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Abstract

3,7-Dimethyl-3E)-octene-1,2,6,7-tetraol, a monoterpene recently isolated Rassiflora quadrangulariguit
pulp, has been established to be a 12:42:14:32 mixtureR)6RZ-, (2R,65)-, (2S,6R)- and (5,6S)-stereoisomers,
in that order, by HPLC analysis of the corresponding Ri-TPA ester in comparison with stereochemically
defined synthetic samples. © 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

In the course of our studies on flavor chemistry of Colombian fruits, we isolated a polyhydroxylated
monoterpene, 3,7-dimethylB)-octene-1,2,6,7-tetradl! The tetraol has two stereogenic centers at the
C-2 and C-6 positions. In our preliminary study this compound was suggested to be an approximately
1:1 diastereoisomeric mixture BYC NMR analysis: However, further stereochemical assessment of
the natural tetraol remained to be established. We have now synthesized authentic samples of four
stereoisomers at the C-2 and C-6 positions of 3,7-dimettg)-8¢tene-1,2,6,7-tetraol in the form of tri-
(R)-MTPA esters and succeeded in determining the ratio of the stereoisomers of the natural monoterpene.
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1 : R=H natural sample
1a: R=H (25,6R)

1b: R=H (25,6S5)

5a: R=(R)-MTPA (2R,6R)
5b: R=(R)-MTPA (2R,6S)
Sc¢: R=(R)-MTPA (2S,6R)
5d: R=(R)-MTPA (25,6S5)

2. Results and discussion

Our approach relies on the HPLC profile analysis of the natural tetraol in the form of MTPA esters
in comparison with stereochemically defined synthetic materials. The synthesis of the reference com-
pounds, (R,6R)-5aand (R,69)-5b 3,7-dimethyl-3E)-octene-1,2,6,7-tetraols, was carried out according
to Scheme 1, starting with the knownR23,7-dimethyl-3E),6-octadiene-1,2-did®a,> which is readily
obtained from geraniol. The dR{-MTPA ester3a derived from2a was subjected to Sharpless asym-
metric dihydroxylatiod using AD-mix B to afford (ZR,6R)-tetraol dieste#a in a moderate yield. The
(2R,69)-isomerdb was prepared by treatir@Bawith AD-mix o in place of AD-mix. The tetraol diesters
4aand4b were converted into the trR)-MTPA estersba and5b, respectively.
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Scheme 1. Synthesis of the stereochemically defined teBaets Reagents: (i)9-MTPACI, py, (ii) AD-mix B, (iii) AD-mix
&, (iv) LIAIH 4. Group M refers toR)-MTPA
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Table 1
13C NMR data for (5,6R)-1aand (%5,69)-1b (100 MHz in CD;OD)

C la 1b

1 65.69 65.65
2 78.92 78.95
3 137.21 137.22
4 126.30 126.32
5 30.87 30.88
6 79.61 79.60
7 73.71 73.70
8 24.86 24.85
9 12.46 12.40
10 25.88 25.87

The other two isomers, §6R)- and (&,69)-tetraol tri-R)-MTPA estersbcandbd, were synthesized in
the same manner as described above starting wBad®| 2b.? Sharpless asymmetric dihydroxylation
of the di-R)-MTPA ester3b afforded (5 6R)-tetraol diestedc and (5 6S)-isomer4d depending on
the reagents, AD-mixd and AD-mix «, respectively. Each isomer was converted into its respective
tri-(R)-MTPA esters5c and 5d. A part of the esterglc and 4d was reduced with LiAIH to give the
diastereoisomeric tetraols,$BR)-1a and (Z5,6S)-1b.

ThelH NMR spectra of the tetraolsa and1b were hardly distinguishable from each other. TP@
NMR data oflaand1b are summarized in Table 1. Differences in the chemical shifts of most carbons
were within the experimental error, although C-9 signal showed the maximum differkbe®.06. The
13C NMR data oflaand1b confirmed that the natural tetraol is a mixture of the two diastereoisomers.

