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Syntheses of cyclopentyl nucleoside (-)-neplanocin A through

tetr azole-fragmentation from cyanophosphates

Hiroki Yoneyama, Kenji Uemura, Yoshihide Usami, i8la Harusawa*

Osaka University of Pharmaceutical Sciences, 4-Radahara, Osaka 569-1094, Japan

ABSTACT

We recently reported a novel synthetic method fee-membered unsaturated cyclic
compounds from ketones involving cyanophosphat®s)@nder neutral conditions, in
which alkylidene carbenes generated through tewdragmentation undergo
[1,5]-CH insertions to produce the target compounds. Thegnt paper describes the
use of the tetrazole-fragmentation from CPs fordfiieient and practical syntheses of
()-neplanocin Aand a protected tetrol, the latter of whishanimportant synthetic
precursorof both €)-neplanocin A and its analogues. Furthermore, &ion of an
unusual dihydropyran derivative was observed duttiegsynthetic study of thetrol.
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(-)-Neplanocin A (NPAZ) is a naturally occurring carbocyclic nucleositattwas first
isolated from the culture filtrate of the soil fursyAmpullariella regularis in 1981*
NPA and other natural analogues have received gteattion owing to their interesting
biological properties, such as their potent ardgivand antitumor properties (Fig. 4).
()-NPA, one of the most poterfadenosylhomocysteine hydrolase inhibitors, has
broad-spectrum antiviral activifyHowever, NPA itself is apparently cytotoxic to hos
cell** and is also rapidly deaminated by adenosine demminto a
chemotherapeutically inactive inosine congenesich may account for its reduced
therapeutic potency. Therefore, the chemical swshand structural modification of
NPA have been investigated extensivEfy,and several total syntheses have been
achieved. In these approaches, the key steps \a#aglipm-catalyzed rearrangement of
the acetate moiefy,the construction of a carbocyclic ring throughramtolecular
HornerWadsworthEmmons or Wittig reactiorfsan intramolecular aldol reactidror a
ring-closing metathesis reaction using Grubbs ysigt’ Other approaches for the
preparation of 1 have included a palladium-catalyzed desymmetonatiof
cyclopentenes with 6-chloropurift,chemoenzymatic desymmetrization of bicyclic
Diels-Alder adducts? intramolecular nitrone cycloadditidfi, zirconocene-mediated
ring constractiort? and an intramolecular Baylis-Hillman reactiGn.
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Figure 1. (-)-Neplanocin A 1) and important synthetic precursta for neplanocin
derivatives.

Protected cyclopentenyl tetrdlhas been widely used as a synthetic precursocomgt

for (-)-1, but also its analogu&s” The shortest method thus far was reported by Ohira
and co-workers, who synthesized ej-1from 2a [PG = triphenylmethyl (Tr)] by
employing a CH insertion reaction of alkylidene-carbei¢Scheme 4A)*°. With this
method, ketone 3 derived from D-ribose is reacted with lithium



trimethylsilyldiazomethane [TMSC(Li)N,'" affording cyclopentene derivativea in
55-65% yield (5a/5p = 1:2.7)."* Removal of the tert-butyldimethylsilyl (TBDMS)
group of 5af with tetrabutylammonium fluoride (TBAF) furnishgurotected tetrol
203 (69%). Subsequent  pyridinium dichromate (PDC) oxidation 0%3 of
2a followed by lithium aluminum hydride (LAH) reductio(87%) provided desired
tetrol 2a as a single stereoisomer. Then, Mitsunobu readfdu with adenine using
the Nokami proceduf&followed by deprotection of the hydroxy groupsoadfed ¢)-1.

On the basis of the Ohira method, Liao and co-warkdso described the syntheses of
2'-B-C-methyl-neplanocin derivatives.

