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Abe&a&-Degradation of geraniol (3,7-dimethylocta-trans-2,6-dien-l-01) biosynthesized in Rosa dilec~ has 
proved that C-10 is exclusively derived from C-2 of mevalonate. This verifies the generally accepted but hitherto 
unproven view of the origin of the gem-methyls in this compound and of the corresponding groups in other 
terpenoids. 

MTRODUCnON also assume this stereochemistry for the interconver- 
sion of 1 and 2 [3,4]. 

It is universally accepted that isopentenyl pyrophos- The evidence for this fundamental point in terpene 
phate (1; IPP) is converted into 3,3-dimethylallyl biosynthesis is, however, meagre, and consists of two 
pyrophosphate (2; DMAPP) such that C-2 of the sets of observations. Firstly, that loss of an a-methyl 
parent mevalonate (MVA) yields the methyl tram to from C-4 of certain sesquiterpenes and higher ter- 
the ester group in the latter (Scheme 1). It follows that penoids formed from MVA-[2-‘4C] resulted in loss of 

9 tracer: this is consistent with the route in Scheme 2 
(see discussion in ref. [5]), but the interpretation begs 
questions as to the stereochemistry (inversion or re- 

\ /-OPP \ 7 OPP OH tention) of the enzymic decarboxylation and also as to 

1 2 3 

Scheme 1. 0 is derived from C-2 of MVA. ON’= 
pyrophosphate. 

these C, moieties will then condense to yield geraniol 
(3; 3,7-dimethylocta-trans-2,6-dien-l-01) with two 
carbons, as shown, derived from C-2 of MVA [l-3]. 
Geraniol is thought to be the parent of all classes of 
regular mono- and higher terpenoids, and this distinc- 
tion between the gem-methyls is believed to be carried 
over into the corresponding groups of the derived 
compounds. Detailed interpretations of the mechan- 
ism of action of IPP-DMAPP isomerase (EC 5.3.3.2) 

the possibility of in ‘X-group’ mechanism involving 
addition of HX (H-SEnz?) to the terminal double 
bond followed by displacement of X with overall 
inversion of configuration at the carbon centre by the 
electrons of the internal double bond. Secondly, de- 
gradation studies on the fungal metabolite myceliana- 
mide are repeatedly quoted to be relevant for this 
situation [S]. This compound contains a monoterpene 
moiety, which was split off and converted into & and 
thence into 4b by means of feeding the former to 
a rabbit and working up the animal’s urine. In the 
one experiment recorded, 4b obtained from 
mycelianamide that had been biosynthesized from 
MVA-[2-‘?T] was decarboxylated and it was shown 
that tracer was distributed ca 5: 1 between the gem- 
methyls, the bulk being liberated as COZ. An explana- 
tion for the non-stereospecificity of location of tracer, 

Scheme 2. 

* Part 25 in the series “Terpene Biosynthesis”. For Part 24 
based on the preconception that the stereochemistry 
of interconversion of IPP and DMAPP must have 

see Anand. A., Banthorpe, D. V. and Rowan, M. G. (1980) been as in Scheme 1, was proposed. However, the 
Phyrochemistry 19, 1433. Reprints of this paper are not authors were extremely careful to point out that their 
available. work did not provide an unequivocal proof for the 
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stereospecificity of the step or for the stereochemical 
consequences for higher classes of terpenes. Later 
commentators have ignored this qualification com- 
pletely! It is worth noting that the proof that pyret- 
hrins biosynthesized from MVA-[2- *Cl contained a 
monoterpenoid fragment labelled as shown in 5 [6] is 
not relevant to the present discussion as geraniol is not 
a precursor of this irregular monoterpene, and indeed 
DMAPP may not be directly involved in its biosyn- 
thesis [7, 81. 

We have investigated these questions by degrading 
geraniol biosynthesized from MVA-[2-‘?Z] in Rosa 
dilecta cv Lady Seton (Rosaceae). 

