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Abstyact -- Three major metabolites of felbmmsts, namely 2-(&-hydroxyphenyl)-
1,3-propanedio) dicarbamate [4], 2-hydroxy-2-pheayl-1,3-peopanediol dicarbemste
(12}, and 2-phenyl-1,3-propanediol b (17] were prepared. The first
metadbolite, &, wvas synthesized from p-methoxy-phenylacetic scid [X] via five
steps involving carboxylation, reduction, phosgsastion, demsthylation, and
carbemation. The second ons, 12, was prepared from 2-phenyl-1,3-propanediol
[7] by tha following five steps: phosgenation, halogenstion, carbumatiom,
dehalogsnation, and ssmonolysis. The synthesis of the third metabolite, 17,
started with 7, via the following five steps: ssthylation, phosgesmtion,
carbamation, and desethylation.

Falbamate, 2-phenyl-1,3-propanediol dicarbamste, is a new anticonvulsant agent! which is
currently undergoing clinical trials. The biotransformation of felbamate has been studied in the
rat in vitro? and in the rat, dog, and rabbit in vivo®. The three major metabolites identified
were 2-(4-hydroxyphenyl)-1,3-propanediol dicarbamate, 2-hydroxy-2-phenyl-1,3-propanediol dicarba-
mate, and 2-phenyl-1,3-propanediol monocarbamata. To facilitate positive identification, the
above three metabolites were nesded to serve as authentic referance compounds. The development of
synthetic procedures for the thres metabolites is described in this paper. The procedures for
direct reduction of malonic acids to the corresponding propanediols and for introduction of the
hydroxy group into the 2-phenylpropane chain may be of general utility.

The first metabolite, 2-(4-hydroxyphenyl)-1,3-propanediocl dicarbamste [4] was synthesized in
five steps (Scheme I) from 4-methoxyphenylacetic acid [1] via 2-(4-methoxyphenyl)malonic acid {2],
2-(4-methoxyphenyl)-1,3-propanediol [3], its bischloroformate [6]}, and 2-(4-hydroxyphenyl)-1,3-
propanediol bischloroformate [5] following, in part, the procedure developed for 1*C-labeling of
falbamate®.
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According to Barnes et. al® organic carboxylic acids can be synthesized from a compound
containing an acidic C-H bond by carboxylation utilizing n-butyl lithium and carbon dioxide.
Thus, the first step was successfully carried out by carboxylation of 4-methoxyphenylacetic
acid [1) with the reagents mentioned above. The purification by recrystallization yielded
58% of pure 2. The borane-tetrahydrofuran complex,l known to be an excellent selective reducing
agent for carboxylic acids®, reacted with 2 at low temperatures. The optimal reduction conditions
ware determined to be a two-step reduction with 200X excess of hydride. The yield of 3 after
further recrystallization was 61%. In the third step phosgenation’ was completed in 2 h with pure
tetrahydrofuran as solvent leading to the bischloroformate of 2-(4-methoxyphenyl)-1,3-propanediol
[6]. Subsequently, the demethylation by boron tribromide was carried out in methylene chloride?,
followed by addition of anhydrous ammonia?’?, which lead to the desired 2-(4-hydroxyphenyl)-1,3-
propanediol dicarbamate [4]. After further recrystallization the overall yield of the last three
steps was 42X. The structure of the| new compound was confirmed by H-NMR spectra, mass spectro-
metry, UV, and elemental analysis.

