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Asymmetric Synthesis of (2’R,4’R) and (2°5,4°5)-1,3-
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Abstract: In view of biological activities of both 1,3-dioxolanyl nucleosides and C-nucleosides. D- and L-1.3-
dioxolanyl C-nucleosides have been synthesized as potential antiviral and/or anticancer agents. Asymmetric
synthesis of four new optically pure D- and L-1,3-dioxolanyl triazole C-nucleosides has been accomplished via
key intermediate Sa and 5b starting from D- and 1.-2,3-O-isopropylidene glyceraldehyde. The stereochemical
assignments of synthesized compounds were unambiguously made based on NMR studies as well as X- -ray
crystallographu, studies. The synthesized nucleosides have been evaluated against HIV and hepatitis B virus.
however, no significant antiviral activity was observed. © 1999 Elsevier Science Ltd. All rights reserved.
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C-Nucleosides have been of interest as an unique class of compounds that contain a C-C

of
bond instead of the C-N bond between the carbohydrate and heterocyclic moiety, which
stabilizes the glycosyl bond of nucleosides. The naturally occurring, as well as some
synthetic, C-nucleosides exhibit interesting biological activities. Among them, tiazofurin.'
selenazofurin,” and 1,2,3-triazole C-nucleoside’® have drawn significant attention as potent
anticancer agents. A number of structural modifications of the ribosyl moiety of tiazofurin

have been also reported.*>*

*E-mail: dchu@rx.uga.edu

t matter © 1999 Elsevier Science Ltd. All rights reserved.
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in which the 3’-carbon is replaced by an oxygen atom. The first example of this class of
compounds, (+)-dioxolany! thymine, was found to exhibit moderately potent anti-HIV activity
in vitro.”*’ Subsequently, extensive structure-activity relationship studies have been carried
out by several groups, including our own.'’ From the studies, a number of dioxolane
nucleosides have been discovered as potent antiviral agents. Among them, (2R.4R)-9-[2-
(hydroxymethyl)-1,3 dioxolan-4-yl]-2,6-diamino-purine (DAPD)'' and (-)-(25,45)-1-|2-

(hydroxymethyl)-1,3-dioxolan 4-yl]-cytosine [(-)-L-OddC]" are the most promising
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compounds. Currently, (-)-L-OddC is undergoing phase I clinical trials as an anticancer

agent. *'* DAPD is a prodrug of the corresponding guanine derivative, which is converted to
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rid n -dioxolanyl C-nucleosides
as potential antiviral and/or anticancer agents. We have previously published thiazole

nucleosides as a communication.'® In this paper, we wish to report the full account of 1,3-

dioxolanyl C-nucleosides of triazole.

Synthesis of C-nucleosides usually starts from an appropriate sugar moiety with a
proper substituent at the C-1 carbon. However, unique structural features of 1,3-dioxolanyl
C-nucleosides require a different approach. The required 1,3-dioxolanyl moiety is an acetal,
therefore, it can be constructed by reacting an aldehyde with a diol using a Lewis acid as a
catalyst. Examining the stereochemical requirement at the anomeric position (4°) of the 1,3-

dioxolane C-nucleoside suggested that the B-D-foml could be synthesized from a diol with R-

diol intermediates 5a and 5b were synthesized from protected D-2,3-O-isopropylidene
glyceraldehyde (1a) and L-2,3-O-isopropylidene glyceraldehyde (1b), respectively.

Synthesis of §-D- and o-L-1,3-dioxolanyl triazole C-nucleosides is iliustrated in Scheme

1. In order to construct the key intermediate Sa, (2R)-2,3-0 isopropylidene glyceraldehyde
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Scheme 1. a) (1) KMnOy4, KOH. (2) 0.5 N HxSO,. b) (1) CICOOEY, Et3N. (2) c-NH,OH. c) amidrazonate, [HoN-N=
C(NH,)-CO,Et]. d) reflux in xylene, 4 h. e) BnBr, NaH, DMF. f) CFsCOzH, THF/H,0 (2:1), 50 °C, 8 h.
g) BzOCH,CH(OMe),, p-TsOH, benzene, reflux. h) Hy, PdCl,, EtOH, 50 psi, 6 h. i) NH3/CH40H, steel
bomb, 110 °C, 24 h.
(1a) was chosen as the starting material. It was oxidized by potassium permanganate

