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Pd-NHC catalyzed cyclopentannulation of diazabicyclic alkenes with ortho- functionalized aryl halides is described. In all the reactions, a
single diastereomer of the cyclopentannulated product is observed, and this reaction is very efficient under microwave irradiation.

The transition-metal catalyzed ring-opening of diazabicyclic
alkenes with various nucleophiles, including organometallic
catalysts such as palladium,® copper? and rhodium,? is a
useful method. Until recently, the one-pot ring-opening and
ring-closing of diazabicycles with ortho- functionalized aryl
halides to yield cyclopentannulated cyclopenta[b]benzofurans
was not known.* For the past few years, we have been
involved in developing new methods for the synthesis of
N-heterocyclic carbene (NHC) ligands and in the develop-
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ment of NHC—metal complexes for new reactions.® Herein
reported is the Pd-NHC catalyzed cyclopentannulation of
diazabicyclic alkenes with ortho-functionalized aryl halides.

The chemsitry reported here provides cyclopenta[b]ben-
zofurans and cyclopenta[b]indolines, two structures that are
contained in a variety of biologically interesting molecules
(Figure 1).5” The most common methods for their construc-
tion are acid/metal catalyzed or photochemical oxidative
cyclization of 2-allylphenols®® and heterocyclization of
alkenylarylamines.’®** In many of these methods, several
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synthetic steps are required to prepare the starting precursors
and the final cyclized products are often a mixture of isomers.

X Me:
Oz o H
X,
cyclopenta[b]benzofuran core (X = O) Br H ) o
3

cyclopenta[b]indoline core (X = NR) X =Br Aplysin

X =H debromoaplysin

Thromboxane A2
Inhibitor

diazepinoindoline

R=H Beraprost Rocaglaol Ry =0QCH5; R;=Rz=H

R = Na Beraprost sodium Aglafolin R1=0CH3, Ry=H, Ry = COCH3
Pennellin R{. R;=0-CH,-0, Ry = COLH;
Rocaglamide Ry = OCHa, Ry = H, Ry = CON(CHs),

Figure 1. Biologically important cyclopenta[b]benzofurans and
cyclopenta[b]indolines.

Table 1. Optimization Studies for Cyclopentannulation of
Diazabicycles in the Presence of Pd-NHC 1
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~NCO,Et
EtO,CHN
2a 3a 4a
2a 3a 1 K;CO; ) - yield®
entry (equiv) (equiv) (mol%) (equiv) reaction conditions (%)
1 1 15 10 2 toluene, 80 °C, 24 h? nr
2 1 15 10 2 DMF, 80 °C, 24 h® nr
3 1 15 10 2 toluene, 80 °C, 24 h 90
4 1 15 10 2 CH3CN, 80°C, 24 h 78
5 1 15 10 2 DMF, 80°C, 24 h 97
6 2 1 10 2 DMF, 80°C, 24 h 54
7 1 1.1 10 1 DMF, 80 °C, 12 h 98
8 1 1.1 10 1 DMF, rt, 38 h <5
9 1 11 5 1 DMF, 80°C, 36 h 97
10 1 11 10 1 MW, 80 °C, 0.5 h?< nr
1 1 11 10 — MW, 80°C,0.5h nr
12 1 1.1 10 1 MW, 120°C, 05 h 98
13 1 1.1 5 1 MW, 120 °C, 0.5 h 98
14 1 1.1 2 1 MW, 120 °C, 50 min 97
15 1 1.1 1 1 MW, 120°C, 1 h 9%

aTwo equivalents of BusNCI or Bu,NBr were used as additives. ® One
equivalent of Bu;NCI or Bus;NBr were used as additives. ° Isolated yields.
d All microwave reactions where carried out in DMF solvent. There was
no desired product formation in THF, DCE, 1,4-dioxane. Unreacted starting
material was recovered.

Initial experiments, based on previous literature precedent,
using tetraalkylammonium salts as additives failed to provide
the desired product (Table 1, entries 1 and 2). However
catalysis with complex 1, without such additives, led to
nearly exclusive formation of the desired cyclopentannulated
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product as a single diastereomer (Table 1, entries 3—5). This
is in contrast to the results observed by Radhakrishnan et
al. where the anion of the quaternary ammonium salt (an
additive) purportedly plays a key role in regeneration and
stabilization of the Pd(0) species, facilitating the catalytic
cycle.* Given their electron rich complexation and o-donor
character with metals, N-heterocyclic carbenes do not appear
to require an external ionic source to stabilize the metal, and
when such species were added, they inhibited the reaction.

Excess diazabicyclic alkene, resultes in the formation of
the cyclic product in poor yield (entry 6). Reducing the
amount of iodophenol to 1.1 and base to 1.0 equivalents with
respect to 2a in anhydrous DMF at 80 °C provides the 4ain
98% yield in 12 h (entry 7). There was no significant change
in terms of yield when 5 mol % of the catalyst was used but
the reaction required 36 h to reach completion (entry 9).

Since the cyclopentannulation of diazabicyclic alkenes
with 2-iodophenol is very efficient with 5 mol % of the Pd-
NHC catalyst, it was decided to study the reaction further
by reducing the amount of catalyst and using microwave
irradiation. Under microwave conditions, the reaction was
complete in 30 min with 5 mol % Pd-NHC. With the use of
1 mol % of the catalyst the reaction was complete in one
hour with a slight diminution in yield (Table 1, entries
12—15). Although the cyclopentannulation could be achieved
with 1 mol % of the catalyst, due to decrease in yield, further
studies were carried out with 5 mol % of the Pd-NHC catalyst
under microwave irradiation.

