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SYNTHESIS AND STEREOCHEMICAL ASSIGNMENTS FOR
2-(c— AND B-Q—ARABINOFURANOSYL)THIAZOLE—4—CARBOXAMIDES

Cong Jiang, Ralph H. Baur, James J. Dechter
and David C. Baker*

Department of Chemistry, The University of Alabama,
Tuscaloosa, Alabama 35486

Abstract: Both 2-(a- and f-D-arabinofuranosyl)thiazole=~
4-carboxamides were synthesized from 2,3,5-tri-0O-benzyl-1-
O0-(p-nitrobenzoyl)-D-arabinofuranose via the l1-cyano- and
T—t%ioamidf sugars. Anomeric assignments were made based
on 1H and 13¢ NMR, as well as on CD spectra.

The thiazole g—nucleoside, tiazofurin [2—(6—2—

ribofuranosyl)thiazole-4-carboxamide, 1],1+2 has created

0

1
N
SN

HO

HO OH

L

considerable interest among cancer researchers as the
compound has demonstrated remarkable antitumor activity,
especially against both primary and metastatic Lewis lung
carcinoma.3 The synthesis of 1 is reportedls2 to proceed
smoothly from 2,5-anhydro-3,5,6-tri-o-benzoyl-D-
allononitrile? (i.e., “2,3,5—tri~g—benzoyl—2—ribofuranosyl

cyanide”) in a three-step synthesis via the 2,5-anhydro-
123
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3,5,6-D-allonothioamide,l'2'5 and the latter reagent's
condensation with ethyl a-bromopyruvate, which gives, upon
removal of the benzoyl protecting groups, 1 in an
acceptable overall yield. Little difficulty is experienced
in the synthesis apart from the ring-forming step which
gives both a- and B-anomers® of the protected C-
nucleoside,? along with a furan-2-yl by-product.l:2

In a program in which we are exploring certain
analogues of 1 for possible antitumor activity, a synthesis
of the p-D-arabinofuranosyl counterpart to 1 was required.
Such synthetic C-glycosyl compounds of the Dp-arabino
configuration, of which only a few examples are known,7'13'
16 jin contrast to their D-ribofuranosyl counterparts, can
present special problems in both synthesis and anomer
assignment. Herein is described the synthesis and
structural assignments for both the oa- and RA-D-
arabinofuranosyl analogues to 1 (12 and 13), along with
complete correlation of their spectral properties with

anomeric configuration.

RESULTS AND DISCUSSION

Chemistry. The synthetic sequence to the desired 2-
(B—Q—arabinofuranosyl)thiazole—4—carboxamide (13) was
patterned after that for 1. (See Scheme I.) The benzyl
protecting group was chosen in lieu of ester protecting
groups (e.g., benzoyl, as in the synthesis of 1) as the
latter would be expected to give predominantly the a-~anomer
via neighboring-group participation as in the case of the
preparation of the D—gllgl4'15 and other C-glycosyl
analogues.l® The requisite cyanosugar, 2,5-anhydro-3,4,6-
tri-o-benzyl-D-glucononitrile (4) was prepared, along with

the D-manno isomer 3 by reacting cyanotrimethylsilane with
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2,3,5-tri-g~benzyl-1-0-(p-nitrobenzoyl)-D-arabinofuranose
(2) in the presence of the Lewis acid, trimethylsilyl
trifluoromethanesul fonate, in acetonitrile. The products,
a mixture of 3 and 4 in a ratio of ~7:3 (97% total yield),
could be separated and obtained analytically pure on
preparative LC and were spectroscopiclly identical with
those obtained by Acton and co-workers by reacting 2 with
mercuric cyanide.7 The present spectroscopic data (See
Table 1.) support the original assignments7 in that the 13¢
NMR resonance for the cyano group's carbon in the Bg-anomer
4, where the cyano group is more sterically compressed, is
shown to resonate at higher field (Ad= 1.1 PPM) as
expected.16 The R-anomer 4 exhibited an [a]D = —9.20,
whereas the a-anomer had an [alp = +37.1°. N: CN-group
absorption was detected in the I£=spectra for either 3 or
4.

Conversion of the o- and g-cyanosugars 3 and 4 to the
respective 2,5-anhydro—3,4,6—tri-g—benzyl-g-mannonothio—
amide (5) and the D-gluco isomer 6 was carried out in
liquid hydrogen sulfide under catalysis by 4-(dimethyl-
amino)pyridine as generally described for the p-allo
analogue.2'5 No evidence of an a,B-mixture was evident in
either 5 or 6 as determined by both TLC and ln NMR
spectroscopy. The 1y NMR spectra for 5 and 6 showed, among
other resonances, an upfield shift for the H-2 (anomeric)
resonance of the trans-oa-anomer 5, relative to that for 6,
as would be expected based on the findings of Nishimura and
Shimizu.l? The H-2 - H-3 spin-spin coupling constants
remained small for both 3 and 5 (Jp,3 = 2.2 and <1 Hz,
respectively) and somewhat larger for the cis-oriented 4
and 6 (J2,3 = 4.8 and 4.2 Hz, respectively), facts, which
taken together with the chemical shift data for H-2,
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indicate strongly that the stereochemistry at the C-2
(anomeric centers) had remained intact. The 13¢c NMR
resonances for the thiocarbonyl carbons in 5 and 6 appeared
at §204.8 and 201.7, respectively, which, by analogy with
the C-1 resonances for the cyano precursors 3 and 4,
support the assigned anomeric configurations, It is
interesting to note, however, that the signs for the
optical rotations at the sodium 2—1ine (See Table 1.)
reversed in going from 3 +5 and from 4 » 6.

