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Copper-Promoted C—N Bond Cross-Coupling with Scheme 1.N-Arylation with Aryl Trimethylsiloxane
Hypervalent Aryl Siloxanes and Room-Temperature 20 eq TBAF
N-Arylation with Aryl lodide 71 69 Cu(OAw), .

Ar—Si(OMe); + H=NR, Ar—Si(OMe); | —= Ar=NR,

2.0eq 1.0eq 2.0 eq pyridine

Patrick Y. S. Lam,* Sophie Deudon, Kristin M. Averill, 1 sn2 CHCly, air, RT 2 3
Renhua Li, Ming Y. He, Philip DeShorfgand R=H, %P°c, aromatic C
Charles G. Clark R can be cyclic

DuPont Pharmaceuticals Co., Experimental Station Table 1. N-Arylation of N—H-Containing Substrates with
P.O. Box 80500, Wilmington, Delaware 19880-0500 Hypervalent Aryl Siloxanes

Isolated yields
Receied April 14, 2000 20 oc TBAF A Base CH,Cl, DMF
P : Cu(0Ad), 5a: Phenyl Pyr  54%  79%
. . . . ASi(OMe),  + "N M: AN . TEA  50%  76%
The formation of G-N bond via cross-coupling reactidng szEq meq‘ t, air, 2 days sb: pClphenyl No base s 3;2
represents an important addition to the synthetic methodologies ' Sc:pMeO-phenyl " 4% gy,
for the preparation of nitrogen-containing compounds in phar- NH y  7a:Phenyl Py o5 4o
. . . . . N< o, o,
maceuticals, crop-protection chemicals and material sciences. In 1 *><Os —_— M Nobase seme oo
contrast to the powerful €C bond cross-coupling reactions of ToipCronenyl 1. 5%
: . . : p-MeO-pheny! - 58%
Suzukf2 and Stille?* a need remains for mild (weak base and 9a: Phenyl P
room temperature) and generat-@ bond cross-coupling reac- L. (N—(" <M° : TEA  aae
tions for a wide variety of N-H-containing substrates. In recent @““s - O“u, ob:p-Clphonyl o 58% poktg
years, Buchwald and Hartwig® have pioneered palladium- jﬁm:ﬁheo-fhsnv' " - 8%
catalyzed G-N cross-couplings of aryl halides with amines, o 2/ o
anilines, mono-nitrogen azoles and carbamates, in general involv- '~ Ph/O N “b."p Clohany 020 27% 3%
ing either strong baset-BuONa) or elevated temperatures. 11¢: p-MeQ-pheny! " o
Arylbismuthged and aryllead$ have been demonstrated to . Cﬂw " A 3P
\ p ———— > N : Phenyl Nobase 39% 61%
undergo copper-promoted N-arylation also at elevated tempera- N2 noH
tures. More recently, the copper-promoted N-arylation with iOMel; NN " N
. . . . —/ - . ¢ ;- %
arylboronic acids for diverse NH-containing substrates was eY " Nobase 8a% 65

discovered by Chanand Lam?® This methodology was further
extended to include, with limited success, arylstanndhds.

further pursuit of an optimum arylmetalloid for this versatile Addition of an equimolar amouhtof tetrabutylammonium
copper-promoted N-arylation reaction, we would like to report fjyoride (TBAF) to phenyl trimethylsiloxanel}] generates a
that hypervalent aryl siloxanes are an efficient alternative to pynervalent siloxane speci@gScheme 1§.This silicate species
arylboronic acids for €N bond fgrmatlon. This new discovery s g very efficient arylating agent forNH-containing substrates
offers the advantage of performing a one-pot room-temperaturein the presence of cupric acetatet room temperature under
N-arylation in the absence of strong base, starting with aryl iodide, atmospheric air to generate N-arylated cross-coupled pr&iuct
via the in situ generation of aryl siloxanes. .Organosilicon For example, for benzimidazokin DMF, 83% isolated yield
compounds have recently been shéwrto be effective reagents o 53 was obtained (Table 1). The reaction is very fast with the
for C—C bond cross-couplings. rate of the consumption of benzimidazole (90% in 10 min in
methylene chloride) an order of magnitude faster for siloxane than

