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ABSTRACT

A divergent and regiocontrolled Pd-catalyzed domino sequence involving an intramolecular N-arylation and an intermolecular Heck reaction
has been developed, providing rapid access to functionalized benzodiazepine-2,5-diones 3. The starting materials were synthesized by the Ugi
four-component reaction. An unprecedented X-ray structure of bispalladacycle 6 was documented.

Direct C—H functionalization has attracted intensive research could be a kinetically fast process related to other elementary
efforts recently, and a number of elegant approaches havereactions’ In connection with our research program dealing

been developed, allowing facile construction of the @
C—X bond from the ubiquitous €H bond! Whereas the
ability to transform a variety of €H bonds is changing the

paradigm of synthetic chemistry and is opening new perspec

tives in complex organic synthegist happens that €H

with the transition-metal-catalyzed multicomporfénand
domino processes, we described a facile synthesis of
tetracyclic compound£) from diamides {) by a palladium-
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a given transformation and needs to be suppressed. Thi
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cyclization via palladium-catalyzed-€H functionalization
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An initial experiment using phenylboronic acifl)(as an

Scheme 1. Proposed Divergent Reaction Sequence intercepting agent met with failure. In fact, reaction laf
R o with 5 [Pd(OAc), 5 mol %, KOAc, DMSO, 12C¢°C] fur-
Q\/H\H/J\ nished tetracyclic compouri2h (R* = Me, R? = H) as the
N:\K@ R only isolable product in 90% yield. This result indicated that
: o 01 Rb) ©/\/H R o R the intramolecular N-arylation and the subsequent C—H
,/pd(o) R N‘n)\N functionalization were much faster than the alternative
40 R

° N morpholine or 4-benzyloxazolidinone under identical condi-
RL? p FG = Functional group tions. Copper-free Sonagashira couplihgas also incom-

R1N patible with the projected sequence resulting a complex reac-
tion mixture. On the other hand, using potassium ferro(ll)-
cyanidé® as an anion-capturing agent, the desired benzo-
o diazepinedion8a (R = CN, Rt = Me, R = H) was isolated
catalyzed domino intramolecular process (Scheme 1, &q 1). i, 220 yield together with the double cyclization product
Preliminary experiments demonstrated that (a) the Presencq2a; 359). When a more reactive vinyltributylstannane was
of the two-diiodide functions was mandatory for the sequence |,coq as a nucleophitéthe desired benzodiazepinedidste
and (b) once the reaction was initiated, it was impossible to (R = vinyl, Rl = Me, R = H, 33%) was produced together

interrupt the double cyclization, although the reaction went \,iih the linear double-vinylated produdb (R = vinyl, R
through the benzodiazepinedione intermediate. As a continu-— pe R = H 23%). Gratefully, reaction ofla in,the

ation of this research, we report herein that the direeHC  regence of dihydrofuran afforded the expected benzodiaz-
arylation could be effectively interrupted in the presence of epinedioneSc resulting from the N-arylation/Heck reaction

a suitable trapping agent. Thus, starting from amld@ i, 5494 yield (Scheme 2, a). This yield is quite remarkable,
domino sequence involving an intramolecular N-arylation

followed by an intermolecular Heck reaction afforded func-
tionalized benzodiazepinedione (BZB)a privileged struc-
ture in medicinal chemistry (Scheme 1, ed®)Ve document

O ! intermolecular SuzukiMiyaura coupling:® The whole reac-
o tion sequence was completely inhibited in the presence of
N
ube
N
RO 02

3

Scheme 2. Proposed Mechanism for the Divergent Pathway

also for the first time an X-ray structure of an unusual [ a) ;g(ECA(cg% 2 LRC))I %, -
bimetallic macrocycle bridged by two dative Ptdbonds. CE/H o | dihydrofuran ©

The realization of our projected sequence implied the N\n/\'}‘)b ALSeau, 1200, z
differentiation of two aryl iodid€'s allowing their site- Oy Me 54% ?/N
selective functionalization that must satisfy the following ’b) i CUTC 5 mal %, K,CO; (2equiv), 110°C_» p
criteria: (a) The intramolecular N-arylation should precede ii: PA(OAC), 5 mol %, KOAG (2 equiv), Me«N { o
any intermolecular bond-forming process to avoid the for- dihydrofuran (1.5 equiv), 120 °C.

