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The formation of cyclic products fmtn acyclic precursors represents a fundamental challenge of organic 

synthesis. Fmthermore, since many natural products and biologically active compounds contain multiple rings, 

methods affording bicyclic products via tandem cyciizations of acyck p reoursors am of particular, geueral 

interest. The present paper reports the formation of a variety of bis-cyclopentene ring systems ht good yields, 

under mild conditions, via the reaction of bis[phenyl(iodonium)] diyne triflatesl with “soft” anionic 

nucleophiks.2 

Although a number of electrophilii sites are present within akynyl iodonium saIts,3 addition of 

nucleophiles to the electron deficient @ acetylenic carbon (eq. 1) is generally favored.4 In reactions involving 

nucleophiles of low migratory aptitude, 1.5-C-H bond insertion of the allcylidenecarbene intermediate.5 2, 

results in predominant formation of cyclopentene products, rather than rearrangement to the functional&d 

acetylene. 

E@uition 1 out&es the pathway for the reaction of nucleophiles with ~~~i~) diyne triflates la+. 

3a-5a 

Following Michael addition of the nucleophile to the @ acetylenic carbon, subsequent loss of iodobenzene 

yields the ~~-~y~den~ne 2. The intennedkte carbene then undergoes dual lJ-intramokcular C-H 

insextions affording the ~~d~~ bis4yclojxntene products. 
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The respective iodonium salt, la-c, was added to a THF solution of potassium 2-phenyl-1.3- 

indanedionate (PID) or potassium 2,2,5-aimethyl-l.3-dioxane-4.6-dionate (TDD) (deprotonation with KOtBu 

in THF at 25 OC) and allowed to react for 30 minutes at room temperature. Following removal of NaOTf, the 

desired bis-cyclopentene products am easily isolated in high yields, as stable solids, via crystallixation by the 

addition of ether and hexaues to a CH$l;! solution of the maction mixture. followed by refrigeration.6 This 

method affon-ls either the substituted spit-o-fused products 3a5a or the tethered cyclopentene systems 3b-5b 

and 3c-5c (Scheme I), depending upon the number of metbylene units separating the two alkynyfiodonium 

moieties. All products have been characterized by IR, rH NMR, l3C NTvlR and JZA or HRMS. Compounds 

4b and 3&c were isolated and characterized as 1:1 mixtures of diastereomers. whereas pure samples of the 

diastemome~ of 3b were sepamted by tractional crystallixation and indepetnMuly chamcterixed. 

Scheme I 

PM+- CE c-&H,); CIC--PPh 2lw + ZNu- 
30 min 
25Oc s y)Q 

la 
WI 

3s: Nu - PID: 73 % 
4a: Nu-TDli; 77% 
s1: Nu = Ts; 2530 % 

lb ‘NC 

3b: Nu - PID; 74 % 
Ib: Nu-TDD; 72% 
Sb: Nu -To; 20.25 % 

Phi*- CI C_(C&e CP C- I+Ph 2TfO- + 2Nu- 30 min 
25 OC 

1c -Ml 
3~: Nu - PID; 73 % 
4~: NuwTDD; 55% 
X: Nu- Ts; 3540% 

The reaction of la-c with NaTs (Ts = p-CH#&H4SO-9 was found to give a mixture of the desired bis- 
cyclixed product (20-40 % isolated yields), monocyclid alkynyl sulfones 6, and small anxounts of the bis- 

sulfonyl diynes 7. Formation of thii mixture via rearrangement or insertion was investigated by conducting the 

reaction under a variety of conditions, 7-g the results of which are tabulated in Table 1. As predicted by 
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previous studies of akylidenecarbeoe C-H bond insertionstO reactions conducted at lower trmperaMes and in 

solvents with higher dielectric constants gave the highest ratio of bis-cyclked/monocyclii products. The 

respective cyclizations were also attempted in THF, t-BuOH, MeOH, glyme and CH3CN. at several 

temperatures and concentrations. Analysis of these reactions. however, showed the fomuuion of a complex 

mixture of pmducts which wexe insepamble. 

6a: n=2 7a: n=5 
b: n=3 b: n=6 
c: n=S c: n=8 

;ralk Product Ratiosa of 5a:6a:7a and Sb:6b:7b from Reaction of la-b with Sodiump-Toluene 
. 

COllditiOlU Ratio, %I 

5a 64 7a 

yieldP 

% 

Ratio, 96 

5b 6b 7b 

yie1d.b 

% 

benzene. 25oC 36 54 10 94 41 54 5 87 

CH~Cl,, 25 oc 41 54 5 88 46 53 -1 94 

CHzC12, -43 OC 48 49 3 74 53 46 -1 82 
CH2Cl#H20 46 48 6 a4 55 41 4 75 

Qetermined by 1H NMFL Combined, isolated yield of products. 

In summary, the interaction of “soft” carbon nucleophiles with bis[@henyl)iodonium] diyne salts has 

been employed to synthesize substituted bis-cyclopentene systems 3-S in 66-7796 isolated yields via dual, 

intramolecular, alkylidenecarbene 1,5-C-H bond insertions. The reaction of bis(iodonium) salts with NaTs 

affords a mixture of bis-cyclized, monocyclized and uncyclii disulfones, the ratio of which depends on both 

solvent polarity and tcmperatllrc. Combined with the ease of handling and inde6nite stability of the precursor 

iodonium salts la-c, the mild reaction conditions and facile work-up provide a general procedure for the 

formation of a variety of bis-cyclopentenes of potential wide applicability in organic synthesis. 
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