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Abstract: The annulation reaction between various indoles and 2-alkoxycyclopropanoate esters is reported.
Both high efficiency and complete stereochemical control were observed in some cases with this annulation
process. A single stereocenter on the cyclopropane controls the diastereoselective formation of up to four
new stereocenters. A different reaction course was observed with 3-substituted indole substrates, and an
intervening C-3 to C-2-migration process arose that gives synthetically useful C-2 alkylation indole products.

Introduction Scheme 1

The ubiquitous nature of the indole nucleus in important oM
bioactive alkaloids fuels research directed at new methods for C&\ ©E> Me,SiOTf
the synthesis of indoles and their derivatization. Recent examples COEt N MeNo2 N
of indole functionalization include asymmetric C-3 Friedel (78%) 3
Craft reactiond; 2 allylations®° radical coupling$,arylations’—°
Michael-additiong® C-H activation!! and N-arylationg? In- have been developing methods for hetereocycle synthesis based
doles containing a fused five-membered ring at the C-2 and on the annulation of the related family of 2-alkoxycyclopro-
C-3 positions are well represented in nature and include the panoate esters with nitrilég,pyridines}® and other reaction
penitrem&3 and kopsarié alkaloids!® In this regard, it has been  partners'® We envisioned that the more nucleophilic nature of
reported by Kerr and co-workers that the annulation of indoles the zwitterionic intermediates from these donacceptor cy-
with 1,3-dipoles is a successful strategy for rapidly increasing clopropanes (i.e., an ester versus a malonate) may also undergo
the molecular complexity by simultaneous functionalization of annulation with indoles, and in this report we describe our
C-2 and C-3, although yields for the annulation products are progress in indole annulation and C-2 alkylations.
generally modest This was of particular interest to us as we

Results and Discussion
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Table 2. Scope of Annulations of Substituted Indoles with DA
Cyclopropanes

Entry Cyclopropane Indoles: R, R' Product Yield (dr)”
1 5-OMe, H 2%
2 Mo SLH 54%"
3 H, Me 88%"°
4 “omd” 5-Me, H 77%®
5 7-Me, H 81%°
H
6a R oCOEt  2-Me, H 68% (1:1)°¢
Figure 1. X-ray structure of3. 6b % “u 2-Me, H 65% (1:0)°

Table 1. Annulation Reactions of Indole with Representative
DA-Cyclopropanes

RO R,
széma Messiot AP ] 7 H 5-OMe, H 90% (1:1Y
A\ 3 O. - €, o (1:
» COzEt + @ MeNO, N ",H COzEt 8 [/\@—COZB 5-I,H 61%°%
H H H
Entry  Substrate Product(s) Yield (dr)” "
o
s 9 L}—Cozﬂ 2-Me, H 74%"
1 78% "
10 M 5-OMe, H 70% (1.4:1)¢
. 11 &—coza H, Me 69%
5 f% 12 H 2-Me, H 72%
I’|B O N
3o 5-OMe, H 74% (2:1)
d
3 (518;'/'01) 14 ot 5-I,H S51%
15 ome 5-Me, H 72% (1.5:1:1)
16 7-Me, H 81% (1.7:1)
. 17 ot 2-Me, H 81% (2.7:1Y
4 62% 18 = 2-&3-Me,H 52% (2.4:1)
aSingle diastereomer isolated unless nofestereochemistry determined
64%° by analogy to entry 1, Table £Reaction performed at18 °C. ¢ Stereo-
5 .31 ;,1) chemistry determined by NMR analysfsReaction performed atTC. f See

Table 1 for relative stereochemistry of other diastereom8ee ref 21.
h See ref 22! See ref 231 Stereochemistry not established.

aSingle diastereomer unless noté®&ee ref 21° Stereochemistry
determined by NMR analysis of alcohol derivativéStereochemistry
determined by analogy of entry 10, Table®ZStereochemistry not deter-
mined.

