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A new method of synthesizing orlha-methylated phenylalanines has been developed. Phenylalanines with at
least one free ortho~position undergo a Pictet-Spengler cyclization with formaldehyde followed by hydro
genolytic splitting of the endocyclic benzylic C-N bond of 1,2,3,4-tetrahydroisoquinolines and afford cor
responding orlllO-methyl derivatives. Repeating this reaction sequence on the ortho-substituted phenylalanines
yielded ol't/lO,ortho-disubstituted derivatives, and para-substituted phenylalanines yielded ortho.paru
disubstitutcd analogs. Our modified method of cyclizution preserved the configuration at the chiral center:
hydrogenolysis, on the other hand, led to racemization. Incorporation of the methylated phenylalanines into
position 2 of oxytocin led to, in the case of the n-isomers, potent uterotonic inhibitors.
e Munksgaard 1994.

Synthesis of methylated phenylalanines via hydrogenolysis of
corresponding 1,2,3,4-tetrahydroisoquinoline-3-carboxylic acids

Synthesis and biological activity of oxytocin analogs with methylated phenylalanines
in position 2

1,2,3,4-Tetrahydroisoquinoline-3-carboxylic acid (Tic)
is an interesting conformationally restricted analog of
phenylalanine and a useful synthon for preparation of
analogs of biologically active peptides (1-3), enzyme
inhibitors (4, 5) etc. The only suitable synthesis of Tic
described so far is Pictet-Spengler cyclization of phen
ylalanine with formaldehyde in concentrated hydro
chloric acid (6, 7), However, racemization of about
30';-'" occurs during this reaction (8), Optically pure Tic
has been obtained by crystallization of its derivative

Abbreviations: AcOH, acetic acid; BHA, bcnzhydrylaminc; Boc.
rerr-butcxycarbonyl: DCHA, dicyclohcxylaminc: DCM, dichloro
methane; DCC, dicyclohexylcurbodiimidc: DIEA, diisopropylcthyl
amine; diMePhe. 2' ,6' -dimcthylphcnylalaninc; DMF, dimethylform
amide; EtTie, 7-cthyl-1,2,3,4~tetruhydroisoquinoline-3-earboxylic
acid; HOBt, l-hydrcxybcnzotriazolc; iPrOH, 2-propanol; -l-Mclizl,
-l-methylbenayl; McEtPhe, 2' -mcthyl-q' -cthylphenylalaninc; Me'Tlc.
Scmcthyl-t ,2,3,4~tetrahydroisoquinoline-3-carboxylic acid; MeTyr,
2' -mcthyltyrosinc; oMePhe, 2' -mcthylphcnylalaninc; OXT, oxy
tocin; PE, light petroleum; TEA., triethylamine; TF A, trifluoroacetic
acid: Tic, 1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid; Tie(OH),
7-hydroxy~1,2,3,4-tetrahydroisoquinolinc-Sccarboxylic acid.
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(benzyl ester p-toluenesulfonate), followed by ester hy
drolysis (9).

To avoid this tedious procedure, we have modified
the reaction simply by lowering the reaction tempera
ture, After a single recrystallization from aqueous eth
anol we have obtained a highly pure optically active
product (ee> 96%).

The Tic molecule contains one endocyclic benzylic
C-N bond which could be cleaved by reduction, pro
viding ol'llzo-methylphenylalanine (oMePhe). We have
unsuccessfully attempted to cleave this bond with so
dium in liquid ammonia. Finally, we succeeded in cata
lytic hydrogenolysis on palladium sponge, Subjected
repeatedly to this reaction sequence (Pictet-Spengler
cyclization and hydrogenolysis) oMePhe afforded
ol'llzo,ortho-dimethylphenylalanine (diMePhe), This
method can also be applied to para-substituted deriva
tives of phenylalanine, thus affording artho.para
disubstituted phenylalanines.

To illustrate the usefulness of substituted phenylala
nines in peptide chemistry, ol'lllO-methyl- and
ol'lho,ol'lho-dimethylphenylalanine were incorporated
into position 2 of oxytocin (as part of our continuing



effort in mapping the hydrophobic pocket of the utero
tonic receptor).

