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A rhodium-catalyzed multicomponent-coupling reaction has been developed that involves a cross-coupling with organohalides as part of the
reaction sequence. Through several experiments toward mechanistic investigations, it has also been demonstrated that the reaction most
likely proceeds via a carborhodation  —oxidative addition —reductive elimination pathway, which clearly contrasts to the corresponding palladium-
catalyzed processes.

Rhodium-catalyzed addition of organometallic reagents to halides have been much less studiedhile the palladium-
carbon—carbon or carbon—heteroatom unsaturated bondsatalyzed cross-couplings have reached a mature stage by
provides a mild and efficient way of constructing new extensive studies in the past few decatidere we describe
carbon-earbon bond$and several multicomponent-coupling  the development of a catalytic multiple carbecarbon bond-
reactions based on this technology have been desctibed,forming reaction by incorporating a rhodium-catalyzed cross-
creating two or more new carbermarbon bonds in a single  coupling with organohalides as part of the reaction sequence
step to furnish rather complex molecules from simple organic (ed 1). We also demonstrate our mechanistic investigations,
fragments. On the other hand, rhodium-catalyzed cross-highlighting the difference from the conventional palladium-
coupling reactions of organometallic reagents with organo- catalyzed analogous procesS8es.
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Table 1. Rhodium-Catalyzed Phenylation—Cross-Coupling
Reaction ofla:Ligand Effect

n-Bu
[RhCI(C2H4)2b Ph
(10 mol % A n-Bu
| ligand (11 mol %)
@[ + PhZnCl — - o
dioxane
N (&} 40°C,20h N\
1a Me 3.0 equiv 2a Me
entry ligand yield (%)*
10 cod 17
2 dppp 13
3 dppb 13
4 dppf 87¢

aDetermined by!H NMR against an internal standard (MeBO
b [RhCl(cod)p was used as a cataly$tisolated yield.

We subsequently discovered that the reaction progress is
highly dependent on the ligand employed. Thus, the use of

dppp or dppb as a ligand resulted in low yield2# (13%

yield; entries 2 and 3), but the employment of dppf 4,1

bis(diphenylphoshphino)ferrocefiggramatically improved
the reactivity, furnishing?a in 87% vyield (entry 4Y.

Under these conditions with dppf as the ligand, the scope

of this reaction is illustrated in Table®2ZThe catalyst loading

Table 2. Rhodium-Catalyzed Arylation—Cross-Coupling
Reaction ofl: Scope

R' [RNCI(CzHaklz R®
(10 mol % Rh) R
| ) dppf (11 mol %)
@E /L + R°ZnCl dioxane ©E’§ZO
N0 40°C,20h !
1 Ve 2-3 equiv 2 Me
entry product yield (%)
1 R! = n-Bu, R% = Ph (2a) 87
20 R! = n-Bu, R2 = Ph (2a) 78
3 R! = (CHj)30Me, R2 = Ph (2b) 84
4 R! ={-Bu, R2 = Ph (2¢) 94
5 R! =i{-Pr, R2=Ph (2d) 57
6 R! = Ph, R2 = Ph (2e) 85
7 R! = n-Bu, R2 = 3-MeOCgH, (2f) 77
8 R! = n-Bu, R2 = 3-MeCgH4 (2g) 80
9 R! = n-Bu, R2 = 3-CICgH4 (2h) 78¢
10 R! = n-Bu, R2 = 4-MeOCgH, (2i) 77
11 R! = n-Bu, R? = Me (2j) 75

a|solated yield.? The reaction was conducted with 3 mol % catalyst

loading.¢ Contaminated with~5% impurity.

the alkyne (R) in the reaction with phenylzinc chloride
(entries 1—6). With respect to the nucleophilic component,
not only various arylzinc chlorides (entries-I0) but also
methylzinc chloride (entry 11) provide the desired products
in high yield (75—80% vyieldy}.

With regard to the reaction mechanism, path A is generally
believed for the palladium-catalyzed analogous processes
(Scheme 15¢ Thus, initial oxidative addition of the iodoarene

Scheme 1. Catalytic Cycle for the Palladium-Catalyzed

Formation of Compoun@ (path A) and Proposed Catalytic

Cycle for the Rhodium-Catalyzed Formation of Compoind
(path B)
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of substratel to palladium(0) generates arylpalladium(ll)
intermediateAl. Intramolecular insertion of the alkyne to
this carbon—palladium bond affords alkenylpalladium(ll)
speciesA2. Subsequent transmetalation of the aryl group
gives bis(organo)palladium(lA3, and reductive elimination
releases produ@ to regenerate the palladium(0) complex.
One can propose a similar mechanism for the present
rhodium catalysis just by changing Pd(0)/Pd(Il) to Rh(l)/

(4) For recent reviews, see: (a) Negishi, E., Bandbook of Organo-
palladium Chemistry for Organic Synthesi®hn Wiley & Sons: Hoboken,
NJ, 2002; Vol. 1. (b) Netherton, M. R.; Fu, G. C. Ifopics in
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Springer: New York, 2005; p 85.
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Rh(lIl), but another pathway, path B, may be more legitimate, n-Bu [RhCI(CoH 1o PR o
because rhodium(l) complexes are known to undergo facile | | dg;?f ?J‘i'r?’of‘% R -
transmetalation with organometallic reagents and the result- \GE * PrEnG T Giowane o W
ing organorhodium(l) species are known to add to a variety b 407G, 201 N

of unsaturated bonds including carberarbon triple bonds. 8 2.0 equiv - E*;Z 'F),F;?Z/g/oviy?g ;