With these results in hand, the scope of this reaction was
investigated. As shown in Table 2, the reaction is general
for a range of iodophenols (3a—3m) and diazabicyclic
alkenes (2a—2c). In all cases, the cyclopentannulated prod-
ucts were obtained in good to excellent yields, with a number
of functional groups on the iodophenol being tolerated under
the optimized conditions. Pivaloyl or tosyl protected amino
2-iodophenol gave the cyclopenta[b]benzofurans in good to
high yields (Table 2, entries 6 and 7). Alkyl and phenyl
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Table 2. Cyclopentannulation of Diazabicyclic Alkenes with 2-lodophenols
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@ Unless otherwise mentioned, all reactions were performed with 1 equiv of diazabicyclic alkene, 1.1 equiv of iodophenol, 1 equiv of K,CO3 and 5 mol
% catalyst, in dry DMF under microwave for 30 min at 120 °C. P Isolated yields. ° Two equivalents of DIPEA was used as base. ¢ Ring opened 3,4-
disubstituted cyclopentene 7d was obtained as a major product in 66% yield (see ref 12). € About 1.5:1 diastereomers.

substituted iodophenols also reacted efficiently giving the
cyclized products in excellent yield (entries 4 and 5).
Cyclopentannulation with 4-methyl ester substituted io-
dophenol 3f was very clean and provided the product 4h in
high yield (entry 8). However, when the ester is substituted
ortho to the —OH of 2-iodophenol 3g, only starting diaz-
abicyclic alkene was recovered. Presumably, hydrogen
bonding between phenol —OH and the ester decreases the
nucleophilicity of the —OH group. After several attempts
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with various bases, the cyclized product 4i (entry 9) was
obtained in 21% yield along with ring-opened 3,4-disubsti-
tuted cyclopentene 7d (see reference'?) in 66% yield when
N,N’-diisopropylethylamine (DIPEA) was used as a base. In
this perticular case, the ring opened product was observed
while in all other cases a single diastereomer of the
cyclopentannulated product was isolated. lodophenols having
methylene alcohol functionality gave the desired pentannu-
lation products in good yields without the need to protect
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the alcohol functionality (Table 2, entries 10—14). In
addition, the unprotected secondary alcohol containing
iodophenol 3| gave a ~1.5:1 mixture of diastereomers 40
(entry 15). Acetal protected 5-iodovanillin 3m was stable
under the reaction conditions and provided the desired
cyclopenta[b]benzofuran 4p in 90% vyield (entry 16). Bro-
mine substituted iodophenol 3k gave the corresponding
cyclopenta[b]benzofurans with 2b and 2c in moderate yields
(Table 2, entries 13 and 14).

After the successful cyclopentannulation of diazabicyclic
alkenes with 2-iodophenols, the extension of this transforma-
tion to study the synthesis of cyclopenta[b]indolines was
undertaken. Initial attempts to perform the cyclopentannu-
lation of diazabicyclic alkene with 2-iodoaniline were
ineffective.

However, treatment of diazabicyclic alkene 2a with acetyl
protected 2-iodoaniline 5a in presence of catalytic amount
of Pd-NHC 1 and N,N’-diisopropylethylamine under micro-
wave conditions afforded a single diastereomer of the
cyclopentannulated product 6a in 75% yield (Scheme 1). Use
of benzoyl protected 2-iodoaniline 5d, resulted in poor yield
of the cyclized product 6d whereas pivaloyl protected
2-iodoaniline 5e did not undergo any reaction. Phenylacetyl
protected 2-iodoaniline 5c gave the cyclopentannulated
product 6¢ in 73% yield. Electron withdrawing groups para-
to amide (5f—5h) gave 3,4-disubstituted cyclopentene prod-
ucts (7a—7c) in moderate to good yields with loss of acetyl
moiety from the amine (Scheme 1).

In conclusion, an efficient Pd-NHC catalyzed cyclopen-
tannulation of diazabicyclic alkenes with 2-iodophenols has
been developed. This reaction can be performed both in
conventional as well as under microwave conditions. Re-
gardless of the reaction conditions, only a single diastereomer
of the cyclopentannulated product was obtained. The method

(12) Use of stronger base such as NaH or KOtBu, diazabicyclic alkene
and iodophenol underwent decomposition and gave only trace amount of
4i. However, use of DIPEA as a base the ring-opened 7d was observed as
a major product along with the desired cyclised product 4i.

MeO,C

5mal % Pd-NHC 1, DIPEA
3g + 2a _MW.120°C,05h
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Scheme 1. Cyclopentannulation of Diazabicyclic Alkenes with
N-(2-iodophenyl)amides

5a,R'=H, R2 = Me

25b,R"=R2=Me 2
NHCOR 5¢,R'=H, R =Bn CFORH
1 5d,R" = H, R? = Ph N
R e ! 5e.R'=H, R? = tBu O ‘
» " H

5mol% 1 .NCO,Et
DIPEA, DMF EtO,CHN z
MW, 120 °C, 0.5 h 6a-6d
6a, R'=H, R2=Me 75%
6b, R' =R2 =Me 86%
6c, R"=H, R?=Bn 73%
7 N,NCOZEt 6d,R'=H, R2=Ph 20%?
CO,Et
2a NHCOMe
R | 5f, R: =Cl LCO.Et
5.5 59, R" =Br N
5 mol % 1 5h, R' =CO,Me L HN‘COZEt
DIPEA, DMF H,N
MW, 120 °C, 0.5 h R!
5a-5¢
7aR'=Cl 50%°

7bR'=Br 53%
7¢R' =CO,Me 92%

@ Unreacted starting material was recovered.

has been extended to N-(2-iodophenyl)amides to synthesize
cyclopenta[b]indoline derivatives. This method does not
require use of excess diazabicyclic alkene, phase transfer
catalyst or ionic liquids. Investigation of an asymmetric
version of this reaction using chiral NHC ligands is currently
underway.
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