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Abstract: Carbenes were generated from 4-t-butyl-cls-2-methylcyclohexanone {4a) and from 4-r-butyl-c&2- 
tranr-6-dimethyIcyclohexanoue @a, and its corresponding 2,6-d2 aualog 8b) by conventional Bamford-Stevens 
reactions. product analysis revealed that an equatotial CH3 assists migration of a gcminal H more efficiently than 
does an axial CH3 by a factor of about 4.6. The primary deuterium isotope effect (k&CD) for axial shift (lax) is 
CCI. 1.5 times greater than for equatorial shift (b) in the anchored dimethyl substituted carbene 9. 

Regio- and stereoselectivity of 1,2-H migration in singlet carbenes to produce alkenes have received 

attention for over three decades. 1 The ease of H shift is known to be influenced strongly by nonmigrating (i.e. 

bystander) groups; but how they do so is little understood. A recent analysistc of published data on 1,2-H 

migration in acyclic and cyclic carbenes distinguished factors such as: inherent migratory aptitude (termed M); 

assistance by a bystander group (B factor); and efficiency with which two geminal bystanders combine their 

activating effects (0 factor). Evaluation of G factors in different substrates can teveal unrecognized structural 

features that influence carbene rearrangements. 

Several experimental studies on cyclohexylidenes (particularly on homobrexylidene, which is free of twist 

boat ambiguities) have established that when epimeric ring H’s compete with each other the Hsx/Heq shift 

preference is small (“best” value ca. 1.7 for thermal processes). *a Theoretical calculations suggest that the 

HA selectivity is low because the transition states for each migration are strikingly similar geometrically, even 

though each hydrogen sfa~s off with a distinctly different alignment.2 

Interestingly. when a tertiary H migrates in a substituted cyclohexylidene its ability to compete can be 

affcctcd markedly by the stereochemistry of the geminal substitnent. For example, the OMea, and OMw epimcrs 

of the anchored cyclohexylidenes 1 (derived by thermal Barnford-Stevens reactions) pmduce alkenes 2 and 3 by 
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ccxnpctitive H shifts. 3 [Note that when the 3” H rearranges from C-2, the two bystanders are OMe and the C-3 

ring residue (call It R); andl when either HBX or Q moves from C-6 only one bystander is present, namely ring 

residue C-5 (call it R).lC] Analysis of these alkene ratios in terms of competition mng tk three available H’s 

reveakd that eq OMe pro*tes geminal H shift more effectively tian does ax OMe by a factor of 23.2. {This 

numk arises from the rat$s of their respectively derived G factors of 1.58 and 0B68.)~c In fact, the latter very 

IOW G value indicates that /axial OMe on a cyclohexane ring is almost devoid of activating power. Gecmxtry- 

dependent activation is not bique to OMe. Similar analysis IC of published resuk$ for an epirneric p& where the 

bystander is a phenyl grou 1 revealed that Ph, pates H shift better than does Ph= by a factor of ca. I .6 (ix. 

themspedveGfactm are IO.76 andO.47). 

The reasons why cx#~atorial OMe and Ph accclera~e H bener Ehan when these bystander groups arc axial 

might be associated with in&xti~~~s involving lone pair OT x electrons, or mtameric gemnew about the C4Me 

and C-Ph I~~nds. Therefore, the behavior of CH3 as a bystmder group would be particularly infmative, 

became CH3 is rotationally ymmetric and possesses only typical Q elec~~ns. 

tn principk, produ 

i 

+udies of the epimeric methyl substituted crirknes 5a ami 5b (fi-om precursors 4a 

and 4b) would disclose ho dffkctively each Me prostates rean-angement of I-I-2. We prepared and examined the 

4 ~=00rNNHTIs) 

a eqMe 

b iDMe 

q Me @met 4a; but in th BX Me series we were thwarted by substantial Me epimedzation during attempted 

ccmversicm of axial ketone b to its tosylhydrazone, SO this epimer could not be studied. HOW~VW, we achieved 

&ems 10 and 11 produced k 

our objective dhtctiy with s bstra@ 8a, which simultaneously poss~ssts one eq Me and one ax Me.5 The ratio of 

m car&me 9 imrnediat~ly reveaIs the I-lax& s&ctivity aqd hence the Elative 

8 (X = 0 or NNHTs) 

a A=H;bA=D 
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efficiencies of actimtion by ax Me and eq Me. Furthermore, a parallel investigadon of the 2,6-dz-analog 8b 

pr&ded valuable information about deuterium isotope effects. 

