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Kumada coupling is a very useful method to construetGC Table 1. Methylation of 2-(Methoxymethyl)naphthalene (1a) under
T . . . . a
bonds by utilizing aryl halides and Grignard reagents via Ni- Different Conditions

: . . talyst / ligand -,
catalyzatiori: New developments to apply cheap and easily available OM9+ MeMgBr caraystrigane OG Ve
aryl chlorides and tosylates into this reaction made it more praétical. f solvent, rt

. a 2
Recently, Fu and co-workers showed that alkyl halides could be entry MeMgBr catalyst ligand sowen: 2a (%)°
applied into this coupling to construct 3g—C bonds® Much {equiv.) (5.0 mol%) (5.0 mol%)

; ; At i 1 1.2 - - toluene 1]
attention has also been paid to the actlvatlon_ of the relatlvc_aly stable 50 12 NICL(PCys)z PCys  toluens o
but commonly encountered-€ bonds. In direct €0 fuction- a6 12 NiCly(PPhs),  PPhy toluene 12
alizations, aryl Grignard reagents showed good reactivity to react 4 1.2 NiCly(dppe) ~ dppe toluene 0
with s? C—OMe? Some recent studies showed that Suzuki 5 1215 NiClp(dppf)  dppf  toluene  82/>99

. j . &9 1.5 NiCly(dppf) dppf toluene =99
coupling with methoxyl arenes can be achieved as #@lir recent 7 15 NiCl(dppp)  dppp  toluene 97
studies showed that direct methylation of anisole and its derivatives 8 15 Ni{acac), dppe toluene 0
occurred with MeMgBr via Kumada couplirfgn this article, we 9 1.5 Ni(acac), dppb  toluene  >99
d trated the first benzyl alkylation to construct theGpC 10 12 Nifacac); —dppf  ftoluene 97

emons yl alkylatio _ PL 11 15 NiCl, dppf  toluene 79
bond through Kumada coupling via Ni-catalyzed highly selective 12 1.5 NiCl,-6H,0 dppf toluene 14
benzylic s C—O activation. 13 }g E:g:s gPPf :g:U::: ;

C_Zom_pared to the activatipn of 3IC—0 b_onds, sp Cc-0 ]g 15 pd(ppﬁ3)4 ot m|ﬂene 0
activation was not well studied. Alkyl €0 with good leaving 16 15 Pd(OAc), dppf  toluene 0
groups, such as OTs, showed satisfying activity in different i }g Nigld(%';pn ggg: ‘D_Ll::e 109
reactions. However, few cases were reported to selectively activate 19 15 N|c|§(dppn dppf Et,O 99

an sg C—0 bond in ethers, since, (1) generally, al €p-O bond
has a relatively high bond dissociation energy (BDE); (2) the  2All the reactions were carried out in the scale of 0.5 mmalafvith

discrimination of two different SpC—O bonds of the ether is thelgorresr?or?ding amf?‘é”td"f MeMgBr, catalyst, f‘”d Sfélven?t “”Qilémcf
- yields with the use oh-dodecane as an internal stand&i0 mol % o
challenging; and (3) after the cleavage of €p-O bonds, the the ligand was used.2.0 mol % of NiCh(dppf) and 2.0 mol % of dppf

transformation with other reagents to construet@bonds is hard were used in this reaction.
to control. Thus, although the cleavage of the relatively active allylic
sp® C—0 bond of allyl ether has been reported via transition-metal
catalyzatiorf the C-C formation directly via etheric $pC—O

(entries 13-17). Further studies showed that the strongly coordinat-
ing solvents, such as THF, were not beneficial for this transforma-
activation is unknown. tion (entry 18). However, this coupling took place quantitively in

We chose first 2-(methoxylmethyl)naphthalenga) as the ELO (entry 19).

substrate (Table 1). Although there are two types &CpO bonds, Different protecting groups of penzyl alcoh_ol were detegted
they could be differentiated since benzylic-O is much more (Table 2). Alkyl groups were suitable for this transformation

active. However, when previous methods to activate aR/CspO regardless of their steric hindrances (entrieS)1L The ph_enyl group
bonds were applied, only a very small amount of methylated product was als_o checked, a“?' the methylate_d product was |solgted in 75%
2awas observed (entry 2). With dppe as the ligand, the methylation yield with no observation of methyle.mon on the phenyl ring (entry
was totally shut down (entry 4). Gratifyingly, when dppf was %)- AS @ common hydroxyl protecting group, TMS also showed
applied as the ligand, the desired prodeatvas isolated in a good good reactivity (entry 5). However, acetate and free alcohol failed
yield (entry 5). Both NiC} and hydrated NiGlwere not very to furnish the desired products, arising from their high reactivity
efficient for this transformation (entries 11 and 12). Ni(agac) toward Grignard reagents (entries 6 and 7). The derivatives of
showed a better catalytic ability in the presence of bidentated ligandsS€condary benzylic alcohol were further investigated. The aryl
other than dppe in this coupling (entries 9 and 10). It was of great substituent is helpful for this transformation (entry 8). However,
importance to note that the coupling occurred smoothly even in alkyl substituents decreased the yields with the eliminated alkenes
the presence of 2.0 mol % catalyst (entry 6). Other than nickel as byproducts (entries 9 and 10). Different Grignard reagents were

