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ABSTRACT

whole-cell

/@ biotransformation /@ 17 steps
X (X=ClorBr) X “OH

OH
monochiral precursor
to E-ring of (+)-1

(+)-brunsvigine [(+)-1]
(non-natural enantiomer)

The readily available and enzymatically derived  cis-1,2-dihydrocatechols 3a and 3b have been elaborated over 17 steps, including a novel
radical addition/elimination sequence, into the enantiomer, ( +)-1, of the montanine alkaloid brunsvigine [(  —)-1].

(—)-Brunsvigine [(—)-1}"3is a representative member of a Two distinct end-games have been employed in the limited
relatively small group of natural products known as the number of total syntheses of the montanine alkaloids reported
montanine alkaloids which incorporate the 5,11-methano-
morphanthridine framework and bear hydroxy or methoxy
groups in varying configurations at C-2 and G-3he
isolation of ()-montabuphiné,assigned structurg, from

the Amaryllidaceae speci@oophane flaa found in South-
ern Africa suggests that both enantiomeric forms of the
framework can be encountered within this class of natural
product. Little is known about the biological properties of
such compounds® although their structural similarity to
other pharmacologically active Amaryllidaceae alkaloids
suggests they deserve attention in this regard.
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game relies on the assembly of the morphanthridine skeleto
incorporating a hydroxymethyl group at C-11 and installation
of the 5,11-methano bridge by activation of the hydroxyl
moiety, then displacement of the activated unit by N-5.
Hoshino first deployed this approach in synthesesdof (
montanine, £)-coccinine, {£)-O-acetylmontanine £)-pan-
cracine, and (+)-brunsviginé.Subsequently, Weinreb ap-
plied this strategy in enantioselective total syntheses-df (
montanine, (—)-coccinine, and (—)-pancraciheSeveral
formal total syntheses of various members of the montanine
alkaloid class have also been describalnd all but twé?.4

rely on one or other of the two end-games just described.
Herein we outline a chemoenzymatic synthesis of the
enantiomer,{)-1, of (—)-brunsvigine [(-)-1] that starts from

the monochiral 3-haleis-1,2-dihydrocatechol3a and 3b,
each of which can be obtained in multigram quantities
through the whole-cell biotransformation of the correspond-
ing halobenzen# The strategy used involves the late-stage
application of the PictetSpengler reaction and a novel
radical addition/elimination proce’¥ghat permits the ready
and completely regiocontrolled introduction of tiAé-11a
alkene associated with all of the title alkaloids.

The early stages (Scheme 1) of the total synthesis-df (
brunsvigine involved assembly of the precursor to the E-ring
and began with th@-methoxyphenyl or PMP-based acetal
derivatives4,'® of compoundsaand3b. These acetals were
subjected to a regio- and diastereo-selectigedihydroxy-
lation under the UpJohn conditioffsand the resulting diols
5a (65% from3a) and5b (66%) converted, under standard
conditions involving MOM-CI and sodium hydride, into the
corresponding bis-MOM ether8a (91%) and6b (88%),
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presence of imidazole and triphenylphosphihalthough in

respectively. Reductive cleavage of the acetal moiety within each of these reactions leading to such products they were
these last compounds was effected regioselectively Usmgaccompamed by the hydroquinone derivat®/¢2.5—6%).
DIBAL-H, ** affording thep-methoxylbenzyl or PMB-ethers  The structures of compoun8s and9b follow from single-

7a (64%) and7b (60%), respectively. Conversion of these crystal X-ray analyse$ Reductive deiodination of dihalides
alcohols into the corresponding iodideda (81%) and8b 8a and 8b was achieved using tri-n-butyltin hydride and
(66%), could be achieved using triiodoimidazole in the wjthout any complications arising from competitive removal
of the halogens attached to the associated alkene. The ensuing
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PMB-ethersl0a(85%) andl0b (84%) were each subjected
to cleavage with DDQ, and the alcohdl$a(96%) andl1b
(98%) so formed engaged in Mitsunobu reactions using
diphenylphosphoryl azide (DPPR)s the nucleophile. The
ensuing azide$2a(93%) andl2b (75%) thus formed were
then each subjected to a Staudinger reaction using tri-
phenylphosphine in agueous THF, and the resulting primary
amines13a (87%) and13b (98%) engaged in reductive
amination reactions using-methoxybenzaldehyde then
sodium cyanoborohydride to give the corresponding second-
ary aminesl4a (90%) andl14b (56%).

