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Abstract: Two different sources of Ml-butybarbene are used to generate thii reactive intermediate in a variety of 
solvents. Two products, 1 ,ldimethylcyclopmpane and P-methyl-Pbutens are formed. Solvents able to form an ylid or 

complex wfth the carbine strongly favor the alkene product. 0 1998 Elsevier Science Ltd. All rights reserved. 

The detetminatbn of the influence of complexatiin with nucleophiles on the intermolecular chemistry of carbenes 

has been the object of much effort, but has been attended by only sporadic hints of success. The most inpressfve result 

is that of Tombka. Ozaki, and lzawa, who discovered that 1,4diixane altered the ratio of insettbn of phenylcarbene into 

the O-H bonds of pairs of alcohols, and changed the ratio of addition to insertion when mixtures of aWcenes and alcohols 

were used.2 Other ethers were wfthout substantial effect. More typical are the results of DeLuca, eta/., who needed 

heroic efforts to uncover smafl diierences in the synlantf ratii when methylene was afbwed to react with cycbhexenes 

such as 1 .3 Here we report systematic solvent-induced changes on the Intramolecular chemistry of mr-butykarbme. 

1,X=OCH3,CI 
That ylids are formed from carbenes and all manner of heteroatom-containing molecules is not in doubt, as many 

rearrangements, fragmentatbns, and other reactions have been detected.4 Indeed, Ando and MS cowo~I~ers have even 

isolated a number of stable sulfur ylids from reactbns of carbene~.~ Platz, Jackson, and others have used the capture of 

carbenes by pyrtdine to visualize ‘invisible’ carbenes through yliie fonnatbn and provide much quantttative data on 

m reactbn rates6 The trbk is apparently to find the right balance; unstabilized catines such as methytene form 

weakly bound7 complexes that can reveal little, as no intramolecular reaction is possible in the old carbene fragment. On 

the other hand, the cafbenes substituted with the anbkstabillzing groups that are typically used apparently pro&ce to+ 

stable yllds; further intermolecular reaction is not observed, and the substitution pattern has left little chance for 

intramolecular chemistry to occur in the old carbene fragment. 
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We have stud&d intramoiecular reactions of lerMutykarbene, 2, in a variety of nucleophilk solvents and found 

dramatic changes in product ratb. Dupticate funs lead to differences of nc more than 3% in the ratios. In this case, 

apparer#iy, intramolecular raactbn of the ylid (or complex) competes successfully with free ca&ene chemistry. We have 

used two sources of 2, the hydmcarbon 3 and thermal decompositbn of fert-butyl diizomethane, 4. Photolysis of fert- 

butyl dfazomethane leads to much intramolecular reaction of the excited diazo compound, but the thermal reaction 

appears to giva the carbene qutte ckanfy.’ Little difference between the products formed from 3 and 4 is found (Table). 
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Tablo. Pmducts from feRButykarbene in Various Solvents 

entrv l@ent carbene aksne 
source 

1 decane 3,lw 90 10 
2 decalin 4,130oc 89 11’a 
3 cyclohexene 3,hv 85 15 
4 cyclohexene 3,hv 90 10’6 
5 te&butylbenzene 3,hv 80 20 
8 cscw-trifluorotoluene 3,hv 81 19 
7 toluene 3,hv 77 23 
8 benzene 3,hv 71 29 

9 cyckhexylamine 
10 THF 
11 THF 
12 anisole 
13 anisole 
14 benzonitrile 
15 banzonitrile 
18 acetonitrile 
17 pyrfdine 
18 DMF 

3,hv 88 34 
3,hv 59 41 
4,125s 58 42 
3,hv 81 39 
4,125oc 55 45 
3,hv 83 37 
4,125oc 51 49 
3,hv 53 47 
3,hv 50 50 
3,hv 40 80 

19 PfNCH3)2 3,hv 51 49 
20 PhN(f3u)2 3,hv 73 27 
21 HNIWCH3)21 3,hv 83 37 
22 ~3~2~~(cH3)21 3,hv 80 20 
23 dibutyl ether 3,hv 79 21 
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ferf-Butybarbene gtves two products, l,l-dimethykycbpropane through carbon-hydrogen inseftbn and 2- 

methyLP-txttene tfxough carhon-calbon fnsertbn.g In decane, at room temperature, thek ratb is 90:10 (entry 1,Tahb). 

