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Complexes containing 1,4-hydroquinone,@ zz-bonded to a Scheme 1. Deprotonation and Oxidation of Hydroquinone to
transition metal are rather few in number but of substantial interest Quinone with the -Bonded Metal Fragment Acting as an Internal
. . . . .. Electron Acceptor
because of the importance of quinonoid molecules in mediating

proton and electron transfer reactidnklydroquinone has been H CP OH e Ho—©=o Ko o=®=o
coordinated in am®-manner to the metal fragments Cr(GOYIn- Rh* B, THF tn BT ‘ i

K
(CO)*, and Cp*M* (M = Rh, Ir)23 The key chemical property (193'[_3)_ <CC2>D> (c%rb)
displayed by these complexes is facile deprotonation of-td1 4 K3
groups, which is accompanied by electron transfer to the metal and (o™ (o™

. .. . . . . . KO'Bu + o o] — O
changes in the hapticity of the quinonoid rid@his is illustrated S ea KOBu 18 Crown® O« ) c.=<:>=o_%K+ Z]
in Scheme 1 for the new’-H,Q complexl*BF,~, synthesizetiin THE i/o\j) ih_ %
74% isolated yield by the reaction of [Rh(COD)&VWith AgBF, (CoD) BF,
and HQ. 1"BF,~ cleanly undergoes deprotonation to afford stable K(18-C-8)*3"
neutral semiquinone2j and anionic quinone3() complexes.

With a catalytically active metal, such as rhodium, it was thought
that the ability to alter the charge on the metal by reversible J + Ar—BOH) Cat. "Rh"
deprotonation may constitute a simple way to tune catalytic activity. Ar P TRO A
Irladd|t|on, the anionic ‘?'OUb'V de_proton?tﬁﬂqumone cor_nplex“ are the rhodium-catalyzed addition of arylboronic acids to alde-
3~ may be al:_)le to functlon_ asa Ilgan_d ( o_rganomet_allo_llgaﬁc_i ), hyde$ and the 1,4-addition of arylboronic acids to eno#eshe
thereby offering the possibility of bifunctional activation with  aq 15 optained for arylboronic acid addition to benzaldehydes as
appropriate substrates. Catalysts able to operate in a blfunctlonalcatalyzed by rhodium quinone complexes are given in Table 1.
manner are of considerable current intefelderein, it is demon- An inspection of the data in Table 1 shows some remarkable
strated that the hydroquinone compléxBF,~ is @ convenient  popavior From entries 36, it is concluded that the cationic
precursor to MS‘, which serves as a catalyst for the.coupllng of rhodium hydroquinone complek'BF,~ has no catalytic activity,
arylboronic ac!ds and benzaldehydt_as to prqduce_ diaryl alcohols unless a base (KOH) is present. Addition of the neutral SER—
(Scheme 2). Itis shovyn t_haH\B actsina m_ultlfu_nctlonal manner  pas no effect (entry 5). It is concluded that the base likely functions
by simultaneously a_ctlv_atmg both _the bqronlc acnd_and the aldehyde, to deprotonate the-quinonoid—OH groups. In agreement with
the former by coordination ofaqqlnpnmd o>.<ygen’3rnt0 the boron this, the anionic quinone complex'&- was found to be a very
and the Iattt_er through a Lew!s aC"?' interaction among the aldehwje'ef'fective catalyst, giving high yields at 7& or higher temperatures.
the counterion M, and a quinonoid oxygen. ) Interestingly, the yield drops dramatically when a crown ether is

The X-ray structure of [(BQ)Rh(COD)IBR-ELO established  5qqeq to the reaction mixture or when K(18-C<8) is used as

o 6 . ; e ; : > U _
thetant!0|pated7 bonding mode. Deprotonation ofl "BF,~ with the catalyst in place of K3~ (entries 13 and 15). In a similar vein,
KO Bu_ln THF ocicurred readily to afford the semlqumqm)e dnd the activity is reduced by the inclusion afBus;N*BF,~ (entries
the quinone (K37) analogues (Scheme 1). X-ray quality crystals 14 and 16). Likely related to this is the observation that3iis
e !

