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The endothelins are a family of bicyclic 21 amino acid peptides that are potent and prolonged 
vasoconstrictors. BQ-788 is a modified tripeptide that is the only known highly potent and selective 
antagonist for the endothelin-B (ETB) receptor subtype discovered to date. Previous preparations 
of BQ-788 (N-(cis-2,6-dimethylpiperidinocarbonyl)-~-methylleu~l-~-l-(metho~carbonyl)tryptophan- 
yl-D-norleucine sodium salt) have suffered from several synthetic difficulties, including formation 
of the sterically hindered N-(cis-2,6-dimethylpiperidinocarbonyl)-~-methylleucine, racemization of 
tryptophan during carbamination, and the facile reduction of the indole ring of tryptophan during 
catalytic hydrogenation. In order to prepare sufficient quantities of BQ-788 for in vitro and in 
vivo evaluations of the physiological significance of the ETB receptor, we have developed an efficient 
solution phase multiple-gram synthetic strategy. 

Introduction 

Endothelin-1 (ET-1, Figure 1) is a potent peptidic 
constrictor of vascular smooth muscle that was first 
isolated and characterized from the supernatant of 
porcine endothelial ce1ls.l ET-1 is one member of a family 
of isopeptides that includes ET-2 and ET-3 along with 
the structurally and functionally related mouse vasoac- 
tive intestinal contractor (VIC),2 the cardiotoxic sarafo- 
toxins (SRTXS),~ and bibr~toxin.~ All members of this 
family possess disulfide bridges between positions 1-15 
and 3-11, in addition to a highly conserved C-terminal 
hydrophobic hexapeptide, His16-Xxx-Asp-Yyy-Ile-Trp21 
(Xxx = Leu or Gln, Yyy = Ile or Val).5 The recent 
identification of potent and specific endothelin receptor 
antagonists will undoubtedly assist in determining the 
physiological andor pathophysiological roles of endothe- 
lin and its isopeptides. 

Initially, two endothelin receptors were cloned, se- 
quenced, and characterized from the bovine and rat lung, 
respectively.6 The ETA receptor is selective for ET-1 and 
ET-2 over ET-3, and the ETB receptor possesses equal 
affinity for all of the ET isopeptides. Subsequently, the 
corresponding human receptors have been cloned.’ The 
endothelin receptor subtype populations (ETA/ETB) are 
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Figure 1. 

widely distributed in several tissues and possess different 
functions dependent upon species and location. For 
example, utilizing a highly selective ETB receptor ligand, 
sarafotoxin-6c (SRTX-Gc),* the ETB receptor has been 
linked to vasodilation in the rat aortic r ing  while it is 
functionally linked to vasoconstriction in several other 
tissues.1° Recently, the existence of additional ETB 
receptor subtypes and/or species differences have been 
reported.” 

The identification of these receptors has facilitated the 
development of peptidic and nonpeptidic endothelin 
antagonists for the ETA receptor or combined antagonists 
for both the ETA and ETB receptors (for recent reviews, 
see ref 5). However, there is a paucity of ETB receptor 
selective antagonists. For example, IRL 1038 (cyclo[Cys- 
Val-Tyr-Phe-Cys]-His16-Leu-Asp-Ile-Ile-Trp21 (cyclic di- 
sulfide)) was initially reported to exhibit only micromolar 
affinity for the ETA receptor in a variety of species but 
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Figure 2. 

low nanomolar affinity for the ETB receptor.12 However, 
current studies have shown that IRL 1038 only possesses 
low micromolar affinity for either the ETA or ETB receptor 
subtypes, in similar systems/tis~ues.~~ 

Recently, RES- 7 0 1 - 1 (cyclo[ Gly-Asn-Trp-His-Gly-Thr- 
Ala-Pro-Asp]-Trp-Phe-Phe-Asn-Tyr-Tyr-Trp (cyclized via 
a lactam bridge between the a-amine of Gly and the 
P-carboxylate of Asp)) was isolated from Streptomyces sp. 
This compound was reported to exhibit 10 nM affinity 
for the human ETB receptor but greater than 5 pM 
affinity for the human ETA receptor, both stably ex- 
pressed in Chinese hamster ovary (CHO) cells.14 How- 
ever, we have shown that synthetic preparations of RES- 
701-1 only possess low micromolar affinity for each of the 
human endothelin receptor subtypes.I5 

