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The combination of select "soft" nucleophiles with 
alkynyl(pheny1)iodonium salts delivers five-membered 
ring products in favorable cases provided that at least 
one component has an appropriately positioned C-H 
b ~ n d . l - ~  This formal [three-atom + two-atom] approach 
to cyclopentenoid construction capitalizes on the unique 
dual reactivity (initial nucleophile capture and then 
vinylidene carbene C-H insertion) intrinsic to the readily 
available alkyne electrophile. Extensive exploration of 
the chemistry of alkynyliodonium salts with carbon, 
oxygen, and sulfur nucleophiles has revealed that the 
synthetic promise implicit in this bipartite reactivity 
must be tempered by the observation that reagents 
falling outside of a rather limited range of nucleophilicity 
do not participate productively.lP2 Successful examples 
of nitrogen-based reagents are at present limited to 
azidelc and Ph2NLi,ld although only the former species 
leads ultimately to five-membered ring formation. Nev- 
ertheless, the prospect of devising a unified strategy for 
the assembly of various five-membered nitrogen-contain- 
ing heterocycles provides motivation for developing broadly 
applicable, robust, and effective nitrogen-based nucleo- 
philes which will be useful reaction partners for alkyn- 
yliodonium salts. In this paper, we describe the reduc- 
tion of this strategy to practice for the preparation of 
dihydropyrrole, pyrrole, and indole products, eqs 1 and 
2. 
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Table 1. Dihydropyrrole (and Pyrrole) Synthesis from 
Amides 1 and Iodonium Salt 3 

amide substrate 1 yield product 
entry P R R1 (%) dihydropyrroles 

a la  PhCO Ph H Sa 
b lb F3CCO Ph H 16 Sb 
c IC F3CS02 Ph H 28 sc 
d Id p-tOlSOz Ph H 67 Sd 
e l e  p-tolS02 CH3 H 72 Be 
f If p-tOlS02 OCH3 H 53 pyrrole 6f 
g 1g p-tolSO2 -(CH2)4- 45 cis-5g 

The initial studies were directed toward identifying a 
protecting group "F"' (cf. 1, R = Ph, R1 = H) which brings 
the nitrogen's nucleophilicity within a tolerable range for 
reaction with the prototype iodonium salt 31f (Table 1, 
entries a-d). The p-toluenesulfonyl group in Id proved 
superior to the other carbonyl- or sulfonyl-based species 
examined, and this became the group of choice for 
subsequent investigations. No evidence for alkyne for- 
mation (e.g., 4 - 7) was obtained in any system exam- 
ined, in contrast to the ynamine formation observed upon 
addition of PhzNLi to functionalized alkynyliodonium 
salts.ld In general, these transformations are readily 
effected by slow addition of a slight excess of salt 3 in 
THF (-0.1M) to a solution of 0.01 M lithium tosylamide 
2 (from 1 + n-BuLi) at room temperature, followed by 
aqueous, nonacidic workup. The occasionally acid labile 
products are isolated following Si02 chromatography with 
a trace of Et3N in the eluent. A few additional examples 
(Table 1, entries e-g) demonstrate that both methyl and 
methoxy substituents at the C-H insertion site are 
permissible, in accord with the large body of work on 
vinylidene carbenes that details the indiscriminate na- 
ture of these reactive  intermediate^.^ The methoxy- 
substituted dihydropyrrole is too labile to isolate, and 
facile loss of methanol readily furnishes the correspond- 
ing pyrrole 6f. 

The substrates lg and lh-j explore (1) the conse- 
quence of increased steric hindrance near the nucleophilic 
site on dihydropyrrole yield and (2) the level of relative 
asymmetric induction in the alkylidene carbene insertion 
step. The intermediate 4g formed upon combination of 

l h  R = CH20TBDMS , R1 = CH3 
Ts.~&R l j  11 R R = = R1 CH3, = Ph R1 = Ph 

H H  

lg with 3 offers diastereotopic hydrogens to the carbenic 
center. Exclusive insertion into the cis-disposed hydro- 
gen is observed, and only the cis-fused bicyclic product 
5g is formed. The tosylamides lh-j also bear a second- 
ary center adjacent to the C-H bond destined to suffer 
carbene in~ertion.~ Only modest amounts (10-25%) of 
dihydropyrrole products could be detected upon reaction 
with iodonium salt 3 under a variety of experimental 
conditions. In each case, unreacted tosylamide was 
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Table 2. Indole Synthesis from Anilides 8 and Iodonium 
salt 3 

entry toslyanilide 8, R yield (%) indoles 1 O : l l  
a Sa H 66 10a 
b 8b CH3 59 10b/llb 1:l 
c 8c OCH3 61 1Oclllc 1.4:l 
d 8d C02CH3 51 10d/lld 1.2:l 
e Be  COz-t-Bu 46 10dlle 1.3:l 

recovered in good yield. Furthermore, unremarkable 
diastereoselectivity (typically, 1.2:l) characterized the 
dihydropyrrole products that were formed from lh-j . 
Thus, a substituent adjacent to the nitrogen is scarcely 
tolerated and is a notable limitation of this chemistry. 

Insertion into aliphatic C-H bonds is a property that 
vinylidene carbenes share with several other reactive 
electrophilic intermediates. In contrast, they stand 
almost alone among organic species in their ability to 
insert into significantly less reactive aryl C-H bonds.lg 
This uncommon attribute can be used to advantage in 
the synthesis of variously substituted indole rings 10/11 
from simple tosylanilides 8 and the salt 3, eq 2 and Table 
2. At present, we have no information which addresses 
the mechanistic details of this transformation (direct 
C-H insertion as suggested above, or a more complicated 
and indirect pathway?). Attempts to identify any inher- 
ent regioselectivity upon C-H insertion in 3-substituted 
aryl precursors went largely unrewarded. Thus, only the 
most modest preference for insertion into the Ar-H bond 
most distant from the 3-substituent was observed. 

R a , s  + H3C-lPh + OTf . - 
A 

A 3 n-BuLi 9 A = L i  

Ts Ts 
10 11 

In summary, the tandem nucleophilic addition-vin- 
ylidene carbene insertion sequence characteristic of 
alkynyliodonium salts can be extended to synthesize 
dihydropyrrole, pyrrole, and indole products by combina- 
tion with appropriately substituted nitrogen nucleophiles. 
The minimal functional requirements placed on the 
nitrogen nucleophile (tosylamide anion, possesses a /3 
C-H bond) suggest that this transformation may under- 
lie a useful strategy for the efficient preparation of 
structurally complex targets containing these ring sys- 
tems. 
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