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ABSTRACT
Cl
CH,CI CH,ZnCI-LiCl o cl
Zn (1.5 equiv) OHC Cl
LiCl (1.5 equiv) Bu O Cl
© THF, 25 °C, 3 h ° 0°C-25°C,5.5h OH
Bu Bu 72% 95%

In the presence of zinc dust (1.5 —2.0 equiv) and LiCl (1.5 —2.0 equiv), various benzylic chlorides bearing functional groups (iodide, cyanide,
ester, ketone) are smoothly converted at 25  °C to the corresponding zinc reagents without homo-coupling (<5%). The utility of these benzylic
zinc reagents is demonstrated by a short synthesis of papaverine.

Zinc organometallics are important intermediates since theythe rate of zinc insertiofd.Herein, we report an efficient
combine an excellent functional group compatibility with a preparation of functionalized benzylic zinc chlorides of type
high reactivity (in the presence of the appropriate catalyst). 1 using the LiCl-mediated insertion of commercial zinc dust

Especially functionalized benzylic zinc halides occupy a to functionalized benzylic chlorides of tyf@5(Scheme 1 and
unigue place since the high reactivity of related benzylic
lithium and magnesium compounds preclude the presenc_
of most functional groups in these organometallics. Benzylic ) . o o
zinc reagents can be prepared by the direct zinc insertion to Scheme 1. L'Cl"\éee?]'zatﬁg gﬁﬁﬁ'doens'mo Functionalized
benzylic bromides but may require elevated temperatures and Y .

Zn (1.5-2.0 equiv),

the addition of polar cosolventsThese drawbacks hamper 7 LiCl (1.5-2.0 equiv)
a more general application of these organometallics. Re- QCHzC‘ THF. 025 °C 1241
cently, we have reported that LiCl facilitates considerably FG
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Table 1. LiCl-Mediated Insertion into Functionalized Benzylic Chlorides and Reaction with Various Electrophiles

insertion (h)?, temperature (°C),

entry  benzylic zinc chloride (1) vield (%)° electrophile (3) time () product (4) yield (%)
Y 0
CH,ZnCILiCl
1 Q i 2,99 Br@ 25,15 94e0
cl 3a 4a
la
ot O
2 la NO, 0.3 O NO, 89°
cl
3b 4b
4 Oroos s CL0 .
3 la 60°C. 5 - Ot 97¢
3¢ 4c
_ cl
. I o=<;> 401025, -
3d overnight
4d
N < t-Bu
5 FOCHZZnCI~LICI 24° 87 c|j\/"3“ -40 to.2>~ Fm 05"
b 3e overnight e
| cl
CH,ZnCI-LICl H Br O
6 4,95 al 0to25, 17 Cl 98
Br . [e] OH
¢ 3t af
cl
CHpZnCl-LiCl H
7 2,99 010255 O cl 87
[ o) 0 OH
1
d 3g 4z
I
" o=<;> 401025, .
1d 3d overnight 72
4h
QCsznCI Licl H O
9 35,85 BT 01025.45 O Br 91
EtO,C o P Et0,C HO
Te 4i
o! CO,Et
" o=<;> 401025, U\O/ .
le overnight 97
3d 4
I
CH,ZnCI-LiCI NG OMe
11 3,93 OMe 60,5 88t
NC
1f 3i 4k
j\ NC t-Bu
60 t0-20, \©/Y -
12 - i
1f Cl TtBu overnight o 8
3j 41
CH,ZnCl-LiC al o O
-20 :
1 ) . J
Bu 35,72 o] overnight g O 6 85
o] 3k f
1g m
cl 0 ¢l
H
14 Ig cl 0102555 Bu al 95
o OH
3t 4n
CH,ZnCI-LiCl 0,5t . o
15 . 3,72 Br 60100, 1 2 92°
31 o]
O 1n 40
CH,ZnCILICH 5 \H@\J\/
—60 to 20 Me t-Bu .
16 t-Bu - i
Me 3.5,68 CI)J\/ overnight & 74
&} 1 3e 4p
o e
=60 to
3 ; B ‘
17 ZnCl-Licl 11, 85 Cl +Bu overnight o Y 96'
1j 3e .
MeO, Meo 0 GOt
) 0,Et
18 MeO CH,ZnCI-LiCI 378 B 40100, 1 MeO o8
31
MeO 1k MeO 4r
o CH,ZnCILICI I X
19 < :@i 193 Lt»Bu —60 to 25, < m\t Bu o3
o ~ E cl overnight 8} Cl
11 3e 4s

