
ANALYSIS OF CYCLOHEPTANONE CONFORMATION 
FROM TEMPERATURE DEPENDENT CIRCULAR 

DICHROISM MEASUREMENTS OF 
(+oR)-METHYLCYCLOHEPTANONE AND 

(-)-(4lQMETHYLCYCLOHEPTANONE 

D. A. L~otrrr~~* and E. L. DOCKS 
Dcpartmcnt of Chemistry, University of Nevada. Reno. NV 89557. U.S.A. 

(Rbceivuf in USA 22 Ivnc 1978) 

Ab&adXonformational analysis of mctbykyclobeptanoncs was achieved by relating CD rotational stnngths to 
conformational free energies. Twist conformers with C, on UK symmetry axis (TC,) were found to bc more stable 
than those with C) or C, on the symmetry axis (TC, or TC,). The fm energy differences were found to rar16~ from 
0.2 to 13 kc&ok. A similar analysis of (t)(3R)-mctbykyclobexanone &owed the equatorial chair conformer to 
bc most stabk, by 0.56475 kcal/mok. 

Although numerous conformational studies have been 
reported for cyclohexanones using various methods, in- 

(1) and ( - H4R)-methylcycloheptanone(2) considered 

cluding ORD and CD,‘” CD: NMK,‘-‘” ther- 
twenty-eight possible conformation, of which eight TC 

mochemical equilibrations 
“$“tic 
‘I- ’ and molecular mechanics 

forms were said to be of equivalent energy.” On that 

calculations,” 
basis, the authors” could rationalize the observed OKD 

there have been relatively few in- 
vestigations of cycloheptanone conformation.7*‘S’9 The 

Cotton effect (CE) sign~.~ Very recently, Kirk” rein- 

conformations of cycloheptanone have not been 
vestigated the conformations of chiral cycloheptanones 

examined as thoroughly as those of cycloheptane, whose 
and found that he could nicely predict the observed CE 

preferred conformation has the twist-chair (TC) 
magnitudes for 1 and 2 by considering only the more 

geon~try,~ with C2 symmetry, shown in Fig. I. Strauss 
stable TC,, TG and TC7 conformations. For those same 

et al” have calculated that cycloheptane lies at an 
conformers of 1, Ar values of + 7 (TC,), - IO (I’&) and 
-9 (TC,) were calculated based on the Me contribution 

energy minimum in a pseudorotation sequence intercon- 
vetting TC, chair, boat and twist boat conformers. For 

and the (major) contributions of C,-H and C,-CB 

cycloheptanone, Allinger’6fz and others’W concluded 
bonds. The latter were assessed using an empirically 

that the TC conformation also lies at an energy minimum 
derived equation. Similarly, for 2. Ar values of - 7 (TC,), 

with preferred location of the carbony group at site I and 
+ IO (TG) and t IO (TC,) were calculated. When the 

2 or 7. Using the convention’~14 that the C1 axis of the 
calculated be values ate pop&ion weighted and summed, 
the experimentally derived Ar values (+ 1.05 for 1 ad - 1.2 

TC ring is denoted by a subscript indicating the ring 
carbon through which it passes, Fig. 2 shows the con- 

for 2) were reproduced best assuming a pop&ion of 65% 

formational energies calculated for TC cyclo- 
TC, and 35% fTCa + TCd, with an estimated free energy 

heptanones.‘6 NMK investigations on dimethylcyclohep- 
ditference of 0.75 kc-al/mole. The analysis points to the TC, 
conformer being more stabk than the TCZ or TC, con- 

tanones are consistent with TC, and TC2 or TC7 being 
the energetically lower conformers.” A detailed con- 

formers rather than less stable (by 0.25 kcal/mole) as 

formational analysis of (+H3R)-methylcycloheptanone 
calculated by Allinger et &I6 (Fu. 2). It should, however, 
be rec@xed that the presence of Me groups is exp&ed 

AE (kcal) 
Twist Chair (TC) 

0.00 
Chair(C) 

1.06 
Boat(B) 

0.79 

Fii. 1. Conformations of cyclobeptanc. 
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Fi6.2. Conformation cncr&s for Twist Chair (TC) conformers of cyclobeptaaonc (Ref. 16). 
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to cause the ring to twist somewhat from its idea&d 
confo~tion. Cogency, any comparison of the 
parent cycioheptanone and Me derivative wiii be onJy 
approximate. We have investigated the conformation of 1 
and 2 using temperature dependence CD measurements 
and report our tinding and analyses below. 

