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Abstract-The conjugated diene. “methylisopulegene” (1. I-isopropenyL2,4_dimethyl- I-cyclohexene), 
exhibits a CD Cotton effect (CE) with AC,, , = + 1.77 but no UV maximum down to 200nm; whereas, the 
structurally related conjugated diene. 3.-8-p-menthadiene (2, I-isopropenyl-4-methyl-lcyclohexene), 
exhibits a more normal UV maximum at 232nm (I: = 17,300) and a CE with AE~.,,, = +2.56. 

One of the more interesting spectroscopic properties of 
the 1,3-diene “methylisopulegene”, first prepared by 
Grignard’ nearly eighty years ago as the predominant 
(95 7;) component of “methylpulegene”, is its reported 
failure to show an absorption maximum above 210 nm 
in the UV spectrum.3Q4 The structure of “methylpule- 
gene” was a subject of early controversy,’ and its 
anomalous UV served to call into question the 
structural assignment(s)‘m6 in favor of a deconjugated 
diene.3 However, Wolinsky and Ghan” subsequently 
confirmed 1 as the structure of “methylisopulegene” 
using ozonolysis data and ‘H-NMR, and proposed 
that the anomalous UV spectrum could be explained 
by an inability of the component double bonds of the 
diene to achieve coplanarity, i.e. the diene has a large 
skew angle (50-90 ‘), due to steric repulsions between 
the C-l I Me group and the C-8 CH, and C-9 CH, 
groups. They concluded that “n-orbital overlap and 
delocalization of electrons in the excited state is 
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therefore prohibited.“’ Because “methylisopulegene” 
is optically active, it offers an excellent prospect for 
CD spectroscopy as a means of investigating the 
anomalous electronic transition. CD spectroscopy is 
often able to detect and resolve weak or otherwise 
masked UV absorbances. We therefore re-investigated 
methylisopulegene (1) and its des-Me analog, 3,8-p- 
menthadiene (2)’ 

Synrhrsis and stereochemistry 
The starting material for the syntheses of 1 and 2 was 

(+ )-pulegone, [z]fp + 22 (neat). Methylisopulegene 
was prepared as previously described4 by reaction of 
(+ )-pulegone with methylmagnesium iodide in ether 
followed by acid-catalyzed dehydration. 3,8-p- 
menthadiene was prepared from the same bottle of 
(+ )-pulegone as described’ by reaction of its Z- 
tosylhydrazone with MeLi. Both dienes were purified 
to >99% purity by gas chromatography on a 
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Fig. I. CD (---) and UV (-----) spectral data for “methylisopulegene” (1) (left) and 3,8-p- 
menthadiene (2) in n-heptane in a l.OOcm pathlength cell with concentrations co2mg/iCKImL. 
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6ft x 3/B in. diam. aluminum column of 3 “/r, Apiezon 
L on Chromoso~b W, AW-DMCS, Since the dienes are 
prepared from the same (+ )~Fu~egone, they 
~n~uent~y have the same absolute configuration 
(4R) and, presumably, the same enantiomeric excess. 

RESULTS ANLI DlSCUSSIOY 

The CD and UV data for 1 and 2 are grunted in the 
Fig. in which it can be clearly seen that 1 exhibits a 
moderately intense CD CE, with reduced rotatory 
strength [Rjz17 = + 5.58 but only a slight inflection in 
the UV at 217 nm. Thus, there is indeed an electronic 
transition for 1 in the vicinity of 220nm, but one 
considerably weaker in intensity (&!~~ = 3300) than 
that expected for a 1,3-diene of its structure (the 
Woodward-Fieser Rules’ predict a maximum at 
234 nm for 1). These data may be contrasted with those 
found for the des-Me diene (2): a UV maximum at 
232nm with E = 17,300 and a CD CE with 
[RI zQO = -I- 6.13. A shorter wavelength electronic 
transition is also observed in the CD of 2 with 

[RI210 = - 1.5. The origin of that transition is not 
entirely clear but may IX of the b-n* type, as has been 
concluded for other 1,3-dienesqg 

The near identity of the [R] values associated with 
the intense long wave~e~gtb tr~ns~tiuns suggests that 
the largest contributions to the CD CE emanate from 
similarIy juxtaposed extrachrcrmophoric perturbers as 
opposed to contributions mainly from an inherently 
chital diene chromophore.v*‘O The relative un- 
~rn~rtan~ of a possibly skewed diene for the CD CE 
folfows from the deduction, based on the K-X* “i,,, 
differences, that the diene chromophore of 1 is 
significantly more skewed than that of 2; yet, the [R] 
values are closely similar. As has been suggested 
eartier, and is clear from space-filled molecular 
models,’ ’ diene 1 is sterically crowded in such a way as 
to restrain the C==C units from approaching near co- 
planarity. Certainly, the addition ofa methyl group to 
C-2 of 2 is the important .steric restraint found in 1. 
Steric inhibition to effective conjugation has been 
observed in other diene systemsI where steric 
inhibition of diene ~o-~lan~~ty results in hypso- 
~hromi~lly shifted, fess stra~gly allowed electronic 
transitions. 1 ‘q I4 

