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Stereospecific Synthesis of cis- and trans-2,3-Epoxycycloheptanol
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cis- and #rans-2,3-Epoxycycloheptanols were prepared stereospecifically from cyclo-
hept-2-en-1-0l (1). Oxidation of 1 with ferf-butyl hydroperoxide in the presence of a
molybdenum catalyst gave the cis isomer (2) in high yield. The frans isomer (3) was ob-
tained via the bromohydrin (4). The structure of 4 is discussed.
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Recently 2,3-epoxycycloalkanols have been recognized as versatile intermediates for syn-
theses of natural products. In contrast to many successful efforts with five-, six-, and eight-
membered allylic alcohols,® stereospecific epoxidation of seven-membered allylic alcohols has
never been achieved. For example, it is known that peracid oxidation of cyclohept-2-en-1-ol
(1) gives a mixture of the ¢is- (2) and #rans-epoxide (3), and separation is very difficult.? In
connection with our synthetic studies on pseudoguaianolides, reasonable quantities of cis- and
trans-2,3-epoxycycloheptanol derivatives were required in a stereochemically homogeneous
state. This made it imperative to develop general methods for the stereospecific conversion of
seven-membered allylic alcohols to cis- and frans-epoxides. We have achieved this with the
simple compound 1, as reported here. \

Sharpless and co-workers have reported a highly efficient method for ¢is epoxidation of
cyclic allylic alcohols with high stereospecificity. Application of this method to our specific
case proved successuful. Thus, the reaction of 1 with ferz-butyl hydroperoxide yielded 2 stereo-
specifically in moderate (with vanadium oxyacetylacetonate) to high (with molybdenum hexa-
carbonyl) yield.»

The stereospecific synthesis of 3 proved to be difficult, but after many attempts it was
achieved as follows. Treatment of 1 with N-bromosuccinimide in aqueous monoglyme gave
the crude bromohydrin (4) which, without further purification, was treated with potassium
carbonate in aqueous methanol. This sequence of reactions provided 3 stereospecifically in
high yield.®

1) Location: I-1 Keyakidai, Sakado, Saitama, 350-02, Japan.

2) R. Steyn and H.Z. Sable, Tetrahedron, 25, 3579 (1969); H.B. Henbest and R.A.L. Wilson, J. Chem.
Soc., 1969, 1958; Idem, Chem. and Ind., 1965, 659; P. Chamberlain, M.L. Roberts and G.H. Whitham,
J. Chem. Soc., (B), 1970, 1374; C.G. Chavdarian and C.H. Heathcock, Syuth. Commum., 6, 277 (1976);
A.C. Cope, A H. Keough, P.E. Peterson, H.E. Simmons Jr. and G.W. Wood, J. Am. Chem. Soc., 79,
3900 (1957).

3) A.C. Cope, R.A. Liss and G.W. Wood, J. Am. Chem. Soc., 79, 6287 (1957); A.C. Cope, J.K. Heeren
and V. Seeman, J. Org. Chem., 28, 516 (1963). :

4) K.B. Sharpless and R.C. Michaelson, J. Am. Chem. Scc., 95, 6135 (1973); S. Tanaka, H. Yamamoto,
H. Nozaki, K.B. Sharpless, R.C. Michaelson and I.D. Cutting, J. Am. Chem. Soc., 96, 5254 (1974).

5) After the completlon of this work, application of Sharpless’ method to a number of cvch(, allylic alcohols
was reported elsewhere. See, T. Itch, K. Jitsukawa, K. Kaneda and S. Teranishi, J. Am. Chem. Soc.,
101, 159 (1979). In our case, the vanadium-catalyzed reaction Was rather troublesome and the best
yield was 32%. In contrast, the molybdenum-catalyzed reaction proceeded smoothly in high yield.