followed by acidification to give an acid, which in turn, was reacted with ethyl chloroformate
IL'LI N. T\T—PH\ H\.
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COOEt]" in THF to give the hydrazine derivative 2a as a pale yellow precipitate. The
hydrazine derivative 2a was dehydrated to form the triazole derivative 3a in 81% yield by

heating 2a in xylene at 180 °C in the Dean-Stark apparatus to remove water generated in the

reaction."®

data showed that the upper spot corresponded to 2-benzoyloxy-acetaldehyde, while the
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Scheme 2. a) (1) KMnOg4, KOH. (2) 0.5 N H,SO,. b) (1) CICOOEt, Et;N. (2) ¢-NH,OH. c¢) amidrazonate, [HoN-N=
C(NH,)-CO,Et]. d) reflux in xylene, 4 h. e) BnBr, NaH, DMF. f) CF3CO,H, THF/H,0 (2:1), 50 °C, 8 h.
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g) BzOCH,CH{OMe),, p-TsOH, benzene, iux

bomb, 110 °C, 24 h.

i) NH3/CH30H, steel

lower spot was a mixture of dioxolane nucieosides 12 and 13. The mixture was O-
y

debenzylated and converted to the carboxamide derivative by treatment with methanolic

silica gel column chromatography. The tentative assignment of the cis and trans structures of
14 and 15 was made based on chemical shifts of 2°-H (the chemical shift of 2°-H of o-isomer
is downfield compared to that of the B-isomer due to the deshielding effect of the heterocyclic
base to the 2°-H in the a-isomer). '"H NMR spectra showed extra signals of each of OCH,,
O

CH,, CH, and OH compared to the desired target nucieosides (Table 1), which suggested that

o=

an aminal moiety was formed on the N-1 of the triazole ring.
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Scheme 3. Direct condensation of 3a with 2-benzoyloxy acetaldehyde-
dimethyl acetal.

Table 1.

Chemical shifts of 2’-H of 14 and 15 and comparison of other signals.

Signals Chemical Shifts Chemical Shifts
6 (ppm) (14) 6 (ppm) (15)
Aminai CH 6.43 6.50
CH, 3.77 3.80
OCH, 3.20 3.26
OH 4.94 5.02
2-H 5.13 5.23

As the free NH group was reactive with 2-benzoyloxyacetaldehyde-dimethyl acetal, it
needed to be protected before the condensation reaction. Different protection approaches

have been tried, in which attempts to protect NH by amides or carbamates with acetyl
h

electronically favorable N-1 position with a benzyl group succeeded when 3a was treated with



95078 F. Qu et al. / Tetrahedron 55 (1999) 9073-9088

sodium hydride and benzyl bromide in dry DMF

-t

o give 4a in 64% yield without N-4

~oa

benzylated isomer. Deprotection of the isopropylidene group a was conducted by treating
e

0
4a with trifluoroacetic acid in THF and H,0 (2:1) to give the key intermediate Sa in 94%

the 1,3-dioxolane triazole C-nucleosides was carried out similar to 1.3-
dioxolanyl selenazole C-nucleosides by condensing

dimethyl acetal. Two
chromatography in 60% and 10% yield, respectively. Hydrogenolysis to remove N-benzyl
protecting groups of 6a and 7a was carried out in the presence of H, (50 psi), catalyst (20-
30% PdCl,), and solvent (EtOH) to give 8a and 9a in 92% and 87% yield, respectively.
Catalytic hydrogenolysis did not work when Et,N was added in advance to neutralize the HCI
generated in the reaction. Deprotection of 8a and 9a with methanolic ammonia at room

temperature failed to transform the ethoxycarbonyl to a carboxamide group, while

110 °C to afford the desired B D-and a-L-1,3-dioxolanyl triazole C-nucleosides: 5-[(2R.
2-(hydroxymethyl)-1,3-dioxolan-4-yl]-1,2 4-triazole-3-carboxamide (10a) and 5-[(2S 4
y

i PR N . e Yerd e Nard

(hydroxymethyl)-1,3-dioxolan-4-yij-1,2,4-triazole-3-carboxamide (1ia), in 93% and 91%

yield, respectively.
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Figure 1. ORTEP drawing of compound 10a.



