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A palladium-mediated domino reaction was developed to conveniently synthesize phenanthridinone derivatives. Phosphine ligand 1 strongly
promotes the domino process, which includes aryl ~ —aryl coupling and C —N bond formations concomitant with a deamidation reaction. The
versatility and applicability to a broad range of substrates make this reaction useful for the development of bioactive derivatives.

Palladium-mediated reactions are powerful synthetic tools reactions by virtue of ligand4 and 2, we have explored
for constructing highly complex molecules. Among these S-lactam formation from 2-bromobenzamide derivatikie
reactions, C—N bond formatiohiave been recently em- Initially, we expected that five-membered palladacy8le
ployed as the key step for the total synthesis of nitrogen- which is readily afforded by oxidative addition of Pd(0),
containing natural products as well as for the construction would yield desired produ@ via a reductive elimination of

of heterocycles in drug discovery due to their high efficiency Pd(Il) species (Scheme 1). However, the reaction unexpect-
and compatibility with numerous functional groups. edly afforded phenanthridinone derivatit® as the sole

We have recently developed novel phenylnaphthyl phos-
phine ligandsl and2 and have demonstrated their excellent

Scheme 1. Pd-Mediated Lactam Ring Formations Using

functions in Pd-catalyzed intramolecular amidatidhgiliz- Ligand 1
ing 1 and 2, we have efficiently prepared indolirie and H Ligand 1
quinoline derivatives from 3 and4, respectively. As part of O o NBn __Pa(OAc), @:@:
our continuing investigation on these C—N bond forming R R2 e T CsCOs
OO 3in=1 5:n= 85%

T This paper is dedicated to the memory of the late Prof. Kiyoshi Tanaka, 4n=2 6:n= (91%)
who passed away December 8, 2004. 1:R! = PPhy, R2 = OMe o]

(1) For reviews on Pd-catalyzed-@®l bond formations, see: (a) Wolfe, 2:R! = OMe, R2 = PPh, /
J. P.; Wagaw, S.; Marcoux, J.-F.; Buchwald, SAcc. Chem. Red.998, N, 9
31, 805—818. (b) Hartwig, J. Angew. Chem., Int. EA998,37, 2046— o R
2067. (c) Yang, B. H.; Buchwald, S. J. Organomet. Chenl999,576, g PAO o
125—146. (d) Prim, D.; Campagne, J.-M.; Joseph, D.; Andrioletti, B. N Ligand 1
Tetrahedron2002,58, 2041—2075. H — N-R

(2) (a) Yoshikawa, S.; Odaira, J.; Kitamura, Y.; Bedekar, A. V.; Furuta, Br Pd
T.; Tanaka, K.Tetrahedron2004, 60, 2225—2234. (b) Kitamura, Y.; 7 8

Hashimoto, A.; Yoshikawa, S.; Odaira, J.; Furuta, T.; Kan, T.; Tanaka, K.
Synlett2006, 115—117.
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product by a homocoupling reaction @ This coupling
reaction should proceed through a domino process concomi~r pie 2 Effects of the Amide Substituenits
tant with C—C and C—N bond forming reactions.
Because we are interested in ligand efficacy and because o
of the importance of phenanthridinone derivativesie ©\)LN,R Pd(OA),, Ligand 1
further investigated this reaction. Herein, we report the details T Csc0s
of this domino reaction in the presence of ligahd '
First, we explored the appropriate synthetic conditions with
11 (Table 1) Ligand 1 afforded12 in an excellent yield of

I

entry substrate product  yield (%)®
1 13a: R = Me 14a 28
2 13b: R = allyl 14b 32
Table 1. Ligand Effect on the Coupling Reaction dfi 3 13c: R=Ph 14c 23
o 4 13d: R = p-methoxybenzyl 14d 64
o] B 5 13e: R = 2,4-dimethoxybenzyl 14e 72
.Bn Catalyst -En . . .
u aThe reaction was conducted with Pd(OA®.0 mol %), ligandL (5.0
B CsCO0;3, 1,4-dioxane, 100 °C, 24 h mol %), and CsCO; (1.0 equiv) in dioxane for 24 h at 10C. PYields of
12 the isolated products.
11
entry catalyst yield (%)° . ) )
corresponding productisid and14ein 64% and 72% vyields,
1 Pd(OAc)»/1 77 . . .
9 Pd(OAC)2 99 respectively. These results along with the satisfactory result
3 Pd(OAC)y/BINAP 44 from N-benzyl-protected1 (Table 1, entry 1) revealed that
4 Pd(OAc)y/MOP 48 benzyl related protecting groups are appropriate for this
5 Pd(PPhj)y - coupling reaction.
6 Pd(OAc): 49 To further test the scope and limitations of the reaction,
aThe reaction was conducted using a Pd catalyst (6.0 mol %), a ligand W€ examined a variety of substituted 2-bromobenzamides
(5.0 mol %), and G£Os (1.0 equiv) in dioxane for 24 h at 10€. PYields (Table 3). Interestingly, this reaction depends on the elec-

of the isolated products.

