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3-(2,6-Dimethyl-4-carbamoylphenyl)propanoic acid
carbamoyl group in place of the hydroxyl function
replacement of Tyrin an enkephalin analogue and in

(Dcp),' & Aimethyltyrosine analogue containing a
and lacking the amino group, was synthesized. The
dynorphin A(1-11)-N¥th Dcp resulted in the first

opioid peptide-derived antagonists that do not contain a phenolic hydroxyl group at the 1-position residue.
The cyclic peptide Dcp-df-Cys-Gly-PhefNO,)-p-Cys]NH; represents a novel, potembpioid antagonist.

Introduction

TheN-terminal tyrosine residue of naturally occurring opioid
peptides plays a key-role in the interaction with opioid receptors.
The results of early studies indicated that deletion of the
N-terminal amino group or of the Tyhydroxyl group in Met-
enkephalin produced compounds with no activity or very weak
opioid activity}? However, a number of recently performed
structural modifications of the T¥ymresidue of certain opioid
peptides resulted in potent opioid agonists and antagonists. An
interesting discovery was that the@-dimethyl substitution of
the Tyt residue of opioid agonist peptides and the deletion of
the positively chargebl-terminal amino group resulted in opioid
antagonist8-® This required the substitution of Tywith 3-(2,6-
dimethyl-4-hydroxyphenyl)propanoic acid (Dhp(Figure 1).
The replacement of TYin opioid peptides with the methylated
Dhp analogues @-2-methyl-3-(2,6-dimethyl-4-hydroxyphe-
nyl)propanoic acid [()-Mdp]® or (39-3-methyl-3-(2,6-dimeth-
yl-4-hydroxyphenyl)propanoic acid [§-Mdp]” produced even
more potent opioid antagonist§.”

Another interesting, recent observation was that the replace-
ment of the Tyk hydroxyl group in a cyclic enkephalin analogue
with various substituents{CONH,, —COCH;, —CHj3) resulted
in compounds with high opioid agonist potericin this series
of compounds, the highest potency was displayed by opioid
peptide analogues containiqgcarbamoylphenylalanine, also

* To whom correspondence should be addressed. Ph#1ie514-987-
5576. Fax: +1-514-987-5513. E-mail: schillp@ircm.qc.ca (P.W.S.).
Phone: +65-6516-1569. Fax:65-6779-1691. E-mail: chmlyx@nus.edu.sg
(Y.L).

T National University of Singapore.

* Clinical Research Institute of Montreal.

a Abbreviations: Acm, acetamidomethyl; DAMGO, H-TgrAla-Gly-
N“MePhe-Gly-ol; DCI, 1,3-diisopropylcarbodiimide; Dcp, 3-(2,6-dimethyl-
4-carbamoylphenyl)propanoic acid; Dhp, 3-(2,6-dimethyl-4-hydroxyphenyl)-
propanoic acid; DIEAN,N-diisopropylethylamine; DPDPE, H-Tyrm{Pen-
Gly-Phep-Pen]OH; DSLET, H-Tym-Ser-Gly-Phe-Leu-Thr-OH; Dyn A,
dynorphin A; GPI, guinea pig ileum; HBTU, 2tbenzotriazole-1-yl)-
1,1,3,3-tetramethyluronium hexafluorophosphate; HOBt, 1-hydroxybenzo-
triazole; MVD, mouse vas deferens; NMN{-methylmorpholine; TAPP,
H-Tyr-p-Ala-Phe-Phe-Ni TFA, trifluoroacetic acid; U50,488rans 3,4-
dichloroN-methylN-[2-(1-pyrrolidinyl)cyclohexyl]-benzeneacetamide;
U69,593, (®,70,83)—(—)-N-methylN-[7-(1-pyrrolidinyl)-1-oxaspiro[4.5]-
dec-8-yllbenzeneacetamide. The symbols and abbreviations are in ac-
cordance with recommendations of the IUPAICB Joint Commission on
Biochemical Nomenclature and Symbolism for Amino Acids and Peptides.
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Figure 1. Structural formulas of Dhp and Dcp.
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known as (4-carboxamido)phenylalanine (Cpai, place of
Tyrt.8 Cpd-analogues of a number of linear opioid peptides
had also been reported to retain opioid agonist potencies
comparable to those of their respective parent pepfides.