In contrast to the very close similarity of tA&l and13C NMR spectra ofla and 1b, the 1H NMR
spectra (Table 2) of the trR)-MTPA ester derivative®a—d were different from each other, and useful
for the identification of the stereoisomers. Taking into consideration the notion of the advanced Moshers
method?! one may notice the following characteristid chemical shifts among the isomers. The signals
for 8-H3 and 10-H3 of (B)-isomersba and5c¢ appeared downfield from those of§jeisomerssb and
5d. This proved that Sharpless asymmetric dihydroxylation proceeded with the expected stereochemical
course. The signals for H-5a of RBR)-isomer5a appeared most upfield, while that of§89)-isomer
5d resonated the most downfield. This can be reasonably explained by the combined effect of the chiral
(R-MTPA groups attached at the C-2 and C-6 positions. The signals of the 1-methylene protons of
2S-isomers are expected to be more upfield than thoseR)fi€dmers provided that the effect of the 6-
O-(R)-MTPA group is not significant. However, the observed chemical shifts for the methylene protons
at C-1 were not systematic. The interaction of the vic@aITPA groups at C-1 and C-2 positions may
be the reason for this anomalous behavior.

In addition, a careful inspection of thel NMR spectra oba-d, in particular methyl and methoxy sig-
nals, revealed that R6R)-5a and (R,65)-5b were accompanied by ca. 10%%f and5d, respectively,
which are apparently due to the presence of the antipode in starting mager&imilarly, compounds
5c and5d were found to be accompanied by ca. 10%bafand 5b, respectively. Thus, the Sharpless
asymmetric dihydroxylation dda and3b was found to be highly stereoselective.

HPLC trace of the trifQ)-MTPA ester of the natural tetraol isolated froR quadrangularisis
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Table 2

H NMR data for tri-R)-MTPA esterssa-d (400 MHz in CDC}h)

No (2R,6R)-(5a) (2R,65)-(5b) (25,6R)-(5¢) (25,65)-(5d)
Ha-l 426 (dd, J/=11.9,8.7)  4.19 (dd, J=12.3, 8.9) 420 (dd, J=12.1, 7.8) 4.24 (dd, J=12.2, 7.4)
Hb-1 4.46 (dd, J=11.9,2.6)  4.45 (dd, J=12.3, 3.0) 4.45 dd, J=12.1, 3.6) 4.45 (dd, J=12.2, 3.4)
H2 550 (dd, J=8.7, 2.6) 5.44 (dd, J=8.9, 3.0) 5.54 (dd, J=7.8, 3.6) 5.62 (m)

H4 543 (1, J=72) 5.39 (t, J=6.6) 5.46 (1, J=7.1) 5.62 (m)
Ha-5 223 (m) 2.37 (t, J=6.6) 2.35 (m) 2.46 (m)
Hb-5 2.36 (m) 2.37 (t, J=6.6) 2.35 (m) 2.34 (m)
H6  4.95(dd, J=8.8, 4.0) 4.87 (t, J=6.6) 4.94 (dd, J=7.6, 4.9) 4.99 (dd, J=8.8, 4.0)
H;-8  1.205 (s) 1.117 (s) 1.197 (s) 1.144 (s)
H3-10 1.164 (s) 1117 (s) 1.162 (s) 1.134 (s)
H39  1.438(s) 1.561 (s) 1.618 (s) 1.618 (s)

OMe  3.368 (s) 3.333 (s) 3.373 (s) 3.365 (s)

OMe 3.482 (s) 3.482 (s) 3.453 (s) 3.434 (s)

OMe 3.511(s) 3.529 (s) 3.494 (s) 3.503 (s)

Coupling constants are expressed in Hz

_

1 1 1
30 35 40
Retention time (min)

Figure 1. HPLC trace of trif)-MTPA ester of the natural tetra@l Conditions: solvent MeOH:}D 6:1, flow rate 0.7 ml/min,
UV detection at 254 nm
illustrated in Fig. 1, which shows three peaks in a 32:26:42 ratio in the order of elution. The authentic tri-
(R)-MTPA esterssa—d were eluted at 31.82 min fdrd, 34.55 min forsaand5c, and 35.88 min fobb.
Unfortunately, the two isomeiSa and5c were eluted at the same retention time. To obtain an accurate
ratio of the overlapped R6R)- and (5 6R)-isomers; the second peak in the HPLC was separated and
analyzed by*H NMR. Based on the intensities of the diagnostic signals of the me#hy438 vs 1.618)
and methoxy § 3.511 vs 3.453) groups (Table 2), this fraction was revealed to be composeg GR):2
and (B 6R)-isomers in a 6:7 ratio. Thus, it has been established that natural tetraol isolate®.from
quadrangularisis a 12:42:14:32 mixture @a, 5b, 5¢c and5d.