of K3 could not be grown, but the butylammonium salt was 5 e effective catalyst than®-, as indicated by entries 10 and
readily obtained by metathesis and its X-ray structure determined ;, compared to 17 and 18. This behavior clearly signals hetero-
as BU‘N_ [(1_'4 Q)Rh(CiOD)I 3 BuNBF. The RR-C bpnd lengths bimetallic or dual function catalysid;*2in which the alkali metal
clearly indicated any -b'&?ndlng mode, with the quinone RIC i+ 51 K+ enhances the electrophilic activation of the aldehyde
distances being ca. 0.2 A greater for the C(O) carbons N COMParSOficarhon by interacting with the carbonyl oxygen, thus facilitating
to_that Otf the_ other four quinone carbdhiSeprotonation ofl ‘BF, aryl transfer from the rhodium catalyst, as depicted4inThis
with +KO Bu in the presence of 18-crown_—6 prqduced the S‘T’“t K(18- hypothesis is in accord with the reduced reactivity that is found
C-6)"(1,4-Q)Rh(COD)I-K(18-C-6)BF,, in which each quinone ;e the alkali metal is chelated with a crown ether or is replaced
oxygen is linked to a crown ether encapsulated potassium ion with the much largen-Bu,N* ion.
(Scheme 1J. . ) . Entries 7 and 3633 show that electron-withdrawing para-

The cross-co_upllng of organoporateg and organic electrophlles substituents on the aryl group in'B(OH), hinder the reaction, as
has become an important synthetic tool in organic chentistrpile has been found with other catalyst systéaTEable 1 also indicates
palladium is often used as the transition metal in the catalyst for that the catalytic conditions are tolerant of a wide range of aryl
this reaction, rhodium can also be effective. Especially noteworthy ¢ \pctitients in the aldehyde reactant (entries 8 anc29%

* Sungkyunkwan University. Suzuki—Miyaura-type coupling reactions involving boronic acids

* Brown University. are usually facilitated by the presence of stoichiometric external

