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A CONVENIENT SYNTHESIS OF

(d1) -0-CARBOXY ' >C- PHENYLALANINE

*
N. Dale Ledford , Pamala C. Gibbs, and H. Blair Wood, Jr.
Department of Chemistry

University of South Alabama
Mobile, AL 36688

*
Michael Barfield

Department of Chemistry
University of Arizona
Tucson, AZ 85721

In the course of work which is aimed at the synthesis of
several cyclic and bicyclic lactams, amino acids, and peptides
a convenient synthesis of (dl)—g-carboxylSC-phenylalanine was
required. The target molecules serve as model comnounds in
the elucidation of the structure of peptides in solution via
nuclear magnetic resonance spin-spin coupling constant data
(d1)-o-Carboxyphenylalanine previously had been prenared by
viqorous oxidation of N-benzoyl-(dl)-3-carboxy-1,2,3,4-tetra-
hydroisoquinoline2 which was obtained from (dl)-nrhenylalanine
and formaldehyde in concentrated hydrochloric acid. Upon re-
peated recrystallization a yield of only 39% was realized.
This method was not suitable for a synthetic method which
would permit facile and efficacious incorporation of a carbon-
13 label at the o-carboxy group. We chose as starting materi-

al o-bromotoluene because it offered easy access to incorpo-
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ration of a carben-13 label via known 13C02 labeling techni-

3 . .
ques , and secondly provided a benzylic carbon atom for a sub-
sequent SNZ displacement reaction to complete the synthesis,.

The synthetic cutline is given below.

ol — 0L — 0" —
1

[§®N

HoC(COED; et cer!
5 NHAc § i35 NH>
ki 5° u
o 13 +
a) Mg~ b) CO, ¢ H d) p-TsOH, EtOH e) NBS, CCl,,

AIBN, 78° f) ACNHC(CO,Et),, NaOEt g) H', heat

EXPEPIIENTAL SECTION

Melting points were determined on a Thomas-Hoover melting
point apnparatus and are uncorrected. Elemental analysis were
rerformed by Galbraith Laboratories, Xnoxville, TN. and Mic-
Anal Organic Microanalysis, Tucson, AZ. Satisfactory analysis
(20.4% of thf ca]culated Values) wore obtained for all new
compounds. H and 13C nmr were recorded on a JEOL FX-90¢ &7
NMR spectrometer., Mass spectra were determined on a Hewlett
Packard 5995B GC/MS spectrometer. Infrared spectra were ob-
tained on a Perkin-Iilmer Model 1430 spcctrophotometer.

Ethyl(13C-carboxy)—Q;toluate.— A solution of o-bromotoluene

(1.71¢., 10.0 mmol) in cther was added to magnesium mectal

3

(0.2675,, 11.0 mmol) at a rate to maintain a rapid reflux.

The reaction was kept under a positive pressure of nitrogen in

flame-dried glassware. Upon complete addition the mixture was

f0
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allowed to stir an additional hour and transferred directly to
a vacuum line and frozen in liquid nitrogen. Carbon dioxide
(99 mole % C-13, 0.495 g., 11.0 mmol) was then added to the
frozen mixture and allowed to thaw overnisht at which time
rapid stirring commenced. The mixture was acidified with 10%
HC1, extracted with ether, dried over anhydrous magnesium
sulfate and the ether removed by evaporation in vacuum. The

light yellow solid of 13

1it.4 104-105°, weighed 1.21 g. (88%) and was used without

C-carboxy-o-toluic acid, mp. 103-1050,

further purification. The carboxylic acid was subsequently
converted to ethyll3C-carboxy-g—toluate in quantitative yield
by refluxing with absolute ethanol in the presence of p-tolu-
enesulfonic acid for 48 hrs. Distillation of the ester at
reduced pressure (63°, 1.0mm) provided the pure ester with in-

13C and 1H nmr.

corporation of the label which was verified by
1H nmr (CDCl3 at 89.55 MHz): § 1,35 (3H, t), 2.60 (3H, s),

4.30 (2H, q), 7.20 (3H, m), 7.85 (1H, m); 1°C nmr (CDCl, at

3
22,49MHz): § 14.30 (aliphatic methyl), 21.72 (aromatic methyl-
ene), 60.62 (aromatic methyl), 125,68, 130.56, 131.64, 140.40
(aromatic carbons), 131.81 (2 aromatic carbons), 167.56 (car-

bonyl carbon).

Ethyll3C-carboxy—a-bromo-g-toluate.- A mixture of 1.452 g.