It is interesting to note that the other monoterpene, 3,7-dimethyEt@&(tadiene-6,7-diol (2,6-
dimethyl-5€),7-octadiene-2,3-diol), which was isolated together with the tettaiol the same fruit
pulp, is a 4:1 mixture of (8- and (@R)-antipodes. The ratio of &.6R of 1 was 74:26 (=3:1). The fact
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that (65-antipodes are predominant in the two compounds could support the biosynthetic correlation
of the two oxygenated monoterpenes. The closely related olefinic isomer, 3,7-dimethyl-3(9)-octene-
1,2,6,7-tetraol, was also isolated from the fruit@fidium monnieri (Umbellifergdé and Foeniculum
vulgare (Umbelliferag’ as a diastereoisomeric mixture whose stereochemical investigation has not yet
been reported.

3. Experimental
3.1. General

IH NMR spectra were obtained on a JEOL JNM LA-400 (400 MHz) spectrometer in £(@itions
or in CD3OD solutions with tetramethylsilane as an internal referef#@.NMR spectra (100 MHz)
were recorded on the same spectrometer in@D solutions and chemical shifts are referenced to the
solvent signal § 49.0). HPLC was performed on a Shimadzu LC-6A with SPD-6A UV detector equipped
with a Shimadzu Shim-Pack CLC-ODS column (15>c6hmm i.d.).

3.2. (R)-3,7-Dimethyl-3E),6-octadiene-1,2-diol diK)-MTPA estei3a

(9-MTPACI (445 ul, 2.38 mmol) was added to a solution of the dia (163 mg, 0.959 mmaol) in
pyridine (0.30 ml) at 0°C and the mixture was stirred for 30 min at room temperature. Ice chips were
added and the mixture was extracted with ether. The organic layer was washed with 2N HCI, satd aq.
NaHCGQ; and brine, dried over N&Oy, and concentrated. The crude product was chromatographed on
silica gel (hexane:AcOEt, 10:1) to giBa (376 mg, 65%) as a colorless oiH NMR §: 1.55, 1.59, 1.68
(3H each, s, 9-H3, 8-H3, and 10-H3), 2.65 (2H, m, 5-H2), 3.36, 3.49 (3H each, s, OMe), 4.33 (1H, dd,
J=12.1, 8.6 Hz, 1-Ha), 4.57 (1H, dd, J=12.1, 3.1 Hz, 1-Hb), 4.97 (1H, m, 4 or 6-H), 5.44 (1H, t, J=7.2 Hz,
6 or 4-H), 5.53 (1H, dd, J=8.6, 3.1 Hz, 2-H), 7.32—-7.47 (10H, m, Ar). Anal. calcd fgH&FsOs: C,

59.80; H, 5.35. Found: C, 59.85; H, 5.47. The e.68aivas determined to be 76% B NMR analysis.

3.3. (X)-3,7-Dimethyl-3E),6-octadiene-1,2-diol diR)-MTPA ester3b

Compound2b (425 mg, 2.50 mmol) was converted 8b (898 mg, 60%) as described f@a.
Compound3b: colorless oil.'H NMR §&: 1.60, 1.67, 1.68 (3H each, s, 9-H3, 8-H3, and 10-H3), 2.70
(2H, t, J=7.0 Hz, 5-H2), 3.40, 3.46 (3H each, s, OMe), 4.30 (1H, dd, J=12.0, 7.4 Hz, 1-Ha), 4.54 (1H, dd,
J=12.0, 4.1 Hz, 1-Hb), 5.00 (1H, t, J=7.0 Hz, 4 or 6-H), 5.59 (1H, t, J=7.0 Hz, 6 or 4-H), 5.66 (1H, dd,
J=7.4, 4.1 Hz, 2-H), 7.33-7.45 (10H, m, Ar). Anal. calcd faplds,FsOs: C, 59.80; H, 5.35. Found: C,
59.67; H, 5.29. The e.e. 8b was determined to be 74% B NMR analysis.

