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A silver-catalyzed Biichner reaction
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Abstract—A silver scorpionate complex, derived from the highly fluorinated [HB(3,5-(CF3),Pz);]

-, catalyzes the addition of ethyl

diazoacetate to benzene rings, providing norcaradienes, which undergo electrocyclization to provide the corresponding cyclohepta-
triene. These reactions are surprisingly selective for addition to the aromatic moiety rather than C-H insertion.

© 2005 Elsevier Ltd. All rights reserved.

Some time ago, we initiated a program to investigate the
catalytic potential of several metal complexes derived
from highly fluorinated analogs (e.g., 1a and 2) of the
classical tris(pyrazolyl)borate (scorpionate) ligands.!
Along these lines, our labs have established that the cop-
per(I) complexes (e.g., 1a) are effective nitrene transfer
agents®> and carbene transfer agents,> providing aziri-
dines and cyclopropanes, respectively, from alkenes,
and C-H insertion products with alkanes. More recently
we have examined the ability of the related silver(I) ad-
duct 2 to function as a nitrene and carbene transfer cata-
lyst (Fig. 1). Although we have not demonstrated that
nitrene transfer reactions are feasible with this complex,*
it effectively catalyzes carbene insertion reactions into
C-H and C-X (X = Cl, Br) bonds.?>°
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Figure 1. Scorpionate catalysts.
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In a continuation of these efforts we attempted to extend
the chemistry of this latter complex, by examining its
utility in cyclopropane formation by carbenoid addition
to alkenes. On treatment of a dichloromethane solution
of styrene with ethyl diazoacetate (4, EDA) in the pres-
ence of 5 mol % of 2, a reaction took place as evidenced
by the liberation of nltrogen However, analysis of the
surprisingly complex 'H NMR spectrum of the crude
reaction mixture indicated that the anticipated simple
addition to the olefinic bond was not the major product
(Scheme 1, 3 +4 — cis/trans 5). There were several
unexpected signals, other than unreacted styrene, in
the vinylic region of the spectrum that initially could
not be accounted for. However on further analysis it be-
came clear that, in addition to the expected cyclopro-
pane, addition to the aromatic moiety had occurred
followed by a ring expansion, that is, a Biichner reaction
had taken place (Scheme 1).7:8 It should be noted that in
addition to the ring expansion product, insertion of the
carbene into the C—Cl bond of dichloromethane had oc-
curred.® To simplify matters, the reaction was conducted
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using benzene as a substrate, and much to our delight, a
single cyclohepatriene product (11a) was obtained in
74% yield (Table 1). A small quantity of the C—Cl inser-
tion product 8 was also obtained (ca. 25%), so to prevent
this competing reaction pathway, the reaction was

Table 1. Yields and isomer ratios of the silver catalyzed Biichner’
reaction benzene derivatives and EDA

coE CO,Et CO,Et
2 t
N N Y
R 2.0HCl, | AF —R
9a-f 10a-f 11a-f
Substrate  Product Yield*® (%)  Isomer ratio (2:3:4)
CO,Et
9a 112’1 74 N/A
75¢ N/A
CHs COLEt
=/"CH,
9 11p"! 644 1:1.8:2.4
62°°
OCHs CO,Et
C
—7"0CH;
9 11c'? 40 1:0:19
cl CO4Et
7\C|
9d 114" 49° 1:8.5:18
CO,Me CO,Et
—7"CO,Me
9e 11e'? 14 0:1:1
CO,Et
of 11! 358 N/A

?The yields are the average of at least two runs and refer to isolated
material and, unless noted, were conducted in CH,Cl,.

°In the reactions conducted in CH,CL, there was 15-25% of the C—Cl
insertion product 8 observed in the 'H NMR spectrum of the crude
reaction mixture.

¢ These reactions were conducted in the neat arene.

94% of the C—H insertion product was observed in the '"H NMR
spectrum of the crude reaction mixture.

5% of the C-H insertion product was observed in the '"H NMR
spectrum of the crude reaction mixture.

fThe purified material was contaminated with ca. 5% of the C-Cl
insertion product.

£28% of the C—H insertion product 13 was observed in the "H NMR
spectrum of the crude reaction mixture.

repeated in neat benzene, under these conditions the ring
expansion product was obtained in a comparable 75%
yield (based on EDA).

Given that these reaction conditions initiated the addi-
tion and rearrangement with benzene, the generality of
the reaction with substituted derivatives was investi-
gated. As can be seen in Table 1, both electron rich
and electron deficient systems participate in the rear-
rangement, but with varying efficiencies and selectivities
(vis a vis isomer distribution).

In general, the more electron rich systems react with bet-
ter efficiencies than the more electron poor systems,
although all substituents appear to lead to reduced
yields compared to the parent substrate. This latter
observation is in keeping with the electrophilic nature
of these metallocarbenoid systems. These observations
parallel the results obtained by Noels and co-workers
with rhodium catalysts, but the yields are lower.'%!3 Pér-
ez and co-workers have reported that related complexes
1b and 1c will catalyze carbene transfer to aromatics.!!
In their studies with alkylbenzenes it was found that
both addition (formation of 11) and benzylic C-H inser-
tion were observed to varying extents, depending on the
catalyst. With catalyst 2, no evidence of aryl C—H inser-
tion was noted and only in the reaction of 9b was a small
amount of benzylic C—H insertion (Fig. 2, 12), ca. 4-5%,
observed in the "H NMR spectrum of the crude reac-
tion mixture. In a related study it has been demonstrated
that this complex is an effective catalyst for C-H inser-
tion and so the selectivity for the Biichner pathway is
quite interesting.? To probe this issue further, the reac-
tion of mesitylene under these conditions was investi-
gated. Interestingly, the major pathway was again the
Biichner reaction, although C-H insertion did occur to
an appreciable extent ca. 28%. The selectivity for the
Biichner pathway is quite remarkable when this out-
come is normalized for the number of reactive sites,
which suggest that addition to C=C occurs ca. 2-7x’s
faster than C—H insertion. In addition to chemoselectiv-
ity issues, these addition-rearrangement reactions can
give rise to up to three regioisomeric products. In gen-
eral our results mirror those of Noels and co-workers
and Pérez and co-workers,'%!! with the 4-isomer pre-
dominating, although the scorpionate systems appear
to give rise to a greater proportion of the 3-isomer
compared to the rhodium systems.

In conclusion, we have discovered a novel silver-cata-
lyzed carbene addition reaction that proceeds in good
to moderate yields. Silver-catalyzed homogeneous pro-
cesses of any type are rare,® and to our knowledge, this
study represents the first use of silver(I) in Biichner
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Figure 2. C-H insertion products from 9b and 9f.
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chemistry. Typically, rhodium(II) compounds are the
most widely used catalysts for this important process.®
The yields of silver scorpionate mediated process appear
to be somewhat lower than with the rhodium-based sys-
tems, but this may be due to the slow decomposition of
2. The presence of a B-H moiety presumably leads to
reduction of the Ag(I) to Ag(0), and attendent loss of
activity.! Current efforts are focused on identifying cata-
lysts that retain the reactivity of 2, but are more stable.
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This can be explained in part due to differences in the
reaction conditions employed. In Noels’ work, the aryl
system was used as both substrate and solvent, whereas in
this work the reactions were conducted in CH,Cl, in most
cases.
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