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Annulation of B-aryl-a-nitro-a,p-enals and 2,2-dimethyl-1,3-dioxan-5-
one: a one-step assembly of nitrocyclitols. Application to a short
practical synthesis of ( +)-7-deoxy-2-epi-pancratistatin tetraacetatet
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A novel, highly stereocontrolled formal [3 + 3] annulation of
p-aryl-o-nitro-o,p-enals with the enamine derived from 2,2-
dimethyl-1,3-dioxan-5-one and pyrrolidine afforded protected
nitrocyclitols with five newly created stereocentres and con-
stituted the key step in a short, gram-scale synthesis of a
pancratistatin analogue.

Polyhydroxylated cyclohexanes are present in a vast number of
biologically and pharmacologically relevant compounds. They
include inositol derivatives, which display a wide variety of crucial
biological functions,' the conduritols® and the aminocyclitols,’
which are attracting increasing attention for the treatment of
diabetes, cancer, and viral and bacterial infections.* They also
include a variety of complex natural products, such as the potential
antitumoral agent pancratistatin (1, Fig. 1).> Not surprisingly,
polyhydroxylated cyclohexanes were identified early as key
synthetic targets.® However, most methods proposed hitherto for
their preparation have been based on the carbocyclization of a
carbohydrate derivative>>*!* and usually involve a considerable
number of steps before and/or after the key cyclization step.!!
Herein we describe a novel route to cyclitols of type 8 that are
assembled in a single step from P-aryl-o-nitro-o,f-enals 6 and
commercial 2,2-dimethyl-1,3-dioxan-5-one (7), a protected form of
1,3-dihydroxyacetone (Table 1). The value of this approach is
illustrated by the gram-scale preparation of a protected pancra-
tistatin analogue (2, Fig. 1).

(+/-)-7-Deoxy-2-epi-pancratistatin
tetraacetate (2)

Pancratistatin (1)

Fig. 1 Natural pancratistatin (1), and synthetic (+)-7-deoxy-2-epi-
pancratistatin tetraacetate (2).
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Before addressing the reaction between 6 and 7 we checked the
accessibility of the required B-aryl-o-nitro-o,p-enals 6, a rare and
essentially unexplored family of compounds.'>!* After some
experimentation we found that they can be prepared in gram
quantities, and then isolated in pure, or essentially pure, form as
inseparable E-Z mixtures, by a two-step reaction sequence
involving condensation of aromatic aldehydes with 2-nitroethanol
followed by oxidation with either Dess—-Martin periodinane
(DMP) or 2-iodoxybenzoic acid (IBX) (Scheme 1)."*

To investigate the annulation of nitroenals 6 with dioxanone 7, we
initially treated mixtures of 6a (6, Ar = furyl) and 7 with a number of
different acids and bases, with no success: either no reaction occurred
or complex mixtures were obtained. However, addition of 6a to a
CH;CN solution of the enamine formed from 7 and pyrrolidine,
followed by hydrolysis, extraction and chromatography, gave,

Table 1 Annulation of nitroenals 6a—d with dioxanone 7¢
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Entry 6, amount/mg Solvent, 7 : pyrr® Additive equiv. Yield 8

19 6a, 80 CH;CN? — 8a 24%
2 6a, 80 CH:CN, 1:1  — 8a 27%
3 6a, 80 CH;CN, 1:1  PPTS | 8a 0%
4 6a, 130 CH;CN, 1:1  PPTS0.2 8a 38%
5¢ 6a, 130 DMF, 1: 1 PPTS 0.2 8a 38%
6  6b, 500 CHiCN,1:1  — 8b 25%
7 6b, 200 CH:CN, 1:08 — 8b 25%
8¢ 6b, 100 DMF, 1:08  PPTS 0.2 8b 37%°
9" 6b, 1200 DMF, 1:08  PPTS0.2 8b 42%
10" 6¢c, 150400 DMF, 1:0.8 PPTS 0.2 8¢ 22-30%"
1V 6c, 1000 DMF, 1:08  PPTSO0.2 8¢ 30%
127 6d, 300 DMF, 1:08  PPTS0.2 8d 33%

