
J. Med. Chem. 1994, 37, 1823-1832 1823 

Dual Angiotensin Converting Enzyme/Thromboxane Synthase Inhibitors 

Gary M. Ksander,* Mark Erion^ Andrew M. Yuan, Clive G. Diefenbacher, Lena El-Chehabi, Don Cote, and 
Nigel Levens 

Research Department, Pharmaceuticals Division, CIBA-GEIGY Corporation, 556 Morris Avenue, Summit, New Jersey 07901 

Received July 2, 1993* 

A variety of compounds were prepared to determine whether dual angiotensin converting enzyme 
(ACE)/thromboxane synthase (TxS) inhibition could be obtained in the same molecule. These 
compounds would be used to explore the concept that a dual inhibitor would have superior 
antihypertensive activity in the spontaneous hypertensive rat compared to an ACE inhibitor. 
Potent in vitro dual ACE and TxS inhibition was obtained in the same molecule with five series 
of compounds. Potent blood pressure lowering in the SHR was observed after oral administration 
of 8b and 11. However, a correlation between blood pressure lowering and the Al pressor response 
inhibition was not observed. The blood pressure-lowering actions of enalapril were significantly 
potentiated by concurrent administration of 3, a thromboxane synthase inhibitor. Analysis of the 
area under the curve for 24 h showed nearly a doubling of the blood pressure-lowering effect. 

Angiotensin converting enzyme (ACE) inhibitors lower 
blood pressure in patients with essential hypertension and 
in various animal models of hypertension.l Furthermore, 
combination therapy of ACE inhibitors2 with diuretics, 
calcium channel blockers, and /3-blockers has been shown 
to impart greater efficacy in hypertensive patients and 
animal models. In contrast, thromboxane synthase (TxS) 
inhibitors do not lower blood pressure acutely when 
administered to spontaneous hypertensive rats (SHR).3 

Long-term administration of TxS inhibitors does, however, 
lower blood pressure in adult SHR and retards the 
development of hypertension in young SHR.4 Such 
observations suggest that the vasoconstrictor thromboxane 
A2 (TxA2) does not in the short term contribute to the 
increased vascular resistance that is characteristic of the 
SHR but that TxA2 may play a role in the long-term control 
of blood pressure in this animal model. Since inhibition 
of ACE increases levels of bradykinin and bradykinin 
evokes the release of prostaglandins,5 it was considered 
that concomitant blockade of ACE and TxA2 formation 
through inhibition of TxS and subsequent shunting to the 
vasodilatory prostaglandins PGE2 and PGI2 via the 
endoperoxide PGH2 could result in an additional anti
hypertensive effect. We have published preclinical data 
from spontaneous hypertensive rats that show concomitant 
inhibition of TxA2 formation, via inhibition of TxS, does 
potentiate the blood pressure-lowering effects of converting 
enzyme inhibitors.6 However, presently, there is no 
evidence to support a role for bradykinin in this mecha
nism.7 Although the mechanism underlying this effect in 
the SHR model is unclear, it probably involves the increase 
in vasodilatory prostaglandins and not just the blockade 
of TxA2 formation, since neither Indomethacin, a cyclo-
oxygenase inhibitor, nor BM13505, a TxA2 antagonist, 
affected the blood pressure-lowering effects of the ACE 
inhibitors tested in this model.6 

In this paper, we describe our approach to the incor
poration of dual ACE and TxS inhibitory activity within 
the same molecule. The approaches taken were (a) Pi 
amide-linked mixed inhibitors, (b) glutaric acid amides, 
where the lipophilic portion of the TxS moiety occupies 
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the Pi site in the ACE template, (c) phosphonates, where 
the lipophilic portion of the TxS moiety again occupies 
the Pi site while the phosphonate group satisfies both 
criteria for good ACE and TxS binding, and (d) dual in 
vitro active labile combinations which could generate the 
individual components in vivo. 

Chemistry 

The amide diacid 5b, Scheme 1, was prepared by 
manipulating protecting groups on compound la8 followed 
by acylation of the primary amine with the acid chloride 
of the pyridylindole thromboxane synthase inhibitor 2? 
The diesters 8a and 9a were prepared by alkylating Id in 
the presence of triethylamine with the 2-bromoethyl ester 
of 2. Compound 8a probably occurs via a base-catalyzed 
intramolecular acyl migration. The ethanol amide 8a was 
quite stable, while the amino ester 9a gave ester-cleavage 
products as well as small amounts of 8a upon standing. 
Hydrogenation gave the respective diacids 8b and 9b. As 
expected, the amino ester 9b was also unstable. The 
related amine analogs 8c and 9c were prepared as outlined 
in Scheme 2. The primary amine Id was condensed with 
iV-Cbz-glycine aldehyde, reduced with sodium cyanoboro-
hydride, reacted with Boc anhydride, and then, hydro-
genated to give the extended amino ethane derivative 7d. 
EDCI activation of 7d, coupling with 2 followed by 
hydrolysis of the diethyl esters with potassium hydroxide, 
and removal of the Boc protecting group with hydrochloric 
acid gave the desired compound 9c. The related compound 
8c was prepared using similar reactions by modifying the 
order of addition and removal of protecting groups. The 
aminopiperidine-linked dual inhibitor 11 was readily 
available by reductive amination of la with the acylated 
piperidone 10, Scheme 3. The glutaric acid derivative 17 
was prepared as outlined in Scheme 4. Hydrolysis of the 
triester 13 followed by thermal decarboxylation of 14 gave 
the mixed acid ester 15. EDCI-activated coupling with 
indoline-2-carboxylic acid methyl ester followed by potas
sium hydroxide hydrolysis gave the desired inhibitor 17. 
Scheme 5 outlines the preparation of the 2-pyridylindole 
phosphonate derivatives. Alkylation of 2-pyridyl-3-meth-
ylindole with the appropriate four-carbon-extended diethyl 
phosphonate gave 18a. Hydrolysis of the phosphodiester 
with trimethylsilyl iodide gave the phosphonic acid 18b. 

© 1994 American Chemical Society 
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The reaction of 18a with 1 equiv of sodium hydroxide 
afforded the monophosphonic acid ester 18c. The prepa
ration of the benazepine phosphonate derivatives is 
outlined in Scheme 6. Alkylation of the 3-bromoben-
zolactam11 with the substituted monophosphonic acid 
benzyl ester cesium salt in DMF gave a good yield of 19. 