aReaction time at 25C. ° Yield as determined by iodometric titratiohZn (2.0 equiv), LiCl (2.0 equiv)? Isolated yield of analytically pure product.
e Catalytic CUCN-2LiCl.f Stoichiometric CUCN-2LiCI9 Pd(PPh)4 (cat.)." In this case, the limiting reagent is the benzylic zinc chloride
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zinc dust (1.5 equiv) and LiCl (1.5 equiv) at &C followed such as 3,4,5-trimethoxybenzyl chloride are easily converted
by 2 h of stirring at 25°C provides almost quantitatively  within 3 h at 25°C (zinc dust 2.0 equiv, LiCl 2.0 equiv) to
2-chlorobenzylzinc chloridela (in 99% yield as deter-  the benzylic zinc compoundlk, 78%). The allylation of
mined by iodometric titration).In the absence of LiCl, only 1k with ethyl (2-bromomethyl)acrylat€0.8 equiv) affords
a slow and incomplete reaction is observed under thesethe desired productr in 98% vyield (entry 18). Also, the
reaction conditions. The benzylic zinc reaggéatundergoes  electron-rich benzylic chlorid2l is readily converted to the
a range of useful reactions with electrophiles. Thus, Cu(l)- corresponding zinc compourid within 1 h (zinc dust 1.5
catalyzed cross-couplings with allylic and benzylic bromide equiv, LiCl 1.5 equiv) in 93% yield. Acylation ofl leads
such as 3-bromo-1-cyclohexene (3a, 1.3 equiv) or 4-ni- to the ketonetsin 93% vyield (entry 19). Phenylacetic acid
trobenzyl bromide (3b, 0.8 equiv) afford the cross-coupling derivatives are common targets in pharmaceutical res€arch.
products4a and 4b in 89—94% vyield (entries 1 and 2 of They are readily prepared in two ways using benzylic zinc
Table 1). species of typd (Scheme 2). Thus, the Negishi Pd-catalyzed
Also, Negishf cross-coupling of ethyl 4-iodobenzoage,(

0.8 equiv) n the presence of PA(ERI2 mol . 60°C. 5 |

h) gives the diarylmethane derivatide in 97% yield (entry . o o
. L h 2. h f Phenyl Acid D f
3). A copper(l)-mediated 1,4-addition of cyclohexenone (0.8 Scheme 2. Synthesis of Phenylacetic Acid Derivatives o

. . : . o o Type5
equw)_ using CuCN-2LiCl (1 equiv, —40 Cto 25_ C, CH,COOE GH.ZNOILIC! 1) Tysci,Li  GM:COOEt
overnight) and TMSCI (2 equiv) provides the Michael o oo o 2)cucNaiicl cl
adduct4d in 93% yield (entry 4). Similarly the 4-fluoro-, P ——
. 2 . Pd(PPh ), CCOOE,
3-bromo, and 2-iodobenzylic zinc chloridesb(-d) were 25<oc, 6?)5451%” 3’3'00,65‘

prepared in 8799% yield. The Cu(l)-mediated reaction of 5:81% 1a 5:77%
the benzylic zinc chloridelb with 3,3-dimethylbutyryl
chloride (3e, 0.7 equiv) in the presence of Cu2NCI (1.0
equiv, —40 °C to 25°C, overnight) leads to the ketordke acylatiort® of the benzylic zinc chloridela with ethyl

in 95% vyield. The high reactivity of benzylic zinc chlorides chloroformate in the presence of Pd(BRH5 mol %, 25
allows an efficient addition to various aldehydas the °C, 6.5 h) is leading to the phenylacetic acid ethyl eStier
absence of any catalysthus, the addition of the substituted 81% vyield. Alternatively, a copper mediated acylation is
benzaldehydes (2fr 3g; 0.8 equiv, 6-25°C, 5—17 h) gave possible.

