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A novel, highly stereocontrolled formal [3 + 3] annulation of

b-aryl-a-nitro-a,b-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,1 the conduritols2 and the aminocyclitols,3

which are attracting increasing attention for the treatment of

diabetes, cancer, and viral and bacterial infections.4 They also

include a variety of complex natural products, such as the potential

antitumoral agent pancratistatin (1, Fig. 1).5–7 Not surprisingly,

polyhydroxylated cyclohexanes were identified early as key

synthetic targets.8 However, most methods proposed hitherto for

their preparation have been based on the carbocyclization of a

carbohydrate derivative2,3,9,10 and usually involve a considerable

number of steps before and/or after the key cyclization step.11

Herein we describe a novel route to cyclitols of type 8 that are

assembled in a single step from b-aryl-a-nitro-a,b-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).

Before addressing the reaction between 6 and 7 we checked the

accessibility of the required b-aryl-a-nitro-a,b-enals 6, a rare and

essentially unexplored family of compounds.12,13 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).14

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 andbases, withnosuccess: eithernoreactionoccurred

or complex mixtures were obtained. However, addition of 6a to a

CH3CN solution of the enamine formed from 7 and pyrrolidine,

followed by hydrolysis, extraction and chromatography, gave,
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Fig. 1 Natural pancratistatin (1), and synthetic (¡)-7-deoxy-2-epi-

pancratistatin tetraacetate (2).

Table 1 Annulation of nitroenals 6a–d with dioxanone 7a

Entry 6, amount/mg Solvent, 7 : pyrrb Additive equiv. Yield 8c

1d 6a, 80 CH3CNd — 8a 24%
2 6a, 80 CH3CN, 1 : 1 — 8a 27%
3 6a, 80 CH3CN, 1 : 1 PPTS 1 8a 0%
4e 6a, 130 CH3CN, 1 : 1 PPTS 0.2 8a 38%
5e 6a, 130 DMF, 1 : 1 PPTS 0.2 8a 38%
6 6b, 500 CH3CN, 1 : 1 — 8b 25%
7 6b, 200 CH3CN, 1 : 0.8 — 8b 25%
8f,g 6b, 100 DMF, 1 : 0.8 PPTS 0.2 8b 37%g

9f 6b, 1200 DMF, 1 : 0.8 PPTS 0.2 8b 42%
10f,h 6c, 150–400 DMF, 1 : 0.8 PPTS 0.2 8c 22–30%h

11f 6c, 1000 DMF, 1 : 0.8 PPTS 0.2 8c 30%
12f 6d, 300 DMF, 1 : 0.8 PPTS 0.2 8d 33%
a For a general annulation procedure see ref. 16. b Pyrrolidine.
c Isolated yields. d In this case the enamine from 7 and pyrrolidine
was isolated and then reacted with nitroenal 6a. e The reaction was
quenched after 10 min at 0 uC. f Quenching by addition of 5 : 1
EtOH–H2O. g Average of 3 experiments with yields of 35%, 38%
and 39%. h Four experiments.
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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),15

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 CH3CN and

DMF (entries 3–5).16 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 a-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

6c and 6d was achieved with similar efficiencies (entries 10–12), the

annulated products 8c 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.

National Cancer Institute was suspended because of scant

supply)5b and for which no practical syntheses have been developed

(despite considerable efforts).5a,b 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,5c allows the use

of inexpensive piperonal as starting aldehyde rather than expensive

5-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 a-nitroenal

6b. We then simultaneously reduced the nitro group and the

carbonyl (with complete stereocontrol),17 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 cyclization18

afforded 0.84 g of the desired product 2, in seven steps and 10%

overall yield from commercial dioxanone, 7.19

In conclusion, b-aryl-a-nitro-a,b-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,20 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 (¡)-7-deoxy-2-epi-pancratistatin

tetraacetate (2) from nitroenal 6b and commercial dioxanone 7.

Scheme 1 Two-step synthesis of b-aryl-a-nitro-a,b-enals 6.
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