In 1959 Djerassi and Krakower rep~rted’~ that the 
diaxomethane ring eniargemeot of (+)-@R)-methyl- 
cyciohexanone (3). derived from retroaidolix&oo 
of puiegone (4) gave (-)-3-methyi- and (-)-&methyl- 
cyciohep~~ne (Scheme 1). A few years after this 
report, data published on the ring expansion of opticaiiy 
active 2-methyicyciohexanonee26 caused Djerassi and 
others to reexamine their original work on the ring 
expansion of 3. Gn reexaminationU it was found that the 
products of the ring expansion of 3 were actuaiiy (+t3- 
methyl- and (-~me~yicycio~p~~nes, I and 2. 
respectively. Thus, the earlier reported negative rotation 
(and negative Cotton effect)” were due to contamination 
of ketone 1 with the strongly ievorotatory ketone 2. 
Since the absolute configuration of (+)-4 has been 
determined in other studies,=-m the absolute configura- 
tions of l-3 follows as shown in Scheme 1. 

k ao- 
-z 
_- 
Q 
; ao- 
d 

We synthesized 1 and 2 for our studies by the 
diomethane ring enlargement of 3. The two cycio- 
heptanones could be isolated and purified by preparative 
gas chromatography and/or distillation through a tetlon 
annular spinning band column. 

Wavelength, nm 

The ORD spectra of 1 and 2 agreed in detail with the 
published spectra.= Their variable temperature CD 
spectra in the a- I* region were mcorded in EPA 
(diethyi ether/isopentane/ethanoi - 5 voU5 voil2 voi) and 
P5 : Ml ~~~n~e/~~yicyciohe~ - 5 voUl vol) and 
are presented in Figs. 3-6. The relevant chiropticai data, 
corrected for solvent contraction and corrected to 100% 
enantiomer excess, are given in Table 1. For both 
compounds fine structure did not appear at room 
temperature in EPA but it began to appear at -26”. In 
P5: Ml fine structure was evident at room temperature. 
The variable temperature CD curves showed increased 
rotationai strengths as the temperature was lowered. 
Aiso, no new CD bands appear in the a-n* region. 
Rotadonai strengths, RoTI were calculated using a Gaus- 
sian ~proxi~~n and the equation &T=0.696 (V’S) 
3300 de,,,., * AA . A,, where AA isthehaifbandwidthat 
I/c height and A,, is the wavelength of AC,. Aiter- 
natively, the curves were cut and weighed and then 
related to the room temperature ROT vahte derived by 
the Gaussian approximation. 

Frg. 3. Variahtc tcmpcrsturc circular dichroism (CD) spectra of 
(+~3R)-mcthykyciobeptanocuclobeptrnoae in EPA. Temperatures in DC arc 
noted beside tbc curves, and the tW concentration is 3.5x 

10-z M. 

Wowdenqth. nm 

An analysis of Dreiding model conformations of 1 and 
2 leads to the same conclusions as that of Jones et al..‘” 

Fii. 4. Vaziabk temperarurc ctrcubr diihmism (CD) spectra of 

namely, that eight TC conformations, ail with pseudo- 
(tH3R)-methykyclobeptano~ in PS : Ml. Temperatures in “c 
are noted be&k the curves, and tbe t24" concentration is 

equatorial Me groups, are lower energy than other TC. 4.9 x lo-’ M. 
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Wowkngth,ntn 

Fw 5. Variable tcmpaturc. circular dkluoism (CD) spectra of 
(-)-(4R~methykycbbqtanoobep~lnoae in EPA. Tcmpaturcs in “c ae 
notal beskk tbc curves, and the t W concentration is 1.8~ 

10-z M. 

Fw 6. Vuiabk tcmpamre circular dichroism (CD) spexba of 
(+o-(R~methykycl~ in PS:MI. Temperaturea inT 
are noted beside the curves, and the t2.T conccnbation is 

9.7 x 10-3 M. 

T&k 1. baaal ~ngths. %‘, of (+H3R) and (-H4R)_mcthylcycloheptanonts (1) and (2) 

Compound Solvent Temperature (OK) AC+ 

1 EPA+ 299 a.86 +z.a1 

247 1.01 2.95 

189 1.16 3.30 

140 1.28 3.54 

84 1.39 3.67 

1 P5:Hlf* 297 M.52 t1.52 -. 
247 0.63 1.85 

188 0.80 2.30 

143 0.91 2.71 

84 1.2 3.20 

2 EPA* 290 -1.01 -3.39 -. 
246 1.21 3.65 

187 1.43 3.97 

140 1.59 4.23 

04 1.96 4.72 

2 PS:W 296 -0.80 -2.60 

245 -0.97 2.91 

188 -1.16 3.30 

142 -1.36 3.61 

84 -1.63 3.83 

+ Data are corrected for solvent contractlon. 
*Ethanol / isopentane / ethyl ether - (2:5:5) vol. 

