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ABSTRACT

The acid-catalysed dehydration of pentahydroxypentyl-heterocycles can take
place between C-1° and C-4’ to yield C-nucleosides having furanoid structures, or
between C-1" and C-5’ to yield pyranoid compounds. Each reaction can yield one
of the two possible anomers or a mixture of both. We have dehydrated pentahydroxy-
pentyl-heterocycles having D-gluco, b-manno, and D-galacto configurations. When the
reactions were Kkinetically controlled, the 6,6-dimethyl-2-(pentitol-1-yl1)-4,5,6,7-
tetrahydroindol-4-ones having the p-gluco or b-manno configurations yielded 2-a-D-
arabinofuranosyl-6,6-dimethyl-4,5,6,7-tetrahydroindol-4-one, but they vielded 2-o-D-
arabinopyranosyl-6,6-dimethy!-4,5,6,7-tetrahydroindol-4-one under conditions of
thermodynamic control. Dehydration of 3-acetyl-2-methyl-5-(D-galacto-pentitol-1-
y)-1-propylpyrrole gave a mixture of 3-acetyl-5-(«- and f-p-lyxopyranosyl)-2-
methyl-1-propylpyrrole. These results are consistent with a mechanism involving an
intermediate C-1’ carbocation.

INTRODUCTION

Ore of the methods of preparation of C-nucleosides?*? involves dehydration of
the polyhydroxyl chains joined to aromatic heterocycles® ™ 7. Dehydration of penta-
hydroxypentyl-heterocycles can take place between C-1" and C-4’, yielding furanoid
compounds, or between C-1" and C-5’, yielding pyranoid compounds. The configura-
tion at C-1’ can be retained or inverted. In order to clarify this last point, Gomez
Sdnchez et al.* studied the dehydration of 2-(D-arabino-tetrahydroxybutyl)furans
and proposed a mechanism involving an intermediate C-1’ carbocation. Likewise,
El Khadem et al. studied the dehydration of sugar osazones and proposed an empirical
rule® and a mechanism?®.

We now report on the dehydration of pentahydroxypentyl-heterocycles having
D-gluco, D-manno, and D-galacto configurations, to obtain a more-detailed knowledge
of the steric course and mechanism of this reaction.
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RESULTS AND DISCUSSION

In studies of the preparation of new C-nucleoside analogues by intramolecular
dehydration of pentahydroxypentyl-heterocycles, we have described? the synthesis
of 2-z-p-arabinofuranosyl-6,6-dimethyl-4,5,6,7-tetrahydroindol-4-one (1) from the
epireeric 6,6-dimethyl-2-(D-gluco- and D-manno-pentitol-1-yt)-4,5,6,7-tetrahydroindol-
4-ones (8 and 12). Each reaction was carried out in concentrated, aqueous solution
atroom temperature, and 1 crystallised from the reaction mixture within a few minutes.
We have now carried out the reactions using more-dilute solutions in order to avoid
crystallisation of products. When such a solution was heated at 50°, 1 (Rg 0.66) was
formed first and was gradually converied into a new product having Ry 0.42, which
was isolated crystalline and identified a= 2-a-p-arabinopyranosyl-6,6-dimethyl-4,5,6,7-
tetrahydroirdol-4-cne (3). The conversion 1—-3 also occurred on heating neutral
and acidified, aqueous solutions. Compound 3 reduced 2 mol. equiv. of sodium
meiaperiodate, in accord with a pyranoid structure, and the p.m.r. spectrum
[(CD,).SO, Table I] contains three doublets for secondary hydroxyl groups. The
J,-.»- valuz (9.0 Hz) is consistent with a frans-diaxial arrangement for H-1",2’, which
is only possible for the a anomer in the !C, conformation. A similar value (9.2 Hz)
was also found for J;- ,- of the triacetate 4, in accord with the proposed C-1’ con-
figuration and *C, conformation, and the J4. 5. and Jy- 5. values (1.8 and 0.6 Hz,
respectively) indicate H-4’ to be equatorial.
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As previously indicated’?, the isolation of 1 from the pentahydroxypentyl-
4,5,6,7-tetrahydroindol-4-ones having D-gluco (8) or D-manno (12) configurations
supports the proposed mechanism for the dehydration of polyhydroxyalkyl-hetero-
cycles* through an intermediate C-1’ carbocation (Scheme 1). Compound 1, formed
first, must be the kinetically controlled product, whereas the more-stable 3 must be
the thermodynamically controlled product. Under kinetic control, 1 is formed because
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the subsequent transition-state (16), leading from the carbocation 10 to the «-D-
arabinofuranoside (1), should be more stable than that (17) leading to the B anomer
(5). The higher energy of 17 arises from the steric repulsions between HO-2' and
the C-1’ substituent, which are cis.