In contrast, it has been reported by Banyu Pharma- 
ceutical Co. Ltd. that N-(cis-2,6-dimethylpiperidinocar- 
bonyl)-y-methylleucyl-D-l-(methoxycarbonyl)tryptophanyl- 
D-norleucine sodium salt (BQ-788, compound 1, Figure 
2) is highly selective for the human ETB receptor [IC50 = 
1300 nM for ETA receptors in a human neuroblastoma 
cell line (SKN-N-MC) and IC50 = 1.2 nM for ETB receptors 
in human Girardi heart cell~1.l~ We have subsequently 
confirmed the potency and selectivity [ETA = 370 nM (Ltk 
cells stably transfected with the human receptor); ETB 
= 1.8 nM (CHO cells stably transfected with the human 
re~eptor)];~' thus, BQ-788 represents the first compound 
known that is truly a highly ETB receptor selective 
antagonist. Therefore, we have developed a highly 
efficient synthesis of BQ-788 that is capable of producing 
multiple-gram quantities to assist in further in vitro and 
in vivo evaluations of the physiologicdpathophysiological 
role of the ETB receptor. All manipulations are high 
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yielding and have overcome several synthetic problems 
that have been encountered in previously reported prepa- 
rations of BQ-788, including the formation of the steri- 
cally hindered N-(cis-2,6-dimethylpiperidinocarbonyl)-y- 
methylleucine,16" the racemization of tryptophan during 
carbamination,16a and the facile reduction of the indole 
ring of tryptophan during catalytic hydrogenation. 

Results and Discussion 

Preparation of N-(cie-2,6-Dimethylpiperi~nocar- 
bony1)-y-methylleucine (7, Scheme 1). Starting with 
Na-(tert-butyloxycarbonyl)-y-methylleucine18 (Na-tBoc-y- 
MeLeu, 2) the title compound was prepared in 64% 
overall yield. Initially, Na-tBoc-y-MeLeu was converted 
to its benzyl ester (3) via the cesium salt and the Na- 
tBoc protecting group was removed with saturated HC1 
in p-dioxane (4). The corresponding isocyanate (5) 
prepared from reaction with diphosgene and activated 
charcoal in refluxing toluene could be readily condensed 
with cis-2,6-dimethylpiperidine to yield the benzyl ester 
of the title compound (6). N-(cis-2,6-dimethylpiperidi- 
nocarbony1)ymethylleucine (7) was isolated after cata- 
lytic hydrogenation with 20% palladium on carbon (Pd/ 
C) in methanol. An alternative strategy for the prep- 
aration of 7 involved the reaction of cis-2,6-dimethylpi- 
peridine with the phenyl carbamate of y-methylleucine 
benzyl ester, however no reaction was observed.16" 

Preparation of D-l-(MethoKycarbonyl)tryptophan- 
benzyl Ester Hydrochloride (11, Scheme 2). Start- 
ing with Na-(tert-butyloxycarbony1)-D-tryptophan (Na- 
tBoc-D-Trp, 8 )  the title compound was prepared in 68% 
overall yield. Compound 8 was converted to its benzyl 
ester (9) by condensation of benzyl alcohol with the 
activated ester of Na-tBoc-D-Trp, formed by the reaction 
of the water soluble carbodiimide ethyl(343-dimethyl- 
amin0)propyl)carbodiimide hydrochloride (EDC-HCl), N- 
methylmorpholine (NMM), and N-hydroxybenzotriazole 
(HOBt) in DMF. Carbamination of the indole nitrogen 
of compound 9 was achieved using dimethyl dicarbonate 
in the presence of 44 dimethy1amino)pyridine ( D W )  in 
acetonitrile (90%). The Na-tBoc group was removed with 
saturated HC1 in dioxane to yield D-l-(methoxycarbonyl)- 
tryptophan benzyl ester hydrochloride (1 1). 