Alternatively, Matsuda and co-workers employed ket6 derived from adenosine
for the G-H insertion reaction of alkylidene-carbeieusing TMSC(Li)N (Scheme
1-B).?° Reaction of ketoné with TMSC(Li)N, afforded a 1:4 epimeric mixtur8dp)
of 8a and 8B at the 1'-position in only 21% yieldGenerated carbené has two
conformers,7A and 7B. Steric repulsion between the isopropylidene addnime
groups in conformei7A could lead preferentially to the adoption of canfer 7B,
which would afford desire@-diastereome8p (Scheme B). However, desired isomer
8B was unfortunately not isolated from epimeric migt8af3, presumably owing to the
difficulty of separation through column chromatqamg on silica gel. As a result, this
second synthetic study employing aHCinsertion reaction of an alkylidene-carbene
could not be accesséd.

a-Cyanophosphates (CPs) have been widely utilizedyaghetic intermediates in
organic synthesi§- In continuation of our program on the utilizatioh the CPs, we
recently reported a novel synthetic method for -fivtembered unsaturated cyclic
compounds from ketones based on the reactions & Wikh trimethylsilylazide
(TMSNj3) in the presence of BBnO as a catalyst, as shown in Schenig I8. this
two-step transformation, CR9 may form tetrazolylphosphatés, which subsequently
undergo successive fragmentation to generate dédi carbene$3,*® which undergo
[1,5]-C-H insertions to produce five-membered cyclic commu®d4.>? The scope of
these reactions that occur under neutral condittansgd be extended towards a variety
of cyclopentenes and heterocyclic products thatrmteusually accessible from the
corresponding carbonyl compounds through the TM§8¢procedure, which requires
basic conditions!??In addition, Postel and co-workers have reportedpiteparation of
cyclopentene derivatives as the intermediates Herstyntheses of NPA stereoisomers
from D-mannose using similar [1,5]-8 insertions of alkylidene carbenes generated
from a-cyanomesylate%'
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Scheme 1. (A) Synthesis ofneplanocin A 1) from synthetic precursa2a using the
Ohira method, (B) Synthesis of epimeric mixti@ef at the 1’-position using the
Matsuda method
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Scheme 2. Synthesis of five-membered unsaturated cyclic camgde14 from ketones
9 through CP40.

On the basis of these reports, to demonstrate yhthetic utility of the alkylidene
carbenes generated under neutral condition from (CPsmethodf? we attempted to
apply the CP method to ketoneés and 6 employed by Ohira and Matsuda,
respectively®?° Herein, we report the efficient and practical sgses of protected
tetrol 2a and )-1 using CPs16 and 21, respectively, in which the intramolecular
[1,5]-C-H insertion reactions of the alkylidene carbenesnegsted via
tetrazole-fragmentation were the key synthetic sfmmations. Furthermore, in the
synthesis of tetroPa, formation of an unusual dihydropyran derivativéwas newly
observed?

1. Synthesisof (-)-neplanocin A from CP 16

Ketone3, which was prepared via triphenylmethyl (Tr) eth&? from D-ribose in five
steps (71% overall yieldf,was subjected to the CP method, as illustratestireme 3.
Reaction of ketone8 with diethyl phosphorocyanidate (DEPC, 3.0 eqffivih the
presence of LICN (3.0 equiv.) easily afforded T8in 95% vyield’’ Reaction of CAL6
with TMSN;3 (3.0 equiv.) in the presence of BmO (0.3 equiv.) in refluxing toluene for
24 h afforded an inseparable mixture of epimericagentenesap,”* which was the
result of the CH insertion reaction of alkylidene-carbedg along with unexpected
compoundl?. The ratio ofsaf to 17 was 3:1 according ttH-NMR (TLC on silica gel:
R = 0.7, 20% EtOAc in hexaneRpfter the mixture was subsequently treated with
TBAF to remove the TBDMS group, deprotected cyctapres2af (2a/2f3 = 1/3) and



compoundl?7 were separated using column chromatography oragyjé and obtained
in 65% and 20% yields, respectively, from 03 Compoundl7 was determined to be a
dihydropyran derivative and the stereochemical gassent was concluded using
NOESY analysis, as illustrated in FigureA2 The unexpected formation d7 may
have been due to [1,6]-6i bond insertion of the carbeda or 1,2-TBDMS shift of
ylide 4b (Figure 2B),?®® as opposed to common [1,51%) insertions that generate
dihydrofuran derivative&>2®

Ohira and co-workers reported only the formatiob@B in the reaction of ketong
with TMSC(Li)N, and did not mention the production of dihydropyt&nas shown in
Scheme 4A™ The unusually broad yield range {65%) of5ap reported by Ohira may
be a combined yield daf3 and17 owing to the difficulty of their separation. Indge
when we attempted to reproduce Ohira’s result frea®f ketone3 with TMSC(Li)N,

(3 equiv) in THF for 1 h at 6C],'® an inseparable mixture 6&p (5a /5B = 1/3) and
17 was produced in 61% combined yield (see experiatsettion).

