JIAIC[S

COMMUNICATIONS

Published on Web 02/02/2006

Mild Aerobic Oxidative Palladium (Il) Catalyzed C —H Bond Functionalization:
Regioselective and Switchable C —H Alkenylation and Annulation of Pyrroles

Elizabeth M. Beck, Neil P. Grimster, Richard Hatley,” and Matthew J. Gaunt*
Department of Chemistry, Umérsity of Cambridge, Lensfield Road, Cambridge CB2 1EW, United Kingdom
Received November 30, 2005; E-mail: mjg32@cam.ac.uk
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coordinatingN-SEM pyrrole derivative also failed to improve the
selectivity (entry 2). We speculated that introduction of an electron-
withdrawingN-protecting group would reduce the reactivity of the
pyrrole and yield a more selective process. AccordindyAc,
N-Ts, andN-Boc pyrrole afforded only the C2 product in good
yield (entries 3-5) under mild conditions. In contrast, reaction with
N-TIPS pyrrole gave only the C3 product (entry86ljhe switch in
selectivity is attributed to the sterically demanding nature of the
TIPS group that shields the C2 position from reaction with the
alladium catalyst, forcing the reactive pyrrole to palladate at C3.
0 our knowledge this stereoelectronic strategy represents a new
method forcontrollable catalytic actiation and functionalization
of pyrroles under mild conditionésee Scheme 1).

The catalyst loading can also be lowered to 5 mol %, ldsi2bc
pyrrole2 was isolated in 70% yield after 36 h. The loading can be
reduced to 1 mol % catalyst; however, the complete conversion
takes longer to achieve. The turnover number (TON) at 60% (96
h) conversion is 55, suggesting that the process displays a high
efficiency for palladium (Il) processes.

With the goal of developing a more efficient process we
investigated the nature of the oxidant in this-B alkenylation
process. When tBuOOBz was replaced with oxygen as oxidant,
both N-Boc andN-TIPS pyrroles gave® and 3 in 73 and 75%,
respectively (Table 2, entry 1). The ability of molecular oxygen to
T Present address: GSK Medicines Research Centre, Gunnels Wood Road,(:"ﬁect the facile OXidation_Of Pd(0) is asc”'_oed to the presence of
Stevenage, Hertsfordshire SG1 2NY, UK. DMSO in the solvent mediaFurthermore, thiprocess also works
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This method can be used to directly generate a range of
functionalized and annulated pyrrole architectures and it is possible
to control the positiorof C—H bond functionalization via simple
steric and electronically tuned-pyrrole protecting groups to form
products with either C2 or C3 elaboration.

At the outset of our studies we were guided by our discovery
that the solvent media could control positional selectivity during
palladium catalyzed €H bond functionalizations of indoles.
Despite the success in the indole series the corresponding pyrrol
systems suffered from unselective and polyalkenylation as well as
significant polymerization. With this in mind we speculated that
the reactivity of the pyrrole nucleus may enable a catalyti¢i®ond
functionalization at room temperature or under ambient conditions.

To test this hypothesis, we focused our attention on oxidative
alkenylations of simple pyrroles. After initial optimization studies
we identified that 10 mol % Pd(OAg)in a dioxane-AcOH—
DMSO solvent system and tBuOOBz as oxidant provided an
effective system for pyrrole functionalizatidWve found thatN-Bn
pyrrole reacted smoothly with benzyl acrylate at only’85to form
the alkenylated products. Although it was expected that the natural
reactivity of pyrrole would direct reaction to the C2 position, we
observed a 2:1 ratio of C2 to C3 isomers (Table 1, entry 1). A
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Table 2. Scope of Catalytic Aerobic Regioselective C—H
Alkenylation

6ais treated with Pd(OAg)under the aerobic conditions, the-El
annulation is observed at C2 position as predicted by our model,

