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Abstract [] Two diene metabolites of valproic acid (VPA), (E)-
2-n-propyl-2,4-pentadienoic acid (1) and (E)-2-(1'-propenyl)-
(E)-2-pentenoic acid (2), were stereoselectively synthesized. Mesylate
elimination in the final step to produce the unsaturation at position 2 was
stereospecific for the (E)-configuration in the case of 2. Gas chroma-
tography-mass spectroscopy and NMR were used to confirm the
configuration of each diene including the minor isomers, (Z)-
2-n-propyl-2,4-pentadienoic acid (9) and (Z)-2-(1'-propenyl)-(E)-
2-pentenoic acid (18). Analysis of the dienes, as PFB derivatives by
negative chemical ionization GC-MS from a serum extract of a patient on
VPA therapy, revealed the presence of four peaks that in order of elution
correspond to 9, 18, 1, and 2.

Valproic acid (VPA) is a widely used drug for the treatment
of epilepsy.1.2 Metabolism of VPA occurs mainly in the liver
and several complex metabolic pathways have been
presented.3-5 Of recent interest are the diunsaturated metab-
olites of VPA, namely (E)-2-n-propyl-2,4-pentadienoic acid (1)
and (E)-2-(1'-propenyl)-(E)-2-pentenoic acid (2). Of the five
reported diene metabolites of VPA,¢ these two dienes (1 and
2) are most frequently found in patient serum and urine
samples.” The metabolite 1 has been shown to be hepatotoxic
in rats, while 2 was found to possess anticonvulsant activity
in mice equipotent to the active (¥)-2-n-propyl-2-pentenoic
acid.8®

In order to undertake metabolic and pharmacokinetic
studies of 1 and 2, methods of syntheses were required that
would yield significant quantities of these dienes in a stere-
oselective manner. The synthesis of 1 as reported by Retten-
meier et al.10 utilized a method that was stereoselective for 1
but gave low yields. A second approach to the synthesis of 1
proved not to be regiospecific with 2-(2'-propenyl)-2-pentenoic
acid also being formed.# The synthesis of 2, as originally
reported from this laboratory, gave three isomers, but was
selective for the (E,E)-isomer (2).11 We report here further
attempts at the stereoselective synthesis of 1 and 2 and
attempts to determine whether the geometric isomers (Z)-
2-n-propyl-2,4-pentadienocic acid (9) and (Z)-2-(1'-propenyl)-
(E)-2-pentenoic acid (18) are also metabolites of VPA in
humans.
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(E)-2-n-Propyl-2,4-pentadiencic Acid (E)-2-(1’-Propenyl)-E-2-pentenoic Acid

Experimental Section

Materials—Acrolein, ¢-butyldimethylsilylchloride (¢-BDMS), n-
butyllithium (1.6 M in hexane), 18-crown-6, diisopropylamine, 4-
dimethylaminopyridine, methanesulfonyl chloride, 2-pentenone, po-
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tassium hydride (35% oil dispersion), propionaldehyde, triethyl-
amine, and triphenylcarbenium tetrafluorocborate were purchased
from Aldrich Chemical (Milwaukee, WI). Pentafluorobenzyl bromide
was obtained from Alfa Products (Danvers, MA), N-methyl-
N-trimethylsilyltrifluoroacetamide (MSTFA) from Pierce Chemical
(Rockford, IL), and hexamethylphosphoramide from Fisher Scientific
(Fairlawn, NJ). All other reagents and solvents were of analytical
grade.

Instrumentation—Proton NMR spectra were obtained on a Bruker
WP-80, a Varian XL-300, or a Bruker WH-400 spectrometer in the
Department of Chemistry, University of British Columbia. The
solvent and internal standard used were deuterochloroform and
tetramethylsilane, respectively.