On the basis of these observations, it is of interest to determine
how the replacement of the Dhp hydroxyl group in the Bhp
containing opioid antagonist peptides with a carbamoyl group
would affect the in vitro opioid activity profile. This can be
achieved by substituting 3-(2,6-dimethyl-4-carbamoylphenyl)-
propanoic acid (Dcp) (Figure 1) for Dhp. Here, we describe
the synthesis of Dcp and the preparation and pharmacological
characterization in vitro of Ddpanalogues of the cyclic opioid
peptide H-Tyr-cp-Cys-Gly-PhegNO,)-p-Cys]NH,1° and dynor-
phin A(1-11)-NH (Dyn A(1-11)-NH,.

The preparation of Dcpl1@) is depicted in Scheme 1.
lodination of 2,6-dimethylphenol afforded 4-iodo-2,6-dimeth-
ylphenol 6), which was converted to benzoic aédia metat-
halogen exchange. Acifl was then protected as estérand
further transformed to triflateB in excellent yields. Heck
coupling of8 with tert-butyl acrylate under microwave condi-
tions afforded alken®, the trans configuration of which was
established by the measurement of the NMR coupling constant
(16.4 Hz) of the two alkene protons. Es&was converted to
amide 10 by treatment with ammonia. Subsequent catalytic
hydrogenation, followed by standard TFA removaterf-butyl
yielded Dcpl2.

For the preparation of the cyclic opioid peptide analogues
Dcp-c[p-Cys-Gly-PheNO,)-b-Cys]NH, (1) and Dhp-cp-Cys-
Gly-PhepNO,)-b-Cys]NH; (2), the linear precursor peptide of
H-c[p-Cys-Gly-PheNO,)-D-Cys]NH, was synthesized by the
solid-phase technique with Acm protection of the Cys side
chains, and disulfide bond formation was carried out in solution
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aReagents and conditions: (a) Kl, K§OHCI, H,O, rt, 2 h, 30%; (b)
n-BuLi, THF, COy(g), —78 °C, 30 min, 41%; (c) HSOs, MeOH, reflux,
15 h, 97%; (d) T40, E&N, CHyCl,, —25 °C, 30 min, 91%; (e)
CH;=CHCOQBuU, PdC}(Phg)2, Cul, KI, EN, DMF, MW 110°C, 50 min,
94%,; (f) NHs(g), MeOH, rt, 72 h, 76%; (9) kg), Pd/C, EtOAc, 60C, 60
psi, 2 h, 98%; (h) TFA, rt, 1 h, 89%.

with iodine as the oxidation reagent. The exocyclic Dcp or Dhp
was then attached to the cyclic tetrapeptide in solution. fPcp
dynorphin A(1-11)-NH was prepared by solid-phase synthesis.
All final products were purified by preparative HPLC

Results and Discussion

The cyclic peptide analogue Dcpeelys-Gly-PheNO,)-
D-Cys]NH; (1) displayed hight opioid antagonist activityl«*
= 3.92 + 0.48 nM) in the GPI assay (Table 1). It was a
relatively weakk antagonist K& = 74.1 + 9.4 nM) in that
same assay and a wedlantagonistK = 176 + 22 nM) in
the MVD assay. Thus, it showed quite highversusk andu
versusd receptor selectivity in the functional assays, as indicated
by the K¢ ratio. The highu antagonist activity ofl is in
agreement with the high receptor affinity of this compound
(Ki# = 2.84+ 0.28 nM) determined in the receptor binding
assay (Table 2). The low and ¢ receptor affinities shown by
1 in the binding assays are also in tune with its levand 6
antagonist potencies determined in the functional assays.
Consequently, this compound also showed considerable
receptor selectivity in the binding assays (Table 2). Thus, cyclic
peptide Dcp-ap-Cys-Gly-PhefNO,)-p-Cys]NH; (1) represents
a novelu-selective opioid antagonist with high potency.