Alkylation of the lactam nitrogen with benzyl bromoacetate 
and K2C03/acetone followed by hydrogenolysis of the 
dibenzyl ester gave the desired product 21a. The py-
ridylindole phosphonate 21b was prepared in an analogous 
fashion, although the corresponding reaction yields were 
decreased. The 5-oxy-substituted benazepines were pre-
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Table 1. In Vitro ACE and TxS Inhibition 

com
pound 

la 
2 
3 
5b 
7 
8b 
8c 
9c 
11 
17 
18b 
18c 
18d 
21a 
21b 
33a 
33b 
33c 
enalapril 
benazapril 

ACEIC50 
(nM) 

7 
NA 
NA 
6 
7 
10 
10 
4 
12 
20 
NA 
NA 
NA 
20 
30 
6 
8 
90 
2 
2 

TxSIICeo 
(nM) 

NA 
2 
12 
4 
NA 
20 
18 
10 
20 
70 
100 
9 
10 
NA 
20 
NA 
NA 
20 
NA 
NA 
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pared as outlined in Scheme 7. iV-Acetyl-L-tryptophan 
was subjected to ozonolysis, selectively iV-protected with 
Boc anhydride, and cyclized with EDCI to the 5-ketolactam 
24. Alkylation of the lactam nitrogen with iert-butyl 
bromoacetate/Cs2C03/DMF and reduction of the ketone 
with sodium borohydride gave one diastereomer, 26, 
presumably the a-OH isomer. Acylation of the 5-hydroxy 
function and acid hydrolysis of the iert-butyl ester and 
the iV-Boc groups gave the amino acid 28. Borch con
densation of 28 with ethyl (2-phenylethyl)pyruvate gave 
a chromatographically separable mixture of diastereomers. 
Both diastereomers were carried through the synthesis to 
determine the active isomer. Hydrolysis and dibenzylation 
with Cs2CC>3/benzyl bromide in DMF gave 31. Appropriate 
acylation of the 5-hydroxy group followed by palladium-
catalyzed hydrogenation afforded 33a-c. 

In Vitro Structure-Activity Discussion 

It has been previously reported8 that substantial 
modifications, such as iV-Boc, and iV-Cbz derivatives of 
the Pi butylamine substitutent of la, have minor effects 
on ACE inhibitory potency, with ICso's varying from 5 to 
20 nM. As shown in Table 1, acylation of the butylamine 
side chain with the bulky thromboxane synthase inhibitor 
2 gave compound 5b with an ACE IC50 of 6 nM. Other 
examples, the iV-hydroxyethyl derivative 7, the iV-hy-
droxyethyl pyridylindole 8b, the iV-aminoethyl pyridylin-
doles 8c and 9c, and the piperidine-linked inhibitor 11, 
inhibited ACE with IC50 values of 7,10,10,4, and 12 nM, 
respectively, demonstrating the flexibility of the Pi-
binding site in the ACE template. These Pi substituents 
probably reach outside the active site of the enzyme. The 
thromboxane synthase inhibitory activities for 5b, 8b,c, 
9c, and 11 were 4, 20, 18, 10, and 20 nM, respectively. 
Amide substitution of the acid moiety of a potent TxSI 
appears to decrease activity 5-20-fold. Compound 17, a 
glutaric acid derivative, uses the flexibility of the Pi site 
to obtain good inhibitory ACE activity (IC50 = 20 nM). In 
addition, the glutaric acid carboxy group acts in a dual 
capacity as the zinc ligand to the angiotensin converting 
enzyme and as the carboxy functionality found in many 
potent TxS inhibitors. Of course, individual molecules 
interact separately with each enzyme. For this case, the 
TxS inhibitory activity is a modest 70 nM. The decrease 
in activity is possibly due to the large a-carboxy sub-
stituent. 

The target molecule 21b, a monophosphonic acid ester, 
was envisioned as a dual inhibitor, where the phosphonate 
would chelate with the zinc atom in the active ACE site 
and act as the acid moiety for good thromboxane synthase 
inhibitory activity. There are no reports of replacing the 
carboxy group of a TxS inhibitor with a phosphonic acid 
or monophosphonic acid ester. The TxSI portion of the 
molecule was prepared to assess the feasibility of the class 
of compounds represented by 21b. Therefore, the first 
critical experiment was the replacement of the carboxylic 
acid moiety of the iV-(carboxyalkyl)-2-pyridylindole 18d 
with a phosphonic acid and monophosphonic acid ester. 
Replacement of the carboxy group in 18d with a phos
phonic acid, 18b, significantly decreased activity from 7 
to 100 nM, respectively. Although the phosphonic acid 
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group increases the distance from the acidic functionality 
to the structurally required pyridylindole, this probably 
does not play a significant role since methylene extension 
by even three units does not significantly alter the TxSI 
activity in the caboxylic acid series. The increase in acidity 
of the phosphonic acid as compared to that of the 
carboxylic acid may play a more important role in the 
observed decrease in activity. Fortunately, the mono-
phosphonic acid ester 18c inhibited TxS equivalent to the 
carboxylic acid analog 18d. The pKa's of a carboxylic acid 
and a monophosphonic acid ester are similar. Therefore, 
this similarity may play a more dominat rple in governing 
the activity of these compounds. 

Phosphonates used as ACE inhibitors are not new. The 
structure-activity in the proline phosphonate series 21c 
has been published.10 For example, the three chiral 
phosphonates differing at the Pi ' site by aminobutyl, 

methyl, and phenylethyl substituents have good to mod
erate in vitro potency (36, 55, and 640 nM), respectively. 
Interestingly, the rigid benazepine analog 21a increases 
ACE inhibitory potency, with IC50 = 20 nM. The 
compound 21a is racemic and would be expected to have 
all its inhibitory activity in only one enantiomer (S) as is 
the case for the proline phosphonates. Therefore, a 4- to 
5-fold increase in potency is gained using the benazepine 
template. Combining the two structural types 18c (TxS) 
and 21a (ACE) resulted in the formation of the racemic 
hybrid dual inhibitor 21b, IC50 = 30 nM (ACE), 20 nM 
(TxS). 