The a-pyranoid compound 3 in the !C, conformation must be the more stable
structure since it has fewer, bulky, axial groups than the alternative structures. These
results accord with the general picture of cyclisation reactions® in which products
containing five-membered rings are generally the Kkinetically controlled products,
whereas those containing six-membered rings are the thermodynamically controlled
products. This cyclisation mechanism via an Syl prccess involving a C-1 carbocation
contrasts with the cyclisation of 5-(pentahydroxypentyl)uracils®, which may involve
an Sp2 type of displacement of protonated HO-1' by HO-4'. The difference could
arise from the greater ability of our heterocycles to stabilise a “benzyi-type” C-1°
carbocation.

On the other hand, trifiuoroacetic acid-catalysed dehydration of 3-acetyl-2-
methyl-5-(D-galacto-pentitol-1-yl)-1-propylpyrrole!® (18) yields an af-mixture of
3-acetyl-5-pD-lyxopyranosyl-2-methyl-1-propylpyrrole (19 and 20), which were
separated by fractional crystallisation.
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Compounds 19 and 29 consumed 2 mol. equiv. of sodium metaperiodate, and
showed three doublets for the hydroxyl protons in their p.m.r. spectra [(CD;),SO],
in accord with the proposed pyrancid structures. The J;- ,. values of 9.0 and ~1 Hz
for 19 and 20, respectively, indicated « and 8 configurations and 'C, and *C, con-
formations, and are of the same magnitude as those for related compounds’-11-12,

These results are analogous to those obtained by dehydration of other p-galacto-
pentahydroxypentyl-heterocycles”*'2 that always yield anhydro derivatives having
pyranoid structures, but apparently do not accord with those of Sallam'?, who
described the dehydration of p-galacto-heptulose phenylosazone and proposed «o-
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and f-furanoid structures (22) for the resulting anhydro derivatives. However, we be-
lieve this assignment to be in error, since the p.m.r. and c.d. data'3 are consistent with
pyranoid structures. When we dehydrated D-galacro-heptulose phenylosazone (21)
under similar conditions, a product was isolated which appeared to be identical with
that described by Sallam as f-furanoid, but which consumed 2 mol. equiv. of sodium
metaperiodate and had three doublets for secondary hydroxyl groups in its p.m.r.
spectrum (see Table II), in accord with the pyranoid structure 23. The x-anomeric
configuration and the !C, conformation are indicated by the Jy- - value (10.0 Hz).
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The mechanisms of dehydration of pentahydroxypentyl-heterocycles having
the D-galacto. D-gluco, or D-manno configurations are probably similar’. Furanoid
products are not formec from b-galacto-pentahydroxypentyl-heterocycles, because
the associated transition-: tate 24 would be destabilised by steric repulsions®* between
the hydroxymethyl group, HO-2’, and HO-3’, which are all cis.

TABLE II
N.M.R. DATA? (90 MH2z) For 19, 20, anD 23

Com- Carbohydrate moiety Aglycon
pournd
H-1 H-2 34’5 OH H+4 Me COMe H-C=N  Ph NH
19% 4.45d 20-330m 4.90d 6.52s¢ 250s 2.30s
J1-2- 9.0 4.85d Jira~1
4.42d
20° 4.33m* 4.00-3.10m 4.80d 6.75s° 248s 2.27s
Jrrer ~1 475d Jra~1
4.60d
232 421d 4.10-3.30m 5.00d 7.85s 7.60-6.70m 12.35s
Ji-,2- 10.0 4.88d 10.76s
4.55d

2Recorded at 35.5°, J scale (internal MesSi), J in Hz. ?In (CD3):SO. <Slightly broadened by Ji-,a.
dNarrow multiplet.