6) Application of the same reaction sequence to cyclohex-2-en-1-ol, however,: gave a mlxture of cis- and
trans-epoxides in equal amounts. :
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The structures of 2 and 3 were confirmed by comparison of the corresponding cis- and trans-
cycloheptan-1,2-diols, obtained by lithium aluminum hydride reduction, with authentic sam-
ples. The structure of the intermediate bromohydrin was suggested to be 4, based on the
following evidence. (A) No acetonide formation was observed on treatment with acetone and
anhydrous cupric sulfate. (B) In the proton nuclear magnetic resonance spectra of the diace-
tate and bis-methoxymethyl ether (vide infra) the proton on the bromine-bearing carbon was
observed as a doublet of doublets at ¢ 4.33 and ¢ 4.45, respectively. The alternative structures
(5) and (6) would have caused this proton to appear as a doublet of triplets.

Unambiguous proof of the structure, however, was obtained by its conversion to frans-
cycloheptan-1,3-diol (7).
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It was first protected as the bis-methoxymethyl ether (8) by treatment with methylal
and phosphorus pentoxide in dichloromethane.” The debrominated product (9), obtained by
hydrogenolysis of 8 in the presence of 59, palladium on carbon, was refluxed with hydrochloric
acid in methanol to give the diol 7, which was identical as regards physical and spectroscopic
propertles with an authentic sample.3®

© 7) K. Fuji, S. Nakano and F. Fujita, Synthests, 1975, 276.
8) S. Moon and B.H. Waxman, J. Chem. Soc. Chem. Commun., 1967, 1283.
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(Experimental
\

All melting points and boiling points are uncorrected. Infrared (IR) spectra were measured with a
Hitachi 285 spectrophotometer. Nuclear magnetic resonance (NMR) spectra were measured with a JEOL
PMX 60 spectrometer using TMS as an internal standard. Mass (MS) spectra were measured with a Shimadzu
LKB-9000 spectrometer.

Cyclohept-2-en-1-ol (1)% A solution of cyclohept-2-enyl bromide (55 g, 0.31 mol) in acetone (300 ml)
was added to a stirred solution of NaHCO, (40 g, 0.48 mol) in H,O (1.5—1) at room temperature during 2 hr
and the mixture was stirred overnight. It was saturated with NaCl, extracted with AcOEt, and the com-
bined organic extracts were washed with brine, and dried. After removing the solvent the residue was dis-
tilled to give 1 (32 g, 919%,), bp 52—53° (3 mmHg).

cis-2,3-Epoxycycloheptan-1-ol (2) i) With Vanadium Catalyst: To a stirred solution of vanadium
oxyacetylacetonate (5 mg) in C;Hg (5 ml) was added 1 (1.0 g, 8.9 mmol} in CgHg (5 ml), followed by feri-
butyl hydroperoxide (0.96 g, 10.7 mmol) in C;H; (10 ml) at room temperature under argon. The mixture
was heated at 50° overnight. It was washed with aqueous NaHSO, and brine, then dried. The solvent
was removed to give the crude product (776 mg), which was chromatographed on silica gel, eluting with
CHCl,;~-MeOH, to give 2 (367 mg, 32%,) as a colorless oil.

ii) With Molybdenum Catalyst: A solution of ferf-butyl hydroperoxide (0.96 g. 10.7 mmol} in CgH (25
ml) was added at room temperature to a stirred solution of 1 (1.0 g, 8.9 mmol) and molybdenum hexa-
carbonyl (ca. 10 mg) in CH4(25 ml). The mixture was refluxed for 3 hr, and worked up as in i) to give the
crude product (1.089 g). This oil was either (a) distilled in vacuo to give 2 (687 mg, 60%), bp 69—71° (3
mmHg) (1it®; bp 78—78.5° (1.4 mmHg)), or (b) chromatographed on silica gel, eluting with CHCl;-MeOH,
to give 2 (916 mg, 80%). Its phenylurethane; mp 129—131° (lit®: mp 129.5—130°).