The 5-oxybenzazepine derivatives 33a,b were effective 
inhibitors of ACE (IC50 = 6 and 8 nM, respectively). The 
5-hydroxy or acetoxy derivatives only slightly affected the 
inhibitory activity as compared to the parent compound 
benazapril11 (5-desoxyderivative, IC50 = 2 nM). However, 
when the bulky pyridylindole derivative 33c was prepared, 
the ACE activity decreased to 90 nM while the TxS 
inhibitory activity was maintained at 20 nM. 

In Vivo Activity 

The potentiation of the antihypertensive action of an 
ACE inhibitor by a TxSI is demonstrated with enalapril 
and compound 3, Figure 1. The oral administration of 10 
mg/kg of 312 completely inhibited plasma thromboxane 
(TXA2) formation6 from 1 to 24 h but failed to significantly 
lower blood pressure from control values. The ACE 
inhibitor enalapril at 5 mg/kg po significantly lowered 
blood pressure for 6 h in the unrestrained intraarterial 
catheterized spontaneously hypertensive rat (SHR). The 
blood pressure-lowering actions of enalapril at this sub-
maximal dose was significantly potentiated by concurrent 
administration of 3 (TxSI) from 1 to 24 h (Figure 1). 
Analysis of the area under the curve for 0-6 and 0-24 h 
showed nearly a doubling of the blood pressure-lowering 
effect. The mechanism whereby 3 potentiates the anti
hypertensive action of enalapril has not been conclusively 
determined, and an effect of 3 on the pharmacokinetics 
of enalapril has not been ruled out.6,7 

The in vivo activity of selective ACE/TxS dual inhibitors 
is summarized in Table 2. The potent dual inhibitor 5b 
after interarterial (ia) administration did not lower blood 
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Table 2. Antihypertensive Effects in the SHR 

com
pound 

la 
5b 
7 
8b 
8b 
8c 
11 
11 
9c 
enalapril 

dose 
(route) 

10 MPK (po) 
1 MPK (ia) 

30 MPK (po) 
10 MPK (po) 
1 MPK (ia) 

30 MPK (po) 
10 MPK (po) 
1 MPK (ia) 

10 MPK (po) 
5 MPK (po) 

SHR 
maxABP 
(mmHg) 

(t,h) 

-30 (4) 
NS 
-28 (4) 
-42 (5) 
-23 (5) 
-39 (6) 
-35 (4) 
-24 (4) 
-38 (6) 
-28 (3) 

SHR 
ABP 

(mmHg) 
24 h 

-18 
NS 
NS 
-30 
NS 
-20 
NS 
NS 
-23 
-17 

max AI 
pressor 

response 
% inhibition 

(r,h) 

70(2) 
81 (0.5) 
84(4) 
30(5) 
76 (0.5) 
71(6) 
51(4) 
76(2) 
39(5) 

100(2) 

pressure measured between 1 and 6 h postdosing. The 
lack of an antihypertensive action was probably due to 
rapid removal from the systemic circulation, evident by 
the 81 ± 6.1 % inhibition of the angiotensin I (AI) pressor 
response at 0.5 h, while insignificant inhibition was 
observed after 2 h. In contrast, compound 5b and the 

AT-hydroxyethyl derivative 8b lowered blood pressure after 
ia and po administration in the SHR at 1 and 10 mg/kg, 
respectively. The AI pressor response inhibition after ia 
injection of 8b at 1 mg/kg was 76 ± 5.5%, 30 min 
postdosing, similar to 5b. The inhibitory activity decayed 
to 50 ±5.5% at 4 h postdosing and was not significant 
after 6 h. However, over the first 6 h, the blood pressure 
decreased -23 ± 7 . 1 mmHg, while returning to control 
values at 24 h postdosing. Oral dosing of 8b at 10 mg/kg 
lowered blood pressure -42 ±5.1 mmHg up to 6 h, and a 
-30 ± 5.8 mmHg decrease in blood pressure was still 
present after 24 h (Figure 2). Interestingly, while a potent 
antihypertensive effect was observed, the AI pressor 
response inhibition reached a maximum of only 30% 
throughout the entire 6-h period and was not significant 
at 24 h. Although the hypotensive effects of ACE inhibitors 
are not always correlated to plasma enzyme inhibition, a 
potent hypotensive effect via this mechanism with 30% 
AI pressor response inhibition is unusual. This indicates 
that only low levels of 8b are present in the circulation, 
since inhibition of AI pressor response is directly correlated 
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Figure 1. ACE/TxSI potentiation of mean arterial blood pressure 
in spontaneously hypertensive rats: enaiapril, 5 mg/kg po; 
compound 3,10 mg/kg po; vehicles, 1 mL/kg po. 

to inhibitor plasma concentrations. Whether the unex
pected decrease in blood pressure for 8b is due to formation 
of vasodilatory prostaglandins via inhibition of TxS or 
rapid removal from circulation into tissues or specific 
metabolism is not known. Since good blood pressure 
lowering was observed acutely, a 4-daily-dosing regiment 
of 10 mg/kg po of 8b in the SHR to address chronic 
administration was performed. A -40 to -50 mmHg drop 
in blood pressure was sustained for the entire 4-day study. 
After withdrawal of 8b on day 5, the blood pressure of 
these animals returned to its initial hypertensive base line 
(day 6). Examining the thromboxane synthase inhibitory 
activity ex vivo, we found that platelet-derived TxA2 
formation was inhibited 95% by 8b, 6 h postdosing in the 
SHR at 10 mg/kg po. 

Similarly, 8c lowered blood pressure after oral admin
istration in the SHR. The dose required to reach 
comparable blood pressure effects was 3 times higher than 
that observed with 8b. In contrast to 8b, the Al pressor 
response inhibition effects of 8c increased with time, 
paralleling the fall in blood pressure. At 6 h, the blood 
pressure and the Al pressor response inhibition reached 
maximal, -39 mmHg and 71% inhibition, respectively. 