The condensation of either thicamide 5 or 6 with ethyl
o-bromopyruvate was carried out at @ - 23 ©9c in
acetonitrile to give essentially three products, the ethyl
2-(2,3,5-tri-g-benzyl-o-pD-arabinofuranosyl)thiazole-4-
carboxylate (7), its B-D-arabinofuranosyl anomer 8, and the
product of elimination, ethyl 2-{(5-benzyloxymethylfuran-2-
yl)thiazole-4-carboxylate (9). The a:B product ratio was
essentially 1:1 (57% overall yield), with ~11% of the
furan-2-yl by-product 9, Compounds 7 and 8, both syrups,
were easily separated by preparative LC; however,
considerable amounts of the by-product 9 contaminated 8,
necessitating use of the recycle mode on the LC to obtain
pure 8 and 9. The protected nucleosides 7 and 8 were
clearly differentiated on TLC, and their lg NMR spectra
served to indicate their structures. The H-1 proton for
the a-anomer 7 appeared as a narrow doublet at 65.48
(Jy+,2* = 2.2 Hz), while the B-anomer 8 gave a broader
doublet at 65.56 (Jl-,2- = 3.8 Hz), indicating a probable
gi&-relationship for the latter, based on the general
trends shown for the sequences 3 -5+ 7 and 4> 6 +8 and
the generalized relationships previously established.l?
13¢c NMR chemical shift data that showed an upfield shift
for the heterocyclic C-2 carbon of 8 (§169.2) relative to
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that for 7 (§173.5) supported these assignments. The
optical rotation data showed negative [0]p-values for both
5 and 7, and positive values for the B-anomers, 6 and 8.
(see Table 1.)

The by-product 9, a compound of limited stability, was
identified on the basis of its 1H NMR spectrum, elemental
analysis and the fact that it had an optical rotation of
#°. An analogous furan-2-yl product was encountered in the
synthesis of 1.1.2

The conversion of the nucleoside thiazole carboxylates
7 and 8 to their respective amides, 2—(2,3,5-tri-97benzyl—
a-g—arabinofuranosyl)thiazole—4-carboxamide 16, and its B-
anomer 11, was accomplished in saturated methanolic ammonia
at room temperature. The resulting syrupy nucleosides,
purified by column chromatography, were fully characterized
by spectroscopy and elemental analysis. (See Table 1 and
Experimental section.) The ly NMR spectra for 18 and 11
showed essentially the same interrelationships as did their
precursors, with the H-1' of 16 resonating at slightly
higher field than that for 11, indicating a trans
configuration for 1@; however, the H-1' - H-2' spin-spin
couplings for 1@ and 11 were considered too close to be of
interpretative value. The 13c NMR data that showed an
upfield shift for the C-2 of 11, relative to that for 14,
however, strongly supported the indicated assignments. The
optical rotation data, while not showing opposite signs for
18 and 11, did give a value for 14 that was considerably
smaller than that for 11. (See Table 1.) No evidence for
anomerization, a potential problem with some C-nucleosides
in either acidicl3 or in basic media,18 was Observed.

Debenzylation of the protected nucleosides 10 and 11

was cleanly effected using boron tribromide in anhydrous
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dichloromethane,lg and the free nucleosides, the 2—(a<2—
arabinofuranosyl)thiazole-4-carboxamide (12) and its B~
anomer 13, were purified by preparative reverse-phase LC to
furnish the syrupy products in good yield. While both 12
and 13 were indistinguishable on silica gel TLC, these were
readily analyzed on C-18 reverse-phase media, and no
evidence of anomerization (i.e., mixtures of 12 and 13) was
evident in the debenzylation of either 16 or 11.
Examination of the lyg NMR spectra for 12 and 13 revealed
(see Table 1 and Experimental section.) that the H-1'
signal of the proposed g-anomer 12 resonated at higher
field in line with that observed with previous examples
(i.e., compounds 3, 5, 7 and 10) and in agreement with the
predictedl? position relative to that for 13. The 13¢ nMR
chemical shift value for C-2 of the thiazole moiety
continued to resonate at higher field in the B-anomer 13.

Structural Assignments for 12 and 13. While the
structural assignments for 12 and 13, as well as those for
their precursors, seem reasonably secure based on the
spectroscopic data (Table 1) presented in the foregoing
discussion, it was deemed desirable, particularly in view
of the anomerization encountered in the conversion of 5 and
6 to 7 and 8, to establish the configurations on a firm
basis, preferably based on data from known, closely related
examples. This requirement becomes particularly important
as one peruses the literature’—13 of D-arabinofuranosyl C-
nucleosides and encounters widely differing, often
conflicting, claims for the assignment of anomeric
configuration.

