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Mixed Copper, Zinc 2-Amino Benzylic Organometallics as
Efficient Reagents for the Synthesis of Heterocycles

Huai Gu Chen, Craig Hoechstetter and Paul Knochel*
Department of Chemistry, The University of Michigan, Ann Arbor, Michigan 48109

Summary: The mixed copper, zinc benzylic organometallics 1a-1c react efficiently with various electrophiles. By the
reaction with acyl chlorides, highly functionalized 2-substituted indoles are produced. The treatment of 1a with allylic
bromides, 3-iodo-cyclohexenone and ethyl propiolate furnishes polyfunctionalized anilines. Several of them could be
converted into five- or seven-membered heterocycles.

The low reactivity of the carbon-zinc bond allows the preparation of highly functionalized zinc organometallics having a
broad synthetic potcntiallfz. We recently reported a general preparation of benzylic zin¢ halides3 and showed that after
their transmetallation with the new soluble copper salt CuCN - 2 LiCI?2 functionalized benzylic copper compounds
were obtained, They displayed a high reactivity toward a variety of organic electrophiles such as acyl chlorides,
enones, allylic halides and aldehydes3. We now report the preparation and the reactivity of a new class of 2-amino
benzylic copper, zinc organometallics of type 1. The compounds were prepared from the ortho-toluidine derivatives 2.
Silylation®3 of the aromatic amines 2 (BuLi, 2 eq.; Me3SiCl, 2 eq.; 0° C to 25° C, 3 hr.) afford the bis-trimethylsilyl-
anilines 3 (63-82%). Bromination of 3 with NBS (0.9 eq) in CCly (cat. amount of AIBN, reflux, 7 hr.) furnishes the
benzylic bromides 4 in 65-70% yield. The formation of the corresponding zinc organometallics proceeds in > 90%
yield (Zn, 2 eq.; 0° C, 5 hr.; less than 10% of the Wurtz-coupling dimers were formed). The addition of a THF
solution of CuCN - 2 LiCl22 furnishes the copper, zinc reagents 1 (-78° C to -20° C, 5 min.; se¢ Scheme I).
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The benzylic organometallics 1a-1¢ react readily with the allylic bromides Sa-5d affording the highly functionalized
anilines 6a-6d in high yields (see entries 1-4 of Table I). The addition to 3-iodo-2-cyclohexenone 76 furnishes the
3-substituted cyclohexenone 8 in almost quantitative yield (see entry 5). Various acyl chloridesd react with 1a-le
leading after aqueous work-up to the 2-substituted indoles 9-13 in 53-94% yield (see Scheme Il and entries 6-12). The
reaction tolerates the presence of several functional groups in the acyl chloride such as a furan ring (entry 8), a primary
chloride (entries 9 and 10), a benzylic chloride (entry 11), a conjugated double bond (entry 12) and thus constitute a
very mild and highly chemoselective modification of the Madelung indole synthesis’. The preparation of other classes
of heterocycles through the cyclization of products of Table I is possible. Thus the reaction of the indoles 11a and 11b
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Scheme I
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(see Table I}
with KOH (4.0 eq., 25° C, 2 hr.) in acetone in the presence of a catalytic amount of KI provides the tricyclic derivatives

14a (93%) and 14b (98%) having both the mitomycin skeleton8 (see Scheme IIT). The desilylation of the silylamine 8

Scheme 111
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KOH /
1 H / acetone \
g cat, KI N
1
11a: R1=H 14a: 93% (m.p.: 75°-77° C)
11b: R = Cl1 14b: 98% (m.p.; 68°-70° C)
Scheme 1V
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(BugNF, 2 eq.; THF; reflux 1hr.) gives the spiroindoline 15 in 86% yield. The treatment of 6d with Pd(PPh3)4 (0.06
eq., THF, reflux, 1.5 hr.) in the presence of triethylamine (2 eq.) leads to the benzo-hexahydroazepine 16 in 83% yield
(see Scheme IV). Finally the acrylate 17 readily obtained by the carbocupration of ethyl propiolate? (0.7 eq.; -78° C, 3
hr; -30° C, 15 hr.; 85%) with 1a could be converted into the indoline 18 in 88% yield by the addition of BugNF (2 eq.,
THF, 25° C, 10 min.); see Scheme V.

Scheme V
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Table I. Products 6-14 Obtained by the Reaction of the 2- Amino Benzylic Organocopper Reagent la-1¢ with
Allylic Bromides, an Enone and Acyl Chlorides.

Benzylic Copper
Entry Reagents Electrophiles Products 6-14 Yield (%)2
X NR, X
)\/ Br @/\/&
1 1a 5a: X=H 6a: X = H; R = SiMe3 86
2 1a 5b: X = COyt-Bu 6b: X = COt-Bu; R = SiMej 84
3 1a 5¢: X = OCHyOMe 6¢c: X = -OCHpOMe; R = SiMe3 81
4 1a 5d: X =-CHpOPh 6d: X =-CHyOPh; R =H 93
o (Me4SiN
5 1a d . 8 97
I
o
Rl
Ph
N
H
6 1a PhCOCl1 9a:R1=H (mp. 172°-173°C) 94
7 ib PhCOCl 9b: Rl =Br (m.p. 175°-179° C) 75
O Qass
o~ ~cocl N o}
8 1a 10 1(m.p. 123°-124° C) 78
R
a” " coa @\NG
A
H
9 1a 1a:R1=H (mp.56°57°C) 80
10 lc 1Ib:R1=Cl (oil) 73
ci
o
Cl/\©)\ a
N
H
11 la 12Cl (m.p. 94°-95° C) 76
Ph/\/‘kd H
12 1c 13 (m.p. 101°-102° C) 53
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Table I. (Continued)

13

a “ g\ Q

1a KM (mp. 139°-140°C) 81

& Allindicated yields are isolated yields. Satisfactory spectral data (IR, TH and I3C-NMR, mass spectra and high
resolution mass spectra) were obtained for all new compounds.

The new functionalized mixed copper and zinc organometallics 1a-1c are useful reagents for the preparation of various

five- and seven-membered heterocycles. Further applications of these and related compounds are currently studied in

our laboratories.
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