PREPARATION OF C-NUCLEOSIDES 117

EXPERIMENTAL

General methods. — Solutions were concentrated in vacuo at temperatures
<40°. Melting points were determined with a Gallenkamp apparatus, and are un-
corrected. Optical rotations were measured at 20 +2° with a Perkin—Elmer 141
polarimeter (10-cm cell). Lr. spectra (KBr discs) were recorded with Beckman IR-33
and Perkin—Elmer 399 spectrophotometers, and u.v. spectra with a Beckman 25
instrument, P.m.r. spectra (90 MHz, internal Me,Si) were recorded with a Perkin—
Elmer R-32 spectrometer, and coupling constants were measured directly from spectra
recorded at 300-Hz sweep-width. Assignments were confirmed by double-resonance
experiments. T.l.c. was performed on silica gel GF,5, (Merck) with ethyl acetate—
ethanol (3:1) and detection with u.v. light and iodine vapour. Consumption of
periodate was determined as previously described'>.

6,6-Dimethyl-2-(2,3,5-1ri- Q-acety!- a-D-arabinofuranosyi)-4,3,0, 7-tetrafiydroin-
dol-4-one (2). — Conventional treatment of 2-«-D-arabinofuranosyl-6,6-dimethyl-
4,5,6,7-tetrahydroindol-4-one” (1) with pyridine (1 mL) and acetic anhydride (0.6
mL) at 0° for 36 h gave 2 (0.37 g, 52%), m.p. 116-118°, [«]5753 —33°, [2]s46 —38°
[a]s36 —6C°, [2]36s —87° (¢ 0.5, chloroform); AEOH 212, 243, and 280 nm (g 16,700,
7,500, and 6,900); v_., 3320 (NH), 1750 (C=0 ester), 1640 (C=0 ketone), 1580
and 1480 (C=C pyrrole) cm™'. P.m.r. data are given in Table L

Anal. Calc. for C,;H,,NOg - H,O: C, 57.39; H, 6.65; N, 3.19. Found: C, 57.26;
H, 6.48; N, 3.55.

2-a-D-Arabinopyranosyl-6,6-dimethyl-4,5,6,7-tetrahydroindol-4-one (3). — (a) A
solution of 6,6-dimethyl-2-(D-gluco-pentitol-1-yl)-4,5,6,7-tetrahydroindol-4-one* °® (8;
1.1 g, 3.51 mmol) in water (44 mL) was treated with trifluoroacetic acid (0.25 mL).
After 1 h at 50°, t.l.c. revealed the absence of 8, and one product (R 0.66) corre-
sponding to 1. Heating was continued for 50 h, and t.l.c. then showed that 1 had
almost disappeared; a product, Ry 0.42, was present. The mixture was neutralised
with Amberlite IR-45 (HO™) resin and concentrated, and acetone was evaporated
from the syrupy residue. The resulting, white solid was 3 (Rg 0.42) contaminated
with 1. Crystallisation from acetone gave 3 (0.34 g, 33%), m.p. 205-207° (from
butanone), [a]p —39° [%]s78 —40°, [oa]s46 —46°, [x]aze —75.5° (c 0.5, water);
AEOH 912, 244, and 281 nm (g 16,400, 7,400, and 6,300); v,... 3430-3300 (NH, OH),
1610 (C=0), 1575 and 1475 (C=C pyrrole) cm™~'. P.m.r. data are given in Table L.

Anal. Calc. for C,sH,,NOs: C, 61.01; H, 7.11; N, 4.74. Found: C, 60.80;
H, 7.30; N, 4.69. Periodate consumption: 2.03 mol.

(b) Compound 3 was also prepared from a solution of 1 (0.1 g) in water (25 mL),
under the following conditions: the solution was treated with 6 drops of trifluoro-
acetic acid, kept at 50° for 7 h, and then neutralised with Amberlite IR-45 (HO™)
resin; the solution was treated with 2 drops of trifluoroacetic acid and warmed at
50° for 36 h; the neutral solution was heated at 70° for 10 days.

