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Abstract: Phenylchlorocarben e adds to [l.l.l] propellane with rate constants of 6.1 x 107 and 8.8 x 106 

M-ts-1 in cyclohexane and acetonibile respectively to pmduce adduct V in good yields No evidence for a 

biradicalintem&iatewasob@ined. 

The reactions of arylhalocarbenes have been recently reviewed by Moss and TUIYD.’ These carbet~ 

normally have a singlet ground states which add readily to olefins. In particular the unusual tempemtme dependence 

of those reactions have been the subject of numerous studies. [ 1.1.11 Propellane has an inverted structure at the two 

bridgehead carbon atoms2 This characteristic gives this molecule a high reactivity when compared with otber 

saturated carbon compounds. For example, a variety of free radical precursors add across the central bond in 

[ 1.1.1 ]pmpellane to yield derivatives of bicyclo( 1.1.1 ]pet~tane.~ Radicals such as fert -butoxyl and triethylsilyl add 

with rate constants of 2.8 x lti M-k1 and 6.0 x 10s M-ki, respectively.45 

Diphenylcarbene adds to [l.l.l&mpellane in a stepwise process, according to reaction 1.6 

PhS: + 6 - Ph2&& - Ph2+= (1) 

Reaction 1 occurs with a rate constant of 6.7 x 106 M-‘s-1 and involves the intermediacy of a long lived 

biradical(II).6 Nootherexampleshavebeenreporkdofadditionsofcarbenesto[1.1.l]propellane, although Jones 

et ak7-” examined the addition of halocarbenes to small bicyclic systems and pmposed a mechanism involving a 

concerted two-bond cleavage process, and Belmer and Szeimies’2 examined reactions of Cl2C: and BQC: with a 

[l.l.l]propellanederivative. 

In this letter we have examined the addition of phenylchlorocarbene (IV) to I. We report on the products of 

the reaction, as well as on the kinetics of the process studied by laser flash photolysis. 

Results and discussion 

Phenylchlorocarbene (IV), which can be readily prepared by photodecompusition of the diazirine precursor, 

has a h- at 310 nm.‘3.14 Typical solution lifetimes are in the mic rosecond time scale, and IV is not quenched 

readily by oxygen, as expected for a singlet &ne.’ In our case we found it convenient to monitor the carbene at 
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320 nm following 337 nm excitation with the pulses from a nitrogen laser. A mpresentative decay trace is illustrated 

in Figure 1. 
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Figure 1 (left): DecayprofIleforIVinaeratedcy&hexaneinthegmsenceof22mML 

Figure 2 (right): Scavenging of IV by 1 in cyclohexane (A) and in acetoninile (B). 

Addition of I leads to an increase in the rate of decay of IV; even very modest concenttations of I are 

sufficient for IV to decay by clean first order kinetics. The first order rate constants (by) depend on the 

concentrationofIaccordingtoEquation2. 

k 
JSUY 

= kO + k, [I] (2) 

wherekoistherateconsturtforcarbenedecayintheabsenceofIandmayincorporatereactionwiththesolvent,aad 

kr is the bimolecular rate constant for the reaction of I with the carbene. Figure 2 illustrates plots of the data 

obtained in cyclohexane and in a&o&rile, where the rate constants are (6.1 f 0.3) x 107 and (8.8 f 0.3) x 1Oa M-1 

s-l, respectively, at 2 1’C. The higher reactivity in non-polar solvents appeers to be common for IV, which adds to 

tetramethylethylene with rate constants of 2.8 x 108 and 1.1 x 108 M-Is-1 in isooctane and acetonitrile, 

respectively.’ The incmased selectivity in the case of the slower reaction of IV with I is not uncommon in chemical 

kinetics. The origin of the solvent effect is not entirely clear, although it is possible that carbene complexation 

thtough yli&-like reversible interactions decmase its reactivity in acetcoiuile. l’he formation of a&o&rile ylides is 

well established for many other carbenes.15”6 The rate constant of 6.7 x 107 M-43-1 in cyclohexane should be 

compared with a value of 6.7 x 106 M-‘s-1 for diphenylcarbene in benzene.6 

The products from the photolysis of phenyl in the presence of 1 were &am&r&d following 

350 nm lamp itradiation of a solution of the reactants in Freon-l 13. NMR revealed that the product formed in 66% 

yield is V. Thus the final products are analogous to those formed in the case of diphenyldiazomethana6 
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While the reaction may yield similar products, the mechanism does not need to be identical to that observed 

for diphenylcarhene. Illuq one may tentatively write the mechanisnl ofreaction 3. 

Ph&I + 

IV 

Biidical VI would be expected to be strongly absorbing in the 320 nm region, where benxylic radical 

centers typically absorb. However, all our attemps to detect this absorption were unsuccessful. We are therefore 

forced to conclude that if VI is formed at all, its lifetime must be less than 30ns. Thus, our data would be consistent 

with a concerted mechanism, although it should be noted that a short lifetime would not be unexpected for a singlet- 

derivedbiradicalwithnospinrestrictionspreventingitsvayrapiddecaytothefinalproducts. 

Finally, we note that the bridgehead position in VI would be expected to abstract hydmgen from suitable 

donors readily. Expeaiments in cyclohexane did not yield any evidence for the products anticipated from hydrogen 

abstraction by VI, an observation that is also consistent whh the laser results discussed above. 

Experimental 

[ 1 .I. l]Propellane was prepared by the method of Sxeimies et al.” and purified by gas chromatography. 

Phenylchlo&izir& the precursor for phenylc hlorocarbene(IV) waspqaredbyaliteratumprocedure.‘* 

laser photolysis experiments were carried out using a 337 nm nitrogen laser (-8ng < 8rnJlpulse) for 

excitation. The details of the experimental set up can be found in earl& reports from our group. 

Reparative photolyses were carried out in a Rayonet reactor equipped with 350 nm lamps. An aerated 

solution of IV (25mg) and I (-0.5ml) in Freon-113 was irradiated for 28 minutes, when the UV-VIS spectrum 

indicated that all the diaxirme had been consumed. The solvent was removed and the resulting yellow oil was passed 

over a silica gel plug with the aid of 1: 1 ethylace&&& xane to give a front running fraction which contained 20 rng 

of nearly pure (2-chloro2-phenylrnethylene)methylenecyclobutylidene (66%) tH-NMR (ppm CDCl3,3OOMHx) 

7.40 (m, 5H). 5.01 (pent, 2H, J = 2.0 Hz), 3.57 (t, 4H, J = 2.2 Hz); t%X%fR (ppm, CDC13) 141.6, 136.4, 

133.7, 133.6, 131.1 (CH), 130.1 (CM), 127.4 (CH), 107.7 (CH2), 47.1 (CH2); GUMS m/e 190 @I+). No 

evidence for propellane oligomers was detected. Similar results were obtained when cyclohexane was used as the 

solvent. 
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