Electron impact (EI) and negative chemical ionization (NCI) gas
chromatography-mass spectrometry (GC-MS) of extracted patient
serum samples and spiked control human serum samples were
performed on a Hewlett-Packard 5987A instrument equipped with
either a DB-1 fused silica capillary column (30 m x 0.32 mm id.;
J & W Scientific, Folsom, CA) or an OV-1701 fused silica capillary
column (25 m x 0.32 mm i.d.; Quadrex, New Haven, CT). Injections
were performed in the splitless mode with a programmed oven
temperature of 50 to 100 °C at 30 °C/min and 100 to 230 °C at 8 °C/
min. The injection port temperature was 240 °C and the source
temperature was 250 °C. The carrier gas used was helium with a head
pressure of 10 psi. The EI and NCI spectra were recorded with the
source pressure at 2 X 107¢ and 1 Torr, respectively. The reagent gas
for NCI was methane.

The GC-MS analyses of synthesized compounds were performed on
a Hewlett-Packard 5700A gas chromatograph interfaced to a Varian
MAT-111 mass spectrometer using a variable slit separator. The EI
data were obtained with the source pressure at 5 x 1075 Torr and an
emission current of 300 uA at 70 eV. The following GC conditions
were used: a column (1.8 m X 2 mm i.d.) packed with 3% Dexsil 300
on 100-120 mesh Supelcoport (Supelco, Bellefonte, PA); oven tem-
perature was 50 to 270 °C at 8 °C/min; injection port temperature was
250 °C; carrier gas (helium) had a flow rate of 25 mL/min.

Chemistry—The syntheses of 1 and 2 are outlined in Schemes I and
II, respectively.

Synthesis of 1 via the Elimination of the Mesyl Ester of Ethyl
2-n-Propyl-3-hydroxy-4-pentenoate (6)}—Ethyl valerate (4) was pre-
pared from valeric acid (3; 163.6 g, 1.6 mol) using excess ethanol
(220.8 g, 4.8 mol) and 2 mL of concentrated H,SO, refluxed in 500 mL
of benzene for 48 h. The water generated was removed as a benzene
azeotrope via a Dean-Stark apparatus. Isolation by fractional distil-
lation yielded 129.7 g (62.3%) of 4; bp 137-140 °C/760 mm (lit.'?
145 °C/760 mm).

To a stirred solution of diisopropylamine (20.24 g, 0.2 mol) in 150
mL of dry THF at 0 °C, n-butyllithium (130 mL of 1.6 M in hexane,
0.2 mol) was added in a dropwise manner over a period of 15 min. The
mixture was allowed to react for 15 min before being cooled to —78 °C.
Compound 4 (26 g, 0.2 mol) in 10 mL of THF was slowly added in a
dropwise manner over a 15-min period and the mixture was stirred
for a further 20 min. Acrolein (11.2 g, 0.2 mol) in 10 mL of THF was
added in a dropwise manner over a period of 15 min and the reaction
was allowed to continue for a further 60 min before quenching with
15% HCl to bring the pH to 1. The aqueous phase was extracted three
times with ether and the combined ethereal layers were washed with
saturated NaHCO; followed by water. The organic fraction was then
dried over anhydrous MgSO,. Upon removal of the solvent by flash
evaporation, fractional distillation afforded 23.6 g (63.4%) of ethyl
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2-n-propyl-3-hydroxy-4-pentenoate (5); bp 74 °C/0.1 mm; GC-MS (EI)
resulted in the following spectrum: m/z (%) 101(100), 73(80), 55(78),
130(32), 84(27), 141(7), 159(2), 169(2); 'H NMR (80 MHz): 0.9 (t, 3H,
CH,—), 1.2 (t, 3H, —OCH,—CHjy), 1.3-1.7 (m, 4H, CH,—CH,),
2.3-2.7 (m, 1H, CHCO), 2.4 (s, broad, 1H, OH), 4.2 (g, 2H, 0—CH,),
4.2-4.5 (t, 1H, CH—O0), 5.1-5.4 (m, 2H, CH,=), and 5.65-6.1 ppm
(m, 1H, =CH).