-2-(hydroxymethyl)-1,3-dioxolan- triazole-3-carboxamide (10b) and 5
-2-

4-yij-1,2,4-
(hydroxymethyl)-1,3-dioxolan-4-yl]-1,2,4-triazole-3-carboxamide (11b) were

the physical data to those of thiazole'® and selenazole’ C-nucleosides as well as X-ray

crystallographic studies of 10a (Figure 1). Analysis of the X-ray structure*’ of compound

10a shows a sugar puckering with the pse tion phase angle P = 27.6° and v, =34.8°,
the hydroxyl methyl group orientation y = , (OI’-C2’-C6’-06’), and base orientation, ¥

= 177.8°, (C4-C5-C4’-03’).

The synthesized nucleoside
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nucleosides showed any significant anti-HIV activity or anti-HBV activity.
In summary, we have developed a convenient synthetic method of optically pure, both D-

vl triazale Conieleacs ac
iy! triazole C-nucleosides.

Experimental Section

Melting points were determined on a Mel-temp II laboratory device and are uncorrected.

NMR spectra were recorded on a Brucker AMX 400 Fourier transform spectrometer;

chemical shifts are reported in parts per million (8), and signals are quoted as s (singlet), d
(doublet), t (triplet), q (quartet), m (multiplet), dd (doublet of doublets), and pseudo t (two
overlapping doublet). UV spectra were obtained on a Beckman DU-7 or DU-650

F N PP a

ere measured on a JASCO DIP-370 digital

spectrophotometer. Optical rotations

w
polarimeter. TLC was performed on Uniplates (silica gel) purchased from Analtech Co.
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=
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triethylamine and 1,4-dioxane, benzene were obtained by distillation from CaH, prior t
Dry THF was obtained by distillation h
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(9.5 g, 60.0 mmol) in H,0 (250 mL) wsa added dropwise. The reaction mixture was stirred
at room temperature for 3 h. The resulting solid was filtered off. The filtrate was
evaporated to a reduced volume (150 mL) and acidified with aq. H,SO, (1 N) to pH 2-3. The
mixture was extracted with EtOAc (3 x 100 mL). The combined organic layer was dried
(MgSQO,) for 3 h. Evaporation of the solvent gave crude acid (4.6 g, 82%), which was

directly used for the next step without further purification. The acid derivative (3.5 g. 23.9
h

ooled to -5 °C and ethyl chloroformate (2.76 mL, 28.76

c
mmol) was added dropwise. After the mixture was stirred for 40 min at 0 °C, the white salt

— o —

was filtered off. A solution of amidrazonate (2 g, 15.3 mmol) in THF (30 mL)

(amidrazonate was made in one step from ethyl thioxamate and hydrazine) was added to the

a2 &

batch of product was collected in the same manner. A total 2.8 g of product 2a was obtained

8
(yield 71%, based on the amidrazonate) as a mixture of cis and trans isomers. mp 160-162
°C; UV (CH,OH): A, =278.5nm; 'H NMR (DMSO-d,): & 10.14, 1
exchangeable), 6.80, 6.50 (2s, 2H, D,O exchangeable), 5.01, 4.59 (2t, J = 6.8 Hz, 1H), 4.34
(pseudo t, J = 8.0 Hz, 0.4 H), 4.24 (q, J = 7.1 Hz, 2H), 4.15 (pseudo t, J = 7.8 Hz, 0.6 H), 3.98
(dd, J = 5.7, 8.2 Hz, 0.4H), 3.83 (dd, J = 6.8, 8.0 Hz, 0.6H), 1.39, 1.35 (2s, 6H), 1.25 (m,
3H); "C NMR (DMSO-d,): § 171.6, 166.6, 162.4, 161.9, 141.1, 136.5, 110.4, 109.9, 74.3,

73.5, 674, 67.0, 62.1, 61.9, 26.1, 26.0, 14.3, 14.3; Anal. Calcd for C,,H,;N,O5: C, 46.33; H,
6.56; N, 16.22. Found: C, 46.05; H, 6.64; N, 16.25.

