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remains unreacted Fmoc—Cl, it reacts with the main product Fmoc-Om(Boc) (4) to give a reactive
mixed anhydride, which in turn reacts with still unreacted Or(Boc) to furnish dipeptide Fmoc-
Om(Boc)-Om(Boc). This, after the Boc removal process, yields dipeptide Fmoc-Om-Orn that
cannot be removed from the final derivative, Fmoc-Orn (7) which remains as 2% contaminant.

O COH
Fmoc-Cl Om(Boc) NHB:
BocN/\/\rcozH _moet Bocu/\/\rCOszoc . Boc /\/\)Ln)\/\/ oc
H 4 NMFmoc NHFmoc NHFmoc

29. L.Zervas, T. T. Otani, M. Winitz and J. P. Greenstein, J. Am. Chem. Soc., 81, 2878 (1959).

Skkkkkkk

A NOVEL AND EFFICIENT BIOMIMETIC HYDROLYSIS
OF OXIRANES TO 1,2-DIOLS CATALYSED BY B-CYCLODEXTRIN
IN WATER UNDER NEUTRAL CONDITIONS'

Submitted by M. Anjun Reddy, L. Rajender Reddy, N. Bhanumathi and K. Rama Rao*

(12/04/00)
Organic Chemistry Division-1
Indian Institute of Chemical Technology
Hyderabad-500 007, INDIA

The 1,2-diol functionality has great significance in pharmaceutical and industrial chemistry'
due to its utility in the synthesis of bacteriostatic? and antifogging agents,’ B-blockers,* perfumes> and
in the polymer industry.> However, the facile synthesis of these commercially important 1,2-diols
consists of the ring opening of the easily accessible epoxides under acidic conditions at room tempera-
ture or at high temperatures under basic conditions.” Since these harsh experimental conditions
involving either acid or base are not suitable for the epoxides bearing labile substituents, there is need
to develop milder methods. Cyclodextrins (CDs) which are cyclic oligosaccharides, exert microenvi-
ronmental effect leading to selective reactions. They catalyze reactions by supramolecular catalysis
through non-covalent bonding as in enzymes. These biomimetic reactions can be carried out effi-
ciently in water.® This biomimetic approach of chemical reactions involving supramolecular catalysis
has several advantages over chemical methodologies since these reactions can be carried out under
mild and neutral conditions in water. Hence, in our effort to develop biomimetic approaches of chem-
ical reactions involving cyclodextrins,’ the synthesis of 1,2-diols from epoxides (derived from cyclic
and terminal alkenes) catalyzed by cyclodextrins (o and B) in water under neutral conditions was
developed.
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[} H,0/CD OH
R—CH—-CH, _— R—CH,CH,OH
1 40°C 2

a)R = C4HsOCH, b) R =4-CICgH,OCH, c) R = 4-CH3COC¢H4OCH,
d) R = 4-CH;0CH,CH,C4H,0CH; e)R =CgHs f)R =CICH,
g) R= CH3CH2 h) R= CH3(CH2)4CH2

H,0 /CD OH
n(H2®O — n(HL) |
40°C "oH
3 4
ayjn=1 b)n=2

Table. Conversion of Epoxides to 1,2-Diols with §-CD/H20

Cmpd* Yield mp. lit. Time Ms 'HNMR
() (O {9 (hrs) MY

2a 86 5556  54-56" 13 168  3.64 -3.85 (m, 2H), 3.98-4.15 (m,
3H), 6.82-7.01 (m, 3H),
7.15-7.35 (m, 2H).

2b 8 7980 77-79" 10 202 3.70-3.95 (m, 2H), 4.05- 4.22 (m,
3H), 6.85 (d, ] = 8.0 Hz, 2H),
7.25(d, ] =8.0 Hz, 2H).

2c 82 8990  88-89' 10 210  2.55(s,3H),3.71-3.95 (m, 2H),
4.05-4.20 (m, 3H), 6.98 (d, = 8.0 Hz,
2H), 7.95 (d, ] = 8.0 Hz, 2H).

2d B85 ail oil 6 226 2.75(t,J=17.0Hz, 2H), 3.30 (s, 3H),
3.52 (t,J=7.0 Hz, 2H), 3.604.45
(m, 5H), 6.75 (d, ] =9.0 Hz, 2H),
7.05 (d, ] =9.0 Hz, 2H).

2¢ 89 6667 6668 10 138 3.55-3.75 (m, 2H) 4.73-4.85 (m, 1H),
7.30 (s, 5SH).

2 90 Oil 0il 12 ---- 3.55-3.85 (m, 4H), 3.87-4.05 (m, 1H).

2g 90 Oil oil B 12 - 095 (t, J="THz, 3H), 1.32-1.65 (m, 2H),
3.35-3.50,(m, 1H), 3.62-3.75 (m, 2H).

2h 92 Qi 36-3812 12 - 0.90 (t, ] = THz, 3H), 1.25-1.52(m,
10H), 3.38-3.50 (m, 1H), 3.65-3.80
(m, 2H).

4a 80 50-51 50517 14 102 0.75-0.97 (m, 2H), 1.15 -1.40 (m,
2H), 1.70 - 1.95 (m, 2H), 3.90- 4.12
(m, 2H).

4 96 102-103 102-1037 14 116 1.15-1.40 (m, 4H), 1.65-1.80 (m, 2H),

1.95-2.05 (m, 2H), 3.25- 3.40
(m2H).

a) All the products are colorless solids or oils
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The yields are nearly quantitative and only catalytic amount (0.1 mole per mole of the
substrate) of cyclodextrin is required. No optical induction was observed in the products. These reac-
tions do not take place in the absence of CD. Here, the role of CD appears to be to activate the
epoxide by supramolecular catalysis through the formation of hydrogen bonds. Though these reac-
tions are also catalysed by o-CD, B-CD is the preferred catalyst due to its easy accessibility and low
cost.

In conclusion, our studies have shown that a wide range of epoxides can be transformed to
1,2-diols under neutral conditions using water as the solvent in a biomimetic fashion. This method
also avoids the use of acid or base and thus can be used with substrates bearing labile groups.

EXPERIMENTAL SECTION
'H NMR spectra were recorded on Gemini-200 MHz spectrometer in CDCI, as the solvent with TMS

as an internal standard. The mass spectra were determined on VG Autospect M. The IR spectra were
obtained on Nicolet FT-IR Spectrometer.

General Procedure: To B-Cyclodextrin (0.123g, 0.108 mmol) in water (40 mL) at 60° was added the
epoxide (1.08 mmol) in methanol (1 mL) dropwise with stirring. Stirring was continued at 40° for the
specified time (Table), then the mixture was cooled to r.t. and extracted with ethyl acetate (2 x 25
mL). The crude product was purified by column chromatography on silica gel (100-200 mesh) using
dichloromethane and methanol (8:2) as eluent. The pure 1,2-diols were obtained in 80-96% yield
(Table). The analytical data of compounds 2a to 2h and 4a, 4b were identical to those reported in the
literature, 13
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We recently required multigram quantities of 2-trimethylsiloxy-1,3-butadiene (1), a versatile
Diels-Alder reaction component used to synthesize a number of ring systems, including substituted
pyranones,' pyridones,” and cyclohexanones.! A number of methods exist for the synthesis of this
compound,’ the procedure outlined by Jung® being the most convenient. Although, Jung’s procedure
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