G| - N S
ool PO — leading to pyrrole7. However, by switching tiN-TIPS derivative
mo C, . . .
&Y 4 g WH /R 6b the annulation reaction formed the cycle at the C4 position,
g g’;g;u':f; N N affording the alternative pyrrole molecular architectude,The
! B‘;::umz v;:rsf:a annulation process works well and provides a facile method for
. oy [ I O . . .
Enty Z™R Reaction Conditions O "R=Boc R=TIPS the generation of complex polycyclic ring systems. Importantly,
1 R=COBn AcOH:Dioxane:DMSO, 35°C O 73 75 reaction occurs exclusively at the position predicted by our model.
2 R=CO0.Bn AcOH:Dioxane:DMSO, r.t. 0, T2 &9
3 R=COgBn AcOH:Dioxane:DMSQ, 35°C AR 72 75 ~/~COR'
4 R=COynBu AcOH:Dioxane:DMSO, 35°C O 73 73
5 R=C0.mBu AcOH:Dioxane:DMSO, 35C  AIR 71 71 BuO
6 R=COCgH; AcOH:Dioxane:DMSO, 35°C 0, 71 76 Electmmcoomrol Slenc control
7 R=4-{COMe)Ph AcOH:Dioxane:DMSO, 35°C O 53 58 0 “Jomol% Pd(OAC), " 10mol% Pd(OAC),
8 HA=50Me AcOH:Dioxane:DMSO, 35°C Oz as 45 AcOH-Dioxane-DMSO H AcOH-Dioxane-DM30
CaH; 0, 35°C 02, 35‘0 TIF‘
Table 3, Scope of Regioselective C—H Alkenylation 60% 8
6a, R=Ts, R' = n-C3H, 6b, R = TIF'S R' = OEt

10mol% Pd(OAc),

Wné‘f—/

Q+¢"’H

\

R

tBuCOBz
AcOH:Dioxane:DMSO, 35°C

1 Boc 2 TIPS 3

Enty <R Reaction Conditions vegres Tamsen
1  R=CO.Bn AcOH:Dioxane:DMSO (3:9:1) 73 78

2 A = COznBu AcOH:Dioxane:DMSO {3:9:1) 75 81

3 R =COEt AcOH:Dioxane:DMSO {1:3:1) 69 69

4 R = SO;Me AcOH:Dioxane:DMSO (3:9:1) 69 71

5 R = PO(OEt), AcOH:Dioxane:DMS0 (3:9:1) 60 70

3] A = 4-(CO;Me)Ph  AcOH:Dioxane:DMSO (3:9:1) 60 63

T R=CN AcOH:Dioxane (1:3) 63 60

8 Me~go,et  AcOH:Dioxane:DMSO (3:9:1) 40 70

w

AcOH:Dioxane:DMSO (3:9:1) 72

ol
at room temperature, highlighting the ambient nature of thistC
bond functionalization process (entry. Hemarkably, conducting
the reaction in a flask that is left open to the atmosphere f&ms
or 3 respectively in 72 and 75% yield after 96 h with 10 mol %
catalyst (entry 3). The use of air as oxidant without any further
additives significantly increases the efficiency of this process.

The utility of our oxidative pyrrole €H alkenylation was
evaluated using the-Boc andN-TIPS derivatives with a range of
alkenes. Table 2 shows alkene coupling partners that can be
exploited in this new process with good yields obtained in most
cases using eitherQr air as the oxidizing system.

The aerobic conditions work well for reactive alkenes (entries
1-7), but the process is less effective when the reaction is slower
(entries 7, 8) as the precipitation of the Pd(0) becomes a problem
over the prolonged reaction time. To address this limitation we
returned to the tBuOOBz oxidant that had been used during
optimization. With this catalytic system we were pleased to find
that a range of alkenes could be successfully used in the regio-
selective coupling (Table 3).

Trisubstituted alkene products were also formed from TIPS
pyrrole in good yields with more substituted alkenes using this
process (entries 8, 9)in all casesN-Boc pyrrole underwent €H
alkenylation at C2, whereds-TIPS directed reaction to C3.

The substituted pyrrole products can be differentially elaborated
through catalytic regioselective functionalization. Accordingly,
pyrroles2 and3 undergo selective €H bond alkenylation forming
only 4 and5, respectively, in good yield.

H 10MoRsPU(OAC), | g3 10mol% PA(OAC), ga 0
,\IS\ AcOH dioxane:DMSO AcOH dioxane:DMSO
el g 8 ,
JBuOL ™ N~ "R? 1BuOOBz, 35°C H™ ™y~ ~R? 1BuOOBz, 35°C H ™~y
4,66% Bog BUO,C™S A BUO,C™ Tipg 5 60%
RZ= %, -COBn 2, R'=Boc, 3, R' = TIPS R= 7 COpBn

Intramolecular pyrrole €H alkenylation can also be effected
with complete control of the sense of cyclization. When Ts pyrrole

In summary, we have developed a new mild aerobic palladium
(I1) catalyst system for €H bond functionalization. This catalyst
system enables a direct and regioselective pyrroteHCbond
alkenylation and annulation process where reaction at either the
C2 or C3 position can be effected. We are currently investigating
the application of this mild aerobic catalyst system in other
palladium (I) transformations as well as exploring the utility of
pyrrole C-H bond transformation as a versatile platform for
complex molecule synthesis.