An aliquot of 5 (7.4 g, 0.04 mol) and triethylamine (4 g, 0.04 mol)
in 40 mL of dry dichloromethane were cooled to 0 °C. Methanesulfo-
nyl chloride (4.89 g, 0.04 mol) cooled to 0 °C was added in a dropwise
manner to the stirred mixture and allowed to react for 60 min. The
reaction mixture was filtered by suction, the solvent was removed by
flash evaporation, and an aliquot of the crude mesyl ester, 6, was
analyzed by GC-MS. Two peaks corresponding to the diastereomers
gave identical mass spectra; GC-MS (EI): m/z (%) 95(100), 67(65),
79(55), 168(45), 140(45), 123(30), 111(30). The crude mixture of 6 was
reconstituted in 100 mL of dry THF and cooled to 0 °C, and potassium
hydride (4.81 g, 0.12 mol) was added slowly. The reaction mixture was
allowed to attain room temperature and was then stirred for 12 h.
Excess potassium hydride was decomposed very cautiously at —78 °C
with water and the aqueous fraction was extracted three times with
ether. The combined organic fractions were dried over anhydrous
Na,S0, and the solvent was removed by flash evaporation. Fractional
distillation of the residue afforded 1.5 g (22%) of a 3.5:1 (E:Z) isomeric
mixture of ethyl 2-propyl-2,4-pentadiencate (7, 8); bp 70 °C/1 mm;
GC-MS (ED of 7. m/z (%) 95(100), 168(M™*,97), 67(80), 111(74),
123(74), 140(65), 79(40), 153(5); 'H NMR (400 MHz) of the isomeric
mixture: 0.92 (t, 3H, CH,—), 1.31 (t, 3H, OCH,—CH,, (E)), 1.82 (t,
3H, OCH,—CH,;, (2)), 1.4-1.52 (m, 2H, —CH,—CH,), 2.29 (t, 2H,
J = THz, CH,—CH,, (Z)), 2.4 (t,2H,J = 7THz, CH,—CH,, (E)), 4.21
(g, 2H, 0—CH,, (E)), 4.31 (q, 2H, O—CH,, (Z)), 5.31 (d, 1H, Jpx =
10 Hz, CH,=, (2)), 5.38 (d, 1H, J,x = 16 Hz, CH,=, (2)), 5.44 (dd,
1H, Jgx = 10 Hz, J s = 2 Hz, CHy,=, (E)), 5.57 (dd, 1H, J ,x = 17 Hz,
Jag = 2Hz, CH,=, (E)), 6.34 d, 1H,J = 12 Hz, —CH=C, (2)), 6.68
(ddd, 1H, CH,=CH, (E)), 7.17 (d, 1H, J = 12 Hz, —CH=C, (E)), and
7.14-7.25 ppm (m, 1H, CH,=CH, (Z)).

The free acids were obtained by stirring the isomeric mixture of 7
and 8 (100 mg, 0.6 mmol) in 10 mL of 1 M NaOH for 24 h at 25°C in
a flask protected from light. The mixture was brought to a pH of 1
with 1 M HCI and extracted three times with ether. The combined
ethereal fractions were dried over anhydrous Na,SO, and the ether
was removed by flash evaporation; GC-MS (EI) analysis of the
t-BDMS ester derivative of 1. m/z (%) 197(100), 75(15), 123(15),
95(10), 67(7), 153(3), 155(2), 239(2);7.10 GC-MS (EI) analysis of 9:
197(100), 75(45), 95(40), 155(20), 67(15), 123(10), 153(4), 239(3).