(18) iP-(tert-Butyloxycarbonyl)-y-methylleucine (2) was obtained 
from Bachem Bioscience Inc., King of Prussia, PA. 
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5% P d C ,  Et20 (89%); (c) HCl.D-Nle-OBz1, HBTU, DIEA, DMF; 
(d) Hz, 5%PdC, Et20 (85%); (e) 5% NaHCOdHZO ('99%). 

Several additional conditions were evaluated for the 
carbamination of Na-tBoc-D-Trp benzyl ester (91, includ- 
ing the literature procedure.16a Utilizing methyl chloro- 
formate under phase-transfer conditions (45% aqueous 
sodium hydroxide and tetrabutylammonium hydrogen 
sulfate in dichloromethane) resulted in complete racem- 
ization at  the a carbon of tryptophan.16a Unfortunately, 
this side reaction could not be detected until 11 was 
coupled to 7 to form the diastereomeric dipeptides 12 
(Scheme 3). The diastereomeric dipeptides were readily 
resolved by analytical reversed-phase (RP) HPLC, but 
these hydrophobic dipeptides could not be purified in 
reasonable quantities by preparative RP-HPLC without 
significant losses of the desired compound. Other at- 
tempts at carbamination with methyl chloroformate with 
sodium hydride (NaH) in THF or DMAP in DMF resulted 

in low yields of the desired product (25% and 0% yield, 
respectively). In addition, other conditions utilizing 
dimethyl dicarbonate were examined such as NaWTHF 
(25% yield), n-butyllithium (nBuLi)pTHF (20% yield), and 
DMAPDMF (25% yield), but all resulted in relatively low 
yields and difficult-to-purify complex mixtures. Clearly, 
the use of dimethyl dicarbonate with DMAP in acetoni- 
trile is the condition of choice for preparation of 11. 

Preparation of N-(cis-2,6-Dimethylpiperidinocar- 
bony1)-y-methylleucyl-D- l-(methoxycarbonyl) tryp- 
tophanyl-D-norleucine Sodium Salt [ l  (BQ-7881, 
Scheme 31. The target compound was assembled using 
solution phase peptide synthetic strategies in 60% overall 
yield from compound 7. The dipeptide 12 was formed 
by coupling the protected amino acids 7 and 11 with a 
water soluble carbodiimide (EDC.HC1) in the presence 
of HOBt and NMM. The dipeptide free acid 13 was 
obtained by catalytic hydrogenation of 12. Care must be 
exercized in that the C2-C3 bond of the indole ring of 
tryptophan was also partially reduced (-30%) using 20% 
Pd/C in methanol at 50 psi. However, 5% Pd/C in diethyl 
ether proved to  be effective for this transformation. The 
protected tripeptide 14 was prepared by coupling HCI-D- 
norleucine benzyl ester (HCl.~-Nle-0Bzl)~~ with 24I.H- 
benzotriazol- 1-y1)- 1,1,3,3-tetramethyluronium hexafluo- 
rophosphate (HBTU) in the presence of diisopropyl- 
ethylamine (DIEA). N-(cis-2,6-dimethylpiperidinocar- 
bonyl-y-methylleucy1-D- l-methoxy-carbony1)tryptophanyl- 
D-norleucine (15) was obtained following catalytic hydro- 
genation of the C-terminal benzyl ester. In this case, the 
use of 20% Pd/C in methanol at  50 psi resulted in 
complete reduction of the C2-C3 bond of the indole ring 
of tryptophan. Once again, 5% Pd/C in diethyl ether 
proved to be effective for this transformation. In its fully 
protonated form, compound 15 is very insoluble in 
aqueous solvents and not suitable for in vitro and in vivo 
evaluations; therefore, 15 was quantitatively converted 
to its sodium salt (1, BQ-788).20 

