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Reductions of Aromatic Amino Acids and Derivatives
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Abstract: alkyl derivatives with Rh-Al,O5; has been reported for this
Catalytic reduction of phenylalanine and phenylglycine deriva- amino alcohol but with moderate yieldWe now report a
tives can be achieved with rhodium on carbon or alumina to simple method for the reduction of aromatic amino acid
give good yields of the corresponding cyclohexyl derivatives.  derivatives to corresponding cyclohexyl compounds with
The procedure can be scaled. hydrogen at low pressure and rhodium as the catalyst under
conditions used in “conventional” equipment and without
The reduction of aromatic amino acids leads to unnatural racemization of the amino acids.
amino acids that have been incorporated into a number of Catalytic reduction of -phenylalanine (4) over rhodium
pharmaceutical candidates. For exampleyclohexylalanine on carbon under acidic conditions (hydrochloric, sulfuric,
(1), L-cyclohexylalaninol (2), and their derivatives are used or phosphoric acids) gavkin good yields. The reduction
for the construction of peptide isosteres related to the renin  could not be achieved under neutral conditions. Interestingly,
angiotensin system. These have been utilized by severalwhen the Rh—C was replaced with RAI,O3 catalyst, no
research groups involved in the design and synthesis ofacid was required to achieve the reduction, and high yields
peptidomimetic therapeutic agenits.-Cyclohexylalanine of the saturated compound were obtained. Alternatively,
amide (3) has been used in the synthesis of tetrapeptidecould also prepared by the reduction.eBoc-phenylalanine
analogues of pentagastrin and cholecystokinin dfugs. methyl ester (7) followed by acidic treatment to remove the
Previous reported methods for the synthesis-of/clo- protecting group and hydrolysis of the est&8f (Scheme 1)
hexylalanine (1) involve the reduction afphenylalanine in a manner similar to that previously reporfed@he less
(4) using platinum oxide or platinum on carbon in acetic direct route was used to illustrate that derivatives of the
acid® Rhodium in the presence of acid has been used for parent amino acid are also available by reduction of the
the reduction of phenylglycine (vide infr&)Synthesis of appropriate substrate rather than by performing reactions or
L-cyclohexylalanine amided] is reported in a patent without  protection/deprotection chemistry dn

any experimental detail.L-Cyclohexylalaninol 2)° was For either reaction pathway, no racemization of the amino
prepared by the sodium or calcium borohydride reduction acid was observed. The productvas isolated by standard
of the L-Boc-cyclohexylalanine methyl este)® followed precipitation techniques near the isoelectric point. For the

by hydrolysis of the Boc group (Scheme 1). A method for more polar amino acids, water was used as the solvent, while
the hydrogenation of aromatic amines to their corresponding methanol had to be employed for tNeprotected estef. In
a similar manner, the reduction was then extended to the
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Scheme 2 susceptible to the reaction conditions and catalyst used. As
CONH, CONH, a consequence, oth.ers are encouraged to perform optimi;a-
©/\l/ O/\A/ tion experiments with their catalyst and substrate. In this
Rh—AI203 work, reductions were successfully performed with catalysts
from at least two suppliers at laboratory scale.
Scheme 3 Alth_ough it seems a s_tralghtforward transfo_rmanon,
reductions of arylamino acids to the corresponding alkyl
_1. NaOH. H0 derivatives are not simple procedures as the amino acids can
COH 2 Rn-AROu Wz COH racemize under the reaction conditions. Use of rhodium under

either acidic or basic conditions allows for the reduction of

the aromatic ring with hydrogen at pressures that can be
accommodated by normal hydrogenation equipment at scale.
No racemization was observed and the procedure was used

WO _RhCH, to prepare multikilogram quantities of the products described.
NH; H3O+ Hp
12