In comparison with the parent peptide Dhp-¢]ys-Gly-Phe-
(pNO,)-D-Cys]NH; (2), the Dcp-analogue 1) displayed similar
u antagonist activity in the GPI assay and about a 2-fold higher
u receptor binding affinity. However, the Dhanalogue 2Z)
showed about 3-fold higher andd antagonist potencies than
1 in the functional assays and about 3-fold higheand 6
receptor binding affinities. Therefore, the Degnalogue 1)
turned out to be morg-selective than the DRgparent @), as
indicated by th&. andK; ratios (Tables 1 and 2). In comparison
with the nonselective opioid antagonist naloxone and with the
u-selective antagonist CTOPgcompoundl has about the same
high u receptor binding affinity but is lesg-selective than
CTOP.

The Dcpg-analogue of Dyn A(1-11)-NHK(3) showed moder-
ate k antagonist activity in the GPI assay withka value of
30.7 +£ 3.8 nM. It was a wealu antagonist, and it& vs u
receptor selectivity ratio was 17 in the functional assay (Table
1). Interestingly, it turned out to be a weak pardahgonist €
= 0.33) in the MVD assay. In comparison with the Bhp
analogue of Dyn A(1-11)-NK(4), [Dcpl]Dyn A(1-11)-NH; (3)
was a 10-fold weaker antagonist but was about equipotent as
au antagonist. In agreement with these resi@tshowed about
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10-fold lowerk receptor binding affinity compared to that 4f
and comparabl@ receptor binding affinity (Table 2). In thé
receptor binding assag and 4 displayed lowod affinities of
similar magnitude. As indicated by thgratios (Table 2), [DcH-

Dyn A(1-11)-NH, (3) is lessk-selective than [DhiDyn A(1-
11)-NH, (4). Taken together, the results of the functional assays
and receptor binding assays indicated that the replacement of
Dhp in Dyn A(1-11)-NH parent peptidet with Dcp resulted

in a 10-fold drop ofc antagonist potency and reduceteceptor
selectivity, mainly as a consequence of the decreasegoeptor
binding affinity. In comparison with the nonpeptid@ntagonist
nor-binaltorphiminé? compound3 is less potent and less
k-selective.

The data described above indicate that the replacement of
Dhp with Dcp in the two opioid peptide analogues had no effect
on u receptor binding affinity but resulted in a decreasexof
ando affinity. These results suggest that at theeceptor, the
—CONH;, group of Dcp contributes to receptor binding to the
same extent as the OH group of Dhp. Both the-CONH,
group and the—OH group have the capability to strengthen
binding through H-bond donation to an acceptor site on the
receptor. The decrease inand 6 receptor binding affinity
observed with the Déppeptide analogues may be due to steric
interference at these receptors becauset8®©NH, group is
bulkier than the—OH group. Furthermore, it is possible that
the —CONH, group may be unable to engage in proper
hydrogen bond formation or that hydrogen bonding via one or
both —NH, hydrogens or via the carbonyl moiety may produce
a slight misalignment of the Dcp side chain relative to the
position of the Dhp side chain at theand 6 receptors. It is
interesting to note that the replacement of the Dhp hydroxyl
group of Dhp-cp-Cys-Gly-PheNO,)-b-Cys]NH; (2) with the
carbamoyl group had no effect agrantagonist potency, whereas
the corresponding substitution of a carbamoyl group for thé Tyr
hydroxyl group in the agonist peptide H-TyreeCys-Gly-Phe-
(PNOy)-p-Cys]NH, produced a 15-fold drop it agonist
potency® This difference may be explained by slightly different
modes ofu receptor binding of the Dégantagonist peptide
versus the PheCONH;)!-agonist peptide. The side chain of
Dcp has greater conformational flexibility than that of Phe-
(pPCONH) in terms of rotation around the®€ C# and G:—CO
bonds, which could result in a different positioning of the
aromatic ring moiety at the receptor binding site. Furthermore,
the rotation of the 2,6-dimethyl-4-carbamoylphenyl ring in Dcp
is impeded by the presence of the two methyl substituents,
whereas the 4-carbamoylphenyl ring of RW@QONH,) enjoys
greater rotational freedom. This difference in rotational behavior
may result in different hydrogen-bonding patterns of the
—CONH; substituent with receptor moieties. Finally, it is also
possible that the structural requirements of the active and
inactive receptor conformations differ from one another with
regard to the interaction of tié¢-terminal residue of the agonist
peptide and the antagonist peptide. In this context, it is of interest
to note that the replacement of the phenolic hydroxyl group in
cyclazocine'® trans-3,4-dimethyl-4-(3-hydroxyphenyl)pipe-
ridines1*and morphinan derivativéswith the —CONH, group
had little effect onu receptor binding. Thus, the carbamoyl
group was a perfect surrogate for the hydroxyl group in these
structurally rigid nonpeptide opioid agonists and antagonists.