The preparation of the second metabolite, 2-hydroxy-2-phenyl-1,3-propanediol dicarbamate [12]
started with the readily available diethyl phenylmalonate®’, which was reduced to 2-phenyl-1,3-
propanediol {7]. This synthesis involved a five-step procedure from 7 to the desired product via
the following intermediate: bischloroformate of 2-phenyl-1,3-propanediol [8], 2-bromo-2-phenyl-
1,3-propanediol bischloroformate [10], 2-bromo-2-phenyl-l,3-propanediol dicarbamate [9], and
4-phenyl-1,3-dioxolan-2-one-4-yl-methanol carbamate {11] (Scheme II). The improved preparation of
7 was developed by the reduction of diethyl phenylmalonate with lithium aluminum hydride utiliz-
ing a new technique'! and giving a higher yield (70X). After the formation of the intermediate,
8, by the phosgenation of 7, free radical bromination!? yielded 2-bromo-2-phenyl-1l,3-propanediol
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bischloroformate {10]. The bromination was carried out with N-bromosuccinimide (NBS) under
irradiation with UV light in the pr of dib yl peroxide. Subsequently, carbamation was
performed by addition of an excess amount of anhydrous ammonia to give the corresponding 9. The

overall yiald for the last three steps was 84%. Silver acetate, reported to be a dehalogenating
agent!®, reacted with 9 in the presence of acetic acid but contrary to expectations, the product
formed was &-phenyl-1,3-dioxolans-2-one-4-yl-methanol carbamate [11] in a yield of 56%. This
could be dua to formation of & heterocyclic oxonium ion, 13, as indicated in Scheme II.

Ammonolysis of the cyclic carbonate, 11, was carried out in the presence of anhydrous liquid
apmonia. The course of the reaction could conceivably provide two products, 2-hydroxy-2-phenyl-
1,3-propanediol dicarbamate [12], and l-hydroxy-2-phenyl-2,3-propanediol dicarbamate [14]. How-
ever, the only reaction product isolated in a quantitative yield was 12, Its structure was con-
firmed by 'H-NMR spectra, IR spectra, UV, elemental analysis, and mass spectroscopy.

The synthesis of the third metabolite, 2-phenyl-1,3-propanediol monocarbamate [17] has been
accomplished starting from the diol 7 via a four-step reaction shown in Scheme III. This proce-
dure involved the monomethylation of 7, phosgenation of 2-phenyl-3-methoxypropanol [15], carba-
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mation of 2-phenyl-3-methoxypropanol chloroformate [16], and finally, demethylation of 2-phenyl-
3-methoxy-propanol carbamate [18] to 17. The 2-substituted alkyl-1,3-propanediol monocarbamates
have been synthesized by ammonolysis of the cyclic carbamates® prepared from a wide variety of
2-gubstituted alkyl-1,3-propanediols and phosgene. However, the procedure led to some diffi-
culties to synthesize 17 due to polymerization of the cyclic intermediate. As shown in Scheme
III, the methylation reaction was carefully controlled with a stoichiometric amount of 7 and
sodium hydride, followed by addition of excess methyl iodide’*. The crude product, 15, was used
for the next step without further purification. Subsequently, the procedure used for phosgenation
and carbamation was identical to that described above. The yield of 18 in the last two steps was
55X. The recently described combination of trichloromethylsilane and sodium iodide, a selective
demethylation procedure for aliphatic ethers in the presence of other functional groups!®, was
utilized in selective demethylation of 18 to 17 at ambient temperature. After further purifica-
tion the final yield of 17 was 96X. The structure of 17 was confirmed by !H-NMR spectra, IR
spectra, TLC analysis, and mass spectrometry.

