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Suzuki-Miyaura reaction of aryl and vinyl halides or triflates Table 1. Conditions on Pd-Catalyzed Reaction of 1 and 2a?

with organoboron reagents has developed into one of the most N, Basec?:tieq.)
. g . . s . .
important G C_:_bond formlng re_a_ctloné. T_he mild aqd smple )Lcone + PhBOH) “BQ (15eq)  Ph “COMe
reaction conditions, the availability of various boronic acids that 1 2a solvent 3a
are normally nontoxic and stable, and easy workup and separation
of the products are some of the factors that are responsible for the , yield
. . . . . catalyst (mol %) solvent base T(°C) time (%)
increasing popularity of the SuzukMiyaura reaction. Our recent .
interest is focused on the development of new methodology based ;c Egégggjg Emz Eg& 28 g%m'” tr5a30e
on palladium-catalyzed reactions®fdiazocarbonyl compounds. 3 Pd(PPB.(5) PhMe KCO; 80 30min 64
Although R-diazocarbonyl compounds have been extensively 4  Pd(PPB4(5) PhMe CsCO; 80  30min 45
applied as metal carbene precusbrie palladium-catalyzed . ESEEEE))Q(ZS)E,) ';m"ﬂg Igg;‘\m gg ig m:g 5;2
reaction has received only limited attentidndWe have conceived 74 Pd(PPhy)4(2.5) PhMe ProNH 80  15min 82
that the combination of Recarbene reaction with the transmetal- g" iggg;’gd&;) ’\DACEN 'EzréNcl)'ls 28 izmhin 28
. . . . . 4 e
lation of boronic ac!ds would lead to novel tran_sformathns. Herein 4 Pd(OAC) (2.5) PhMe PLNH 80  2h 19
we report a palladium-catalyzed cross-coupling reaction of aryl- 11¢  PdC(PPh),(2.5) PhMe PpNH 80  30min 27
boronic acids withR-diazocarbonyl compounds. The reaction 12 Pd(dba}(2.5)/PPE(10) PhMe PpNH 80  15min 41
13'  Pd(OAc)(2.5)/dppe(2.5) PhMe 'PpLNH 80  1h 34
affords R-aryl R,-unsaturated carbonyl compounds, presumably 15 pgoac)5)/PPR(20) = PhMe KCO, 60 3.5h 51
through migratory insertion reactions of palladium carbene inter- 15¢ none PhMe PpLNH 80  15h 0
mediate.

; ; _ aThe reaction was carried out with 1.0 equivloénd 3.0 equiv oRa
On the outset of this study, we have used metRydiazo blsolated yield* The reaction was carried out in the absence of BQ.

propionatel and phenylboronic acida as the substrates. Whén d Reaction run using 5 equiv €PLNH. ¢ Biphenyl was isolated in 6% yield
and2awere catalyzed with Pd(PB)a in the presence of benzo- based ori. fWhen 2.0 equiv oRawas used3awas isolated in 76% yield.
quinone (BQ) and KCO;, methyl 2-phenylacrylat8awas isolated

in moderate yield (Table 1, entry 1). In the absence of the oxidant Table 2. Pd(PPhs)s-Catalyzed Reaction of 2a~I with 12

BQ, the reaction gave trace 2-phenylacryl@agentry 2). We went N, i_PrF’ﬂg’zh;); )(2§Qm(<1>l‘gv)eq )

on to screen other reaction parameters, such as temperature, solvent, I + ArB(OH), 2 — — > A" “CO,Me

and base. It was found that the reaction proceeded more efficiently oM Phie, 80 °C, 15 min 3a~1

at high-temperature (entry 3). The bases, such &, CsCO;,

and EtN afforded similar results, whilé&PrLNH was found the 3, yield 3, yield

most suitable base to promote the reaction with high yield (entries ™Y Catad (o) enty 2 A (o)’