The most striking observation2? was that the lg NMR
spectrum (20@ MHz, methyl sulfoxide~d;) of the g-D-arabino-

furanosyl anomer 12 was identical in all respects (i.e., in
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chemical shift and spin-spin coupling patterns) to that for

the g-D-ribofuranosyl isomer 1.21 These data were

established visually and confirmed by computer-assigned
chemical shift data. Only when the solutions of 12 and 1
were mixed and multiple resonances were observed22 for the
two compounds, was the diastereomeric relationship
established between the sample of 12 and that of 1.
Furthermore, a comparison of the 1y NMR data for the 5—2;
arabinofuranosyl isomer 13 with that published?2 for the ¢-—
anomer of 1 revealed a similar, albeit a less striking
relationship: &5.24 (Jj+,2+ = 3.1 Hz) for H-1' of 13;
reported2 for the a-anomer of 1: §85.3 (JlH2' = 3.5 Hz).
Thus the g-D-ribofuranosyl system of 1 and the a-g-arabino-
furanosyl isomer 12, both with trans-substitution patterns
correlate exactly; also, the gig—substituted pairs (i.e.,
the a-anomer of 1 and 13) correlate well. By inspecting
Table 1, one sees that the rule established by Nishimura
and shimizul? appears to be valid for these examples.

The 13Cc NMR chemical shift data for the aglyconic
carbons (i.e., C-1 of 3 - 6 and C-2 of the thiazole moiety
of 7 and 8 and 16 - 13) for 12, 13 and their precursors
consistently show upfield shifts for the B-anomers, a fact
in line with observations of others, both on D-arabino-
furanosyl-16 and on cis-a-D-ribofuranosyl compounds.l8 in
order to establish precisely what other C-atoms might
reflect the effects of anomeric differences, much as was
done for the D-ribofuranosyl analogues in the classical
studies of Moffatt and co—workers,18 a reliable 13¢
chemical shift assignment was necessary for all of the
sugar ring carbons, especially C-1' and C-2'. To this end
was carried out a two-dimensional NMR experiment (See

Experimental section.) which permitted an exact C-atom
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FIG. 1: 2DFT NMR Heteronuclear Shift Correlation Spectrum
The lH and 13¢ NMR spectra are correlated through one-bond
scalar couplings. A contour plot of the two-dimensional
dataset is shown. The projection onto the ordinate yields

the ly spectrum, while the projection onto the abscissa
yields the 13¢ spectrum.

assignment, based on the unambiguous assignments for all of
the protons in the lH NMR of 13. (See Fig. 1. Note the
otherwise possible confusion among C-1', C-2', C-3' and C-
4'.) By analogy, the carbon assignments were made for 12,
with some uncertainty existing in the assignments for C-1'
and C-2', which differ by only 6.1 PPM. The combined data
for 12 and 13 (See Tables 1 and 2.) then show that for the
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FIG. 2: CD Spectra for Compounds 1, 12 and 13

(+) = 1; (x) = 12; (O) = 13.

g-anomer 13, in which both C-1', C-2' and the C-2 of the
thiazole ring are sterically compressed by the cis-
substituents, the resonances appear at distinctly higher
field, a fact that is analogous to that observed in a set
of D-ribofuranosyl C-nucleoside precursors where the a-
anomers showed these upfield shifts.18 It is likely that
this trend would apply to the precursors if reliable
assignments were available for them.

Finally, the question of chiroptical properties vs.
structure was resolved by the CD spectra shown in Fig. 2.
While a general trend of a larger, more dextrorotatory
specific optical rotation for the BR-anomer at the sodium D-
line was consistently noted in each pair of those compounds
with a definite aglyconic chromophore (i.e., compounds 5 -
13, excluding 3 and 4 where the contribution of the weakly

absorbing -CN group is outweighed by O-benzyl), the fact
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that the BA-anomer 13 and tiazofurin 1 both show powerfully
negative CD's while the a-anomer 12 exhibits a strongly
positive curve adds to the similarities between the two
series.

Conclusions. In summary, the D-arabinofuranosyl
compounds presented generally conform to the various
spectroscopic ‘"rules" or "trends" established for D-
ribofuranosyl compounds in general. While no 1y yMR " A&"
rules for 1,2-O-isopropylidene derivatives23 are possible,
and "geometry-only" methods require 3',5'-cyclic phosphate
derivatives,24 which can present a problem for D-
arabinofuranosyl compounds, both the time-honored lyg yMRr
chemical shift data for anomeric protonsl’ and the steric
compregsion pheromenon between C-1' and C-2' substituents
that gives rise to upfield shiftsl®+18 in the cis-
substituted examples for C-1', C-2' and the aglyconic
carbon, seem operative, based on a firm comparison with

the f-D-ribofuranosyl derivative 1.

EXPERIMENTAL

General Methods. Solvents were evaporated at
aspirator vacuum at ~4¢g ©C, and the syrupy products were
dried at 25 - 60 °C (<@.1 torr). Melting points were
determined using a Thomas-Hoover "Unimelt" capillary
melting point apparatus equipped with a Cole-Parmer model
8520-50 pigi-sense digital thermometer/8520-55 thermocouple
combination that was calibrated with known standards.
Infrared (IR) spectra were recorded on a Perkin-Elmer model
7108 spectrophotometer. Ultraviolet {(UV) spectra were
recorded in 1-cm cells on a vVarian Associates DMS-100 UV-
VIS specrophotometer. Optical rotations were measured on a
Perkin-Elmer model 241 digital spectropolarimeter using a

