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Abstract: Scheme 1. The cyclization of (+)-citronellal using dilute
The diastereomeric repellents of p-menthane-3,8-diol were  Sulfuric acid.
produced from citronellal by treatment with 0.25% sulfuric acid

7
at50°C for 11 h to give 97.9% conversion and 92.3% selectivity 1
and citronellal acetal by-products with only 2.7%. The crude gl H.SO 6 2
products were crystallized from n-heptane at—50 °C for 20 h cHO A . kI
4 "oy OH
ig :
1

to give p-menthane-3,8-diols in 80% yield and high purity. The
stereochemistry of the citronellal acetal by-products was
determined by 2D NMR and NOE.

2a 2b
Introduction
The p-menthane-3,8-diols (2) are naturally occurring .
compounds. However, theis- and trans-p-menthane-3,8- '-""’OH
diols in the form of racemic mixtures were obtained from OH
Eucalyptus citriodoraby Nishimura et at. These compounds OH O
2c 2d

are known to exert a repellent effect on insect pests such as

mosquitoes and fleds? It has been found that thes isomer

is more active than theansisomer as an insect repelléht. o jsomeric isopulegols as reaction productsiso, they
Zimmerman reported the synthesis of the(2a)- andtrans  found a group of by-products with a molecular weight
(2b)- p-menthane-3,8-diols through acid-catalyzed cyclization supstantially higher than that &f This group includes two

of citronellal?_Nishimura et al. also synthesized the){cis main components which are the citronellal acetal® 6f
and @)-transisomers, however, they have not been reported Each of these components comprise a mixture of two
in detail* diastereomeric compounds that are epimeric at the acetal

In this publication using )-citronellal (1) as starting carbon.
material and by treatment of a sulfuric acid agueous solution  After acid-catalyzed cyclization df, the reaction mixture
(5—9%) for 27 h at room temperature (Scheme 1),disé contains about 15—20% low-boiling materials (including
trans p-menthane-3,8-diols were obtained in a ratio of about citronellal), about 50—60%-menthane-3,8-diols and 20%
2:1-5:2. These compounds were obtained in pure form after acetals. This purity and yield of tipmenthane-3,8-diol2
chromatographic separation and recrystallization. However, are not sufficient for large-scale production. For this reason,
the reported acid-catalyzed cyclization ofproduced a  Wwe investigated the sulfuric acid-catalyzed cyclization of
mixture of 40-45% cis- and 60—55%rans-p-menthane-  Citronellal more closely.
3,8-diols2. Furthermore, Clark et al., have investigated the
reaction rate enhancement and stereochemical course of th&esults and Discussion
acid-catalyzed cyclization df to 2aand2b. They identified We investigated the parameters concentratiosS®),
reaction temperature, and reaction time. The results are
* To whom correspondence should be addressed. Telephone: 81-(0)463-21-shown in Table 1. Conversion of}-citronellal, selectivity
71?%;'(2’;:01]ﬁﬁﬁ;ﬁ;e’gg;;’gﬁg;_T'C°O488@”'ﬁyser"e'”e'Jp' torwards thep-menthane-3,8-diols (cis/tramsixture) and
*Tokyo University of Pharmacy and Life Science. the production rate of the acetals were measured by gas
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Table 1. Influence of various concentrations of sulfuric acid
upon the cyclization of (+)-citronellal?)

low

concd boiling select! select! vyield®

H,SO, temp. time conv. compd§ of 2 of3 of2
run (%) (°C) (%) (%) (%) %) (%) (%)
1 10 35 4 971 5.9 73.8 20.3 63
2 5 35 6 989 55 72.0 22.5 62
3 3 35 6 983 6.3 78.8 14.9 69
4 1 25 16 96.9 20.5 72.0 7.5 61
5 05 25 20 953 5.7 89.5 4.8 75
6 025 50 11 97.9 5.0 92.3 2.7 79
7 0.25 60 7 982 5.7 915 2.8 80
8 0.25 70 6 99.0 6.3 90.1 3.6 78
9 0.15 60 10 97.8 6.4 91.7 1.9 78
10 0.05 60 20 954 7.9 91.0 1.1 76
11 0.05 100 5 987 10.3 87.7 2.0 75
12 0.02 100 10 974 111 87.4 1.5 75
13 0.01 100 20 975 16.5 80.8 2.7 70