Melting points wers taken on a Thomas Hoover mslting point spparatus and are uncorrected. Proton magnetic
resonance spectra were recorded on a JEOL JW¢-1000MR, spectromster in chloroform-d,, dimethylsulfoxide-dg, and sce-
tone-dy vith tetrsmethylsilane (TMS) as internal refersnce. Infrared spectra wers obtained on a Beckmen IR-9 spectro-
mster. GC-Mass spectra (KI) wers taken on a 5965-Hewlett Packard mass spectromster at 70 ev. Thin layer chromatog-
raphy (TIC) was parformed on silica gel 60F 254 plates of 0.25 mm thickness (EM Scientific). UV spectra ware recordsd
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tetrachloride. After stirring for a while, 93.04 mmol (16.6 g) of XBS and 0.22 mmol (0.05 g) of dibenzoyl peroxide
were introduced in two portioms under N,. The mixture vas refluxed for four days and sisultansously sxposed to UV
light (150 W bulb) for thres days. The insoluble material was filtered, the clear solution in carbon tetrachloride
was concentrated to 80 al, and cooled to 0°C under X,. Anhydrous ammonia was bubbled into the solution under stirring
for 30 min at 0°C. The precipitats wes filtersd off and dissolved in 700 ml of refluxing acetons. Aftar filtration
and concentration of the solution, the red brownish oily material was redissolved in 500 sl of methylens chloride and
cooled at 0°C. The insoluble msterisl was filtared off, and the clear solution was concentratsd. Purification by
colusn chromatography on silica gel with a mixture of acetone and hexans (2:1) provided 13.81 g (43.546 mmol, 84%) of 9
as a colorless solid with mp 111-113°C; 'H NR (Me,80-d4) § 5.1 (d, 2B, CH,), 4.9 (4, 2H, CH,), 6.5 (s, &H, 2M8,), and
8.0 (», SH, Ph).

Acal. Calcd. for Cy,H, 4N,0,Brt C, 41.65; H, 4.10; N, 8.83; Br, 25.19. Found: C, 41.82; H, &.28; N, 8.6k; Br,
2h.91.

4-Fhenyl-1.3-dioxolan-2-coe-A-vi-mathencl [11]. The reaction was carried out under N, in the dark in & 250 =l KB
flask with a side arm and N, outlet connecting tubs. To the predried three-nscked flask, kept in the dark, 13.60 g
(42.88 mmol) of ¢ and 600 mi of glacial acetic acid were added under ¥,. A suspension of 14.32 g (85.76 mmol) of
silver acetate in 5 al of water was then introduced into the flask at RT and kept stirred overnight (22 h). To
prevent photo-decomposition of silver acetats, the flask was covered with alumimm foil. The heterogensous mixture
was filtered, vashed twice with THF, and rated under reduced p: to give a colorless oily saterial.
Addition of cold water provided a greyish white solid in a yield of 7.18 g (71%). To it a mixture of methylene
chloride, tstrahydrofuran (THF), and acetone (2:1:1) were added and the mixture heated to reflux under stirring for 20
nin. Charcoal was added, and the solution filtered and concentrated to 5 mL of solution. Addition of excess ether

gave a colorless white solid of 11 in a yield of 5.59 g (23.56 mmol, 56X) with a mp 132-133°C; H MR (Me;S0-dg) &
4.81 (s, 28, CH;), 4.7 (d, 1R, CH), 4.95 (d, 1H, CH), 6.85 (s, 2H, Ni,), and 7.6 (s, SH, Ph).

Anal. Calcd. for C,,H,,N0g: C, 55.70; H, 4.67; N, 5.91. Found: C, 56,063 H, &4.84; N, 5.97.

2-Bwdxoxv-2-phegyl-1.3-provanediol Dicarbsmats [121. Without stirring at RT 6.13 g (25.84 mmol) of 11 was slowly
introduced into & test tube containing 7 mlL of liquid ammonia giving a ysllovish homogensous solution. The tube was
put in a stainless steal pressure bottle (2" diam. x 5" L) and meintained at RT for 24 h without stirring. TIhe bottle
was immersed in dry ice-acetons temperature for a while and then slowly opensd by releasing the pressure. Excess
ap od off at RT giving 6.5 g of a highly viscous yellowish oily saterial. The crude product was then
purified by column chromatography (2.5 x 50 ca) on 160 g of silica gel with a 3:2 mixture of acetons and haxane as
eluting solvent. The fractions containing the desired compound (determined by TIC analysis) wers cowbined and the
solvent was removed under reduced pressure (1 torr, RT). The yield was 6.15 g (24.19 mmol, 94%) of 12 as colorless
crystals vith a mp 42-43°C; 'H MR (Me,80-d,) & 4.8 (s, 4H, CH,), 6.7 (s, 4H, MH,), 5.4 (s, 1H, OH), and 8.3-8.7 (m,
SH, Ph); IR (Me,80 filtered) ca 1 3350 (0H, s), 3200 (MH, s), 1620 (NH, m), 1710 (C=0, s), and 1150 (C-0, bta); UV (3.9

