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31. The Thermal Isomerisation of Methyl Geramte and 
Dihydromyrcene. 

By G. A. HOWARD and R. STEVENS. 

When heated at 530" for 2 seconds, methyl geranate and dihydromyrcene 
Methyl undergo conversion of the isopropylidene into an isopropenyl group. 

citronellate is unaffected under these conditions. 

SPECTROSCOPIC investigations have shown that, contrary to earlier chemical evidence, 
the common natural alicyclic terpenes and their derivatives exist almost exclusively in the 
isopropylidene form. In these laboratories we have found that isopropylidene groups in 
alicyclic terpenoids are sometimes thermolabile (contrast Egloff et aL2). 

During other work, information was sought about the infrared spectrum and gas- 
chromatographic behaviour of methyl geranate (I). Commercial citral which appeared 
by gas chromatography to be a mixture of two forms,3 was accordingly oxidised with moist 
silver oxide: and the resulting mixed acids were esterified with diazomethane and distilled. 
Gas chromatography then disclosed two esters, presumably the cis- and the trans-form (I), 
a comparison of its infrared absorption with those of other derivatives of geranic acid la 
supporting this assumption. Separation on a preparative scale afforded two esters having 
infrared spectra such as were to be expected for these cis- and t~ans-forms.~ The spectra, 
however, differed from that of the material before gas chromatography : the absorption 
bands at  5.78 (ester G O )  and 6.03 p (GC)  were unaffected, but the samples isolated from 
the column had bands at 5-58 and 11.12 p whereas the original mixed esters had no 
absorption a t  these wavelengths but showed bands at  11.50 and 11-66 p. These facts are 
consistent with the presence of isopropenyl and @-unsaturated ester groupings in the 
separated esters and of the isopropylidene grouping in the ester (I). Passage through the 
gas-chromatography equipment had thus brought about the isomerisation (I) (11) 
and since this change has not been encountered before its cause was sought. 

During gas chromatography, the sample passed through (a) an inlet flash-heater, (b) 
a column maintained at temperatures varying from 137" to 188", (c) the detector, and ( d )  
an exit heater. Passage through sections (a), (b ) ,  and (c), alone 01 together, failed to 
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effect rearrangement when the temperature of the inlet flash-heater was 275". Rearrange- 
ment took place, however, during the two seconds taken by the material to pass through 
the exit heater, the temperature of which was found to be 530". No detectable change 
took place when chromatography was carried out with this heater a t  250" or when methyl 
geranate was heated for 20 minutes at 180" in a sealed tube. The transformation 
(I) + (11) thus occurs rapidly a t  530" but not a t  275", irrespective of the stereo- 
chemistry of the ap-unsaturated ester groupings. 

Methyl citronellate (111) was unaffected by the conditions which caused isomerisation 
of methyl geranate, the infrared absorption of all the samples examined indicating sub- 
stantial absence of the isopropenyl form lC (the ester was prepared by oxidising citronella1 
and esterifying the acid with acidified methanol). The spectroscopic evidence suggests 
that neither citronellic acid not its ester is as readily isomerised by acid as is citronell01.~~ 
The infrared spectrum of citral (IV) was unaffected by gas chromatography when the 
exit heater was at  230", but when the heater was a t  530" the carbonyl absorption at  6 was 
markedly reduced, so the product was not further examined. Reduction of technical 
myrcene by sodium and alcohol gave a mixture of five compounds from which the pre- 
ponderant constituent, dihydromyrcene, was isolated by gas chromatography, the exit 
heater being at 230". The infrared absorption of this product was consistent with 
structure (V). Further chromatography with the exit heater a t  530" altered the absorp- 
tion: bands a t  5-6, 6.05, 6-25, 11.0, and 11.2 p were much stronger than in the original 
dihydromyrcene, new bands had appeared at  12-05, 12.4, 12-95, 13-7, and 14.4 ~ . l  and those 
at 5-95, 9-6 and 12-6 p disappeared. (VI) 
although rearrangement of the other double bond in (V) is not rigidly excluded. 

Thermal rearrangements of an isopropylidene to an isopropenyl group in alicyclic 
terpenoids has not apparently been previously reported although this transformation can 
take place under acidic conditions.lC The available evidence points to thermal, as 
distinct from catalytic, conversion of isopropenyl into isopropylidene groups rather than 
the reverse, as, for example, of ocimene into allo-ocimene and 2,5-dimethylhexa-l,5-diene 
into the 2,4-diene, i.e., to a tendency to proceed towards the conjugated diene form. 
Cyclic terpenes, however, are converted by heat into compounds containing an iso- 
propenyl group : pinane and norpinane afford iso- 
propenylcyclopentanes,* and the stability of the isopropenyl group to heat is indicated 
by the stability of l-isopropenyl-4-methylcyclohexane at  600°.9 In general, however, 
thermal isomerisation of cyclic hydrocarbons to unsaturated acyclic hydrocarbons gives 
substances with isopropylidene rather than isopropenyl groups, as, for example, the 
conversion of a-pinene (VII) into allo-ocimene (VIII) and neoallo-ocimene,7 and of 6,6-di- 
methylnorpinane (IX) into 7-methylocta-l,6-diene (X) .lo The results reported now show, 
however, that it cannot be assumed that the isopropylidene will always be more stable 
to heat than the isopropenyl group. 