Conclusions 

Herein, we have reported an efficient synthesis of the 
ETB receptor selective antagonist BQ-788 (l), and to our 
knowledge this is the first report of a high-yielding 
racemization-free preparation. This preparation of BQ- 
788 is analytically (HPLC, MS, and NMR) and pharma- 
cologically [ETA = 370 nM (Ltk cells stably transfected 
with the human receptor); ETB = 1.8 nM (CHO cells 
stably transfected with the human receptor)]17 indistin- 
guishable from the originally described compound.16 The 
synthetic strategy described has alleviated several prob- 
lems that have been encountered in the preparation of 
this compound, including formation of the sterically 
hindered N-(cis-2,6-dimethylpiperidinocarbonyl)-y-meth- 
ylleucine,16* racemization of tryptophan during car- 
bamination,16a and the facile reduction of the indole ring 
of tryptophan during catalytic hydrogenation. The avail- 
ability of multiple-gram quantities of BQ-788 will assist 

~ ~ ~ ~~~~ ~~ ~ ~~~ 

(19) HC1.D-Nle-OBzl was prepared from Na-tBoc-D-Nle using the 
same procedure as for the preparation of compound 4 in 86% overall 
yield: 1H NMR (400 MHz, DMSO&) 6 0.90 (t, 3H), 1.12-1.40 (m, 
4H), 1.80 (m, 2H), 4.02 (m, lH),  5.02 (dd, 2H), 7.35-7.45 (m, 5H), 8.62 
(br s,3H); CIMS mlz 222 (M + HI. 

(20) He, J. X.; Cody, W. L.; Doherty, A. M. In Innovation and 
Perspectives in Solid Phase Synthesis; Peptides, Proteins and Nucleic 
Acids; Biological and Biomedical Applications; Epton, R., Ed.; May- 
flower Worldwide Ltd., Birmingham, England, 1994; pp 365-70. 
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in the full characterization of the physiological/patho- 
physiological function of the ETB receptor subtype. 
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and brine, dried with MgSO4, filtered, and concentrated under 
reduced pressure to an oil. The oil was recrystallized from 
ethyl acetate-hexane to yield 6 (3.55, 94%): HPLC t~ = 20.5 
min (gradient B, >99%); 'H NMR (400 MHz, CDC13) 6 0.95 (s, 
9H), 1.18 (d, 3H), 1.22 (d, 3H), 1.45-1.80 (m, 8H), 4.18 (m, 
2H), 4.60-4.72 (m, 2H), 5.08-5.22 (dd, 2H), 7.35 (m, 5H); 
CIMS mlz 375 (M + H). Anal. Calcd for C22H3&03: C, 70.54; 
H, 9.08; N, 7.48. Found C, 70.84; H, 9.12; N, 7.53. 
N-(cis-2,6-Dimethylpiperidinocarbonyl)-y-methylleu- 

cine (7). N-(cis-2,6-Dimethylpiperidinocarbonyl)-y-methylleu- 
cine benzyl ester (6) (3.0 g, 8.3 mmol) was dissolved in 
methanol (75 mL), treated with 20% Pd/C (0.20 g), and placed 
under a hydrogen atmosphere at 50 psi (2 h, 23 "C). The 
reaction mixture was filtered through Celite and the solvent 
was evaporated under reduced pressure to yield 7 (2.05 g, 88%) 
as a white powder: HPLC t~ = 14.2 min (gradient A, >99%); 

1.55 (m, 2H), 1.58-1.82 (m, 5H), 2.05-2.15 (dd, lH), 4.10- 
4.20 (br, 2H), 4.25 (m, lH), 4.70 (d, 1H); CIMS mlz 285 (M + 
H). Anal. Calcd for C15H2a203: C, 63.35; H, 9.92; N, 9.85. 
Found: C, 63.39, H, 10.02, N, 9.93. 
Na-(tert-Butyloxycaonyl)-D-tryptophan Benzyl Ester 