mation of linear adduet (Scheme 1). (b) After the formation 25% (overwo step)

of benzodiazepinedione, the subsequent intermolecular bond

formation must be kine_ticall_y fgster than the alternative 4q only 25% of produc8c was isolated using a two-step
intramolecular G-H functionalization. Only a few examples procedure based on our previous wikyolving a copper-

were known wherein the interruption of the intramolecular c4ta1y7ed benzodiazepinedione synthesis, followed by a Heck
C—H functionalization has been accomplished by an inter- o 5ction (Scheme 2, b).

molecular proces¥:12:3b

In an attempt to optimize the reaction conditions, we
observed that the ligandless conditions are essential for the
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conditions!’ it is interesting to note that the present trans- corresponding dihydrofuranyl-BZD except for compougid
formation represented a rare example wherein an intramo-In the case of compound—h, two inseparable diastere-
lecular N-arylation occurred under ligandless conditions omers were produced together with the conformers inherent
leading to the formation of a seven-membered #fhEven to benzodiazepinedione. The NMR spectra of these com-
more surprisingly, this cyclization took place faster than most pounds were therefore rather compiiethyl acrylate and
of the cross-coupling reactions that we examined. dimethylacrylamide are also viable substrates to interrupt the
The generality of this domino process was next examined C—H activation process providingj and3j in yields of 39%
by varying systematically the'Rind R residues. The cycli-  and 45% respectively, whereas acrylonitrile gave substan-
zation precursors were prepared by the Ugi four-componenttially lower yield of the desired product (3k, 20%).
(Ugi-4CR) reactiot® using ano-iodobenzyl isonitrile,0- A possible reaction scenario that accounts for the forma-
iodobenzoic acid, an amine, and an aldehyde as inputstion of both benzodiazepinedion@sand 3 is illustrated in
(MeOH, rt). The benzodiazepinediones synthesized by this Scheme 3.
two-step sequence (Ugi 4CR/N-arylatioHeck reaction) are
summarized in Figure 1. As is seen, both alkyl and aryl

Pk o™
N
. ¢ 1 m”w*@ @gv
a
COOH q o} I O*Me o
o)
R2CHO R'NH, RFG N O 2a
N
}]/\')\© o H
. Pd-X
Me CaHg Pd
o} o} X0
VR
ol XPd 0 !
- : H

H
@ | a) MeOH, rt ?’N ‘ Pd(0) ?"N
= NC b) Pd(OAc), 5 mal % 5 N7 N N
N R | / Me’
\ X 0 3a
3 X I Pd-
Pd
P 0 N (o] Me N
0 3d, 60% 0 3e 69% o) 3f, 70% A
XN = j’N jN N Pd(0) v’l \
Me ~ | CsH1s Pr Me’ Me’
( N
Me
o) \ “H ?VN
N
39, 50% o 3h 31% ?V N
j \ Me’
Me¢c o “Whaha -

Scheme 3. Synthesis of Dihydrofuranylbenzodiazepinedi@te
KOACc (2 equiv), 120 °C
HN ! R
| "0 0 0
N N
O 4
B N\JahB .M § g

fo) Bn/ o 0o Me o
= Me NMe: CN . . . .
© @;V We have demonstrated in previous studies the importance
o | 3i39% o 3j, 45% o 3k, 20% of the bis-aryl halide function in the formation of benzodi-
?N ?”N ?’N azepinedione. Therefore, the regioselective process cannot
Nj(\© Np Np rely on simple selectivity during oxidative addition on one
Me Y Me ME aryl iodide. We proposed that the two aryl halides were not