1-dm cell.
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1y NMR (at 268 MHz) and 13c NMR (at 5@.3 MHz) spectra
were determined using a Nicolet NT-26@0 instrument.
Chemical shifts are reported in §-units downfield from
internal tetramethylsilane; "*" indicates that the signal
disappears upon addition of D,0. Multiplicities are first-
order values (in Hz) and are indicated thusly: 4, doublet;
dd, doublet of doublets; m, multiplet; g, quartet; s,
singlet; t, triplet; yt, "pseudo-triplet". Solutions were
typically ~@.1% for lH NMR and ~1g% for 13C NMR. The 2DFT
heteronuclear shift correlation spectrum (Fig. 1) was
obtained with 13C decoupling during the evolution period
(via a 180° pulse) and lH decoupling during detection.23
The pre- and post-mixing pulse delays were 3.3 and 1.7
msec, respectively. The proton 98° pulse was applied

through the decoupler and was 483 usec. The proton
fregquency was set to 3.4 PPM, and the step size of the

evolution period was 1 msec correspending to a +500 Hz
sweep window in the proton dimension. A total of 128
spectra of 512 real datapoints were collected. The data
was processed with 10 Hz of artificial line broadening
applied in both dimensions and with zero-filling in the 1y
dimension. The power spectrum of the proton dimension was
obtained.

Adsorption chromatography was carried out using E.
Merck silica gel-60 products: (a) TLC on ¢.2 mm aluminum-
backed plates (catalog no. 5768); (b) open-column
chromatography using 78-288 um silica gel (catalog no.
7734). Analytical HPLC was conducted on an Altex-Beckman
unit using 254 nm UV detection and a 6.5 x 40-cm column of
Spherisorb C-18 (packed in-house); solvent: 1:9 methanol -
water (pH 6.86); flowrate = 2.¢ mL min—1, Preparative LC

was carried out using a Waters Associates Prep-S500A
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instrument either (a) in the adsorption mode using two
Prep-Pak-5@0@/Silica Gel cartridges or (b) in the reverse-
phase mode using one Prep-Pak-5@@/C-18 cartridge. Solvents
include: A. 3:7 ethyl acetate - hexane; B. 95:5 chloroform
~ ethyl acetate; C. 9:1 chloroform - methanol; D. water -
methanol 9:1; E. 7:3 chloroform - methancl. BAll solvents
and reagents were "reagent grade" unless otherwise noted.

2,5-Anhydro-3,4,6~tri-o-benzyl-D-mannononitrile (3)
and 2,5-Anhydro-3,4,6-tri-o-benzyl-D-glucononitrile (4).
To 46 g (76 mmol) of 2,3,5-tri-o-benzyl-1-0-(p-nitro-
benzoyl)-D-arabinofuranose {2, pfanstiehl Laboratories) in
399 mL of dry acetonitrile was added dropwise during @.5 h
20.8 g (210 mmol) of cyanotrimethylsilane (petrarch),
followed by the dropwise addition of 33 mIL of a @.22 M
solution (7.2 mmol) of trimethylsilyl trifluoromethane-
sulfonate {Fluka) in dichloromethane during 14 min. The
mixture was stirred for 5 h at room temperature, at the end
of which time 20¢ mL of saturated aqueous sodium
bicarbonate was added to the yellow solution. The mixture
was extracted with 3 x 3¢8 mI, of ether, and the combined
organic layers were dried over magnesium sulfate and
concentrated to provide a yellow syrup which was rapidly
chromatographed over a short (125~g) column of silica gel
slurry-packed in and eluted with chloroform to provide,
upon evaporation of the solvent, a crude mixture of 3 and 4
that was suitable for conversion directly to 5 and 6.

The mixture of 3 and 4 was separated into the pure
components by preparative LC over silica gel using 95:5
hexane - ethyl acetate as eluent giving 28 g (67%) of pure
3 in 55 min and 1@ g (33%) of pure 4 in 75 min (flowrate
25¢ mI, min~l at ~225 psi).

Physical data for 3: Syrup; Rg¢ £0.38 (A); IR
(chloroform) 11@86(s), 1368(m), 1458(m), 2838(m) cm~1, yy
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(methanol) 257 nm (e83@); lH NMR (chloroform-d) § 3.58
(2H, m, H-6,64), 4.5 [1H, m (width 6.6 Hz) H~5], 4.31 (2H,
m, H-3, H-4), 4.52 (6H, m, PhCH,), 4.72 (1H, 4, J, 3 = 2.2
Hz, H-2), 7.32 (15H, m, phH); !3c NMR (chloroform-d) §
69.82, 83.06, 83.54, B6.54 (sugar ring C's), 69.92, 708.41,
72.43, 73.48 (C-6 and PhCH,) and 116.9 (CN).

Anal. Calcd. for C,5H,7NO4: C, 75.58; H, 6.35; N,
3.25. Found: C, 75.37; H, 6.38; N, 3.22.

Physical data for 4: Syrup; Rg 06.33 (A); IR
(chloroform) 116@(s), 1368(m), 145@(m), 2838(m) cm-1l, yy
(MeOH) 257 nm (e742); 1H NMR (chloroform-d) 6 3.61 (2H, m,
H-6,6,), 4.06 [1H, m (width 6 Hz), H-5], 4.16 (2H, m, H-3,
H-4), 4.59 (6H, m, PhCH,), 4.73 (1H, 4, Jj,63 = 4.8 Hz, H-
2), 7.38 (15, m, Ph), 13c NMR (chloroform-d) §69.42,
82.41, 82.47, 83.39 (sugar ring C's), 69.65, 71.98, 72.70,
73.44 (C-6 and PhCH,) and 115.8 (CN).