the benzylic alcoholdf and4gin 87—98% yield (entries 6 Thus, the reaction ofa with TMSCH,Li (—30 °C, 30
and 7). The Cu(l)-mediated Michael addition a@fi to min) provides a mixed diorganozinc of the type Arg&H
cyclohexenone furnishes an expected ketéiman 72% yield ZnCH;SiMes.** Transmetallation to copper (CuGRLICl,
(entry 8). Various benzylic zinc reagents bearing carbonyl —30 °C, 30 min) and addition of Mander’s reag&ngives
functions have also been prepared (entried8). Thus, the  the expected ethyl phenylacetic estein 77% yield.
reaction of substituted benzylic chlorides bearing a carb- As an application, we have prepared papaverigps (
ethoxy group, a cyanide, and a ketone group in the meta- starting from the isoquinolirté7 (Scheme 3). Magnesiation
position with zinc dust at 25C provides smoothly the
corresponding zinc reagentke—i; entries 9-16). Remark-
ably, the keto group present in the benzylic zinc chlorides
1g—i is quite stable toward enolization. Thus, the 3-propionyl Ve
benzylic zinc chloride (1h) has a half-life of 27 days at 25 ]@@ MeO CH,CI
°C. Even the acetyl-substituted benzylic zinc reagiris MeO #N

stable for several dayd:6 = 2 days, 25°C). These zinc 7 MeO  2m
reagents react smoothly with typical electrophiles, leading 4y rmpmgciLici,

to the functionalized productd—p (74—97%; entries 9-16). THF,25°C, 4 h

Secondary benzylic zinc compounds can be prepared simi->'2; 'H& 20 ™

larly. Thus, the treatment of 1-chloroethylbenzene with zinc Pd(OAc), (2.5 mol %),
dust (1.5 equiv) and LiCl (1.5 equiv) at 2Z&C for 11 h MeO S-Phos (5 mol %),
provides the expected zinc reageljtin 85% yield. Its D A MeO@CHZZnCI-LiCI
acylation with the acid chlorid8e provides the ketondq MeO 2 MeG

in 96% yield. In contrast, cumyl chloride (a tertiary benzylic [ = AmiT2%
chloride) did not afford the corresponding zinc species due 8:73%

to competitive elimination. Electron-rich benzylic chlorides,

Scheme 3. Synthesis of Papaverine

Zn (4.0 equiv),
LiCl (4.0 equiv},
0-25°C,45h

MeO x

(4) See Supporting Information, see also: Knochel, P.; Yeh, M. C. P; O _N
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(5) Krasovskiy, A.; Knochel, PSynthesi006,5, 890. MeO
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of 7 with TMPMgCI-LICI*® (TMP = 2,2,6,6-tetramethyl-
piperidyl; 25°C, 4 h), followed by iodolysis provides the
isoquinoline8 in 73% vyield. Zinc insertion to the benzylic
chloride2m (25°C, 4.5 h) gives the expected benzylic zinc
reagentlmin 72% yield. Pd-catalyzed cross-coupling using
Pd(OAc) (2.5 mol %) and S-Phé% (5 mol %) provides
papaverine (6) in 68% vyielt.

In summary, we have reported a mild method allowing
the preparation of benzylic zinc chlorides from the corre-
sponding benzylic chlorides using zinc dust and LiCl.
Remarkably, these zinc organometallics are compatible with
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Stoll, A. T. Tetrahedron Lett1983,24, 5181.
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36, 1496.

(12) Mander, L. N.; Sethi, S. Pletrahedron Lett1983,24, 5425.
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Heterocycled 985 23, 2561. (c) Rae, I. D.; Simmonds, P. Kust. J. Chem
1987, 40, 915. (d) de Lera, A. R.; Aubourg, S.; Suau, R.; Castedo, L.
Heterocyclesl987,26, 675. (e) Peet, N. P.; Karrick, G. L.; Barbuch, R. J.
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the presence of functional groups including ketones. Further
extension of this work to the preparation of heterocyclic
analogs is underway.
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