1.1 Y A bmiaawn 1 (2
i= L,A,ﬁl'll ldLUlL J J-

The hydrazine derivative 2a (1.4 g, 5.4 mmol) as dissolved in xylene (250 mL) which was



refluxed at 180 °C (oil bath n the Dean-Stark a emove the water generated

in the reaction. Evaporation of the solvent gave a residue, which was purified by silica gel
column chromatography (CH,OH/CHC],, 1-5%) to afford the product 3a (1.05 g, 81%). mp

88-90 °C; [}, = +38.10° (¢ 0.92, CH,OH); UV (CH,OH): A, =242.0 nm; 'H NMR
(DMSO-d,) 74 (br s, 1H, D,O exchangeable), 5.27 (pseudo t, J = 6.2 Hz, 1H). 4.34 (m,
3H), 4.13 (dd, J = 6.0, 8.3 Hz, 1H), 1.39 (s, 6H), 1.31 (t, J = 7.1 Hz, 3H); "C NMR (DMSO-
dy): 6 159.7, 156.7, 154.1, 110.1, 69.7, 67.9, 61.1, 26.1, 14.1; Anal. Caled for C,H,.N.O:
C,49.79; H, 6.22; N, 17.43. Found: C, 49.84; H, 6.20; N, 17.37.
5-[(1R)-1,2-C-Isopropylidenegiycoi-1-yi]-3-ethoxycarbonyi-i-benzyi-iH-1,2,4

triazole (4a). To a solution of triazole 3a (800 mg, 3.32 mmol) in dry DMF (20 mL), NaH
(100 mg, 3.98 mmol) was added portionwise at room temperature. The mixture was stirred
at room temperature until there was no further evolution of hydrogen gas (ca 25 min). The
reaction mixture benzyl bromide (472 ul, 3.98 mmol) was added dropwise. The mixture was
heated at 60 "C until completion of the reaction, and the solvent was evaporated to give a

residue, which was purified by silica gel column chromatography to give product 4a as a

curiim (TNA ma GAOLY [~125 _ 177000 f~ 0 QN LI Y I7al % Tal YD — YNELE MY ane LTT
SYLUp (/ua Mg, v470). (U] p = +/.77 (CUYU, LnUlyj, UV (LnUig)l A = 240U 00, i
NMR (CDCl,): & 7.30 7.32 (m, 5H), 5.78 (q, J/ = 14.3 Hz, 2H), 5.24 (pseudo t, / = 6.7 Hz
1H), 4.43 (g, J = 7.1 Hz, 2H), 4.35 (pseudo t, J = 7.1 Hz, 1H), 4.26 (dd, J = 6.9, 8.3 Hz. |H)
}s g, , 201), .32 (pSeuco i, J 117, 1), /.20(484, / .Y, 8.2 HZ, 1),

.53, 1.46 (2s, 6H), 1.39 (t, J =
128.7, 128.5, 128.3, 128.1, 1

g
(10 mL), trifluoroacetic acid (194 pl, 2.52 mmol) was added dropwise. The reaction mixture
was then stirred at 50 °C for 8 h. The mixture was neutralized with Et,N and evaporated to
give a syrupy residue. The residue was purified by silica gel column chromatography to
afford product Sa (580 mg, 94%) as a white solid. Compound Sa: mp 76-77 °C; [a]7, =
+20.51 (c 0.72, CHCL,); UV (CHCL,): A, =244.0 nm; 'H NMR (CDCL,): 8 7.31 (m. 5H),
5.75 (s, 2H), 4.95 (dd, J = 4.8, 9.4 Hz, 1H), 443 (q, J = 7.1 Hz, 2H), 3.97 (m, 2H), 3.87 (d. J
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5-[(2R,4R)-2-(Benzoyloxymethyl)-1,3-dioxolan-4-yl]-3-ethoxycarbonyl-1
benzyl-1H-1,2,4-triazole (6a) and 5-[(25,4R)-2-(benzoyloxymethyl)-1,3
dioxolan-4-yi]-3-ethoxycarbonyi-i-benzyl-1H-1,2,4-triazole (7a). To a solution of
diol derivative Sa (580 mg, 1.98 mmol) in dry benzene (100 mL), 2-benzoyloxyacetaldehyde
dimethyl acetal (625 mg, 2.98 mmol) and p-TsOHH,O (128 mg) were added sequentially.