RESULTS AND DISCUSSION

Lowering the reaction temperature in a Pictet-Spengler
eyclization of phenylalanine with formaldehyde from
the usual Hhl °C to 60°C leads to an increase in zo of
the resulting Tic from ca. 120 0 to ca. 170 0 (both after
a single recrystallization from aqueous ethanol; 0:0 of
optically pure L-Tie is -177 0 in 1 M NaOH). An op
tical purity in excess of 96 ~~~ was determined indepen
dently by chiral TLC. This relatively small modification
to the reaction conditions significantly simplifies the
synthesis of optically pure L- or D-Tic.

N-Benzyl groups are known to undergo reductive
cleavage with sodium in liquid ammonia. However, the
endocyclic benzylic bond of Tic is stable under these
conditions. Attempts to cleave the C-N bond of acetyl
and Boe derivatives of Tic were also unsuccessful. In
all cases, only the starting material was recovered. Nev
ertheless, the tetrahydroisoquinoline ring of Tic can be
opened by catalytic hydrogenolysis. Owing to the stable
six-membered cyclic structure the reaction requires rela
tively drastic conditions in ·comparison with acyclic
benzylamino acids (10) (freshly prepared Pd sponge,
3-5 h in AcOH at 90 'c). Unfortunately, these condi
tions lead to extensive racemization and complete loss
of optical activity of the oMePhe thus obtained. Part of
the a-methylphenylalanine was N-protected with the
Boc group for the purpose of peptide synthesis. The
second part was cyclized again with formaldehyde in
the Pictet-Spengler manner, thus affording 5-methyl
1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid
(MeTic). This compound, which is also potentially use-

Synthesis of methylated phenylalanines

ful in peptide chemistry, was hydrogenolyzed in the
same manner as Tic. In this case higher dilution was
necessary due to the lower solubility of MeTie in ace
tic acid. This reaction also requires longer time to pro
ceed to completion. The cyclization of
p-ethylphenylalanine gave 7-ethyl-I,2,3,4-tetrahydro
isoquinoline-S-curboxylic acid (Et'Tic), hydrogenolysis
of which yielded o-methyl-p-ethylphenylalanine.

7 - Hydroxy -I ,2,3,4 - tetrahydroisoquinoline - 3 -carb
oxylic acid [Tic(OH 1cannot be prepared directly via
eyclization of tyrosine with formaldehyde. Owing to the
higher reactivity of hydro xylic ortlw-positions, only res
inous polycondensation products were isolated (7).
Tic(OH) can, however, be synthesized either by a te
dious multistep procedure (11) or simply via cyclization
of 3' ,5' -dibromotyrosine followed by catalytic debro
mination (12). I-Iydrogenolytic splitting of the benzylic
C-N bond of Tic(OH) proceeded normally, affording
2' -rnethyltyrosine. This hydrogenolysis required a very
long reaction time (24 h) due to the low solubility « I g/
L) of Tie(OH) in acetic acid.

We can conclude that hydrogenolysis of substituted
1,2,3,4-tetrahydroisoquinoline-3-carboxylie acids rep
resents a useful alternative to classical methods of syn
thesis of arlha-substituted phenylalanines, especially in
the case of polysubstituted derivatives. The transfor
mations described are illustrated in Fig. 1. Character
istics of the prepared compounds are summarized in
Table I; conditions used for hydrogenolysis are given in
Table 2.

Structure-activity studies in the area of neurohypo
physial hormone analogs performed in the Prague labo
ratory pointed very clearly to the importance of struc
ture and hydrophobicity of the amino acid in position
2 of the oxytocin analog for the design of a potent
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FIGURE I

Transformations of phenylalanine and substituted phenylalanine.
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TABLE 2

Reaction conditions for tiydrogenolysis oj isoquinoline derivatives

Synthesis of methylated phenylalanines

TABLE 3

Biological activities of some oxytocin analogs

Biological activity-Starting
compound

Product Amount of starting
compound per

500 mL of AcOH

Amount of Reaction
Pd sponge time (11)

(g)