The piperidine-linked dual inhibitor 11 displayed a very 
similar profile as 8b except its duration of action was 
shorter. Oral dosing of 11 at 10 mg/kg lowered blood 
pressure -30 ± 4.9 mmHg up to 6 h postdosing. However, 
the antihypertensive effect was not significant at 24 h. 
The Al pressor response inhibition was 30-50% over a 
period of 2-6 h. via increasing the dose to 30 mg/kg po, 
the maximum change in blood pressure was -42 ± 5.6 
mmHg with Al pressor response inhibition reaching a 
maximum of -61 ±3 .1% 5 h post-dosing. In contrast to 
the lack of correlation of Al pressor response inhibition 
to the hypotensive effects of 8b and 11, enaiapril gives a 
classical response to the Al challenge. At an enalapie dose 
of 5 mg/kg po, the Al pressor response inhibition was 100-
50% from 1 to 6 h postdosing. The comparative blood 
pressure-lowering data at 12 mmol/kg po for 8b, 11, and 
enaiapril are shown in Figure 2. As previously mentioned, 
the lack of correlation between blood pressure lowering 

-so -¥r-

Vehlcle 

Compound 8b 

Compound 11 

Enaiapril 

24 

Time (hours) 

Figure 2. Change in mean arterial blood pressure in spontane
ously hypertensive rats of 8b (10 mg/kg po), 11 (10 mg/kg po), 
and enaiapril (5 mg/kg po). 

and Al pressor response inhibition for both 8b and 11 
could be the formation of vasodilitory prostaglandins. 
However, 8b and 11 are highly plasma protein bound, 
>98%, determined by ultracentrifugation. Therefore, 
whether ACE interacts with a plasma-bound inhibitor or 
only a free unbound inhibitor and whether we are observing 
a tissue selectivity or specific uptake of these compounds 
by cells or unidentified metabolism are not known. 

In summary, we have demonstrated that in vitro ACE/ 
TxS inhibition is obtainable with a variety of structural 
types. The Pi linked inhibitors show good antihyperten
sive effects after oral administration. The lack of cor
relation of the hypotensive effects to Al pressor response 
inhibition is not known. 

Experimental Section 

General Procedures. XH NMR spectra were recorded on a 
Varian XL 400-MHz, Varian VR 300-MHz, and/or Bruker AC 
250-MHz spectrometer with tetramethylsilane as internal stan
dard. Infrared spectra were recorded on a Nicolet 5SXFT 
spectrometer. Optical rotations were measured with a Perkin-
Elmer Model 241 polamiter. Melting points were taken on a 
Thomas-Hoover melting point apparatus and are uncorrected. 

Biology in Vitro Studies. Measurement of Thromboxane 
Synthetase Activity. Thromboxane synthetase activity was 
measured according to previously described methods.9b'13 In this 
assay, [l-14C]arachadonic acid was incubated with partially 
purified thromboxane synthetase obtained from human platelets. 
At the end of the incubation period, the (thromboxane B2; TxB2) 
product was extracted into ethyl acetate, and the extract was 
evaporated to dryness. The residue was redissolved in acetone 
and this solution spotted onto a thin-layer chromatography plate. 
After development, the plates were scanned and the radioactive 
spot corresponding to TxB2 was scrapped off and counted. The 
IC50 values were determined by employing a range of concentra
tions of test compounds over the linear range of the assay and 
analyzed graphically. All determinations were done in duplicate 
and repeated once. 

Measurement of Angiotensin Converting Enzyme Activ
ity. Angiotensin converting enzyme activity was measured 
according to a previously described method.13 In this assay, a 
synthetic peptide substrate, Hip-His-Leu, was incubated with 
partially purified angiotensin converting enzyme obtained from 
rabbit lung. At the end of the incubation period, the hipperic 
acid product was assayed spectrophotometrically. The IC50 values 
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were determined as described in the previous section, Measure
ment of Thromboxane Synthetase Activity. 

In Vitro Studies. Animals. These studies were conducted 
with spontaneously hypertensive rats (SHR; taconic Forms, NY) 
weighing between 250 and 280 g. All rats were maintained on 
a normal pellet diet (purina rat chow), allowed free access to tap 
water, and housed in a room with a 12-h light cycle (6:00 a.m.-
6:00 p.m.) at 70 ± 5 °F and 55% relative humidity. 

Determination of Blood Pressure. Blood pressure was 
measured in conscious rats. Rats were anesthetized with methoxy 
furan (Pitman-Moore, Inc., Washington Crossing, NJ), and the 
femoral artery was cannulated with clear vinyl tubing (0.28-mm 
inside diameter X 0.61-mm outside diameter; Dural Plastics and 
Engineering, Dural, Australia). The arterial catheter was tun
neled subcutaneously and scited from the animals through a small 
stab wound on the dosal surface, 1 cm from the base of the tail. 
The arterial catheter was connected to a single-channel infusion 
swivel (Instech Labs, Horsham, PA) and protected along its length 
by an 18-in. stainless steel spring anchored to the animal with 
a stainless steel button (Instech Labs). This arrangement enabled 
blood pressure to be recorded from conscious, fully ambulatory 
animals. The animals were allowed 24 h to recover from surgery 
and were housed individually in plexiglass cabinets (width 31.5 
cm, depth 32.5 cm, height 38.5 cm) for the duration of the 
experiment period. Measurements of blood pressure were 
subsequently performed over a 6-h period. 

Determination of Angiotensin I Pressor Responses. Rats 
were prepared for the measurement of blood pressure as described 
above. At an appropriate time, 300 mg/kg angiotensin I was 
administered intraarterially in a volume of 0.5 mL and the increase 
in blood pressure recorded. 

6-[[(l,l-Dimethylethoxy)carbonyl]amino]-2-[l-[[(ben-
zyloxy)carbonyl]methyl]-2,3,4,5-tetrahydro-2-oxo-l.HP-l-ben-
zazepin-3-yl]hexanoic Acid Benzyl Ester (lc). To a suspen
sion of lb8 (26.0 g, 0.056 mol) in 200 mL of DMF was added 
cesium carbonate (36.6 g, 0.112 mol). The mixture was stirred 
at room temperature for 1 h. Benzyl bromide (14 mL, 0.118 mol) 
was added and the mixture stirred for 2 days. The reaction 
mixture was concentrated and partitioned between ethyl acetate 
(EtOAc) and water. The organic layer was washed with H20, 
saturated NaHCOs, and NaCl, filtered, and concentrated to give 
36.0 g (90%) of lc as a viscous oil. JH NMR (CDC13): 5 7.4-7.0 
(m, 15 H), 5.1 (ABq, J = 5 Hz, 2 H), 5.02 (ABq, J = 11 and 15 
Hz, 2 H), 4.6 (m, 1 H), 4.55 (ABq, J = 15 and 45 Hz), 3.4-2.95 
(m, 5 H), 2.45 (m, 2H), 2.05 (m, 1 H), 1.7 (m, 2 H), 1.4 (s, 9 H), 
1.4 (m, 4 H). 