The mixture was refluxed gently in the Dean-Stark apparatus to remove water. The reaction
mixture was cooled down to room temperature and neutralized with Et;N. Evaporation of the

solvent afforded a syrup, which was purified by silica gel column chromatography to give B3-
a

isomer 6a (520 mg, 60% ) and o-isomer 7a (86 mg, 10%). Compound 6a: Rf = 0.40

(EtOAc/hexane, 1:1); [-.]st = +6.24° (¢ 0.75, CHCL,); UV (CHCL,): A, =242.0 nm 'H
NMR (CDCl,): 5 7.87 (d, J =7.3 Hz, 2H), 7.23-7.40 (m, 8H), 5.56 (q, J = 15.2 Hz. 2H), 5.42
(nseudot J=31Hz; 1THN 511¢dd J=48 66H7z 1HY 482(dd J=48 K6 Hz 1H) 44
\pPovuuls 4, o el LMLy 111), J.11 (U, vV T.0, UV 114, 111), T. 04 \MUW, v .0, O,V RiL, L1k, TV
(g, J = 7.1 Hz, 2H), 4.35 (m, 1H), 4.27 (m, 1H), 1.41 (t, J = 7.1 Hz, 3H); "C NMR (CDCL,):
0 165.9, 159.7, 153.8, 153.1, 134.4, 133.3, 129.7, 128.9, 128.5, 128.4, 127.6, 103.3, 70.2,
68.8, 63.3, 62.0, 53.7, 14.3; Anal. Caicd for C,;H,;N;O04 C, 63.16; H, 5.26; N, 9.61. Found:
C, 62.99; H, 5.29; N, 9.56.

nnnnnnn Ao RF_ N &2 (CtNA~Thnvanae 11 T~125 — 2101920~ N AEA CLCT Y TTVY
wolipuuiia 74 DNl = V.00 \LWVJAULICAANIC, 1.1), [WL] p— T10.L0 (L V.U, LdILL), UY
(CHCL,): A, =243.5 nm; 'H NMR (CDCl,): 8 7.23-8.07 (m, 10H), 5.58 (q, / = 15.2 Hz,

2H), 5.34 (m, 1H), 5.16 (m, 1H), 4.43-4.53 (m, 5H), 1.41 (t, J = 7.1 Hz, 3H); "C NMR

~o N

(LULI) (’)1004 160.1, 154.0, 153.8, 134.8, 133.7, 130.1, 129.4, 128.9, i28.9, 128.0.
102.9, 69.8, 69.3, 64.1, 62.5, 54.2, 14.3; Anal. Calcd for C,,H,,N,O,: C. 63.16; H, 5.26; N,
9.61. Found: C,62.91; H, 5.34; N, 9.52.

5-[(2R,4R)-2- (Benzoyloxymethyl) dioxolan-4-yl]-3- ethoxycarbonyl 1,2,4
triazole (83) and S.1(2S AR\.2.(he

lllllll \)u, [ 31894 AR > X 7 L% I.’\/ 7 y

Iny
3

vay

methyl\ 1.3-digxolan- | -3
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ethoxycarbonyl-1,2,4-trlazole (9a). To a solution of fully protected dioxolanyl triazole
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mimol) was added carefully. The reaction mixture was hydrogenated in a hydrogenation
5

0 psi until completion of the reaction. The reaction mixture was
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residue was purified by silica gel column chromatography to giv
t

(309 mg, 92%) as a rup. The same procedure was applied

Compound 8a: [a]*”, = +112.44° (c 0.86, CHCl,); UV (CHCl,): A
(CDCl,): & 13.09 (br s, 1H), 8.03 (d J = 8.0 Hz, 2H), 7.42-7.59 (m, 3H, Ar-H), 5.42 (m.