Synthesis of 7 by the Oxidation, via Allylic Hydride Abstraction,
of 2-Propenyl propyl-O-ethyl-O-trimethylsilylketene acetal (11)—
The synthesis of the starting material, ethyl 2-n-propyl-4-pentencate
(10), was based on the method of Rettenmeier et al.1¢ To a solution of
diisopropylamine (1.21 g, 12 mmol) in dry THF (10 mL) at 0°C,
n-butyllithium (7.5 mL of 1.6 M in hexane, 12 mmol) was added
slowly and allowed to react for 15 min. The mixture was cooled to
—78°C and 10 (1.7 g, 10 mmol) in 3 mL of THF was added in a
dropwise manner. After 60 min, chlorotrimethylsilane (1.85 g, 17
mmol) in 3 mL of THF was slowly added and the temperature was
allowed to increase to 25 °C. After 60 min, the solvent was removed
under reduced pressure using a vacuum pump. The crude 11 was then
reconstituted in 10 mL of anhydrous dichloromethane. The mixture
was slowly added to a solution of triphenylcarbenium tetrafluorob-
orate (4.95 g, 15 mmol) and collidine (1.45 g, 12 mmol) in dry
dichloromethane (25 mL). After 30 min, the reaction was quenched
with 30 mL of water and the aqueous phase was extracted three times
with ether. The combined ether layers were consecutively washed
with saturated NaHCO, and water, then dried over anhydrous
Na,S0,. Upon removal of the solvent by flash evaporation, GC-MS
(EI) analysis of the residue revealed poor yields of 7 and the presence
of a significant amount of starting material 10.

Synthesis of 2 via Elimination of the Mesyl Ester of Ethyl
(E)-2-(1'-hydroxypropyl)-3-pentenoate (15)—The (Z)-2-pentenoic
acid (12) was synthesized using the Favorsky rearrangement of
1,3-dibromo-2-pentenone described briefly by Rappe and Adestrom??
and in detail by Rappe.!4 The ethyl (Z)-2-pentencate (13) was
obtained by refluxing 12 (23.3 g, 0.23 mol) with ethyl iodide (71.76 g,
0.46 mol), potassium carbonate (23.84 g, 0.17 mol), and 18-crown-6 (3
g, 0.05 M) in 230 mL of dry THF for 6 h. The mixture was filtered by
suction and fractional distillation afforded 17.1 g of 13 (yield 58%, bp
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43-45 °C/10 mm); GC-MS (ED); m/z (%) 100(100), 83(95), 55(77),
29(65), 128(M*, 30); 'H NMR (80 MHz): 1.1 (t, 3H, CH,—), 1.3 (t, 3H,
—CH,), 2.65 (q, 2H, CH,), 4.2 (q, 2H, OCH,), 5.7 (d, 1H, J = 10 Hz,
CH=CH), and 6.2-6.5 ppm (dt, 1H, J;, = 10 Hz, J,,, = 6 Hz,
HC=CH).

To a stirred solution of diisopropylamine (11.13 g, 0.11 mol) in
anhydrous THF (90 mL) at 0 °C, n-butyllithium (69 mL of 1.6 M in
hexane, 0.11 mol) was added in a dropwise manner over a period of
15 min and allowed to react for 20 min. Upon cooling to —78 °C,
hexamethylphosphoramide (19.57 g, 0.11 mol) was added in a drop-
wise manner to the mixture and stirred for 15 min. An aliquot of 13
(12.8 g, 0.1 mol) in 10 mL of THF was added in a dropwise manner.
After 30 min, propionaldehyde (5.8 g, 0.1 mol) in 10 mL of THF was
slowly introduced into the mixture and stirred for 30 min. The
reaction was quenched with 156% HCI until a pH of 1 was attained.
The aqueous portion was extracted three times with ether and the
combined organic fractions were washed consecutively with satu-
rated NaHCO; and water, and then dried over anhydrous NaySO,.
Removal of the solvent by flash evaporation and fractional distillation
of the residue afforded 11.2 g (yield 60%) of ethyl (E)-2-
(1'-hydroxypropyl)-3-pentenoate (14); bp 78 °C/0.22 mm (lit.'* 95—
100 °C/1 mm); GC-MS (ED): m/z (%) 29(100), 100(50), 55(49), 82(44),
128(40), 113(5), 141(2), 157(2); 'H NMR (300 MHz): 0.95 (t, 3H,
CH,—CH,), 1.3 (t, 3H, OCH,—CH,,), 1.45 (m, 2H, CH,), 1.7 (d, 3H,
CH,—CH=), 2.65 (broad s, 1H, OH}), 3.0 (m, 1H, CH—C=0), 3.65-
3.8 (m, 1H, CH—O), 4.15 (g, 2H, OCH,—CH,), 547 (m, 1H,
CH=CH), and 5.63 ppm (m, 1H, =CH—CH).