In conclusion, we synthesized the first opioid peptide-derived
antagonists that do not contain a phenolic hydroxyl group at
the 1-position residue. The cyclic peptide Dcpeeys-Gly-
PhepNO,)-p-Cys]NH, represents a novel, potemt opioid
antagonist.
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Table 1. Antagonist Potenciek¢ Values) of Dcp- and Dhp-Analogues of Opioid Peptidés

GPI GPI MVD Ke ratio
no. antagonist K¢t (nM)b Ke (nM)e K (nM)d wulkld weluld
1 Dcp-cp-Cys-Gly-PhegNO,)-0-Cys]NH, 3.92+0.48 74.1+ 9.4 176+ 22 1/19/45
2 Dhp-cp-Cys-Gly-PhefiNO,)-p-Cys]NH, 3.68+ 0.45 22.6+ 3.0 63.3+ 10.5 1/6/17
3 [DeplDyn A(1-11)-NH, 533+ 110 30.7+ 3.8 P. A. (339 1/17/-
4 [DhptDyn A(1-11)-NH! 445+ 102 2.96+ 0.44 5310+ 940 1/150/1790

aValues represent means of three to six determinatiBgtermined with TAPP ag agonist.c Determined with U50,488 ag agonist.9 Determined
with DPDPE as) agonist.¢ Partial agonist (maximal inhibition of contractiors 33%). Data taken from Lu et &l.

Table 2. Binding Affinities of Dcp'- and Dhp-Analogues of Opioid Peptides

K; ratio
no. antagonist Ki# (nM) Ki< (nM) Ki® (nM) ulkld kluld
1 Dcp-c[p-Cys-Gly-PheNO,)-D-Cys]NH, 2.84+0.28 980+ 170 25.8+ 0.8 1/345/9
2 Dhp-cp-Cys-Gly-PheNOy)-p-Cys]NH, 4.79+ 0.39 299+ 57 11.6+ 1.1 1/62/2
3 [DcplDyn A(1—11)-NH, 449+ 6.7 32.0+£5.0 129+ 7 1/1/4
4 [DhpiDyn A(1—11)-NH 27.9+33 3.49+0.12 1224 24 1/8/35

aValues represent the means of three to six determinatiddata taken from Lu et &l.

Experimental Section

Chemistry. Synthesis of Dcp (12). 4-lodo-2,6-dimethylphenol
(5). Concentrated HCI (35 mL, 420 mmol) was added slowly to
2,6-dimethylphenol (5.1 g, 42 mmol) in methanol (85 mL) in a
cooling bath while keeping the temperature of the resulting solution
below 30°C. KI (4.6 g, 28 mmol) and KI@(2.8 g, 13 mmol) in
water (42 mL) were then added. The pale yellow solution
immediately turned to a black precipitate upon addition. The flask
was then kept in a fridge overnight. The precipitate was filtered,
and the filtrate was purified with flash chromatography, eluting
with hexanes and ethyl acetate (20:1) to giveas white fluffy
needles (3.1 g, 30%)H NMR (300 MHz, CDC}) 6 7.29 (s, 2H),
2.19 (s, 6H).13C NMR (75 MHz, CDC}) 6 152.1, 137.0, 125.6,
82.3, 15.5. HRMS (ESliye cacld for GHolO [M — H]~ 246.9698;
obsd, 246.9613.