Compound

Uterotonic Pressor Gulactogogic

Tic oMcPhc 17.7g/IOOmmol 2 2-4
MeTic diMcPhe 1.92gilD mmol 14-16
EtTie MeEtPhe 2.05 gJlDmmol 10-12
Tic(OH) McTyr 0.97gj 5 mmol 20-26

uterotonic inhibitor (13-15). (For a discussion of very
extensive research in this area see e.g. refs. 16-18.)
Even minor modifications in the structure of an amino
acid in position 2 have a significant impact on the ac
tivity of the resulting analog. We have decided to map
the hydrophobic pocket of a uterotonic receptor by
synthesizing and testing the activities of a number of
analogs containing a modified aromatic amino acid in
position 2. Since the separation of diastereoisomers
resulting from the coupling of a racemic amino acid in
this position is relatively simple (19), and since we have
described a simple method for the determination of the
chirality of the modified aromatic amino acid (20), we
decided to prepare modified phenylalanines in the ra
cemic form and couple them as a mixture. Therefore,
the procedure described above was convenient for our
goal as a source of orlllO-substituted phenylalanine de
rivatives.

I I
Cys-X-lie-Gln- Asn-Cys-Pro-Leu-G ly-Nth

X ~ L-oMePhe, D-oMePhe, L-diMePhe, D-diMcPhe

Synthesis of the analogs was performed by solid
phase methods, using the Boc group for temporary pro
tection. Diastereoisomers obtained after standard
deprotection and cleavage from the resin by hydrogen
fluoride and oxidation by potassium ferricyanide were
separated by reversed-phase HPLC. The chirality of
amino acids in position 2 was determined by the method
employing chiral TLC separation of the acid hydrolyz
ate (20). In all cases the diastereomer containing
D-amino acid was eluted later.

Biological activities of the oxytocin analogs are given
in Table 3. Obviously, substituted phenylalanine in po
sition 2 leads to more potent uterotonic inhibitors than
the unsubstituted one. Inhibitory activity of phenylala
nines with the L-configuration is observed only in the
test performed ill vitro; however, o-phenylalanines lead
to inhibition both ill vitro and ill vivo.

The simultaneous presence of two methyl groups in
orllIO-positions of the aromatic ring decreases the po
tency of the inhibitor. Synthesized analogs have no
pressor activity, and they behave as extremely weak
agonists in the galactogogic test. .

Our study has shown a simple way to prepare 01'1110

substituted phenylalanine derivatives. Application of

III vitro /11 vivo

OXT 450b 450h 5" 450b

[L-Phc'jOXT _30b 168' OAb _60b

[D-Phe'IOXT pA~ = 6.00 " OAb "
[L-oMePhe'IOXT pA,06.6 0041 b 0 2.331>
[D-oMePhe~lOXT pA~ "" 7.6 pA~=6.7 0 0
[L-diMePhc'IOXT pA~""6.17 0 0 "
[D-diMePhe~ jOXT pA, 0 7.4 pA~"", 6.2 0 ,

" Activities were determined in rats.
b Agonistic activity in rU/mg.
c In cat.
t! Not determined.

these amino acid derivatives in structure-activity stud
ies was demonstrated by the example of oxytocin ana
logs.

EXPERIMENTAL PROCEDURES

Melting points were determined on a Kofler block and
are uncorrected. Thin-layer chromatography was per
formed on precoated silica gel plates (60F-254, 0.2 mm
thick; Merck) with the following solvent systems (vlv):
(A) 2-butanol: formic acid: H20 (75:13.5:11.5), (B) 2
butanol: NH, (25/0 aq.): H20 (85:7.5:7.5), (C) 1
butanol: AcOH: H20 (4:1:1) and (D) I-hutanol: pyri
dine: AcOH: H20 (15:10:3:6) (A-D were used for free
amino acids and peptides); (E) PE: AcOEt (various
ratios), (F) CHCI,: CH,OH (various ratios), (G) AcO
Et (neat), (H) PE: toluene: acetone (5:5:1) (E-H were
used for protected derivatives). Chiral plates (Macherey
Nagel, Durren, Germany) were used for chiral TLC,
elution system I - acetonitrile: methanol: water (4:1:1).
Paper electrophoresis was performed in a moist cham
ber in I M acetic acid (pH 2.4) on Whatman 3MM
paper at 20 V[est: for 60 min. Spots in TLC and elec
trophoresis were detected with ninhydrin or by the
chlorination method.