MTHY AT78 (A T A0 17N LY~ \/IA"I
LIy, .70 \UU, v = 0.V, 12U, 1IT), 4.4/

7.0 Hz, 3H); *C NMR (CDC13) § 167.7, 160.0, 158. 2
71.9, 71.3, 64.8, 62.5, 14.6; Anal. Calcd for cmH”No 0.9 H,0: C, 52.

11.56. Found: C, 52.52; H, 4.82; N, 11.20.
Compound 9a: [a]*, = +46.55° (¢ 0.72, CHCl,); UV (CHCL,): A, =242.0 nm; 'H NMR

max

(CDCl,): 6 13.55 (br s, 1H); 7.41-8.01 (m, 5H), 5.58 (pseudo t, J = 3.4 Hz. 1H), 5.44 (dd, J =
6.2, 12.0 Hz, 1H), 4.40-4.54 (m, 5H), 4.24 (dd, J = 6.1, 8.4 Hz, 1H), 1.35 (t, J = 7.1 Hz, 3H);
QL

BC NMR (CDCl

N ANLIVERN (W

o

Y. & 1K7 9 1AA’2 18097 18Q 1
I 107 .4

1
3 O 109/.4, 100.35, Ly 1J06.5, 1

71.7, 69.9, 64.0, 62.4, 14.1; Anal. Calcd for C,(H,,N,0-0.
11.74. Found: C, 53.88: H, 4.99; N, 11.65.
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5-[(2R,4R)-2-(Hydroxymethyl)-1,3-dioxolan-4-yl]-1,2,4-triazole-3-carboxamide
(10a) and 5-[(25,4R)-2-(hydroxymethyl)-1,3-dioxolan-4-yl]-1,2,4-triazole-3
ravhnvamsdas /11 ) L : .~ PSR A S o7 W, B ~
farooxaimiae (11a). 1 ng, U.6Y Iinoéi) was
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by reverse phase HPLC. Conditions for HPLC purificatio
(PrepPak®, 55-105 pum); mobile phase; 10% CH,OH / H,

. "I"L ........... IR
. 1IIC

appropriate fractions were collected and evaj

e: reverse phase C-18 column

w rate; 50 mL/min; UV

O:
:DE

afford the product 10a as a white solid (178 mg, 93%). Compound 10a could be
recrystallized from methanol-ether. Compound 11a was prepared by the same procedure
from 9a (yield 91%).

./ Tetrahedron 55 (1999) 9073—-9088 9083
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Ug). U 1.70, /.02 (L8, L, €Xcnangeaoie)j, 5.ZU (pseudo i, v = J5.7 0z, 1), D.U> (. / = 3.5 Oz
1H), 4.16 (m, 2H), 3.50 (m, 2H), 3.34 (br s, 1H, D,O exchangeable); ’'C NMR (DMSO-d,):
A1506 1532 1055 70Q AR R A 4 - FAR MS: Caled for C.H.N.O H+ (MH+):
N AT SNy R ey AT J, IU./, UU.U, Uh.—r, L XZEDP L EENLVIND, ALV J.Ul \.r"’lllol‘4\_l411T \1v11 IT]

215.0780. Found: 215.0781. Anal. Calcd for C,H,,N, O C, 39.25; H, 4.67; N, 26.
Found: C, 39.29; H, 4.75; N, 25.89.

0N
~

6.5, 8.1 Hz, 1H), 3.40 (d, J = 3.7 Hz, 2H); ”C NMR (DMSO-dy): 6 159.5, 153.2, 104.9, 70.7,
69.0, 62.4; FAB HRMS: Calcd for C,H,,N,O,H+ (MH+): 215.0780. Found: 215.0807.
Anal. Calcd for C,H,,)N,0,-0.25 H,O: C, 38.44; H, 4.80; N, 25.63. Found: C, 38.55; H. 4.80:
N, 25.38.

Using the same procedure as the D-series, the L-series of compounds were synthesized.
1-(Ethoxyoxalimidyl)-2-[(25)-2,3-O-isopropylidene-2,3 dihydroxy-

147 °C I NIMBR (DMQNO.J Y S 1IN 19 Q RA
104 U, L1 INIVIN (Wividw=lg). U 1U.14, 7.00

(2s, 2H, D,0 exchangeable), 4.86, 4.38 (2t, / = 6.8 Hz. 1H),
h H5;4=24(q J=17.1Hz, 2H), 4.15 (dd, J = 3.4, 8.2 Hz, ()_SH)_

UJ
S~
el
7
(¢}
[
c.
(@]
-
K.
DO
o
.I

/.4, O7.0, 2.1, O1I.

