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Stepwise Reaction of Bis(iodozincio)methane
with Two Different Electrophiles**

Kiitiro Utimoto,* Narthiro Toda, Takeshi Mizuno,
Masami Kobata, and Seijiro Matsubara

Geminal dimetallic reagents have attracted considerable
attention as versatile reagents in organic synthesis,!! and
consequently their preparation has been extensively stud-
ied.” Application of the reagents has focused on regioselec-
tive olefination of carbonyl compounds® and coupling with
two different electrophilic building blocks.! We have devel-
oped a method for preparing gem-bis(halozincio)alkanes
from the corresponding dihalides and have used the organo-
zinc compounds for the olefination of aldehydes and
ketones.") We have also observed that one of the two C—Zn
bonds of bis(iodozincio)methane is much more reactive than
the other in the reaction with water or iodine.!**) These results
suggested that the two C—Zn bouds could be used separately.
We describe here a stepwise reaction of gem-dizinc com-
pounds with two different electrophiles under palladium
catalysis.

We initially examined the Pd-catalyzed coupling of bis-
(iodozincio)methane (1) with allyl chlorides. As shown in
Equation (1), an ally} chloride 2 (1.0 mmol) was treated with

[Pd(dba)s]
PR; 3
CHa(Znl), + B A~ O E
1 2a: R =Ph
2b:R= n-C“Hgg
1)
R~ CHznt 2909 R o _cHD
4a: R =Ph 5a: R=Ph

4b. R = n-Cq Haa SR = n‘C11H23

1 (1.0mmol) in the presence of [Pd,(dba);]-CHCl
(0.025 mmol) and a phosphane 3 (0.1 mmol) as a ligand in
THF (dba = dibenzylideneacetone). After 30 min the result-
ing mixture was quenched with DCI-D,0 to give the
deuterated product 5. Combinations of allyl chlorides and
ligands, as well as yields of coupling products 5 are summar-
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ized in Table 1. Excellent results were obtained by ligand
tuning; phosphane ligands with electron-withdrawing groups
such as tris(3,5-bis(trifluoromethyl)phenyljphosphane (3¢)
and tris(2-furanyl)phosphane (3d) afforded the coupling
products in good-to-excellent yields. Quantitative formation
of iodozinciomethylated products 4a was confirmed by ‘H
NMR spectroscopy in [Ds]THF; the spectra showed the

Table 1. Yields [%) of the products 5 obtained by Pd-catalyzed coupling of 1 with
allyl chlorides 2 depending on the phosphane 3.

OCH; £.C o
e e (O (O poes
3
OCH; R
3a 3b 3c 3d 3e

3a 3b 3¢ 34 3e
2ala) <1 16 88 97 14
2bJa) <1 <1 2 91 <1

[a] Reaction mixture was treated with DCI-D,0. The D contents of the products
were determined by 'H NMR spectroscopy ( >95% ).

exclusive formation of (E)-4-phenyl-3-butenylzinc iodide
when 3d is employed as a ligand.

The intermediary organozinc compounds 4a and 4b
reacted with other electrophiles such as allyl or acyl halides
under the same palladium catalysis as shown in Equation
(1).87 This reaction permits a sequential coupling of bis-
(iodozincioymethane with two different electrophiles [Eq. (2)]

1} [Pdy(dba)sy 3d
2) EX7
1 2/6 8

CHy(Znl), + RX RCHRE (2)

to give the three-component-coupling products in excellent
yields. The results of such sequential reactions are shown in
Table 2. The formation of 8d and 8e can be explained by
Equation (3).

