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The effectofadjacentcarboniumion centers on the chemical shifts ofmethylgroups in 

the n.m.r. spectrum has been the subject of numerous studies (1,2). However, alkyl shifts in 
., 

systems where partial. carbonic ion character has been Introduced by protonatlon of a carbowl 

function (e.g. I) have not been previously investigated. The present paper deals with the 

n.m.r. spectra of various alkyl cyclchexanoues in 97.B sulfuric acid and illustrates that 

significantmethylshiftsmaybe induced in2- and3-methylcyclchexanones. Further, we report 

a solvent cage effect which permits the~fomation and trapping of the "less stable" trans- 

isaner of 2,6-dimethylcyclckxamne in concentrations far greater than are present in a free1 

equilibratedmixture. 

lkble I lists the centers of the n.m.r. methyl resonance peaks in deutcrochloroform and 

in Sulfuric acid solutiou2. In each instance the methyl group appeared farther damfield iu 

sulpuric acid, A representing the shift in c.p.6. The CR3 substituents of k-t-butyl- and 

k-isopropyl-cyclohex, which exhibited A values of 6.5 c.p.s., are sufficiently removed 

fran the protonated carbowl. center to reflect the shift due to solvent alone3. 'Iherefore 

shifts greater thau 6.5 c.p.s. in C-2 and C-3 substituted cyclohexanones reflect deshielding 

1 
Supported by Grant ~-185, American Cancer Society. 

2Bk,r. spectra were obtained with a Varian m/DA-6C spectmncter at a frequency of 60 
Me/S. Tetxametl@_silane at0 c.p.s. was the internal standard in CDC13 while tetra- 
methylsnmonim chloride at 192.0 c.p.8. was the standard in sulfuric acid (R.E. Rcavili, 
J. Chcm. Sot., 519 (1964). 

3 It may be noted that virtwlly identical deshielding has been f&ml (T. D. J. D'Silv~ 
and II. J. Riugold, unpublished results) for the lg-methyl group of 3-desaxy steroid 
ami the 18-methyl. group of lV-deoxy steroids. 
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mble I. N.&R. Positions of Methyl Groups of Alkyl Qdobexancnes2 
. 

Derivative of cyclohexanone cDC13 (C.P.S.) E$O4 (C.P.6.) A%*4 Af 

-3 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

m) 
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13) 

14) 

4-plt#- 

4-Iso-propyl-. - 

4-Methyl- 

4&Dimethyl- 

3,3-Dimetbyl- 

3,3,5,5-Tetrame%-l 

2-Methyl- 

2,2-Dimethyl- 

2,2,6,6-Tetramethyl- 

55.0 

56.0 (J - 6.0 

62.0 (J - 5.0) 

66.5 

61.3 (J - 5.5) 

61.3 (J = 5-5) 

59.2 (J.= 6.5) 

58.5 

63.8 
53-2 
60.9 (J = 5.8) 

63.0 

61.5 (J - 6.0) 

67.0 

6$ . t ; =. - ;*;I 

63.0 

::; (J = 7.0) 

67.0 

63.5 

62.5 (J = 5.0) 

69.7 (J = 4.6) 

73.5 

75.0 (J = 6.0) 

75.5 (J - 5.0) 

72.9 (J = 6.2) 

72.9 

75.7 (J - 5.1) 

78.5 

81.0 (J = 6.0) 

83.7 (J = 5-5) 

93.5 

6.5 0 

6.5 0 

7.7 1.2 

7.0 0.5 

13.7 7.2 

14.2 7.7 

13.7 7-2 

14.4 7.9 

*: 
lO.3 

14:8 
5.3 
8.3 

15.5 9.0 

19.5 13.0 

22.0 15.5 

21.8 15.3 
22.0 15*5 

23.5 17.0 
25-5 19.0 
24.2 17.7 

26.5 20.0 

due to the introduction of positive charge at C-land are tabulated as A‘ = A - 6.5. 
. 

As anticipated, A' increased as'a function of the distance of the methyl group fran the 

carbonyl function (Le., frcan the carbonim ion center at C-l) and was minirrml for Icmethyl- 

cyclchexanone (l.2 c.p.6.) and 4,4-dWthylcyclohe;one (0.5 c.P.s.). T4e 3- and 3,5- 

substituted cyclohexanones exhibited methyl shifts varying from 5.3 to IO.3 c.p.6. lhe shift 

(A') for a "pure" equatorial substituent at a mono-substituted position may be observed in 

3-methylcyclohexanone (7.2 c.P.s.), cis-3,5-dimethylcyclohexanone (7.7 c.P.s.) and in the - 

5-methyl group of 3,3,5-trimethy1cyclohexanone (8.3 c.p.s.). In the 

dimethylcyclohexanone, which undergoes rapid ring inversion, both methyl pups are equivalent 

and the A' of 7.2 c.p.s. represents the time-average shift for an axial and an equatorial 

methyl. These values indicate a moderate trend towards greater shFPts in the ewatorial 
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lryers . Ihe difference becormes considerably more apparent when the conformation Is fixed as * 

In 3,3,54rimethylcyclc&xanone tith 0ne methyl substltuent at C-3 strictly eqpatorial and the 

other strictly axial. The respective A'values in this case are 10.3 and 5.3 c.p.s. which 

indicatesalso that the shiftofanequatorialmethylis greaterwhen it Is part ofagem- 

aimethyl group. l%e 3,3-*ethyl ccenpound undergoes rapid inversion so that the observed 

singlemethylfrequency Is the statistical average ofanaxialandequat+almethylgroup. 