77% (Table 1, entry 1); however, liga2dBINAP, and MOP Table 3. Effects of the Electronic Property of the Substituénts
did not show prominent effects (Table 1, entries4, and

Pd(PPh), completely inhibited the reaction (Table 1, entry " Q -

5). This coupling also proceeded under ligand-free conditions N’ Pd(OAc),, Ligand 1
(Table 1, entry 6). Hence, these results indicate that novel g2 Br CspC0;3
phosphinel is a powerful ligand for this reaction. R®

As shown in Table 2, the outcome of the reaction strongly
depends on the amide substituents. The reaction of substrates . Y
e - o entry substrate product yield (%)
containing methyl, allyl, and phenyl substituents resulted in

. . . . 1—-R2 = 3 = —
low yields (Table 2, entries-13).5 However, substrates with ; igi gl EO I;;R o N(;; iﬁg
. . e . . = PR = = —
p-methoxy- and 2,4-dimethoxybenzyl moieties provided 3 15¢: RI=R'—H R:=F 16c 45
- - o 4 15d: R'1=CLR?=R3=H 16d 37
(3) Phenanthridinone derivatives are often found in bioactive compounds 5 15e: RI=R2=H.R*= M 16 81
and have received much attention as valuable intermediates for nitrogen- ©: ThT=aL A= e ©
containing natural products. See: (a) Harayama, T.; Akamatsu, H.; Okamura, 6  15f: R =R3 =H, R = Me 16f 67
K.; Miyagoe, T.; Akiyama,('gj; Abe, H,; Takeuchii(, Y. Chem. SO(I:(. Perkin 7 15g: R1=0Me,R2=R?*=H 16g 41
Trans. 12001, 523-528. Harayama, T.; Akiyama, T.; Nakano, Y.; 15h: R! = R2 = OM 3 —H 16h 9
Shibaike, K.; Akamatsu, H.; Hori, A.; Abe, H.; Takeuchi, Synthesi2002 8 5h: R'=R*=OMe, R 6 9
237—241. (c) Bellocchi, D.; Macchiarulo, A.; Costantino, G.; Pellicciari,
R. Bioorg. Med. Chem2005, 13, 1151-1157. (d) Ishida, J.; Hattori, K.; 0
Yamamoto, H.; lwashita, A.; Mihara, K.; Matsuoka, Bioorg. Med. Chem. N-B"
Lett. 2005, 15, 4221-4225. 9 O H 59
(4) Typical procedure for a domino coupling: Pd(OAc) (2.5 mg, 0.010 Br
mmol) was added to a solution of ligaid3.6 mg, 0.0086 mmol) in 1,4-

dioxane (1.2 mL) under an argon atmosphere. After sonicating the solution, 15i
11 (50 mg, 0.17 mmol) and GEO; (56 mg, 0.17 mmol) were added to the !
solution at room temperature and the mixture was stirred for 24 h &t@.00

After stirring, H,O was added and then extracted with AcOEt. The organic 2The same conditions as those in Table 2 were u®éilds of the
layer was washed with #D and brine, dried over MgSQand evaporated. isolated products.

The residue was purified by column chromatography on silica gel (hexane/
AcOEt, 7:3) to affordl2 (19 mg, 77%) as a colorless solid. The structure
of 12 was unambiguously determined by X-ray analysis. (See Supporting

Information.) tronic nature of the aromatic ring. The reaction with aryl

(5) The reaction did not proceed unless the amide nitrogen group was . . . -
protected. Only the starting material was recovered. The same observationhalldeSlSa_d’ which possess e|ECtron'WlthdraWIng groups,

is depicted in ref 6. did not proceed smoothly (Table 3, entries 1—4). On the
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other hand, substratd$eand15f, which possess electron- reactivities (Table 3, entries 4 and 7). However, the reaction
donating methyl substituents, afforded the coupling products gave a mixture of all the theoretically predicted coupling
in 81% and 67% yield, respectively. It is noteworthy that products, including homocoupled produdisd (25%) and
the reaction ofl5h, which possesses an electron-rich phenyl 16g(26%) and cross-couple® (14%) and?20 (6%) (Scheme
moiety due to electron donation from two methoxy groups, 3A).1°
afforded 16h in excellent yield (Table 3, entry 8). These
results clearly demonstrate that an electron-rich aryl moiety
makes the domino reaction efficient.