Scheme 2. Catalytic Phenylation of Benzaldehydes
o OH
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Table 1. Results of the Rhodium-Catalyzed Arylation of ArCHO In conclusion, we have characterizedabonded rhodium
with Ar'B(OH). in Water Solvent® quinonoid complex that functions as a good catalyst for the coupling
addiives T fime yield of arylboronic acids and aldehydes. The catalysieigrobimetallic
entry aldehyde catalyst quv) (O O 0o in that both the transition metal and concomitant alkali metal
1 GHCHO 1'BFs” none 95 3 NR counterion play an integral part in the reaction. In addition, the
2! CaHsCHO TBR none % 3N nionic quinonoid catalyst itself playsbifunctionalrole by actin
3 GH.CHO 1BF, none 75 3 NR anionic quinonoid catalyst itself playsbéfunctionalrole by acting
4 CHsCHO 1"BF,~ KOH (1.2) 75 3 97 as a ligand to the boronic acid and as a Lewis acid receptor site for
5 GHsCHO 1*BFs~ K*BF;~(1.2) 75 3 NR the aryl group in the requisite transmetalation.
6 GCHsCHO 1tBF,~ none 50 16 NR
7 GHsCHO Ki3’ none 95 3 9 Acknowledgment. We are grateful to the donors of the
8 GgHsCHO K*3" none 75 3 93(90)  petroleum Research Fund, administered by the American Chemical
9 GCHsCHO K+3 none 60 3 81 : . . i
10 GHsCHO K3 none 50 3 48 Society, and to t_he National Science Foundation (CHE-0308640)
11 GHsCHO K+3~ none 50 16 84 for support of this research.
12 GHsCHO K+3- none 25 16 19 ) ) ) ) )
13 GHsCHO K*3~ 18-C-6 (0.075) 75 3 14 Supporting Information Available: Experimental details, char-
14 GHsCHO K*+3~ n—B(Léz;g;sB)F( 75 3 24 acterization and crystallographic (CIF) data, which have also been
15 GHsCHO K+(18-C-6B" none 75 3 13 deposited with the Cambridge Cryst_allographlc I_Data C_enter as registry
16 GHsCHO n-Bu,N*+3- none 75 3 2 number CCDC 274874274875. This material is available free of
17 GHsCHO Lit3~ none 50 3 96(91) charge via the Internet at http://pubs.acs.org.
18 GHsCHO Li*3~ none 25 16 40
19 GHsCHO [Rh(COD)CI,  none 75 3 NR Referen
20 GH:CHO [Rh(COD)FBF,~ none 75 3 NR elerences
21 GHsCHO [Rh(COD}]"BF,~ KOH (0.025) 75 3 1 (1) (a) Pierpont, C. G.; Langi, C. WProg. Inorg. Chem1994 41, 331. (b)
22 GHsCHO [Rh(COD}]*BF,~ KOH (1.2) 75 3 99 Ebadi, M.; Lever, A. B. Plnorg. Chem1999 38, 467. (c)Coenzyme Q:
23 GHsCHO none KOH (1.2) 75 3 NR Eg]?ze"élstga B@ﬁggfgﬁtx ggi Cllénégal Applications of Ubiquinone
- +3- , G., Ed; : ) .
gg gzﬂggﬂqg‘ﬁH&o ﬁé_ :822 ;g g gé(ég) (2) (a) Huang, Y.-S.; Sabo-Etienne, S.; He, X.-D.; Chaudre&anome-
14,6-MeCeHy =2 (68) tallics 1992 11, 303. (b) Koelle, U.; Weisscluel, C.; Englert, U.J.
26 4-MeGH,CHO K3 none 75 3 99(97) Organomet. Chem1995 490, 101. (c) Schumann, H.; Arif, A. M.;
27 4-CIGH,CHO K*3~ none 75 3 99(97) Richmond, T. GPolyhedron199Q 9, 1677.
28 4-PhGH4,CHO K+3~ none 75 3 98(93) (3) (a) Sun, S.; Carpenter, G. B.; Sweigart, D.JAOrganomet. Cheni996
29 4-ONCgH,CHO K+3~ none 75 3 99(92) 512 257. (b) Le Bras, J.; Amouri, H.; Vaissermanr}Q}ganometallics
gopeil Ky pme sy SO S O 0 st b dome
f +3- g . ) e i ] '
g%g g6:5g:8 :zé, Egzg ;g g 33(90) P.; Amouri, H.; Rager, M. N.; Jutand, @rganometallic2004 23, 6231.
675 e (e) Fairhurst, G.; White, CJ. Chem. Soc., Dalton Tran$979 1531.
33 CeHsCHO K'3 none % 32 (4) See Supporting Information for details.
(5) The ability of a quinone complex to function as an organometalloligand
aConditions: 2 mL of water, 0.025 mmol of catalyst, 1.0 mmol of has been demonstrated in the casedfhenzoguinone)Mn(CQ). See:
aldehyde substrate, 1.2 mmol of B(OH), (Ar' = CgHs for entries 1-29). Oh, M.; Carpenter, G. B.; Sweigart, D. Acc. Chem. Re2004 37, 1.
bYield determined by NMR; isolated yields in parenthesdso reaction. ©) gaé)oCasgy,?’c.o%., Jt;’hns‘)”’r]- B, 3'”%‘?“ shwé,\c:uué%m. Chemégoc.
dSolvent wasp-dioxane (2 mL)EAr' = 4-MeOGH4B(OH),. fAr' = 3 127, 3100. (b) Noyori, R.; Hashiguchi, $cc. Chem. Re997
Solven P e vt s 2 30, 97. (c) Josephsohn, N. S.; Kuntz, K. W.; Snapper, M. L.; Hoveyda,
4-MeGeH4B(OH),. 9 Ar' = 4-CICGeH4B(OH),. " Ar’ = 4-O,NCgH4B(OH)s. A.H. J. Am. Chem. So2001, 123 11594. (d) Mermerian, A. H.; Fu, G.
C.J. Am. Chem. So@003 125, 4050. _
base (e.g., compare entries 20 and 229.1t has been debated (7) X-ray data for this salt were (to date) of only moderate quality, but