Transformation oRaf into desired cyclopenten@t using Dess-Martin periodinane
(DMP) oxidation (93%) and subsequent LAH reduct{®8%) was more effective than
the corresponding reactions in the Ohira methothgBe 1A). CyclopentenoRa was
obtained in 49.5% overall yield in eight steps frpmtected-ribose15. This result is
superior to that achieved by Ohira method-2B86 overall yield of2a from 15): the
overall yield was more than two times higher. Alecbb2a can be converted to te){1
through efficient Mitsunobu coupling witN-6 amino bis-Boc-protected adenine using
the Schneller proceduffollowed by deprotection under acidic condition.
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Figure 2. (A) NOESY analysis ofl7, (B) Formation ofl7 through two possible
pathways

2. Synthesis ofH{)-neplanocin A from CR1

We next investigated the synthesis-9f] via CP21 from adenine-containing ketote
starting from 2’,3’O-isopropylidene-adenosin&g) using Matsuda’s approach (Scheme
4). Matsuda used the reductive tetrahydrofuran-rihgavage reaction reported by
Maki.*® Treatment of18 with diisobutyl aluminum hydride (DIBAL) in THF fdrded
acyclic nucleosidd9 in 57% yield** Meanwhile, we found that the use of cyclopentyl
methyl ether (CPME)-toluene (1:1, v/v) solvent systfor the ring-cleavage reaction of
18 led to improve yield ofi9 to 85% owing to much easier extraction. After ctle
protection (90%) of the primary hydroxyl group I with TBDMSCI, we oxidized
(95%) secondary alcoh@D with o-iodoxybenzoic acid (IBX) to furnish ketore The
DMP oxidation of 20 reported by Matsuda gave a lower yield (7F%).
Cyanophosphorylatidh (quant) of 6 with DEPC catalyzed by LICN followed by
treatment of CR1 with TMSN; (6 eq) catalyzed by B8nO in refluxing toluene for 24
h afforded an epimeric mixtur&df) of carbocyclic nucleoside¢brough a [1,5]-€H
insertion reaction ofalkylidene carben&.?® Although desired produc8p was not
isolated successfully from mixtur8a in the Matsuda approal® it was
chromatographed over spherical silica®ggVleOH-EtOAc (1:99, v/v)] and obtained in
36% vyield in this study, with 25% yield 8. Deprotection of thus obtaingdepimer
8B under acidic conditions affordeg{L with a high purity in an overall yield of 25.6%
in six steps from protected adenosit&® The physical and spectral propertieslof
were essentially identical to literature dafa fo]p -156.0 (c 0.5, KO) and mp 22221



°C; lit. ® [a]p -156.6 (¢ 0.5, KO) and mp 22€22°C}.
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In conclusion, the efficient and practical syntlsesé neplanocin AX) and widely
applicable intermediata were achieved using CPs through tetrazole-fragrienta
under neutral conditions. The CP method g2arén 49.5% overall yield in eight steps
from protectedp-ribose 15, this yield was more than two times higher thaat th
(1823%) achieved by Ohira’s approach. Furthermoremétion of the unusual
dihydropyran derivativd7 was newly observethrough two possible pathways this
study. In addition, the CP method was applied ® ¢fficient synthesis of natural
neplanocin A in 25.6% overall yield in six stepsnr protected adenosiri8 following
successful isolation of cyclopentyl nucleos® In contrast, the synthesis using the
Matsuda approach was unfinished. We hope thategsohs learned in this undertaking
can be applied fruitfully to other synthetic tasggetn addition, the present study
demonstrated the applicability of CPs as interntediin organic synthesfs.