These facts again suggest isomerisation (V) 

thus a-pinene affords l im~nene,~? 

EXPERIMENTAL 

Gas C?zronzatogva@y.-The apparatus (Gas Chromatography Ltd., London) contained a 
column 180 cm. long, 1.5 cm. in internal diameter, having 84 g. of a mixture of Celite (60-80 
B.S.S. mesh) and Apiezon M grease (15% ; i.e., 10.95 g. of grease in column) and was used a t  
temperatures ranging from 137" to 188" (vapour-jacket). The eluting gas was hydrogen, 
usually a t  180 ml. per min. and inlet pressures of 25 cm. A current of 120 mA. was passed 
through the katharometer detector wire (80 ohms resistance a t  188'). The input flash-heater 
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used to vaporise the sample was at 230", and the heater a t  the exit from the katharometer 
chamber a t  various temperatures as reported above. The exit heater was a " Pyrex " glass 
tube, 1 cm. in diameter, 5 cm. long, heated externally by a resistance winding. Specific 
retention volumes ( V g )  were calculated by the method recommended by Ambrose et aZ.11 

Methyl Germate.-Citral (20 g. ; B.D.H.; redistilled; b. p. 107-110"/10 mm.) was oxidised 
with moist silver oxide,4 and the resulting crude geranic acid (19.5 g-) converted by  ethereal 
diazomethane into the methyl ester, b. p. 122-125'/17 mm., nDZo 1-4696 (lit.,l2 b. p. 117'114 
mm., nDzo 1.4714). Gas chromatography showed the presence of two components (Vg 476 and 
650, respectively, a t  137", 99 and 126 at 170", and 59 and 71 a t  188"). 

Methyl Citro~zeZZute.-Citronellal (Hopkins and Williams Ltd. ; redistilled ; b. p. 114-1 16"/27 
mm.) was oxidised as for citral, to citronellic acid which with methanolic sulphuric acid gave 
methyl citronellate, b. p. 116-128"/11 mm. , nDZo 1.4360. Gas chromatography indicated the 
presence of one compound (Vg 156 a t  170'). 

Dihydro.Erzyrcene.-Reduction of technical myrcene (A. Boake, Roberts, & Co. Ltd.) with 
sodium and alcohol l3 afforded material from which dihydromyrcene ( V g  23 a t  170") was isolated 
by gas chromatography. 

Infrared Spectra.-The mixture of methyl cis- and trans-geranate isolated by preparative 
gas chromatography under conditions avoiding isomerisation had absorption bands in carbon 
tetrachloride solution at 3-41s, 3*50infl.,m, 5-82s, 6-09m, 6.99m, 7*28w, 7.38w, 7 . 5 6 ~ ~  7.82infl. ,w, 
8.19s, 8.64s, 8.72s, 9*03w, 9 . 8 0 ~ ~  10.16w, 10-82w, 1l.50infl.,wJ and 11-66m p. 

After passage through the preparative gas-chromatography column and the heater a t  
530" the bands were a t  3.38s, 3.45infl.,mJ 5 . 5 8 ~ ~  5*70infl.,m, 5 . 7 8 ~ ~  6-04mJ 6.92m, 7-22w, 7 . 3 4 ~ ~  
7 . 6 2 ~ ~  7.80infl. ,w, S.Oinfl.,m, 8 . 1 1 ~ ~  8.34m, 8.64s, 9-Ow, 9 . 4 8 ~ ~  9 . 6 1 ~ ~  9.86w, 1 0 . 0 5 ~ ~  1 0 . 8 0 ~  
and ll-12m p. 

Methyl citronellate, examined as the liquid, had bands a t  3-42s, 5-7Ss, 6.87 and 6.99m, 7.27 
and 7,35m, 7.79m, 8.0m, 8*25infl.,m, 8.40s, 8-50 and S.GOinfl.,s, 9 . 2 0 ~ ~  9.85m, ll.31m, ll.85mJ 
and 13.55m p. 

Dihydromyrcene, examined as the liquid, had bands a t  3-35s,  3-65w, 5 - 6 ~ ~  595m, 6-08m, 
6.25w, 6.9s, 7 . 2 5 ~ ~  8 . 2 5 ~ ~  8.65w, 9.0m, 9 . 6 ~ ~  10.05m, ll-Om, 1 1 . 2 ~ ~  ll.%nfl.,m, 12.05m, 12*6m, 
and 1 3 . 4 5 ~  p. 

After passage through the gas-chromatography apparatus with the exit heater at 530", the 
recovered " dihydromyrcene " (examined as the liquid) had bands a t  3.35s. 3 . 6 5 ~ ~  5-6s-m, 6.08m, 
6-25m, 6-9s, 7.25s, 8 . 2 5 ~ ~  8 . 6 5 ~ ~  9.Ow, 10-05mJ 10*35w, ll-Oinfl.,s, 1 1 . 2 ~ ~  1l.9infl.,mJ 12*25infl.,m, 
12-35m, 1 2 . 9 6 ~ ~  1 3 . 4 5 ~ ~  13.68m, and 1 4 . 4 ~  p. 
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