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Dirhodium(II) Tetra(triphenylacetate): A Highly Efficient Catalyst for the
Site-selective Intramolecular C-H Insertion Reactions of a-Diazo B-Keto Esters

Shun-ichi Hashimoto, Nobuhide Watanabe, and Shiro Ikegami®
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Abstract: Dirhodium(II) tetra(triphenylacetate), Rho(TPA)4, featured by a bulky bridging ligand has been demonstrated to
exhibit an exceptionally high order of selectivity for C-H insertion into methylene over methine in catalytic decompositions
of a-diazo B-keto esters tethered 10 a cyclic system, thus providing an expedient and general entry to bicyclic compounds in
preference to spirocyclic compounds. The efficiency is verified well by high-yield and site-controlled construction of
bicyclo{3.3.0]octane derivative, a pivotal intermediate for the convergent synthesis of (+)-isocarbacyclin,

Dirhodivm(IT) complexes-catalyzed intramolecular C-H insertion reaction of a-diazo carbonyl compounds
is currently emerging as potentially a powerful method for the construction of carbocycles and heterocycles,
featuring C-C bond formation at an unactivated carbon atom.!-5 It is well documented that cyclization of the
electrophilic rhodium-carbene complexes leads to the preferential formation of five-membered rings in an
acyclic, conformationally mobile system,32 in which the order of reactivity of the target C-H site is methine >
methylene >> methyl.3? However, there have recently been reported an increasing number of interesting
examples of C-H insertions leading to four- and six-membered rings as well as facile insertion into a methyl C-
H bond in a constrained rigid system? and even in an acyclic system.5 These results clearly show that the site-
selectivity depends on the type of a-diazo carbonyl compounds, and also suggest that it is governed by steric
and conformational factors as well as electronic factors. Given that the site-control based on the modification of
the substrate by tuning the above factors is possible,24¢ we are intrigued by the feasibility of the control based
on the variation of the bridging ligands of the rhodium(lI) catalysts.3b.528 While dirhodium(II) carboxylates
such as dirhodium(Il) tetraacetate, Rha(OAc)4, have been widely used as catalysts in intramolecular C-H
insertion reactions, Doyle and his coworkers have recently introduced dirhodium(II) tetraacetamidate,6
Rhy(HNACc)4, as the electronically selective catalyst.5¢.d Herein we wish to report that dirhodium(IT)
tetra(triphenylacetate), Rha(O2CCPh3)4 [abbreviated to Rha(TPA)4), featured by the sicric bulk of the bridging
ligand on the rhodium exhibits an exceptionally high order of selectivity for C-H insertion into methylene over
methine in catalytic decompositions of a-diazo p-keto esters tethered to a cyclic system, with which the
competitive C-H insertions take place by the aid of the commonly used catalysts.

Rh(TPA)4,7 dark green prisms, was prepared from Rha(QAc)4 by carboxylate exchange reaction with
triphenylacetic acid according to the method of Callot.8 An initial experiment with this catalyst was focused on
decomposition of the a-diazo B-keto esters la,b, because Taber and Cane independently reported that the
insertion of the rhodium-carbene complex generated from 1a,b and Rh3(OAc)4 into the C-H bond on a
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cyclopentyl ring led to the formation of the bicyclo[3.3.0Joctane derivatives 2a,b and the spirocyclic
compounds 3a,b in ratios of 2:1 and 1.5:1, respectively. We were pleased to find that exposure of 1a,b to 2
mol % of Rha(TPA)4 in CH,Cl at 0 °C led to smooth conversion into 2a.b? with no detectable amount of
3a,b. The absence of 3a,b was further confirmed by converting the crude product into the a,B-unsaturated
esters (i, NaBH4, MeOH, -50 °C, 1 h; ii, MsCl, Ei3N, CHzClz, -20 *C, 0.5 h; iii, DBU, benzene, 10 °C, 7 h ).
The virtually complete selectivity in insertion into the methylene C-H bond seemed to be ascribed to the steric
bulk of the bridging ligand on the rhodium, suggesting the superiority of this catalyst to Rh2(OAc)4 in the C-H
insertion reaction into a cyclic system.

