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Summary Tnfllc anhydnde reacts with aryldtazomethanes to form predominantly os-stllbenes by a mechanism 

rnitiated by electron transfer from the dlazocompounds to the anhydnde 

Dlazocompounds are readily protonated under acldlc condttlons 1 They also undergo facile reactlon with 

electrophlles such as halogen,* t-BuOCI.3 and PhSCl 4 These reactlons proceed by InteractIon of the electrophlle 

with the nucleophllic carbon atom of the dlazocompound, followed by loss of molecular nitrogen and bondmg wtth 

available nucleophlle a-Dtazoketones react with the electrophilic reagent tnflic anhydnde, (CF3SO2)2O, to give bls- 

enol tnflates by a mechanism mvolvlng sulfonatlon at oxygen of the nucleophlirc carbonyl group 5 
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Interest in such reactions of diazocompounds with electrophiles has prompted us to react phenyldiazomethane. 4. 

with tntliC annydflde It was initially antiCipated that sucn a reaction would lead to formation ot the a-SUlfOnyl tnllate 3 

which would be derived from tnflic anhydnde acting tn an electrophllrc manner with the nucleophillc carbon of 

phenyldiazomethane When phenyldiazomethane IS reacted with tnflic anhydnde (1 equivalent) at -76 “C to -50 *C in 

methylene chloride, the phenyldiazomethane IS completely consumed However none of the expected product 3 

was detected Instead c/s and frans-stilbenes were Isolated in a 93 7 ratio (90% overall yield) The reaction IS catalytic 
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tn triflic anhydride Decreasing the amount of triflic anhydride to 15% also Induces formation of stilbenes, but as 

expected, reaction does not occur at a convenient rate until about -40 “C A vanety of aryldiazomethanes also 

undergo this reaction 6 Qualitatively, the reactivity order IS p-CH3CsH4CHN2 5 CeH&HN2 5 p-CF$6H&HN2 

Electron withdrawmg groups therefore retard reactlon rate Dlphenyldlazomethane also gives an analogous dlmenc 

product, tetraphenylethylene, along with some benzophenone azme 

Concerning reaction mechanism, a process mvolvmg nucleophilic attack of the diazocompound on tnflic anhydnde 

does not lead to IntermedIates that can subsequently be transformed to stilbene by an obvious route We have 
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therefore consldered the possbilrty that tnfltc anhydride could mltlate the formation of stllbenes from 

aryldlazomethanes by a smgle electron transfer process Phenyidtazomethane has therefore been reacted with the 

radical cation ammium salt 7 7 At -78 “c, 1 mole % of 7 leads to rapid formatlon of stilbenes (90% yield, 95 5 ratio) 

(p-Br-W.&N : 

SbCI,- - 

The similanty of the product ratios in the reaction of phenyidtazomethane with the trifllc anhydnde and with the 

radical catlon salt 7 supports the suggestion that tnflic anhydnde can Indeed initrate reactlons of dlazocompounds by 

electron transfer processes Also in support of this suggestion IS the previous report that cenum (IV) salts can also 

promote formation of predominantly crs-stilbene from phenyldiazomethane 8 It was suggested that the 

phenyldmzomethane radical catjon, 8, formed by oxldatlon with Ce(lV), mltlates these reactlons Tnflic anhydnde and 

the radical catlon satt 7 should also be able to promote formation of the phenyldiazomethane radical catlon, 8 
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Diphenyldrazomethane has been previously reacted wrth the radical cation salt 7, and tetraphenylethylene was 

produced, along with benzophenone azine g The reaction was mltially proposed lo mvolve coupling of the 

diphenyidiazomethane radical cation with unreacted diphenyldiazomethane and loss of nitrogen However 

subsequent studieslo led to proposal of an acid catalyzed process The source of acid was reactlon of the radical 

catlon intermediate with a trace of some nucleophile Reaction of drphenyldlazomethane with acid led to the 

benzhydryl cation and coupling wtth unreacted diphenyldtazomeihane led to tetraphenylethylene T/J/S acid 

catalyzed mechatxsm IS constdered unbkely In the reaction of phenyldiazomethane, 4, wth tnfkc anhydnde or the 

ammum sak 7for the following reasons Reaction of phenyldmzomethane, 4, with 5 mole % CF3S03l-l (which IS 

more acid than could be produced from 7 or tnflic anhydnde under our reaction condltlons), requires several hours at 

room temperature to complete the reaction of A By way of contrast, 1 mole % of 7 leads to complete disappearance 

of A at -78 “C, and 15 mole % of tnflic anhydnde leads to complete reaction of 4 at -40 “C Therefore the reactions of 

phenyldlazomethane with tnflic anhydride or 7 are far too rapid to be acid catalyzed Secondly, reaction of 

phenyldiazomethane, 4, with CF@03H, gave a low yield (34%) of CIS and trans-stilbenes (51 49 cls/trans ratlo) 



731 

Therefore the tnfllc acid catalyzed reactjon of phenyldlazomethane gave a substantially drfferent product ratio m a 

SQnlflcantly lower yield at a much slower rate than the tnfllc anhydnde and the amlnlum salt catalyzed reactions 

While a mechanism lnltlated by electron transfer to tnflic anhydnde appears Lkely, no explanation has been offered 

for the predominant formation of ns-sttlbene from the phenyldlazomethane radical catjon, 8 In a related process, 

aryldiazomethanes have been found to react with rhodium (II) catalysts to form predommantly os-stllbene ” A 

mechanism involving coupling of a rhodium complexed carbene with diazocompound has been suggested l1 The 

stereochemical outcome was rationalized by an attractive Interaction between the diazonium group and the rhodium 

in the coupling process A stenc factor led lo preferred formatlon of one complex, and subsequent trans elimlnatron 

of rhodrum and nitrogen gave predominantly crs-stllbene Obviously, this rationale offered for rhodium catalyzed 

reaction1 1 cannot be operative In the tnflic anhydnde promoted reaction since there IS no metal present 

We suggest that stenc and electrostatic interactions can also account for the formatton of crs-stllbene when the 

radical cation 8 couples with phenyldiazomethane, 4 In the radical catron 8, posltlve charge IS undoubtedly 

delocalized onto the aromatlc nng as suggested by form 8b An unfavorable electrostatic Interactton between the 

electron deflclent ring of 8 and the developing dlazonium functionality causes approach of 8a to 4 to occur as shown 

In 9 (Ph and N2+ anti) Of the two possible approaches, the one leading to 9 IS favored over the approach leadmg to 

10 for the stenc reasons Illustrated in the Newman projection of 10 If loss of molecular nitrogen from 9 occurs when 
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the mtrogens are In an ant1 conformatron, then the CIS radical catlon 11 would result While radical cations such as 11 

are known to undergo facile Isomenzatlon,‘* It IS suggested that, at the low temperatures used In our studies, 

reduction of 11 occurs before rotation Hence os-stilbenes are the major product 

An altematlve, and potentrally cooperative InteractIon that would also lead to crsstilbene, IS shown below We have 

used NMR methodsI to determme q (0 13) and cry (-0 23) values for the CHN2 group The CHN2 group IS therefore 

a net electron donor group An attractive Interaction between the electron deficient aromatlc nng of 8 and an 

electron nch nng of 4 would yield 12, and subsequently, crs-stilbene 

- 

In conclusion, these studies illustrate the oxidatlve properties of tnfk anhydnde,14 which can promote the 

formation of cf.+stllbenes from atyldiazomethanes by a single electron transfer Initiated process 
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