Ihe A'value of 7.9 c.p.8. then precisely corresponds to the median value for the fixed gem 

methyls of 3,3,54dme*lcycl0hexanone. 

Due to rapid ring tiersion, the methyls of the 3r3r5r5-tetremethyl cam(pouad are ldentlcal. 

Ihe observed A'of 9.0 c.p.s. is greater than the anticipated value of 7.9 c.p.s. (3,3. 

~ethylcyclohexanone) which may be due to the severe 1,3-diaxial methyl-methyl interaction 

and a consequent bond distortion and flattening of the ring. 

Ihe 2-methylcyclohexanone derivatives exhibited A* values of l3.0-20.0 c.p.s. with the 

smsllest shift appearing ln the parentc0nqxnud(2_methylcyclchexanone)and the greatest in 

the 2,2,6,6-tetramethyl derivative4. In contrast to the 3-methyl series, A' was greater for 

axial than for equatorial substituents (e.g., lg.0 E 17.0 C.P.S. in 2,2,6-trimethyl~y~10- 

hexanone). Irrespective of conformstion, however, the shift in sulfuric acid increased with 

the degree of substitution about the carbonyl group. !Chis may be due to a conformational 

effect or to a greater contribution from the carbonium ion resonance of I, which, ln turn, 

can be rationalized via hyperconjugative structures such as II. - 
,R 

cl- / OH 

HC+‘R 3 

II 

se n.m.r. spectrum of 2,-6-aimethylcyclohexanone in sulfuric acid requires additional 

cooanent; Immedtittely after solutXon, various mixtures of the cis- and - 

identic-sl spectra consistih of three methyl pesks located at 79.6, 85.1 ana go.6 c.p.s. 

Ihe broaa center peak, which was the largest, obviously arose as a superimposition of 

halves of two doublets. AltMugh the peak areas could not be accurately integrated, the 

41he values in deuterochloroform are In excellent agreement with Lose reported 
by S. Boxy, M. Fetizon, P. Iaszlo and D. H. WillFerns, Bull. Sot. dhim. France 
2541 (1965). 
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6%&e peaks didnotvislbly difYer inareawhich indicated the presence ofa substantla~ 

cancentxation of the "less stable" trans-isomer in sulfuric acid. Conf*tlon &a from 

a preparative experiment in which 0.2 ti of 2,6-dimetbylcyclohone (l& trans-82$ cis) -- 

ua8 dissolved in 2.0 ml of 97.B sulfuric acid. Mtier five xahutes at 210 t&e solution uas 

slowlyadded$oa stirred~ of ice, water and pentane. l%ewashed,driedandconcentrated 

orgenic extract was analyzed by glc5 and exhibited &.k$ trans-issuer. Duplicate reactions Of 

75 *tee duration in 97.B sulfuric acid gave 43.8 and 4-4.s of ccmpound6. Iii 7qb 

sulfuric acid and in 7'2% perchloric acid, reactions followed fran 5-360 mirmteS> exhibited 

equilibrium concenixationa of the E-lsauer of 30.4-&7$ and 33.2-35.2$ respectively. 

In trifluorcecetic acid, an initial mixture of % trans-91s cis exhibited lg.3 trans-isai@r -- 

aftereixhours. 

When the equilibration of 2,6-dimethyl~phhe~~~0~ was effected in the presence of 

dilute acid or base, the mixture contained o&9.4$ of the caapaund,avalueinfati 

agreement with the 8.k$ reportedby Rickborn(3). Therefore as the oxonium(carbonium) salt, 

whose formstion should be ccxnplete in concen+ted sulfuric acid, either the e-isaner (B) 

has beccme more stable or the cis-isaner (A) has been destabilized. - In (A) both methyl groups 

occupy equatorialpositions while in(B) one methyl group is axial stall times. In sulfuric 

CA) 0) 

+cid solution, the solvent shell about the protonated carbonyl group interacts with an 

equatorial methyl substituent. Since this non-bonded interaction may be relieved den the 

methyl group assumes (v& enolization) an axial configuration, the energy difference between 

5Analysis was carried outona 12' column (lOO") with la"p tricyanoethoxy propane 
on Chrcmosorb P. 

%l e total recovery of product was 70-75s in the short term experiments and no 
side-reaction was detectable. On prolonged 8tanding in sulfuric acid (e.g. 
34ays), however, product decomposition was evident. 
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the two isaners, becomes minimal. tiogy may be drawn to the enolate anions derived from 

2-methylcyclchexanone derivatives where the solvent shell about the metal cation destabilizes 

an adjacent equatorial substituent (4,5). In the case of the anion derived frcm 2,6-dimethyl- 

cyclohezanone, this leads to a relative stabilization of the 6-methyl substituent in an axial 

position and the consequent isolation of a substantial percentage of the trans-iscaner (B) 

following kinetically controlled protonation (4). 

In concentrated sulf+uric acid the free energy difference (at 270) between the cis- and - 

trans-isomers is only 0.17 Kcal/mole while there is a difference of 1.38 KUXI. in the freely 

equilibrated substances 7 . Thus the non-bonded interaction of the two equatorial groups with 

the sulfuric acid of solvation may be estinvrted as 1.21 Kcal, or 0.6 Kcal for each equatorial 

substituent. Similar solvent interactions may affect conformational equilibria in simple 

oxygen-free carboniua ion systems. 

iscxner concentrations of 4% and 9.q respectively. 
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