Anal. Calcd. for Cy,7H,9NO4: C, 75.50; H, 6.35; N,
3.25. Found: C, 75.31; H, 6.39; N, 3.20.

2,5-Anhydro-3,4,6-tri-0-benzyl-p-mannonothioamide (5).
A mixture of (18.4 g, 42.9 mmol) of 2,5-anhydro~3,4,6-tri-
O-benzyl-D-mannononitrile (3), 8.4 g (3.3 mmol) of 4-
(dimethylamino)pyridine and 24 g (8.59 mol} of liquid
hydrogen sulfide was shaken in a sealed stainless steel
bomb (capacity 15@ ml) at room temperature for 24 h. At
the end of this time, the excess hydrogen sulfide was
vented into saturated aqueous sodium carbonate, the syrupy
residue was dissolved in 2¢0¢@ mL of dichloromethane, and the
extract was washed with 2 x 100 mL of water. The combined
organic extracts were dried over magnesium sulfate, and the
solvent was evaporated to give 18.2 g of 5 as a light
yellow syrup that was purified by column chrométography

over 20@ g of silica gel using 98:2 chloroform - methanol
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as eluent; yield 15.9 g (82%) of pure 5 after drying under
high vacuum; Rg¢ @.23 (B); IR (chloroform) 1188(s), 1595(s),
285@6(m), 3234(m), 3268(m) cm~l; UV (methanol) 268 nm (e
12,300); 1y NMR (chloroform-d) §3.59 (2H, m, H-6,6,), 3.87
(14, m, H-5), 4.28 - 4.90 (9H, m, H-2, H-3, H-4 and PhCH,),
7.26 (15H, m, Ph), 7.78, 8.14 (2H, 2bs, NH); l3C NMR
(chloroform-d) §69.89, 83.42, 85.18, 87.26, 89.55, (sugar
ring C's), 71.42, 71.64, 73.35 (PhCH,), 204.8 (C=sS).

Anal. Calcd. for C,7H,9NO4S: C, 69.95; H, 6.31; N,
3.92; S, 6.92. Found: C, 69.82; H, 6.33; N, 3.00; S, 6.85.

2,5-Anhydro-3,4,6~-tri-o-benzyl-D-gluconothioamide (6).
By the same procedure used for 5, 9.0 g (21 mmol) of 4,
.20 g (1.7 mmol) of 4-(dimethylamino)pyridine and 13 g
(8.37 mol) of liquid hydrogen sulfide was reacted to give,
after workup and chromatography, 8.8 g (90%) of pure 6 as a
light yellow syrup; R¢ 0.28 (B); IR (chloroform) 11@6(s),
1595(s) 285@(m), 3234(m), 3268(m) cm~l; yy (methanol) 267
nm (£12,300); lg NMR (chloroform-d) 6§3.61 (2H, m, H-
6,6a), 3.86 (14, m, H-5), 4.24 - 4.71 (8H, m, H-3, H-4 and
PhCH), 5.05 (1H, 4, Jy 3 = 4.2 Hz, H-2), 7.28 (15H, m, Ph),
7.48, 8.13 (2H, 2bs, 2NH); 13¢c NMR (chloroform-d) §69.72,
82.54, 83.37, 83.82, 87.43 (sugar ring C's), 71.51, 73.14,
and 73.48 (PhCH,), 2081.7 (C=s).

Anal. Caled. for Cy7HogNOyS: C, 69.95; H, 6.31; N,
3.62; s, 6.92. Found: C, 69.72; H, 6.34; N, 2.97; S, 6.84.

Condensation of 2,5-Anhydro-3,4,6-tri—9—benzy1-2—
gluconothioamide (6) with Ethyl o-Bromopyruvate. Synthesis
of the Nucleosides 7, 8 and 9. A cold (¢ ©cC) solution of
6.1 mL (8.5 g, 44 mmol) of ethyl oa-bromopyruvate (98%
reagent, Aldrich) in 19 ml acetonitrile was added with
stirring to an ice-cold solution of 7.5 g (16 mmol) 2,5-

anhydro-3,4,6-tri-o-benzyl-D-gluconothioamide (6) in 10¢ nmL
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of dry acetonitrile, and the mixture was stirred for @¢.5 h
at @ ©C, then for 15 h at room temperature. At the end of
that time, the solvent was evaporated leaving a brown oil
to which was added 160 mL of saturated aqueous sodium
bicarbonate. The mixture was extracted with 3 x 200 mL of
ether, and the combined organic layers were washed with 309
mL of water, dried over magnesium sulfate and evaporated at
20 °¢/1-2 torr to give a yellow-orange oil which was
subsequently passed over a short, 2@0@-g column of silica
gel (chloroform as both packing solvent and eluent). The
product obtained upon evaporation of the solvent was a
light yellow 0il that showed three major zones by TLC; Re
#.23, .26 and @.31 (A) for 9, 8 and 7, respectively. The
mixture was separated by preparative LC on silica gel using
chloroform as eluent (20¢ mL/min~l, 225 psi).