ia wvas

x 10”3 M in MeOH) nm 212 and 255; NS, m/e (relative intensity) 91 (100), 119 (58), 137 (61), and 180 (&1).

Anal. Calcd. for Cy,H; N,0g4: C, 51.97; H, 5.55; N, 11.02. Found: C, 51.99; H, 5.54; N, 10.95.

3-Mathoxy-2-phenvlipropenol [15]1. To a 500 ml three-necked flask 7.6 g (50 mm) of 7 and 100 sl of dry IMSO were
added under N, at RT. Then 1.2 g (50 mmol) of sodium hydride (after washing the 40X oil off with hexana) was slowly
added in five separats portions to the flask under stirring. After additional stirring for 5 h at RT, 3.1 sk (50
wmol) of methyl iodide was slowly introduced into the flask from a syrings at 0°C under stirring and kept stirred
overnight at RT. Then 150 al of water and 100 ml of ether were introduced and extxacted twice with an additional 100
uL of ether. The combined ether was dried over anhydrous msgnesium sulfate and ated under reduced p
to a colorless oil corresponding to 15. Ths yield was 5.51 g (66%). This material was then used for the next step
without further purification. 'H MR (CDCl,) 6 2.60 (s, 1H, OH), 3.20 (s, 3H, OCH,), 3.62 (m, 4H, 2CH,), 3.04 (m, 1E,
CH), and 7.08 (s, SH, Ph).

A-Methoxy-2-phanvinrooanol Carbemate {18]. To a predried 250 mL flask 2.77 g (16.7 amol) of 15 and 50 mL of dry
THF wers added at RT. Then under N, at 0°C 3.60 aL (50 mmol) liquid phosgens was added to the solution in the flask.
The mixture was maintained at RT for 2 h, then the solvent evap ad under reduced p , and 100 sl of fresh
tolusns was added. nnflukmcoolodt.oo"cmlz and snhydrous smmonia was bubbled into the solution under
stirring for 30 min at 0°C. The vhits precipitate was stirred for an additional 30 min at RT then filtered off to
ted under reducad p giving a slightly yellowish s0lid. The crude

collect the filtrate. The solvent was

b 4
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on & Beckmn model 25 spactroply . R al snalyses wers carried out by Calbdraith Laboratories, Inc., Knox-
ville, TH. All resctions wers perforwed under a aitrogen atwospbers. All ether solvents wers freshly distilled over
lithive aluminue bydride under a nitrogen atmospharw. HNethanol and DMSO wers storsd over Linde 3-A smclecular sisves.
The glassware was hested to 100°C and then cooled under nitrogen at room tempsrature (RT) befors use.
SMethoxvahenylanlonic Acid (2], The entire resction was caxried out under ¥, in a 500 mi RS thres-necksd flask.
To this flask 12.45 g {75 mmol) of 1 and 87 nl of dry THF were added at RT and cosled to dry ice tesperature. Then 87
ul (200 mol) of n-butyl lithium in bexane was slowly introduced to the flask under stirring. After additional
stirring for 2 h at dry ice temperaturs, 50 g of solid CO, was slovly added in four portions and kept stirred for
ancther 2 h at dry ice temperaturs and for 3 min at RT. The mixture was decomposed by the addition of 250 sk of 2K
HCI undar stirring ing the separation of two layers and sxtracted with 100 sl of ethyl ether. The organic layers
were drisd over anhydrous megnesium sulfata and rated under reduced p e giving a yellow oil. To the cxrude
product ethyl sther was added until all dizsolved followed by excess haxane. Aftar 2 h in the refrigerator, the