4-Hydroxy-3,5-dimethylbenzoic Acid (6).A solution of5 (3.32
g, 13.4 mmol) in anhydrous THF (48 mL) was cooled-t@8 °C
and treated witm-butyllithium (~1.6 M) in n-hexanes (19 mL,
29.5 mmol) over 10 min. The reaction mixture was maintained at
—78 °C for an additional 20 min and then bubbled with dry £O
for another 30 min. The reaction mixture was carefully quenched
with saturated N#&CO; (2.0 mL). The volatiles and solvent were

saturated NaHC§(40 mL) and brine (40 mL). The organic layer
was dried over MgS@and concentrated to give a residue that was
purified by column chromatography, eluting with hexanes and ethyl
acetate (20:1) to giv8 as a colorless oil (3.15 g, 91%H NMR
(300 MHz, CDC¥}) ¢ 7.76 (s, 2H), 3.87 (s, 3H), 2.38 (s, 6HJC
NMR (75 MHz, CDC}) 6 165.7, 149.7, 131.8, 131.0, 129.5, 118.5
(q, J=320 HZ) 52.2,16.9. HRMS (Em/e cacld for G1H11F305S
[M]* 312.0279; obsd, 312.0271.

Methyl (E)-4-(3tert-butoxy-3-oxoprop-1-enyl)-3,5-dimethyl-
benzoate (9)To a solution o8 (0.802 g, 2.57 mmol) in anhydrous
and pre-degassed DMF (11.0 mL) were added Ré&®d), (0.182
g, 0.26 mmol), Cul (0.162 g, 0.85 mmol), KI (1.15 g, 7.71 mmol),
and EgN (2.2 mL). After degassing the resultant solution for another
5 min, tert-butyl acrylate (1.32 g, 10.3 mmol) was added into the
sealed microwave tube and irradiated at 2@C0for 50 min. After
dilution with ethyl acetate (15 mL) and water (15 mL), the organic
phase was washed with water (20 mil) N HCI (20 mL), and
brine (20 mL). The organic layer was dried over MgSénd
concentrated to give a residue that was purified by column
chromatography, eluting with hexanes and ethyl acetate (20:1) to
give 9 as a pale yellow ail (0.702 g, 94%)4 NMR (300 MHz,
CDCl3) 6 7.71 (s, 2H), 7.70 (d, 1H] = 16.4 Hz), 6.00 (d, 1HJ

removed under reduced pressure and diluted with water (35 mL) = 16.4 Hz), 3.90 (s, 3H), 2.37 (s, 6H), 1.54 (s, 9HL NMR (75
and ethyl acetate (50 mL). The aqueous phase was washed witfHz, CDCk) 0 166.9, 165.6, 141.1, 138.8, 136.7, 129.1, 129.0,

ethyl acetate (50 mlx 2) and then slowly acidified to pH 1 with

126.8, 80.8, 52.0, 28.1, 20.9. HRMS (Ele cacld for G7H2,0,4

concentrated HCI. The aqueous phase was extracted with ethyI[M]Jr 290.1518; obsd 290.1517.

acetate (3x 50 mL), and the combined organic phases were dried
over NagSO, and concentrated to giv&as a white solid (0.90 g,
41%).*™H NMR (300 MHz, (CL¥),CO) 6 7.67 (s, 2H), 2.28 (s,
6H). 13C NMR (75 MHz, (CD;),CO) 6 166.8, 157.4, 130.2, 123.5,
121.3, 15.4. HRMS (ESIy/e cacld for GH;003 [M — H]~
165.0630; obsd, 165.0555.

