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Heterocycles represent a large class of pharmaceutical targetsTable 1. Decarboxylative Coupling of Heterocyclic Cinnamyl
Currently, greater than 65% of drugs in late development stages orESters

: Substrate Product Time (h) Yield (dr)
on the market are heterocycleand seven of the top ten selling
pharmaceutical drugs contain nitrogen heterocyZEsserefore, a ontry 1 Q Q\j\/ﬂ/ ‘
.. R . = AN = Z 4 66 (>95:5)
great demand for efficient derivatization of heterocycles exists. N Op P N 2b
While the development of 8p-sp? coupling of heteroaromatics has oy 2 Q Bn Q BnPh
significantly impacted this aréathe catalytic coupling of alkyl NZ 0> pn N® Z 2 756959
heteroaromatics is still an area that lacks breddth. Q B Q B e
Recently, we and others have been developing coupling reactions e"v 3 Nz P N = 2 95
that proceed by decarboxylative metalattér8o-called decarboxy- 1d 2d
lative couplings have potential advantages over standard methods QN/ o QN/ o
of cross-coupling since decarboxylative metalation avoids highly *"¥* - N = / 16 43 (>95:5P
basic conditions and stoichiometric amounts of toxic reagents which p fe oz
are often necessary to effect transmetalation. With these advantages; sy s QN f QN fn 1 52 (4955
in mind, it became apparent that the ability to incorporate ’ NMOYP" ”W e
heteroaromatic groups into the repertoire of decarboxylative M Bno B ™ o
coupling may create opportunities for the synthesis of a variety of *"¥® N O/E/\ph N zg/ 20 43 (>95:5)
pharmaceutical targets. ™ o Y e
To begin,1a was synthesized and treated with 5 mol % Pd- "’ N o p N7 7 20 53 (>95:5)
(PPh),4 in toluene at 8C°C. The reaction proceeded smoothly to Ph  Bn Mh Ph,  Bn 2h
the product of decarboxylative couplinga) in 71% vyield (eq 1). MYE oy /N/O Py P /Nj\;i/ 2 47(95:5)
Bn 1i Bn 2i

N at 80°C. P Crude dr= 2.2:1.¢ Crude dr= 2.9:1.
dr:937 Table 2. Effects of Concentration and Temperature on Elimination
Surprisingly, the product apparently originated from attack at the

. - X ) . ) < \>\o 5 mol % Pd(PPhg), Qo +Q .
more hindered allylic terminus and occurred with high diastereo- N/)\(&o/\/k - NW Nj\‘ )\/
3 3

5 mol % Pd(PPh. "
Qo o ol PAPPrs QO Py 20.25 mmol substrate was treated with 0.013 mmol Pd¢Rfthtoluene
N/)j/ko/\/\% toluene, 80°C, 4 h /JYV
1a 2a

1%

toluene
selectivity (93:7). Generally, Pd-catalyzed allylations afford products 1
from attack at the least substituted allylic terminus, although there

. . . (1]] temp (°C) 2 3]
are exceptionsMoreover, standard palladium-catalyzed allylations 1 0.025 80 o6 )
rarely exhibit such high diastereoselectivities with acyclic nucleo- 2 0.05 80 58 42
philes. 3 0.10 80 53 47

; ; : 4 0.05 25 0 100

Next, a range of heteroaromatic amines were tested which all 5 005 60 20 60
provided the same regioselectivity &a (Table 1) Furthermore, 6 0.05 100 59 41
7 0.025 100 75 25

the diastereoselectivity of the couplings is generally high. The
exception is the coupling dfi-methyl benzimidazole (d+ 2.2—
2.9:1). The products could nonetheless be obtained with high dr, o it determined that alkvl-substituted allviic est Id
albeit in somewhat reduced yield, after separation. Finally, the nce itwas determined that alkyl-substiuted aflylic esters wou