Ethyl 2-(2,3,5-Tri-O-benzyl-o-D-arabinofuranosyl)-
thiazole-4~-carboxylate (7). The fraction which eluted in a
zone of retention time of 5.5 min [Rg¢ 9.31 (A)] on the
preparative LC described in the previous paragraph was
evaporated at 20 °9c/1-2 torr to give 2.6 g (29%) of a
yellow syrup: IR (chloroform) 1185(s), 122¢(m), 173@(s),
2910(m) cm‘lg UV (methanol) 235 nm (£848@); ly NMR
(chloroform-d) ¢ 1.42 (3H, t, CH3CH,); 3.65 (2H, m, H-
5',5'3), 4.18 [1H, m (width 4.6 Hz), H-4'], 4.38 - 4.78
(1¢H, m, H-2', H-3', PhCH,, CH3CH,), 5.48 (1H, 4, Jy: o+ =
2.2 Hz, H-1'), 7.28 (15H, m, Ph), 8.11 (1H, s, H-5); 13c
NMR (chloroform-d) §14.39 (CH3EH2), 69.89, 81.97, 83.68,
83.98 (sugar ring C's), 71.49, 72.69, 73.38 (PhCH,), 146.5
(c-4), 161.5 (Cc=0); 173.5 (C-2).

Anal. cCalcd. for C3,H33NOgS: C. 68.67, H, 5.94; N,
2.5¢; 8, 5.73. Found: C, 68.39; H, 6.04; N, 2.46; S, 5.68.
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Ethyl 2-(2,3,5-Tri-O-benzyl-g-D-arabinofuranosyl)-
thiazole-4-carboxylate (8). The next peak to emerge
(retention time 7.5 min) on preparative LC [R¢ 90.26 (A)]
was collected, and the solvent was evaporated as for 7 to
give 2.5 g (28%) of pure 8 as a light yellow syrup: IR
(chloroform) 11@5(s), 122¢(m), 173@(s), 2918(m) cm~1; yy
(methanol) 236 nm (c 8364d); 1 NMR (chloroform-d) 6 1.41
(3H, t, CH3CH,), 3.7¢ (2H, m, H-5',5',), 4.11 (1H, m, H-
4'), 4.21 - 4.60 (1¢H, m, H-2', H-3', PhCH,, CH3CH,), 5.56
(11, 4, Jyror = 3.8 Hz, H-1'), 7.3 (15H, m, Ph), 8.18 (1H,
s, H-5); 13C NMR (chloroform-d) § 14.44 (CH,CH,), 61.38
(CH3_§_H2), 7¢.16, 81.39, 83.14, 83.65, 84.06 (sugar ring
c's), 71.62, 72.15, 73.38 (PhCH,), 146.5 (Cc-4), 161.5 (C=0)
and 169.2 (C-2).

Anal. calcd for C35H33N0OgS'9.5 Hy0: C, 67.59; H, 6.82;
N, 2.46; S, 5.63. Found: C, 67.43; H, 5.95; N, 2.43; s,
5.59.

Ethyl 2-(5-Benzyloxymethylfuran-2-yl)thiazole~4-
carboxylate (9). The last component to elute (recycle
mode) on preparative LC [Rg¢ 0.23 (a)],upon evaporation of
the solvent, gave 1.0 g (18%) of 9 as a yellow syrup: IR
(chloroform) 11@8(s), 1228(m), 1728(s), 2968(m) cm™1: UV
(methanol) 3¢9 nm ( 5758), 228 (8006); 'H NMR (chloroform-
d) §1.43 (3H, t, CH3CH,), 4.44 (2H, q, CH,CH3), 4.55, 4.60
(2H, 2H, s, s, H-5',5'; or PhCH,-), 6.48 (1H, 4, Jy 3+ =
3.3 Hz, H-3'), 7.14 (1H, 4, H-2'), 7.34 (5H, m, Ph); 8.14
(14, s, H-5).

Anal. Calcd for CygH;7N0O4S8°9.8 Hy0: C, 60.59; H, 5.19;
N, 3.82. Found: C, 64.77; H, 5.41; N, 3.50.

2-(2,3,5-Tri~-0-benzyl-o-D-arabinofuranosyl) thiazole-4-
carboxamide (1@). Under dry conditions ammonia was passed

into a solution of 4.2 g (7.5 mmol) of 7 in 20 mL of
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methanol in a 15@-mL stainless steel bomb at -78 ©¢ until
saturation was complete. The mixture was then shaken for 2
d at room temperature, at the end of which time the solvent
and ammonia were evaporated, and the residual syrup was
purified by chromatography over 200 g of silica gel (packed
in chloroform, eluent C) to give 3.20 g (8@%) of syrupy 18:
R¢ 8.65 (C); IR (chloroform) 1695(s), 1368(m), 1578(m),
1678(s), 2856(m), 3468, 35¢8(d,m) cm™!; UV (methanol) 237
nm (e€74608); lu NMR (chloroform-d) 63.66 (2H, 4, H-
5'.,5'3), 4.15 [1H, (3 lines), H-4'], 4.41 - 4.73 (8H, m, H-
2', #-3', PhCH,), 5.35 (1H, 4, Jj3+, 6o+ = 2.9 Hz, H-1'), 7.30
(154, m, ph), 8.18 (1H, s, H-5); 13C NMR (chloroform-d) §
69.61, 82.72, 83.16, 84.18, 88.49 (sugar ring C's), 71.64,
71.99, 73.23 (PhCH,), 149.7 (C-4), 163.5 (C=0), 172.3
(c-2).