Methyl 4-hydroxy-3,5-dimethylbenzoate (7).A solution of 6
(2.71 g, 10.3 mmol) in methanol (34 mL) and concentrate8®]
(1.92 mL) was held at reflux for 15 h. The volatiles and solvent

Butyl (E)-tert-3-(2,6-dimethyl-4-carbamoylphenyl)acrylate (10).
A solution of 9 (2.86 g, 9.86 mmol) in methanol (60 mL) was
saturated with Nklat 0°C in a sealed tube. The resultant solution
was stirred at room temperature for 72 h. The solution was filtered,
and the solvent was removed under reduced pressure to give a white
residue. The residue was purified by column chromatography,
eluting with hexanes and ethyl acetate (1:1) to diGeas a white
flaky solid (2.06 g, 76%)*H NMR (300 MHz, CDC}) ¢ 7.67 (d,
1H,J = 16.4 Hz), 7.48 (s, 2H), 6.38 (br s, 2H), 5.98 (d, 1H+=

were removed under reduced pressure and diluted with ethyl acetatel 6.4 Hz), 2.34 (s, 6H), 1.53 (s, 9HFC NMR (75 MHz, CDC})

(50 mL). The aqueous phase was washed with water (30 mL),

saturated NaHCEX(30 mL), and brine (30 mL). The aqueous phase

was extracted with ethyl acetate {350 mL), and the combined

organic phases were dried overJS&, and concentrated to give

as a light beige solid (1.86 g, 97%H NMR (300 MHz, CDC})

0 7.69 (s, 2H), 3.87 (s, 3H), 2.27 (s, 6HFC NMR (75 MHz,

CDCly) 6 167.3, 156.5, 130.4, 122.9, 121.7, 51.8, 15.8. HRMS (ESI)

m/e cacld for GoH1,03 [M — H]~ 179.0786; obsd, 179.0707.
Methyl 3,5-dimethyl-4-(trifluoromethylsulfonyloxy)benzoate

(8). To a solution of7 (2.00 g, 11.1 mmol) and BN (3.1 mL, 22.2

mmol) in anhydrous CkCl; (24 mL) at—78 °C was slowly added

a solution of T$O (2.45 mL, 14.5 mmol) in CECl, (4 mL). The

reaction mixture was stirred for 30 min a25 °C before CHCI,

(25 mL) was added. The resultant solution was washed with

0 169.5,165.7, 141.1, 137.9, 137.0, 132.4, 126.9, 126.7, 80.9, 28.1,
21.0. HRMS (ESl)nvVe cacld for GgH;NOz [M — H]~: calcd,
275.1521; obsd, 275.1430.

tert-Butyl 3-(2,6-dimethyl-4-carbamoylphenyl)propanoate (11).
An argon purged reaction vessel was charged Wil{550 mg, 2
mmol) and Pd/C (10%, 100 mg) in EtOAc (30 mL). The reaction
vessel was then carefully pressurized to 60 psi wittahld heated
at 60°C for 2 h. The mixture was cooled to room temperature,
vented with argon, and filtered through Celite. The filtrate was
collected, and the solvent was removed under reduced pressure to
yield 11 as a pure white solid (540 mg, 98%H NMR (400 MHz,
CDCly) 6 7.43 (s, 2H), 6.18 (s, 2H), 2.98.91 (t, 2H), 2.35 (s,
6H), 2.33-2.30 (t, 2H), 1.44 (s, 9H}3C NMR (100.6 MHz, CDGJ)
0 172.3, 170.0, 142.2, 136.9, 131.0, 127.3, 80.8, 34.3, 31.9, 28.3,
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25.4, 20.0. HRMS (ESIe calcd for GgH2sNOs [M + H]* Supporting Information Available: Experimental details and

278.1756; obsd, 278.1762. refs 16-22. This material is available free of charge via the Internet
3-(2,6-Dimethyl-4-carbamoylphenyl)propanoic Acid (12, Dcp). at http://pubs.acs.org.

