step in the sequence. Strategies to facilita ~ *
or bypass this first phosphorylation step have included tl
use of prodrugs of the pre-formed monophosphBRteos-
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logues of the monophosphate which in some cases ¢ ©r
still undergo phosphorylation and generate effective min % 6 4

ics of a nucleoside triphosphate (Figuré 1). O:R@Q”Base

o o o O:F’ZO\HQ/BaSe Mo ou
O Base i 1] 1] ) S 11
O. Base OH, & ™
s P P P Base 0= fo  OH
loghegihegl Pon
NN O ey w S
OH
3

] 10

1 2 Scheme 1 An epoxide-opening strategy to access cyclopengene
clopentane, hydroxycyclopentang, cis-dihydroxycyclopentane
andtrans-dihydroxycyclopentan&l phosphonic acid nucleoside

mimics.

. . . . c
Figure 1 Nucleosides, nucleoside triphosphates, and carbocycli%
phosphonic acid nucleoside mimics.

We have been investigating synthetic procedures whigh, . trans-epoxy-alcohol 48 was synthesised in six
would allow us to access a range of phosphonic acid araightforward steps (Scheme 2) from dimethyl mal-
logues of carbocyclic nucleosideslerein, we wish tore- o516 by a sequence of allylation, R€Maponification,
port a flexible synthesis of hydroxy, dihydroxy andeqyction, alcohol silyl-protection andteans-selective

dideoxy versions using an efficient epoxide-opening strgly, yidatior? The latter process afforded a 3:1 mixture of
egy outlined in Sch_eme_l. Carpocyclic ribose analogugsns cis epoxides from which therans-isomer was iso-
have been synthesised in a variety of ways, usually stafeq in 409 yield following silica gel column chromatog-
ing with ribose itself or a substituted cyclopentane derl\faphy_ Compounda was converted to the corresponding
iodide!® and then to the diisopropyl phosphonate ester in a
SYNLETT 2005, No. 5, pp 0765-0768 standard Arbuzov reaction. We have found throughout
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phosphonate esters. Reaction of this epoxide with aden’ o PhSe OAc
and CsCO; gave a 41% yield of the racemic carbocyclic A O be \
nucleoside mimic. The epoxide-opening reaction di — ; -

prove to be quite sluggish and required extended reacti OH ~oH E\OTBDMS
times in hot DMF to give the desired alcohol product 16 b 20
Standard TMSBr-mediated deprotection of the phosph

nate ester provided the corresponding phosphonic at

19'5 in 40% vyield. \d e

OAc

. \\g<\/ b Q (/\(o @ OAc

Me0,C” ~CO,Me NH Y o @
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S ? 4 @ Scheme 3 a. VO(acac) TBHP, CHCL,, 48 h, r.t., 89%:; b. T8
DMSCI, imidazole, CHCI,, 2 h, r.t., 100%; c. (PhSg)NaBH,,

cozMe EtOH, 1 h, 0 °C to r.t.,, then 1 h, reflux, then 8¢ EtN, DMAP,

16 15 CH.Cl,, 16 h, 0 °C to r.t.,, 100%; d.,B,, Hinigs base, 1-butaho

CH,Cl,, 1 h, 50 °C, 79%; e. TBAF, THF, 1 h, r.t., 40%; f. TSCINGt

g.h DMAP, 48 h, 0 °C, 98%; g and h. Nal, butanone, 5 h, refluxy the
P(Oi-Pr);, 65 h, 120 °C, 36%; i. uracil, Pd(PPhTHF, DMSO, LiH
0] N NH, 0.5 h, 50 °C, 47%; j. TMSBr, MeCN, 16 h, r.t., 54%.