Anal. calcd. for CzyH3gN,058°@.5 Hy0: C, 66.77; H,
5.79; N, 5.19; S, 5.93. Found: C, 66.71; H, 5.99; N, 5.97;
S, 5.97.

2-(2,3,5-Tri-0-benzyl-g-D-arabinofuranosyl)thiazole-4-
carboxamide {11). By the same procedure used for 164, 4.2 g
(7.5 mmol) of 8 was converted to 3.3 g (85%) of 11: Rg¢ 8.65
(€); IR (chloroform) 1895(s), 1364(m), 1578(m), 167d(s),
285¢(m), 34909, 3580 (4, m) cm~!l; UV (methanol) 237 nm (¢
7898); lu NMR (chloroform-d) §3.71 (2H, m, H-5', H-5',),
4.67 - 4.69 (9H, m, H-2', H-3', H-4', PhCH,), 5.41 (1H, 4,
Jy»,2* = 3.8 Hz, H-1'), 7.3 (15H, m, Ph), 8.15 (1H, s,
H-5); 13c NMR (chloroform-d) ¢ 7¢.83, 82.95, 83.53, 83.70,
83.71 {sugar ring C's), 71.53, 71.89, 73.38 (PhEHz), 136.9
(c-4), 163.2 (c=0), 168.2 (c-2).

Anal. Calcd for CygH3gN,055: C, 66.77; H, 5.79; N,
5.19; S, 5.93. Found: C, 66.%34; H, 5.94; N, 4.87; S, 5.64.
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2-(a-D-Arabinofuranosyl)thiazole-4—-carboxamide

(12). To an ice-cold solution of 3.8 g (5.7 mmol) of 1@ in
5¢ mIL of dry dichloromethane under a dry nitrogen
atmosphere was added 24 mL (24 mmol) of a 1 M solution of
boron tribromide in dichloromethane (Aldrich), and the
mixture was stirred for 3¢ min at g ©¢, then at room
temperature for 5 h. The solvent was then evaporated at 20
Oc to give a brown syrup to which 3 x 280 mL of dry
methanol was repeatedly evaporated. To the residue,
dissolved in 58 mIL of dry methanol, was added 68 mL of a
cold, saturated solution of ethylene oxide in ether, which
effectively neutralized the solution. The solvent was
evaporated at 2¢ ©C to give a golden yellow syrup that was
purified on reverse-phase LC using eluent D. The
appropriate fractions were partially evaporated, then
lyophilized to give 1.0 g (68%) of 12 as a white glass: mp
89 - 91 °C; Rg 8.4 (E); T, (HPLC) = 13 min; IR (KBr) 1049
(s), 1380 (m), 1660 (s), 2850 (m) and 3300 (s) cm™1; uv
(water) 238 nm (e755¢); 1H NMR (methyl sulfoxide-d.) $
3.57 (24, m, H-5',5',), 3.98 (2H, m, H-3', H-4'), 4.18 (1H,
d, #-2'), 4.93 (1H, m, 5'-OH*), 4.98 (1H, d, J;: »+ = 4.6
Hz, H-1'), 5.25 (l1H, 4, 2'-0H*), 5.68 (1H, 4, 3'-OH*),
7.58, 7.72 (2H, bs, NH*) and 8.2¢ (1H, s, H-5); LH NMR
(D,0) §3.84 (2H, m, H-5',5'3), 4.22 (2H, m, H-3', H-4'),
4.44 (14, m, H-2'), 5.19 (1H, 4, Jj+, 6+ = 5.5 Hz, H-1') and
8.25 (14, s, H-5).

Anal. Calcd for CgHy,N,05S: C, 41.53; H, 4.65; N,
16.77; S, 12.32. Pound: C, 41.45; H, 4.73; N, 16.57; S,
12.13.

2-(B-D-Arabinofuranosyl)thiazole-4-carboxamide (13).
By the procedure as for 12, 3.8 g (5.7 mmol) of 11 was
converted to 1.85 g (71%) of glassy 13: mp 93 - 95 2C; Rg¢
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0.4 (E); T (HPLC) = 14 min; IR (KBr) 1040 (s), 1380 (m),
1668 (s), 2856 (m), 3308 (s) cm~l; UV (water) 237 nm (e
8308); lu NMR (methyl sul foxide-dg) 6 3.61 (2H, m, H-
5'95'3), 3.84 [1H, (3 lines), H-4'l, 4.63 (?H, m, F-2', H-
3'): 5.1¢ (1H, t, 5'-0OH*), 5.24 (1H, 4, Jj+,5» = 3.1 Hz, H-
1'), 5.33 (1H, d, 3'-0H*), 5.44 (1H, 4, 2'-OH*), 7.52, 7.68
(2H, bs, NH*), 8.17 (1H, s, H-5); lg NMR (D,0) 6 3.85 (2H,
m, H-5',5'3), 4.16 [1H, m, 4 lines {(width 5 Hz), H-4'],
4.22 (1H, m, H-3'), 4.45 (1H, yt, Jy« 3 = ~3 Hz, H-2'),
5.49 (1H, d, Jy:,5¢ = 4.1 Hz, H-1') and 8.27 (1H, s, H-5).

Anal, Calcd for CqgHy 9gN,055°9.5 H,0: C, 48.15; H, 4.87;
N, 18.46; S, 11.91. Found: C, 48.98; H, 4.75; N, 18.18; N,
11.83.