differentiated in the oxidative addition step leading to the
Figure 1. Two-step synthesis of benzodiazepinediones. (Yields pis-arylpalladium halide intermediata);?* This intermediate
refer to the palladium-catalyzed domino sequence.) might adopt a conformation that is conducive to the cycliza-
tion, making the intramolecular N-arylation kinetically
) ) competitive relative to other coupling process. An intramo-
groups in the amide backbone are tolerated, and among thggcyjar N-arylation would generate a second Ptermediate
precursors eygluated, linear amide bea}nng a §ubst|tuent at(B)' from which two divergent pathways were possible. The
the C-3 position gave a generally higher yield of the inramolecular G-H activation followed by reductive elimi-
- - : nation would produce compourih (path A). On the other
(17) Brase, S.; de Meijere, A. IMetal-Catalyzed Cross-Coupling hand. in th r n f an external nucl hile that i
Reaction Diederich, F., de Meijere, A., Eds.; Wiley-VCH: Weinheim, 1999; and, ) € prese C_e or an € e_ al nucleophile _a S
pp 99—166. _ _ o _ susceptible to react with the PPdpecies, a cross coupling,
(18) Xantphos s required as a supporting ligand for the formation of . carbopalladation (via, for example, intermediaeand

the 7-membered ring by intramolecular N-arylation; see: (a) Yin, J.;
Buchwald, S. LOrg. Lett.2000,2, 1101-1104. For lingandless conditions,

see: (b) Cvetovich, R. J.; Reamer, R. A.; DiMichelle, L.; Chung, J. Y. L, (20) Keating, T. A.; Armstrong, R. WJ. Org. Chem1996,61, 8935—
Chilenski, J. RJ. Org. Chem2006,71, 8610—8613 see also ref 8. 8939.

(19) (a) D6émling, A.; Ugi, .Angew. Chem., Int. E®2000, 39, 3168— (21) For palladium-mediated reactions involving possibly a double-
3210. (b) Zhu, JEur. J. Org. Chem2003, 1133—1144. (c) Démling, A. oxidative insertion, see: Cardenas, D. J.; Martin-Matute, B.; Echavarren,
Chem. Rev2006,106, 17-89. A. M. J. Am. Chem. So@006,128, 5033—5040 and references therein.
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Figure 2. ORTEP view of the X-ray crystal structure of one conformer of compaiffd

F, via path B) could occur to produce bicyclic compouhd  factor, the formation of6 might in turn facilitate the
Partition between these two pathways depended on thecoordination of the secondary amide to the remote palladium,
structure of the nucleophile, and from our experimental leading consequently to the intramolecular N-arylafion.
results, we speculated that the latter process became com- In summary, a palladium-catalyzed domino process
petitive when the external nucleophile was able to coordinate allowing the site-selective functionalization of two tethered
to the palladium(ll) intermediate. The observation that aryl iodides has been developed for the synthesis of func-
phosphine ligand completely suppressed the Heck pathwaytionalized benzodiazepine-2,5-dion&s. (Key to the success
could be explained by the fact that its presence disfavoredwas the formation of 7-membered ring via a facile intramo-
the coordination of olefin to palladium, thereby favoring the lecular N-arylation and the suppression of the entropically
alternative direct arylation pathway. favored C—H functionalization process. An X-ray structure
To support this mechanistic view, palladium compkx  of unprecedented bimetallic macrocycle bridged by two
was prepared by a reaction b& with 2 equiv of tetrakis- dative Pd—I bonds brings an interesting mechanistic insight
triphenylphosphine Pd(0) and was characterized by X-ray on the unusual facile N-arylation step. By combining the
analysis (Figure 2). The tertiary amide oxygen possibly Ugi-4CR with the present catalytic domino process, the
coordinated to the proximal palladium as indicated by the medicinally relevant bicyclic compourtlis readily synthe-
short interatomic bond distance & 3.25 A)22whereas the  sized in only two steps from simple starting materials.
long distance between the nitrogen atom of the secondary
amide and the proximal palladium P@ ~ 4.57—4.83 A)
indicated the lack of coordination between these two atéms.
To the best of our knowledge, such a bimetallic macrocycle
bridged by two dative Pdl bonds has not been characterized Supporting Information Available: Experimental pro-
before. cedures, product characterization, NMR spectra of com-
The easy formation of this 13-membered palladacycle pounds3a—k, and CIF files fol6. This material is available
is intriguing and may be facilitated by conformational free of charge via the Internet at http://pubs.acs.org.
properties of the linear amid@.By an obvious entropic OL7029799
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