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. Asymmetric synthesis of an allylic azide combined with the facility of the [3.3]sigmatropic
f:a'xnf:lnag?ment p¥ovides a sir)rllple strategy for the synthesis of conduramine E.

The synthesis of allylic azides is complicated by their propensity to undergo [3.3)-sigmatropic
rearrangements as shown in eq 1." Previously, it has been noted that in the palladium catalyzed azidation of
allylic esters, the product reflected the thermodynamic mixture of regioisomers.? The formation of such
mixtures detracts from their utility in synthesis. In the optimum situation, both regioisomers would be
available.
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In conjunction with our interest in asymmetric syntheses of alkaloids, we initiated a study of the
asymmetric azidation of diesters of meso-2-en-1,4-diols.> As a starting point, the reaction of fhc six membered
ring dibenzoate 1 with trimethylsilyl azide in the presence of the palladium(0) source 2 and triphenylphosphine
ave virtually the statistical 1:2:1 mixture of starting material: monoazide 3:diazide 4 (eq 2, path a). In stark
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contrast to this result, use of the chiral ligand 5 gave the alkylation product with a >17:1 ratio of 3*:4 (eq 2,
path b). This ratio was also dependent upon the alkylation conditions. For example, switching to sodium azide
in aqueous THF under otherwise identical conditions with chiral ligand 5 gave a 6:1 ratio of monoazide 3 to
diazide 4. Thus, one benefit of the chiral ligand is to minimize the problem of polyalkylation. In neither case
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was the product of [3.3]-sigmatropic rearrangement observed.

To determine the enantioselectivity of the reaction with the chiral ligand S, the azide was reduced with
triphenylphosphine in THF followed by addition of water® to form the amine 6 which was directly acylated with
(8)-O-methylmandelic acid and DCC (eq 3). The 'H nmr spectrum of the resulting amide 7 showed signals for
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only one diastereomer, indicating a de of >95% for 7 and, consequently, an ee of >95% for 3. This spectrum
also allowed assignment of the absolute configuration as depicted (8, 5.82 for 7 vs & 5.94 for the
diastereomer).®

For the synthesis of some of the conduramines,™ conduritol A acetonide (8) was prepared as shown in
Scheme 1 using a modification of the method of Cambie et al.” This sequence transforms 1,4-benzoquinone

Scheme 1. Synthesis of Monoacetonide of Conduritol A (8)

a) Xylene, reflux, 90%. b) NaBH,, CeCl,*7H,0, CH,0H, CH,Cl,, 94%. c) cat. 0sO,, NMO<2H,0, C;H;N, t-
C,H,0H, H,0, reflux, 91%. d) cH; COCHj,d-l C(OCH,),CH,, TsOH, 95%. ¢) FVT, 500°, 94%.

into the diol 8 with complete control of diastereoselectivity in 69% overall yield and permits recycling of
anthracene. The dibenzoate 9a differed in its behavior from the parent system 1 in that both regioisomeric
azides 10a* and 11a* were produced with the same chiral catalyst (eq 4). Using 2 as the palladium(0) source
gave a 2.5:1 ratio after 20 h (56% yield). With n-allylpalladium chloride dimer (12) as the palladium(0) source,
the reaction proceeded more quickly to give a 51% yield after 8h at r.t. and a 3.4:1 ratio of the regioisomeric
products. Since the amount of the rearranged product seemed to correlate with extended reaction times, the
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employment of a substrate that bore a better leaving group such as the dicarbonate 9b was explored as a means
to reduce the reaction time. Indeed, a 6:1 ratio of 10b* and 11b* was produced in 68% yield after only 7 hat r.t.
using 2 as catalyst precursor. Surprisingly, using 12 as the palladium source gave a 3:1 ratio of 10b to 11b after
only 3 h (57% yield). Significantly, lowering the amount of the palladium catalyst and using chiral ligand 13 in
CH,C), dramatically increased the amount of the 1,4-type product. For example, decreasing the amount of
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catalyst from 2.5 mol% to 0.5 mol% as in eq 5 at 0° increased the ratio of ent-10b*:ent-11b* to >20:1 (84%

yield). These results combined with the observation that no significant isomerization occurs thermally at these

temperatures over several days suggest that the isomerization may also be palladium catalyzed.

A thermal isomerization does indeed occur. Heating ent-10b at 60° in THF leads to an equilibrium
mixture of ent-10b and ent-11b of 1:3 from which the latter can be isolated in 63% yield. Further favoring of
the rearranged 1,2-isomer under thermodynamic conditions was envisioned by converting the carbonate to the
alcohol 15 since intramolecular hydrogen bonding is possible in this case but not for the regioisomer 14.
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Subjecting ent-10b to basic hydrolysis at 50° (K,CO,, CH,OH) gave an approximate 1:9 ratio of 14:15 in full
accord with this prediction. In this way, azide 15 was isolated in 82% yield. Thus, both the 1,4 and 1,2
substitution products are available.

In agreement with the mnemonic established for this asymmetric alkylation, the clockwise type ligand §
produced the mirror image products from those obtained from the counterclockwise type ligand 13. The
enantiopurity of ent-10b was established by way of the O-methylmandelic ester to be >95% ee.'® Since ent-11b
and 15 derived from ent-10b, by default, their ee’s must also be >95%. As shown in the Table, the observed
rotations for the enantiomeric products obtained from the two types of ligands were virtually equal in magnitude
but opposite in sign, again supporting their high enantiopurity. Thus, both the dipheny! and cyclohexyl ligands
gave excellent levels of asymmetric induction.
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Table. Optical Rotations of Azidocarbonates

Ligand 1,4-Product 1,2-Product
5 +34T (c 1.4, CH,CLY -279° (c 2.0, CH,CL,
13 -34.0° (¢ 1.4, CH,CL) +276° (c 2.1, CH,CL,)*

a) 10b, b) 11b, c)ent-10b, d)ent-11b.

The availability of either regioisomer can prove quite valuable. For example, ent-10b has been
converted into (+)-pancratistatin and N-benzoylconduramine A-1." A synthesis of conduramine E (17) has now
been completed from 15 as shown in Scheme 2. Simple Standinger type reduction to amine 16 followed by acid
Scheme 2. A Synthesis of (+)-Conduramine E
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a) (CH,),P, THF, H,0, 94%. b) 2N HCI, H,0, THF, 88%. ¢) Ac,0, C,H,N, 70%

hydrolysis generated enantiopure conduramine E (17)* in 57% overall yield from dicarbonate 9b and 40%
overall yield from benzoquinone. It was further chracterized as its peracetate 18.*

The combination of asymmetric synthesis of allylic azides and their subsequent [3.3] rearrangements
provides two quite different substitution patterns in very simple fashion. The availability of such substitution
diversity should prove valuable for the synthesis of complex aminoalcohols.
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