6-Amino-2-[[l-[[(benzyloxy)carbonyl]methyl]-2,3,4,5-tet-
rahy dro-2-oxo- \H-\ -benzazepin-3-yl]amino]hexanoic Acid 
Benzyl Ester (Id). Dry HC1 (g) was bubbled through a solution 
of lc (35.9 g) in 300 mL of EtOAc for 20 min. The mixture was 
stirred for 16 h. The solid was collected, washed with EtOAc, 
and dried under high vacuum to give 27.5 g (90%) of Id. 

2-[[l-(Carboxymethyl)-2,3,4,5-tetrahydro-2-oxo-UI-l-ben-
zazepin-3-yl]amino]-6-[[5-[5-chloro-l-methyl-2-(3-pyridinyl)-
lff-indol-3-yl]pentanoyl]amino]hexanoic Acid Dibenzyl 
Ester (5a). Triethylamine (0.45 g, 4.4 mmol) was added to a 
suspension of Id (1.36 g, 2.2 mmol) in 20 mL of CH2C12. To this 
solution were added 2 (1.0 g, 2.2 mmol) and 1- [3-(dimethylamino)-
propyl]-2-ethylcarbodiimide HC1 (EDCI) (0.45 g, 2.3 mmol). The 
reaction mixture was stirred for 16 h, diluted with EtOAc, and 
washed with saturated NaHCOs and H2O, dried (MgSO^, filtered, 
concentrated, and flash chromatographed on Si02 eluting with 
95% EtOAc:5% CH3OH to give 1.2 g (52%) of 5a, mp 47-50 °C. 
lH NMR (CDCI3): S 8.78 (s, 1 H), 8.7 (d, J = 4 Hz, 1 H), 7.75 (d, 
J = 9 Hz, 1 H), 7.57 (s, 1 H), 7.48 (m, 1 H), 7.23 (m, 15 H), 6.98 
(d, J = 9 Hz, 1 H), 6.5 (br, 1 H), 5.1 (2 overlapping ABq, 4 H), 
4.52 (s, 2 H), 3.8 (br, 1 H), 3.6 (m, 1 H), 3.5 (s, 3 H), 3.15 (m, 2 
H), 2.7-1.1 (m, 21 H). 

2-[[l-(Carboxymethyl)-2,3,4,5-tetrahydro-2-oxo-lfl-l-ben-
zazepin-3-yl]amino]-6-[[5-[5-chloro-l-methyl-2-(3-pyridinyl)-
lif-indol-3-yl]pentanoyl]amino]hexanoic Acid (5b). A so
lution of 5a in 30 mL of EtOH containing 1.1 g of 10% Pd-C was 
hydrogenated for 24 h at atmospheric pressure. The catalyst 
was filtered off and the filtrate concentrated and slurried with 
ether. The solid was collected and dried at 70 °C, high vacuum, 
to give 0.75 g (98%) of 5b. The dipotassium salt was formed by 

mixing 2 equiv of KOH in water with 5b, mp 140-143 °C. *H 
NMR (DMSO-de): & 8.66 (m, 2 H), 7.95 (m, 1 H), 7.7 (t, J = 5 
Hz, 1H), 7.6 (s, 2 H), 7.52 (d, J = 9 Hz, 1H), 7.25 (m, 5 H), 4.55 
(ABq, J = 15, and 38 Hz, 2 H), 3.7 (m, 2 H), 3.52 (s, 3 H), 3.5 (br, 
1H), 3.2 (m,lH), 2.98 (m, 2 H), 2.7-1.1 (m, 19 H). Anal. (C38H42-
C1K2N206-2H20) C, H, N. 

[[l-[[(Benzyloxy)carbonyl]methyl]-2,3,4,5-tetrahydro-2-
oxo-lH-l-benzazepin-3-yl]amino]-6-[[5-[5-chloro-l-methyl-
2-(3-pyridinyl)-lH-indol-3-yl]pentanoyl](2-hydroxyethyl)-
amino]hexanoic Acid Benzyl Ester (8a) and 2-[[l-[[(Ben-
zyloxy)carbonyl]methyl]-2,3,4,5-tetrahydro-2-oxo-lJ?-l-ben-
zazepin-3-yl]amino]-7-[[2-[[5-[5-chloro-l-methyl-2-(3-py-
ridinyl)-lJ7-indol-3-yl]pentanoyl]oxy]ethyl]amino]hep-
tanoic Acid Benzyl Ester (9b). To a solution of Id (6.0 g, 11.0 
mmol) in 20 mL of DMF with triethylamine (1.12 g, 11.0 mmol) 
was added 6 (4.5 g, 10.0 mmol). The ester 6 was prepared by 
EDCI/DMAP coupling of 2 with 2-bromoethanol. The mixture 
was stirred for 18 h at 60 °C, concentrated, and flash chromato
graphed eluting with 9:1 EtOAc:CH3OH to give 1.7 g of 8a. Eluting 
the column with 90:5:5 EtOAc:CH3OH:Et3N gave 1.3 g of 9a. 
Compound 8a. *H NMR (CDCI3): 6 8.6 (m, 2H), 7.7 (d, J = 7 
Hz, 1 H), 7.57 (s, 1 H), 7.42 (m, 1 H), 7.2 (m, 15 H), 6.97 (d, J 
= 7 Hz, 1 H), 5.15-4.9 (m, 4 H), 4.65 (m, 1 H), 4.4 (m, 1 H), 3.68 
(t, J = 4 Hz, 2 H), 3.51 (s, 3 H), 3.45 (t, J = 4 Hz, 1 H), 3.2 (m, 
5 H), 2.7-1.1 (m, 20 H). Compound 9a. JH NMR (CDCI3): « 
8.68 (d, J = 7 Hz, 1 H), 8.62 (s, 1 H), 7.67 (d, J = 7 Hz, 1H), 7.55 
(s, 1 H), 7.4 (m, 1 H), 7.2 (m, 15 H), 6.96 (d, J = 7 Hz, 1 H), 7.55 
(s, 1 H), 7.4 (m, 1 H), 7.2 (m, 15 H), 6.96 (d, J = 7 Hz, 1 H), 5.5 
(s, 2 H), 5.0 (ABq, J = 11 and 35 Hz, 2 H), 4.54 (ABq, J = 19 and 
93 Hz, 2 H), 4.10 (t, J = 5 Hz, 2 H), 3.50 (s, 3 H), 3.17 (m, 3 H), 
2.75 (t, J = 5 Hz, 2 H), 2.60 (t, J = 7 Hz, 2 H), 2.51 (t, J = 7 Hz, 
2 H), 2.4-1.5 (m, 19 H). 