Acknowledgment. We gratefully acknowledge GSK and EPSRC
for studentship (to E.M.B.), the Royal Society for University
Research Fellowship (to M.J.G.), and the EPSRC Mass Spectrom-
etry service (University of Swansea). We also thank Professor
Steven Ley for support and useful discussion.

Supporting Information Available: Experimental data and pro-
cedures for all compounds. The material is available free of charge via
the Internet at http://pubs.acs.org.

References

(1) (a) Shilov, A. E.; Shul'pin, G. Bahaklae 1997 97, 2879. (b) Ritleng,

V.; Sirlin, C.; Preffer, M. . 2002 102 1731. (c) Dyker, G.

d999 38, 1698. (e) Wang, X.; Lane, B. S.; Sames,
D. J. Am. Chem. SoQ005 127, 4996 (f) Kalyani, D.; Deprez, N. R.;
Desai, L. V.; Sanford, M. SJ. Am. Chem. So@005 127, 7371 (g).
Huang, Q.; Fazio, A.; Dai, G.; Campo, M. A.; Larock, R.ZZAm. Chem.
Soc 2004 126, 7460. (h) Giri, R.; Chen, X.; YU
Ed. 2005 44, 2112.

(2) (@) Lane, B. S.; Brown, M. A.; Sames, jiniiammiip©005 127,
8050. (b) Sezen, B.; Sames, @003 125 5274. (c)
Liu, C.; Widenhoefer, R. A @004 126, 10250. (d)
Ferreira, E. M.; Stoltz, B. M @003 125 9578. (e)
Grimster, N. P.; Godfrey, C. D.; Gaunt, d
2005 44, 3125.

For examples of Pd(0) catalyzed arylations; see. (a) Itahard.Qrg

Chem 1985 50, 5272. (b) Sezen, B.; Sames, 0200

125 5274. (c) Rieth, R. D.; Mankad, N. P.; Calimano, E.; Sadighi, J. P.

2004 6, 3981, (d) Bowie, A. L.; Hughes, C. C.; Trauner, D.

Org. Lett 2005 7, 5207.

In synthesis; see: (a) Einer, A, @003 42, 3582.

(b) Furstner, A.; Radkowski, K.; Peters, @005

44, 2777. (c) Johnson, J. A.; Li, N.; Sames, @002

124, 6900.

(5) Baran, P. S.; Richter, J. M.; Lin, D. Vingew. Chem., Int. E@00544 609.

(6) For recent pyrrole syntheses and use in synthesis, see: (a) Larionov, O.
V.; de Mejiere, A @005 44, 5664. (b) Dhawan,

R.; Arndtsen, B. A @004 126, 468. (c) Donohoe, T.
J.; Sintim, H. O,; Sisangia, L.; Harling, J. NG ©004
43, 2293. (d) Garg, N. K.; Caspii, D. D.; Stoltz, B. il
2005 127, 5970.

(7) (a) Larock, R. C.; Hightower, T. Finitaisigin 1993 58, 5298. (b)
Steinhoff, B. A,; Fix, S. R.; Stahl, S. waooz 124
766, (c) Chen, M. S.; White, C1. Am. Chem. So2004 126, 1346.

(8) (a) Bray, B. L.; Mathies, P. H.; Naef, R.; Solas, D. R.; Tidwell, T. T.;
Artis, D. R.; Muchowski, J. M 199Q 55, 6317. For Ir
catalyzed borylation see: (b) Takagi, J.; Sato, K.; Hartwig, J. F.; Ishiyama,
T.; Miyaura, N.mnzooz 43, 5649.

(9) We speculate that a clash between the Boc group and the tri-substituted
alkene is responsible for the poor reaction in the C2 alkenylation of entries
8-9.

JA058141U

(©)

4

=

J. AM. CHEM. SOC. = VOL. 128, NO. 8, 2006 2529


http://dontstartme.literatumonline.com/action/showImage?doi=10.1021/ja058141u&iName=master.img-003.jpg&w=239&h=123
http://dontstartme.literatumonline.com/action/showImage?doi=10.1021/ja058141u&iName=master.img-004.jpg&w=239&h=143
http://dontstartme.literatumonline.com/action/showImage?doi=10.1021/ja058141u&iName=master.img-005.jpg&w=239&h=46
http://dontstartme.literatumonline.com/action/showImage?doi=10.1021/ja058141u&iName=master.img-006.jpg&w=239&h=66