HIsopentane / Methylcyclohexane - (5:l) vol. 

chair or boat conformers. On tbc baski of the Minger’s’5 praach is consistent with the analysis of Kirk.” The 
calculations (Fii 2) the TC,, TC, and TC, conformers conformational and octant diagra? of TC,, TCJ and 
can be assumed to be lowest energy. The sigdcantl~ TG are given in Figs. 7 and 8 for 1 and 2. A cursory 
hieherenergyconformen~,,TC~,TC~and~) may cxamhtion nveals that the CH, octant contribution 
be considered to be rdatively unimportant. This ap should be nearly equal in magnitude but opposite in sign 
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Fii. 7. ktant diagram for the favored coafommhnr of (+)-(3R)-mthylcyclobcptanom= ‘fbc “symmetry axis” 
(SA) is indicated for each co&mm. 
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Fig. 8. Octant dhgrama for the favomd conformatioar of (-~4R)aetbykyckheptammc. The “sycnmcby axis” 
(SA) is idrated for each confomwr. 
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for TCI and TC, in either 1 or 2. Consequently, since the 
ring conformatiom~ of TC2 and TC, give identical octant 
projection diagrams for purposes of our ~~O~tiO~ 
equiliirium studies, TC1 and TC, can be treated as 
though they were a single entity (TCI+TC& Actually, 
we expect equal ~n~n~~ns of TCz and TC7 to be 
present in solution with TC,, but since the CE signs and 
magtitudes of TC1 and TC, are predicted to be equal,” 
we find it convenient to treat the system as though it 
consisted of two components, TCI and (TC2 + TC,), in 
the method of analysis descrii by Moscow&x et a&3’ 
This sensitive method has been used in the analysis of 
variable tern 

p” 
rature CD data to determine conformer 

populations 32 and has recently enabled the deter. 
mination of free energy differences between chiml T- 
and 3*deuteriocyctohexanones.‘3 