2-[[l-(Carboxymethyl)-2,3,4,5-tetrahydro-2-oxo-lff-l-ben-
zazepin-3-yl]amino]-6-[[5-[5-chloro-l-methyl-2-(3-pyridinyl)-
l£r-indol-3-yl]pentanoyl](2-hydroxyethyl)amino]hexano-
ic Acid (8b). A solution of 8a in 80 mL of ethanol containing 
1 g of 10% Pd-C was hydrogenated for 16 h under atmospheric 
pressure. The mixture was filtered and the filtrate concentrated 
and triturated with ether. The solid was collected and dried at 
50 °C under high vacuum to give 1.1 g (87%) of 8b. The 
dipotassium salt was prepared by mixing 8b with 2 equiv of 
potassium hydroxide in water, mp 137-140 °C. MS: m/z 746.3. 
GCMS: 0.1 % NH4OAC, 40-90 CH3OH in 10 min, pH 4.7 (5% of 
the des-Cl compound, m/z 712.3, detected). XH NMR (DMSO-
de): 5 8.68 (d, J = 5 Hz, 1 H), 8.65 (s, 1 H), 7.91 (d, J = 7 Hz, 
1 H), 7.6-7.0 (m, 8 H), 3.95 (ABq, J = 15 and 90 Hz), 3.56 (s, 3 
H), 3.5-1.5 (m, 30 H). Anal. ( C ^ C l K s N s O , ^ H20) C, H, N. 

2-[[l-(Carboxymethyl)-2,3,4,5-tetrahydro-2-oxo-l.ff-ben-
zazepin-3-yl]amino]-7-[[2-[[5-[5-chloro-l-methyl-2-(3-py-
ridinyl)-lfi-indol-3-yl]pentanoyl]oxy]ethyl]amino]hep-
tanoic Acid (9b). 9b was prepared similarly as 8b except it was 
hydrogenated for 2 days. MS: m/z 746.3. GCMS: 0.1% NH4-
OAc, 40-90 CH3OH in 10 min, pH 4.7. Significant amount of the 
des-Cl indole was present. 

6-[[(2-Aminoethyl)carbobenzoxy]amino]-2-[[l-[(ethoxy-
carbonyl)methyl]-2-oxo-2^,44-tetrahydro-lfl:benz[/b]azepin-
3-yl]amino]hexanoic Acid Ethyl Ester (7b). A solution of 
TV-Cbz-glycine aldehyde (3.0 g, 15.54 mmol) and le (8.47 g, 20.2 
mmol) in 200 mL of methanol with 10 g of molecular sieves was 
stirred for 18 h. The mixture was filtered through Celite, 
concentrated, and dissolved in EtOAc. The organic layer was 
washed with H20, 5 N HC1, and NaHC03, dried (MgS04), and 
concentrated to give 2.2 g of 7b. The 5 N HC1 was reextracted 
with 10% CH30H/CH2C12 three times. The organic phase was 
washed with NaHCOs, dried (MgSO^, and concentrated to give 
an additional 2.5 g of the crude product 7b. 

6-[[(2-Aminoethyl)carbobenzoxy](teit-butoxvcarbonyl)-
amino]-2-[[l-[(ethoxycarbonyl)methyl]-2-oxo-2,3,4,5-tetrahy-
dro-lJf-benz[2>]azepin-3-y]]amino]hexanoic Acid Ethyl Es
ter (7c). A solution of 7b (4.6 g, 7.7 mmol) and (Boc)20 (1.6 g, 
7.7 mmol) in 15 mL of CH2C12 was left standing for 18 h at room 
temperature and then poured into H20, extracted with CH2C12, 
dried (MgS04), concentrated, and flash chromatographed on silica 
gel eluting with 1 % CH30H/CH2C12 to give 4.2 g of 7c. *H NMR 
(CDCI3): & 7.2-7.1 (m, 9 H), 5.1 (m, 2 H), 4.65 (m, 1 H), 4.4 (m, 
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1 H), 4.15 (m, 2 H), 4.0 (m, 2 H), 3.4-3.0 (m, 7 H), 2.55 (m, 1 H), 
2.37 (m, 1 H), 1.95 (m, 2 H), 1.8-1.1 (m, 2 H). 

6-[(2-Aminoethyl)(tert-butoxycarbonyl)amino]-2-[[l-[(eth-
oxycarbonyl)methyl]-2-oxo-2,3,4,5-tetrahydro-lff-benz[ft]a-
zepin-3-yl]amino]hexanoic Acid Ethyl Ester (7d). A sus
pension of 7c (4.0 g) in 25 mL of EtOH and 1.0 g of 10% Pd-C 
was hydrogenated at 50 psi for 20 h. Acetic acid (10 mL) and 
0.5 g of 10% Pd-C was added and the mixture hydrogenated for 
an additional 5 h. The mixture was filtered through Celite, 
concentrated, and flash chromatographed on silica gel, eluting 
gradient 1% CH3OH/CH2Cl2tol0% CH3OH/l% Et3N/CH2Cl2, 
affording 2.0 g of starting material and 1.5 g of 7c. JH NMR 
(CD3OD): a 7.35-7.2 (m, 4 H), 4.57 (ABq, J = 23 and 30 Hz, 2 
H), 4.17 (q, J = 8 Hz, 2 H), 4.0 (q, J = 8 Hz, 2 H), 3.4-3.1 (m, 
8 H), 2.63 (m, 1 H), 2.35 (m, 1 H), 1.8-1.2 (m, 17 H), 1.22 (t, J 
= 8 Hz, 3 H), 1.05 (t, J = 8 Hz, 3 H). 

