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Abstract: Diastereoselective synthesis of (2S*,3R*)- and (2R*,3R*)-
2,2-dialkylchroman-3-ols was achieved by stereoselective epoxide-
opening cyclization of ortho-(2,3-epoxyalkyl)phenols which were
prepared by the coupling of p-cresol and (2R*,3R*)- and (2R*,3S*)-2,3-
diacetoxyalkyl isopropyl sulfides, which were in turn derived from
geraniol and nerol, respectively.

2,2-Dialkylchroman-3-ol skeleton (1) is found in naturally occurring
bioactive compounds, such as NG-121,1 stachybotrins A and B,2 and
stachybotrin C.3 Effective methods for their stereoselective construction
are highly needed to develop an effective path for the total synthesis of
such bioactive natural products.

We have extensively studied on the ortho-alkylation of phenols via
[2,3]sigmatropic rearrangement reaction under mild conditions4 and
previously reported their application to the stereoselective synthesis of
2,2-dialkylchroman4a,4b and others.4c,5 As a part of our continuing
study on the stereoselective synthesis of polysubstituted chromans, we
here report an effective diastereoselective synthesis of (2S*,3R*)- and
(2R*,3R*)-2,6-dimethyl-2-homoprenylchroman-3-ol.

For a preliminary study, synthesis of 2,2,5-trimethylchroman-3-ol (8)
was investigated. 2-Methyl-3-buten-2-ol (2) was subjected to Sharpless
epoxidation6 to give epoxy alcohol, which was treated with isopropyl
mercaptan in the presence of sodium hydride to give 1-(1-
methylethylthio)-3-methylbutan-2,3-diol (3). The same diol 3 was also
obtained from 2,3-epoxy-3-methyl-1-butanol by the reaction with
sodium isopropyl mercaptide under Payne rearrangement conditions.7

Diol 3 was converted to diacetate 4 in good yield.

Scheme 1

The ortho-alkylation of p-cresol (5) with sulfide 4 was effected by
[2,3]sigmatropic rearrangement of phenoxysulfonium ylide
intermediate. Thus, a mixture of 4 and 5 in dichloromethane was treated
with sulfuryl chloride at –50 °C, followed by addition of triethylamine
in dichloromethane. The reaction mixture was allowed to warm to room
temperature and usual work-up followed by column chromatography on

silica gel afforded desired product 6 in 80% yield. Acetyl groups in 6
were deprotected by the action of LiAlH4, and the isopropylthio group
was removed by hydrogenolysis with freshly prepared Raney Ni (W4) in
ethanol at room temperature to give triol 7. The cyclization of 7 was
effected in the presence of p-toluenesulfonic acid in benzene at reflux to
furnish 2,2,5-trimethylchroman-3-ol (8) (Scheme 2). 

Scheme 2

According to 1H-NMR data,8 coupling constants between the proton at
C-3 and two protons at C-4 position are 5.0 and 5.3 Hz. These indicate
that the hydroxyl group is probably axially oriented. This was confirmed
by X-ray crystallographic analysis9 and it was found that two molecules,
(3R)-8 and (3S)-8 are united by a hydrogen bond (Figure 1) and four
molecules are in a unit-cell. The conformations of the two molecules are
slightly different to one another. The notable difference between the two
conformers is in bond angle of C(4)-C(3)-O by 3°. 

Next we examined the diastereoselective synthesis of 2,6-dimethyl-2-
homoprenylchroman-3-ol. For this propose, first we prepared diol
sulfide 11 of the defined relative stereochemistry from trans-allylic
alcohol, geraniol (9), by selective Sharpless epoxidation6 followed by
the action of sodium isopropyl sulfide under Payne rearrangement
conditions.7 Then it was converted to (2R*,3R*)-2,3-diacetoxy-1-(1-
methylethylthio)-3,7-dimethyl-6-octene (12) for ortho-alkylation
reaction (Scheme 3).

p-Cresol (5) and sulfide 12 were reacted as before to give ortho-
alkylated product 13 in good yield. It is noteworthy that relatively bulky
group was transferred to the ortho position of phenol via
[2,3]sigmatropic rearrangement of phenoxysulfonium ylide. The
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phenolic hydroxyl group of 13 was protected by methoxymethyl group,
then acetyl groups were deprotected to give 14. The isopropylthio group
was cleaved by the action of Raney Ni (W4) to give the compound 15.
Similar to the model compound 7, cyclization of 15 was attempted by
refluxing the benzene solution of the demethoxymethylated 15 in the
presence of p-toluenesulfonic acid, resulting in the recovery of the
starting material. Then, in order to activate the diol moiety for
cyclization and to carry out the cyclization stereospecifically, 15 was
converted into an epoxide. The secondary hydroxyl group in 15 was
selectively mesylated, then the resulting mesylate was converted to
epoxide 16 by treating with saturated potassium carbonate. After several
efforts were devoted to effect cyclization of 16 to chroman-3-ol by
nucleophilic epoxide-opening reaction, (2S*,3R*)-2,6-dimethyl-2-
homoprenylchroman-3-ol (17) was obtained stereoselectively as a single
isomer when 16 was treated with 10N formic acid in ethyl acetate at
room temperature.