2 Experimental Section
l The melting points are uncorrected. IR spectra (Nujol)

Scheme 4

(Boc)20 were recorded on a Nicolet FT-IR spectromefét.NMR
spectra were recorded on a GE 300 spectrometer in €DCI
_RhCH, using TMS as internal standard. Optical rotation was
HBOC —_— Y HB measured on a Perkin-Elmer 241 Polarimeter. The optical
H30 OC

purity was also checked by chiral HPLC. To follow reactions,
TLC was usually employed. Unless the solvent system is
hydrolysis of theN-Boc compound 4 (Scheme 4). Thislast  specified, the general solvent system used for elution was
sequence was also used to prepa®yclohexylalaninol. chloroform:methanol:acetic acid:6.5:3.5:0.005. The disap-
The experimental procedures are based on laboratory-scal@earance of the starting materials was monitored by loss of
reactions. In most cases, the reaction time was dependent)V absorbance. Alkyl amino acid derivatives were visualized
upon the exact nature of the catalyst employed, and reactionby use of ninhydrin.
times should be considered as maxima. In some cases, The catalysts studied were obtained from Johnson Mat-
reduction at larger scale was complete within a few hours. they, Degussa, and Engelhard. Rhodium on carbon and
Presumably, at larger scale the hydrogen transfer is morealumina was used from each of these suppliers and screened.
efficient, and this results in the shorter reaction times. Loadings were 5 and 10%. For the experiments below, 5%
The catalysts tried are listed in the Experimental Section. loadings with Johnson Matthey catalysts were found to be
In many cases great variation was seen between differentbest.
suppliers of the same catalyst type. As noted, we had Laboratory hydrogenations were performed in mechani-
difficulty repeating a literature reactidrin one example we  cally stirred Parr reactors with external heating. In some
saw variation between lots by the same supplier under cases, FischerPorter bottles fitted with appropriate inlet and
identical reaction conditions. Obviously, these reductions are outlet tubes and valves were used for screenings; external
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heat was applied through an oil bath, and stirring was was filtered and dried in a vacuum oven at 40y24 h to
magnetic. For the kilogram preparations, a 30-gal Pfaudler yield a white solid 6.8 g (88%) 08 as its hydrochloride
reactor that was fitted with a sparge ring and hydrogen pump salt.
capabilitied was used. The system included pressure sensors L-Cyclohexylalanine (1).A slurry of 8 as its hydrochlo-
that were computer-monitored to allow for the reactions to ride salt (10 g, 0.045) in concentrated hydrochloric acid was
be followed by hydrogen uptake. heated under reflux for 24 h. A clear solution was obtained.
L-Cyclohexylalanine (1): Direct Hydrogenations With- The mixture was cooled to room temperature. The precipi-
out Acid.To a slurry ofL-phenylalanine (4) (5 g, 0.03 mol) tated white solid was filtered and dried in a vacuum oven at
in water (50 mL) was added wet 5% Rh on alumina (0.5 g, 40°C/24 h to yield 8 g (81%) of as its hydrochloride salt:
20% wet with water) and the mixture hydrogenated under mp 232—237°C dec, [0]+10° (c = 2, 0.1 N HCI).
hydrogen at 100C/250 psig for 24 h. The TLC (MeOH: L-Cyclohexylalanine Amide (3). To a slurry of L-
H.O = 8:2) of the reaction mixture showed the absence of phenylalanine amide (9) (15 g, 0.03 mol) in water (100 mL)
4. The resultant slurry was dissolved in 1 N sodium was added wet 5% Rh on alumina (2.0 g, 20% wet with
hydroxide (30 mL), and the mixture was filtered through a water), and the mixture was hydrogenated under hydrogen

1-cm bed of Dicalite. The Dicalite bed was washed with
water (30 mL). The filtrate and washings were combined,
and the pH was adjusted t85.5 with 1 M hydrochloric
acid. The precipitated solid was filtered, washed with water
(30 mL), and dried in a vacuum oven at 50/24 h to give
4.5 g (88%) ofl as a white solid, mp 298300 °C (lit.2
297-300°C), [a] +14.06°(c = 2, TFA).

