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ABSTRACT
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(-)-brunsvigine

A general approach to the synthesis of aza bicyclic enones was developed via a simple two-step annulation involving a Mitsunobu protocol
and anionic cyclization. According to this strategy the total synthesis of (-)-brunsvigine was accomplished with 12% overall yield.

Montanine-type alkaloids first isolateéthy Wildman et al. synthesis of racemic montanine, coccinine, pancracine,
in 1955 belong to a subclass Amaryllidaceaealkaloids. brunsvigine, andO-acetylmontanine, using reductive cy-
These natural products—6 have the core structure of the clization as a key step to assemble the pentacyclic unit.
5,11-methanomorphanthridine ring system and differ only Overman and Shim developed an elegant total synthesis of
in the configurations of stereocenters at C-2 and T-3. racemic pancracine employing an aza-Cope rearrangement
and Mannich cyclizatiod. Weinreb and Jin reported an
o) f“ij enantioselective synthesis of)-coccinine and<)-pancra-
(ORS cine via a concerted ene reaction of allenylsilane imfes.

Total synthesis of (+)-coccinine, a nonnatural enantiomer

N H R4 L. .
1-6 of (—)-coccinine was reported by Pearson and Lian who

R, R, R; Ry undertook cycloaddition of a 2-azaallyl anibitkeda et al.
1 H OH H OH (-)-brunsvigine reported a formal total synthesis of racemic pancracine based
2 H OH OH H (-)-pancracine _ ; At P
3 H OMe OH H ()-montanine ona ca_rbonyl radical cychzatloﬁ.We_ reported an anionic
4 H OMe OMe H ()-manthine cyclization approach to the synthesis of 5H-perhydroindol-
g H ~OMe OAc H ()-O-acetyimontanine 3-ones® As a continuation of our work in this area, we report

OMe H OH H (-)-coccinine

in this Letter the first total synthesis of-f-brunsvigine via

Because of this interesting pentacyclic ring structure and anionic cyclizatioft of the Weinreb amide intermediate.

promising pharmacological potential, these alkaloids attract
much synthetic effort. Hoshino et al. reportélde first total
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Our retro-synthetic analysis, Scheme 1, would require a nolone and perhydrobenzazepinone skeletons are the core

facile method for the synthesis of perhydroinddle We
envisioned that coupling of an aryl organometallic species
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with perhydroindole7 followed by a Pictet Spengler cy-
clization would provide the core structure of brunsvigine and
related natural produc®-6. Compound’ could be prepared
from iodo allylic alcohol9 and a glycine unitl0 via
Mitsunobu coupling (9+ 10 — 8) followed by anionic
cyclization (8— 7).

We began our investigation with the development of an
efficient synthesis of perhydroindolone skeletgh(Scheme
2). Allylic alcohol 11'° was first converted into the required
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Weinreb amide intermediatE3a using a Mitsunobu proto-
col.** Treatment ofl3awith n-BuLi affected metalation and
anionic cyclization to give perhydroindoloriglain 74%
overall yield. Similarly, compoundll was reacted with
compoundd2b and12cto afford compound43band13c.
Metalation of13b and13c followed by anionic cyclization
gave perhydroquinolonitb and perhydrobenzazepinohéc

in 80% and 75% vyields, respectively. These perhydroqui-
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structures of several important classes of natural products,
including theAspidospermand Stemonaalkaloids!?

Having developed a reliable procedure for synthesis of
perhydroindolone uni4a, we turned our attention to the
total synthesis of{)-brunsvigine. Required chiral enot&
was obtained from -()-quinic acid in five steps using
published procedurés Chiral enonel5 was then smoothly
transformed intax-iodo enonel6 using Johnson's methdd.
Luche reductiot? of iodo enonel6 in methanol at °C
afforded a mixture of epimeric allylic alcohol¥ and18in
a ratio of 71:29 with 92% combined yield, Scheme 3.
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o-lsomerl7 was separated and converted into the required
p-allylic alcohol 18 using Mitsunobu’s proceduré? Com-
pound 18 was then reacted with compourtRa under
Mitsunobu’s conditions to givel9 in 92% yield. When
treated withn-BuLi under standard conditions, compound
19 underwent anionic cyclization to give eno@@in 73%
yield. Sodium borohydride reduction of chiral end@under
Luche condition¥ afforded a single diastereomer, which was
then converted into the corresponding pivaloate eafer
Scheme 4.

The stereochemistry &1 was confirmed through single-
crystalX-ray analysig® Cul-promoted &2 displacement of
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the pivaloate unit of21 with arylmagnesium bromid@2
afforded compoun@3in 76% yield!” Removal of the tosyl
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group of23 using sodium naphthalenide in DME-a78°C
produced amin®4 18 Treatment of24 with Eschenmoser’s
salt® in DMF at 90 °C yielded compound5. Finally,
cleavage of the acetal unit with concentrated HCI afforded
(—)-brunsvigine in 12% overall yield fror5. The optical
rotation of 1 was measured, [g]= —76.3 (lit. [a]p =
—76.6)1ab

In summary, we have developed an anionic cyclization
approach for the synthesis of perhydroindoldde, perhy-
droquinolinonel4b, and perhydrobenzazepinoddc and
applied this method for the first total synthesis of){
brunsvigine. Application of this method toward the total
synthesis ofStemonalkaloids? is currently under investiga-
tion in our laboratory.
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