(N"-tBoc-D-Trp-OBzl, 9). To a solution of Na-D-tBoc-Trp (5.0 
g, 16.4 mmol) in DMF (15 mL) were added EDC-HCl (3.2 g, 
16.7 mmol), HOBt (2.3 g, 17.0 mmol), NMM (1.9 mL, 17.3 
mmol), and benzyl alcohol (2.0 mL, 19.3 mmol). The reaction 
mixture was allowed to stir overnight at 23 "C. The reaction 
mixture was diluted with ethyl acetate (100 mL), washed in 
turn with 10% NaHC03, brine, and water, dried with MgS04, 
filtered, and evaporated. Crystallization from ethyl acetate- 
hexane yielded 9 (5.50 g, 85%) as a white powder: HPLC t~ = 
18.6 min (gradient B, '99%); 'H NMR (400 MHz, CDC13) 6 
1.40 (s, 9H), 3.30 (m, 2H), 4.73 (m, lH), 5.15 (dd, 2H), 6.80 (br 
s, lH), 7.08 (t, lH), 7.20 (t, lH), 7.22-7.38 (m, 6H), 7.65, (d, 
lH), 8.05 (br s, 1H); CIMS mlz 394 (M + H). Anal. Calcd for 
C23H26N204: C, 70.02; H, 6.66; N, 7.10. Found: 70.15; H, 6.68; 
N, 7.15. 
Na-(tert-Butyloxylcarbonyl)-D-l-(methoxycarbonyl)- 

tryptophan Benzyl Ester (10). To a solution ofNa-tBoc-D- 
Trp-OBzl (9) (5.0 g, 12.7 mmol) in acetonitrile (20 mL) was 
added dimethyl dicarbonate (1.9 mL, 18.0 mmol), followed by 
DMAP (0.20 g, 1.62 mmol), and the solution was allowed to 
stir (3 h, 23 "C). The reaction mixture was diluted with ethyl 
acetate (100 mL), and the organic phase was washed with cold 
1 N HC1, brine, and water, dried with MgS04, filtered, and 
concentrated under reduced pressure. Trituration with hexane 
yielded 10 (5.15 g, 90%) as a white powder: HPLC t R  = 18.8 
min (gradient B, >99%); 'H NMR (400 MHz, CDC13) 6 1.40 (s, 
9H), 3.15-3.30 (m, 2H), 4.00 (s, 3H), 4.73 (m, lH), 5.05-5.15 
(m, 3H), 7.18-7.38 (m, 8H), 7.55 (d, lH), 8.15 (br, 1H); CIMS 
mlz 452 (M). Anal. Calcd for C&zsNzOs: C, 66.36; H,6.24; 
N, 6.19. Found: C, 66.19; H, 6.24; N, 6.20. 
D-1-(Methoxycarbony1)tryptophan Benzyl Ester Hy- 

drochloride (11). To a solution of Na-tBoc-D-l-(methoxycar- 
bony1)tryptophan benzyl ester (11) (4.0 g, 8.8 mmol) in 
p-dioxane (50 mL) was bubbled anhydrous HC1 gas for 30 min, 
and the solution was allowed to stir (1 h, 23 "C). The reaction 
mixture was evaporated to dryness under reduced pressure. 
The residue was taken up inp-dioxane (50 mL) and evaporated 
again to remove excess HC1. Crystallization from methanol- 
diethyl ether yielded 11 (3.19 g, 90%) as white powder: HPLC 
tp, = 12.8 min (gradient B, 96%); 'H NMR (400 MHz, DMSO- 
&) 6 3.25-3.35 (m, 2H), 3.95 (s,3H), 4.20 (t, lH), 5.10 (s, 2H), 
7.18-7.40 (m, 7H), 7.58 (s, lH), 7.60 (d, lH), 8.12 (d, lH), 8.68 
(br s, 3H); CIMS mlz 353 (MI. Anal. Calcd for CzoHzoN204* 
HC1: C, 61.78; H, 5.44; N, 7.20. Found: C, 61.40; H, 5.42; N, 
7.20. 

N-(c&-2,6-Dime~ylpipehylpiperidinocarbonyl)-y-methy~eu~l- 
D-1-(methoxycarbony1)tryptophan Benzyl Ester (12). The 
protected amino acids 7 (3.0 g, 10.6 mmol) and 11 (4.5 g, 11.6 
mmol) were dissolved in DMF (20 mL). To this solution were 
added EDC.HCl(2.05 g, 10.7 mmol), HOBt (1.44 g, 10.7 mmol), 
and NMM (1.9 mL, 20.1 mmol). The mixture was allowed to 
stir (12 h, 23 "C) and poured into 100 mL of ethyl acetate: 
water (1:l). The aqueous phase was separated and reextracted 
with ethyl acetate (2 x 50 mL). The organic layers were 