aConversion and selectivty determined by GConcentration of sulfuric
acid aqueous solution is in wt %The low-boiling point compounds are
citronellal, neoisopulegol, isopulegol, and an unknown compotifitle percent-
ages of2 and3 consist of the2 isomers an® isomers, respectively.lsolated
yield of 2.
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Figure 1. GC chromatogram of the cyclization products of
citronellal using sulfuric acid. Reaction and GC conditions are
described in the Experimental Section.

isolated but were determined to be compoudsnd 2d,
respectively (GC/MS). When thp-menthane-3,8-diol2
were produced by treatment of)-citronellal with 0.25%
sulfuric acid at 50°C for 11 h to give the citronellal, acetal
by-products3 are as low as 2.7%, whereas conversion and
the selectivity to give2 reach 97.9 and 92.3%(cis/trans
63.6:36.4), respectively.

On the other hand, in the experiments of runs 1 and 2,
acetals3 were produced with more than 20%, consequently,
the experiments described in the literafuaee reproducible.
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Figure 2.

Important NOEs for 3a and 3b.

In addition, the cyclization in run 13 was slow and the
selectivity lower despite the long reaction time and high
temperature (100C) due to the very low concentration of
sulfuric acid (0.01%).

The best yields oR were obtained in the temperature
range of 56-60°. The reaction mixture is extracted with an
organic solvent and distilled in vacuo directly. However, the
acetals3 cannot be separated from thementhane-3,8-diol
by distillation, therefore, it is difficult to obtai in high
purity.

A solution of this problem was crystallization at low
temperature. Thus, the reaction mixture was extracted with
n-heptane, and the organic phase was coolees&°C for
20 h to precipitate as crystals. This was quickly followed
by filtration using a centrifuge. The crystals were distilled
for complete removal ofi-heptane to giv® in 80% isolated
yield (purity: 99%). Thecis/transratio had changed only
slightly (see Experimental Section). Using toluene as a
solvent, the crystallization o2 was difficult. The Experi-
mental Section shows the optimal conditions and results for
runs 6 and 7 on a 500 g scale. Moreover, we succeeded in
the separation of the two diastereomer ace8aly silica
gel column chromatography. The structures3afand 3b
were determined by 2D-NMR and nuclear Overhauser effect-
(NOE), respectively. Thus, evidence for tlogs relation
between two methine protons in the dioxane rin@afand
3b were given by enhancement of the Hidcetal) resonance
upon irradiation of H-3 (Figure 2). The other diastereomeric
acetals were only present in very small amounts and therefore
not isolated, but were assumed to be the acetazcaind
2d. In a pilot plant, we have already produced 100 kg of
p-menthane-3,8-diol by using the above-described sulfuric
acid catalysis and the crystallization method at low temper-
atures.

In the future p-menthane-3,8-did will be produced on
a a 5-ton scale by our corporation.

Experimental Section

All reagents and solvents were obtained from commercial
sources and used without further purification. IR spectra were
recorded on a Jasco IR-810, NMR spectra on a Bruker AM-
400.*H and'3C spectra were determined at 400 and 100
MHz, respectively, and were recorded in CRGlith TMS
as the internal standard. The chemical shifts were given in
o (ppm).

MS: Hitachi M-80A mass spectrometer at 70 eV.

Optical rotations: Jasco DIP-4 digital polarimeter.

GC: Shimadzu GC-14A with an FID detector. Column:
Neutrabond-1 (df= 0.15um, 0.25 mm IDx 30m, available



from GL Science Inc., Japan); carrier gag Bl1 Mpa; oven
temperature, 106250°C programmed at Omin; injection
and detector temperatures, 2350.

Column chromatography: Merck Kieselgel60, Art.-
No.7734.

Melting points: Yanagimoto micro melting apparatus,
uncorrected values.