trans-2,3-Epoxycycloheptan-1-ol (3)-—A stirred sclution of 1 (5g, 44.6 mmol) in monoglyme (300 ml)
and H,0 (60 ml) was treated wth N-bromosuccinimide (9.5 g, 53.4 mmol) portionwise with ice-coling. ~After
30 min at 0°, stirring was continued for a further 3.5 hr at room temperature. The reaction was quenched
with aqueous NaHSO,;, and monoglyme was removed in vacuo. The residue was saturated with NaCl,
extracted with AcOEt, and the combined extracts were washed with 509, brine and brine, then dried.
After removing the solvent, the residue was dissolved in MeOH (300 ml)-H,0 (60 ml), and solid K CO,
(10 g, 72.5 mmol) was added in one portion. After stirring at ambient temperature overnight, MeOH was
removed i# vacuo, then the residue was saturated with NaCl, extracted with Et,O, and dried. The residue,
after removal of the solvent, was distilled to give 3 (4.16 g), bp 99—105° (7 mmHg) (1it» bp 88.0° (1.9 mmHg)).
The forerun and the residue were combined and chromatographed on silica gel, eluting with CHCl,-MeOH,
to give a further crop of 3 (0.15 g); total yield, 4.67 g (819%). Tts phenylurethane: mp 132—134° (lit®; mp
134—134.5°).

2p-Bromo-1a,38-dihydroxycycloheptane (4) The crude bromechydrin (1.76 g), obtained as above
from 1 (1.0 g), was recrystallized from CHCI, to give 4 (910 mg) as colorless needles. The mother liquor
(867 mg) was chromatographed repeatedly ou silica gel, eluting with CHCl,~MeOH, to give a further crop
of 4 (0.4 g); total yield, 1.31 g (70%), mp 127.5—128.5°. IR #5B% cm~1: 3300, 1400, 1050, 680. NMR
(CD;OD) 6: 4.75 (2H, s), 4.40—3.88 (3H, m)}, 2.3—1.3 (8H, m). MS m/e: 209, 207 (M+), 111, 93, 67, 57, 55.
Anal. Caled for C,H,3BrO,: C, 40.21; H, 6.27. Found: C, 40.19; H, 5.92. TIts diacetate, obtained by reaction
with acetic anhydride in pyridine, gave the following spectral data. IR »%2% cm—1: 1725, 1365, 1210. NMR
(CDCL,) 8: 5.4—5.0 (2H, m), 4.33 (1H, d-d, /=2, 7 Hz), 2.1 (6H, s), 2.3—1.4 (8H, m). ‘

2p-Bromo-1a,3f-bis(methoxymethoxy)-cycloheptane (8)——Pure 4 (1.0 g, 4.78 mmol) was converted
into its bis-methoxymethyl ether 8 according to the published procedure?” (1.47 g, 100%,). IR »%E%% cm—1:
1145, 1090, 1040, 920. NMR (CDCl,) 8: 4.7 (4H, s), 4.45 (1H, d-d, J=2, 6 Hz), 4.3—3.9 (2H, m), 3.4 (6H,
s), 2.3—1.1 (8H, m). MS m/e: 123, 111, 95, 93, 45. An analytical sample was obtained by distillation in
vacuo; bp 100° (0.17 mmHg). Awnal. Caled for C;;H,,BrO,: C, 44.45; H, 7.12. Found: C, 44.46; H, 7.20.

la,38-Bis(methoxymethoxy)-cycloheptane (9) -A mixture of 8 (1.47 g, 4.78 mmol), Et;N (3 ml), and
59 Pd-C (150 mg) in MeOH (10 ml) was hydrogenated overnight at room temperature under atmospheric
pressure of H,. The catalyst was filtered off, washed well with MeOH, and MeOH was removed. The
residue was taken up in AcOEt, washed with 509, brine and brine, then dried. Removal of the solvent
gave the crude product, which was chromatographed on silica gel, eluting with CHCI;-MeOH, to give pure
9 (739 mg, 749%). IR »S% cm—1: 2940, 1450, 1140, 1090, 1040, 915. NMR (CDCl,) 6: 4.63 (41, s,) 4.2—
3.6 (2H, m), 3.33 (6H, s,) 2.3—1.1 (10H, m, including a triplet at 2.0 (J=7 Hz)). MS m/e: 141, 111, 95,
45. An analytical sample was obtained by distillation in vacuo; bp 68° (0.17 mmHg). Anal Calcd for
C;,H,,0,: C, 60.52; H, 10.16. Found: C, 60.25; H, 9.89.