3. Experimental
3.1 General information

All reactions were carried out under an inert argimosphere. Anhydrous solvents
(THF, toluene, CKCl,, DMF, CPME and MeCN) were purchased from Wako Gbam
Company. During organic workup, solvent extractsrevéried over Nz&5O, and
subsequently removed in a rotary evaporator undduaed pressure. Fuji Silysia
FL-60D silica gel was used for flash column chroogaaphy. 8a and 83 were
chromatographed over spherical silica gel (Fujysad PSQ 100B silica gel). TLC was
performed using precoated plates (Wako silica @elF254).'H-NMR spectra were
recorded on a Varian Mercury-300 or an Agilent A0R-DD2 spectrometer in CD¢I
with tetramethylsilane (TMS) as an internal staddar CD;OD with chemical shiftsd)
given relative to from CEDD (3.3 ppm). Coupling constant3) @re reported in Hertz
(Hz). For multiplicities the following abbreviatisnwere used: s, singlet; d, doublet; t,
triplet; m, multiplet; br, broad.'*C-NMR spectra were recorded on a Varian
Mercury-300 or an Agilent 400-MR-DD2 spectrometerGDCk. Chemical shifts &)
are given relative to CDgI(77.0 ppm) or CBOD (49.0 ppm). High-resolution mass
spectra were obtained using a JMS-700(2) doublesiog magnetic sector mass
spectrometer (Jeol Ltd., Tokyo, Japan) operating positive-ion mode, with
3-nitrobenzyl alcohol (NBA)-NaCl or triethanolamitiEEOA)-NaCl as matrice¥
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3.2. Yynthesis of (-)-neplanocin A from CP16
3.2.1. (2539)-[ 4-(tert-Butyl dimethyl silyl oxymethyl)-2,3-isopropylidenedioxy-1-
cyanobutyl diethyl phosphate (16)

DEPC (831 mg, 5.1 mmol) and LICN (168 mg, 5.1 mmadre added to a solution
of ketone3 (944 mg, 1.7 mmol) in THF (20 mL) at rt. Aftenvitas stirred for 30 min,
the reaction mixture was treated with water (60 mahd then extracted with
EtOAc-hexane (1:1, 100 mL). The organic layer wasshed with brine, dried over
NaSQO,, filtered, and concentrated. Purification viacsligel column chromatography
(EtOAc-hexane, 1:4) afforded AB (1165 mg, 95%, oil).

'H-NMR (300 MHz, CDC}): & 0.09 (s, 3H), 0.10 (s, 1.5H), 0.11 (s, 1.5H), 0(81
4.5H), 0.91 (s, 4.5H), 1.22-1.33 (m, 10.5H), 1.431(.5H), 3.60 (d, 0.5H] = 8.4 Hz),
3.61 (d, 0.5HJ = 10.2 Hz), 3.76 (d, 0.5H), = 8.4 Hz), 3.894.27 (m, 6.5H), 4.44.48
(m, 1H), 4.59 (d, 0.5H] = 6.3 Hz), 4.71 (dd, 0.5H3,= 6.3, 4.5 Hz), 7.24-7.34 (m, 9H),
7.45-7.49 (m, 6H)*C-NMR (75.5 MHz, CDG)): & -5.2, -5.0, 15.9, 16.0, 18.4, 24.9,
25.1, 25.9, 26.4, 26.8, 61.4, 61.5, 63.1, 63.94,684.5, 64.6, 64.7, 64.8, 64.9, 75.5,
75.6, 75.9, 76.0, 79.1, 79.3, 87.5, 87.7, 109.9,4,015.7, 115.8, 116.0, 127.3, 127.8,
127.9, 128.7, 128.8, 142.8, 142.9; HRMS (FAB+NaGyz [M+Na]® calcd for
CagHsoNOgPSiNa: 732.3098; found: 732.3099.

