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Abstract (] The reaction of (E)-2,4-pentadienoic acid with aqueous bromine was rein-
vestigated to affirm the formation of (E)-5-bromo-4-hydroxy-2-pentenoic acid, whose struc-
ture was confirmed by the spectroscopic methods as well as the chemical modification.
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As a part of our efforts to prepare analogs of
mevinolin, antihypercholesterolemic agent, we need
ethyl (E)-5-bromo-4-oxo-2-pentenoate (4b). On the
literature, the prerequisite 5-bromo-4-hydroxy-2-
pentenoic acid (2a) was prepared with controversial
results from the reaction of 2,4-pentadienoic acid
(1) and aq. bromine. Early report on the reaction of
2,4-pentadienoic acid and aq. bromine showed the
formation of 4-bromo-5-hydroxy-2-pentenoic acid
(3a).” From the same reactants and condition, In-
gold et al. claimed the formation of 5-bromo-4-hy-
droxy-2-pentenoic acid (2a) without any spectral
proof.?

In this paper, we wish to report our studies on
this reaction under various bromohydrin forming
conditions. The electrophilic reaction of aq. bro-
mine to the double bond affords a bromonium ion,
which then undergoes nucleophilic ring opening by
H,0 to provide corresponding bromohydrin. This
nucleophilic ring opening-attack occurs at the car-
bon, where the more stable carbocation can be
formed.?Since the electron density on the
4,5-double bond is higher than the density on the
2,3-double bond, the bromonium ion is formed at
the 4,5-double bond, which can be attacked by hy-
droxide ion at C4‘). On this theoretical basis, we
reinvestigated this reaction by treating (E)-2,4-pen-
tadienoic acid with either eq. bromine or NBS in
aq. DMSO to find the formation of (E)-5-bromo-4-
hydroxyl-2-pentenoic acid (2a) with 80% of yield. This
structure was verified by 'H and *C NMR. The
reaction of ethyl (E)-2,4-pentadienoate with NBS in
aq. DMSO also afforded ethyl (E)-5-bromo-4-
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hydroxy-2-pentenoate (2b) in good yield. From
none of these reactions, we could not find any
evidence of the formaiton of 4-bromo-5-hydroxy
derivatives (3). On the other hand, Jone’s oxidation
of these bromohydrins gave (E)-5-bromo-4-0x0-2-
pentenoic acid and ethyl (E)-5-bromo-4-o0xo0-2-
pentenoate, respectively,” which could be the addi-
tional evidence of the above results.

EXPERIMENTAL

Melting points were determined on Yanaco
micro melting point apparatus and uncorrected. In-
frared spectra were obtained on a Perkin-Elmer 280
B spectrophotometer in KBr, except where noted.
Nuclear magnetic resonance spectra were obtained
on a Bruker AM-300 (300 MHz for '"H NMR and 75
MHz for '*C NMR) spectrometer and chemical
shifts are reported in parts per million downfield
from tetramethylsilane. All solvents were reagent
grade and used directly without further purifica-
tion.

(E)-5-bromo-4-hydroxy-2-pentenoic acid (2a)
To a solution of 4.9g (0.05 mol) of (E)-
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2,4-pentadienoic acid® in 160 ml of H,O contained
4.2g of NaHCO, was added dropwise 2.8 ml of Br,
with stirring over 4h. at room temperature. The
reaction mixture was then allowed to be stirred for
an additional hour and acidified to pH 2 with
¢-H,50,. Work-up as usual afforded 5.28g (91%)
of colorless oil, which was allowed to be crystallized
from ether to give white crystalls: mp 88-89°C (lit.”
92-93°C). The unpublished spectral data of this
compound are as follows: 'H NMR (300 MHz,
CDCly) 63.50 (2H, d, J=6.7 Hz), 4.61 (1H, m),
6.15 (1H, dd, J=16.0, J=1.50 Hz), 7.00 (1H, dd,
J=16.0, J=5.0 Hz), 7.30 (1H, s), and 11.40 (1H,
s); *C NMR (75 HHz, CDCl,) §32.5, 70.2 122.6,
145.0, 165.6; IR (KBr) 3500-2500 (br), 1660
(C=0)cm™.
Ethyl (E)-2,4-pentadienoate

The solution of 9.8g (0.1 mol) of (E)-2,4-
pentadienoic acid in 50 ml of absolute EtOH was
refluxed for 8 h. with 5§ ml of conc. sulfuric acid.
The reaction mixture was poured into cold 10%
NaHCO, solution and extracted with ether. The
combined organic layers were dried over MgSO,
and removed the solvent to afford pale yellow li-
quid, which was distilled under reduced pressure to
give 2.66g (22%) of colorless liquid: bp 53-55°C/15
mmHg (lit.” bp 53-55°C/19 mmHg). Unpublished
spectral data of this compound are as follows: 'H
NMR (300 MHz, CDCl,) §1.30 (3H, t, J=6.7 Hz),
4.20 2H, q, J=6.7 Hz), 5.41 (1H, dd, J=9.7 Hz,
J=2 Hz), 5.54 (1H, dd, J=16 Hz, J =2 Hz), 5.80
(1H, d, J=16 Hz), 6.44 (1H, dt, J=16 Hz, ] =9.7
Hz), 7.20 (1H, dd, J=16 Hz, J=9.7 Hz); IR (thin
film) 1720 (C=0), 1640 cm™.

Ethyl (E)-5-bromo-4-hydroxy-2-pentenoate (2b)

The mixture of 15.93g (0.13 mol) of ethyl (E)-
2,4-pentadienoate and 23.1g (0.13 mol) of NBS in
150 ml of distilled water was stirred for 15 h.¥ The
reaction mixture was extracted with CH,Cl, and
combined organic layers were washed with brine.
After drying over anhyd. MgSO,, solvents was
evaporated. Resulting liquid was chromatographed
on silica gel, eluting with CCl,: EtOAc (4:1). The
early fractions afforded 21.36 g (76%) of pale
yellow liqud: '"H NMR (300 MHz, CDCl,) §1.30
(3H, t, J=6.7 Hz), 3.48 (1H, s, OH), 4.21 (2H, q,

J=6.7 Hz), 4.55 (1H, dt, J=3.5, J=1.5 Hz), 6.15
(1H, dd, J=14.0, J=1.65 Hz), 6.90 (1H, dd,
J1=14.0, 4.65 Hz); *C NMR (75 MHz, CDCl,) &
14.0, 36.7, 60.6, 70.0, 122.6, 145,6, and 166.1; IR
(thin film) 3450 (br), 2990, 1710, 1650, 1370, 1300,
1175, 1040, 980, 870, and 720 cm™.
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