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Absfmcl: Dllium(II) tctra(uiphcaylacctate), Rh2(TF’A)4, feafmed by a bulky bridging ligand has been demonsirated LO 
exhibit an exceptionally high order of selectivity for C-H inscllioa into methylcne over methine in catalytic decompositions 
of a-diaxo B-ke4o esters tethered to a cyclic system. thus providing an expedient and gene4 entry to bicyclii compounds in 
preference to spirocyclic compounds. The efficiency is veri&d well by high-yield and site-controlled constrwion of 
biiyclo[3.3.O]octane derivative. a pivotal intermediate fm the cenvergent synthesis of (+&oca&acyclii. 

Dlloditmt(II) complexes-catalyzed intramolecular C-H insertion reaction of a-d&o carbonyl compounds 

is currently emerging as potentially a powerful method for the construction of carbocycles and hetemcycles, 

featuring C-C bond formation at an unactivated carbon atom. l-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?a in which the order of reactivity of the target C-H site is methine > 

methylene >> methyl.sb However, there have recently been reported an increasing number of interesting 

examples of C-H insertions leading to four- and six-membeted rings as well as facile insertion into a methyl C- 

H bond in a constrained rigid system4 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,*‘Pe we are intrigued by the feasibility of the control based 

on the variation of the bridging ligands of the rhodium@) catalysts. 3bV5a While dirhodium(II) carboxylates 

such as dirhodium(I1) tetraacetate, Rhz(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 

RhZ(HNAc)4, as the electronically selective catalyst. 5e.d Herein we wish to report that dirhodium(I1) 

tetra(triphenylacet), Rh@$JCPh3)4 [abbreviated to Rh$I’PA)4]. featured by the stcric 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. 

Rh2(TPA)4,7 dark green prisms, was pnpared from Rh2(OAc)4 by carboxylate exchange reaction with 

triphenylacetic acid according to the method of Callot. An initial experiment with this catalyst was focused on 

decomposition of the a-diazo j3-keto esters la,b, because Taber and Cane independently reported that the 

insertion of the rhodium-carbene complex generated from la,b and Rhz(OAc)4 into the C-H bond on a 
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cyclopentyl ring led to the formation of the bicyclo[3.3.0]octane derivatives 2a.b and the spirocyclic 

compounds 3a,b in ratios of 2:l and 1.51, respectively. We were pleased to find that exposure of la,b to 2 

mol % of Rhz(TPA)4 in CH2Cl2 at 0 ‘C led to smooth conversion into 2a,b9 with no detectable amount of 

3a,b. The absence of 3a,b was further confirmed by converting the crude product into the a&unsaturated 

esters (i. NaBH.t, MeOH, -50 l C, 1 h; ii, MsCl, Et3N, CH2Cl2, -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 Bh2(0Ack 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 p-keto ester 5, key 

intermediate for the synthesis of (+)-isocarbacyclin. 4~10 We previously reported that Rh2(0Ac)qcatalyzed C- 

H insertion of the ethylene acetal 4a produced a mixture of the desired bicyclic compound 5a and the 

spirocyclic compound 6a in a ratio of 37:63 and 64% yield, whereas the catalytic decomposition of the acetals 

4b,c of (f)-2,3-butanediol afforded 5b,c without any sign of the fortnation of 6b,c in 64% and 62% yields, 

respectively.4cv10a 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(B) Catalysts on Site-selectivities a 

entry catalyst 

1 &(CAc)4 

2 Bh2(02CCF3)4 

3 Rhz(KNAc)4 

4 ~202CCMe3)4 

5 Bh2(02CPh)4 

6 Bh2(02CCHPh2)4 

7 ~2(02CCMePh2)4 

temp. OC time, h % yieldb Sa:6ac 

24 1 64 37:63 

0 1 49 5644 

28 1 72 1486 

0 1 67 37:63 

0 0.5 74 54~46 

0 0.5 68 64:36 

0 0.5 72 82:18 

8 Bb2tTBA)4 0 1.5 75 964 
a Dirhodium(II) catalyst (0.02 mmol) was added in ooe portion to a stirred solution of 4a (1 mmol) in CH2Cl2 (12 mL) at the 
indicated temperature under argon atmosphere. Aftn the section was complete, the mixture was concentrated in vacw and 
chromatographed directly to give a mixture of 5a and 6~. b Isolated total yield. c The ratios were determined by ‘H NhfR analysis 
of a mixture of the corresponding a&unsahuated estem 
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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(H) catalysts including Rh2(TPA)4, the results of which are 

summarized in Table 1. As seen from the table, Rh2(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)41* nor 

Rh2(02CPh)412 showed any selectivity, the selectivities obtained by the use of Rh2(02CCMe3)4,13 

Rh2(02CCHPh2)4,14 or Rh2(02CCMePh2)414 were found to be modest, in which Rh2(02CCMe3)4 still 

favored 6a over Sa as was the case with Rh2(OAc)4. The latter fmdings confirm that the exceptional bulkiness 

of the bridging triphenylacetate ligands on the rhodium is responsible for the remarkably high order of bicycle 

selectivity. It is also worthy of note that Rh2(HNAc)4 favored predominantly the C-H insertion into the 

methine over the methylene due to the electronically discriminating ability as mentioned by Doyle.sc~ Hence, 

Rh2(TPA)4 endowed with the sterically discriminating ability can be complementary to Rh2(HNAc)4 for the 

site-selective C-H insertion reactions. As might be expected, Rh2(TPA)4-catalyzed C-H insertions of 4b.c led 

to the exclusive formation of the bicyclic P-keto esters Sb,c, in which even higher yields (75% and 78%. 

respectively) than those with Rh2(OAc)4 could be attained. In particular. the result with 4c makes our 

convergent synthesis of (+)-isocarbacyclin and its analogues more efficient.10 

4l4c 5b (75%) 
b:R=Me,c:R=Bn 5c (78%) 

6b, c 
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, RhZ(TPAk-catalyzed C-H insertion of 7 furnished the rrans-bicyclo[4.3.0]nonane derivative 8, its cis- 

isomer 9, and the spirocyclic compound 10 in a ratio of 9415 and 89% yield.16 whereas the ratio dropped to 

SO: 19:31 with Rh2(0Ac)4. It is noteworthy that the excellent rmnr selectivity as well as the selective insertion 

into the methylene C-H bond could be achieved with Rh2Oq. 

we CH$& 0 T, 1.5 h 

7 8 (84%) 9 (1%) 10 (4%) 

In conclusion, Rh2(TPA)q has emerged as a catalyst of choice for hitherto difficult site-selective 

intramolecular C-H insertion reactions of a-diaxo 8-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. 
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