T Department of Chemistry and Biochemistry, The University of Maryland,

College Park, MD 20742. was observed for boronic acifl.
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Scheme 2.Possible Mechanism of N-Arylation with Scheme 3.0ne-Pot N-Arylation with lodobenzene
Hypervalent Aryl Siloxane 1) cat. Pdy(dba)yP(o-tol)s
L L 3.0 eq HSi(OMe); 21, 3.0 eq DIEA, AN
Cu(AcO), W’ DMF, Ar, RT H—QN _
HeterocycleN-H 16 + AcOH R |
COORDINATION  HeterocycleN OAc 300 2)3.0 eq TBAF HN/iN ) O
. ArSi(?Me)g One-pot ;"1 ;t_:rCu(OAc)2 1.0 eq
l — R ' R Isolated yi
—si 2 R Isolated yield
TRANSMETALLATION | | Ar—Si(OMe), AR 20a: H 5a: H 40%
2 20b: p-Chloro 5b: p-Chloro 44%
(L . . 20c: p-Methoxy 5c: p-Methoxy  41%
18 \ O, or Disproportionation 'd N . .
HeterocycleN \,, QorDisproportionation }“\ 17+ AcOBIOH) lodobenzene was reacted with trimethoxysilane in the presence
HEDUCTN?”'“”"’N Ar of catalytic Pd(dba) and P¢-tolyl); andi-PLEtN in DMF® under
. ELIMINATION o argon at room temperature. After 12 h, benzimidazole, cupric

acetate and TBAF were added and stirred in air until the starting
material is consumed\-phenylbenzimidazol®a was obtained

) ) ) o in 40% isolated yield. This accomplished a one-pot N-arylation
effect of the substituents on aryl siloxane, the yield is in the f penzimidazole with iodobenzene at room temperature, in

HeterocycleN-Ar 19

following descending orderp-methoxy > phenyl > p-chloro. the absence of strong base. 4-Chloropheny! silox2die and

In general, DMF is the preferred solvent #r10, and12. CH,- 4-methoxypheny! siloxan20c gave 44 and 41% vyields, respec-

Cl; is the preferred solvent fd while 8 works equally well in - {jyely. That the palladium catalyst from the siloxane formation
either DMF or CHCl,. first step is not involved in the N-arylation second step was

That the reaction involves a hypervalent siloxane species is gemonstrated by the same yield dfphenylbenzimidazole
evident by the fact that néa was obtained in the absence of \hen palladium was removed with Chelex (Bio-Rad) after the
fluoride. The hypervalent siloxane species can also be preformedsirst step.
prior to the addition of benzimidazole and cupric acetate withno |, summary, we have discovered the copper-promotedC
change in yields. Water does not appear to interfere with the 45 coupling reaction with hypervalent aryl or vinyl siloxane

reaction as the commercial solution of TBAF in THF contains 54 5 variety of N-H-containing substrates and the extension to

5:1/0 water. ﬁdd‘ﬁfig b[\? 'i mollgcula_\r .Sofive? th”ﬁ. provides N0, y5m-temperature one-pot N-arylation, in the absence of strong
change in the yield oN-phenylbenzimidazole. This is again in 35e “yith aryl iodide via in situ generation of siloxane. To the

contrast to the copper-promoted N-arylation using arylboronic hegi of our knowledge, this ishe first example of room-

‘irlc'ds_v‘:gfb[e?,the usd 8 A molecular sieves is reported to improve temperature N-arylation with aryl iodide in the absence of strong

the yleh : Iso di d th inviation i ibl base!® The mild condition of the reaction is analogous to that of
We |av§ also | dlsco;/ere tbat I\_I—V|Iny ec‘jt'%n IS p(l)ss_l e.hFlor amide G-N bond formation and can potentially tolerate most

example, benzimidazole can be vinylated by vinyl imethyl- - paqe_sensitive functional groups. We are currently investigating

siloxanel4in CH.Cl, to give 88% yield oN-vinylbenzimidazole 6 general scope of this reaction, in particular, otherHN

