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Abstract: The silicon-induced Pummerer reaction of several amido sulfoxides possessing tethered 1t-
bonds proceeds by way of a thionium/N-acyliminium ion cascade to provide various azabicyclic ring
systems This cascade sequence was applied toward the synthesis of a member of the protoberberine
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The indolizidin.e and quinoliz'dinp alkaloids are natural products which have been isolated from

considerable interest because of the potent and

v derivatives which function
erivalives which tunction
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intramolecuiar reaction of cyclic N-acyliminium ions has been s
of various azabicyclic ring systems found in natural products.

Our interest in indolizidine/quinolizidine alkaloid synthesis was prompted by the desire to expiore
the thionium/N-acyliminium jon cascade as a key strategy for the assembly of these ring systems. The
approach we had in mind was based on our previous success using a tandem Pummerer/Mannich
cyclization sequence for synthesis of the erythrinane alkaloid skeleton.® We envisioned that thionium ion
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a7 were easily prepared by addition of thiophenoi to the appropriate aikenoic
I was foliowed by reaction of thein situ generated acyi chioride with 3,4-dimethoxy-
phenethylamine. The si hcon induced Pummerer reaction of these amido sulfoxides was carried out using

‘n-(d%m“th‘y‘n—:“r‘-bu‘y' OXY)- 1-memoxyetnylene in dry acetonitrile in the presence of a catalytic amount
of Znl, as described by | Kita'' and led to the very clean formation (>90%) of 2-thio substituted lactams 8

and 9. iminium ion-aromatic n-cyclization was readily accomplished by treatment of 8 or9 with 1.2 equiv

ot BF »2AcOH in CH ,Cl,at25 °C to provide bicyclic lactams 10 or 11 in 98% and 79% yield, respectively.
A related set of reactlons occurred using the indolyl substituted amido sulfoxides 12 and 13 which afforded
indoles 16 and 17 in excellent yield from the initially formed Pummerer products 14 and 15.

OMe
8n=1 iWn=
éin=1 9n=2 1;n=2
fn=¢g
0
A SPh  CHoPh PhCHawy _(’j
( ~~_SPh N [\ 7/
{fIn ™~ CHaPh - QN “’> ,
a N a 7 7\ v qn )
0 NH | O YN\)
Ly J
= 14;n=1 16;n=1
12;n=1 i5,n=2 i7,n=2
13;n=2

Since the previous examples involve aromatic TC-L d cyclization, we decided to study several
systems which possess a simple olefinic tether. We found that treatment of the cyciohexenyi substituted
amidosuifoxide 18 with the t-butyi O-silyiated ketene acetai caused an intramoliecuiar Pummerer-type
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Reagents: (a) TBDMSOC(OMe)=CHa, Znly; (b) BF322AcOH; (c) Hg(OAc),, HCOH
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reaction to give a-thiolactam 19 which was subsequentiy converted to 20 upon treatment with BF ;*2AcOH
In 50% overall yield. Extension of the two-step sequence to the bromoalkenyl substituted amide 21 was
investigated next. When 21 was subjected to the typical Kita Pummerer conditions,!! the desired 2-
thiolactam 22 was isolated in 80% yield. Further reaction of 22 with BF;*2AcOH fumished the novel
bromo-thiopheny! substituted indolizidone 23 which was hydrolyzed to ketolactam 24 in good yield.

Initial attempts to induce a “one-pot” tandem cascade of the starting amidosulfoxides failed to
produce the cyclized product. However, the desired domino cascade sequence could be induced by using
a dithioacetal substituted amide as the thionium ion precursor. Thus, treatment of amide 25 with dimethy!-
(methyithio)sulfonium fluoroborate (DMTSF), as described by Trost,'? initiated a one-pot cascade
sequence to deliver hexahydroisoquinolinone 11 in near quantitative yield.

OMe A
A
25 1

Qur interest in establishing amidosulfoxides as useful buildina blocks for heterocvclic synthesis
A AN LU s 1IN S WA T WAV W AT ATWW WY AW Wil WAL '3 NMIWWIN 1w llvu.\rlvvyvuv U]ll‘l Wi
nromntad 11e tn 11ca tha Piimmarar mathadnlaav far the nrenaratinn of 2 mamhear af tha nratnharharine
Hlvlll’l‘-v\ﬂ M AW MWW MBI T AT N T IR I\I\JUI\JU’ I W I PIUH“IHLI\III A\VINE IR RA IR RIVoAS BRI RN IR L) PIU{UU‘-I [SAS RIRA~
allealnid famihy 13 Tha nratnharharinac ara o larna ~lace Af natiiral nradnicte honinalhy charastarizad hy »
QAINQiIvivu lullllly LA~ 'JIULUIJUIUUIII 1ICo QIT A 1Al yc viIQow Vi Tiatuiat 'JI vVuuvio ly’Jl\JGII U IAIQUICTILTU WV (=3
tetracyclic ring skeleton with an isoquinoline core. Considerable efforts have been expended in the study
mE bl o v - Al £ bn bl e i mrsmbla mdim A A Al Al ~Al Al A a A~ 13 RAAnd ~Afdb n Avsemtle ndim A mmbe A
O tNnese moieCuies 101 0owNn tneir Syninetic ana niciogicai signiticance. wiOSt O1 tne synuietc approacnies

)

he berberine derivative 29 was carried out as depicted below,
Subjection of amidosulfoxide 26 to TMSOTf/NEt, as the Pu1r1nmerer initiator afforded 2-thiophenyl lactam
27 in64% vield. In contrast, when the Kita silicon conditions' ' were used to trigger the Pummerer reaction,
only enamide 28 (85% yield) was obtained. The reaction of 27 with Lewis acids such as Znl, did result
in the formation of 28. When 28 was exposed to acidic conditions, it was transformed into 29 in 55% yield
(unoptimized).15
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Reagents: (a) TMSOTI/NEts; (b) TBDMSOC(OMe)=CHy, Znly; (c) Znly; (d) H*
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in conciusion, this study has demonstrated that the thionium/N-acyliminium ion cyclization

sequence of amido sulfoxides represents a highly efficient method for the synthesis of azabicyclic ring
systems. The further utilization of this cyclization cascade for the stereocontrolled synthesis of
perhydroindole alkaloids is under current investigation.
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