catalysts, different inorganic salts were investigated but failed furthe_r tested. The results indicated tha; EtMgBr was good for this
coupling (entry 11). HowevefBuMgCl, 'PrMgBr, and PhMgBr
! Peking University. showed lower reactivities (entries £24).
. émgaﬂg';‘lg[jmaﬁjﬂxﬂggty Various aryl methyl ethers were further surveyed (Table 3). We
Il Chinese Academy of Sciences. found that (1) both naphthyl and phenyl groups were perfectly fit
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Scheme 1. High Chemoselective C—O Activation of Both sp® and

Table 2. Direct Functionalization of Benzylic sp® C—OMe with
sp?2 C—OMe

Different Grignard Reagents?
R! R Ao NICk{dppf) (2.0 mol%)

. . e dppf (2.0 mol%) Ole
or  NiCl(dpph) (2.0 mot%) - o ST o
+ RiMgBr—dppf (2.0 mol%) < ' 3 toluene, i, 12h  °
toluene, overnight 99% 4
2

NiCl,(PCy3); (5.0 mols)

R =Me, 4a 99% PCys (5.0 mol%)

enty R R' R? 1 Temp(°C)  2(%)" R = Ph. 4b 74%
RMgX (1.5 equiv)
1 Me H Me 1a 25 2a (80) Nifacac), (7.0 mol) toluene, T0°C, 10 h
2 Et H Me 1b 25 2a (73) dppf (2.0 mol®%), PCys (10.0 malth) R
3 Bu H Me 1c 25 2a (79) MeMgX 2.5 equiv) _
4 Ph H Me 1d 25 2a (75 tolusne: ;?0 C.10h Me
5 TMs H Me 1e 25 2a E7s§ = Me, 93% §R = Me, Ph
g: Ac H Me 1f 25 2a (18)
H H Me 1 25
§o Me Fh  Me i s 2 ((éég (Scheme 1). Starting from substraebenzylic s§ C—OMe was
}?d Me Et Me 1 110 2d (45) activated and converted into a methyl group with 99% yield. With
12d mg H nEtu }g ;3 22';' {3?} Dankwardt’s or our developed method? §p-OMe could be further
13: Me H 'Pr 1a 70 2g (20) transformed into a phenyl or a methyl group with high efficieffts.
14 Me H Ph 1a 25 2h (22) Most importantly, these two processes did not crossover each other,

which could be well controlled by ligands. These two processes
mmol) in the presence of Nigldppf) (2.0 mol %) and dppf (2.0 mol %) in ~ Were also combl_ned into one-pot to me_thylate b_oth GpOMe
toluene (4.0 mL) at rt under nitrogen atmosphérisolated yields unless ~ and sp C—OMe in the presence of two ligands with an excellent
otherwise noted¢ GC yields with the use af-dodecane as an internal stand- efficiency.

o ! - ! ) )
ard. 9 NMR yields with the use of 1,2-dibromoethane as an internal standard. In summary, we demonstrated an unprecedented cross-coupling
of relatively stable benzyl ether via Ni-catalyzed €§p-O activa-
tion. This transformation showed high efficiency and excellent
chemoselectivity. With this method,3@—0OMe and benzylic sp

a All the reactions were carried out with(0.5 mmol) and RMgBr (0.75

Table 3. Benzylic Methylation with Different Substractes via
Ni-Catalyzation?
OMe NiCly(dppf) (2.0 mol%)