Further evidence for ineffective conjugation of the 
diene of 1 may be found in its NMR spectra (Table 1), 
which also confirm its structure assignment. 
Corn~r~so~ of the ‘%I-? ~berni~l shifts of I, 2 and 
limonene finds the resonance of 1 ap~aring between 
those of conjugated diene 2 and the deconjugated 
diene limonene (even after correcting for the expected 
influence of the added C-2 Me group on ’ %7), i.e. 1 is 
not as effectively conjugated as is 2. The varying 
relative chemi~l shifts for the other olefinic carbons of 
1 and 2 are Less easily interpreted in connection with 
conjugation because the observed changes also reflect 
sensitivity toward Me substitution at C-2 as well as 
spatial orientation effects. Comparison of the ‘H- 
NM R spectra of 1, 2 and limonene also lead to the 
&onc~usio~ that the diene of f is severely skewed: the 
more shredded H, signal of the =CH, group of 2 
moves even farther upfield (4.896 to 4.58 S) in 1 
reflecting its further entry into the shielding cone of the 
endocyclic C==C. Similarly, the isopropenyl Me signal 
at 1.84 6 in 2 is shielded and moves to I .75 6 in 1. These 

two observations are consistent with the isopropenyl 
group being twisted about the C, -C, bond from near 
do-p~a~a~ty in 2 to substantially skewed in 1. 

In conclusion, the evidence points to a sterically 
induced, severely twisted and consequently de- 
conjugated chromophore in 1, yet one still capable of 
exhibiting an hypsochromically-shifted, hypochromic 
long wavelength electronic transition as seen in the CD 
spectra. Neverthe~~s, even the now obvious steric 
inhibition arguments ascribed to the Me group at C-2 
do not always Garry over to apparently similar 
situations. For, as has been observed earlier,’ 5 l- 
isopropenyl-2,3-dimethyl-l-cyclopentene exhibits a 
UV spectrum (~7:: = 9850, E~Y~ = 10,130)’ ’ more like 
2 than 1.16 

EXPERIMENTAL 

CD spectra were recorded on a JASCO J-40 instrument 
equipped with a photoelastic mduiator, UV spectra were 
recorded on a Cary 219 $~~tr~~~~t~~~t~~~ and sodium Es- 
line rotations were determined on a Pe~kin-~lrn~r model 141 
polarimeter. NMR spectra were determined on a JELL FX- 
100 instrument at 1OOMHz (‘H) and 25 MHz (13C), and 
infrared spectra were recorded on a Perkin-Elmer 599 
:;pectrophotometer. Analytical gas chromatography was 
perfomed on a Varian 2400 ~nstrurn~~t on a 6ft x l/gin, 
diam. column packed with 5 “< SE-30 on Chromusorb W, 
AW-DMCS. Preparative gas chromatography was perfor- 
med on a Varian-Aerograph 1700 instrument using a 
6 ft x 3/8 in. diam. column packed with 3 “/6 Apiezon L or 5 ‘$ 
SE-30 on Chromosorb W, AW-DMCS, Spectral data were 
obtained using spectral grade solvents (Matheson). (+ t 
Pul~~~~e was from Aldrich. 

‘“Neif7!.ii.sopufeRenP”. E4R )_ 1 -isopropunr~1-2.4-dimethyl- I- 
cyc~~clhcrxene (1 ).4 This diene was prepared according to the 
procedure of Wolinsky and Ghan’ from (+ )-pulegone, 
[xl;* = + 22- (neat) by reaction with MeMgl followed by 
acid-catalyzed dehydration. 1% was isolated from the olefin- 
containing distillation fraction ~m~thy~p~i~gene”) by 
preparative gas chromato~aphy to 299 % purity. It had 
E$r\ = 3300, A&E217 = + 1.17 and [R] = + 5.58 in n-heptant: 
(Figure),andir{film): 1635cm-L.The ‘Hand lJC-NMRare 
found in the Table. 

Trideurrri~merh~lisopulegerre. (4R)- I-rsoprupenj+2- 
mrthyl4trideureri~m~r~~~- I -cycbhexene. This diene was 
prepared and isolated as above starting with (+ )-p&gone 
from the same bottle and CD,MgI. It had f;‘;;:: = 3700, 
&,,, = + 1.75and [R] = + 5.79 in n-heptane; ‘H and “C- 
NMR are found in the Table. 

3,8-p Menrhadiene, ~4R)-l-isopr6pettt~l-4-me~~~~-l-cs’rlo- 
hexenr (2). Thisdienc was prepared from ( + )-p&gone [from 
the Same bottle as above) via its Z-p-toluenesulfonylhydra- 
zone by reaction with MeLi ~Alfa) as described by Dauben et 
al.? it was pained to >99 ‘%, pwri~y by preparative gas 
chromatography and had eT$Js3 = 17.300, AE~.,,, = + 2.56 and 
[R] = +6.13 in n-heptane (Fig. I)+ and ir (film): 1610, 
1635cm-I. Its ‘H and “C-NMR are found in the Table. 

Ac~nowie~gerne~~~-We thank the National Science 
~oun~t~o~ for suppart of this work and Ms. Kimberly 
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