(Table 1), including those with the donor oxygen contained
within a pyranose (entry 2, 88%) or furanose ring (entry 3, 58%),
no extra substituents (entry 4, 62%), and one bearing a
quaternary carbon at C-2 (entry 5). In entry 2 the annulation figyre 2. X-ray structure of.
resulted in the formation of two inseparable diastereomers, and
the stereochemical assignments were made by analysis of the Inthe examples in Table 2 the only indole-containing products
corresponding alcohols prepared by LiAlkeduction. isolated were those resulting from annulation at C-2/C-3. In
The scope and generality of this annulation in terms of indole contrast, the use of 3-methyl indole was found to give the C-2
substitution with a variety of representative DA cyclopropanes alkylation product5 (Scheme 2), presumably arising from
is summarized in Table 2. These results show that more electronmigration of a C-3 alkylation intermediate followed by dehydra-
rich 5-methoxy indoles give better yields than 5-iodo indoles tion.16 Intramolecular cyclization o gave the lactan®, the
(compare entries 1 and 2, 7 and 8, 13 and 14). However, with structure of which was confirmed by single-crystal X-ray
three of the cyclopropanes (entries I74) the methoxyindoles  crystallography!
displayed poorer stereoselectivity, whereas the other examples The additional five examples summarized in Table 3 present
gave single diastereomers. The reaction efficiency Withethy! C-3 substituted indoles that highlight the compatibility of the
indole is comparable to the yields obtained within the set for method with additional functional groups offering greater
each unique cyclopropane (entries 3 and 11). Substrates methsynthetic potential. In entry 2, a 3-allyl substituent is introduced,
ylated at C-5 (entries 4 and 15), C-7 (entries 5 and 16) and C-2and the C-2 alkylation product was obtained in 74% yield.
and C-3 (entry 18) all gave favorable results. Examples 3-6 illustrate indoles with C-3 side chains bearing

9632 J. AM. CHEM. SOC. = VOL. 129, NO. 31, 2007
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Figure 3. X-ray structure of entry 8, Table 2.

Scheme 2. Migration and Amide/Aminal Formation

OMe
C&\ ©E$ Figure 4. X-ray structure of entry 10, Table 2, showing the trans ring
COZEt N fusion.

H

Me3SiOTY, MeNO, MeO,
l (74%) ¢(:Meo EtO.G
- =
H N7\ H
N H
ﬂ bomer &)
NaOMe DIBALH
(52%) (85%) ; ;

COEt Figure 5. Select NOESY data for diastereomers from entry 6a, Table 2.

F

Scheme 3. Origin of Stereochemical Control

OC OO OMe

H
H N\
o HO 'CO,Et
H

6 (X-ray, Figure 2) 7 (X-ray, SlI)
Table 3. C-2 Alkylation of C-3 Substituted Indoles by DA Me3SiOTf, MeNO,
Cyclopropane 1 (78%)
OMe R
\ Me,SioTt me < 0OSiMes Me Q'S OSiMes
@0 5 A @0 X
COZEt N MeN02
H TS H o Okt H H Okt
CO,Et u\“ @Nj
Entry Indoles R Product Yield
Re-face attack -or- Si-face attack

74%

R
1 ® Me
2 N allyl

f‘
9

61%
H
CO,Et
R
3 . NHAc O Q 60%
4 @E\é_\ CO-Me N () 72%
N
H COzEt
OR
5 { O H O \ 50%
6 @Né_\ Ac 63%
H H
COLEt
hetereoatoms. Specifically, entries 3 and 4 show thii-aey!l- confirmed or established by extensive NMR analysis (Figure

2-aminoethyl) and 3-(methoxycarbonylethyl) side chains are 5), whereas in other cases stereochemistry was assigned on the
good reaction partners, giving the C-2 alkylated indoles in 60% basis of analogy or left unassigned. These annulation reactions
and 72% yield, respectively. In egtb a 3-(2-hydroxyethyl) occur within a narrow temperature range, and in one case (entry
size chain gives the alkylation product in 50% vyield, and this 6, Table 2) complete diastereoselectivity was observed at low
was improved to 63% (entry 6) by acylation of the alcohol.  temperature<18 °C), whereas there was a loss of selectivity
Origin of Stereochemistry and Stereochemical Assign-  atincreased temperatureQ). It is also noteworthy that entries
ments. Regarding the stereochemistry of these annulation 6 and 9 in Table 2 have different relative stereochemistry
products it is important to note that for three of the five classes compared to the other entries within their cyclopropane class
of cyclopropanes summarized in Tables 1 and 2, a representativéentries -5, Table 2; entries#8, Table 2; respectively) owing
crystal structure has been obtained to unambiguously assign theéo the unfavorable 1,2-eclipsing interaction between the C2-
stereochemistry shown (cf., Table 2, entries5] Figure 1, methyl and the ester substituent.
entries 78; Figure 3, entries 1012; Figure 4). Note that Figure From these X-ray structures (Figures 1, 3, and 4) and the
4 clearly shows the strained 5,5-trans ring fusion. For these supporting NOESY information it can be seen that attack on
entries and several of the others the stereochemistry wasthe oxo-carbenium ion intermediate from the ind&e or Si
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face occurred anti to the ester substituent (Scheme 3). Thus,complete stereochemical control was observed in many cases
one of the non-enolizable stereocenters in the original cyclo- with this annulation process. A different reaction course was
propane (identified with an asterisk) is responsible for control- encountered with 3-substituted indole substrates, and an inter-
ling the relative stereochemistry of up to four new stereocenters vening C-3 to C-2-migration process arose that gives syntheti-
formed in this reaction. cally useful C-2 alkylated indoles.

Relative energies of four possible diastereomers in three
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