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ABSTRACT
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A nucleophilic heterocyclic carbene mediated intramolecular homoenolate reaction strategy for the efficient synthesis of 4-alkyl substituted

coumarins is described.

In his pathbreaking work' in 1958, Breslow generated a
nucleophilic heterocyclic carbene (NHC)*~* and demon-
strated its use in benzoin condensation via the intermediacy
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A welcome change in this situation occurred in 2004 with
the demonstration that, akin to the formation of enaminol
from benzaldehyde and NHC, the latter would generate a
homoenolate equivalent from cinnamaldeyde by a conju-
gate umpolung, independently by Glorius’ and Bode.®
Subsequently, a number of groups, including our own,
have exploited homoenolate chemistry for the synthesis of
a variety of important molecular systems, such as spiro-
lactones,” lactams,'® cyclopentenes,'! cyclopentanones!?
and other cyclopentanoids,'® indanes,'* GABA deriva-
tives,!> pyrones,' pyridazinones,'” etc. Other important
works focusing on the redox chemistry of homoenolates
have also been reported.'®

Despite the enormous progress in the area of NHC
mediated intermolecular homoenolate chemistry,” there
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known in the literature. In view of this, intrigued by the
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(7) (a) Burstein, C.; Glorius, F 2004, 43, 6205.
(b) Burstein, C.; Tschan, S.; Xie, X. L.; Glorius, F. Suuthesis 2006, 2418.

(8) Sohn, S.S.; Rosen, E. L.; Bode, J. W. jnnuniinmmiiay. 2004, /26,
14370.

(9) (a) Nair, V.; Vellalath, S.; Poonoth, M.; Mohan, R.; Suresh, E.
[arr I wiiy 2006 8, 507. (b) Nalr V. Vellalath S Poonoth M.; Suresh
E.; Viji, S. Sasehesds 2007, 3195.

(10) (a) He, M.; Bode, J. W. . 2005, 7, 3131. (b) He, M_;
Bode, J. W. . 2008, 730, 418. (c) Rommel,
M.; Fukuzumi, T.; Bode, J. W. j - 2008, /30, 17266.
(d)Kravina, A. G.; Mahatthananchai, J.; Bode, J. W. i S
Ed. 2012, 51, 9433

(11) (a) Nair, V; Vellalath, S.; Poonoth, M.; Suresh, E. jafitfsian
Soc. 2006, 128, 8736 (b) Chldng,P -C.; Kdeobdmrung,] Bode, J. W.

. 2007, 129, 3520. (c) Wadamoto, M.; Phillips, E. M.;
Reynolds, T. E.; Scheidt, K. A. . 2007, 129, 10098.
(d) Cardinal- Dav1d B.;Raup,D. E. A.; Scheidt, K. A
2010, 732, 5345. (e) Cohen D.T,; Cardlnal David, B.; Roberts, J. M
Sarjeant, A. A.; Scheidt, K. A. . 2011, /3, 1068.

(12) Nair, V.; Babu, B. P; Vellalath, S.; Suresh, E. (i
2008, 747.

(13) (a) Nair, V.; Babu, B. P.; Vellalath, S.; Varghese, V.; Raveendran,
A. E.; Suresh, E. Qugalgl- 2009, /1,2507. (b) Li, Y.; Wang, X. -Q.; Zheng,
C; You S.-L. snfenmm 2009 5823. (c) Nair, v, ; Vellalath, S.; Babu,
B.P: ; Varghese, V.; Paul, R. R.; Suresh, E. ﬂ 2010, 8 4861.
(d) Cohen D.T,; Dav1d B.C.; Sche1dt K.A. _ 2011,
50,1678. (e) Enders, D,; Grossmann, A.; Huang, H.; Raabe, G.

Chep. 2011,4298. (f) Kacobamrung, J.; Bode, J. W. Qugalgl. 2009, /1,677.

(14) Biswas, A.; Sarkar, S. D.; Frohlich, R.; Studer, A. Qg
2011, 73, 4966.

~(15) Nair, V.; Varghese, V.; Babu, B. P.; Sinu, C. R.; Suresh, E. Qrg,

2010 8, 761.