3H), 4.13 (dd, J = 5.8, 8.5 Hz, m), 1.38 (s, 6H), 1.30 (t, = 6.5 Hz, 3H); *C NMR (DMSO
dy): 8 159.7 156.7, 154.2, 110.2, 69.7, 67.9, 61.1, 26.2, 14.2; Anal. Calcd for C,,H,.N,0: C

49.79; H, 6.22; N, 17.43. Found: C, 49.94; H, 6.31; N, 17.26.

5-[(15)-1,2-O-Isopropylideneglycol-1-yl]-3-ethoxycarbonyl-1-benzyl-1H-1,2,4



(CTYT Y 8 7.32.7
L)l O 7.02-7.

1H), 4.48 (q, J = 6.5 Hz, 2H), 4.28 (pseudo t, J = 6.5 Hz, 1H), 4.23 (dd, J = 5.5, 7.9 Hz, 1H),
1.50, 1.43 (s, s, 6H), 1.33 (t, J = 7.3 Hz, 3H); "C NMR (CDCL,): 8 161.7, 157.9, 144.7
135.3, 128.8, 128.6, 128.4, 128.2, 110.7, 71.8, 68.7, 62.7, 54.6, 26.4, 25.9, 14.2; Anal. Calcd
for C\;H, N,0,: C, 61.63; H, 6.34; N, 12.69. Found: C, 61.66; H, 6.39; N, 12.60

74 °C; [0]*, = -19.61° (¢ 0.63, CHCL,); UV (CHCL,): A, = 244.5 nm; 'H NMR (CDCL,): §
7.43 (m, 5H), 5.86 (s, 2H), 5.04 (dd, J = 4.5, 8.1 Hz, 1H), 4.53 (g, J = 6.5 Hz. 2H), 4.08 (m,
2H), 3.99 (d, J = 4.9 Hz, 1H, D,0 exchangeable), 3.21 (br s, 1H, D,O exchangeable); 1.45 (t, J
= 7.3 Hz, 3H); "C NMR (CDCL): § 162.9, 157.6, 144.3, 134.9, 128.7, 128.3, 127.9, 68.5,

65.4, 62.8, 54.5, 13.9; Anal. Calcd for C ;H,,N;O,: C, 57.73; H, 5.84; N, 14.43. Found: C,
57.91; H, 5.83; N, 14.45.

FI{7C AC\ [ » PRUPIPE pameegee 2 "eee) AUEE s JIp EERRYS PN w11 2 athavwvnawh Ay hawmeel

4D 54 J4-{ DENZOYIOXYMI€UNYI)~-1,0-Ti0X01an-4-y1j-o-€unoXylar uuuvl 1 DenzZyi-
1H-1,2,4-triazole (6b). [a]®, = -6.34° (¢ 0.82, CHCL,); UV (CHCL): A, =241.5 nm; 'H
NMR (CDCL,): §7.91 (d, J = 7.3 Hz, 2H), 7.26-7.43 (m, 8H), 5.59 (g, J = 13.8 Hz, 2H), 5.38

S~ e X VAT 4 <A My v «/ K Risy vk K Jo bt NS4 <\ AiLy U Jy et A M 7y

(pseudo t, J = 3.5 Hz, 1H), 5.11 (dd, / = 4.8, 7.0 Hz, 1H), 4.77 (dd, J = 5.4, 7.9 Hz, 1H), 4.42
(q,J = 7.0, 2H), 4.41 (m, 1H), 4.32 (m, 1H), 1.28 (t, J = 7.0 Hz, 3H); "C NMR (CDCl,): 8
166.0, 159.7, 153.8, 153.1, 134.4, 133.3, 129.7, 128.9, 128.5, 128.4, 127.6, 103.3, 70.2
68.4, 63.4, 62.1, 53.8, 14.4; Anal. Calcd for C,;H,;N,0,-0.2EtOAc: C, 62.82; H. 5.45: N,
9.23. Found: C, 62.53; H, 5.21; N, 9.39