This sequence was performed witkphenylalanine (4)
(5.0 kg) in water (50 kg). The catalyst was Johnson Matthey
5% Rh on alumina (lot no. 021215001). The reaction was

at 100°C/250 psig for 18 h. The TLC (MeOH#@®, 8:2) of
the reaction mixture showed the absence€ofThe slurry
was filtered hot through a 1-cm bed of Dicalite. The Dicalite
bed was washed with hot water (20 mL). The filtrate and
washings were combined and cooled t6G The precipi-
tated solid was filtered, washed with water (20 mL), and
dried in a vacuum oven at 5/24 h to give 14.5 g (88%)
of 3 as a white solid:mp 112—115°C; 'H NMR (CDCly)

0 6.9—-7.1 (br s, 1H, CONH), 5.7—5.9 (br s, 1H, CONH),
3.45 (dd, 1H, NH), 0.751.75 (br m, 15H, @H11, CH,, NH)

monitored by hydrogen uptake and was complete in about 8 Anal. Calcd for GH1gN,O: C, 63.49; H, 10.63; N, 16.45.

h. Work-up was as described above.

With Acid.To a solution o#4 (9.9 g, 0.06 mol) in aqueous
phosphoric acid (150 mL, 20%) was added rhodium on
carbon (1 g, 5%, 65% wet with water) and the mixture
hydrogenated at 60C/50 psig for 24 h. The mixture was
cooled to room temperature and filtered through a 1-cm
Dicalite bed. The bed was washed with water (30 mL). The
filtrate and washings were combined, and the pH was
adjusted to~5.5 with 2 M sodium hydoxide. The precipitated
solid was filtered, washed with water (2 100 mL), and
dried in a vacuum oven at 5C to yield 10 g (97%) ofl. as
a white solid.

This reaction was also carried out in 3 M hydrochloric
and 1.5 M sulfuric acids. Yields were 90—95%.

Indirect Method: L-Boc-cyclohexylalanine Methyl Es-
ter (6). To a solution ofL-Boc-phenylalanine methyl ester
(7) (10 g, 0.036 mol) in methanol (10 mL) was added wet
5% rhodium on carbon (0.5 g in 3 mL of water), and the
mixture was hydrogenated at 6€/40—45 psig for 16 h.
The TLC (EtOAc:hexane, 1:9) of the reaction mixture
showed the absence @f The mixture was cooled to room
temperature and filtered through a 1-cm bed of Dicalite. The
Dicalite bed was washed with methanol ¥215 mL). The
filtrate and washings were concentrated to an oil. This oil
was dissolved in 30 mL of ethyl acetate and dried (MgSO
The solution was filtered and concentrated in vacuo to give
6 as a white solid (9.5 g, 93%), mp 446 °C (lit.6 48—49
°C), [a] —19.59°(c = 10, MeOH).

L-Cyclohexylalanine Methyl Ester (8).To a solution of
6 (10 g, 0.035 mol) in methanol (50 mL) was added
concentrated hydrochloric acid (25 mL). The mixture was

stirred at room temperature for 4 h and then concentrated in
vacuo to remove some of the solvent. The precipated solid
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Found: C, 63.32; H, 10.56; N, 16.36.

This reaction was also preformed with 5.0 kg of substrate.
The catalyst was Johnson Matthey 5%-R1,0; lot no.
021215001. The reaction was complete in just under 8 h.
Work-up was analogous to the laboratory procedure.

Alternative ProcedureTo a solution of9 (10 g, 0.061
mol) in methanol (100 mL) was added 5% rhodium on
alumina (1 g), and the mixture was hydrogenated under
hydrogen at 80C/250 psi for 24 h. The TLC (CHEMeOH,

1:1) of the reaction mixture showed the absenc®.ofhe
mixture was filtered through a 1-cm bed of Celite. The Celite
bed was washed with methanol (20 mL). The filtrate and
washings were combined and concentrated~20 mL.
Heptane (50 mL) was added and the mixture stirred and
cooled to 10°C for 2 h. The precipitated solid was filtered,
washed with cold heptane (10 mL), and dried in a vacuum
oven at 25°C/24 h to give 7.5 g (72%) d3 as a white solid
which was identical to that obtained by the previous
procedure.