N
}*,P\ O:Rfa‘@/ N=/ Phosphonate est24 could be simply hydrogenated under
/Q “OH Pd catalysis and deprotected to give the analogous cyclo-
19 pentane25 (Scheme 4). Phosphonate e@¢malso served
Scheme?2 a. NaOMe, allyl bromide, MeOH, 3 h, 0 °C to r.t., 87%;8.‘S an ideal mater.ial to.intmduca:i&.dihydroxyl func-
b. Grubbs' catalyst, Ci€l,, 72 h, reflux, 93%: c. LiCl, DMSO, 150 tionality through simpleis-hydroxylation. Wher24 was
°C, 3 h, 78%; d. LIAIH, THF, 1 h, 0 °C to r.t., 72%; e. TBDMSCI, treated with Os@and NMO in a mixture of acetone and
imidazole, DMF, 16 h, r.t., 96%; f. MCPBA, GEl,, 1 h,0 °C to r.t., water, two major products were formed. When these were
97%; g and h. TBAF, THF, 1 h, r.t., then silica gel chromatographysolated by silica gel chromatography, we were surprised
ggz/ﬁ’_(fo{\lt;?”ﬁ;’r'giz? gzs%li'\‘b?yﬁf ' Pig)?% 01r61 hl 2% (é to discover that both theis- (27) and trans-dihydroxy
580/2; JI'. adenine, Qso'g, DMF, KrS/ptoin>2, 9 d, 120 °C, 41%; m. (.30) lgycloperjtane_s had_fofm‘?d in the osmylgtlon reac-
TMSBr, MeCN, 16 h, r.t., 40%. tion.** We rationalised this finding through the intermedi-
ate cyclic osmat@6 undergoing competitive hydrolysis
water to give theis isomer27 (path x), or being cap-
ed by the phosphonyl group through an intermediate
such a9, followed by hydrolysis (path y) leading to the
trans-isomer30. Deprotection of each isomer separately
gave the final phosphonic acids. Ttisto trans ratio of
the osmylation step always favoured thens-isomer by
an approximately 3:1 ratio. It was found that during the
TVisBr-mediated deprotection step, the separeitedi-
hydroxy phosphonat27 underwent further’asomerisa-
Hydrogen peroxide-mediated selenide oxidation angbn to give a 2:1 ratio of diol phosphonic acids in favour
elimination provided the allyl aceta®i'® in excellent of thetrans-isomer. This latter isomerisation presumably
yield. Deprotection of the silyl ether and conversion of theroceeds by activation of th&@H by either a proton or
resulting alcohol to its phosphonate estewas carried TMS, followed by {2 displacement by the phosphonate
out according to the sequence described above. The alyter, similar to path y described in Scheré 4.
acetate was activated willetrakis-riphenylohosphine Above is described a flexible synthesis of a range of cy-

gﬁ!;?g;g?wﬁﬁ%rggr %Sigltr'ggﬁéﬂ iaagasdi:]ugr;; ?ggigii z_clopentane phosphonic acid analogues, all based on an ep-
' oxide ring-opening strategy. Application of this chemistry

vrcﬁénodfeartgtf;féeuor:szr:]:tgz?jlg dpﬁ\rﬂesgrr%ﬁ%%?ﬁg ato further examples of racemic nucleoside mimics, and
P 9 ¥§ymmetric versions thereof, will be reported in due

the cyclopentene phosphonic a2l course.

Several other carbocyclic phosphonic acids were synth?g?fr
sised according to Scheme 3 and Scheme 4.cikhep-
oxy-alcohol 4b was produced exclusively from the
hydroxymethyl cyclopentenel6 using vanadyl(acac)
promoted epoxidatidh and then reacted with NaSePh
generated in situ with diphenyldiselenide and NaBH
and the intermediate seleno-alcohol protected as its a
tate ester.
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Scheme4 a. H, (1 atm.), Pd/C (20%), EtOH, 18 h, r.t., 100%; b. TMSBr, MeCN, 16 h, r.t., 20% for com@buha% for compoun@®l,
29% for compoun@8; c. OsQ, NMO, acetone, kD, 16 h, 50 °C, 66% overall (22% 27, 44% 0f30).
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(13) Assumed to be the diastereoisomer shown by direct analogy
to literature reports for suetrallyl Pd-mediated base
attachments.

(14) Assignment of facial selectivity for the initial osmylation,
andcis- andtrans-diols was made by proton NMR methods
(Figure 2), by firstly rigorously assigning each proton using
COSY, followed by NOE experiments (vide infra).

Figure2 NOE assignments for thoes-diol 27 and therans-diol 30.