2-[[l-(Carboxymethyl)-2,3,4,5-tetrahydro-2-oxo-lH-ben-
zazepin-3-yl]amino]-7-[[2-[[5-[5-chloro-l-inethyl-2-(3-py-
ridinyl)-l-lJT-indol-3-yl]pentanoyl]amino]ethyl](tert-bu-
toxycarbonyl)amino]neptanoic Acid (9d). To a solution of 
2 (904 mg, 2.64 mmol) and triethylamine (338 mL, 2.64 mmol) 
in 15 mL of THF at -10 °C was added isobutyl chloroformate 
(312 mL, 2.58 mmol). The mixture was stirred for 1 h at -10 °C, 
7d (1.30 g, 2.5 mmol) in a minimal amount of CH2CI2 was added, 
and the mixture was allowed to warm to room temperature and 
was stirred for 5 h. The mixture was poured into H20 and 
extracted with EtOAc. The organic layer was washed with H20 
and NaHC03, dried (MgSCu), concentrated, and flash chro
matographed on silica gel eluting with 2% CH30H/CH2C12 to 
give 703 mg of 9d. W NMR (CD3OD): 6 8.6 (m, 2 H), 7.92 (d, 
J = 10 Hz, 1 H), 7.6 (m, 1 H), 7.55 (s, 1 H), 7.4-7.1 (m, 6 H), 5.1 
(m, 1 H), 4.54 (m, 2 H), 4.14 (m, 2 H), 3.98 (t, J = 8 Hz, 2 H), 
3.56 (s, 3 H), 3.3-3.0 (m, 7 H), 2.68 (t, J = 7 Hz, 2 H), 2.57 (m, 
2 H), 2.34 (m, 1 H), 2.1 (q, J = 8 Hz, 1 H), 1.94 (m, 1 H), 1.7-1.2 
(m, 13 H), 1.46 (s, 9 H), 1.2 (m, 3 H), 1.05 (t, J = 8 Hz, 3 H). 

2-[[l-(Carboxymethyl)-2,3,4,5-tetrahydro-2-oxo-l£r-ben-
zazepin-3-yl]amino]-7-[[2-[[5-[5-chloro-l-methyl-2-(3-py-
ridinyl)-l-ff-indol-3-yl]pentanoyl]amino]ethyl]amino]hep-
tanoic Acid (9c). To a room-temperature solution of 9d (0.67 
g, 0.75 mmol) in 2 mL of CH3OH was added 1N KOH (1.5 mL). 
The reaction mixture was stirred for 5 h, 1 N HC1 was added to 
adjust to pH 8, and the mixture was concentrated to give 450 mg 
of 9f. To the crude product was added 10 mL of trifluoroacetic 
acid at room temperature for 1 h; the mixture was concentrated 
affording 112 mg of 9c, isolated after preparative HPLC eluting 
with A = 90% CH2CN/H20 + 0.09% TFA, B = 100% H20 + 
0.09% TFA, gradient A/B 1:9 to 100% A over 2 h, mp 141-143 
°C (dipotassium salt). JH NMR (HC1 salt) (CD3OD): S 9.1 (s, 
1 H), 9.0 (s, 1 H), 8.78 (d, J = 7.5 Hz), 8.3 (m, 1 H), 7.62 (s, 1 H), 
7.5-7.2 (m, 6 H), 4.68 (ABq, J = 17 and 30 Hz, 2 H), 3.9 (m, 3 
H), 2.65 (s, 3 H), 3.48 (m, 1 H), 3.3 (m, 1 H), 3.1 (m, 1 H), 3.05 
(m, 1 H), 2.75 (m, 5 H), 2.4 (q, J = 7 Hz), 2.2 (t, J = 7 Hz), 2.02 
(m, 4 H), 1.8-1.2 (m, 8 H). Anal. (C4oH47N606ClK2-2 H20) C, 
H,N. 

2-[[l-(Carboxymethyl)-2,3,4,5-tetrahydro-2-oxo-lJ7-l-ben-
zazepin-3-yl]amino]-6-[[5-[5-chloro-l-methyl-2-(3-pyridinyl)-
ltf-indol-3-yl]pentanoyl][2-(methylamino)ethyl]amino]hex-
anoic Acid (8c). Prepared in an analogous fashion to 9c, the 
desired product 8c was isolated after reverse-phase chromatog
raphy, MeOH/H20 as the disodium salt, mp 170-172 °C, m/z 
816.5. »H NMR (CD3OD-TFA): S 9.0 (s, 1 H), 8.91 (s, 1 H), 8.57 
(d, J = 10 Hz, 1 H), 8.15 (t, J = 10 Hz, 1 H), 7.64 (s, 1 H), 7.2-7.5 
(m, 6 H), 4.6 (ABq, J = 25 and 30 Hz, 2 H), 3.9 (m, 3 H), 3.65 
(s, 3 H), 3.15 (m, 2 H), 2.72 (m, 2 H), 2.68 (s, 3 H), 2.36 (m, 2 H), 
1.98 (m, 2 H), 1.7-1.2 (m, 14 H). Anal. (Cu^NeOeClNaz) C, 
H, N. 

l-[5-[5-Chloro-l-methyl-2-(3-pyridinyl)-l.ff-indol-3-yl]pen-
tanoyljpiperidin-4-one (10). To a 0 °C solution of la8 (3.0 g, 
8.8 mmol), 4-piperidone monohydrate HC1 (0.96 g, 6.3 mmol), 
and TEA (0.96 mL, 6.9 mmol) in 175 mL of CH2C12 was added 
EDCI (3.59 g, 19 mmol). The mixture was stirred at room 
temperature overnight, concentrated, and diluted with EtsO and 
H20. The organic layer was washed with H20 (3X) and NaHC03 
(lx), dried, concentrated, and flash chromatographed on Si02 
eluting with 5% MeOH/CH2Cl2 to give 1.81 g of 10. *H NMR 
(CDC13): « 8.7 (m, 2 H), 7.8 (d, J = 9 Hz, 1 H), 7.57 (s, 1 H), 7.55 

(m, 1 H), 7.2 (m, 2 H), 3.84 91, J = 6 Hz, 2 H), 3.7 (t, J = 6 Hz, 
2 H), 3.56 (s, 3 H), 3.95 (s, 3 H), 2.62 (t, J = 6 Hz, 2 H), 2.42 (t, 
J = 6 Hz, 4 H), 2.3 (t, J = 6 Hz, 2 H), 1.5 (m, 6 H). 