(16) (a) He, M..; Beahm, B.; Bode, J. W. Qugalgti. 2008, /0, 3817. (b)
Nair, V.; Paul, R. R.; Seethalakshmi, K.C.;Menon, R.S.;Jose, A.; Sinu,
C.R. s 2011, 52, 5992. (c) Lv, H.; Mo, J.; Fang, X.; Chi,
Y. R. Qugmbets 2011, /3, 5366. (d) Yang, L.; Wang, F.; Chua, P.J.; Lv,
Y.;Zhong, L.-J.; Zhong, G. Qigelagti 2012, /4,2894. (e) Kacobamrung,
J.; Mahatthananchai, J.; Zheng, P.; Bode, J. W. jnniuiinmmian 2010,
132, 8810. (f) Fang, X.; Jiang, K.; Xing, C.; Hao, L.; Chi, Y. R. dugew,

2011, 50, 1910. (g) Candish, L.; Lupton, D. W. Ghgiietai-
2012, 3, 380. (h) Ryan, S. J.; Candish, L.; Lupton, D. W. snsisiies
Soc. 2009, 131, 14176.

(17) Chan, A.; Scheidt, K. A. it 2007, /29, 5334.

(18) Selected examples of NHC catalyzed internal redox reactions:
(a) Zeitler, K. Qugmbgts. 2006, 8, 637. (b) Maki, B. E.; Chan, A.; Scheidt,

A.WZOOS 1306. (c) Chdl’l A Scheldt K. A. “
m 2008, 730, 2740. (d) Chow, K. Y. K.; Bode I.W. i
2004, 126, 8126. (e) Reynolds, N. T.; de Alanlz J.R;; Rovis, T. Ldu,

. 2004, 126, 9518. (f) Sohn, S. S.; Bode, J. w. [T —

LutEd. 2006, 45, 6021. (g) Zeitler, K.; Rose, C. A. jftusmisiasg. 2009,

74, 1759. (h) Maki, B. E.; Patterson, E. V.; Cramer, C. J.; Scheidt, K. A.
. 2009, 11, 3942.

(19) (a) Struble, J. R.; Bode, J. W. dasiisdbasiag 2009, 65, 4957.
(b) Izquierdo, J.; Hutson, G. E.; Cohen, D. T.; Scheidt, K. A. dugewy
(ienmiatening- 2012, 5/, 11686.

Org. Lett, Vol. 15, No. 1, 2013

was conceptualized that cinnamaldehyde appended with
2-0-alkenoate, on treatment with NHC, was likely to under-
go a cascade reaction triggered by the initial formation of
homoenolate and its intramolecular Michael addition, and a
series of events culminating in the formation of a coumarin
derivative (Scheme 1).

Scheme 1. Conceptual Framework
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Of note, coumarin derivatives are important synthetic
targets due to their biological properties.?! Inter alia, they
are known to possess potent anticoagulant,** antitumor,*
vasodilatory,** anti-HIV,* and anti-inflammatory?® prop-
erties. Some coumarin derivatives are endowed with useful
fluorescent properties.>’

Thus, from both mechanistic and synthetic standpoints
the pursuit of an intramolecular homoenolate reaction
shown in Scheme 1 was considered worthwhile. The results
of our investigation form the subject matter of this paper.
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Our studies commenced by treating the 2-substituted
cinnamaldehyde 3, obtained by the reaction of 2-hydroxy
cinnamaldehyde with dimethyl acetylene dicarboxylate
(DMAD), with the imidazolium precatalyst and DBU in
dry THF under an argon atmosphere (Scheme 2). After 24
h the solvent was removed and the crude product when
subjected to column chromatography on silica gel afforded
15% of the product, 4-alkyl substituted coumarin 3a.

Scheme 2. Proof of the Concept
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The structure of the product was established by common
spectroscopic techniques, and the final confirmation was
obtained from single crystal X-ray analysis (Figure 1).

Figure 1. ORTEP diagram of 3a.

In view of the success of the reaction, we examined the
usefulness of other commonly available NHC catalysts in
this reaction. A number of experiments were conducted,
and the results are summarized in Table 1. Among the four
catalysts investigated, imidazolinium catalyst 2b gave the
best result (Table 1, entry 7).

After having reasonably well established the optimum
parameters, the reaction was extended to other substituted
cinnamaldehyde derivatives, Table 2.