(15) Experimental Procedure, Preparation of 19.
To a solution of 6-amino-purine (1 g, 7.4 mmolNyN-
dimethylformamide (160 mL) was added,C®; (4.82 g,
14.8 mmol, 2 equiv), Kryptofix 2.2.2 (279 mg, 0.74 mmol,
0.1 equiv) andia (4.27 g, 16.3 mmol, 2.2 equiv). The
reaction mixture was stirred under argon at 120 °C for 4 d.
After this time, HPLC analysis indicated that the reaction
was 20% complete, therefore a further 1.94 g (1 edlaiv)
were added and stirring continued at 120 °C for a further 5
d. The reaction mixture was then cooled, concentrated in
vacuo purified by flash chromatography (silica, 5-20%
MeOH in CHCI,) to give 1.2 g (41%) of the phosphonate
ester as a yellow solid; mp 157-159 *8.NMR (CD,OD):
§=1.31(d, 12 H), 1.90-2.20 (m, 5 H), 2.60-2.80 (m, 2 H),
4.65 (m, 2 H), 8.16 (2 s, 2 H); LRMS (ES): m/z (rel.
int.) = 398.24 [M + H}. Chemical purity by HPLC, Synergy
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(16)

Hydro RP18 4.6« 150 mm, 0—40% MeCN over 20 min then
held for 5 min, aq phase 20 mM Ng#D,, pH 2, 93.7% (260
nm). Bromotrimethylsilane (4.9 mL, 3.7 mmol, 3.3 equiv)
was added to a portion of this ester (450 mg, 1.13 mmol) in
MeCN (10 mL) and then stirred overnight at r.t. The reaction
mixture was concentrated in vacuo, added 40 K10 mL)

and adjusted to pH 4.5 with 1 M NaOH solution. After
removing the solvent in vacuo the residue was addegQo H
(3 mL). Then, 5 drops of TFA were added and the resultant
solution purified by preparative HPLC. Freeze drying gave
260 mg (74%) ol9 as a white soliddH NMR (18% DCl in
D,0): 8 =0.15-0.40 (m, 5 H), 0.75-0.90 (m, 2 H), 2.90 (m,
1H),3.25(m, 1H),6.85(s,1H),7.85(s, LR)=0.6
(2:1:1:1:1 toluene—acetone—BuOH,H+-HOAC). LRMS

(ES"): m/z(rel. int.) = 314.10 [M + H]. Chemical purity by
HPLC, Synergy Hydro RP18 4:6150 mm, 0-20% MeCN
over 20 min then held for 5 min, aq phase 20 mM }eadj,

pH 7, 96.97% (261 nm).

Experimental Procedure, Preparation of 21.

To a stirred solution of diphenyl diselenide (180 g, 0.58 mol,
1 equiv) in EtOH (8 L) at 0 °C was slowly added in small
portions NaBH over 70 min. Compoundb (262 g, 1.15

mol, 2 equiv) was then added dropwise to the reaction
mixture over 15min and the solution was allowed to warm to
r.t. The reaction mixture was subsequently heated at reflux
for 1 h, air was blown over the cooled solution, and the
solvent was removed in vacuo. The residue was dissolved in
CH,Cl, (2 L), the organic fraction was washed witfCH

(2% 300 mL) and brine (300 mL), dried over Mgs@nd

the solvent was removed in vacuo. The crude hydroxy-
selenide (39 g, 88.7 mmol, 1 equiv) was subsequently
dissolved in CHCI, (400 mL) and EN (12.7 mL, 90.9

mmol, 1 equiv) and 4-(dimethylamino)pyridine (4 mg, 0.033
mmol) were added. The reaction mixture was then cooled to
0 °C and acetic anhydride (8.5 mL, 90.1 mmol, 1 equiv) was
added dropwise over 15 min. The reaction mixture was then
stirred at r.t. overnight. Then, GEl, (1 L) and HO (1 L)

were added, the organic layer was separated, washed with
H,O and brine, and the solvent was removed in vacuo to give
crude20 (450 g, 100%) as an otk NMR (CDCL): = 0.02