For the R-P* absorption band (of 1 and 2), the 
observed rotational stren@s, ROT, are determined from 
~CDc~~at4~5~~~~~rn~~ 
~~~a~~~~e.~~~~ 
(TC2+ TC,), R and lb denote the rotational strengths 

associated with the lower energy conformer a and the 
hi$ter energy conformer b, respectively. Consequently, 
lb =N.K.+N&, where N. and Nb are the mole frac- 
tions of I and b, respectiveiy. It is not known a p&d 
whether a conesponds to TC, or (EC2 + TC,}. Assump- 
tion of a Boltxmann ~s~~u~n for a and b leads to the 
c~:” &* = (R. - &,)fl +exp -(-AG”/Nk‘f’)J-’ t 
Rbr where N is Avogadro’s number, k is the Boltxmann 
constant, T is temperature (“K) and AG” is the free 
energy change associated with the ~~ib~urn, a # b. A 
plot of iI,,* vs [l +exp(- AG*/NkT)]-’ should give a 
straight line for the proper ~rn~de~~ent values 
of AC”. For AG* constant over the temperature range, 
substitution of various trial values of AG” will lead to a 
family of lines, only one of which (that for the proper 
AG”) is a straight line. The slope of that line is (K. - I&,). 
and tire intercept is l&,. 

We have applied this method of conformational 
~ys~~~~d2u~~~ofF~.3~~~in 
Table 1. The best fit straight lmes (Fii. 9 and 10) provide 
values for AG”, K. and I&,, and the conformational popu- 

3.75 

OK’ 0.90 O.SS 

c, +a-AU?W]-l 

&I. 912). Plot of R,T YE) l&t +exp(- AGVNk-t’)] for vsrious trisl values of AGo urns) for (+)(2&. 
metbykyM+aaoac in EPA. 
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-5.00 
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Pii 10(a). Plot of ft.’ VI lfll +exp(- AG”iNkT)] far varkux trial values of AG (kal/mok) for (+0.(R) 
awtbyky~ ill EPA. 

t .., . I . . . _ I . . . . . . . ..I 
om In0 

Cl +.-I-’ 

Fi 10(b). Plot of R,T vs I/(1 tcxp(- AWNkT)] for various trial vahes of AO’ (Lcaumdc) for (+-o-(R)_ 
mcthykyclohqhma in PS: Ml. 

lath of a and b can be dctcrmhcd at room temperature TC, by Oh-l.2 kcal/mde dcp~ndi~@ upon Johath and 
(‘Tabk 2). For both 1 and 2, the predominant conformer a Me group lacation on the cyclobeptanoac ring. This 
corrcapondstoTCIandtbemiwrconformerbto(X!2+ predictionisoppositetothatofAUiagerct1’~(F~2) 
TC,)+m assigament con&tent with that of Kirk’” and but umaiatcat with the cakuktions of Kirk.” The AG” 
withtbeOctantRukprcdi&nsofCDsign. ‘-Our values&xivcdbyourauulyakareraWsm&~ 
analysis predictha that TC, is more stabk than TG or consiatcnt with those previously choated,““6 and per- 

Tlble 2. Derived rotahal ahengthx uni equilibrium data for (+(3Rk and (+(4R@thykyclokeptamhepfrwnc (1) 
UNI (2) xnd (+)-(3R)acthykyclobex (3) 

Compound Solvent o 
R298' 

Aa' x b, 
.- _-__ 

1 EPA** t2.81 +3.65 -1.38 0.95 0.20 83 17 

P5:Hl' ii.52 43.31 -4.32 0.70 0.31 77 23 

2 EPA -3.39 4.85 +0.55 0.60 0.37 73 27 
_ 

PS:!ll -2.60 -3.95 +3.57 0.95 0.20 a3 17 

3 EPA t1.90 +2:79 -0.18 o.slJ 0.44 70 30 _ 
I@ +1.74 +2.46 -0.75 0.75 0.29 78 22 

* R x 10-40 cgs 

-Ethanol / isopentane / ethyl ether - (2:5:5) ~1. 

t Isopentane / wthylcyclohexane - (5:l) VO;. 

*Hethylcyclohexane 
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E A 1 

AE (kcal) 0.0 1.4 3.3 

Pii II. Conformation energies of (3R~methykyclohexanone structures (Ref. 12). 

haps not easily obtained by other experimental methods. 
A solvent effect on kT and the quilttium as found in 
the CD data of 1 (Tables 1 and 2). or lack of it for 2 has 
been observed in diverse systems.“‘suz 

By way of comparison, we used the method of analy- 
sis on (+H3R)-methykyclohexanone (3), the precursor 
to 1 and 2.” Conformational analysis of 3iuethylcyclo- 
hexanone took on special importance some while ago in 
connection with the “3-alkylketone effectrr.“-‘Ub 
Thermochemical equilibration studies of &3S- 
dimethylcyclohexanone on Pd(C) of Allinger and 
Fretberg” yielded a conformational energy for the 3- 
axial Me group of 1.4 kcal/mok. The datum differs from 
that (~1.8 kcal/mole) estimated by Rickborn” from 
isomenthone and methone equilibrations but falls oear 
those data due to Cotterill and Robinson in their base- 
catalyxed quilibratioo studies of 2,5dimethykyclobex- 
anone (AH+.,= 1.3, kcal/mole and A&._..,= 0.2e.u.) 
and 2-r-butyl-S-methylcyclohexanone (AH+., = 
1.54 kcaUmok and A!&.., = -0.5 e.u.). The confor- 
mational energies which wr d a/.‘* have associated 
with E. A and T (Fig. 11) are 0, 1.4 and 3.3 kcal/mole. 
respectively, with a room temperature conformational 
mixture of 94.5 and 1% respectively. Gur analysis of the 
variable temperature CD data” for 3 in the manner 
descni for 1 and 2 led to the results presented in Table 
2nPItisiaterestingtonotethattberotatioaalstreagths 
(RJ calculated for 3”-methylcyclohexanoae are close to 
those observed for C-methyUaman~ (R = +2.33, 