5-[(2R,4S)-2-(Benzoyloxymethyl)-1,3-dioxolan-4-yl]-3-ethoxycarbonyl-1-benzyl
1H-1,2 4-triazole (7b) [o]?, = -19.18° (c 0.78, CHCL,); UV (CHCL,): A, = 243.5 nm;
'H NMR (CDCl,):  7.18-8.00 (m, 10H), 5.62 (q, J = 14.2 Hz, 2H), 5.31 (m, 1H), 5.17 (m,
1H), 4.42-4.55 (m, SH), 1.42 (t, J = 7.1 Hz, 3H); "C NMR (CDCl,): & 166.4, 160.1, 154.0,
153.8, 134.8, 133.7, 130.1, 129.4, 128.9, 128.9, 128.0, 102.9, 69.8, 69.3, 64.1, 62.5, 54.2,

14.3; Anal. Caled for C,,H,;N,0,0.1EtOAc: C, 62.98; H, 5.34; N, 9.42. Found: C. 63.36;
H, 5.58; N, 9.08.

5-[(285,45)-2-(Benzoyloxymethyl)-1,3-dioxolan-4-yl]-3-ethoxycarbonyl-1,2,4



NN (CTYT Y. R 1
NMR Lsiiag). O e,

)478(dd.1 5, 11.

71.9, 71.3, 64.8, 62.5, 14.6; Anal. Calcd for C,(H,;N,0,-0.7 H,0: C, 53.39; H, 5.11: N,
11.67. Found: C, 53.06; H, 4.90; N, 11.32.
5-{(2R,45)-2-(Benzoyloxymethyl)-1,3-dioxolan-4-yij-3-ethoxycarbonyi-1i,2,4
triazole (9b). [0]*, = -45.27° (c 0.44, CHCL,); UV (CHCL,): A, =242.5 nm; 'H NMR
(CDCl,): & 12.98 (br s, 1H);, 7.41-8.12 (m, 5H), 5.50 (pseudot J =3.1 Hz, 1H), 5.38 (dd, J

= 6.7, 11.5 Hz, 1H), 4.47-4.55 (m, 5H), 4.28 (dd, J = 5.8, 7.9 Hz, 1H), 1.32 (t. J = 7.6 Hz,
3H); “C NMR (CDCl,): 8 167.3, 166.4, 159.3, 158.4, 133.5, 130.7, 129.7, 127.9, 127.5,

102.6, 71.8, 69.9, 63.8, 62.3, 14.0; Anal. Calcd for C,;H,,N;04-0.5 H,0: C, 53.93; H, 5.05;
N, 11.79. Found: C, 54.02; H, 5.08; N, 11.70.

-n-,n o tmiarala 2 aanhavarm:

(10b). mp 139-141 °C; [0(]250 = -40.68° (¢ 0.54, CH,OH); '"H NMR (DMSO-d,): 8 7.88.7.42
2

(s, D,O exchangeable), 5.12 (pseudo t, J = 5.3 Hz, 1H), 5.13 (t, /= 3.8 Hz, 1H), 4.25 (m. 2H)
3.59 (m, 2H), 3.41 (br s, 1H, D,0 exchangeable); “C NMR (DMSO-d,): & 159.8. 153.4
105.6, 71.1, 68.8, 62.5; FAB HRMS: Calcd for C,H,,N,O,H+ (MH+): 215.0780. Found
1& NI A -1 Y110 MITY AT My rel Yo Na X< Iy A ™ AN N 1™ h . | ral I0 NN Y
10.U/ 7Y, AIldl. LdlCda 101 Lq 101 4U4 U, 3Y.40, , 4.0/, IN, £O.1/. rounda. o, >Y.U7, ri,

)
(11b). mp 70-72 °C; [a]¥, = -34.92° (¢ 0.29, CH,OH); 'H NMR (DMSO-d,): & 7.96, 7.62
,J=3.2 Hz, 1H), 4.87 (pseudo t, J =
“““““ H), 3.86 (dd, J = 6.4, 8.0 Hz, 1H),
3.32 (d, J = 3.9 Hz, 2H); C NMR (DMSO—dﬁ): 8 159.7, 153.3, 104.9, 70.7, 80.0. 62.5: FAB
HRMS: Calcd for C;H,(N,O,H+ (MH+): 215.0780. Found: 215.0788. Anal. Calcd for

C,H,,N,0,:0.25 H,0: C, 38.44; H, 4.80; N, 25.63. Found: C, 38.24; H, 4.79; N, 25.38.
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