Samples for amino acid analyses were hydrolysed
with 6 M HCI at 105"C for 20 h and analyzed on an
amino acid analyzer D-500 (Durrum Corp., Palo Alto,
CAl. FAB mass spectra were obtained on a ZAB-EQ
spectrometer (VG Analytical Ltd., Manchester, UK)
with xenon at 8 kV as the bombarding gas. IH-NMR
spectra were measured on a Varian XL-200 (200 MHz,
Varian, San Fernando, CAl and Tesla BS-497
(100 MHz, Tesla, Brno, Czech Republic) spectrom
eters. HPLC analyses and preparations were performed
on an SP-8800 instrument equipped with an SP-8450
detector and an SP-4290 integrator (all from Spectra-
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Physics, Santa Clara, CAl. Optical rotations were de
termined on a Perkin-Elmer polarimeter type 141 MCA
(Perkin-Elmer, Norwalk, CT).

Solid-phase peptide syntheses were performed on
semiautomatic apparatus of our own construction (In
stitute for Organic Chemistry and Biochemistry, Pra
gue, Czech Republic). The progress of each coupling
step was followed by the ninhydrin (12) and bromophe
nol blue (13) tests. In the case of coupling on the sec
ondary amino group of proline the chloranil test was
used.

L-1,2,3,4- Tetrahydroisoquinoline-3-carboxylic acid
IL- Tic)
A mixture of L-Phe (82.5 g, 0.5 mol), 35-40% aqueous
formaldehyde (200 mL) and cone. aqueous HCI
(600 mL) was intensively stirred at 60"C for 1 h. After
addition of a further 80 mL of formaldehyde and
160 mLofHCI, stirring was continued for an additional
3 h at 60 °C. The mixture was then left to stand over
night in a refrigerator at 5 0 C, precipitated Tic hydro
chloride was filtered off, washed with a small amount
of ice-cold water and dried in vacuo over solid KOH.
Crude Tic' HCI was dissolved in 3 L of refluxing aque
ous ethanol (60 ~~). The hot solution was then neutral
ized with aqueous ammonia to pH 6-7 and left to stand
for 5 h in a refrigerator (at SoC). Precipitated Tic was
filtered off, washed with aqueous ethanol and dried in
dessiccator. Yield 53 g (60%), ~25D ~ - 160 to -162 °
(c~ 1, 1 M NaOH) m.p.>280°C decamp. After re
crystallization of Tic from ag. EtOH, a2So increases to
-172 0 (overall yield 51%). Chiral purity was verified
by TLC on Chiralplate. RF 0.55 (I), D-isomer con
tent < 2 ~/~. The same procedure was used for prepara
tion of' u-Tic, a25D~ +172" (c~ 1,1 N NaOH) after
recrystallization, yield 51%. RF 0.51 (1), L-isomer con
tent<2~!~.

General procedure for Pictet-Spengler cyclization of
substituted o.t-phenylalanines
A mixture of crude substituted phenylalanine 1

(0.05 mol), 40% aqueous formaldehyde (20 mL) and
cone. hydrochloric acid (60 mL) was heated under vig
orous stirring to 80-90" C for 1 h. After addition of
further 10 mLofformaldehyde and 20 mLofconc. HCI
the mixture was stirred at 80-90 "C for additional 2 h
and worked up as described for Tic.

General procedure for hydrogenolysis of
1,2,3,4-tetrahydroisoquinoline derivatives
A corresponding amount of substituted 1,2,3,4
tetrahydroisoquinoline (Table 2) and 500 mL of glacial

1 A slightly different procedure was usedforc.t-i-cthylphcnytatantnc
because ofits lower solubility. The compound was first dissolved in
IOO mL of vigorously stirred cone. Hel and then 40~~~ formaldehyde
(20 mL) was added.
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acetic acid was placed in aIL round-bottommed flask
with a sidearm provided with a reflux condenser. The
mixture was stirred (magnetic stirrer) at 90"C until it
became a clear solution. The apparatus was then
flushed with nitrogen", and freshly prepared palladium
sponge was added (for the amount see Table 2). A
continuous stream of hydrogen was then passed through
the stirred solution for several hours (Table 2), while
the temperature was maintained at 90.0 C. The course
of the reaction was monitored by paper electrophoresis.
The yellow spot of the secondary amine gradually turns
to a violet spot of the primary amine. When the reac
tion was complete, the Pd sponge was filtered off under
nitrogen and AcOH was evaporated under reduced
pressure. The oily residue was then dissolved in boiling
water (5 ml.jmmol) decolorized with charcoal, diluted
with water and lyophilized. Crude products were used
directly for the subsequent reactions.

