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The preparation of polyfunctional organozincs is an important
synthetic task since they are versatile organometallic reagents.
Recently, we have found that the addition of LiCl to zinc powder
considerably facilitates its insertion into various aryl and heteroaryl
iodides and bromideklt is well-known that directed metalation
groups (DMGs) are essential for the regioselective functionalization
of aromatics and heterocycles using Li- or Mg-basB#1Gs have

1cinserts selectively zinc dust in the presence of LiCl (1.15 equiv)
at 0 °C furnishing regioselectively the ortho-zincated prod2ct
After a copper(l)-catalyzed allylation, the aryl iodi8eis obtained

in 82% yield (entry 1). Similarly, the diiodobenzodtd undergoes

a selective zinc insertion providing the arylzid which, after a
reaction with ethyl (2-bromomethyl)acrylatéleads to the poly-
functional dieste3d in 85% yield (entry 2). Also various 1,3,5-

also been used to perform regioselective halogen/metal excifangestriodobenzenes such g and 1f, in which either a tosylate or an

and metalatiorfsbut rarely direct metal insertidhHerein, we wish
to report a general directed ortho insertion (Dol) of zinc dust in
the presence of LiCl to di- or tri- iodo- or bromo-substituted
aromatic and heterocyclic systems of typéearing an DMG or

acetate plays the role of a directing group, are converted with a
complete regioselectivity to the corresponding zinc organometallics
2eand2f. Quenching with allyl bromide or 3-iodocyclohexenéne
in the presence of CuGRLICI® provides the expected products

an appropriate heteroatom leading to polyfunctional unsaturated zinc3e and 3f in 72—82% vyield (entries 3 and 4). The dibromoarene

reagents of typ@ showing remarkable regioselectivities (Scheme
1).

Scheme 1. LiCl-Mediated Regioselective Zinc Insertion of Aryl

and Heteroaryl Compounds of Type 12
X X X= 1, Br X ZnX

1 2
A: aryl or heteroaryl
aDirecting group (DG)= —CO,R, —COR, —OAc, —N=N—-NR,
—OCON(-Pr), —OSQATr.

Thus, the triiodobenzoatka reacts readily with zinc dus{1.15
equiv) and LiCl (1.15 equiv) in THF at @C and furnishes after
0.5 h the ortho-zincated intermedia2a. After the addition of
CUuCN-2LICI (20 mol %)8 a smooth benzoylation with PhCOCI
provides the aromatic ketoesgain 79% vyield (eq 1). Interestingly,
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this diiodide3aundergoes a further selective zinc insertion affording
the polyfunctional zinc reage@b which after transmetalation with
CUuCN-2LiCI® reacts with 3-iodocyclohexenchdurnishing the
substitution producBb in 73% yield (eq 2). In the absence of LiCl,

1gbearing an actate as Dol group is sufficiently reactive toward a
zinc insertion and gives the desired zinc reagegt(entry 5;

50 °C, 20 h). In the absence of LiCl, only starting material
decomposition is observed. The zinc reagégtundergoes a Pd-
catalyzed Negishi cross-coupling reacfibwith methyl 4-iodo-
benzoate furnishing the biphen8b in 73% yield. Remarkably,
the mild conditions of the lithium chloride-mediated zinc insertion
tolerates also a triazene function which is an important synthetic
equivalent of a diazonium functionali®y:!> Thus, the readily
available tribromoaryltriazengh® is converted with Zn/LiCl (2
equiv) to the zinc reagerh (50 °C, 20 h) and provides by a
Negishi cross-coupling reaction with methyl 2-iodobenzoate the
polyfunctional dibromoaryltriazengh in 76% yield (entry 6). This
LiCl catalyzed Dol has a broad synthetic potential and can be
applied to a wide range of heterocycles (entriesl3). Various

di- or tri- iodo- or bromo-pyridinesli—k bearing a sulfonate
functionality’® are chemo- and regio-selectively converted to the
ortho-zincated pyridyl-sulfonated—k. Their copper(l)-catalyzed
allylation or benzoylation affords the polyfunctional pyridirgis-k

in 80—83% yield (entries #9). Interestingly, the carbamate gréup
smoothly directs also the zinc insertion with complete regioselec-
tively for the diiodopyridinelk leading to the zinc derivativék
(entry 9). After allylation, the polyfunctional pyridirgk is obtained

in 83% yield. Other diiodo-N-heterocyclic compound such as the
4 5-diiodoimidazol& 1l is converted at 50C within 2 h to the
zinc reagent®l (entry 10). In the presence of Cu@LiCl,® the
addition of allyl bromide leads to the corresponding allylated
iodoimidazole3l in 80% yield. A tosylate is also an excellent Dol
group. Thus, the 5,7-diiodoquinolirign inserts selectively Zn dust