'H NMR (400 MHz, CDCl3) 6 0.95 ( s , ~ H ) ,  1.15 (dd, 6H), 1.45- 

Experimental Section 

General Methods. 'H NMR spectra were recorded on a 
400 MHz NMR spectrometer with DMSO-& or CDCl3 as the 
solvent. Chemical ionization mass spectral (CIMS) data were 
obtained in acetonitri1e:water (1:l) with 0.1% ammonium 
hydroxide, and electrospray mass spectral (ESMS) data were 
obtained using 1% ammonia in methane as the reagent gas. 
For analytical RP-HPLC two gradients were used; gradient 
A, 9O:lO to 24:76,0.1% aqueous TFAO.l% TFA in acetonitrile, 
linear gradient over 22 min at 1.5 mumin (A = 214 and 280 
nm); and gradient B, 80:20 to 1496, 0.1% aqueous TFA:O.l% 
TFA in acetonitrile, linear gradient over 22 min at 1.5 m u  
min (1 = 214 and 280 nm) on a Vydac 218TP54 (0.46 x 25.0 
cm) C18 column. For preparative RP-HPLC, compounds were 
eluted utilizing a linear gradient of 0.1% trifluoroacetic acid 
(TFA)/water and increasing concentrations of 0.1% TFN 
acetonitrile on a Vydac 218TP1022 (2.2 x 25.0 cm) C18 
column. Synthetic reagents were obtained from commercial 
sources and used without further purification unless otherwise 
noted. Solvents for chemical synthesis were of reagent grade 
and solvents for RP-HPLC were of HPLC grade. All amino 
acids were of the L configuration unless otherwise indicated. 
Na-(tert-Butyloxycarbonyl)-y-methylleucine Benzyl Es- 

ter (N%Boc-y-MeLeu-OBzl, 3). To a solution of Na-tBoc- 
y-MeLeul8 (2) (4.0 g, 16.3 mmol) in DMF (10 mL) were added 
cesium carbonate (10.0 g, 31.6 mmol) and benzyl bromide (2.0 
mL, 16.5 mmol). The reaction was stirred for 2 h at 23 "C, 
and 100 mL of ethyl acetate:water was added (1:l). The 
aqueous layer was separated and reextracted with ethyl 
acetate (2 x 50 mL). The organic layers were combined, 
washed with 10% NaHC03, brine, and water, dried with 
MgS04, filtered, and concentrated under reduced pressure. The 
residue was triturated with hexane to yield 3 (5.10 g, 91%) as 
a white solid: HPLC t~ = 17.2 min (gradient B, '99%); 'H 

(m, 2H), 3.95 (m, lH), 5.15-5.25 (dd, 2H), 7.08 (d, lH), 7.35- 
7.50 (m, 5H); CIMS mlz 236 (M - Boc). Anal. Calcd for C19H29- 
NO4: C, 68.02; H, 8.73; N, 4.17. Found: C, 68.25; H, 8.80; N, 
4.20. 

y-Methylleucine Benzyl Ester Hydrochloride (HC1.y- 
MeLeu-OBzl, 4). To a solution of Na-tBoc-y-MeLeu-OBz1 (3) 
(5.0 g, 14.9 mmol) in p-dioxane (100 mL) was bubbled 
anhydrous HC1 gas for 30 min. The solution was then refluxed 
for 1 h. After cooling to  23 "C, the solution was evaporated to 
dryness under reduced pressure. Additional p-dioxane (3 x 
50 mL) was added and evaporated under reduced pressure 
repeatedly to remove the excess HC1. The resulting solid was 
recrystallized from methanol-diethyl ether to  yield 4 (3.30 g, 
94%): HPLC t~ = 13.7 min (gradient B, >99%); lH NMR (400 