(s, 6 H),0.87 (s, 9 H), 1.43 (m, 1 H), 1.83 (m, 1 H), 1.92 (s,
3 H), 2.02 (m, 1 H), 2.26-2.39 (m, 2 H), 3.51 (d, 2 H), 3.64
(m, 1 H), 5.11 (m, 1 H), 7.22-7.29 (m, 3 H), 7.51-7.62 (m,
2 H). A portion of crud&0 (20 g, 48.2 mmol, 1 equiv) was
taken up and stirred in GBI, (150 mL) at 0 °C and to this
was added 35% aq,8, (50 mL) and\,N-diisopropyl-
ethylamine (18.5 mL, 106 mmol, 2.2 equiv). After stirring
for 15 min, 1-BuOH (75 mL) was added and the reaction
mixture was heated at 50 °C for 40 min. The reaction
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mixture was then allowed to cool to r.t. and 1 M citric acid
(200 mL) was added. The organic layer was washed with sat.
NaHCG; (200 mL) and brine (200 mL), and was then
concentrated in vacuo. The residue was dissolved in hexane
(500 mL) and washed with,® (2x 500 mL). The organic
phase was filtered and concentrated under vacuum t@hive
(10 g, 79%) as a brown otk NMR (CDCL): 6 = 0.06 (s, 6

H), 0.85 (s, 9 H), 1.49 (dt, 1 H), 2.02 (s, 3 H), 2.39 (dt, 1 H),
2.80 (m, 1 H), 3.52 (d, 2 H), 5.62 (m, 1 H), 5.84 (m, 1 H),
6.02 (m, 1 H).

Experimental Procedure, Preparation of 31.

The cyclopenteng4 (1.63 g, 4.60 mmol) was dissolved in
acetone (5 mL) and to this NMO (539 mg, 9.2 mmol) was
added followed by 1% Os@n H,O (2.5 mL). This mixture
was heated at 50 °C overnight. More NMO (50 mg, 0.85
mmol) was added and stirred for a further 2 h at 50 °C. The
solution was then concentrated by evaporation and purified
by flash chromatography (85:15 @H,—~MeOH) to give27

(220 mg, 0.56 mmol, 12%) arsd (530 mg, 1.36 mmol,
29%). Analytical data fo27: R, = 0.3 (10% MeOH in

CH,CL,). 'H NMR (CD;0OD): 6 = 1.30 (d, 12 H), 1.70 (m, 1
H), 1.90 (m, 1 H), 2.15 (m, 2 H), 2.30 (m, 1 H), 4.05 (t, 1 H),
4.20 (dd, 1 H), 4.65 (m, 2 H), 5.10 (m, 1 H), 5.65 (d, 1 H),
7.90 (d, 1 H). Analytical data f@0: R = 0.2 (10% MeOH

in CH,Cl,). *H NMR (CD;0OD): § = 1.30 (d, 12 H), 1.60 (m,
1H),1.80 (m, 1 H), 2.15 (m, 2 H), 2.35 (m, 1 H), 3.80 (t, 1
H), 4.20 (t, 1 H), 4.45 (m, 1 H), 4.65 (m, 2 H), 5.65 (d, 1 H),
7.60 (d, 1 H). Trimethylsilyloromide (1.8 mL, 13.6 mmol)
was added to a stirred solution38f(530 mg, 1.36 mmol) in
MeCN (20 mL) under an atmosphere of nitrogen, the
reaction mixture was stirred overnight at r.t. The reaction
was not complete and therefore more trimethylsilyloromide
(2 mL) was added. This mixture was left at r.t. for a further
2 d. The solvent was then removed under vacuum. Then,
H,O (10 mL) was added to the reaction mixture, which was
basified with 1 M ag NaOH and subsequently acidified with
TFA. The solvent was removed under reduced pressure and
H,O (10 mL) was added. The crude product was purified by
HPLC (0.1% TFA in HO 10 min, then 10% MeCN,

Atlantis) and freeze dried to gi (245 mg, 0.80 mmol,
59%).R = 0.30 (1:1:1:1:1 toluene—acetone—butan-1-ol—
H,O-HOAC).'H NMR (D,0): § = 1.30-1.60 (m, 2 H), 1.70-
2.00 (m, 2 H), 2.15 (m, 1 H), 3.80 (m, 1 H), 4.00 (dd, 1 H),
4.90 (q, 1 H), 5.50 (d, 1 H), 7.80 (d, 1 H), 11.10 (s, 1 H).
LRMS (ES): m/z (rel. int.) = 307.12 [M + H}. Chemical
purity by HPLC, Synergy Hydro 46150 mm, 1.0 mL/min,

0- 40% MeCN over 20 min then to 70% over 5 min, held at
70% for 5 min, aq phase 20 mM Ng#D,, pH 2.5, 97.82%
(270 nm).
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