Compound 14 (9.3 g, 0.05 mol) was added to triethylamine (8.1 g,
0.08 mol) in 40 mL of dry dichloromethane and the mixture was cooled
to 0 °C. Methanesulfonyl chloride (6.87 g, 0.06 mol) at 0 °C was slowly
added to the mixture and stirred for 60 min at 0 °C. The mixture was
filtered by suction, the solvent was removed by flash evaporation, and
the crude mesyl ester, 15, was analyzed by GC-MS. Two peaks
corresponding to the diastereomers gave identical mass spectra;
GC-MS (ED): m/z (%) 95(100), 67(55), 55(45),123(30), 111(15), 139(15),
168(10), 153(5). The crude mixture of 15 was reconstituted in 150 mL
of anhydrous THF and cooeled to 0 °C, and potassium hydride (4.01 g,
0.1 mol) was cautiously added. The mixture was then brought to 25 °C
and allowed to react for 12 h. Excess potassium hydride was carefully
decomposed at —78°C with water and the aqueous layer was
extracted three times with ether. The combined organic fractions
were consecutively washed with saturated NaHCO; and water, and
then dried over anhydrous Na,SO,. The solvent was removed by flash
evaporation and fractional distillation of the residue afforded 3.9 g
[yield 46%, bp 70 °C/0.7 mm (lit.'* 65-70 °C/0.1 mm)] of an isomeric
mixture that by GC-MS was estimated to contain 81% of ethyl
(E)-2-(1'-propenyl)-(E)-2-pentencate (16) and 19% of ethyl (Z)-
2-(1'-propenyl)-(E)-2-pentencate (17); GC-MS (EI) of 16: m/z (%)
95(100), 168(M*, 90), 79(64), 67(49), 123(46), 140(37), 111(30),
153(7)11; 'H NMR (400 MHz): 1.0-1.1 (t, 3H, CH,—CH,), 1.32 (t, 3H,
OCH,—CH,), 1.84 d, J = 7 Hz, 3H, CH;—CH=), 2.3 (m, 2H,
CH,—CH=),4.2(q, 2H, OCH,—CH,), 5.75 (trace, m, CH==CH), (E,
7)), 6.07 (m, 1H, CH=CH, (E, F)), 6.13 (d,J = 17 Hz, 1H, CH=CH,
(E, E)), 6.55 (t,J = 7Hz,1H,CH,— CH=, (E, E)), and 6.8 ppm (trace,
CH,—CH==, (E,Z)).1!

The free acids were obtained by stirring the mixture of 16 and 17
(2.7 g, 0.016 mol) in 25 mL of 2.2 M NaOH at 60 °C for 48 h. The
mixture was extracted with 25 mL of hexane (discard) and the
aqueous fraction was adjusted to a pH of 1 with 10% HCI. The acidic
solution was extracted three times with ether and the combined
ethereal portions were dried over anhydrous Na,50,. Removal of the
ether by flash evaporation and fractional distillation afforded 1.2 g
(yield 52.1%, bp 84 °C/0.05 mm) of 2 and 18 with the (E, E)-isomer
constituting ~94% of the mixture; *H NMR (400 MHz): 1.09 (t, J =
8 Hz, 3H, CH;—CHy,), 1.57 (trace,d, CH,—CH=,(E, 7)), 1.85(d, J
=7Hz, 3H,CH,—CH=, (E,E)), 2.11 (trace, m, CH,, (E, Z)), 2.34 (m,
2H, CH,, (E, E)), 5.83 (trace, m, CH=CH, (E, Z)), 5.99 (trace, d, J =
11 Hz, CH=CH, (E, Z)), 6.02-6.11 (m, 1H, CH=CH, (E, E)), 6.15(d,
Jd = 16 Hz, 1H, CH=CH, (E, E)), and 6.8 ppm (t, J = 8 Hz, 1H,
CH,—CH=, (E, E)); GC-MS (EI) analysis of the t-BDMS ester
derivative of 2: m/z (%) 197(100), 75(35), 95(20), 123(10), 254(2),
139(2), 153(2), 167(2);7 GC-MS (EI) analysis of the +-BDMS ester
derivative of 18: 197(100), 75(20), 95(15), 123(10), 254(5), 139(2),
153(2), 167(2).