3.94 (m, lH), 5.20-5.30 (dd, 2H), 7.35-7.50 (m, 5H), 8.65 (br 
s, 3H); CIMS mlz 236 (M + HI. Anal. Calcd for C14H~zN02- 
C1-'/2H20: C, 59.99; H, 8.02; N, 5.02. Found: C, 60.35; H, 
7.76; N, 5.38. 
Isocyanato-y-methylleucine Benzyl Ester (5). To a 

suspension of HC1-yMeLeu-OBzl (4) (3.0 g, 11.0 mmol) in 
toluene (10 mL) was added activated charcoal (0.30 g), followed 
by diphosgene (1.6 mL, 12.1 mmol). After stirring for 1 h at 
23 "C, the solution was brought to  reflux for an additional 4 
h. The reaction mixture was allowed to cool to 23 "C and 
filtered through Celite, and the filtrate was evaporated to  
dryness under reduced pressure to  yield 5 (2.65 g, 92%) as an 
oil. This oil was used without further purification. 
N-(ci~-2,6-Dimethylpiperidinocarbonyl)-~methylleu- 

cine Benzyl Ester (6). Isocyanato-y-methylleucine benzyl 
ester (5) (2.65 g, 10.1 mmol) was dissolved in ethyl acetate 
(20 mL) and allowed to stir under a nitrogen atmosphere at 0 
"C. cis-2,6-Dimethylpiperidine (1.5 mL, 11.2 mmol) was added, 
and resulting solution was stirred for 1 h at 0 "C and an 
additional 1 h at 23 "C. The solution was diluted with ethyl 
acetate (30 mL), washed consecutively with 1 N HCl, water, 

NMR (400 MHz, DMSO-&) 6 0.90 (s, 9H), 1.48 (5, 9H), 1.55 

MHz, DMSO-&) 6 0.90 (s, 9H), 1.68 (dd, lH), 1.80 (dd, lH), 
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combined, washed with 1N HC1, brine, and water, dried with 
MgS04, filtered, and concentrated under reduced pressure. 
Crystallization from ethyl acetate-hexane yielded 12 (6.06 g, 
92%) as a white powder: HPLC t~ = 19.4 min (gradient B, 
98%); 'H NMR (400 MHz, CDC13) 6 0.82 (s, 9H), 1.10 (br d, 
3H), 1.22 (br d, 3H), 1.45-1.85 (m, lOH), 3.18 (dd,lH), 3.30 
(dd, lH), 4.30 (br, lH), 4.90 (9, lH), 5.15 (s, 2H), 7.22-7.38 
(m, lOH), 7.50 (d, lH), 8.18 (br d, 1H); ESMS mlz 619.6 (M). 
N-(cie-2,sDime~ylpi~hylpiperidinocarbonyl)-rmet~~eu~l- 

D-1-(methoxycarbony1)tryptophan (13). Pd/C (5%, 0.40 g) 
was added to  a solution of 12 (5.5 g, 8.9 mmol) in diethyl ether 
(100 mL). The mixture was stirred under an atmosphere of 
hydrogen (2 h, 23 "C). The reaction mixture was filtered 
through Celite, and the filtrate was evaporated under reduced 
pressure to yield a white solid. Recrystallization from ethyl 
acetate-hexane yielded 13 (4.17 g, 89%): HPLC t~ = 17.5 min 
(gradient A, 98%); lH NMR (400 MHz, DMSO-&) 6 0.79 (s, 
9H), 1.05 (d, 6H), 1.18-1.30(m, 2H), 1.35-1.50(m, 6H), 1.60- 
1.72 (m, 2H), 3.02 (dd, lH), 3.15 (dd, lH), 3.95 ( 6 ,  3H), 4.10 
(br, 2H), 4.30 (m, lH), 4.52 (m, lH), 5.95 (d, W ,  7.25 (t, 1H), 
7.35 (t, 1H), 7.50 (s, 1H), 7.62 (d, lH), 8.07 (d, 1H), 8.12 (d, 
1H); ESMS mlz 527.4 (MI. 
N-cis-2,6-Dimethylpiperidinocarbonyl-y-methyUeu~l- 