trans-Cycloheptan-1,3-diol (7)——A solution of 9 (739 mg, 3.38 mmol) and 109, HCI (15 ml) in MeOX
(20 ml) was refluxed for 5 hr. After neutralization with aqueous NaHCO,;, MeOH was removed. The
residue was extracted with AcOEt after saturation with NaCl, and dried. Removal of the solvent gave a

9) N.Heap and G.H. Whitham, J. Chem. Soc. (B), 1966, 164; K. Alder and F.H. Flock, Ber., 89, 1732(1958).
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residue, which was purified by chromatography on silica gel, eluting with CHCl,-MeOH, to give pure 7
(400 mg, 91%). IR v cm—1: 3350, 1460, 1040, 1015. NMR (CDCl;) é: 4.3—3.7 (2H, m), 3.0 (2H, s, disap-
peared on adding D,0), 2.3—1.1 (10H, m, including a triplet at ¢ 2.0 (J=7 Hz)). Although our synthetic
sample did not crystallize (its melting point was reported to be 53.0—54.0° in ref. 3), its identity as #ans-
1,3-diol was firmly established by the presence of a triplet at d 2.0, which is seen only in this compound, and
in no other isomers. This signal was assigned to the methylene protons between the two hydroxyl groups
by a decoupling experiment.
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Quantitative Analysis of the Isomers of Hydroxyphenylalanine. by
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A sensitive high-performance liquid chromatographic technique for the quantitative
analysis of the isomers of hydroxyphenylalanine has been developed. The chromato-
graphic conditions were as follows: stainless steel column (2.1x500 mm) packed with
Hitachi # 3011-C resin; mobile phase, a mixture of equal volumes of 0.025 u sodium ace-
tate and 0.05 M acetic acid; flow rate, 0.8 ml/min; tempsrature, 45°; detection, fluorimetric
detector.

This procedure, was found to be suitable for the analysis of 3,4- dlhydroxyphenyl-
alanine, p-tyrosine, m-tyrosine, o-tyrosine, and phenylalanine.

Keywords phenylalanine; o-tyrosine; m-tyrosine; p-tyrosine; 3,4-dihydroxy-
phenylalanine; fluorescence high-performance liquid chromatography; fluorimetry

In mammals, phenylalanme is in large part metabolized by conversion to tyrosine in the
liver. In addition, in the brain and adrenals, phenylalanine is transformed into the catechola-
mines by way of tyrosine and 3,4- dihydroxyphenylalanine (DOPA).2  Recently, Tong-¢f al.,¥
reported that incubation of phenylalanine-1*C with bovine adrenal medulla homogenate in the
presence of a pteridine co-factor and a DOPA decarboxylase inhibitor gave rise to three radio-
active products which were identified with an amino acid analyzer as tyrosine, m-tyrosine and
DOPA. However, the phenylalanine peak appears to overlap the o-tyrosine peak under their
chromatographic conditions. The object of our study was to elucidate the nature of the enzy-
matic and nonenzymatic hydroxylatwn system for phenylalanine. In order to study these
phenomena quantitatively it is necessary to establish a method for systematic quantitative
ana1y51s of hydroxylated phenylalanine compounds. Formerly, paper chromatography® and
ion-exchange chromatography® had been used for this purpose, but a more sensitive method is

desirable.

1) Location: 5 Nakauchicho, Misasagi, Y amashina-ku, Kyoto 607, Japan.

2) A. Meister, “Biochemistry of the Amino Acids,” Academic Press, New York, 1965, Vol. II, p. 909.
3) J.H. Tong, A. D’Iorio, and N. L. Benoiton, Biochem. Biophys. Res. Commum., 44, 229 (1971)
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