in the presence of LiCl at 28C and leads, after transmetalation
with CUCN-2LiCI® and quenching with pivaloyl chloride, the

no zinc insertion is observed, and higher reaction temperature leadgolyfunctional quinoline3m in 78% vyield (entry 11). The mild

to unselective reactions. The ketone group of the diio8alplays
now the role of an orthalirecting group. We have found that other
chelating groups such as an aryl sulfond@tan acetate, a carbam-
ate!! or a triazen® display similar Dol abilities making this

conditions of the Zn/LiCl insertion allow also a regioselective zinc
insertion for heterocycles having well differentiated reactivity sites.
Thus, 2,5-dibromothiazoté 1n undergoes a selective zincation at

25 °C and gives the heteroarylzinc bromide (entry 12). A Pd-

approach quite general (Table 1). Thus, the 3,5-diiodobenzonitrile catalyzed Negishi cross-coupling with 2-iodobenzaldehyde furnishes
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Table 1. Preparations and Reactions of Unsaturated Organozinc
Reagents of Type 2 Leading to Products of Type 3

Zinc reagent’

Entry  Aryl halide Electrophile  Product, yield (%)”

(Conditions)
OTs OTs OTs
R1 I R! ZnX R1 R?
1 CH,=CHCH,Br
| | |
1c:R'=CN 2c:R'=CN 3c: R'=CN, R°=CH,, 82°
(0°C,12h)
; CO,Et )
LR 2d: R'=CO,Et 3d: R'=CO,Et,
2 MR=COEt " yah) R?= CH,G(CO,Et)CH,, 85°
Br
La_ 2e:R'=1 _ 3e:R'=1,
3 1e:R'=1 @5°C,4h) CH,=CHCHBr . CH,CH= CHZ, 81°
OAc OAc OAc
| | | ZnX
4
| 1
1f 2f(0°C,0.5h) 3f: 72°
OAc OAc | Br.
Br ZnX
~C)-com
5
8 Br OAc
r COMe
1g 2g (50 °C, 20 h) 3g:73°
N N
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6 Br. Br Br. ZnX |
Br Br
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im 2m (25 °C, 12 h) 3m: 78°
s s OHG
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12 g~ N g~ N | JI /
Br N
n 2n (25°C, 0.5 h) CHO 3n: 85°
Br. Br Br 20X Br.
m m I N \N CO4Et
=
13 i Y Y z
Br Br Br Br
10 20(0°C,12h) 30: 63°

aX = |-LiCl or Br-LiCl. " Isolated yield of analytically pure product.

¢ Catalytic amount of CuCRRLiCl was addeddA 1 equiv portion of
CuCN-2LiCl was added® A 1 mol % portion of Pd(P§P)s was added.
fAr = 4-CICgHa.

the corresponding aldehydgn in 85% yield. A selective zinc
insertion occurs also with the tribromopyrimidifhe at 25°C within

4 h, leading to the zincated dibromopyrimidirZ® (entry 13).
Addition of ethyl (2-bromomethyl)acrylate in the presence of a
catalytic amount of CuCRRLICI® leads to the substituted dibro-
mopyrimidine3o in 63% yield.

In summary, we have shown that the use of Zn dust in the
presence of LiCl in THF allows, for the first time, a highly
regioselective zinc insertion on poly iodo- and bromo- aryls as well
as heteroaryls allowing to prepare polyfunctional zinc reagents
otherwise difficult to obtain such a2b, 2g, 2h, and 20. This
exceptional regioselectivity is triggered by various Dol groups such
as an ester, a ketone, an aryl sulfonate, an acetate, a triazene, or a
carbamate, showing the generality of this approach. Further
extensions of this work are currently underway in our laboratories.

Acknowledgment. We thank the Fonds der Chemischen In-
dustrie, the DFG, Merck Research Laboratories (MSD), Chemetall
GmbH (Frankfurt), and BASF AG (Ludwigshafen) for financial
support. S.S. thanks the JSPS and P.S. thanks the Humboldt
Foundations for financial support.

Supporting Information Available: Experimental procedures and
spectral data for all new compounds are provided. This material is
available free of charge via the Internet at http://pubs.acs.org.

References

(1) (a) Knochel, P.; Millot, N.; Rodriguez, A. LOrg. React2001, 58, 417.
(b) Knochel, P.; Singer, R. BCChem. Re. 1993 93, 2117. (c)Handbook
of Functionalized OrganometallicKnochel, P., Ed.; Wiley-VCH: Wein-
heim, Germany, 2005; Vol. 1, p 251.