(8.80 mmol) of ethyllSC-carboxy—g—toluate, 1.72 g. (9.70 mmol)
of N-bromosuccinimide, and a catalytic amount of azobisiso-
butyronitrile (ca. 0.1 g.) was dissolved in 70 ml carbon
tetrachloride in flame-dried glass avparatus. The mixture was
kept at reflux under a nitrogen atmosphere for 3.5 hrs. The

hot reaction mixture was filtered through Celite and the

D65



11:14 27 January 2011

Downl oaded At:

LEDMORD, GIBBS, WOOD AND BARFIELD

Celite washed with hot carbon tetrachloride. The combined
carbon tetrachloride filtrates were evaporated to a 1light
yellow o1l (2.15 g., 100% yield). Total conversion of the
methyl group to the bromomethyl group was shown by the absence
of an aromatic methyl group at § 2.58 and the presence of a
bromomethyl group at & 4.90 in the 1H nmr spectrum.

Y nmr (cDC1, at 89.55 MHz): & 1.35 (3H, t), 4.35 (2H, q),

13

3

4.90 (2H, s), 7.30 (3H, m), 7.90 (1H, m); C nmr (CDC1, at

3
22,49 MHz): & 14.19 (aliphatic methyl), 31.58 (aromatic

methylene), 61.22 (aliphatic methylene), 128.44, 131.15,
132.29, 139,01 (aromatic carbons), 131.59 (2 aromatic carbons)
166.42 (carbonyl carbon).

(dl)-g~Carboxy13C-phenylalanine.- Dry ethyl alcohol (30 ml)

was added to a 100 ml flask equipped with a reflux condenser
and two pressure equalizing addition funnels, the whole having
been previously flame-dried; the reaction was carried out
under a positive nitrogen pressure, To the ethanol was added
0.203 g. (8.80 mmol) of sodium metal. After complete dissolu-
tion of the metallic sodium, 1.91 g. (8.80 mmol) of diethyl-
acetamidomalonate5 in 15 ml ethanol was added over a period of
0.5 hr. After an additional 0.5 hr.,, 2.15 g. (8.80 mmol) of
cthyllBC—carboxy—a—bromo—g-toluate in 15 ml ethanol was added
dropwise over a 10 min. period. The reaction mixture was then
hcated at reflux for 16 hrs. The ethanol was removed in
vacuum and 10 ml of 6N HC1l was added to the yellow oily res-
idue (crude 4). This mixture was heated at reflux for 6 hrs.,
trecated with activated carbon and filtered through Celite.

The filtrate upon cooling overnight in the cold room deposited

s
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a white solid (1.44 g., 78%), mp. 222-224°.

14 nmr (DMSO-d¢ at 89.55 MHz): & 3.26 (2H, m), 4.29 (1H, m)
13

7.34 (4H, m); C nmr (DMSO-d, at 22.49 MHz): § 30.40 (ali-
phatic methylene), 51.99 (aliphatic methine), 126.97 (2 aro-
matic carbons), 127.69, 128.86, 131,92, 136.46 (aromatic
carbons), 164.41, 137.25 (carbonyl carbons); MS, M Calcd
191.2 obsd 191.2,

Anal. Calcd for C,,HgNO;: C, 62.82; H, 4.75; N, 7.33

Found: C, 63.09; H, 4.56; N, 7.01

This product was identified as (dl)-3-carboxy-3,4-dihydro-1-
13C—isocarbostyril (5).

Concentration of mother liquors provided an additional crop of
light yellow solid (0.40 g., 22%) which proved to be the
desired (dl)—g-carboxylSC-phenylalanine, mp. > 300°.

1

H nmr (DMSO-d_. at 89,55 MHz): &6 2.53 (2H, s), 3.26 (2H, m),

6
4.29 (1H, m), 7.34 (4H, m); '°C nmr (DMSO-d, at 22.49 MHz):
8 31.64 (aliphatic methylene), 53.63 (aliphatic methine),
126.39, 126.72, 127.58, 129.32, 131.48, 138.36 (aromatic),
164,37, 173.31 (carbonyl carbons); MS, M* not seen but parent
ion m/e found to be 164 from loss (M-45) of the carboxyl,.
Anal. Calcd for CioH N0y C, 57.41; H, 5.305 N, 6.70

Found: C, 57.06; H, 5.39; N, 7.00
Additional (dl)-g—carboxylSC—phenylalanine could be obtained
by prolonged hydrolysis of the (dl)-3-carboxy-3,4—dihydr013C-
isocarbostyril with either 6N HCl or ethanolic NaOH6. A

total yield of 78% of 6 was thus realized.
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