Our synthesis of known ketones 4a and 8a (and d2-analog 8b) followed literature procedures and are 

described elsewhere.7 Tosylhydrazune 4a (X=NNHTS) was converted with rrBuLi (I eqttiv) to its Li sdt, 

which was thoroughly dried and pyrolyzed (neat or in aprotic solvent). The predominant volatile producU were 
alkenes 6 and 7, in the ratios shown in Table 1. These data lead to a G factor of 0.31 for this epimer and this 

value meaus that cq Me xx&rates gezninal I& migration to an extent that is 31% of the amount expected. lc 

Table 1. Thermolysis of pTIwyIhydrazune Li Salt frQm 4s 

conditions Alkenes Rel (%) 

(16of30) 6 
GHaxl 

7 

Neat 
(760 - Hg) 

79.7 20.3 0.31 

Diglyme 79.5 20.5 0.30 

*Fat1 symbolism is G[M&. RS]R,x. TheAandSindicatetheMeandringmsiducRtue 
-WY And and Sp to rht group it rhe migration terminus tiring migrmtbn of IS=_ ?he 
OHnvahrtsncampntdbyuseotarZaetians4band5in~f. ~candlhcwdueBfM&]=20.1. 

Thermolysis of the Li salt ftom 8a gave alkenes 10s and Ila, and the Li salt from 8b gave 1Ob and llb. 

in the proportions summarized in Table 2. These Proportions represent Hax/Heq selectivities of 6.9 - 8.7 [average 

7.l3), which are distinctly higher than those (ca. 1.7) reported 1C for secondary hydrogens. Therefore eq Me 

activates geminal H more effectively than does ax Me by a factor of about 4.6 (i.e. 7.8/1.7).8 This 

stereochemically - dependent assistance by Me parallels that displayed by OMe and Ph, so its basis cannot rest 

entirely on rotameric differences or on interactions associated with n or x electrons. 

Isotope Effects All published experimental studies on Hax/Heq selectivity used d-labeling to distinguish 

the two competing secondary H’s. And, to estimate (and thereby to correct for) primary isotope effects (1X9 

researchers had to assume that lc& isotope effects are equal for the ax and eq trajectories (i.e. they assumed 1, 

= I&.la,c,lO In fact, a similar assumption has to be invoked whenever conventional d-labeling is used to 

distinguish two epimeric H’s in any intramolecular competition. I1 But, to our knowledge, this assumption has 

not been validated (or tested) experimentally. 

By definition, Iax = kHax/kDax; and Ieq = kHeq/kDeq. Therefore, the ratio I,,&, corresponds to 

(kHaxflcHe4rm(k&kr); and this composite ratio should be unity if the two isotope effects are equal. However, 

the last column of Table 2 shows that the ratio is about 1.5. Clearly, Iax and leq for 3’ H shifts are not equal; and 

extension to 2” H shifts implies that numerical adjustments of published data on isotope effects, on Hax/Heq 

select&it& and on G factors may he in order. For example, the “best” value for inherent HaJI-Itg migration 

(1.7) would change to about 2.1. Such adjustments, which will be detaiied in the full paper, do not alter any 

earlier conclusions about carbene behavior but are pertinent for quantitative discussions of stereoselectivity, 

isotope effects,lz and bystander assistance. 
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Table 2. Tbermolysis ofp-TagM~~ Li Salts & and 8b 

f 

Alkenes Rel (%) 
Conditions -i 
(1600f 39 ~ from&t from8b 

Ioa lla 10b Ilb 

Neat 
pa m Hgl 87.4 12.6 67.2 1.4.8 6.94 4.54 4.02a 1.53 

TeIragIyme 89.7 10.3 8.71 5.59 S.lop 1.56 
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