“For a general annulation procedure see ref. 16. ° Pyrrolidine.
¢ Isolated yields. “ In this case the enamine from 7 and pyrrolidine
was isolated and then reacted with nitroenal 6a. “ The reaction was
quenched after 10 min at 0 °C. / Quenching by addition of 5 : 1
EtOH-H,O. ¢ Average of 3 experiments with yields of 35%, 38%
and 39%. " Four experiments.
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HO(CH,)oNO, (4, 3 equiv.) OH
AcONH, (3 equiv.) ArCH

AcOH (0.1 Min 3), 75°C
55% for 3a, 43% for 3b, 51% for 3¢

ArCHO

5 NO,

IBX (2 equiv.), AcOEt, 75-85 °C ArX H
73% - quant. 6 NO,

Scheme 1 Two-step synthesis of B-aryl-o-nitro-o,p-enals 6.

together with some dark material that remained attached to the
column and some very minor unidentified eluates, a single major
product (Table 1, entry 1). Its identification as the protected
nitrocyclitol 8a was confirmed by X-ray crystallography (Fig. 2),'°
and proved that the desired annulation was indeed feasible

Slightly better annulation yields were obtained when the
enamine of 7 was not isolated, but generated in situ before
addition of 6a (entry 2). It was also found that although addition
of a whole equivalent of pyridinium p-toluenesulfonate (PPTS)
completely inhibited the process, addition of 0.2 equiv. was
beneficial, increasing the yield of 8a to 38% in both CH;CN and
DMF (entries 3-5)."® We judged this yield to be satisfactory,
considering that an easily purified complex product with five new
stereogenic carbons had been formed in a single step from two
achiral materials (one commercial and the other prepared in two
steps from commercial aldehydes), and moved on to evaluate the
annulation process with other o-nitroenals. The piperonal-
derivative 6b behaved similarly to its furyl analogue 6a (compare
for example entries 2 and 6). It was also observed that the amount
of pyrrolidine could be reduced to 0.8 equiv. (entry 7); that yields
were reproducible (entry 8, note g); and that the process could be
scaled up to the gram level (entry 9). The annulation of nitroenals
6¢ and 6d was achieved with similar efficiencies (entries 10-12), the
annulated products 8¢ and 8d being again easily purified as
virtually the sole elutable products.

Finally, to demonstrate the potential of the new annulation
procedure, we used it to carry out a gram-scale preparation of the
protected pancratistatin analogue 7-deoxy-2-epi-pancratistatin
tetraacetate (2). We chose a pancratistatin as our target because
the relative configurations of C2, C3, C4, C5 and C6 of 8 match
those of C3, C4, C4a, C10b and C1 of natural pancratistatin (1), a
product with great antitumoral potential that is obtainable only in
minute quantities from natural sources (screening at the U.S.

S0

He

Fig. 2 Crystal structure of 8a (50% probability ellipsoids for C, N and O;
H’s as fixed-size spheres)."

National Cancer Institute was suspended because of scant
supply)*? and for which no practical syntheses have been developed
(despite considerable efforts).*” We chose to prepare a 7-deoxy
pancratistatin because the absence of the 7-hydroxy group, which is
known not to be essential for antitumoral activity,’ allows the use
of inexpensive piperonal as starting aldehyde rather than expensive
S-methoxypiperonal. Finally, we chose to prepare a pancratistatin
with R rather than S configuration at C2 because this would allow
investigation of the influence of C2 configuration on the
antitumoral activity of pancratistatins.

Following the synthetic plan indicated in Scheme 2, we began by
preparing 2.24 g of nitrocyclitol 8b in one-batch from o-nitroenal
6b. We then simultaneously reduced the nitro group and the
carbonyl (with complete stereocontrol),'” protected the four
hydroxyl groups as acetonides and converted the amino group
into a methyl carbamate, thus forming 9. Replacing the
isopropylidene groups by acetyls gave 10, and final cyclization'®
afforded 0.84 g of the desired product 2, in seven steps and 10%
overall yield from commercial dioxanone, 7.1