relative rates of the reactions appear to be dependent on the (:hoicé*)e tolergted by thg less basic heterocycles, benzoxazol.e and
of heteroaromatic ring, and track loosely with the rates of benzothlazo!e, a var@t_y of prenyl and crotyl esters were subjectgd
decarboxylation of related heterocycfes. to the rgactlon conditions (Tablg 3). Ip general, Fhe Ies§ basic
Cinnamy! esters are among the most effective substrates forbenzo_thlgzole substrates gave higher yields and hlgh_e_r diastereo-
allylation because the lack gf-hydrogens obviates elimination. selectivities than benzoxazoles. Furthermore, the ability to form
To test whether alkyl-substituted allyls could be utilized, substrate C—C bonds between tertiary and quaternary carbon centers without
1j was subjected to a variety of reaction conditions (Table 2). €xtensive elimination is remarkable.
Although the elimination pathway could not be avoided altogether, ~ The unusual regio- and diastereoselectivity prompted us to further
the amount of elimination is dramatically reduced at elevated reac- €xamine the mechanism and scope of the reaction. To verify the
tion temperature, whereas substrate concentration had a less proreaction was catalytic in Pdj was heated to 80C for 4 h in the
nounced impact. A combination of the optimal concentration and absence of Pd(PBJa and gave no product or degradation. It seemed
temperature afforded a significant amount of desired product (Table possible that trace amounts of Pd(ll) present could catalyze a Lewis
2, entry 7). Changes in catalyst concentration were not beneficial. acid-promoted Carroll-like rearrangement. However, a catalytic
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Table 3. Decarboxylative Coupling of Heterocyclic Alkyl-Allyl
Esters?

Substrate Product Time (h) Yield (dr)®
o o

L&, T
Q“A*Q:iz

gi:i 2
Q D e
Qﬂ* *ﬁ%
C%jjio/\/\ QN\/)\‘)\M/ !

30°
64 (2.5:1)°¢

61 (2.8:1)°

72 (10:1)

1p 2
1q

20.25 mmol substrate was treated with 0.013 mmol Pd¢R#htoluene
at 100°C. " Isolated yields¢ Reaction run at 86C. ¢ branched:linear (b:
[) =93:7.¢b:l = 94:6.fb:l = 95:5.
amount of several Lewis acids [Sc(OF,fPdCL(CH;CN),, Cu-
(OACc),] failed to effect any reaction dfgat 80°C in tol-dg after 16 h.

Also, both1r and1h produce2h as the major product which is
suggestive of a common Rdallyl intermediate (eq 2).

N o
»
N
Bn 1r Bn 2h
53%, dr: >95:5

In fact, observation of this reaction by4 NMR spectroscopy
revealed complete isomerization of the substrate {o the linear
substrate Xh) prior to decarboxylative coupling. Therefore, we
believe that a mechanism involving Pdallyl intermediates is
probable andr-allyl formation is much faster than the formation
of product.

To better understand the role of nitrogen, a cinnafplyridyl

N o |\Ph

— z
—> N

Pd(PPha); @y Lz

\/\Ph

z @

P>
N O I
Bn 1h

Ph

ester was treated under the standard conditions of catalysis. The
reaction produced an intractable mixture of products that was devoid

of terminal olefinic products akin t&h (by 'H NMR). Thus, the

presence of the nitrogen at the 2-position of the heteroaromatic is

essential for the reaction to proceed efficierifly.
Following these preliminary mechanistic investigations, we

propose the mechanism shown in Scheme 1. The reaction is initiated

by nucleophilic attack of Pd(0) on the allyl ester to give Radlyl
complexA. At this point, two competing reactions are possible. If

the heteroarene acts as a base, unproductive elimination occurs.
However, the heteroaromatic can also undergo nucleophilic attack

on thes-allyl complex to produceB. It is important to note that

this allylation occurs with the “standard” preference for attack at
the less substituted allylic carbon. Formation of the pyridinium
intermediate will facilitate decarboxylative dearomatization to give
intermediateC.® A subsequent [3,3]-sigmatropic rearrangement

affords the observed product and accounts for the unusual regio-

Scheme 1

Crystallization and analysis via single-crystal X-ray diffraction
revealed &is-configuration of the C-2 and C-3 centesg(Scheme

1). This stereochemistry suggests a boat-like transition state
involving theE,E-geometry ofC. It has been suggested that certain
cyclic substrates are more apt to undergo [3,3]-sigmatropic re-
arrangements via a boat transition state in an effort to relieve steric
strain imposed by the chair conformati&én.

In conclusion, we have demonstrated a tandem allylation/aza-
Cope rearrangement strategy for the diastereoselectitespp
coupling of allyl electrophiles and heteroaromatic alkanes. To the
best of our knowledge, this is the first report of a tandem allylation/
aza-Cope reaction that is driven by decarboxylative dearomatization/
rearomatization.

Acknowledgment. We thank the National Science Foundation
(CHE-0548081) and the Petroleum Research Fund (44453-AC1).
We also thank Victor Day for the X-ray crystallographic analysis.

Supporting Information Available: Experimental procedures and
characterization data for all new compounds. This material is available
free of charge via the Internet at http://pubs.acs.org.