The assembly of the precursor to the AB-ring substructure
of (+)-brunsvigine is shown in the early parts of Scheme 2
and used protocols defined by Ikeda et?lThus, 1,2-
methylenedioxybenzene was treated with etindhloro-o.-
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thiophenylacetate in the presence of Ti@ give, after
saponification of the product ester with NaOH, tharylated
acetic acid17 (99%). EDCI-promoted coupling of this
compound with either amin&4a or 14b gave the corre-
sponding amide48a (86%) and18b (74%), each of which

residue within substrate? into the acid-stable cyclic
carbonate but also effected cleavage of the PMB-protected
amine to form the corresponding carbamoyl chlori2
which was immediately treated with aqueous dioxane in the
presence of traces of HCI to give the cyclic secondary amine

was obtained as a ca. 1:1 mixture of diastereoisomers. In a24 (42% from 22). Treatment of the last compound with

pivotal step of the synthesis, compouridaand18b were
each subjected to reaction with mixtures of hexaudtylditin,

paraformaldehyde in aqueous formic acid at’80effected
the pivotal Pictet—Spengler reaction to generate compound

tri-n-butyltin hydride, and AIBN so as to generate, via 25(65%)embodying the full pentacyclic framework of target
homolytic cleavage of the thiophenyl unit, a benzylic radical (+)-brunsvigine. Finally, subjection of carbonas to

that engages in a &xo-trig cyclization/halide radical elimi-
nation reaction sequenégthus forming the D-ring of target

reaction with KOH in methanol at 1& afforded compound
(+)-1 [mp 130—140°C (sesquihydrate—recrystallized from

(+)-1. This sequence led to a mixture of the 3-arylhexahy- wet acetone); lit. mp 140—150°C (for sesquihydrate of the

drooxindole19 (0% from 18a and 7% from18b) and the
required epimer20 (29% from 18a and 60% from18b)

enantiomer)] in 87% yield. The spectral data derived from
this material were in full accord with the assigned structure,

together with varying quantities of those compounds arising but final confirmation of this followed from a single-crystal
from reductive cleavage of the thiophenyl and/or halogen X-ray analysis® The specific rotation of {)-brunsvigine
residue within the starting materials. The lactam carbonyl {[a]p +75.9 (c0.1, ethanol)}was of similar magnitude but

within product20 was removed using in situ generated AlH

and the hexahydroindol21 thus obtained in 94% yield.

Because the looming PicteSpengler reaction requires the

opposite sign to that report&dfor its enantiomer{[o]p
—76.3 (c1, ethanol)}.
Given the availability of the enantiomeric forms of starting

presence of acid-stable hydroxyl protecting groups, the materials3a and 3b,!® the work detailed above will also

MOM-ether residues within compour2fl were removed
using aqueous HCI in methanol and the ensuing @l
(73%) subjected to reaction with triphosgefdlse of this
reagent not only resulted in the conversion of tiediol
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provide access to (—)-brunsvigine. Moreover, it seems Supporting Information Available: Preparation and
reasonable to suggest that rather straightforward modifica-characterization of selected compounds; atomic displacement
tions to the reaction sequences defined above should permitllipsoid plots together with certain other materials derived
the efficient preparation of many other members of the from the single-crystal X-ray analyses of compouBéds9b,
montanine alkaloid class. Work directed to such ends is now gng (+)-1(CCDC numbers 632321, 632322, and 641134,
_underway in these laboratories, and results will be reported regpectively); andH or 3C NMR spectra of compoundsia,

in due course. 11b, 14a,14b, 20, 25, and ¢)-1. This material is available
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