31.2 (CH), 34.5 (CH), 44.4 (CHy), 53.0 (CH), 72.6 (CH),
74.8 (C). EI-MS (n/e, relative intensity) 157(M— 15, 4),
154 (2), 139 (9),121 (6), 111 (4), 96 (49), 81 (100), 67 (18),
59 (79), 54 (25), 43 (16). Anal. Calcd for 1,00, C,
69.72; H, 11.70. Found: C, 69.62, H, 11.80.

The mother liquor of recrystallized was concentrated
in vacuo and purified by column chromatography (silica gel,

Boiling points: uncorrected values. eluent: ethyl acetatethexane= 1:20) to give thecis form

Synthesis ofp-Menthane-3,8-diols (2)In a 3-L round- and thetrans form of the p-menthane-3,8-diol citronellal
bottomed flask 636 g (16.3 mmol; 0.5 mol %) of a 0.25 wt acetals3 separately.
% sulfuric acid aqueous solution was charged and heated at Spectral data of cis-p-menthane-3,8-diol citronellal
55 °C with stirring. (+)-Citronellal1 (500 g, 3.24 mol) acetal (3a):bp 123—127°C/ 0.2 Torr., [ah?® = —8.33°(c
(produced by Takasago Int. Corp., 98.6% and 96% ee) was= 1.08, CHC}). IR (neat)y = 2950, 1455, 1380 cm. 'H
added dropwise over 1 h. The reaction mixture was main- NMR 0.82—0.95 (m, 1H), 0.84 (d] = 6.4 Hz, 3H, CH),
tained at 55°C for 10 h. Conversion of and selectivity of 0.89 (d,J = 6.6 Hz, 3H, CH), 0.98—1.06 (m, 1H), 1.13—
2 were 99.0 and 92.3% (2a/2c/2b/2d 61.2/1.2/35.0/2.6)  1.19 (m, 1H), 1.12 and 1.32 (each s, 3H, ring C¢EH
by GC, respectively. Acetal® (2.1%) were detected as well. 1.32-1.40 (m, 3H), 1.54-1.62 (m, 1H), 1.66-1.75 (m, 4H),
Then 8 g (50 mmol) of an aqueous 25 wt % sodium 1.59 and 1.68 (each s, 3H;C(CH;),), 1.87—2.03 (m, 3H),
hydroxide solution were added, followed by addition of 1200 4.09 (brs, 1H—~CH-0), 4.87 (tJ = 4.3 Hz, 1H, O-CH—
mL of n-heptane. The organic layer was washed with 500 O), 5.08-5.12 (m,1H,—CH=C(Me),). 13C NMR 17.6 (CH),
mL of water, separated, and refluxed to separate the waterl9.6 (CH), 22.1 (CH), 22.3 (CH), 23.5 (CH), 25.3 (CH),
azeotropically. The organic solution was cooled+60 °C 25.7 (CHy), 25.9 (CH), 27.7 (Ch), 28.3 (CH), 34.4 (CH),
and stirred for 20 h at this temperature. The colorless 37.5 (CH,), 40.6 (CH), 41.5 (CH), 42.3 (CH), 71.0 (CH),
crystalline2 was filtered using a centrifuge. The crystalline 73.5 (C), 94.4 (CH), 125.0 (CH), 130.9 (C). EI-M&/e,

2 was distilled to yield 447 g (80%) of thementhane-3,8-
diols 2. (The boiling point of the mixtur@ was 100—130
°C/0.8 Torr.) The distilled oily product crystallizes at 30
again. The purity of the diastereomeric mixt@e/as 99.5%
(2a/2d/2h/2d = 64.7/0.2/ 34.0/1.1); only 0.15% of the acetals
3 were detected (GC). Other impurities: 0.1% of citronellal
and 0.25% of neoisopulegol and isopulegol; 25 g of the
p-menthane-3,8-diol® obtained by the above-mentioned
method were purified by column chromatography (silica gel
300 g, eluent: ethyl acetatehexane= 1: 5) to give 5.2 g

of the cis form 2a and 3.5 g of therans form 2b.