. . nevertheless sufficient to establish the connectivity shown.
whether the base serves to increase the rate of transmetalation from (g) (a) Suzuki, AAcc. Chem. Re€982 15, 178. (b) Miyaura, N.; Suzuki,

boron to the transition metal catalyst by binding to the former or 9 A Cshim; F'\i/le-_ t9%5 93' _2;\1;7- w ch nt. Ed998 37
by binding to the latter. Recent theoretical studies suggest that the © §a2)79_a(g;’ Ué’dafeMa_’; M;yalj{g‘}”ﬁj_ O':g?véhem%ndbqnéa 4453_ ©

hard base OHfunctions by binding to the electrophilic boron, and EUrstner,SA.;GKrautsej I-Phﬁd/i. Syg;]h- Caéalé(())(&l 3142321 (1dgslz%cheault, M.;
[P arses, S.; Genet, J.-g. AmM. em. S0 .
_that this increases the rate of s_ubsequent tra_nsmeta’réfrm Qata (10) (a) Takaya, Y.. Ogasawara, M.; Hayashi,JT Am. Chem. Sod998
in Table 1 show that K3~ and Li*3™ are effective catalysts without 120, 5579( ()b) Batey, RH A Thadlani, A. N.; Smil, D. Qrg. Lett.19|$(3r?
: ; : 1, 1683. (c) Ramnauth, J.; Poulin, O.; Bratovanov, S. S.; Rakhit, S.;

the necessity of addmg an exFernaI base. From thIS., we conclude Maddaford. S. POrg. Lett 2001, 3, 2571. (d) Kuriyama, M.. Nagai, K.:
that the3~ complex itself functions as the base by binding to the Yamada, K.; Miwa, Y.; Taga, T.; Tomioka, Kl. Am. Chem. So2002

H i ; ; i i 124, 8932. (e) Hayashi, T.; Takahashi, M.; Takaya, Y.; Ogasaward, M.
bor(_)n via the qu'_nonOId pxygens, pOSSIbly as deplctgﬁ]i‘hThe_ X Am. Chem. So@002 124, 5052. (f) Yoshida, K.; Ogasawara, M.; Hayashi,
ability of the quinone ring system to undergo facile hapticity T.J. Am. Chem. So2002 124 10984. (g) Itooka, R.; Iguchi, Y.; Miyaura,

4 5 5 i ili — N. J. Org. Chem2003 68, 6000. (h) Duursma, A.; Boiteau, J.-G.; Kefort,

Changesrﬁ s etc.) may p,lay a ,r0|e ,In the ablllty @ to L.; Boogers, J. A. F.; de Vries, A. H. M.; de Vries, J. G.; Minnaard, A.
function as an organometalloligand in this manner. We conclude J.; Feringa, B. LJ. Org. Chem2004 69, 8045.

that catalyst3~ is able to act in a bifunctional (and cooperative) (1) Sammis, G. M.; Danjo, H.; Jacobsen, E.JNAm. Chem. S02004 126,
manner as has recently been suggested for other types of catalytic (12 (a) éhi_basaki, M.; Yoshikawa, NChem. Re. 2002 102, 2187. (b)

reactions. In the present case, the binding ®f to the boronic Iggﬁ«'ilgllv% N.; Iﬁ/_la(t:s‘t_:réz_icgil_a._ SE _Sréib:ralsiléi, 'J\I‘fl.,;r&. %:rr]\enr;' 20388%

acid assists the transmetalation step by decreasing the electrophi- 152 sag0 () Buo R L - Marke k0 Am, Chem S08008 190

licity of the boron and by placing the transition metal in the vicinity ?5”42- é%)og%ngtelh\éa Le Gendre, P.; Richard, P.;"8491C.Organome-
i 15 allics )y .

of the transferring group (Ay. (13) Braga, A. A. C.; Morgon, N. H.; Ujaque, G.; MaserasJFAm. Chem.

Soc.2005 127, ASAP.
(14) *H NMR spectra of PhB(OH)in D,O with and without K'3~ present

° Ot o o indicate that an interaction occurs.
i (Ho)zé/ (15) It should be noted that some Rh-catalyzed Suzliyaura couplings
P\n H/° |7 &n with suitable phosphine ligands do not require stoichiometric external
" /\ir AP baseb
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