3.2.2. (4R 5S9)-4,5-0O,0-Isopropylidene-3-(trityloxymethyl)-2-cyclopenten-1-ol  (2ap);
(3aS 7aR)-2,2-dimethyl-7-(trityl oxymethyl)-6-tert-butyl dimethyl silyl-3a, 7a-dihydro-4H-
[1,3] dioxolo[ 4,5-c] pyran (17)

TMSN;3 (0.20 mL, 1.50 mmol) and B8nO (37 mg, 0.15 mmol) were added to a
solution of CP16 (355 mg, 0.50 mmol) in toluene. After it was refd for 24 h, the
reaction mixture was concentrated to give a residdnch was purified using silica gel
column chromatography to give an inseparable 3xture of5ap (5a/58 = 1/3) andl7
(210 mg). To a solution of the mixture in THF (5 )nlL M solution of TBAF in THF
(1.2 mL, 1.20 mmol) was added. After 1 h, saturatgdeous NEC| was added to the
reaction mixture to quench it. After the mixturesnextracted with EtOAc (30 mL), the
organic layer was washed with,® and then brine, dried over 0, filtrated, and
concentrated to give a residue, which was purifiesing silica gel column
chromatography (EtOAc—hexane, 1:4) to gkof3 (139 mg, 65%, yellow amorphous)
and17 (54 mg, 20%, oil). In additior2f could be partially resolved by use of the above
solvent system.
2B: 'H-NMR (300 MHz, CDCY): & 1.30 (s, 3H), 1.33 (s, 3H), 2.06 (br, 1H), 3.701H,

12



J=15.0 Hz), 3.89 (d, 1Hl = 15.0 Hz), 4.51 (d, 1Hl = 5.7 Hz), 4.78 (br, 1H), 5.08 (d,
1H, J = 5.7 Hz), 6.00 (br, 1H), 7.20-7.32 (m, 9H), 7.4887(m, 6H)*C-NMR (75.5
MHz, CDCk): & 26.1, 27.4, 61.3, 76.6, 79.9, 83.7, 86.4, 1114,.Q, 127.8, 128.5,
143.8, 147.4; HRMS (E1/z [M "] calcd for GgHog04: 428.1988; found: 428.1990.
17: 'H-NMR (400 MHz, CDC}): & -0.44 (s, 3H), -0.16 (S, 3H), 0.67 (s, 9H), 1.48 (
3H), 1.55 (s, 3H), 3.20 (dd, 1d,= 10.0, 10.0 Hz), 3.52 (d, 1Kd,= 10.0 Hz), 3.98 (dd,
1H,J = 10.0, 4.8 Hz), 3.99 (d, 1H,= 10.0 Hz), 4.24 (ddd. 1H,= 10.0, 6.0, 4.8 Hz),
5.00 (d, 1HJ = 6.0 Hz), 7.21-7.31 (m, 9H), 7.46-7.50 (m, 6KE-NMR (100 MHz,
CDCl): 8 -5.8, -5.4, 17.2, 26.0, 26.5, 28.5, 61.5, 64.93680.4, 86.4, 107.7, 120.6,
126.9, 127.6, 129.0, 143.9, 161.2; HRMS (FAB+NaGtyz [M+Na]" calcd for
Cs4H4204SiNa: 565.2750; found: 565.2753.

3.2.3. Conversion of 2afto 2a

DMP (166 mg, 0.39 mmol) was added to a solutio2af® (112 mg, 0.26 mmol) in
CH,CI, at 0°C. After the reaction mixture was stirred at rt foh, saturated aqueous
NaHCQ; and aqueous N&O; were added to quench it. The mixture was extracted
with methyltert-butyl ether (30 mL). The organic layer was wastviti H,O and then
brine, dried over N&O,, filtered, and concentrated to give a residue,ctvhivas
purified using silica gel column chromatography QBt—hexane, 1:4) to give
cyclopentenone derivativ@Z: 103 mg, 93%, white solid).