Spectral data of cis-p-menthane-3,8-diol (2a)mp 67
°C, [0]?% = +15.4°(c = 0.5, CHC}). IR(KBr) v = 3260
cm™ % 'H NMR 0.86—0.96 (m, 1H), 0.87 (dl = 6 Hz, 3H,
CHjy), 1.05 (t, 9 Hz, 1H,), 1.131.18 (m, 1H), 1.22 (s, 3H,
CHj), 1.36 (s, 3H, ChH), 1.64—1.86 (m, 5H), 2.97 (s, 1H),
3.25(d,J =2 Hz, 1H,), 4.40 (brs, 1H}3C NMR 20.3 (CH),
22.2 (CH), 25.6 (CH), 28.7 (Ch), 28.9 (CH), 34.9 (CH),
42.5 (CH), 48.3 (CH), 67.9 (CH), 73.2 (C). EI-MS (m/e,
relative intensity) 157 (M-15, 4), 154 (M-18, 5), 139 (11),
121 (9), 111 (7), 96 (53), 81 (100), 67 (18), 59 (62), 54 (23),
43 (34). Anal. Calcd for gH2002: C, 69.72; H, 11.70.
Found: C, 69.65, H, 11.79.

Spectral data of trans-p-menthane-3,8-diol(2b): mp.

73 °C, [0]o® = —14.4°, € = 0.5, CHC}). IR(KBr) v =
3260 cnt. *H NMR 0.84—0.98 (m, 2H), 0.92 (d] = 6.5
Hz, 3H, CH), 1.04 (q,J = 11, 24 Hz, 1H), 1.22 (s, 6H,
CHy), 1.35—1.49 (m, 2H), 1.631.73 (m, 2H), 1.92-1.97
(m, 1H), 3.71 (m, 1H), 3.95 (s, 1H), 4.21 @= 3 Hz, 1H).
13C NMR 21.9 (CH), 23.5 (CHy), 26.9 (CH), 29.7 (CHy),

relative intensity) 308 (M, 2), 307 (M" — 1, 5), 290 (6),
250 (6), 223 (8), 205 (11), 183 (28), 154 (93), 137 (100),
121 (32), 112 (42), 95 (32), 81 (89), 69 (9). HRMS calcd
for CyoH3602: 308.5032; found: 308.5031.

Spectral data oftrans-p-menthane-3,8-diol citronellal
acetal (3b):bp 125—128°C/0.2Torr., [ap*® = +19.81°(c
= 1.06, CHCY}). IR (neat)v = 2930, 1455, 1380 cni. H
NMR 0.86—0.89 (m, 3H), 0.90 (d] = 6.7 Hz, 3H, CH),
0.93 (d,J = 6.6 Hz, 3H, CH), 1.14—1.16 (m, 3H), 1.19
and 1.21 (each s, 3H, ring C(Gf), 1.32—1.40 (m, 3H,),
1.40-1.53 (m, 1H), 1.56-2.61 (m, 1H), 1.66-1.70 (m, 1H),
1.59 and 1.67 (each s, 3HC(CHk)z), 1.90—2.04 (m, 3H),
3.43 (dg,J = 8.2, 4.1 Hz, 1H—~CH-0), 4.87 (tJ =5.5
Hz, 1H, O—CH-0), 5.08—5.13 (m, 1H;CH=C(Me)).
13C NMR 18.3 (CH), 19.4 (CH), 20.4 (CH), 22.9 (CH),
25.9 (CHX2), 26.0 (CH), 29.1 (CH), 29.7 (Ch), 31.9 (CH),
35.4 (Ch), 37.9 (CH), 41.6 (CH), 43.1 (CH), 50.5 (CH),
75. 2(C), 75.7 (CH), 94.8 (CH), 125.6 (CH), 131.7 (C). EI-
MS (m/e, relative intensity) 308 (M 1), 307 (M" — 1, 3),
306 (6), 289 (4), 249 (6), 222 (12), 182 (40), 154 (84), 137
(100), 121 (27), 111 (34), 95 (47), 81 (94), 69 (33), 59 (26),
43 (67). HRMS calcd for @Hs60.: 308.5032; found:
308.5033.
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