15. We are currently investigating the scope and utility of this - o5hvaining substrates, the use of aryl bromides/chlorides, catalytic

novel N-vinylation reactio? 7 o . . e
. . o coppet’ and applications in generating heterocycle-containin
We believe the mechanism (Scheme 2) is similar to that IibPapries. bp 9 9 y 9

postulated for N-arylation with arylbismutls? or arylboronic

.aC'dS?'s Copper(ll_) acetate_ IS 'F‘SO'“b'e |n_QGI2. '_I'he first stef Acknowledgment. We thank Dr. Paul S. Anderson and Dr. Ruth R.
involves the rapid coordination and dissolution of copper(ll) \wexier for their support of this research.

acetate by heterocycle such as benzimidazole to form heterocycle

copper(ll) complex16. The second step involves the trans-  Note Added in Proof. Replacing the ligand from B{tol)s to
metalatiori of the pentavalent aryl silicat@ formed by the 1 3-his(2,6-diisopropylphenyl)imidazol-2-ylidene) in the one-pot
agdition of fluoride to aryl trimethoxysiloxan#®~7 with 16 to reaction increases the yield 6@ from 40 to 53% (We thank
give heterocycleeopper(llyaryl complex17. Complex17 can Professor Nolan for a sample of the ligand: Lee, H. M.; Nolan,

undergo reductive elimination to givE9. Alternatively, 17 can S. P.Org. Lett.200Q 2, 2053-2055).
undergo air oxidation or disproportionation to yield the corre-
sponding higher oxidation-state copper(lil) compl@which can Supporting Information Available: Experimental details for the
be more efficiently reductive eliminate to affotd. A free radical general proceduréH spectra (PDF). This material is available free of
mechanism is ruled out since the addition of iphenylethylene charge via the Internet at http:/pubs.acs.org.
has no ef_fect on the reacton. JA001305G

The ultimate goal of our investigation is to perform a one-pot
N-arylation of benzimidazole using iodobenze@@a as the (15) Preliminary investigation of solvent preferences for the one-pot
arylating agent via in situ generation of phenyl trimethylsiloxane. N-arylation is as follow: DMF, NMP> DMAC > EtOAc, dioxane, THF.

ium- ion CH2Cl, gave no product.
Masuda had recently reported the palladium-catalyzed formation (165 i general, N-arylation using Buchwald and Hartwig chermistry requires

of phenyl trimethylsiloxane fror@0aand trimethoxysilan@1 at either elevated temperature or strong baset-@i£0). During the course of
room temperatur& We were attracted to the mild condition of  this work, we became aware that some room-temperature N-arylation of

i i i i i i i Buchwald/Hartwig chemistry is possible, although still in the presence of stong
this ?_ryl sﬂgﬁne fgrmatlon rea(t:tlon. Thle mlldflloxane_,\lgorr_r;atlon base Nat-BUO. (2) Wolfe, J. B Buchwald. S. lAngew. Chem.. Int. Ed.
reaction of Masuda appears 10 compiement our miid SIOXane ;999 38 2413-2416. (b) Hartwig, J. P.; Kawatsura, M.; Hauck, S. I.;

arylation reaction for a combined one-pot reaction (Scheme 3). Shaughnessy, K. H.; Alcazar, L. M. Org. Chem1999 64, 5575-5580.
(17) Modifying Collman’s recent procedure, we found that 0.1 equiv of

(13) N-vinylation has not been reported by Buchwald/Harti#i§. [Cu(OH)TMEDA].CI, catalyzes the N-phenylation of benzimidazole with
(14) Murata, M.; Suzuki, K.; Watanabe, S.; Masuda, JY.Org. Chem. hypervalent phenyl trimethoxysiloxane (69% yield) at&0dn DMF (Collman,

1997, 62, 8569-8571. J. P.; Zhong, MOrg. Lett 200Q 2, 1233-1236).



