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and heterocyclic rings are currently under investigation
and will be reported soon.
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Trimethylsilyl Iodide Catalyzed Spirocyclization of
Amines. Synthesis of Perhydrohistrionicotoxin

Summary: A trimethylsilyl iodide catalyzed Michael re-
action of an enone amine and a trimethylsilyl iodide cat-
alyzed Sn2’ spirocyclization of an allylic alcohol amine are
the crucial reactions in two new syntheses of perhydro-
histrionicotoxin.

Sir: The histrionicotoxins, a class of spirocyclic alkaloids
isolated from the skin of the frog, Dendrobates histrion-
icus,! have received considerable attention from synthetic
chemists because of their distinctive structural features
and their unique properties as inhibitors of the ion
transport mechanism of the cholinergic receptor.? An
intensification of interest in these alkaloids has recently
occurred based on reports that a variety of structurally
simplified analogues maintain high levels of neurological
activity.>* Perhydrohistrionicotoxin (1; PHTx), a non
naturally occurring congener of histrionicotoxin that
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possesses comparable bioactivity, has served as the focus
of this interest with several total syntheses>® and synthetic
approaches®!! having been reported, including our own!?
synthesis of 1, in which the key spirocyclization is achieved
with use of organopalladium chemistry.

A number of investigators have explored entry into the
[5,5]-1-azaspirocyclic ring structure of 1 via a Michael
reaction with only mixed success. Corey®® has studied
reactions of the tetrasubstituted enone 2a but could not
effect its cyclization. Michael reactions of the trisubsti-
tuted enone 2b did proceed, but only to give a 1:1 mixture
of isomers at the carbon bearing the n-pentyl group.’®
Magnus!! has reported the acid—catalyzed Michael reaction
of the enone amine 2¢, but no results on the more pertinent
tetrasubstituted enone were included in this work. The
enone lactam 2d has been successfully cyclized by Kishi®
achieving a 1:2 ratio of desired to undesired ketones
(3a/3b), which could be epimerized to only a 4:1 ratio
(3a/3b).
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2a, R=n-Bu; X = n-pentyl; Y=H
2b, R= H; X = n-pentyl; Y= H 3

2¢, R=X=Y=H
2d,R=n-Buy;X,¥Y=0

We herein report the development of two trimethylsilyl
iodide (Me;SiI)!® catalyzed amine spirocyclization reac-
tions. The first readily effects the Michael reaction of the
tetrasubstituted enone amine 4 under mild conditions,
providing 5 with the desired disposition of the n-butyl
group predominating (5:1). In addition, this ratio can be
enhanced to 13:1 by epimerization. The second Me;Sil
reaction catalyzes an intramolecular Sy2’ reaction of the
allylic alcohol amine 6, producing the spiro olefin 7.
Conversions of both 5 and 6 to desamyl-PHTx (8) have
been achieved.
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%a, ClMgCHzCHzCHzCH,OMgCI, THF, 65%; b, TsCl, py,
-10°C, 8 h, 95%; ¢, PACH,NH,, cat. Nal, Me,SO, room
temp, 18 h, 72%; d 2.0 equxv of CH,SIiI, 1 equxv of NEt,,
1 equiv of NaI CH,CN, —20 °C, 12 h 80%,e NaOMe,
CH,Cl,, room temp, 24 h; f, Lx/NHB, 2 equiv of MeOH
65%.

We chose as the target of our synthetic efforts desa-
myl-PHTx (8) on the basis of two considerations: (1)
Corey® had previously efficiently converted 8 to PHTx
(1): (2) 8 has been found to possess comparable biological
activity to PHTx (1).2

The preparation of 8 utilizing the CH;Sil-catalyzed
Michael addition reaction is outlined in Scheme I. The
sequence is initiated by reaction of the Normant Grignard
reagent!* derived from 4-chlorobutanol with the known
vinylogous ester 9,13 which on acidic workup yields the
enone alcohol 10 in 65% yield. Tosylation of the alcchol
10 (TsCl, py, —10 °C, 8 h) provided 11 in 95% yield. Am-
ination of the tosylate with PhCH,NH,'¢ (catalyst Nal,
Me,SO, room temperature, 18 h) gave the precursor for
the CH,Sil reaction (4) in 72% yield. Treatment of 4 with
2 equiv of CH,4Sil in CH;CN contaiing 1 equiv of NEt; and
1 equiv of Nal at ~20 °C for 12 h gave the cyclized ketones
(5a/5b) in a 5:1 ratio in 80% yield on the basis of recovered
starting material (40% conversion). Epimerization of the
ketones (CH,Cl,, NaOMe, room temperature 24 h) gave
5a/5b in a 13:1 ratio. Reduction of 5a using Li/NH; and
2 equiv of MeOH!7 neatly effects both debenzylation and
completely stereoselective reduction of the ketone, pro-
viding desamyl-PHTx in 65% isolated yield. The desa-
myl-PHTx produced in this way was found to be identical
with an authentic sample provided by A. Brossi.

The CH,Sil reaction is suggested to proceed by the
following mechanism. Complexation of the enone by the
CH,Si group occurs and this serves to activate it to nu-
cleophilic addition. Iodide then adds, forming an inter-
mediate allyl iodide (12).®8 That initial iodide trapping

(14) Cahiez, G.; Alexakis, A.; Normant, J. F. Tetrahedron Lett. 1978,
33, 3013.

(15) Rosenmund, K.; Bach, H.; Chem. Ber. 1961, 94, 2394, and ref 6.

(16) Benzylamine was used in this sequence because of its relevancy
to our previous efforts in this area (ref 12) and because amination with
ammonia proved more difficult and offered no advantage in subsequent

steps.