Compoundl1 (400 mg, 1.43 mmol) was dissolved in TFA (5 mL)

at 0°C, and the solution was warmed to room temperature and References

stirred for 1 h. TFA was then removed, and the residue was

triturated with dry ether. Compount? was obtained as a white (1) Morgan, B. A; Smith, C. F. C.; Waterfield, A. A; Hughes, J.;

solid (280 mg, 89%)H NMR (400 MHz, DMSO#ds) & 7.80 (s, Egﬁteegggmﬂ VFYHaSrtrrn“_Cg,“hf;’jn";g’(')ﬁ{g‘g'aztgfnesg‘gﬁzg{.Meth"’“'”e
1H), 7.49 (s, 2H), 7.34 (s, 1H), 2.8@.82 (t, 2H), 2.342.29 (t, (2) Ling, N.; Guillemin, R. Morphinomimetic Activity of Synthetic
2H), 2.29 (s, 6H)*C NMR (100.6 MHz, DMSO¢g) 6 174.5, 168.6, Fragments oB-Lipotropin and AnalogsProc. Natl. Acad. Sci. U.S.A.
141.5, 136.4, 132.3, 128.8, 127.7, 33.2, 25.3, 20.1, 20.0. HRMS 1976 73, 3308-3310.
(ESI) m/e calcd for G,H;eNOs [M + H]t 222.1130; obsd, (3) Schiller, P. W.; Berezowska, I|.; Nguyen, T. M.-D.; Schmidt, R.;
222.1138. Lemieux, C.; Chung, N. N.; Falcone-Hindley, M. L.; Yao, W.; Liu,
Peptide Synthesis. H-aj-Cys-Gly-PheNO,)-p-Cys]NH,. The J.; lwama, S.; Smith, A. B., lll; Hirschmann, R. F. Novel Ligands
linear precursor peptide of H@{Cys-Gly-PhegNO,)-p-Cys]NH, k/laec(lj("ghgrsgosgal 330 g%rf]ngg the and - Opioid ReceptorsJ.
was prepared by the manual solid-phase technique using Boc- (4) schiller, P. W.; Lu, Y. Weltrowska, G.; Berezowska, I.: Wilkes, B.
protection of thea-amino group and Acm protection of the Cys C.; Nguyen, T. M.-D.; Chung, N. N.; Lemieux, C. A General New
side chain and DIC/HOBt as coupling agents. The peptide was Concept for the Development of Opioid Peptide Deriyedd- and
assembled on p-methylbenzhydrylamine resin (1.16 mM/g titrat- « Antagonists. IrPeptides: The W of the FutureProceedings of
able amine, Bachem Bioscience, King of Prussia, PA) according the 2nd International Peptide Symposiunt/LAmerican Peptide

Symposium; Lebl, M., Houghten, R. A., Eds.; Kluwer Academic
Publishers: Dordrecht, The Netherlands, 2001, pp-67&8.
Lu, Y.; Nguyen, T. M.-D.; Weltrowska, G.; Berezowska, |.; Lemieux,

to a published protocdl.The peptide was cleaved from the resin
by HF/anisole treatment in the usual manner. After evaporation of ®)

the HF, the resin was ex’_[racted 'three times withCEtand _ C.; Chung, N. N.: Schiller, P. W. [ -Dimethyltyrosine]dynorphin
subsequently three times with glacial AcOH. The crude peptide A(1-11)-NH, Analogues Lacking arN-terminal Amino Group:
was obtained in solid form through lyophilization of the acetic acid Potent and Selective Opioid AntagonistsJ. Med. Chem2001, 44,
extract in 95% yield. Disulfide bond formation was carried out with 3048-3053. _ ‘

the crude peptide using a 10-fold excess of iodine in MeQBIH (6) Lu, Y.; Weltrowska, G.; Lemieux, C.; Chung, N. N.; Schiller, P. W.

Stereospecific Synthesis of $22-Methyl-3-(2,6'-dimethyl-4-hy-

(4:1) as the oxidgtion agent. After 30 min at room temperature, droxyphenyl)-propionic acid (Mdp) and its Incorporation into an
Dowex 2 8-400 ion-exchange resin (GBOO" form) was added, Opioid PeptideBioorg. Med. Chem. Let001, 11, 323-325.
and the reaction mixture was stirred for an additional 15 min. The  (7) weltrowska, G.; Lu, Y.; Lemieux, C.; Chung, N. N.; Schiller, P. W.
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