BESULTS AND DISCUSSION 

The DMAPP-derived moiety of monoterpenes is 
generally feebly labelled by exogenous MVA (typically 
less than one tenth of that of the IPP-derived portion) 
owing to an endogenous pool of the C5 compound [9]. 
However, very high incorporations of MVA-[2-‘4C] 
(up to 22% of the R-isomer) into geraniol and nerol 
and their p-glucosides occur in petals of Rosa species 

[lo] and here the parts derived from IPP and DMAPP 
are equally labelled. In addition, it was shown that the 
tracer was position-specific at C-4 and C-8 plus C-10, 
but the latter two positions could not be distinguished 
by the degradation methods used [lo]. Consequently, 
we have now developed methods for differentiating 
between C-8 and C-10. 

Firstly, we confirmed the previous work as to 

specificity of labelling. We found incorporation of 
MVA-[2-‘*Cl into geraniol (free and as P-glucoside) 
was 6-10% for the R-isomer and that to within *2% 
(actual value) the tracer was distributed 50: 50 be- 
tweell C-4 and C-8 plus C-10. Three routes were then 
used to locate tracer at C-10. One involved the use of 
an oxidase system from Vinca rosea that specifically 
converts geraniol into IO-hydroxygeraniol [ 111, fol- 
lowed by chemical degradation (route A); and the 
others (routes B and C) involved direct chemical de- 
gradation by initial specific oxidation at C-10. Details 
are in the Experimental. Route A yielded CO2 derived 
from both C-l and C-10 of geraniol, but we know 
from the preliminary degradations that C-l does not 
contain appreciable amounts of tracer. However, the 
concomitantly formed diamine 4c could not be iso- 
lated, presumably owing to oxidation and polymeriza- 
tion under the conditions (Schmidt reaction) of the 
decarboxylation. Route B yielded CO2 only from C-10 
of geraniol, but again the counter-fragment 4d was 
intractable. But route C, which involved reduction of 
the double bonds of the skeleton before functional- 
ization and decarboxylation, yielded both CO* (from 
C-l and C-10) and the diamine &, and gave a satis- 
factory isotope balance. 

The results (Table 1) show that, within the limits of 
the experimental error, all the tracer in the DMAPP- 
derived moiety of geraniol was located at C-10. 
Hence, the generally accepted stereochemical distinc- 
tion between the gem-methyls of this compound, and 
by inference of DMAPP and of higher terpenes, is 
proved. 

Table 1. Degradation of geraniol biosynthesised in R. dilecta 

Route* Geraniolt Productst,$ Sources§ 

A 4639 CO,: 2238 C-l plus c-10 
B 309 co*: 152 c-10 
C 428 CO,: 209; Diamine6a: 201 C-l plus c-10 

* Degradation procedure: see Experimental. 
t dpm/mmol (s.e. f 3%); aliquots containing 500-700 mg of labelled compound 

(> 10’ dpm) were assayed. 
$ Counter fragment lo CO, not isolated in routes A and B; see Discussion. 
5 Carbon atom(s) in geraniol liberated as CO,. 
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Materials. MVA-[2-‘4C] (50 PCi) was fed to flowerheads 

of R. dilecra and harvested after 1 hr as described previously 

[lo]. fi-Glucosides were hydrolysed and geraniol was sepa- REpEllwcEs 
rated from nerol and purified to radiochemical homogeneity 

ml. 1. Clayton, R. B. (1%5) 0. Reu. (London) 19, 212. 

Degradation schemes. All intermediates and products had 2. Charlwood, B. V. and Banthorpe, D. V. (1979) Prog. 

the expected ‘H NMR (60 MHz), MS and IR spectra and Phytochem. 5, 65. 

elemental analysis. Labelled geraniol obtained as above 3. Popjak, G. (1970) in Natural Substances formed Biologi- 
(0.21-1.51 pCi) was diluted with carrier (0.39-1.2g) and cally from Meualonic Acid (Goodwin, T. W., ed.) p. 17, 

degraded. lo-Hydroxygeraniol (4e), bp 65-66”/2 mm Hg, Academic Press, London. 
7%. for use as standard, was prepared by oxidative conden- 4. Comforth, J. W., Cornforth, R. H., Popjak, G. and 

sation of isoprene over a metallic catalyst [ 121. Yengoyan, L. (1966) J. Biol. C/tern. 241, 3970. 

