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ABSTRACT

A cationic rhodium(l)/dppb complex catalyzed direct intermolecular hydroacylation of

N,N-dialkylacrylamides with both aliphatic and aromatic

aldehydes has been achieved through the stabilization of acylrhodium intermediates by alkene chelation to rhodium. This method represents
a versatile new route to  y-ketoamides in view of the high atom economy and commercial availability of substrates.

Transition-metal-catalyzed intermolecular hydroacylation of
alkenes and alkynes with aldehy#esis a highly atom-
economical methddfor the preparation of unsymmetrical

for this transformation, facile decarbonylation from acyl-
rhodium intermediates results in low product yield and low
catalytic efficiency* To suppress the undesired decarbony-

ketones. Although rhodium catalysts are most frequently usedlation, several chelation-assisted strategies have been devel-
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oped (Figure 1A—D).°~1® The pioneering work by Suggs
demonstrated that-€H bond activation of 2-aminopicoline-
derived aldimines furnishes nitrogen-stabilized intermediates
A, which react with alkenes intermolecularly to give ketone
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Figure 1. Isolated or proposed chelation-assisted hydroacylation
intermediatesA—D and proposed hydrogen-mediated coupling
intermediateE.

products’ Jun et al. developed a number of efficientC
bond-forming reactions by employing in situ formation of
these 2-aminopicoline-derived aldimin€s! Willis et al.

developed a direct hydroacylation of alkenes and alkynes

carboxylic anhydrides lowered the yield of the hydroacylation
products (Figure 1E). In this Communication, we describe

a cationic rhodium(l)/dppb complex catalyzed direct inter-
molecular hydroacylation oN,N-dialkylacrylamides with
both aliphatic and aromatic aldehydes through the stabiliza-
tion of acylrhodium intermediates by means of alkene
chelation to rhodium instead of aldehyde chelation.

We recently reported a rhodium-catalyzed regio- and
enantioselective intermolecular {4 2] carbocyclization of
4-alkynals withN,N-dialkylacrylamided? In the course of
that study, we observed the formation of an intermolecular
hydroacylation byproduct in low yieltf. We anticipated that
the chelation ofN,N-dialkylacrylamides to rhodium suf-
ficiently stabilizes the acylrhodium intermediate, so the
chelation of an alkyne moiety of 4-alkynals to rhodium may
not be necessary. We were pleased to find that the reaction
of hydrocinnamaldehyde @) with N,N-dimethylacrylamide
(2a) at 0.1 M concentration in the presence of 10 mol % of
[Rh(dppb)]BF proceeded to give-ketoamide3aain 33%
yield at 44% conversion (Scheme 1).

with a 3-methylsulfanyl-substituted aldehyde through the _

formation of sulfur-stabilized intermediat'23 Miura et

al. developed a direct hydroacylation of alkynes with
2-hydroxybenzaldehyde through the formation of oxygen-
stabilized intermediateC.!* Tanaka, Suemune, and co-

workers developed a direct hydroacylation of dienes with
2-hydroxybenzaldehyd€.They proposed that the reaction

may proceed through double chelation stabilized intermediate

D. Very recently, a novel intermolecular hydroacylation that

does not require aldehyde chelation assistance was developed

by Krische and co-workef$.Branch-selective intermolecular
hydroacylation products were obtained by a hydrogen-
mediated coupling of carboxylic anhydrides with styrenes
and activated alkenes through the formation of cationic Rh-
(1) intermediateE followed by hydrogenolytic cleavage of
the rhodium-carbon bond, although the use of aliphatic
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Scheme 1
10 mol %
0 NMe;,  [Rh(dppb)]BF
/\)J\ L 7 (dppb)IBF,
Ph H 0 {CHxCl),, 80 °C
1a (0.1 M) 2a 18h °
(1.0 equiv) NM
ph/\)w €2
3aa %

33% (44% conv)

After screening various reaction conditions, we have
determined that the yield &ahighly depends on the choice
of ligand and the concentration df. [Rh(dppe)]BE and
[Rh(dppf)]BF showed low catalytic activities, and [Rh-
(BINAP)]BF4 and RhCI(PP¥; furnished no hydroacylation
product. Employing a high concentration (0.5 M b&)
significantly accelerated the reaction. Thus, the reaction of
lawith 2awas conducted at 8@C and 0.5 M concentration
in the presence of 5 mol % of [Rh(dppb)]BFwhich
furnishedy-ketoamide3aain 67% yield (Table 1, entry 1).
A series of aliphatic aldehydelsa—c and N,N-dialkylacry-
lamides2a—d were subjected to the above optimal reaction
conditions. 3-Methyl- and 2-methyl-substitutisicN-dialky-
lacrylamide2b and2creacted withlato givey-ketoamides
3aband3ac respectively, in excellent yield for short reaction
times (entry 2, 95% vyield, 2 h; entry 3, 97% vyield, 5 h).
However,N-methylmaleimide (2d) failed to react witha
(entry 4). The reactions af-octanal (1b) and cyclohexan-
ecarboxaldehydel€) with 2c also proceeded to give the
correspondingy-ketoamides3bc and 3cc, respectively, in
excellent yields (entries 5 and 6).
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3582.
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Table 1. Rh(l)*/dppb-Catalyzed Direct Intermolecular
Hydroacylation ofN,N-Dialkylacrylamide2a—d with Aliphatic
Aldehydesla—¢

Table 2. Rh(l)*/dppb-Catalyzed Direct Intermolecular
Hydroacylation ofN,N-Dialkylacrylamide2a—c with Aromatic
Aldehydesld—g