(2) Krasovskiy, A.; Malakhov, V.; Gavryushin, A.; Knochel,Agew. Chem.,
Int. Ed 2006 45, 6040.

(3) (a) Anctil, E. J.-G.; Snieckus, \d. Organomet. Chen2002 653 150.
(b) Snieckus, VChem. Re. 1990 90, 879. (c) Wagner, F. F.; Comins,
D. L. Eur. J. Org. Chem2006§ 3562. (d) Katritzky, A. R.; Xu, Y.-J,;
Jain, R.J. Org. Chem2002 67, 8234.

(4) (a) Rieke, R. DSciencel989 246, 1260. (b) Wu, X.; Rieke, R. DJ.
Org. Chem 1995 60, 6658. (c) Knochel, P.; Dohle, W.; Gommermann,
N.; Kneisel, F.; Kopp, F.; Korn, T.; Sapountzis, I.; Vu, V. Angew.
Chem., Int. Ed2003 42, 4302.

(5) (a) Schlosser, MAngew. Chem., Int. EQ005 44, 376. (b) Mulvey, R.
E.; Mongin, F.; Uchiyama, M.; Kondo, YAngew. Chem., Int. EQ007,
46 3802. (c) Mongm F.; Qu;mner GTetrahedroerOOl 57 4489. (d)
Krasovskiy, A.; Krasovskaya V.; Knochel, Rngew. Chem., Int. Ed
2006 45, 2958.

(6) (a) Foraregloselectlve Zn/Br-insertion, see: Chen, T.-A.; Wu, X.; Rieke,

J. Am. Chem. S0d 995 117, 233. (b) For a regloselectlve Mg/Br
msertlon see: Lee, J.-S.; Velarde-Ortiz, R.; Guijarro, A.; Wurst, J. R,;
Rieke, R. D.J. Org. Chemzooq 65, 5428.

(7) Zinc was activated by treatment first with 1,2-dibromoethane (5 mol %)
and then with chlorotrimethylsilane (2 mol %); see also ref 1 and ref 2.

(8) Knochel, P.; Yeh, M. C. P.; Berk, S. C.; TalbertJJOrg. Chem1988
53, 2390.

(9) (a) Piers, E.; Nagakura, Bynth. Communl975 5, 193. (b) Piers, E.;
Griersar, J. R.; Lan, C. K.; NagakuraGan. J. Chem1982 60, 210. (c)
Kowalski, C. J.; Fields, K. WJ. Org. Chem1981, 46, 197.

(10) (a) Sapountzis, I.; Lin, W.; Fischer, M.; Knochel,Ahgew. Chem., Int.
Ed. 2004 43, 4364. (b) Lin, W.; Sapountzis, |.; Knochel, Rngew. Chem.,
Int. Ed 2004 44, 4258.

(11) Kauch, M.; Snieckus, V.; Hoppe, . Org. Chem2005 70, 7149.

(12) (a) Liu, C. J.; Knochel, POrg. Lett 2005 7, 254. (b) Saeki, T.; Son,
E.-C.; Tamao, KOrg. Lett 2004 6, 617.

(13) Villieras, J.; Rambaud, MOrg. Synth 1988 66, 220.

(14) (a) Negishi, E.; Valente, L. F.; Kobayashi, M. Am. Chem. Sod98Q
102 3298. (b) Kobayashi, M.; Negishi, . Org. Chem198Q 45, 5223.
(c) Negishi, E.Acc. Chem. Red982 15, 340.

(15) Bréase, S.Acc. Chem. Re004 37, 805.

(16) For the preparation of tribromoaryltriazeble, see: Nicolaou, K. C.; Li,
H.; Boddy, C. N. C.; Ramanjulu, J. M.; Yue, T. Y.; Natarajan, S.; Chu,
X. J.; Brase, S.; Rbsam, F.Chem. Eur. J1999 5, 2584.

(17) (a) For the preparation of 4,5-diiodo-2-methyi-imidazole, see: Bell,
A. S.; Campbell, S. F.; Morris, D. S.; Roberts, D. A.; Stefaniak, MJH.
Med. Chem1989 32, 1552. (b) Lipshutz, B. H.; Hagen, Wetrahedron
Lett. 1992 33, 5865.

(18) Delgado, O.; Heckmann, G.; Mueller, H. M.; Bach, JI.Org. Chem
2006 71, 4599.

JA074060H

J. AM. CHEM. SOC. = VOL. 129, NO. 41, 2007 12359