3.2.4. (4R,5R)-4,5-O,0-I sopropylidene-3-(trityl oxymethyl )-2-cycl opentenone (22)

'H-NMR (300 MHz, CDC}): 5 1.34 (s, 6H), 3.94 (dd, 1H,= 18.3, 1.2 Hz), 4.25 (dd,
1H,J=18.3, 1.8 Hz), 4.47 (d, 1K,= 5.7 Hz), 4.94 (d, 1H] = 5.7 Hz), 6.44-6.46 (m,
1H), 7.23-7.36 (m, 9H), 7.40-7.47 (m, 6EAC-NMR (75.5 MHz, CDGJ): & 26.3, 27.5,
62.5, 77.7, 78.1, 87.4, 115.4, 127.4, 128.0, 12828.4, 143.3, 174.6, 201.9; HRMS
(El+): mVz[M] " calcd for GgH2604: 426.1831; found: 426.1828.

3.2.5. (1S4R,59)-4,5-0,0-1sopropylidene-3-(trityl oxymethyl )-2-cyclopenten-1-ol (2a)

A solution of 22 (81mg, 0.19 mmol) in THF (2 mL) was added dropwisea
suspension of LAH (36 mg, 0.96 mmol) in THF (2 nat)0°C. After the reaction was
stirred at rt for 2 h, BD (1 mL) was added to quench it. After the mixtweass stirred at
rt for 1 h, MgSQ was added, and the resulting mixture was filtehedugh Celite and
concentrated to give a residue, which was purifiesing silica gel column
chromatography (EtOAc—hexane 1:3) to géee(79 mg, 98%, white solid}
2a: *H-NMR (300 MHz, CDC}): 8 1.36 (s, 3H), 1.37 (s, 3H), 2.74 (d, 1H 10.2 Hz),
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3.65 (dt, 1H,J = 14.4, 1.8 Hz), 3.88 (d, 1H,= 14.4 Hz), 4.59 (br, 1H), 4.75 (t, 1Bi=
5.4 Hz), 4.88 (d, 1H] = 5.4 Hz), 6.00 (br, 1H), 7.20~7.32 (m, 9H), 7.44:7(m, 6H).

3.2.6. Reaction of ketone 3 with TMSC(Li)N,

A 1.6M solution ofn-BuLi in hexane (1.1 mL, 1.71 mmol) was added drigewo a
solution of diisopropylamine (0.29 mL, 1.71 mmai) THF (3mL) at -78C. After the
mixture was stirred at -7& for 10 min, 0.6 M solution of TMSCHNN hexane (2.8
mL, 1.71 mmol) was added dropwise. After 30 minZ%g °C, a solution of keton&
(315mg, 0.57 mmol) in THF (3 mL) was added dropwase78°C. After the reaction
mixture was stirred at 6C for 1 h, HO was added to quench it. The mixture was
extracted twice with EO (50 mL), and the combined organic layers werehedsvith
H.O and then brine, dried over p&O,, filtered, and concentrated to give a residue,
which was purified by silica gel column chromatqurg (EtOAc—hexane 1:19) to give
an inseparable mixture (188 mg, 61%paf} (5a/f = 1/3) andl7.

3.3. Synthesis of (—-)-neplanocin A from CP 21

3.3.1. 9-[(2S3R,4R)-(5,4-Dihydroxy-2,3-isopropylidenedi oxy) pentyl ] adenine (19)

A 1M solution of DIBAL-H in toluene (82 mL, 81.5 nuot) was added dropwise to a
solution of 2',3©-isopropylideneadenosiris (5.0 g, 16.3 mmol) in CPME (80 mL) at
0 °C. After the reaction was stirred at rt for 24 uaous potassium sodium tartrate (20
9/100 mL) was added at°C to quench it. The mixture was stirred at rt fdri2 After
the mixture was extracted three times with BuOHO(18L), the combined organic
layers were concentrated to give a residue, whiak purified using silica gel column
chromatography (MeOH-CJ&I, 1:4) to givel9 (4.3 g, 85%, amorphous).

'H-NMR (400 MHz, CDC}): 5 1.26 (s, 3H), 1.48 (s, 3H), 3.60-3.84 (m, 3H)24(@d,
1H,J=9.2, 6.0 Hz), 4.30 (dd, 1H,= 14.0, 10.8 Hz), 4.56-4.62 (m, 1H), 4.75 (dd, 1H,
J=14.0, 2.4 Hz), 8.12 (s, 1H), 8.19 (s, 1HE-NMR (100 MHz, CDCJ): 5 25.7, 28.4,
45.6, 65.3, 70.9, 76.9, 77.4, 110.6, 119.7, 141%0,7, 153.6, 157.2.