6, 7). Polar solvent DCE could accelerate the reaction but led to 1 28 GHs 3a, 82 7 29, p-CH3OCHs; 3g, 86

slightly low yield, while MeCN was found not favorable (entries 2 2b,0-CHsGeHs  3b, 88 8 2h, mNOLCeHs 3, 58
. . 3 2¢, m-CH3CeHa 3c, 83 9  2i,p-CHOGH4 3i, 44

8, 9). Several other palladium catalysts were then examined. Pd- 4 54 p.CH,CeHs  3d,83 10 2j, p-CICeHa 3j, 77

(OACc),, PACL(PPH),, and Pd(OAcyphosphine ligands all led to 5  2e p-'BuCeHs 383 11 2k, p-BrCeHa 3k, 77

lower yields of3a (entries 16-14). Finally, for comparison the 6  2f,35-MeCeHs 3f,49 12 2I, 1-naphthyl 3,83

reaction was carried out in the absence of PdgRPNo product
3acould be detected.

A series of arylboronic acids were then subjected to the optimized
reaction conditions with methy-diazopropionatd. The reaction Next we studied the scope of the reaction with vari@adia-
finished in 15 min with high efficiency and afforded methyl  zocarbonyl compounds (Table 3). A seriesRoilkyl substituted
R-arylacrylates in moderate to good yields (Table 2). The reaction diazocarbonyl compounds were examined and all gave the cross-
with o-, m-, and p-monoalkyl substituted arylboronic acids all  coupling products in good yields. In the cases where trisubstituted
proceeded efficiently (entries~). The low yield in the reaction  olefins were formed, th& andZ selectivity were low (entries 2,
with 3,5-dimethylsubstituted arylboronic acid was due to its low 3, 4). Notably, tetra-substituted olefin, which is difficult to access,
solubility in toluene (entry 6). The reaction was found marginally can be obtained in moderate yield (entry 5). The reaction also
affected by electronic effects of the substituents of boronic acids. worked well withR-diazoketones, including cyclic substrate (entries
The electron-donating group increased the reaction efficiency as6-9).
compared with electron-withdrawing groups (entries 7, 8, 9). Itis  To elucidate the reaction mechanism of this novel palladium-
noteworthy that chloro and bromo substituents are tolerated in the catalyzed cross-coupling reaction, we examined the possibility of
reaction conditions, which is advantageous for further transforma- a process of 1,2-H shift of RPecarbene intermediafefollowed by
tions (entries 10, 11). a Heck-Mizoroki-type reaction (eq 19When methyl acrylate and

aThe reaction was carried out with 1.0 equivicdnd 3.0 equiv oRa~I.
bsolated yield.
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able 3. 3)4-Catalyzed Reaction of 4a~i with 2a cheme 1. Mechanistic Rationale
Table 3. Pd(PPhs)s-Catalyzed Reaction of 4a~i with 2a2 Scheme 1. Mechanistic Rational
R" O Pd(PPhg), (2.5 mol%) R' O base BQ
. Pd(0)L,
i-PryNH (5 eq.), BQ (1.5 eq.
RQJW(U\W + PRB(OH), 2 020 BA S eq) RzMW H /2 (o
N, PhMe, 80°C Ph . ) )
aa-i 2a 15 min 5a~i R ER X—PdL, Pd(Il)L,,
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(ZE=1:2.5) N
Nz 4b 5b 2
Q Ph
3 ph/\”)J\OMe Ph.,~ CO,Me Z‘E-%(')l . the aryl group to the carbenic carbon of the—drbene gives
N2 e 5c (ZE=1:15) intermediateD. Finally, -hydride elimination ofD affords the
o on product and regenerates the Pd(0) species with the aid of base.
4 Ph P 97 In summary, we have reported the first palladium-catalyzed cross-
Ph/\/jfl\%e M%OZM" (ZE=1:23) coupling reaction oR-diazocarbonyl compounds with arylboronic
o ) acids. It provides a novel access Baryl substitutedR,s-
5 )\,Hkom )YCOgMe 65 unsaturated carbonyl compounds. The reaction most likely proceeds
N, : Ph o through a migratory insertion of the Pdarbene species, a process
o ¢ o F that has attracted attention only very recefil§.7a10
Ph . .
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