Synthesis of 16 by the Oxidation, via Allylic Hydride Abstrac-
tion, of 1-Propeny! propyl-O-ethyl-O-trimethylsilylketene acetal



(20)—Ethyl (E)-2-n-propyl-3-pentenoate (19) was synthesized accord-
ing to the procedure of Acheampong.15 The experimental methods to
produce the acetal, 20, and the oxidation by allylic hydride abstrac-
tion to give 16, were identical to those described for the synthesis of
7 from 10; GC-MS (EI) of crude 20: m/z (%) 73(100), 95(80), 124(50),
169(11), 213(11), 242(M*11), 141(10). Following the hydride abstrac-
tion step, GC-MS (EI) of the product revealed two isomers, 16 and 17,
plus starting material 19. Fractional distillation failed to separate
the products from the starting material.

Sample Preparation—A serum sample (1 mL) from an epileptic
patient on valproic acid (VPA) therapy and two control serum
samples, to which had been added either 1 and 9 or 2 and 18 (final
concentrations of 15 ug/mL), were extracted in duplicate according to
the procedures of Abbott et al.” The pH was adjusted to 2 with 3 M HC1
and the sample was extracted twice with 1 mL of ethyl acetate by
gentle mechanical rotation. The combined organic fractions were
dried over anhydrous Na,S0, and the volume was reduced to 200 uL
with nitrogen. The three sets of extracted samples were derivatized
with either MSTFA,” t-BDMS,” or pentafluorobenzyl bromide,¢ and
1 uL was injected for GC-MS analysis by either EI or NCL

Results and Discussion

Synthesis of the Dienes by the Stereoselective Elimina-
tion of the Corresponding Mesyl Esters—The synthesis of
1 via this route is outlined in Scheme I. The facile synthesis
and high yields of the hydroxy ester 5 make this approach the
most feasible in spite of disappointingly low yields in the final
elimination step. Nevertheless, the 22% yield of esters 7 and
8 from the potassium hydride elimination of the mesyl ester
exceeds reported yields of 7%.10 The E-to-Z isomer ratio (78%
of 7, 22% of 8) also compares favorably with the reported 90%
isomeric purity of the (E)-isomer 1 obtained following hydrol-
ysis of the ester.l® While not done in this instance, further
separation of the two isomers could be achieved by prepara-
tive argentation-TLC. This methodology was originally used
to separate the isomers of 2-(1'-propenyl)-2-pentenoic acid.1!

The predominance of the (¥)-isomer 7 is consistent with the
stereospecific elimination of mesylates by KH claimed by
Kende and Toder'? for the synthesis of (Z£)-2-(1'-propenyl)-
(E)-2-hexadecenoic acid. However, the significant yield ob-
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Scheme —Synthesis of 2-n-propyl-2,4-pentadienoic acid by mesylate
elimination and hydride abstraction. (a) EtOH, H,SO,, benzene, A; (b)
[(CH3),CH],NH, n-BuLi, CH,CHCHO, THF, —78°C; (¢) (C.Hs):N,
CH3SO,Cl, CH,Cl,, 0°C; (d) KH, THF, room temperature; (€) 1 M
NaOH, 1 M HCI; (f) [(CHg4)o,CH],NH, r-BuLi, (CH;),SiCl, THF, —78 °C;
(g) collidine, triphenylcarbenium fluoroborate, CH,Cl,, room tempera-
ture.