3.3.2. 9-[(2S3R4R)-5- (tert-Butyl dimethyl silyl oxy-4-hydroxy-2,3-
isopropylidenedioxy)-pentyl] adenine (20)

TBDMSCI (2.11 g, 14.0 mmol) and imidazole (1.081%.9 mmol) were added to a
solution of19 (2.89 g, 9.35 mmol) in DMF (20mL). After the reiact mixture was
stirred at rt for 15 h, EtOAc (200 mL) was addetleorganic layer was washed twice
with saturated aqueous NaHg@nd then brine, dried over p&O,, filtered, and
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concentrated to give a residue, which was purifiesing silica gel column
chromatography (MeOH-EtOAc 1:9) to gi2@ (3.56 g, 90%, oil).

'H-NMR (400 MHz, CDC¥): 8 0.11 (s, 6H), 0.92 (s, 9H), 1.29 (s, 3H), 1.503(4),
3.29 (d, 1HJ = 6.0 Hz), 3.72-3.81 (m, 2H), 3.88 (dd, 1Hs 9.6, 2.4 Hz), 4.14-4.21
(m, 2H), 4.57 (ddd, 1H] = 10.0, 6.0, 2.4 Hz), 4.92 (dd, 18= 14.4, 2.4 Hz), 6.06 (brs,
2H), 7.97 (s, 1H), 8.38 (s, 1HY*C-NMR (100 MHz, CDGJ): & -5.5, -5.4, 18.3, 25.3,
25.8, 28.1, 44.2, 64.3, 69.1, 75.8 (75.76), 753882), 109.4, 119.3, 141.5, 150.1, 152.9,
155.5.

3.3.3. 9-[(2S5,39)-(5-tert-Butyl dimethyl silyl oxy-2,3-isopropyli denedi oxy-4-
pentanone)-1-yl] adenine (6)

A solution of20 (1.00 g, 2.36 mmol) in MeCN (20 mL) was added guspension of
IBX (2.00 g, 7.08 mmol) in MeCN (70 mL). After itas refluxed for 12 h, the reaction
mixture was filtered through Celite. The filtrateasvconcentrated to give a residue,
which was purified using silica gel column chrontaphy (EtOAc) to giveés (0.94 g,
95%, oll).

'H-NMR (400 MHz, CDCJ): & 0.14 (s, 3H), 0.15 (s, 3H), 0.94 (s, 9H), 1.343(3),
1.64 (s, 3H), 3.90 (dd, 1H,= 14.0, 9.6 Hz), 4.45 (d, 1H,= 19.2 Hz), 4.56 (d, 1H] =
19.2 Hz), 4.57 (dd, 1H] = 14.0, 2.4 Hz), 4.83 (ddd, 1d,= 9.6, 7.6, 2.4 Hz), 4.98 (d,
1H, J = 7.6 Hz), 6.47 (brs, 1H), 7.91 (s, 1H), 8.33 18i); *C-NMR (100 MHz,
CDCl): &6 -5.6, -5.5, 18.3, 24.7, 25.7, 25.8, 27.2, 44.37685.1, 79.7, 110.6, 119.0,
141.3, 149.8, 152.4, 155.3, 206.6.

3.3.4. (2539)-{4-(6-Amino-9H-purin-9-yl)-2-(tert-butyl dimethyl silyl oxymethyl)-2,3-
isopropylidenedioxy-1-cyanobutyl diethyl phosphate (21)

DEPC (20 mg, 0.12 mmol) and LiCN (2 mg, 0.06 mnvadre added to a solution of
ketone6 (42 mg, 0.10 mmol) in THF (1 mL) at rt. After itas stirred for 30 min, the
reaction mixture was treated with EtOAc-hexane (b mL). The organic layer was
washed with water and then brine, dried over9@, filtered, and concentrated.
Purification using silica gel column chromatogragMeOH-EtOAc, 1:9) afforded CP
21 (59 mg, quant).