Each reaction was monitored by t.d.c. which revealed the conversion of 1
(Rg 0.66) into 3 (R 0.42), which could be isolated as described in (a).
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6,6-Dimethyl-2-(2,3,4-tri-O-acetyl- x-D-arabinopyranosyl)-4,5,6,7-tetrahydroin-
dol-4-one (4). — Conventional treatment of 3 (0.15 g, 0.51 mmol) with aceticanhydride
(0.18 mL) and pyridine (0.20 mL) gave 4 (0.10 g, 469;), m.p. 172-174°, [e]p —32°,
[x]s78 —33° [*]sa6 —37-5°% [«Jsse —60° [alse5 —89° (c 0.5, chioroform):
JEQOH 213 247 and 27¢€ nm (g 19,700, 7,700, and 7,600); vq., 3240 (NH), 1735 (C=0
ester), 1640 (<=0 ketone), 1575 and 1480 (C=C pyrrole) cm™'. P.m.r. data are
given in Tabls 1.

Anal. Calc. for C,,H,,NOg: C, 59.85; H, 6.46; N, 3.32. Found: C, 59.54;
H, 6.35; N, 3.41.

3-Acetyl-5-2-D-lyxopyranosyl-2-methyl-1-propylpyrrole (19) and 3-acetyl-5-B-b-
Iyxopyranosyl-2-methyl-1-propylpyrrole (20). — A suspension of 3-acetyl-2-methyl-
5-(D-galacto-pentitol-1-y1)-1-propylpyrrole!? (0.40 g, 1.27 mmol) in water (2 mL) was
treated with 3 drops of trifluoroacetic acid and then kept at room temperature with
occasional shaking until the solution was clear. After 15 min, a white product
crystallised (0.20 g, 51%) which was shown by t.1.c. to contain two compounds (Rf
0.65 and 0.59). Several recrystallisations from ethanol gave 20 (0.12 g, 329,), R¢ 0.59,
m.p. 214-215°, [«]p —47°, [2]5s75 —49°, [%]546 —56°, [2]13¢ —86°, [2]365s —124°
(c 0.4, pyridine); AE©QH 216, 251, and 282 nm (¢ 13,400, 5,500, and 3,800); V., 3395
(OH), 1633 (C=0), 1550 and 1500 (C=C pyrrole) cm™!. P.m.r. data are given in
Table II1.

Anal. Calc. for C;sH,3;NO4: C, 60.59; H, 7.80; N, 4.71. Found: C, 60.58;
H, 7.85; N, 4.84. Periodate consumption: 2.08 mol.

Concentration of the mother liquors gave 19 as a minor product (0.07 g, 189)),
Ry 0.65, m.p. 176-171° (from ethanol), [a]p +19°, [a]s7s +20° [x]ss6 +24°,
[o]use +53° [alses +121° (¢ 0.4, pyridine); ASOM 225, 254, and 285 nm (g 6,400,
3,300, and 2,300); v.., 3390 (OH), 1625 (C=0), 1560 and 1510 (C=C pyrrole)
cm ! P.m.r. data are given in Tabie IIL.

Anal. Found: C, 60.23; H, 8.11; N, 5.02. Periodate consumption: 2.03 mol.

3,7-Ankydro-D-talo-heptulose phenylosazone (23). — A solution of p-galacto-
heptulose phenylosazone!? (2.50 g, 6.44 mmol) in methanolic 0.05% sulfuric acid
(300 mL) was boiled under reflux for 6 h and then poured into hot water (300 mL),
and the methanol was evaporated under diminished pressure. The resulting precipitate
was colleci=d, washed with water, and dried (1.35 g). Recrystallisation from methanol,
with decolorisation with charcoal, gave 23 (0.29 g) as yellow needles, m.p. 237-239°,
[2]p +58° (initial; ¢ 0.5, pyridine). Sallam'® gave m.p. 234-235°, [a]p +52°
(initial; ¢ 0.93, pyridine). P.m.r. data are given in Table II. Periodate consumption:
2.04 mol.
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