In order to establish advantages, if any, in subjecting the
E and Z isomers separately to the cascade process, we
prepared them separately. When these were subjected
to the reaction conditions identical to those experienced
by E/Z mixtures, the same products were obtained in com-
parable yields. The results are summarized in Table 3.
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Table 1. Condition Optimization

CHO
l MeOOC COOMe
COOMe catalyst N
2 ~COOMe
3 33 o~ "o
Mes M Ph\] o
es
@N o Dy cl© @N © @N cl
L L7 D )
N N \ HO S
2a Mes 2 Mes 2c ) 2d
solvent, temp time  yield”
entry  catalyst base (°C) (h) (%)
1 2a DBU THF, rt 24 15
2 2a DBU THEF, 65 °C 24 45
3 2a DBU toluene, 110 °C 24 56
4 2b DBU THEF, rt 24 20
5 2b DBU THF, 65 °C 24 68
6 2b DBU toluene, rt 24 48
7 2b DBU toluene, 110 °C 2 93
8 2b DMAP toluene, 110 °C 24 40
9 2b KsCO3 toluene, rt 24 —
10 2b EtsN toluene, rt 24 —
11 2¢ DBU toluene, 110 °C 24 42
12 2d DBU toluene, 110 °C 24 50
13 - DBU toluene, 110 °C 24 -
14 2b DBU DCM, rt 24 -
“Isolated yield.
Table 2. Reaction of Mixture of E and Z Isomers
CHO R'00C COOR
s | SIMesCI (15 mol %) g3
Ir coor! DBU (20 mol %) ~
Toluene, 110°C
oS Ar, 2h R2 o0
R? COOR!
E/Z
isomer yield®
entry  ratio” R! R? R? product (%)
1 1:1 -CH; H H 3a 93
2 0.65:1 -CH; H Br 4a 78
3 0.88:1 -CH; H -C(CHjy)3 5a 70
4 0.65:1 -CHj3 H -CH(CHj3); 6a 66
5 1:1 -CH; -OCH; H 7a 60
6 0.75:1 -CHj; H -OCHj 8a 60
7 1:0.68 -CHj H -Cl 9a 55
8 1:1 -CH; -CH; H 10a 47
9 1:1 -CH3 H -CH3 11a 46
10 1:1 -CH; I H 12a 46
11 0.6:1 -CH3 H -NO2 13a —
12 1:0.61 -C(CH3); H -Br 14a 21
13 1:1 -CH,CH; H H 15a 81

@ E/Z ratio calculated from 'H NMR. ®Isolated yield.
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Table 3. Reaction of E and Z Isomers

CHO R'00OC

| SIMesCl (15 mol %) COORY

Ir2 COOR! DBU (20 mol %) R N

COOR' Toluene, 110 °C
/K/ Ar,2h S
R2 R2

yield (%)
entry R! R? R3 product z° E®
1 -CHs; H H 3a 83 66
2 -CH; -OCH; H 7a 63 81
3 -CH; H -Cl 9a 69 60
4 -CH, H Br 4a 75 69
5 -CH; H -OCH3 8a 65 78
6 -CH,CH; H H 15a 68 72
7 -CH,CH; H -Cl 16a 65 58
8 .CH,CH; H Br 17a 85 89
9 -CH,CH; H -OCHj3 18a 62 76

10 -CH,CH; -OCH; H 19a 67 74

“Isolated yield from Z isomer. ? Isolated yield from E isomer.

Scheme 3
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In order to explore the scope of the coumarin syn-
thesis, we conducted the reaction with substrates de-
rived from other acetylenic esters; the results are presented
in Schemes 3 and 4.

The above results suggest that 1,2-substitution of the
acetylenic esters is crucial to the selective formation of the
homoenolate product.
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Scheme 5. Proposed Mechanism
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The proposed catalytic cycle begins with the initial
addition of NHC to the aldehyde leading to the generation
of the homoenolate species Il (Scheme 5). The latter is
suitably positioned for a Michael addition to the olefinic
ester resulting in a five-membered intermediate III which
on fragmentation renders the phenoxide ion IV. The for-
mation of this phenoxide ion may provide the driving force
for this reaction. Conceivably V can endure o-bond rota-
tion and subsequent cyclization concomitant with the ejec-
tion of the catalyst to deliver VII; the latter on isomerization
affords the final product.

In conclusion, the coumarin synthesis reported herein is
noteworthy for its efficiency, novel cascading process
involving an intramolecular Michael addition of homo-
enolate, alkene transfer via Grob type fragmentation, and
intramolecular cyclization. It may also be mentioned that
the coumarins obtained are endowed with a functionalized
carbon chain, thus allowing their further transformation to
diverse products of potential value.
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