In conclusion, B-aryl-o-nitro-o,-enals, a family that has
hitherto been largely overlooked, offer extraordinary promise for
organic synthesis. The novel annulation process described in this
paper allows their conversion, in one easy step and under very mild
conditions, into crystalline and highly complex B-aryl-substituted
nitrocyclitols that are easily isolated and which conformationally
locked bridgehead structures facilitate further stereoselective
transformations. It is expected that the new annulation will find
wide acceptance for the preparation of compounds containing
cyclitol units,® and that further advances may follow as the result
of increased interest in the chemistry of a-nitroenals.
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Scheme 2 Gram-scale synthesis of (4)-7-deoxy-2-epi-pancratistatin
tetraacetate (2) from nitroenal 6b and commercial dioxanone 7.
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General annulation procedure. 2,2-Dimethyl-1,3-dioxan-5-one (7), freshly
distilled pyrrolidine and the solvent (dry CH3CN or dry DMF) were
sequentially introduced into an oven-dried reaction flask under Ar. If so
indicated, PPTS was added after 10 min of stirring. After 1 h at rt and
cooling to 0 °C, the appropriate o-nitroenal 6 (1 equiv.) was added to a
final concentration of 0.1-0.2 M, either as a solid or as a solution in the
same solvent. After additional stirring for 1 h at 0 °C and 1 h at rt, the
reaction was quenched by addition of either 5: 1 EtOH-H,O ora 1 : 4
mixture of aqueous 0.1 N HCI and acetone, and stirring was continued
at rt for 20 h or 1-2 h, respectively. Nitrocyclitols 8 were obtained by
extraction and chromatography. Nitrocyclitol 8b: Prepared according to
the general annulation procedure using a solution of 2.75 g (21.15 mmol)
of dioxanone 7 and 0.88 mL (16.92 mmol, 0.8 equiv.) of pyrrolidine in
DMF (93 mL), 1.06 g (4.23 mmol, 0.2 equiv) of PPTS and a solution of
crude nitroenal 6b in DMF (45 mL) [6b was obtained as a 1.5 : 1
mixture of geometric isomers from the corresponding alcohol precursor
(4.72 g, 21.16 mmol) and IBX (11.85 g, 42.23 mmol, 2 equiv.) in
AcOEt (137 mL)]. After stirring for 1 h at 0 °C and 10 h at rt, quenching
with 5: 1 EtOH-H,0 (561 mL, stirring for 20 h), partial evaporation of
the solvent, and extraction (Et;O, 3 x 374 mL), chromatography (silica
gel, 25% AcOEt-hexane) afforded 8b as a pale yellow solid (2.236 g,
30%). Rf = 0.36 (25% EtOAc-hexane); mp = 203 °C (hexane/CH,Cl,);
"H NMR (CDCls, 400 MHz) 6 1.51 (s, 3H), 1.64 (s, 3H), 2.95 (bs, 1H),
3.11 (dd, J = 12, 1.2 Hz, 1H), 4.21 (bs, 1H), 4.34 (dd, J ~ 1.5 Hz, 1H),
4.50 (dd, J ~ 2.4 Hz, 1H), 5.30 (dd, J = 12, 11.6 Hz, 1H), 5.95 (s, 2H),
6.75 (m, 2H), 6.95 ppm (s, 1H); *C NMR (CDCls, 100 MHz) 6 25.31,
28.36, 50.03, 76.15, 79.02, 79.18, 90.98, 99.94, 101.34, 108.50, 108.63,
122.42,127.39, 148.09, 148.12, 205.43 ppm; IR (CHCl3) 1733 (CO), 1556
(NO,) em™'; LRMS (CI, CHy) mi/z (%) 379 [100, (M + 28)*]; anal calcd
for C,cH7NOg: C, 54.70; H, 4.88; N, 3.99; found: C, 55.05; H, 5.23; N,
3.97.
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7-Deoxy-2-epi-pancratistatin (obtained from 2 by hydrolysis with
K,COj3 in MeOH) is currently undergoing biological screening against
the human large cell lung carcinoma cell line NCI-H460.

Subsequent derivatization of 8, in particular through well-established
reactions involving their NO, group (a-alkylations, condensations,
eliminations, conversion of the NO, into methylene and keto groups,
etc), should allow access to a variety of cyclitols, including non-amino
cyclitols.

This journal is © The Royal Society of Chemistry 2006

Chem. Commun., 2006, 4239-4241 | 4241