Structure and stereochemistry of 17 was determined by 1H-NMR
spectra10 and NOE experiments and it was found that 3-hydroxyl group
and homoprenyl carbon chain were oriented at the axial position. The
chemical shift of a three-proton singlet of the methyl protons at C-2 (δ
1.32) was very close to that of the equatorial methyl protons in 8 (δ
1.35), and irradiation of the axial proton at C-4 (δ 3.01) gave a 3.4%
enhancement of the α-protons of the homoprenyl group at C-2 (Figure
2). 

The formation of the sole cyclization product of (2S*,3R*)
configuration indicates that intramolecular cyclization proceeded by
nucleophilic attack of phenolic oxygen to tertiary carbon of the epoxide
ring in spite of less favorable 5-endo-mode according to Baldwin’s
rule.11 

On the other hand, diastereomer of 17, (2R*,3R*)-2,6-dimethyl-2-
homoprenylchroman-3-ol (20), was successfully synthesized
stereoselectively using diastereomeric (2R*,3S*) sulfide 19, which was
prepared from cis-allylic alcohol, nerol (18), by a similar method
(Scheme 5). Structure of 20 was similarly determined by 1H-NMR
spectra10 and NOE, which showed that 3-hydroxyl group was oriented
at the axial position and 2-homoprenyl carbon chain was at equatorial
position. Irradiation of the axial proton at C-4 (δ 3.01) gave a 3.36%
enhancement of axial oriented methyl protons at C-2 (δ 1.25) (Figure 2).

To our knowledge, this is the first effective method for the
diastereoselective synthesis of chroman-3-ol derivatives with a terpene
chain at C-2. This method has several advantages: (1) desired
diastereomer can be synthesized merely starting from trans or cis allylic
alcohol, (2) desired side chain at C-2 can be introduced at the initial

stage of the synthesis by a proper choice of the starting alcohol, (3)
optically active compounds would be prepared by using Katsuki-
Sharpless asymmetric epoxidation12 at an earlier stage.

In conclusion, the present study provides the first example of efficient
diastereoselective synthesis of (2S*,3R*)- and (2R*,3R*)-2,6-dimethyl-
2-homoprenylchroman-3-ols. Further synthetic applications of this
methodology is currently under progress.

Acknowledgement

This work was supported by a Grant-in-Aid for Scientific Research (No.
09450339) from the Ministry of Education, Science, Sport, and Culture
of Japan. We thank Dr. Tomomi Ota and Mr. Keita Matsumoto of Taisho
Pharmaceutical Co. Ltd., Japan for X-ray crystallographic analysis of 8.

Scheme 3

Scheme 4

Scheme 5

D
ow

nl
oa

de
d 

by
: S

im
on

 F
ra

se
r 

U
ni

ve
rs

ity
 L

ib
ra

ry
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



June 1998 SYNLETT 681

References and Notes

(1) Orii, Y.; Ito, M.; Mizoue, K.; Mizobe, F.; Sakai, N.; Hanada, K.
Jpn. Kokai Tokkyo Koho JP 05,176,782; Chem. Abstr. 1993, 119,
179349.

(2) Xu, X.; de Guzman, F. S.; Gloer, J. B.; Shearer, C. A. J. Org.
Chem. 1992, 57, 6700 .

(3) Nozawa, Y.; Yamamoto, K.; Ito, M.; Sakai, N.; Mizoue, K.;
Mizobe, F.; Hanada, K. J. Antibiot. 1997, 50, 635 .

(4) (a) Inoue, S.; Ikeda, H.; Sato, S.; Horie, K.; Ota, T.; Miyamoto, O.;
Sato, K. J. Org. Chem. 1987, 52, 5495. (b) Sato, K.; Inoue, S.;
Miyamoto, O.; Ikeda, H.; Ota, T. Bull. Chem. Soc. Jpn. 1987, 60,
4184. (c) Sato, K.; Inoue, S.; Ozawa, K.; Kobayashi, T.; Ota, T.;
Tazaki, M. J. Chem. Soc., Perkin Trans. 1 1987, 1753.