tained for the (Z)-isomer 8 suggests that in the formation of
the 2,4-conjugated diene ester, elimination of mesylate was
not stereospecific. Alternatively, partial isomerization of 7 to
8 may have occurred during workup. The absence of any other
diene isomers in the product confirmed the regiospecificity of
the reaction. Conjugative elimination is perhaps a factor in
the regiospecificity, since attempts to produce the monoun-
saturated ethyl 2-n-propyl-2-pentenoate via mesylate elimi-
nation were unsuccessful.

The configuration of the diene isomers 7 and 8 can be
assigned based on the stereoselectivity of the elimination
reaction to give the (E)-isomer10.17 and on NMR evidence. The
expected planarity of the conjugated 2,4-diene VPA esters
provide for significant shielding and deshielding effects of the
carbonyl group on neighboring vinylic protons (see structure).

sH~ Ha
717 ppm
6.68 — xH H
ppm
c?°
I
Ot

Ethyt (E-2-n-Propyl-2,4-pentadienoate) (7)

Ethyl (Z)-2-n-propy|-2,4-pentadienoate (8)

For example, the proton at C, in the major (E)-isomer 7 is
highly deshielded and appears at 7.17 ppm. In the (Z)-isomer
8, a marked upfield shift of the C, proton to 6.34 ppm occurs
that is consistent with reduced deshielding by the carbonyl.
Similar effects are observed for the C, proton Hy. In the
(E)-isomer, Hy occurs at 6.68 ppm and is shifted downfield to
7.14-7.25 ppm in the (Z)-isomer as a consequence of increased
deshielding.

The free acid 1, obtained by alkaline hydrolysis of 7,
appeared to be quite reactive because the isolated clear
product soon became yellowish. The GC-MS analysis of the
t-BDMS ester derivative of the yellowish product revealed the
presence of several unidentified peaks appearing at longer
retention times. These peaks, which were initially absent,
appear to be polymers of 1. A structurally similar compound,
2,4-pentadienoic acid, is known to polymerize in aqueous
solution.18

The synthesis of 2 by the elimination of the mesyl ester
outlined in Scheme II was briefly described by Acheampong
and Abbottl! and was based on the method of Kende and
Toder” for the synthesis of 2,3'-diene esters. The elimination
reaction on 15 primarily gave the (E,E)-isomer 16 with minor
amounts of the (E.Z)-isomer 17. In contrast to the results
obtained for the synthesis of 7, elimination of the mesylate
group of 15 gave exclusively the (E)-configuration at position
2. In the NMR spectra, the chemical shift values for the proton
at C; in 16 and 17 are 6.55 and 6.8 ppm, respectively. These
downfield values again correspond to the deshielding effects of
the carbonyl group. The presence of the (E,Z)-isomer 17 was
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Scheme ll—Synthesis of 2-(1'-propenyl)-2-pentenoic acid by mesylate
elimination and hydride abstraction. (a) Etl, K,COj, 18-crown-6, THF, A;
(b) [(CH3),CH],NH, n-BuLi, HMPA, CH;CH,CHO, THF, —78°C; (c)
(C,Hg)3N, CH;S0,Cl, CHLCl,, 0 °C; (d) KH, THF, room temperature; (e)
2.2 M NaOH, 10% HCI; (f) [(CH;),CHI,NH, n-BuLi, (CH,),SiCl, THF,
—78°C; (@) collidine, triphenylcarbenium fluoroborate, CH,Cl,, room
temperature.

thought to result from isomerization of the Cj.-double bond,
perhaps during the mesylation or elimination steps, because
the NMR spectrum of 14 was exclusively that of the (E)-
isomer. In contrast to previous reports,’! (E)-2-(1'-
propenyl)-(Z)-2-pentenoic acid was not present since the C;
proton that occurs at 5.92 ppm was absent. This was also
confirmed by synthesizing this diene isomer and comparing
GC-MS and NMR data.