General procedure for Boc protection of substituted
phenylalanines and 1,2,3 .s-tetrohydrotsoqutnoune
derivatives
The amino acid (10 mmol) was dissolved in 10 mL of
1 M NaOH and 5 mL of 5% NaHC03 was added. To
the stirred solution, Boc20 (3 mL) in 10 mL of dioxane
was added dropwise during 10 min. The mixture was
stirred for 2 h at room temperature; the pH was main
tained at 8-9 by addition of 1 M NaOH (pH-state).
Dioxane was then evaporated under reduced pressure,
the excess of'Boc-O was taken in PE and the pH of the
aqueous phase was adjusted to 2-3 with HCI. The
Boc-protected amino acid was obtained by extraction
of the aqueous phase with EtOAc (3 X 50 mL). The
organic extracts were dried over MgS04 and evapo
rated. Products were crystallized from a PE:EtOAc
mixture. The physical constants of the protected de
rivatives are given in Table 1.

[D-oMePhe2[oxytocin and [L-oMePhe2[oxytocin
BHA resin (0.7 g, 0.5 mmol) was left to stand for 3 h
with 20 mL OCM, neutralized with 7% OlEA/OCM
(3 x 12 mL, 3 min) and washed with OMF (3 x 12 mL,
5 min). The first coupling was carried out with 3 equiv.
of Boc-Gly-OH (262 mg, 1.5 mmol), HOBt (202 mg,
1.5mmol) and OCC (367 mg, 1.7 mmol) dissolved in
15 mL OMF for 2 h. The remaining free amino groups
were then blocked by acetylation with AC20 (2 mL) and
TEA (3 mL) in OCM (20 mL) for 2 h. After acetylation
the resin was washed with OMF (3 x 12 mL, 2~min),

OCM (3 x 12 mL, 2 min), iPrOH (3 x 12 mL, 2 min)
and OCM (3 x 12 mL, 2 min). Oeprotection was car
ried out with 50% TFA/OCM, 1% anisole (2 X 12 mL,
2 min and 20 min); the resin was then washed with
OCM (4 x 12 mL, 2 min), neutralized with 7/0 OIEAj
OCM (3 x 12 ml., 3 min), washed with OCM

:! The reaction mixture must be flushed with nitrogen!



(2 x 12 ml., 2 min) and DMF (4 x 12 ml., 2 min) and
was ready for the next coupling step. The subsequent
residues were coupled by the same procedure: Boc
Leu-OH'~ H,O (360 mg, 1.5 mmol), Boc-Pro-OH
(322 mg, -1.5 mmol), Boe-Cys(4MeBzl)-OH (487 mg,
1.5 mmol), Boe-Asn-OH (348 mg, 1.5 mmol), Boe
Gln-OH (263 mg, 1.5 mmol), Boc-lIe-OH' DCHA
(700 mg, 1.7 mmol), Boc-D,L-oMePhe-OH (279 mg,
l mrnol) and Boc-Cys(4MeBzl)-OH (487 rng,
1.5 mmol). After the last coupling the peptide resin was
deprotected and neutralized as described above, washed
with DCM (3 x 12 mL, 2 min) and dried in vacuo.

The peptide resin was then treated with H F/
thiocresole (95/5) at O"C for 1 h. HF was evaporated,
and the residue was washed with dry EtOAc (3 x 20 mL)
to remove scavenger. The free peptide was extracted
from the resin with 50;0 AcOH (100 ml.), and the
solution was diluted with water and freeze dried. The
Iyophilisate was dissolved in water (500 mL), and the
pH of the solution was adjusted to 7.0 with 0.1 M