D- 1 - (methoxycarbonyl) tryptophanyl-D-norleucine Ben- 
zyl Ester (14). To a solution of the dipeptide 13 (4.0 g, 7.6 
mmol), H C ~ . D - N ~ ~ - O B Z ~ ~ ~  (2.9 g, 8.0 mmol), and DIEA (2.8 mL, 
16.1 mmol) in DMF (15 mL) was added dropwise HBTU (3.0 
g, 8.0 mmol) in DMF (10 mL) over 20 min. The solution was 
stirred (3 h, 23 "C) and poured into 200 mL of ethyl acetate: 
water (1:l). The aqueous phase was separated and reextracted 
with ethyl acetate (2 x 50 mL). The organic layers were 
combined, washed with cold 1 N HCl, brine, and water, dried 
with MgS04, filtered, and concentrated under reduced pres- 
sure. The resulting oil 14 (4.80 g, 87%) was used without 
further purification. 
N-(cie-2,6Dime~ylpiperidinocarbonyl)-rmet~~eu~l- 

D-l-(methoxycarbonyl)tryptophanyl-D-norleucine (16). 
To a solution of 14 (4.8 g, 6.6 mmol) in diethyl ether (100 mL) 
was added 5% Pd/C (0.50 g), and the solution was stirred under 
an atmosphere of hydrogen gas (2 h, 23 "C). The reaction 
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mixture was filtered through Celite and the filtrate evaporated 
to dryness to yield crude 15 as a white powder. The crude 
peptide was then purified by preparative RP-HPLC on a Vydac 
C18 column (218TP1015, 2.2 x 25.0 cm, 15 mumin) with a 
mobile phase of 0.1% TFA in water with increasing concentra- 
tions of 0.1% TFA in acetonitrile. Individual fractions were 
collected and analyzed by analytical RP-HPLC. The appropri- 
ate fractions were combined, concentrated under reduced 
pressure, and lyophilized to yield 15 (3.57 g, 85%) as a white 
powder: HPLC t~ = 16.4 (gradient A, '99%); 'H NMR (400 
MHz, DMSO-&) 6 0.75 (8, 9H), 0.85 (t, 3H), 1.05 (dd, 3H), 
1.22-1.50 (m, 11H) 1.65-1.78 (m, 3H), 2.88 (dd, lH), 3.25 (dd, 
lH), 3.95 ( 8 ,  3H), 4.04 (m, lH), 4.08-4.18 (m, 3H), 4.65 (m, 

(d, lH), 8.08 (d, lH),  8.23 (d, 2H); ESMS mlz 640.4 (MI. 
N-(cie-2,sDimetaylpiperidinocarbonyl)-~-met~~eu~l- 

D-l-(methoxycarbonyl)tryptophanyl-D-norleucine So- 
dium Salt (1, BQ.788). To a solution of 15 (3.5 g, 5.5 mmol) 
in methanol (50 mL) was slowly added 5% aqueous NaHC03 
(300 mL) over a period of 30 min. The solution was stirred 
until clarity was achieved (30 min, 23 "C). The solution was 
diluted with water (200 mL), and the resulting solution was 
passed through a C18 (60 mL) cartridge preequilbrated in 
water. BQ-788 (1) was eluted with methanol (2 x 50 mL), 
concentrated under reduced pressure, resuspended in water 
(50 mL), and lyophilized to  quantitatively yield compound 1 
as a white powder: HPLC t~ = 16.4 (gradient A, '99%); 'H 

1.00 (d, 3H), 1.02 (d, 3H), 1.10-1.25 (m, 6H), 1.30-1.55 (m, 
6H), 1.60-1.75 (m, 2H), 2.92 (dd, lH), 3.12 (dd, lH), 3.78 (m, 
lH), 3.95 (s, 3H), 4.08 (m, lH), 4.13 (m, lH), 4.29 (m, lH), 
4.50 (m, lH), 5.98 (d, lH), 7.22 (t, lH), 7.32 (t, lH), 7.50 (s, 
lH), 7.58 (br d, lH), 7.65 (d, lH), 8.05 (d, lH), 8.15 (br d, 1H) 
ESMS mlz 640.6 (M). 
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IH), 6.08 (d, IH), 7.26 (t, IH), 7.34 (t, IH), 7.53 (s, IH), 7.68 

NMR (400 MHz, DMSO-&) 6 0.80 (9, 9H), 0.74-0.85 (m, 3H), 