References

(1) Janvier, P.; Sun, X.; Bienaymk.; Zhu, J.J. Am. Chem. So@002 124,
2560 and refs therein.

(2) Mills, A. D.; Nazer, M. Z.; Haddadin, M. J.; Kurth, M. J. Org. Chem.
2006 71, 2687 and refs therein.

(3) (a) Li, J. J.; Gribble, G. W. IrPalladium in Heterocyclic Chemistry
Pergamon: New York, 2000. (b) Navarro, O.; Marion, N.; Mei, J.; Nolan,
S. P.Chem. Eur. J2006 12, 5142. (c) Egi, M.; Liebeskind, L. SOrg.
Lett.2003 5, 801. (d) Alphonse, F.-A.; Suzenet, F.; Keromnes, A.; Lebret,
B.; Guillaumet, GOrg. Lett.2003 5, 803. (e) Billingsley, K. L.; Anderson,
K. W.; Buchwald, S. L.Angew. Chem., Int. EQ2006 45, 3484. (f)
Campeau, L.-C.; Rousseaux, S.; Fagnou).KAm Chem. So@005 127,
18020.

(4) (a) Primault, G.; Legros, J.-Y.; Fiaud, J.-C.Organomet. Chen2003
687, 353. (b) Legros, J.-Y.; Primault, G.; Toffano, M.; Rivée M.-A;
Fiaud, J.-COrg. Lett.200Q 2, 433.

(5) (a) Goossen, L. J.; Deng, G.; Levy, L. Mcience2006 313 662. (b)
Rayabarapu, D. K.; Tunge, J. A. Am. Chem. So2005 127, 13510. (c)
Waetzig, S. R.; Rayabarapu, D. K.; Weaver, J. D.; Tunge, Arfgew.
Chem., Int. Ed2006 45, 4977.

(6) (a) Burger, E. C.; Tunge, J. Org. Lett 2004 6, 4113. (b) Mohr, J. T ;
Behenna, D. C.; Harned, A. M.; Stoltz, B. M\ngew. Chem., Int. Ed
2005 44, 6924. (c) Trost, B. M.; Xu, JJ. Am. Chem. So@005 127,
17180. (d) You, S.-L.; Dai, L.-XAngew. Chem., Int. EQ006 45, 5246.

(7) (a) Itami, K.; Koike, T.; Yoshida, J.-1. Am. Chem. So@001, 123 6957.
(b) Faller, J. W.; Sarantopoulos, @rganometallic2004 23, 2179. (c)
Sebelius, S.; Olsson, V. J.; Wallner, O. A.; Szako J. J. Am. Chem.
So0c.2006 128 8150 and refs therein.

(8) Attempted decarboxylative couplings@funsubstituted heteroaromatics
led to complex mixtures.

9) (a) Taylor, P. JJ. Chem. Soc., Perkin Trans.1®72 1077. (b) Button,

R. G.; Taylor, P. JJ. Chem. Soc Perkin Trans.1®73 557.

selectivity. Furthermore, since the aza-Cope is driven by rearoma- (10) Activation by coordination to sulfuris unlikely since cmnamyl 2-thiophenyl

tization of the pyridine ring, it takes place under much milder

acetic ester failed to react with catalyst at 1’10
(11) Hill, R. K.; Gilman, N. W.Tetrahedron Lett1967 1421.

conditions than standard 3-aza-Cope rearrangements which can(12) Wang, M.-X.; Huang, Z.-TJ. Org. Chem1995 60, 2807.

require ~200 °C.*112 Such a mechanism also accounts for the

observed diastereoselectivity. Related tandem allylation/Cope-

rearrangemeptand allylation/Thie-Claiser® rearrangement like-
wise proceed with high diastereoselectivity.

In order to determine the relative configuration of the product,
compound2g was treated under conditions for bromocyclizattén.

(13) He, S; Kozmln S. A.; Rawal, V. H. Am. Chem. So00Q 122 190.

(14) Szychowskl J.; ermel J. T, Lenlewskl ABUIl. Acad. Pol. Sci., Ser.
Scl. Chim.198C| 28, 9.

(15) (a) Lindstion, U. M.; Somfai, PChem. Eur. J2001, 7, 94. (b) Wipf, P.
In Comprehensie Organic SynthesisTrost, B. M., Fleming, I, Eds.;
Pergamon: Oxford, 1991; Vol. 5, p 827. (c) Pereira, S.; Srebnik, M.
Aldrichemica Actal993 26, 17.

JA070116W

J. AM. CHEM. SOC. = VOL. 129, NO. 14, 2007 4139