(17) Anhydrous Li/NH; reduction gave only 16. Use of >2 equiv of
a proton source caused significant amounts of Birch reduction of the
benzyl group competitive with debenzylation.
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of the activated enone occurs rather than immediate amine
cyclization is indicated by the following observations: (1)
the reaction either does not proceed or proceeds in sub-
stantially poorer yield with CHz;SiOA¢, CH3SiOTf, CH;-
SiCOCFs3; (2) the use of added Nal improves the yield in
the reaction. The ability of iodide to act as both a good
nucleophile and a good leaving group appears crucial in
this process. Sy2’ cyclization of the amine on the allyl
iodide yields the enol silyl ether 13. The added stereo-
control of the n-butyl moiety afforded in this reaction
relative to the Kishi lactam Michael reaction is likely due
to the enhanced ability of the amine to internally deliver
a proton to the enol silyl ether.
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Significantly, treament of the enone amine 4 with
aqueous HCl or HI in varying concentrations (catalytic to
>1 equiv) did not result in the observation of cyclized
product, even under forcing conditions (80 °C). In fact,
reaction of the cyclized ketone 5a with dilute aqueous HCI
at room temperature was found to promote the retro-
Michael process. Likewise, treatment of 4 with base (e.g.,

(18) Iodide may add “1,4” to the activated enone. We make no at-
tempt to distinguish between these intermediates. There is a report of
CHj,SiI addition to enones providing 8-iodo silylenol ethers. Miller, R.
D.; McKean, D. R. Tetrahedron Lett. 1979, 2305.
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K,CO; or n-BuLi) did not result in production of 5a.'

The mild conditions of the CH;Sil reaction in con-
junction with the potential ability to directly isolate an enol
silyl ether cyclization product incapable of retro-Michael
processes under the reaction conditions make this reaction
of considerable possible utility.

The second CH;Sil reaction serves as an adjunct to our
palladium-based methodology? in promoting an Sy2’ re-
action of aminoallylic alcohols. The precursor for this
reaction (6) was prepared by DiBAL-H reduction (PhCHj,
-5°C, 75%) on the enone amine 4 (Scheme II). Treat-
ment of 6 with 1.5 equiv of CH;Sil (1 equiv of NEt,,
CH,CN, —20 °C) effected cyclization of 7 in 40% isolated
yield. Comparable yields were obtained with the primary
amine 14 (R = H) and the allyl amine 15 (R = allyl)
(Scheme II).

Conversion of the spirocyclic olefin (7) to desamyl-PHTx
(8)12 was accomplished by hydroboration-oxidation
(BH;-Me,S, 1.1 equiv, THF, room temperature, 19 h, ex-
cess H,O,, NaOH, diglyme, 80 °C, 10 h,* which provided
a 2:1 mixture of the isomeric alcohols (16/17) in 40% yield.
Debenzylation of 16 (60 psi, H,, EtOH, 48 h) yielded 8 in
85% yield. Alternatively the crude oxidation mixture
could be converted to a 2:1 mixture of 5a/5b in 33% yield
by Swern oxidation.?? Epimerization and Li/NHj re-
duction again provided 8.

We have found this reaction to be a useful complement
to the palladium methodology in allowing cyclization of,
for example, 15, which could not be effected by Pd(0).%
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Expeditious Synthesis of
2,3-Dihydro-1H-pyrrolo[1,2-a Jindoles, Pyrroloindole
Quinones, and Related Heterocycles via
Nenitzescu-Type Condensation of Quinone
Monoketals with Exocyclic Enamino Esters

Summary: Condensation of exocyclic enamino esters with
3-methoxyquinone 4-monoketals gives rise to bicyclic
Michael adducts (see Table I) which undergo acid-cata-
lyzed aromatization to 5-methoxypyrroloindole-9-

carboxylates suitable for elaboration to mitosenes.

Sir: The antitumor activity of the mitomycin antibiotics
(e.g., mitomycin A, 1)! has stimulated a considerable effort
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aimed at the synthesis of the natural products, as well as
various analogues based on the parent 2,3-dihydro-1H-
pyrrolo[1,2-a}indole nucleus!~ (e.g., mitosene, 2). Although
only one approach has as yet culminated in a total syn-
thesis of the natural mitomycins,* the antitumor activity
of the simpler mitosenes!*® and the antibacterial properties
of related indoloquinones® provide incentive for the de-
velopment of new synthetic routes to these heterocyclic
compounds. We have discovered a novel variation of the
Nenitzescu indole synthesis” which affords directly 2,3-
dihydro-1H-pyrrolo[1,2-a]indole-9-carboxylates with a
substitution pattern suitable for ready elaboration of the
pyrroloindole quinone characteristic of the mitomycins.

Indoles bearing carboxyl and hydroxyl groups at C-3 and
C-5 (C-9 and C-7 on mitosene), respectively, are readily
prepared by the Nenitzescu reaction of enamino esters and
quinones.”® Unfortunately the attractively convergent
annelation of toluquinone with ethyl (pyrrolidin-2-ylid-
ene)acetate (4) and the corresponding nitrile gives rise to

E105C

o) e HO COoEt
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Mg’ o} MeO N
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3 4 5

mixtures in which the required 7-hydroxy-6-methyl pyr-
roloindole isomers are minor components.? Similarly, and
not unexpectedly,® we have found that the initial Michael
addition step of the Nenitzescu reaction between 2-
methoxy-3-methylquinone (3)!° and 41! occurs exclusively
“para” to the methoxy group and that the usual equili-
brating conditions (1:1 CH;OH-AcOH, reflux) give the
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