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Summaq: Acetylenic a-diazoketones 1, when treated with catalytic rhodium carboxykzte dimer and 

diallylsu@de (I .l equiv), undergo sequential alkyne insertioniylide formationkigmatropic rearrangement to give 
‘)raliyWo cyclic enones. This tran@ormation-was used to probe the ifluence qfal&e substi~nts on SW 

vs. 6-endo cyclimtion selectivity in the akyne insertion event. 

The metal-catalyzed generation of ylides from a&zoca&onyl compounds and heteroatom-bearing 

molecules has been widely studied.2 It is believed that nucleophilic addition to a reactive electrophilic a- 

ketometalkxzbene intermed& is followed by dissociation of the catalyst and free ylide. An analogous process 

would involve addition of a hetematom (e.g., S) to a vinylogous metallocarbene (e.g., 2). generated from 1 by 

5~x0 electrophilic attack of the initial metallocarbene at an appropriately tetbe& w unit. This mode of 

“alkyne insertion” and ylide formation would result in intermediate 4 (perhaps via 3), while the parallel 6-endo 

cyclization pathway would result in its isomer 5. A variety of methods for trapping transient species like 2 has 

been studied,3 but only oxygen nucleophiles have been employed for formation of ylide intermediates derived 

from 2 thus far.3a-d 

1 I 2 (R’=aliyl) 3 4 1 
I 

5 ‘b 

Doyle has demonstrated that the ally1 sulfur ylide rearrangement provides a useful indirect method for 

detecting transient mctallocarbtne complexes in the metal catalyzed reaction of ethyl diazoacetate and ally1 methyl 

sultXe.2c In this paper we report the results of a similar strategy to identify regiobmeric u&me intamediates 

in the alkyne insertion reaction. We have found that sulfur yliie fcmnation nzadily occurs to give intemrediates 4 

or 5 which spontaneously undergo [2,3]-sigmatropic rearrangement4 to isolable wmpounds. The ratio of 

pmducts arising from 4 and 5 and, thus, the regioselectivity of the cycliition of 1 is highly dependent on the 

alkyne substituent R. 
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Scheme 1 
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The high efficiency with which sulfide traps vinylogous carbene intermediates was first demonstrated by 

the catalytic decomposition of 6 (0.04 M in benxene, 5 mol% Rhz(OAc)s, 70 “C, 4 h) to give the heterocycles 7 

and 8 as well as the 1,Zhydrogen migration product 9 in good overall yield after Si@ chromatography.~ ‘Ibe 

lack of significant byproducts in this intramolecular cycliaation prompted us to explore bimolecular versions, 

which are described in Table 1. For example, a solution of the methyl substituted alkyne 1Oa (entry 1) and 1.1 

molar equivalents of diallylsulfide in cyclohexane (0.10 M) was treated with 5 mol% Rhz(OAc)4 at mom 

temperature for 22 hours. Filtration of the resultant pink solution through a short plug of Si@ and 

concentration gave the crude material which was chmmatographed to provide uncyclized sulfide lla and equal 

portions of cyclopentenone 12a and cyclohexenone Da. 

The low regioselectivity in cyclixations with R = alkyl group is dramatically increased in reactions of the 

6endo selective terminal alkyne lob and the S-exe selective phenyl alkync 10~ (entries 2 and 3). Diazoketone 

Table la Rh(II) Induced Bimolecular Alkyne Insertion/Ally1 Sulfur Ylide Rearrangements of Diaxoketones 10. 

10 

pJ R(hlol3) PO1 Yield, %b 

1 a R=Me (0.10 M) 10 % 33% 31 % 

2 b RaH (0.15 M) c C 80 % 

3 C R=Ph (0.09 M) 15% 71 % c 

4 C R=Ph (0.50 M) (28 %)d (80 %)d c 

5 C R=Ph (0.05 M) (8 %)d (78 %)d c 

6 C R=Ph (0.02 M) (2 yd (83 %)d C 

7 d RICH-M (0.11 M) 19 % 38 % 

14 42% 

OAll nactions wm nm using -5 mol% Rh2(OAc)4 (entries 1-3) 01 Rl~(O$C7Ht5)4 (entries 4-7) and 1.1 e&v. of didlylsulfde 
at 25 T for -20 h tmdex N2 at the htdicated [lo]. byields not in parentheses refer to isolated mated afta MPLC on Si@. 
‘Product not obserd, themfore cl % yiekl. dpuallel expuiments, yields estimated by gc analysis. 
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lob underwent conversion-solely to cyclotinone 13b in 80% yield The absence of acyclic suliide llb 

ftom this IWAX (entry 2) likely illustrates the enhanced rate of cyclizadon when R = H over compounds with 

other (bulkier) substituents. This is consistent with the pnsence of a destabilizing sterk intaaction between the 

R group and the carboxylate ligands of the catalyst in the presumed intermediate geometry nqukd for 

nucleophilic addition by the allcyne onto the electmndefkient carbene ccnte& (Scheme 2). In the absence of 

Scheme 2 Scheme 3 

diallylsulfidc, Rh2(OAc)4 induced a regio- and stcieospecific din&&on of lob to give 15 (Scheme 3). No 

symmetrical, acyclic carlne dimer was observed (gc-ms). Again cyclization pmceded bin~~kcular trapping (in 

this case by anotherdiazoketone molecule) even at relatively high concentration. The phenyl-substituted alkyne 

1Oc (entry 3) gave the cyclopennnone l2c and the acyclic isomer llc in ratios inversely rcfated to the reaction 

concentration (enaies 4-6). Thus, sulfonium ylide fmtion prior to akync insertion was reduced to an 

acceptable level by simply decreasing the molar&y of the reactants to 0.02 M (entry 6). The akoxymcthyl 

substituted alkyne 1Od exhibited only slight pnference for S-exo cyclization (entry 7). but 1,2-migration of the 

O-activated hydrogen to yield E- and ~-146 competed effectively with yliie formation. The 5-exo vs. 6-endo 

selectivity in these reactions is probably derived &om a combination of steric interactions between R and the 

catalyst (Scheme 2) and the ability of the R group to stabilize cyclic vinylogous carbene inkrmediates like 2.3 

The naction of 16 (Scheme 4) illustmtes the @tortant role of the geminal a-methyl substituents in 

substrates 10. Although the same cyclization regiospecikity was observed as with lob, uncyclized sulfide 17 

and uncyclized dimer 19 comprised the majority of the isolated material. ‘Ikis nzduced rate of cyclization relative 

to lob can probably be attributed to the absence of the Thorpe-Ingold effect7 and the enhanced steric 

accessibility of the initial acyclic carbene intermediate from 16. Reaction of the one carbon homolog 20 led 

only to acyclic products 21-23. Presumably, the unusual dir 22 (mixture of diastereome@ amse via ylide 

formation between 20 and 21 and subsequent [2,3]-sigmatropic rearrangement. 
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Tke results dcsaibed hue indicate that both 5~x0 and 6-&o spacific alkyne ins&ons can oaxtr, and 

that sulfoniam ylide fonnadon &er cyclization can be induced with high efficiency. We Bit cumntly 

investigating rearrangements and other appIications of s&ilarly generated sulfur ylide in-s. 
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