Table 2. Stepwise reaction of bis(iodozincio)methane with two electrophiles.

n-CgHys
= B P DCH/ D,0 gy
n-CgHy7 Z
CoHg
6a &b 7a K
o}
/Lk Ph M Ph \N\( Ph
Ph Cl
7c 8a %
8b
CoHs CoHg
= CHD 2
nceﬁﬂ/ MACSH“ CsHis
[+ =

8¢ 8d 8e
Entry RX EX Product Yield [%][a}
1 2a 7b 8a 87
2 2a Te 8b 78
3 6a Ta 8¢ 55[b}
4 6b Ta 8d 80(b,c}
5 (1.1 Tb Se 70(cl

[a] Yieid of isolated product. [b] >95% D. {c] Isolated as a diastereomeric
mixture.
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-CeHyy H Trisannelated Benzenes by Cyclotrimerization
CHaZrnlly + . Pd Gty of Bromostannylalkenes**
/ ’ g - -
1 CoHs ~ b CoMts—f Richard Durr, Sergio Cossu, Vittorio Lucchini, and
CHzzni Ottorino De Lucchi*
@)

n-CgHyy n-CsHyy Trisannelated benzenes are enjoying growing interest both

| T GH | 8d,R=D as aromatic molecules with alternating bond lengths ! and as

CaMs Zni 2 R 8e, R=CHyCH=CH, potential precursors of significant fullerene fragments.

Except for the simplest cases (triphenylene and tricycloalkyl
derivatives),! trisannelated benzenes of polycyclic molecules
are prepared by two routes: from chioroalkenes with a strong
basel®! or from dibromoalkene derivatives by metal —halogen
exchange reactions.”) In both cases the yields are very
low—usually 10% or less—and substantial amounts of
polymers are formed. The use of metal templates such as
nickeld! also leads to unpredictable and erratic results.

Because of poor yields, the real utility of these
Znl molecules as precursors to fullerene substructures

1,1-Bis(iedozincio)ethane (9) reacted with cinnamyl chlor-
ide (2a) to give the organozinc intermediate 10, which yielded
the deuteriodezincated product (10, D in place of ZnI) in 65 %
yield. The direct coupling of 10 with the allyl bromide 7b did
not occur. In this case, the copper-mediated reaction® gave
the double coupled product 11 in 66 % yield [Eq. (4)).

[Pd(dba)a] (0.025 mmol)

3¢ (0.1 mmol
CHsCH@ZnY), + PhaA~C ) Ph A~ A and eventually to fullerenes themselves can be
CH3 y .

9 (1.0 mmoi) 2a (1.0 mmol ) 10 seriously questioned, and new reactions for the
(4) aromatic cyclotrimerization of suitable precursors
C(l;%N rr:ng')\j X Ng b RN have clearly become necessary for the development
- Ph = of routes to these molecules. Here we present a

-25°C -78°C CHa

11

Experimental Section

THF (2 mL) was added to a mixture of [Pd,(dba),] - CHCI, (0.025 g, 0.025 mmuol)
and 3d (0.023 g, 0.1 mmol) and the mixture was stirred for 5min at 20°C. A
solution of 2a (0.15 g, 1.0 mmol) in THF (1 mL) was added to the mixture at
20°C, then a solution of 1a (0.5m, 2 mL, 1.0 mmol) in THF was added at 20°C
and the resulting mixture was stirred for 30 min at 20°C. Thereafter a solution of
7b (0.15 g, 1.2 mmol) in THF (1 mL) was added at 20°C, and the resulting
mixture was stirred for 2 b and then poured into 1M HCI (20 mL) and extracted
with ether. The combined organic layers were washed with brine and dried over
Na,SO,. Purification by column chromatography (silica gel) gave 1-phenyl-1,6-
heptadiene (8a) in 87 % yield.
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method that is readily carried out under very mild
reaction conditions, and consistently and reproducibly
affords high yields of trimers.

We planned to apply the Stille coupling to olefins
containing a suitable metal atom M at one carbon and a
leaving group X at the other, in the hope that it would result in
trimerization to a trisannelated aromatic product rather than
uncontrolled polymerization. Eventually we found that ole-
fins containing the trimethylstannyl group as “metal” along
with bromine as a leaving group smoothly afford good yields
of cyclotrimers upon reaction with Cu(NO;),-3H,0O
(Scheme 1).

The starting materials for the cyclotrimerization reactions
are bromo(trimethylstannyl)alkenes. We chose the norbor-
nene derivatives 1a—c because such five- and six-membered

Scheme 1. Stille coupling of polycyclic olefins leading to trisannelated benzenes.
M = metal, organometallic group; LG =leaving group.
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