Route A. Geraniol hydroxylase (20 000 g pellet; 70 mg) was 5. Birch, A. J., Kocor, M., Sheppard, N. and Winter, J. 

prepared from seedlings of V. rosea [1 1] and was reconsti- (1962) J. Chem. Sot. 1502. 
tuted [11] to convert geraniol-[“Cl into its IO-hydroxy de- 6. Crowley, M. P., Gordis, P. J., Inglis, H. S., Snarey, M. 

rivative. The incubation mixture (1.5 ml) was extracted with and Thain, E. M. (1962) B&him. Biophys. Acta. 60, 
CHCl, (5 ml) and evapd under N, at 20”. The product was 312. 

separated by TLC on Si gel with C,&-MezCGEtOAc 7. Banthorpe, D. V., Doonan, S. and Gutowski, J. A. 

(2: 1: 1), R, 0.72. Carrier was added and the product was (1977) Phyrochemistry 16, 85. 
rechromatographed and oxidized with HzCrzO, [ 131 to yield 8. Banthorpe, D. V., Charlwood, B. V., Greaves, G. M. 

41 @So/,), 200-205”/1 mm Hg. Alternatively, the conversion and Voller, C. M. (1977) Phyrochemistry 16, 1387. 
was carried out in two steps with (a) MnO, [14] and (b) 9. Allen, K. G., Banthorpe, D. V., Charlwood, B. V., 

AgNO,-NaOH [15]. Compound 41 (60%) was then cleaved Ekundayo, 0. and Mann, J. (1976) Phytochemistry 15, 
by the Schmidt procedure to yield CO, [16]. 101. 

Route B. Geraniol was converted into its acetate (95%) bp 10. Banthorpe, D. V., Le Patourel, G. N. J. and Francis, M. 

242”, with Py and A40 (6 hr at 20”) or MeCGCl (1 hr at 0’). J. 0.(1972) Bidwm. J. 130, 1045. 
This was specifically oxidized at the C-10 position with SeO, 11. Madyastha, K. M., Meeham, T. D. and Coscia. C. J. 
[lS, 171 to yield 4g (40%), 115-120”/1 mm Hg, and this was (1976) Biochemistry 15, 1097. 
further oxidized with AgNO,/NaOH [15] to 48, which was 12. Watanabe, S. and Suga, K. (1971) AIM. J. Gem. 24, 
decarboxylated by the Schmidt reaction [16] to yield CO, 1301. 
(45%). 13. Brown, H. C. (1971) .I. Org. Chem. 36. 387. 
Route C. Geraniol was converted into 4g as above and this 14. Le Patourel, G. N. J. (1970) Ph.D. Thesis, University of 
was reduced through IO-hydroxygeraniol to 6b (54%), 40- London. 
45”/4 mm Hg, with LiAIH, and Raney nickel [ 181. This pro- 15. Clark, K. J., Fray, G. I., Jaeger, R. H. and Robinson, R. 
duct was oxidized [19] with CrG,-HOAc to 6e (70%). (1959) Tetrahedron 6, 217. 
123”/5 mm Hg, which on Schmidt decarboxylation [16] 16. Wolff, H. (1946) Org. React. 3, 307. 
yielded 6a; benzoate (60%) from EtOH, mp 162”, and CO, 17. Meinwald, J.. Thompson, W. R. and Eisner, T. (1971) 
(50%). Tetrahedron Letters 3485. 

Radiochemical methods. These have been fully described 18. Hochstein, F. A. and Weldon, G. B. (1940) 1. Am. 
[lo]. All starting materials and products were rigorously Chem. Sot. 70, 3485. 
uurified to constant SD. act.. bv recrvstallization if oossible. . .< , 19. Mozingo, R. (1941) Org. Synth. 21, 15. 
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