ethanol. R = + 1.63 cyclohexane) of the same ab 
solute configuration.~ Whether the calculated Rb values 
can be said to correspond to 3’-methylcyclohexanone is 
less clear since the R vahtes for 4.-methyl-adaman- 
tanone- are an order of magnitude weaker than those 
for the equatorial epimer and exhibit CE sign changes: 
(t) CE in ethanol and (-) CE in &octane. The octant 
position of the C& group of 3’-methylcyctobexanone 
may not be exactly the same as that for ~-methyl- 
adamantanooe, and a twist form with an inhereotly in- 
tense CE magnitude may intervene to an extent larger 
than predicted.‘* The AG” values (0.50-0.75 kcal/mole) 
are less than those derived earlier (1.61.8kcal/ 
mok).“-” Gur conformational value of the 3-axial Me 
group is rather oear to the values of Djerassi er & 
(0.8 kcal/mole) and Robbins and Walkera 
(0.9 kcal/mole); thus, the ‘Sdkylketone effect” is closer 
to the originally postulated value of 0.85 LcaUmok~ than 
the more recent values of 0.3 -0.4 kcal/mole.“-” 

Twist chair conformers of 3- and 4-ruethylcycloheg 
tanones with CI on the symmetry axis (TC,) are more 
stable than other favored twist chair conformers TC2 and 
TC-r. The room temperature population of TC, is esti- 
mated to be 73-8896 depending on methyl position and 
solvent, and the AG” values range from 0.6 to 

1.2 kcal/mole. The “3-alkylketone effect” for 3-methyl- 
cyclohexanone is determined to be 0.95-1.2 kcal/mole 
from a similar analysis of 3-methylcyclohexanooe con- 
formation by variable temperature CD. 

-AL 

All ORD and CD spectra were measured on a Cary 60 spec- 
tropdarimeter equipped with a model 6001 CD attachment and 
spectrosqik Dewar. Gptkal rotations were recorded using a 
Zeiss polarimeter. Solvents used for the OBD and CD measure- 
ments were spectrograde: MeGH (Merck), methylcyclohcxane 
(MCB), isopentane (MCB) and EPA (American Instrument Co.). 
All gas chroma@mphk sample purity checks were made on a 
VatianSeriesl2OObasisgaschromatographequppedwitha 
flame innixation detector using a bft l/8 in. 7% Carbowax 20M 
on Chromnsorb W column. All preparative gas chromatography 
was carried out using a Varian Aerograph Series 1700 gas 
chromatograph equipped with a thermal conductivity detector 
equipped with the various columns noted in the following. All 
mass qzctrn were measured on an AEI MS-9 mass spectrometer 
by Ms. Elizabeth Irwin. 

(+)-(3R)_Mcrlykyci&xunone (3)” The pulegonc (Aldrich) 
used for this experiment was freshly ditillkd at IOS-IOP using 
water aspirator pressure. (+)-P&gone (417.Og. 2.74mol) was 
heated at rellux with 1740 ml water and 346 ml cone HCI and the 
acetone whiih was formed was removed continuously by slow 
distillation through a fractionating column. Tbe product was then 
stream distilled, the distillate was extracted with 4 x ZOO ml ether. 
The combined ether extract was washed with 3 x SO ml water and 
dried over Nar!& After removal of the ether by distillation, 
(+M3R)-methylcycl&xanone was fractionally distilled to yield 
217.61(71% theory) b.p. 83-85”/5OTTorr (ht.‘9 164-166°/760Torr); 
[alo= = t l3.T (neat, lit.” [alo = + 12.750). The product was at 
least 99% pure by erpC (5% SE 39. column tern. 1450). and its 
mass spectrum had a parent ion at m/e I I2 (C$I,rO) and a base 
peakatmlc69. 

(+H3R)- and (-~4R)_~~~yfcydolupfu~~~ (I) and (2).r’ 
N-Methyl-N-nitroso-p-toluenesulfonamide (Diaxald, Aldrich) 
(535.5 g, 0.25 mol) was added over a period of I hr to an ice- 
cooled soln of ll.2g (0.1 mol) of the previously prepared (+)- 
(3R)-methykyclohexsnonc in 25tN ml etlmr, Is00 ml MeGH, and 
28 g KOH. After stirring at 0” for 3 hr and at room temp. for 
I7 hr. the mixture was mutralixed with MO ml 10% HCI. and 
liltered with suction through a slurry of celite and water. The 
ether was evaporated using a steam bath and the aqueous soln 
which remained was extracted with CHCI,. The CHCI, extract 
Was dried over MgSG, and tbe solvent was removed on a 
rotatory evaporator. The liquid which remained was distilled 
througha~uxcolumn,andthefra&ulboilhlgat~ 
670140 Torr was collected. GLPC (column temp. 1450) on the 7% 
Carbowax 2OM column showed two peaks which were very close 
together. Two major (metbylcyclobeptanone) products were 
separated by preparative glpc (3/8 in. x9 ft 25% &&iwax 20 M 
on 60/&J &brick. column temp. 153”. flow rate I50 ml/mm and 
had: For 1 (alo” = + 55.r (MeOH. lit” + 549; for 2 [aloB = 
- ln0 (MeGH, IkU - 1369. Each compound was at least 99% 
pure by glpc on the 7% Carbowax 2OM column (column temo. 
i209, and in each case tbe mass spectrumm showed a parent idn 
pair at m/c 11 (C&O) wtth q sign&ant peaks at m/c 112. 
140 and lS4, which correspond to starting material and higher 
horndogs. 
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