(5) Ota, T.; Hasegawa, S.; Inoue, S.; Sato, K. J. Chem. Soc., Perkin
Trans. 1 1988, 3029. Inoue, T.; Inoue, S.; Sato, K. Chem. Lett.
1989, 653. Inoue, T.; Inoue, S.; Sato, K. Chem. Lett. 1990, 55.
Inoue, T.; Inoue, S.; Sato, K. Bull. Chem. Soc. Jpn. 1990, 63,
1062. Inoue, T.; Inoue, S.; Sato, K. Bull. Chem. Soc. Jpn. 1990,
63, 1647. 

(6) Sharpless, K. B.; Michaelson, R. C. J. Am. Chem. Soc. 1973, 95,
6136.

(7) Payne, G. B. J. Org. Chem. 1962, 27, 3819. Behrens, C. H.; Ko, S.
Y.; Sharpless, K. B.; Walker, F. J. J. Org. Chem. 1985, 50, 5687. 

(8) Spectral data for 8: mp 85 °C; IR (KBr) 3292, 2981, 2939, 1616,
1587, 1497, 1450, 1389, 1300, 1262, 1223, 1183, 1144, 1065,
960, 849, 817, 570 cm-1; 1H-NMR (270 MHz, CDCl3) δ 1.29 (s,

3H, CH3-2
ax), 1.35 (s, 3H, CH3-2

eq), 2.26 (s, 3H, CH3-6), 2.75
(dd, J=16.5, 5.3 Hz, 1H, H-4eq), 3.07 (dd, J=16.5, 5.0 Hz,1H, H-
4ax), 3.79 (dd, J=5.3, 5.0 Hz, 1H, H-3eq), 6.90–6.91 (m, 3H, Ar-
H).

(9) Crystal data for 8: C12H16O2, M = 192.30, triclinic, space group
P1 (no. 2), a = 12,066(2), b = 12.412(2), c = 7.541(1) Å, α =
90.12(2)°, β = 91.63(1)°, γ = 76.31(1)°, V = 1092.9(3) Å3, Z = 4,
Dc = 1.17 g cm-3.

(10) Spectral data for 17: IR (neat) 3360, 2940, 1595, 1500, 1450,
1390, 1300, 1270, 1240, 1140, 1065, 1030, 970, 900, 820 cm-1;
1H-NMR (270 MHz, CDCl3) δ 1.32 (s, 3H, CH3-2

eq), 1.58 (s, 3H,
CH3-5’), 1.66 (s, 3H, CH3-5“), 1.78 (m, 2H, CH2-1’), 2.12 (m,
2H, CH2-2’), 2.25 (s, 3H, CH3-6), 2.75 (dd, J=17.17, 5,45 Hz, 1H,
H-4eq), 3.01 (dd, J=17.17, 4.95 Hz, 1H, H-4ax), 3.84 (dd, J=5.45,
4.95 Hz, 1H, H-3eq), 5.06 (tt, 1H, olefinic H), 6.73 (d, 1H, Ar-H),
6.88 (d, 1H, Ar-H), 6.95 (d, 1H, Ar-H). 20: 1H-NMR (270 MHz,
CDCl3) δ 1.25 (s, 3H, CH3-2

ax), 1.61 (s, 3H, CH3-5’), 1.68 (s, 3H,
CH3-5“), 1.73 (m, 2H, CH2-1’), 2.11 (m, 2H, CH2-2’), 2.25 (s,
3H, CH3-6), 2.75 (dd, J=17.16, 4.62 Hz, 1H, H-4eq), 3.01 (dd,
J=17.16, 4.95 Hz, 1H, H-4ax), 3.82 (dd, J=4.62, 4.95 Hz, 1H, H-
3eq), 5.13 (tt, 1H, olefinic H), 6.73 (d, 1H, Ar-H), 6.86 (d, 1H, Ar-
H), 6.92 (d, 1H, Ar-H).

(11) Baldwin, J. E. J. Chem. Soc., Chem. Commun. 1976, 734.

(12) Katsuki, T.; Sharpless, K. B. J. Am. Chem. Soc. 1980, 102, 5974.
Honda, T.; Mizutani, H.; Kanai, K. J. Chem. Soc., Perkin Trans. 1
1996, 1729.

D
ow

nl
oa

de
d 

by
: S

im
on

 F
ra

se
r 

U
ni

ve
rs

ity
 L

ib
ra

ry
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.