L-Cyclohexylglycine (11).To a solution of_-phenylgly-
cine (10) (10 g, 0.066 mol) in agueous sodium hydroxide (1
N, 100 mL) was added Rh on alumina (0.75 g) and the
mixture hydrogenated at 235C/160 psig for 24 h. The
mixture was filtered through a 1-cm Dicalite bed. The bed
was washed with water (30 mL). The filtrate and washings
were combined, and the pH was adjusted-®5 with 2 N
hydrochloric acid. The precipitated solid was filtered, washed
with water (2x 100 mL), and dried in a vacuum oven at 50
°C toyield 11 g (98%) of -cyclohexylglycine 11) as a white
solid.

(8) Although 3 has been mentioned in the literature, no spectroscopic or
characterization has been reported.



L-Cyclohexylalaninol(2): Direct Hydrogenation. To a methanol (20 mL) over a period of 10 min. The reaction
solution of 12 (10 g, 0.066) in 2-propanol (50 mL) and mixture was stirred at room temperature for 4 h and then
concentrated hydrochloric acid (10 mL) was added rhodium concentrated to one-quarter of its original volume. The
on carbon (0.5 g, 5%, 65% wet) and the mixture hydroge- precipitated solid was filtered, washed with ether, and dried
nated at 60°C/50 psig for 24 h. The TLC of the reaction in a vacuum oven at room temperature to ges its
mixture showed the absence of starting material. The reactionhydrochloride salt 6 g (75%): mp 23 dec??
mixture was cooled to room temperature and filtered through  p-Boc-cyclohexylalaninol. To a solution of b-Boc-

a 1-cm Dicalite bed. The bed was washed with 2-propanol phenylalaninol (2 g, 0.008 mol) in methanol (10 mL) was
(20 mL). Concentration of the filtrate in vacuo gave 10 g added rhodium on carbon (0.2 g, 5%, 65% wet with water)
(97%) of the amino alcohd as its hydrochloride salt which  and the mixture hydrogenated at 80/40—45 psig for 16
was a white solid: mp 23€C dec, p] +2.6°(c = 1, MeOH). h. The TLC of the reaction mixture showed the absence of

Indirect Method: L-Boc-cyclohexylalaninol (14).To a starting material. The reaction was worked up as described
solution of L-Boc-phenylalaninol (13) (10 g, 0.04 mol) in  above for the -isomer to give the product as a colorless alil,
methanol (20 mL) was added rhodium on carbon (1 g, 5%, 13 (1.95 g, 95%).

65% wet with water) and the mixture hydrogenated at 60  p-Cyclohexylalaninol Hydrochloride. The removal of
°C/40—45 psig for 16 h. The TLC (MeOH:CHgI1:9) of the Boc group with methanolic HCI was performed as for
the reaction mixture showed the absencé&fThe mixture the L-isomer to give the product as a white solid, mp 235
was cooled to room temperature and filtered through a 1-cm °C dec.
bed of Dicalite. The Dicalite bed was washed with methanol
(10 mL). The filtrate and washings were concentrated to a
colorless oil. This oil was dissolved in ethyl acetate (20 mL).
The organic layer was separated, dried (MgSCand OP0200773
concentrated to givé4 as a colorless oil (9.4 g, 94%nJ°
—25°(c =1, ei_'hanol)ﬁv9 (9) Luly, J. F.; Dellaria, J. F.; Plattner, J. J.; Soderquist, J. L.; YiJNOrg.
L-Cyclohexylalaninol (2).To a saturated solution of HCI Chem.1987,52, 1487.

. . (10) Fournie-Zaluski, M. C.; Pascale, C.; Turcaud, S.; Bruetschy, L.; Lucas, E.;
in methanol (40 mL) was addet¥4 (10 g, 0.039 mol) in Noble, F.; Roques, B. Rl. Med. Chem1992,35, 1259.
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