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Abstract-Six monoterpenoids, I-menthol, I-menthyl acetate, iso-menthol, neo-menthol, 1,4-cineole and 1,8-cineole 
and one diterpene hydrocarbon, ent-kaurene were oxidized by meta-chloroperbenzoic acid or dry ozone to give 
various hydrox’ylated products and their structures elucidated by NMR spectroscopy. Some hydroxylated menthols 
showed plant growth inhibitory and strong mosquito repellent activity. Among the hydroxylated cineoles, microbial 
and animal metabolites of cineoles were included. From ent-kauranes, a plant growth inhibitory diterpene alcohol, 
(-)-16~hydroxy kaurane was obtained along with 16u-kauran-13a-ol. 

- 

INTRODUCTION 

Monoterpenoids are widespread in the plant kingdom as 
essential oils and used as perfumes, drugs, paint plasticiz- 
ers and starting materials for organic synthesis and so on. 
In order to obtain biologically active compounds, various 
biological hydroxylations of terpenoids and steroids have 
been carried out by using micro-organisms, plant tissue 
cultures and mammals. In previous papers [l-6], we 
reported that meta-chloroperbenzoic acid (MCPBA) was 
a useful oxidising reagent to introduce a hydroxyl group 
at non-activated carbon atoms of sesqui-, di- and triter- 
penoids. Application of this oxidation method to aro- 
matic hydrocarbons and phenolic compounds led to the 
preparation of 1,4- and 1,2-quinones in good yield [7]. In 
this paper, we report the structures and biological acti- 
vities of oxidation products of several monoterpenoids 
and kaurane-type diterpenoids obtained by MCPBA 
treatment and dry ozonization. 

RESULTS AND DISCUSSION 

MCPBA oxidation of menthols 1, 7, 12 and 20 

Menthols 1, 7, 12, and 20 in chloroform were oxidized 
by MCPBA (1.2-2.2eq) under reflux for 2&24 hr. The 
resulting products, after removal of the excess MCPBA 
and meta-chlorobenzoic acid, were chromatographed on 
silica gel, Sephadex LH-20, or a combination of silica gel 
chromatography and HPLC to give each oxidation prod- 
uct (Table 1). From I-menthol (1) the compounds obtain- 
ed were I-menthone (2), mentholactone (3), and three 
hydroxylated menthols (4-6). The spectral data of 3 
showed the presence of an ester carbonyl group (6 175.0; 
and 1720 cm-t), three secondary methyls (6 0.97, 0.98, 
1.04) and a methine group 6 84.8, d) bearing an ester 

oxygen, indicating 3 to be 3,4-seco-I-mentholactone 

which might be formed from 2 by Baeyer-Villiger oxida- 
tion. The presence of the secondary and tertiary hydroxyl 
groups in compounds 4-6 was confirmed by their IR, 
’ %I NMR and mass spectra (Table 2). Compound 4 con- 
tained in its ‘HNMR spectrum the signals of three 
secondary methyls and one methine proton (6 2.08, septet, 
J = 7 Hz) shifted at the lower field. These data suggested 
that 4 was 4/$hydroxy-I-menthol. This assumption was 
further supported as follows. truns- and cis-Diols have 
been obtained from (1 R, 4R)-4-hydroxymenthone by 
lithium aluminium hydride reduction [S]. The spectral 
data of 4 were consistent with those of the &-isomer. The 
structure of 5 was directly confirmed to be 8-hydroxy-[- 
menthol by the presence of one doublet at 6 0.92 (3H, J 
= 7 Hz) and one singlet signal at 6 1.22 (6H) as well as the 
base peak at m/z 59 [(Me),COH]+. The ‘HNMR spec- 
trum of 6 contained the signals of two secondary methyls 
(60.98, 1.03) and one tertiary methyl group (6 1.43) re- 
sonated in the lower field, indicating that 6 might be l- 
hydroxy-l-menthol. This was further confirmed by the 
identical melting point and specific optical rotation val- 
ues of the known la-hydroxy-l-menthol (6) [9]. As the 
hydroxyl group at C-3 of I-menthol was oxidized to give 
I-menthone (2), followed by Baeyer-Villiger oxidation to 
afford 3,4-secolactone (3), the yield of the hydroxylated 
products was low. 