. dppf (2.0 mol%) Me . ) -
A/ o+ WeMgBr omene 80°C 1o A C—OMe in the same molecule could be differentiated by the
em: A ' ' ] im" methylation tuned by the ligand. It offers new tools for assembling
X : . complex molecules.
3
1 fa 22 €0) Acknowledgment. This research was supported by Peking
University and the National Natural Science Foundation of China
z OG 1k 29 (79) (20542001, 20521202). We also thank Professor Hisashi Yamamoto
for his constructional suggestions on this project.
3 Ph—< >— 11 2h (99}
Ph Supporting Information Available: Experimental details and other
4 1m 2i (91) spectral (_jata for produc®&sand4—6. This material is available free of
charge via the Internet at http://pubs.acs.org.
Ph
5 @ Tn % (86) References
o X=F 10 2k (92) (1) (a) Metal-Catalyzed Cross-Coupling Reactipidederich, F., Stang, P.
7 X=0Me 1p 21(89) J., Eds.; Wiley-VCH: New York, 1998. (b) Tamao, K.; Sumitani, K.;
X Kumada, M.J. Am. Chem. So4972 94, 4374.(c) Corriu, R. J. P.; Masse,
8 X=Me 1q 2k (95) J. P.J. Chem. Soc., Chem. Commui972 144. (d) Tamao, K.J.
g¢ X=0H 1r 2m (70) Organomet. ChenR002 653 23.
(2) (a) Littke, A. F.; Fu, G. CAngew. Chem., Int. E®002 41, 4176 and
10" 1s 2n (> 99) references therein. (b) Zim, D.; Lando, V. R.; Dupont, J.; Monteiro, A.
L. Org. Lett.2001, 3, 3049-3051. (c) Tang, Z.-Y.; Hu, Q.-S. Am. Chem.

Soc.2004 126, 3058.

aThe reactions were carried out with(0.5 mmol) and MeMgBr (0.75
mmol) in the presence of Nigldppf) (2.0 mol %) and dppf (2.0 mol %) in
toluene (2.5 mL) under nitrogen atomosphérisolated yields unless
otherwise noted: The reactions were carried out at $2.5 equiv of
biphenyl @k) was obtaineds2.5 equiv of MgMgBr was used.GC

(3) (@) Luh, T.; Leung, M.; Wong, KChem. Re. 200Q 100, 3187. (b)
Matthew, R. N.; Fu, G. CAdv. Synth. Catal2004 346, 1525. (c) Frisch,
A. C.; Beller, M. Angew. Chem., Int. EQR005 44, 674, and references
therein.

(4) (a) Wenkert, E.; Michelotti, E. L.; Swindell, C. S. Am. Chem. Soc.

1979 101, 2246. (b) Dankwardt, J. WAngew. Chemnt. Ed.2004 43,
2428-2432. (c) Hayashi, T.; Katsuro, Y.; Okamoto, Y.; Kumada, M.
Tetrahedron Lett1981 22, 4449. (d) Wenkert, E.; Michelotti, E. L,;
Swindell, C. S.; Tingoli, M.J. Org. Chem1984 49, 4894.

(5) (a) Kakiuchi, F.; Usui, M.; Ueno, S.; Chatani, N.; Murai,JSAm. Chem.
So0c.2004 126 2706-2707. (b) Ueno, S.; Mizushima, E.; Chatani, N.;
Kakiuchi, F.J. Am. Chem. So2006 128 16516-16517.

(6) Guan, B.; Xiang, S.; Wu, T.; Wang, B.; Zhao, K.; Shi,Ghem. Commun
2008 online.

(7) (a) Terao, J.; Watanabe, H.; Ikumi, A.; Kuniyasu, H.; KambeJNAm.
Chem. So2002 124, 4222. (b) Matthew, R. N.; Fu, G. @ngew. Chem
Int. Ed. 2002 41, 3910. (c) Zhou, J.; Fu, G. @. Am. Chem. So@003
125 12527. (d) Terao, J.; Todo, H.; Watanabe, H.; Ikumi, A.; Kambe, N.

conversion with the use af-dodecane as an internal standard.

for this methylation. The steric effect did not significantly affect
the reactivity, and alpara-, meta, and ortho-substituted benzyl
substrates could be transformed into the desired products with high
efficiency (entries 3-5). (2) Other functionalities, such as the
methoxyl and the alkyl group on the phenyl ring survived well
(entries 7 and 8). Their electronic properties did not affect the
reactivity of the corresponding ethers. However, arytFccould
not tolerate this cor_1d|t|on_. It was noteworthy_that the free hydroxyl Angew. Chemint. Ed 2004 43, 6180, (6) Terao. 1. Naitoh. .- Kuniyasu,
group was compatible with this transformation (entry 9). Further- H.: Kambe, N.Chem. Commur2007, 825.
more, benzyl methyl ether was also a good substrate for this (8) (a) Nomura, N.; Rajianbabu, T. Wetrahedron Lett1997, 38, 1713. (b)
methylation, which showed the broad substrate scope in this %_”&%”K%mg”am ,Zdtgnﬁg}gm?‘MCJI‘(?UITff’%aﬁi{fﬂ'}j@%ﬂ%ﬁ’n_
transformation (entry 10). Soc 2005 127, 4592. (d) Kayaki, Y.; Koda, T.; Ikariya, TEur. J. Org.
With this developed method, different methoxyl groups in one

Chem 2004 24,4989.
molecule were transformed into different functionalities stepwise JA710944]

J. AM. CHEM. SOC. = VOL. 130, NO. 11, 2008 3269