Upon hydrolysis of the esters 16 and 17, the isolated acids
were found to consist of 94% 2 and 6% 18 based on GC-MS
analysis of the +-BDMS derivatives. The overall yield of 2 was
greatly enhanced by improving the synthesis of the starting
ester 13. On storing the product at —20 °C for several months,
a white milky precipitate forms. The clear supernatant was
98% of 2 upon GC-MS analysis.

Synthesis of the Dienes by the Oxidation of an Alkyl
0-Ethyl-O-trimethylsilylketene Acetal—This approach to
the synthesis of 1 and 2, as described in Schemes I and II,
respectively, was based on the method reported by Jung et
al.1? for converting a ketone to an enone via hydride abstrac-
tion with triphenylcarbenium tetrafluoroborate. This oxida-
tion was also applied to synthesize a,B-unsaturated esters.
Yields up to 50% were reported.!® The synthesis of 7 by
hydride abstraction of 11 with triphenylcarbenium tetraflu-
oroborate gave two geometric isomers along with a significant
amount of starting material 10. Similar results were obtained
when this method was applied to the synthesis of 2. Up to 60%
of the product mixture contained 19. The added difficulty of
separating products from starting material limits this syn-
thetic approach to the diene metabolites. Synthesis of 7 and
16 by an unequivocal route helped verify the structures of
these dienes. _

Diunsaturated Metabolites of Valproic Acid in a Patient
Serum Sample—Two methods of GC-MS analysis were used to
study the primary geometric diene isomers of VPA metabolites
in the serum of patients, namely EI and NCI. Mass spectra of the
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TMS and -BDMS derivatives of the diene metabolites 1 and 2
were identical to the synthesized standards. The GC-MS data
including the significant ions for these diene derivatives have
previously been reported.+5:610.11,20 The mass spectra of the
pentafluorobenzyl derivatives of 1 and 2, shown in Figure 1, also
matched the synthesized diene standards. Because of the simi-
larity of the metabolite spectra and other diene metabolites, the
identification of the dienes was approached by selected ion
monitoring using three derivatives on two columns of differing
polarity. Under EI conditions, a single selective ion at m/z 197
was monitored. This ion, (M-15)" for TMS and (M-57)" for
t-BDMS, represents loss of a methyl group or a tertiary butyl
group, respectively. When negative CI conditions for the pen-
tafluorobenzyl derivatives were used, a single selective ion at m/
2139 corresponding to (M-181)~ or loss of the pentafluorobenzyl
group was monitored.

The chromatographic conditions typical for the analysis of
VPA metabolites on a semipolar OV-1701 column? failed to
resolve the TMS derivatives of 18 and 1. Similar results were
found when the TMS derivatives were run on a DB-1 column
{Figure 2). Although not shown, the t-BDMS derivatives of 18
and 1 also failed to resolve on either column. The PFB
derivatives gave good resolution of all four diene isomers on
a DB-1 column (Figure 3) and on the more polar OV-1701
column. These results appear to confirm that the minor diene
isomers, 18 and 9, are metabolites of VPA found in human
serum.

In summary, the mesylate elimination reaction is a stere-
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Figure 1—Negative chemical ionization mass spectra of the pentafluo-
robenzyl esters of 1 and 2.
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Figure 2—Mass chromatograms at m/z 197 of TMS derivatives of (4)
peak 1 (18) and peak 2 (2) in control human serum; (B) peak 3 (9) and
peak 4 (1) in control human serum; (C) serum sample of a patient on
VPA therapy containing peaks 1 to 4, on a DB-1 column.

oselective method for obtaining significant quantities of two
important diene metabolites of VPA. The NMR analysis of the
isomers confirmed the stereoselectivity of the reaction. Four
isomers of the two dienes were found as metabolites in
humans.
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