ACKNOWLEDGMENTS
F. L. Boyd, Jr., J. B. Rampal, C. N. Richmond, M. G.
Richmond and E. Smal are acknowledged for obtaining the NMR
spectra. E. Smal is thanked for the drawings. This work
was supported, in part, by Contract No. NO1-CM-=27571 from
the National Cancer Institute of the National Institutes of

Health.

REFERENCES AND NOTES

1. Fuertes, M.; Garcfa—Lépez, T.; Garcfa—Muﬁoz, G.; Stud,
M. J. Org. Cheg_._ 1976, 41, 4074 - 4677.

2. Srivastava, P. C.; Pickering, M. V.; Allen, L. B.;
Streeter, D. G.; Campbell, M. T.; Witkowski, J. T.;
sidwell, R. W.; Robins, R. K. J. Med. Chem. 1977, 29,
256 - 262. - = -

3. Robins, R. K.; Srivastava, DP. C.; Narayanan, V. L.:
Plowman, J.; Paull, K. D. J. Med. Chem. 1982, 25, 147
- 148. - T -

4. Bobek, M. and Farka$, J. Collect. Czech. Chem. Commun.
1969, 34, 247 - 252.

5. Pickering, M. V.; Srivastava, P, C.; Witkowski, J. T.;
Robins, R. K. in "Nucleic Acid Chemistry, Part 1",



10: 24 27 January 2011

Downl oaded At:

2- (o~ AND B-D~ARABINOFURANOSYL)-THIAZOLE-4-CARBOXAMIDES 145

19.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Townsend, L. B.; Tipson, R. S., Eds.; Wiley, New York,
1978; pp. 145 - 154.

The term "anomer," although restricted in the
classical sense to glycosides and thioglycosides
(i.e., 0~ and S-glycosyl compounds) is employed
throughdut this paper for the analogous configura-
tional relationships in C-glycosyl compounds,
including C-nucleosides. F3&r compounds 2 - 4, the
carbohydrate numbering system is used; for 5 - 13,
nucleoside numbering (i.e., heterocycle: non-primed
numbers, glycosyl moiety: primed numbers) is used.

Acton, E. M.; Furwara, A. N.; Goodman, L.; Henry, D.
W. Carbohydr. Res. 1974, 33, 135 - 151,

Huynh-Dink, T.; Igolen, J.; Bisagni, E.; Marquet, J.
P.; Civier, A. J. Chem. Soc. Perkin Trans I, 1977, 761
- 764. -

Buchanan, J. G.; Chacon-Fuertes, M. E.; Wightman, R.
H. J. Chem. soc. Perkin Trans. I, 1979, 244 - 248.

Sallam, M. A. E. Tetrahedron Lett. 19896, 21, 183 -
186. _

Ferris, J. P.; Badesha, S. S.; Ren, W. Y.; Huang, H.
C.; Sorcek, R. J. J. Chem. Soc., Chem. Commun. 1981,
119 - 112.

Hfebabecky, H.; BrokeS, J.; Beranek, J. Collect.
Czech. Chem. Commun. 1982, 47, 2961 - 2968. ~—

Besson, E.: chopin,.I.Phytochemistry, 1983, 22, 2051
- 2856. —

Utimoto, K.; Horiie, T. Tetrahedron Lett. 1982, 23,
237 - 238. -

Utimoto, K.; Wakabayashi, Y.; Horiie, T.; Inoue, M.;
Shishiyama, Y.; Obayashi, M.; Nozaki, H. Tetrahedron
1983, 39, 967 - 973.

de las Heras, F. G.; Fernandez-Resa, P. J. Chem. Soc.,
Perkin Trans. I 1982, 903 - 987. - —

Nishimura, T.; Shimizu, B. Chem. Pharm. Bull. 1965,
13, 893 - 819.

Ohrui, H.; Jones, G. H.; Moffatt, J. G.; Maddox, M.
L.; Christiansen, A. T.; Byram, S. K. J. Am. Chem.
Soc. 1975, 97, 4682 - 4613 and ref. 13 cited therein.

Kutney, J. P.; Abdurahaman, N.; LeQuesne, P.; Piers,
E.;7v1attus, I. J. Am. Chem. Soc. 1966, 88, 3656 -
3657. - __

The authors are indebted to F. L. Boyd, Jr. who
pointed out this fact.

Compound 1 (NSC-286193) was obtained from the Drug
Synthesis and Chemistry Branch of the National Cancer
Institute. The structure of 1 (refs. 1 and 2) is
firmly established.



10: 24 27 January 2011

Downl oaded At:

146

22.

23.

24.

25,

JIANG ET AL.

Presumably the observed multiplicity of signals
observed on admixture of 12 and 1 is due to a
diastereomeric interaction between the two
nucleosides.

Imbach, J.-L,. Ann. N.Y. Acad. Sci. 1975, 255, 177 -
184. See also the discussion in ref. 24.

Robins, M. J.; MacCoss, M. In "Chemistry and Biology
of Nucleosides and Nucleotides," Harmon, R. E.:
Robins, R. K.; Townsend, L. D., Eds.; Academic Press:
New York, 1978; pp. 311 - 328.

Bax, A. "Two-Dimensional Nuclear Magnetic Resonance in
Liquids,"” Reidel: New York, 1982; chapter 2.

Received December 21, 1983