solvent vas decanted and , the residus wex recrystallized from s mixture of tolusns and msthylens chloride, 2:1,
producing & white crystalline material, corresponding to 2. The yisld vas 9.06 g (58%) with a mp of 14a1-1A3°C
[Lit.2¢, mp 137-138°C}; ‘R MR (Me,C0-dg) & 3.76 (s, 3H, OMe), 4.69 (s, 1H, CH), and 6.9-7.5 (q, &H, Ph).
2=(4-Hethoxvohanyl)-l.3-propanadiol [31. To a three-necked predried flask 6.62 g (31.5 mmol) of 2, 1 mlL of
wsthanol, and 10 sl of dry THF vers added at RT. At 0°C under N, 225 sl (189 mmol) of a 0.84N solution of borane:THF
in THF was slowly introduced into the flask from & syrings under stirring and then stirred at G6°C for 6 h. Then 100
nl of dry methanol was slowly added at 0°C. The excess solvent was distilled off under reduced pressure. Then 225 alL
(189 mmol) of borane:THF in THF was slowly added at 0°C. After stirring for another 6 h at 0°C, 100 alL of dry
sethanol was slowly introduced into the flask. The reaction mixture was kept at RT overnight. EKxcess solvent was
b+ od under reduced p: , and to the oily residus 100 ml, of athyl ethar was introduced and then wasbed twice
with a saturatsd potassium carbonate sclution. The cowbined ether layers wers dried over anhiydrous ssgnesium sulfate

and rated by reduced p To this 50 sl of toluane was added to facilitats removal of the sxcess tri-
methyl b and evap ion rep d until the contsnts of the flask solidifisd. The product was then purified by
recrystallization from a mixture of tolusns and trichloroethylens 2:1 ylelding 3.1 g (51%) of 3, as shiny white
crystalline substance, melting at 83-85°C. 1H MR (CDC1,) & 2.96 (m, 1H, CH), 3.4 (s, 28, OH), 3.8 (t, &H, 2CH,), and
6.76-7.14 (g, &H, Ph).

Anal. Caled. for €y H,,04: C, 65.93; H, 7.74. Found: C, 66.21; H, 7.73,

2=(4-Bvdroxvohanyl)-1,3-propanedicl Dicarbemate [4]. To the predried 250 sl RB flask 3.0 g (16.46 smol) of 3 and
50 al of THF at RT wers added. Under N, stmosphare at 0°C 2.9 al (40 mmol) of iiquid phosgens vas added to the
contents of the flask. The mixture wvas saintained at RT for 2§ h. 7The solvent was evaporatsd under reduced pr
and to this residue, in 25 sl of methylens chloride, 33 sl (33 mmol) of a 1.0 M solution of boron tribromide in
methylens chloride wers slowly added at 0°C under N;. Then the mixture was stirred at 25°C for 2 h. The contents of
the flask wers cooled to 0°C and anhydrous ammonis was bubbled into the solution for 30 min st 0°C. After the preci-
pitate was filtered, a mixture of 10 ml of distilled water and 30 ol of THF were added and the contents stirred for 10
win at RT, separating two layers. The organic layer was collected and, after saturation with sodium chloride, the
aquecus layer vas extracted with 50 sl of THF. The combined organic layer was dried over anhydrous megnesium sulfate
and charcoal, filtered, and concentrated. To the oily residus 50 ol of fresh THF was addsd for dissolution, and the

volume was reduced under reduced prassure to 1S ml. After addition of methylens chloride, a colorless solid precipi-
tate formed after cooling to 0°C for 30 min. Filtration gave 1.76 g (42K) of &, mp 181-183°C; 'H MR (Me,50-d¢) §
3.12 (=, 1B, CH), 4.14 {d, 44, 20H,), 6.48 (=, 4H, NH,), 6.68-7.32 (g, &H, Ph), and 9.32 (s, 1H, OB); UV (2.2 x 10°* N
in MeCH) nm 222 and 275; MS, m/e (rslative intensity), 91 (40}, 120 (60), 150 {100}, and 193 (15).