Another promising property of this coupling is the

Scheme 3. Extension of the Cross-Coupling Reaction

compatibility with sterically hindered 3-substituted bro- i 25514,) (1'55@

mobenzamides such 45e(Table 3, entry 5). An extension e Y

of this observation is demonstrated in the coupling of + C,CO,

naphthyl derivativel 5i to binaphthyll6i (Table 3, entry 9). 159

Because productd6e and 16i are axially chiral, further

applications of this protocol on asymmetric synthesis should OMe

provide optically active compounds. ®) 0
During the course of our investigation, Ferraccioli and MeO NP

Catellani reported the same type of coupling reactions using 15d PaOA), 169 O

a different catalytic systefY’ Taking both their proposed . Ligand 1. ©0%) 22 O

mechanism and our results into account, the reaction possibly o Cs3C05 (9%) OMe

proceeds through domino-€C and C-N bond formations MeO _Ph 0

involving anipso substitution as shown in Scheme 2. The \©\)LH o MeO O N

Br

Scheme 2. Outline of the Catalytic Cycle

O
o C-C bond Q N/ R

Pd(0) formation

[al The yields were calculated By NMR.

- (IFQ,C’;“R N/\lpd(“) Another coupling reaction witi5d and21, which have
8 O Y R 47 different N-protecting groups, also gave a mixture of
coupling products (Scheme 3B)Although selective cross-
A lp‘NHZO‘: Oz coupling would be difficult, the convenience of this protocol
Pa) R-NCO should be applicable to combinatorial chemistry as well as
O 0 to diversity oriented synthesis. Furthermore, the removal of
10 \ - the PMB group proceeded under acidic conditions to give
C-N bond formation Ball) 24 as shown in Scheme 4. Therefore, various compounds,
O 18 which are diversified at the amide substituent, should be

readily prepared by the deprotection—alkylation sequence
at the resulting amide nitrogen group.

high reactivity of substrates with electron-donating substit- I summary, we have clarified that our ligaddworks
uents on the aromatic ring (Table 3, entries& could  Well toward the G-C and C-N bond forming domino
support a nucleophilic attack of the aromatic electron to Pd- reaction and have developed an efficient method for phenan-
(I1) (step A). After the deamidation reaction by the elimina- thridinone synthesis. This reaction is a promising method
tion of amine and C@ or the isocyanate derivati%¢o 18,

the C—N bond is formed by the reductive elimination of  (9) During the reaction of1to 12 (Table 1, entry 1), we observed a

. . e oo peak that corresponds to benzyl isocyanat 813) using GC-MS analysis.
Pd(ll) to yield phenanthridinone derivativi. For details of the GC-MS analysis, see Supporting Information. Moreover,

Next, we expanded this coupling reaction to the cross- symmetrical urea derivativ@5 was isolated in 40% yield from the
coupling process. To examine the feasibility of this approach, experiment of entry 4 in Table 2. Ure2b could be derived from the
. . . dimerization and subsequent decarboxylation of corresponding isocyanate
we conducted the reaction using an equimolar amount of derivative26.

substrates15d and 15g, which have nearly the same

MeO. OMe
H H INe
(6) Ferraccioli, R.; Carenzi, D.; Motti, E.; Catellani, M. Am. Chem. N\I]/N Q/\
MeO

Soc.2006,128, 722—723.
(7) A similar reaction was originally discovered by Caddick et al. during

their investigations of an intramolecular Heck reactiod 8ib in the presence 25 26

of an N-heterocyclic carbene (NHC) ligand. Phenanthridinddb was

obtained in 32% yield. See: Caddick, S.; Kofie, Wetrahedron Lett2002, (10) The reason for the predominant yield of homocoupling products
43, 9347—-9350. 16d and 16g might be explained by the reactivity order of the substrates.

(8) Ref 6 has proposed a mechanism for the decomposition of the amide  (11) The predominant formation dFbenzyl-substituted phenanthridinone
substituent by a nucleophilic attack of the palladium-bonded bicarbonate derivative 16d could be explained by the high reactivity df-benzyl-
anion to yield an amine derivative and €O protected substrate5d.
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‘ /\©\0Me TFA O Supporting Information Available: Spectral data for all
O 92% O new compounds and details for experimental procedures.
14d 24 This material is available free of charge via the Internet at

http://pubs.acs.org.

for developing a variety of phenanthridinone derivatives and 0L0625997
should be appllcable to a broad range of substrétes. (12) The reaction with N-tethered 2-bromobenzanfideyave phenan-

Further mechanistic studies and applications to preparethridinone dimer28 as the major product. For the details of this reaction,
axially chiral biaryls as well as to develop alternative See Supporting Information.

bioactive heterocycles using this catalytic system are cur-

o o 0 o
rently underway. @f‘\”/ﬁgub O N O
- gle
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