3.4. (R,6R)-3,7-Dimethyl-3E)-octene-1,2,6,7-tetraol 1,2-dRj-MTPA esteda

AD-mix B (326 mg) was added to a mixture 8&a (140 mg, 0.233 mmol){-BuOH (1.5 ml) and
H>O (1.5 ml), and the mixture was stirred at room temperature for two day@s&(OH),s (0.2 mg)
was added and stirring was continued for another day. Satd ag,@gawas added and the mixture
was extracted with ACOEt repeatedly. The organic layer was washed with 2N HCI, satd aq. NaHCO
and brine, dried over N&Oy, and concentrated. The crude product was chromatographed on silica gel
(hexane:AcOEt, 1:1) to givda (48 mg, 32%) as white solidH NMR §: 1.17, 1.22 (3H each, s, 8-H3,
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10-H3), 1.57 (3H, s, 9-H3), 2.14 (2H, m, 5-H2), 3.31 (1H, dd, J=10.0, 2.8 Hz, 6-H), 3.38, 3.48 (3H each,
s, OMe), 4.36 (1H, dd, J=12.0, 8.4 Hz, 1-Ha), 4.58 (1H, dd, J=12.0, 3.0 Hz, 1-Hb), 5.54 (1H, dd, J=8.4,
3.0Hz, 2-H), 5.59 (1H, t, J=7.2 Hz, 4-H), 7.34-7.49 (10H, m, Ar). Anal. calcd fgHg4FsOsg: C, 56.60;

H, 5.38. Found: C, 56.48; H, 5.46.

3.5. (R,69)-3,7-Dimethyl-3E)-octene-1,2,6,7-tetraol 1,2-dR}-MTPA estedb

AD-mix « (333 mg) was added to the mixture2d (140 mg, 0.233 mmol}-BuOH (1.5 ml), and HO
(1.5 ml), and the mixture was stirred at room temperature for two days. Satd #gpddavas added and
the mixture was extracted with AcOEt repeatedly. The organic layer was washed with 2N HCI, satd aqg.
NaHCGQ; and brine, dried over N&Oy, and concentrated. The crude product was chromatographed on
silica gel (hexane:AcOEt, 1:1) to givb (91 mg, 61%) as white solidH NMR §: 1.16, 1.21 (3H each,
s, 8-H3, 10-H3), 1.56 (3H, s, 9-H3), 2.11 (2H, m, 5-H2), 3.25 (1H, dd, J=8.2, 4.5 Hz, 6-H), 3.38, 3.49
(3H each, s, OMe), 4.34 (1H, dd, J=12.0, 8.6 Hz, 1-Ha), 4.60 (1H, dd, J=12.0, 3.2 Hz, 1-Hb), 5.55 (2H,
m, 2-H, 4-H), 7.33-7.49 (10H, m, Ar). Anal. calcd foggEl34F6Os: C, 56.60; H, 5.38. Found: C, 56.34;
H, 5.47.

3.6. (&5,6R)-3,7-Dimethyl-3E)-octene-1,2,6,7-tetraol 1,2-dR}-MTPA esterdc

Compound3b (140 mg, 0.233 mmol) was treated with AD-mix[576 mg; KbOsG(OH)4 (0.3 mg)
was added after two days] as described for the conversiGa tuf 4ato give4c (69 mg, 46%) as white
solid. 'H NMR §&: 1.17, 1.22 (3H each, s, 8-H3, 10-H3), 1.66 (3H each, s, 9-H3), 2.17 (2H, t, J=6.7 Hz,
5-H2), 3.35 (1H, t, J=6.7 Hz, H-6), 3.40, 3.44 (3H each, s, OMe), 4.35 (1H, dd, J=12.0, 7.2 Hz, 1-Ha),
4.55 (1H, dd, J=12.0, 4.0 Hz, 1-Hb), 5.65 (1H, dd, J=7.2, 4.0 Hz, 2-H), 5.73 (1H, brt, J=6.7 Hz, 4-H),
7.35-7.47 (10H, m, Ar). Anal. calcd forggH34F¢Os: C, 56.60; H, 5.38. Found: C, 56.67; H, 5.51.