Next, the secondary hydroxyl group of 1 was protected 
by an acetyl group and the I-menthyl acetate (7) was 
oxidized by MCPBA to furnish four hydroxylated pro- 
ducts (gll). Neither ketone nor lactonized products were 
obtained from compound 7. The structures of 8 and 9 
were easily established by the presence of the septet signal 
(6 1.82, H-8) in the ‘H NMR spectrum of 8 and two tertiary 
methyls (6 1.14,1.16), one secondary methyl group (60.91, .J 
= 7 Hz) and m/z 59 (base peak) in the ‘H NMR and mass 
spectra, respectively, of 9. The structures of 10 and 11 were 
determined to be 1-hydroxy-l-menthyl acetates by 
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Table I. Oxidation products of menthols, cineoles and kauranes produced by 

MCPBA treatment* 
- 

Starting material (g) 

I-Menthol (1) (8.0) 

Product 
- 

I-Menthyl acetate (7) 

(5.0) 

Iso-menthol (12) (8.0) 

Neo-menthol (20) (5.0) 

1.4-Cineole (23) (13) 

I&Cineole (31) (3.0) 

Kauranes (37) (2.0) 

2 

3 
4 

5 

6 

8 
9 

IO 

11 

13 

14 

15 

16 

17 

19 

2 

3 

21 

22 

24 

25 

26 

27 

32 

33 

34 

35 
38 

39 

-___ 
Isolated yield Reaction time 

(%) MCPBA (eq) (hr) 

14.5 2.2 20 

39.3 

6.6 

25.6 

4.2 

10.8 1.2 24 

25.1 

32.4 

21.6 

2.4 2.2 20 

52.4 

6.4 

14.2 

4.4 

11.6 

5.8 1.2 24 

70.5 

13.3 

13.3 

31.3 1.2 20 

3.4 

2.9 

x.5 
1.X 1.2 20 

7.2 

18.1 

10.9 

20.0 2.0 6 

2.0 

*The starting materials were oxidized by MCPBA under reflux at 65575 

their ‘H and r3C NMR spectra. The stereostructures of Thus, the structures of 10 and 11 were l+hydroxy-l- 
each compound were further established by difference menthyl acetate and its C-l isomer, respectively. Iso- 
NOE examinations. Compound 10 showed the NOE menthol (12) was treated in the same manner as described 
between H-3 and the isopropyl methyls, on the other above to give iso-menthone (13). iso-mentholactone (14) 
hand, compound 11 indicated the NOES between H-3 and four hydroxylated products (15.-17,19). The structure 
and H,-7 and between H-3 and the isopropyl methyls. of 3,4-seco-iso-mentholactone (14) was confirmed by the 

C I 

Table 2. “C NMR chemical shifts of menthols, cineoles and their oxidation products* 
-___ 

4 5 6 7 8 9 10 II 12 I5 16 17 19 

1 31.8 31.0 31.4 70.3 

2 45.2 39.4 44.6 50. I 

3 71.4 71.1 72.8 6X.0 

4 50.2 75.1 53.2 51.1 

5 23.2 29. I 27.0 19.9 
6 34.7 27.4 34.6 39.4 

7 22.3 22.0 22.0 32.2 

8 25.7 33.3 74.9 26.3 

9 16.1 16.4 23.7 16.X 

10 21.1 17.x 29.X 21.5 
c=o 

Me CO _~. 

31.5 30.9 31.3 70.X 70.9 26.2 
41.1 35.5 41.0 44.5 44.4 40.2 
73.9 74.5 76.1 72.0 72.1 6X. 1 
47.2 74.5 51.6 46.9 46.5 49.8 
23.1 27.9 27. I 19.3 20.2 19.6 
34.5 28.9 34.3 37.7 38.5 30.6 
22.1 t 21.8 21.7 31.3 27.0 I x.2 
x.5 34.2 73.0 26.3 26.1 27.6 
16.5 16.4 26.0 16.5 17.2 20.0 
20.X+ 17.6 2X.5 20.7 20.9 21.1 

170.0 I ! 70.2 169.9 170.7 170.3 
?t.lt 21.1 21.7 21.3 21.3 

25.1 2x.2 71.2 71.5 
36.9 41.6 43.9 4X.2 
69.2 68.X 69.6 68.6 

75.1 54.6 48.5 50. I 
27.X 22.2 1 X.9 19.0 
29.5 31.4 37.7 38.5 
20.5 18.3 29.0 31.6 
30.0 75.0 25.9 25.8 
15.9 23.8 21.2 16.2 
16.7 29.9 21.2 21.0 

*Compounds were measured in CDCI, solution. TMS as Internal standard. 

‘r Assignments may be interchangeable. 
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21.6,33.6 (each 4). 18.6, 19.6,20.4, 33.5,40.4,42.1,42.3,47.7,47.8 15. Akiyama, E., Tada, M, Tsuyuki, T. and Takahashi, T. (1979) 
(each t). 29.7, 56.3 (each d), 33.3, 39.1,43.3, 79.8 (each s); MS m/z: Bull. Chem. Sot. Jpn. 52, 164. 

290 [Ml’, 275,257, 247 (base), 137, 123. 16. Trifilieff, E., Bang, L., Narula, A. S. and Ourisson, G. (1978) 

J. Chem. Res. (M) 601. 
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