NaOH. Potassium ferricyanide (330 mg, I mmol in
100 mL of water) was added to this solution in the
course of 10 min. During the oxidation (20 min) the pH
was maintained at 7.0 by addition of 0.1 M NaOH and
then adjusted to 4.5 with acetic acid. The solution was
applied on a column of Amberlite CG-50 1 (ca. 50 ml,
of ionex), the column was washed with 0.25~!" AcOH
and eluted with 50;; AcOI-l. After freeze-drying, the
product (385 mg) was purified by gel filtration on a
column of LH-20 (2 x 50 em, eluent 3 M AcO}I). The
crude mixture of both diastereoisomers (l18 mg) was
then separated by HPLC [column Vydae C-18, 12 I'm,
25 x 0.8 em; (A) 0.05~/o TFA, (B) methanol] using a
linear gradient 30-80/0 of B (0.5~;,/min). Fractions
were collected, pooled and lyophilized, yielding 28 mg
(5.5%) of [L-oMePhe']OXT and 21 mg (4.1 %) of
[D-oMePhe2]OXT, pure according to HPLC.

[L-oMePhe2[OXT. Amino acid analysis; Cys 1.94, lie
1.00, Glu 1.11, Asp 1.07, Pro 0.94, Leu 0.97, Gly 0.93.
FAB mass; calc. (M + I) 1021.5, found 1021.5.

[n-oMePhe2[OXT. Amino acid analysis; Cys 1.95, lie
0.99, Glu 1.06, Asp 1.11, Pro 1.05, Leu 1.00, Gly 0.97.
FAB mass; calc. (M + I) 1021.5, found 1021.5.

[n-diMePhe2[oxytocin and [L-diMePhe2[oxytocin
The analogs were prepared on BI-lA resin (0.7 g,
0.5 mmol) as described above using Boc-diMePhe-OH
(293 mg, I mmol) in the eighth coupling step to give
III mg of a mixture of diastereoisomers after gel filtra
tion. I-lPLC separation of the diastereoisomers analo
gous to that described for [D,L-oMePhe']OXT gave
21 mg (4.1 %) of [L-diMePhe']OXT and 19 mg (3.7/0 )

of [D-diMePhe']OXT.

[L-diMePhe2 jOXT. Amino acid analysis; Cys 1.93, lie
1.02, Glu 1.08, Asp 1.05, Pro 0.96, Leu 0.99, Gly 0.96.
FAB mass; calc. (M + I) 1035.5, found 1035.5.

Synthesis of methylated phenylalanines

[n-oMePhe2 jOXT. Amino acid analysis; Cys 1.94, lie
1.02, Glu 1.10, Asp 1.08, Pro 0.94, Leu 1.00, Gly 0.98.
FAR mass; calc. (M + I) 1035.5, found 1035.5.

Determination 0/the configuration of methylated
phenylalanines ill oxytocin analogs
The determination was carried out according to the
described procedure (20). An aliquot (0.2 mg) of acid
hydrolysate (see above) was evaporated in vacuo, dis
solved in 0.1 M Tris buffer, pH 7.5, (20I,L) and I~;,

solution (20 I'L) of t.-amino acid oxidase (snake venom
of Crotalus Athrox, Serva) was added. The tube was
filled with oxygen, tightly closed and incubated for 24 h
at 38 'C. After 24 h the new enzyme (20 I,L) was added
and the incubation was continued for an additional
24 h. The resulting mixture was either subjected to
amino acid analysis that indicated the presence (D
enantiomer) or the absence (t-cnanuomer) of the cor
responding peak, or spotted directly onto chiral TLC
plate (Chiralplate, Macherey-Nagel, Dun-en, Germany),
elution acetonitrile-methanol-water (4;1;1). Enanti
omers of substituted phenylalanines are in these cases
distinguishable by TLC even without treatment with
oxidase in the presence of other amino acids. RF val
lies; 0.54 (L-oMePhe), 0.43 (D-oMePhe), 0.52 (L
diMePhe), 0.38 (D-diMePhc).

Pharmacological methods
All pharmacological tests were performed using Wistar
rats weighing 200-300 g. The uterotonic potency in vit
ro was evaluated using the Holton procedure (23) in
Munsick (24) Mg'+ free solution and in vivo according
to Pliska (25). The galaetogogic potency in vivo was
established according to refs. 26 and 27. The pressor
activity was tested on pithed rat preparation according
to refs. 28 and 29.
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