3.7. (&5,69)-3,7-Dimethyl-3E)-octene-1,2,6,7-tetraol 1,2-dR}-MTPA esterd

Compound3b (200 mg, 0.332 mmol) was treated with AD-mix[465 mg; KkOsG(OH)4 (0.3 mg)
was added after 24 h] as described for the conversiaBadb 4b to give 4d (159 mg, 75%) as white
solid. 'H NMR §&: 1.17, 1.21 (3H each, s, 8-H3, 10-H3), 1.67 (3H, s, 9-H3), 2.14 (2H, m, 5-H2), 3.29
(1H, dd, J=9.6, 2.8 Hz, 6-H), 3.41, 3.45 (3H each, s, OMe), 4.37 (1H, dd, J=11.9, 7.0 Hz, 1-Ha), 4.53
(1H, dd, J=11.9, 4.1 Hz, 1-Hb), 5.64 (1H, dd, J=7.0, 4.1 Hz, 2-H), 5.69 (1H, t, J=7.2 Hz, 4-H), 7.33-7.47
(10H, m, Ar). Anal. calcd for GoH3z4FsOs: C, 56.60; H, 5.38. Found: C, 56.64; H, 5.45.

3.8. (R,6R)-, (2R,69)-, (2S,6R)- and (ZS,65)-3,7-Dimethyl-3E)-octene-1,2,6,7-tetraol 1,2,6-trRj-
MTPA esterdba, 5b, 5¢c and5d

(9-MTPACI (6 pl, 32 mmaol) was added to a solution 4& (5 mg, 7.9umol) in pyridine (30ul) and
the mixture was stirred for 30 min. Ether (2¢0) was added to the mixture and the resulting solution
was directly subjected to p-TLC (hexane:AcOEt, 2:1). The band haking.6 gaveba (6 mg, 90%) as
a colorless oil!H NMR &: 7.36-7.57 (15H, m, Ar) and the data for the other protons are summarized
in Table 2. HRFABMS 835.2551 [M+H—-$D]*. C4oH40F9Og requires 835.2529. The otheéR)(MTPA
estersbb, 5cand5d were prepared in the same manner. THANMR data for these compounds are listed
in Table 2. HRFABMS spectra of these samples displayed [M+:G ion within the experimental
error.
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3.9. (&,6R)-3,7-Dimethyl-3E)-octene-1,2,6,7-tetradla

LiAIH 4 (6.0 mg, 0.158 mmol) was added to a solutiordof(18 mg, 28.3umol) in dry THF (2 ml)
under N, and the mixture was stirred at room temperature for 2 h. A small amount of water was added
and the whole mixture was transferred onto a silica gel column using £M@0H (10:1). Elution of
the column with CHG:MeOH (4:1) furnished.a (3.6 mg, 62%) as a colorless oiH NMR (in CD30D)
0:1.15, 1.18 (3H each, s, 8-H3, 10-H3), 1.63 (3H, s, 9-H3), 2.07 (1H, m, 5-Ha), 2.38 (1H, m, 5-Hb),
3.30 (1H, m, 6-H), 3.48 (1H, dd, J=11.2, 6.2 Hz, 1-Ha), 3.54 (1H, dd, J=11.2, 5.2 Hz, 1-Hb), 4.03 (1H,
dd, J=6.2, 5.2 Hz, 2-H), 5.60 (1H, t, J=7.2 Hz, 4-H). 7A€ NMR data are listed in Table 1.

3.10. (&,6S)-3,7-Dimethyl-3E)-octene-1,2,6,7-tetradlb

Compound4d (40 mg) was reduced with LiAlldas described fofcto givelb (7.6 mg) as a colorless
oil. 1H NMR (in CDsOD) é&: 1.15, 1.18 (3H each, s, 8-H3, 10-H3), 1.63 (3H, s, 9-H3), 2.07 (1H, m,
5-Ha), 2.38 (1H, m, 5-Hb), 3.30 (1H, m, 6-H), 3.48 (1H, dd, J=11.2, 7.2 Hz, 1-Ha), 3.54 (1H, dd, J=11.2,
5.2 Hz, 1-Hb), 4.02 (1H, dd, J=7.2, 5.2 Hz, 2-H), 5.60 (1H, t, J=6.8 Hz, 4-H).*¥@eNMR data are
listed in Table 1.
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