Thus, path B involves an initial formation of an aryl-

rhodium(l) species by transmetalation of an aryl group from . . ) )
zinc to rhodium. The alkyne of substratethen inserts to By further taking advantage of this reaction mechanism,
this carbor-rhodium bond to generate alkenylrhodium(l) We have also dewsegl a rhodlgm—catalyzed three-molecule,
intermediateB1.1 Intramolecular oxidative addition of the ~four-component coupling reaction of 1,6-enyits phenylz-
iodoarene gives bis(organo)rhodium(I1l) spedg% which inc chloride, and |_odo_meth_ane, furnlshlng highly function-
undergoes reductive elimination to furnish prod@ctlong alizedy-lactam12in high yield as shown in eq 5.

with the regeneration of the rhodium(l) compféx.

To understand which reaction pathway is more plausible o) m%l] g%/H%r]]z R ©

\

under our standard conditions, we conducted some experi- NP ey PP MOl % - NPh g
ments as follows. First, we carried out a competition reaction R Mef jJoluene Me
betweenla and 3 with phenylzinc chloride under rhodium 3.0 equiv 5.0 equiv ' me’
catalysis (eq 2), and found that compol2aiwas obtained 1a: R =n-Bu 10 S vioid
as a sole product in 81% yield and none of the simple cross- . PhZnCl

coupling product4 was generated. In contrast, when this ’”se”"’"\?h_‘ph transmetalation - %’;’}Z}m
reaction was conducted in the presence of a palladium R o R

catalyst, a significant amount df(31%) was formed along Ph/g)LNph o NPh

with 2a (61%). Furthermore, although a reactionSofvith Rh “insertion . Me

phenylzinc chloride in the presence of Pd(BkPgave only Me< Rh

cross-coupling produd (97% yield; eq 3), the use of Rh/

dppf as a catalyst provided 1,4-addition prodii22% yield

(not optimized)) with no formation o. These experimental In summary, we have developed a rhodium-catalyzed
results strongly indicate that path B in Scheme 1 is more Multicomponent-coupling reaction involving a cross-coupling
likely the actual reaction pathway in the present rhodium- With organohalides as part of the reaction sequence. Through

catalyzed formation o. several experiments toward mechanistic investigations, we
have also demonstrated that the reaction most likely proceeds
n-Bu PR B via a carborhodationoxidative addition-reductive elimina-
l tion pathway, which clearly contrasts to the corresponding
@ 0 palladium-catalyzed processes.
N“SO  [RCIC,H,p N
Me (10 mol % Rh) Me ) _
1a .. dopf (11 mol %) 2a:81%yield Acknowledgment. Support has been provided in part by
e “PhZnCl (2.0 equiv) Py a Grant-in-Aid for Scientific Research from the Ministry of
dioxane € . .
@EN o 40°C, 20 h @Ngo Education, Culture, Sports, Science and Technology, Japan
Ve Ve (21 COE on Kyoto University Alliance for Chemistry).
3 4: 0% yield

@827 rewvery) Supporting Information Available: Experimental pro-

cedures and compound characterization data. This material
Pd(PPhg)s (5 mol %) _ \@\N is available free of charge via the Internet at http:/pubs.acs.org.
PthCl (2.0 equiv)
n-Bu THF, 60 °C, 3 h OL061858H
! [ — 6:97% y[e]d )
[RRCIC,H.),lo (8) General procedure for Table 2: A solution of [RhGIKz)2]2 (3.9
| (10 mol % Rh) mg, 20umol Rh) and dppf (12.2 mg, 22mol) in dioxane (10 mL) was
Me | dppt(11mol%) %) ~ "n-Bu stirred for 10 min at room temperature. Substfa(®.20 mmol) and ArZnCl
5 “PhznCl (2.0 equiv) (2.0 equiv) (0.33—0.60 mL, 0.460.60 mmol; 0.671.22 M solution in THF) were

dioxane, 40 °C, 20 h;

18, 40°G added to it, and the mixture was stirred for 20 h af@0 The reaction was
2

quenched with water (80L), passed through a pad of silica gel with EtOAc,
and concentrated under vacuum. The residue was purified by silica gel
preparative TLC with CHCI, to afford product2.

Because the present rhodium catalysis starts with aryl- (9) For an example of the rhodium-catalyzed addition of dimethylzinc,

hodati f Ik ther th idati dditi f see: Nishimura, T.; Yasuhara, Y.; Hayashi,drg. Lett.2006,8, 979.
rnoaation or an alkyne, rather tnan oxidative adaition or an (10) For discussion on the mechanism of the rhodium-catalyzed cross-

iodoarene, diiodo-substrat® can be converted to iodo- couplings, see ref 3b.
remaining produc® in 70% yield with a minimal amount (11) Ca. 3% of protonated produt8 is contaminated.

7: 22% yield

of phenylated productlO (eq 4). In contrast, when a R ¢
palladium catalyst (e.g., Pd(Pg)) is employed in the PH NPh
reaction of3, compoundLO becomes the major product (61% Me

yield) with no formation of9. H 13
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