On this positive note, we next turned our attention to the construction of the bicyclic f-keto ester §, key
intermediate for the synthesis of (+)-isocarbacyclin.4c,10 We previously reported that Rha(OAc)y-catalyzed C-
H insertion of the ethylene acetal 4a produced a mixture of the desired bicyclic compound Sa and the
spirocyclic compound 6a in a ratio of 37:63 and 64% yield, whereas the catalytic decomposition of the acetals
4b,c of (1)-2,3-butanediol afforded Sb,c without any sign of the formation of 6b,c in 64% and 62% yields,
respectively.4¢.10a These results could be accounted for by the difference in steric shielding by the acetal
moieties. Consequently, it became of particular interest to examine the site-selectivity with 4a, in that the more

Table 1. Effects of the Bridging Ligands of Dirhodium(II) Catalysts on Site-selectivities 4

o, e e Ry
+
N7 >coMe CHLL . e
Sa 6a

4a
entry catalyst temp, °C time, h % yield? 5a:6a¢

1 Rhy(OAc)4 24 1 64 37:63
2 Rh2(07CCF3)4 0 1 49 56:44
3 Rhz2(HNACc)4 28 1 72 14:86
4 Rhy(0,CCMe3)s 0 1 67 37:63
5 Rh2(0O2CPh)4 0 0.5 74 54:46
6 Rh2(0O,CCHPhj)4 0 0.5 : 68 64:36
7 Rh2(02CCMePhj)4 0 0.5 72 82:18
8 Rhy(TPA)q 0 1.5 75 96:4

4 Dirhodium(II) catalyst (0.02 mmol) was added in one portion to a stirred solution of 4a (1 mmol) in CH,Cl; (12 mL) at the
indicated temperature under argon atmosphere. After the reaction was complete, the mixture was concentrated in vacuo, and
chromatographed directly to give a mixture of 5a and 6a. © Isolated total yield. ¢ The ratios were determined by !H NMR analysis
of a mixture of the corresponding o,B-unsaturated esters.
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precise profile of this catalyst might be obtained. Toward this end, intramolecular C-H insertion reaction of 4a
was performed by using a variety of rhodium(Il) catalysts including Rh2(TPA)4, the results of which are
summarized in Table 1. As seen from the table, Rha(TPA)4 proved to be the catalyst of choice for exhibiting
the highest selectivity in insertion into the methylene C-H bond. While neither Rh2(02CCF3)4!! nor
Rh2(02CPh)412 showed any selectivity, the selectivities obtained by the use of Rh2(02CCMe3)s,13
Rh2(02CCHPh2)4,14 or Rh2(02CCMePh2)414 were found to be modest, in which Rh2(02CCMes)y still
favored 6a over 5a as was the case with Rha(OAc)4. The latter findings confirm that the exceptional bulkiness
of the bridging triphenylacetate ligands on the rthodium is responsible for the remarkably high order of bicyclo-
selectivity. It is also worthy of note that Rha(HNAc)4 favored predominantly the C-H insertion into the
methine over the methylene due to the electronically discriminating ability as mentioned by Doyle.5¢d Hence,
Rhy(TPA)4 endowed with the sterically discriminating ability can be complementary to Rha(HNAc)4 for the
site-selective C-H insertion reactions. As might be expected, Rha(TPA)4-catalyzed C-H insertions of 4b,c led
to the exclusive formation of the bicyclic B-keto esters 5b,¢, in which even higher yields (75% and 78%,
respectively) than those with Rha(OAc)4 could be attained. In particular, the result with 4¢ makes our
convergent synthesis of (+)-isocarbacyclin and its analogues more efficient.10

Me Me Me

Me MGY% Me\‘/ko
o 2 mol % Rhy(TPA), o o o
0 + £
N CH,Cl, 0°C,0.5h
’ R COR CO,R
4b, ¢ §b (75%) 6b, ¢
b:R=Me,c:R=Bn 5¢ (718%) not detected

Apart from the preferential construction of the bicyclo[3.3.0]octane derivatives, the superiority of
Rh2(TPA)4 to the commonly used catalysts was also demonstrated by the insertion into a cyclohexyl ring.15
Thus, Rhp(TPA)4-catalyzed C-H insertion of 7 fumished the trans-bicyclo[4.3.0Jnonane derivative 8, its cis-
isomer 9, and the spirocyclic compound 10 in a ratio of 94:1:5 and 89% yield,16 whereas the ratio dropped to
50:19:31 with Rha(OAc)s. It is noteworthy that the excellent trans selectivity as well as the selective insertion
into the methylene C-H bond could be achieved with Rha(TPA)4.

2 mol % Rhy(TPA),
o O - O - O
N7 COMe CHiCh,0°C,1.5h . oe CoMe
7 8 (34%) 9 (1%) 10 (4%)

In conclusion, Rho(TPA)4 has emerged as a catalyst of choice for hitherto difficult site-selective
intramolecular C-H insertion reactions of a-diazo p-keto esters to form bicyclic compounds in preference to
spirocyclic compounds. Further studies on the scope and potential of this catalyst are currently in progress.
Acknowledgement: Partial financial support to this rescarch from the Japan Research Foundation for
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