'H-NMR (400 MHz, CDC}): & 0.13-0.17 (m, 6H), 0.92—-0.95 (m, 9H), 1.26 (s, ,1H)
1.26 (s, 2H), 1.34-1.44 (m, 6H), 1.50 (s, 2H), 1($21H), 4.04-4.14 (m, 1H), 4.20—
4.35 (m, 5H), 4.54-4.82 (m, 3H), 4.93 (dd, 0.3H; 14.0, 2.0 Hz), 5.05 (dd, 0.7H =
14.0, 2.0 Hz), 6.00 (brs, 2H), 7.90 (s, 0.7H), 7(880.3H), 8.35 (s, 0.3H), 8.36 (s,
0.7H); **C-NMR (100 MHz, CDGJ): 5 -5.7, -5.6, -5.5 (-5.52), -5.5 (-5.46), 16.0 (18,9
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16.0 (16.03), 16.1, 18.2, 18.3, 24.7, 25.1, 25675226.8, 43.2 (43.17), 43.2 (43.23),
63.1, 64.3, 64.8, 64.9, 65.0 (64.96), 65.0 (65.@H,1 (65.09), 65.1 (65.14), 65.4
(65.37), 65.4 (65.42), 74.2, 74.3, 75.0, 75.7, 7389, 76.0, 76.2, 77.2 (77.15), 77.2
(77.19), 77.5, 110.0, 110.3, 115.8, 115.9, 11919.40), 119.4 (119.41), 141.5, 141.9,
149.8, 149.9, 152.6, 152.7, 155.2, 155.3; HRMS (FAB/z [M+H]* calcd for
CaaHaNO;PSi: 585.2621; found: 585.2618.

3.3.5. (1R4R,55)-9-N-[ 3-(tert-Butyl dimethyl silyloxymethyl)-4,5-O,0-
Isopr ppylidene-2-cyclopenten-1-yl] adenine (84)

TMSN;3 (0.16 mL, 1.2 mmol) and B8nO (30 mg, 0.12 mmol) were added to a
solution of21 (116 mg, 0.2 mmol) in toluene (10 mL). After it sveefluxed for 24 h,
the reaction mixture was concentrated to give mues which was purified using silica
gel column chromatography (PSQ100B silica gel, Me&BAc, 1:99) to give8p (30
mg, 36%§°° and8a (21 mg, 25%).

8B: 'H-NMR (300 MHz, CDC}): & 0.10 (s, 6H), 0.92 (s, 9H), 1.35 (s, 3H), 1.48 (s,
3H), 4.42 (brs, 2H), 4.71 (d, 1K,= 5.7 Hz), 5.30 (d, 1H] = 5.7 Hz), 5.60 (brs, 1H),
5.78-5.90 (brm, 3H), 7.67 (s, 1H), 8.38 (s, 1H).

3.3.6. (-)-Neplanocin A: (1S,2R,5R)-5-(6-Amino-9H-purin-9-yl)-3-
(hydroxymethyl)cyclopent-3-ene-1,2-diol (1)

Trifluoroacetic acid (TFA) (0.5 mL, 6.8 mmol) wadded to a solution of carbocyclic
nucleoside83 (73 mg, 0.17 mmol) in CIC¥H,CI/MeOH (1/1; 4 mL). After it was
stirred for 18 h, the reaction mixture was concaett to give a residue, which was
purified using silica gel column chromatography @O4¢EtOAc-H0, 1:8:1) to givel
(44 mg, 98%, white solid). Compouridthus obtained was recrystallized from MeOH
to give colorless prisms.

[a]p -156.0 (c 0.50, bD); m.p. 220-222C; *H-NMR (300 MHz, CROD): 5 4.31 (brs,
2H), 4.38 (dd1H,J=5.4, 5.4 Hz), 4.62 (d, 1H,= 5.4 Hz), 5.45-5.55 (m, 1H), 5.91 (d,
1H,J=1.8 Hz), 8.10 (s, 1H), 8.18 (s, 1H).
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