R3 5 mol % o RS R3 10 mol %
0] Rh(dppb)]BF, (0] Rh(dppb)IBF.
1+ R?\/\Wr\m‘i2 _[RN(dppbIIBF, RTWNR“Q 1o+ R%(NR‘E _[Rn(dppb)IBF, W
R TH & (CHuCl)p, 80 °C 2 0 R H 3 toluene, 100 °C
1(0.5M) 2 (1.1 equiv) 3 1(0.5M) 2
entry  aldehyde alkene time (h) product (% yield?) entry aldehyde alkene (equiv) time () product (% yield?)
O
Q NNMGQ /\)CL/YNMB 1 )O]\ /\H/NM62 M]/NMEQ
1 42 2 Ph
Ph/\/lkH o Ph Ph”H o
o) (6]
1a 2a 3aa (67) 1d 2a (1.1 equiv) 3da (60)
i 9 D 2w
2 Me N N 2 € / M
Ph/\)kH S Ph/\)w Ph)J\H
0 Me O Me O
1a 2h 3ab (95) 1d 2b (1.1 equw) 3db (75)
o Me fe) Me o) Me O Me
NMe NMe, 3 %(NM% ph)K/Kﬂ/NMez
S e~ }Y ° PhWWf Ph)kH
o} 0 o
1a 2¢ 3ac (97) 2¢ (1.1 equiv) 3dc (84
o 0 0 Me O Me
O [ Ph M 4 %(NMSQ NMe2
4 N-Me 18 N-Me
Ph/\/KH
(o} 0 2¢ (2.0 equiv) 3ec (92
1 2d 3ad (O
a ad (0) O Me
o Me " O Me " 5 H A(NMeg NMep
s A AN s o AN e
nC7His” H I 7S g MeO 0 °
1b 2¢ 3be (99) 1f 2¢ (2.0 equiv) 3fc (83
o Me 0 Me Q Me
6 M NMeo 14 NMe 6 H NMe; NMes
Cy” H cy
(0] (¢] FsC (0]
1c 2c 3ce (98) 19 2¢ (2.0 equiv) 3gc (72)

a [Rh(dppb)]BR (0.025 mmol),1 (0.50 mmol),2 (0.55 mmol), and

a2 [Rh(dppb)]BFR (0.050 mmol),1 (0.50 mmol),2 (0.55—1.00 mmol),
(CHZCl); (1.0 mL) were useck Isolated yield.

and toluene (1.0 mL) were uséetlsolated yield.

Not only aliphatic aldehydesa—cbut also benzaldehyde aldehydes (8C°C), chemoselective hydroacylation of an
(1d) reacted with2a—c to give the corresponding-keto- aliphatic aldehyde over an aromatic aldehyde was attempted.
amides in good to high yields (Table 2, entries 1—3), The reaction of 4-(3-oxopropyl)benzaldehyd} possessing
although the reactions required high catalyst loading (10 mol hoth aliphatic and aromatic aldehyde moieties, Vith(1.1
%) and high reaction temperature (180). The steric and  equiv) in the presence of 5 mol % of [Rh(dppb)}B& 80
electronic effects were also investigated, which revealed that°C furnished monohydroacylation produstin 71% yield

although the reactions of sterically demandirglualdehyde  through the selective €H bond activation of the aliphatic
(1e) and electron-rich 4-methoxybenzaldehyde (1f) \Rith aldehyde moiety (Scheme %).

proceeded in high yields (entries 4 and 5), the reaction of ~Scheme 4 shows a possible mechanism for the present
electron-deficient 4-trifluoromethylbenzaldehydeg) with intermolecular hydroacylatioh.An oxidative addition of the

2c furnished the corresponding-ketoamide3gc in lower

yield than that of benzaldehyde (1d) (entry 6).

The reaction of methyl acrylate (2e) was also investigated. Scheme 2
Although the reaction ofla with 1.1 equiv of 2e was 10 mol %
inefficient, the use ofeas a solvent furnished the expected OMe  [Rh(dppb)]BF4
y-ketoester3aein 55% yield (Scheme 2§ /\)J\ /\ﬂ/ 80 °C, 20 h

Because the reactions of aromatic aldehydes required a 1a (05 M) 2e 0
higher reaction temperature (100) than those of aliphatic (solvent) Ph/\)WOMe
0

3ae 55%

(19) A branched regioisomeric product (ca. 8% yield) was detected by
1H NMR analysis of the crude reaction mixture.
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Scheme 3 Scheme 4

3
Q 5 mol % o Rt R
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(

H CH,Cl)g, 80 °C R2 O o
(6] 8h 3 1 2
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(1.1 equiv)
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71% (5:6 = >20:1) R*N F

aldehyde C—H bond to rhodium(l) affords rhodium acyl
hydride F, which may be stabilized by the bidentate
coordination ofN,N-dialkylacrylamide2. Addition of the
rhodium hydride to the alkene then provides acylrhodium
intermediates. Reductive elimination furnishesketoamide

3 and regenerates the Rh(l) catalyst. Consistent with this
mechanism, the hydroacylation of methyl acryl&e)( which
has a lower coordinating ability thayN-dialkylacrylamides
2a—c, required a large excess 2¢(Scheme 2). Furthermore,
N-methylmaleimide (2d), which cannot coordinate to rhod-
ium in a bidentate fashion, failed to react with aldehylde

In conclusion, we have demonstrated that the cationic
rhodium(l)/dppb complex catalyzed direct intermolecular
hydroacylation ofN,N-dialkylacrylamides with aldehydes
represents a versatile new method for the synthesis of
y-ketoamides in view of the high atom economy and
commercial availability of substrates. Asymmetric variants
of this reaction and further utilization of the alkene chelation
strategy are currently under investigation in our laboratory.
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