Anal. Caled. for C,,H,,N,04: C, 51.97; H, 5.55; N, 11.02. Found: C, 51.78; H, 5.77; N, 10.89.

2-Bromo-2-phanvl-1.3-prooanediol Dicarhemate [9]1. To a predried 250 sl three-necked flask 7.85 g (51.58 mmol) of
7 and 20 sl of dry THF were added under N; at RT. Then 261 aL (267.38 mmol) of a 1.1 N sclution of phosgene in
toluens was slowly introduced at 0°C with a syringe followed by 21.2 g (113.48 mwol) of antipyrine in 25 mL of chloro-
form. The mixture was kept overnight at RT. Tha precipitate of antipyrine hydrochloride was filtered off, and the
solution p ad under reduced p The oily mstarial corresponding to 51.58 mmol of 8 was transferred to a
pre-dried, 2000 al three-necked flask, and 0.22 mmol (0.05 g) of dibsnzoyl peruxide vers added in 1000 m. of carbon
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product was purified by recrystallization from tolusne-hexans (1:15) at 0°C for 30 min ylelding 1.91 g (55%) of 18 as
colorless crystals, sp 83-86°C; ‘H MR (Me,S0-d;) & 3.18 (m, 1H, CH), 3.20 (s, 3H, OCH,), 3.46 (d, 2H, CH,), .14 (d,
2H, CH;), 6.42 (s, 2H, MH,), and 7.29 (s, SH, Ph).

Anal. Calcd. for Cy,H; ¢N,0g: C, 63.14; H, 7.24; N, 6.69, Found: C, 62.99; H, 7.40; N, 6.69.
2-Phanvi-1.3-propsnediol Monocarbemate [17]1. To a predried flask 2.0 g (9.55 mmol) of 18 and 25 =L of dry
acetonitrile were added under N, at RT, then 1.35 mL (11.46 mmol) of trichloromethylsilane was slovly introduced with
a syringe and then 1.72 g (11.46 mmol)} of sodium iodide in 10 al of acetonitrile. The ysllowish solution was kept at

RT for 24 h, quenched with 120 al of a 1:5 mixture of water and THF with stirring, and saturated with potassium
carbonate to separate the two layers. The combined organic layers were first washed with 100 al of aqueous sodium
thiosulfate, then with saturated sodius chloride and dried over anhydrous magnesium sulfate. Concentration under
reduced p produced a ysllowish oily product which was purified by column chromatography on silica gel with a
mixture of acetone and hexane (3:2). This gave 1.80 g (0.22 mmol) of a slightly yellowish golid which by recrystal-

lization from a 1:2 mixture of ether and toluene yielded 1.78 g (9.2 mmol, 96%) of 17 as a colorless solid with a m.p.
72-74°C. TLC on silica gel (60F-254, 5 x 10 ca) with a 1:1 mixture of acetons and hexane showed only one spot
(Rg=0.28); 1H BR (Me;S0-dg) & 2.25 (m, 1B, CH), 3.9 (d, 2H, CH,), 4.5 (d, 2H, CH,), 6.05 (s, 2H, MH,), 3.5 (s, 1H,
0H), and 7.5 (s, SH, Ph); IR (neat) ca-! 3400 (O-H, s), 3200 (N-H, s), 1720 (C=0, s), and 1150 (C-O, s); MS, a/e
(relative intensity) 91 (12), 104 (100), 134 (12), and 165 (5).
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