We repmcbm earfter work tn afkanes exactty (entry 2). In cycbhexene, tha ratb dmps to 90-65:10-15 (entrfes 34) and in 

severaf aromatic sotvenb, the ratb is between 7129 and al:19 (entries 5-8). The amount of 2-methyl-2-hutene ctfmbs 

sharpty to ca. 40?& when many solvents containing bne pair electrons are used (entries 9-S) and stfl further to ca. 50- 

80% fn DMF, pyrbine, or acetonitrfts (entries 1618). 

We suggest that a series of ytkfs 6 is formed, and leads to 2-methyl-2-hutene through a process reeenMng the 

Wotff, Curtfus, or another of this weft-known series of related rearrangements. ’ o Notbe that there fs nc correlatbn with 

dipole moment (entrfes 5 and 8) or dietectrk constant (entries 17 and 19). On the other hand, I the amount of 2-methyl-2- 

txftene depends on ease of complex formation, then steric effects should inftuence the product ratii, and they do. 
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For examples, see entries 19 and 20, dimethybhenylamine (51:49) and dbutylphenyfamine (73:27), or entries 21 and 22, 

diisopropylamine (6637) and difsopropylethytamins (80:20). l1 In each case the sterfcalty more encumbered amine leads 

to the smaller percentage of akene, and the case for ylides or complexes is strengthened. There is at least one 

suggestive reactbn in the literature that indicates that our interpretation may he correct. When isohutyl dfazometffane is 

decomposed thermally (140-180 “C) in hexadecane, isohutene and methylcydopropane are formed in a ratb of 1.8:l. 1 2 

When ylfd 6 fs formed in diintyl ether, the ratb changes to 31.’ 3 The percentage of alkena is increased. In the orfgfnal 

paper?3 a carbens was proposed, hut the sams intermedfate(s) cannot he involved in both reactions. Were the suffonium 

yfii 6 to undergo the Wotff-like rearrangement we propose, 

understandable. 

P&-CH(CH,h 
h3b 

+ Ph&-CH(Cli3)2 
6 

this time of hydrogen, the “extra’ afkene hecomes 

1.8 1 .o 

- 3.0 1.0 
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The s0fvents Chosen were ptcked so as to make the usual reactions of ylii forrnsd from carbenes, alkyl m&&on 

and fragmertM60n,4 inpossible, or at least unfavorable. When fer+butylcarbene is generated In dibutyl ether, such 

reacffons should return. Once again, they do, as bufyl neopentyl ether14 ’ IS formed. H the sferic expfanatbn proposed 

earYer b? correcf. the raft0 of cyckiproparte to alkene in ditty1 ether shoutd be higher than that found In THF. As entries 

10,11,and23show,Yfs. 

Is the infermediate we propose, 5, better described as an ytii as wrftten, or a ‘bng range corr@e~,“~ as ftas been 

suggested? Surely the effect of the stmpte aromatic substrates is best described In terms of a complex, but ths sttuatton is 

fess clear with the stronger nucfeophiles. It seems that such a question Is best resolved by resuming the theoretical 

investfgatbn of these reacfions and reactive intermediates. 

We fM that afkenes have fiie or no effect on the inframotecular chemistry of 2 (entries 3,4), afthough aromatic 

compounds are more effeUue. There has been a dispute over the role of alkens complexes when dto compounds or 

diazfrtnes are photofyzed In aBenes.‘s Cur evidence would indicate that, at least in this case, afkenes produce Btle effect. 

Nor do our conptexes seem competent to cycbpropanate atkenes. We are neither able to trap feti-butytcarbene in neat 

akene, nor in aNene-THF mfxtures. 
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