2-[[l-(Carboxymethyl)-2,3,4,5-tetrahydro-2-oxo-lH-l-ben-
zazepin-3-yl]amino]-6-[[l-[5-[5-chloro-l-methyl-2-(3-pyridi-
nyl)-12?-indol-3-yl]pentanoyl]piperidin-4-yl]amino]hexa-
noic Acid (11). To a solution of 10 (470 mg, 1.09 mmol) in 2 mL 
of MeOH was added 1 (200 mg, 0.56 mmol) in 4 mL of acetic acid. 
The cloudy solution was stirred at room temperature for 1 h, 
NaBH3CN (102 mg, 1.63 mmol) in 2 mL of methanol was added 
over a 4-h period using a syringe pump, and the reaction mixture 
was stirred overnight. The reaction was quenched with 4 mL of 
1NHC1. The mixture stood for 30 min. The solvent was removed 
under reduced pressure, sodium bicarbonate added, and the 
aqueous phase extracted 3 times with EtOAc. The sodium 
bicarbonate solution was concentrated and chromatographed on 
a re verse-phase column (C-18 resin) eluting with water to remove 
1 followed by 75% methanol/H20 to give 250 mg of 11 isolated 
as the disodium salt which contained small amounts of NaHC03. 
An analytical sample was prepared by repeating the reverse-
phase column, mp 164-166 °C. XH NMR (CD3OD): 5 8.6 (m, 2 
H), 7.9 (m, 1 H), 7.6 (m, 1 H), 7.55 (s, 1 H), 7.19 (d, J = 7 Hz, 
1 H), 7.1 (m, 5 H), 4.38 (ABq, J = 12 and 74 Hz, 2 H), 4.42 (d, 
J = 11 Hz, 1 H), 3.84 (d, J = 11 Hz, 1 H), 3.57 (s, 3 H), 3.4 (m, 
1 H), 3.0 (t, J = 11 Hz, 2 H), 2.9 (t, J = 6 Hz, 1 H), 2.6-1.1 (m, 
27 H). Anal. (C43H6iN606ClNa2) C, H, N. 

2-[4-(Ethoxycarbonyl)-8-(5-imidazo[l,5-a]pyridinyl)oc-
tanoyl]-2,3-dihydro-lff-l-isoindole-l-carboxylic Acid Meth
yl Ester (16). To a 0 °C solution of 15 (250 mg, 0.79 mmol) and 
indoline-(2S)-carboxylic acid methyl ester (170 mg, 0.94 mmol) 
in 4 mL of methylene chloride was added DCC (240 mg, 1.2 mmol). 
The reaction mixture was stirred overnight and filtered, CH2C12 
was added, and the organic layer was washed with NaHC03 and 
brine, concentrated, and chromatographed on Si02 eluting with 
2:lEtOAc/hexanetogive240mgofl6. »H NMR (CDC13): «8.0 
(s, 1 H), 7.3 (d, J = 8 Hz, 2 H), 7.1 (m, 1 H), 7.07 (s, 1 H), 6.6 (d, 
J = 9 Hz, 1 H), 6.5 (d, J = 9 Hz, 1 H), 6.35 (s, 1 H), 6.21 (s, 1 H), 
4.8 (m, 1 H), 4.1 (q, J = 7 Hz, 2 H), 3.75 (s, 3 H), 3.3 (m, 1 H), 
2.8 (m, 2 H), 2.4 (m, 2 H), 2.2-1.0 (m, 7 H), 1.25 (t, J = 7 Hz, 3 
H). 

2-[4-Carboxy-8-(5-imidazo[l,5-a]pyridinyl)octanoyl]-2,3-
dihydro-ltf-l-isoindole-l-carboxylic Acid (17). To a 0 °C 
solution of 16 (110 mg, 0.22 mmol) in 10 mL of EtOH was added 
10 mL of 2.5 N KOH. The reaction mixture was stirred for 90 
min and then the reaction neutralized with 1N HC1. The mixture 
was concentrated and the residue taken up in water and 
chromatographed on a revers-phase column eluting with H20/ 
MeOH (increasing methanol from 5% to 40%) to give 40 mg of 
17, mp 114-124 °C. *H NMR (CD3OD): S 8.56 (d, J = 5 Hz, 1 
H), 8.14 (d, J = 8 Hz, 1 H), 7.5 (s, 1 H), 7.47 (d, J = 8 Hz, 1 H), 
7.2 (m, 2 H), 7.0 (m, 1 H), 6.9 (m, 1 H), 6.62 (d, J = 7 Hz, 1 H), 
5.07 (m, 1 H), 3.6 (m, 1 H), 2.9 (m, 2 H), 2.5-1.5 (m, 12 H). Anal. 
(C25H27N305-H20) C, H, N. 

[4-[3-Methyl-2-(3-pyridinyl)-l#-indol-l-yl]butyl]phos-
phonic Acid Diethyl Ester (18a). To a hexane-washed 
suspension of NaH (0.25 g, 5.3 mmol, 50% oil dispersion) in 5 
mL of DMF was added 2-pyridyl-3-methylindole (1.0 g, 4.8 mmol) 
in 5 mL of DMF dropwise. The mixture was stirred for 1 h at 
room temperature under an atmosphere of nitrogen. Diethyl 
(4-chlorobutyl)phosphonate (1.1 g, 4.8 mmol) and Nal (0.072 g, 
0.48 mmol) were added, and the mixture was heated to 70 °C 
overnight. The DMF was removed under reduced pressure and 
the residue partioned between Et^O and H20. The ether layer 
was washed (2X) with H20, dried (MgS04), concentrated, and 
chromatographed on Si02 eluting with 95:5 CH^WCHsOH to 
give 1.2 g of 18a as an oil. »H NMR (CDC13): & 8.75 (m, 2 H), 
7.1-7.8 (m, 6 H), 4.0 (q, J = 7.5 Hz, 4 H), 4.10 (t, J = 8 Hz, 2 H), 
2.2 (s, 3 H), 1.5 (m, 6 H), 1.2 (t, J = 7.5 Hz, 6 H). 

[4-[3-Methyl-2-(3-pyridinyl)-l£r-indol-l-yl]butyl]phos-
phonic Acid (18b). To a room-temperature solution of 18a (1.05 
g, 2.62 mmol) was added iodotrimethylsilane (1.0 g, 5.2 mmol) 
in 30 mL of CH2C12. The reaction mixture was stirred for 17 h 
and the reaction quenched with 10 mL of H20 followed by stirring 
for an additional 2 h. The organic layer was separated, dried 
(MgS04), filtered, and concentrated. The residue was triturated 
with Et20 and the solid collected and recrystallized from acetone 
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to give 0.43 g of solid 18b, mp 194-196 °C. lH NMR (DMSO-d6): 
5 8.75 (s, 1 H), 8.73 (s, 1 H), 7.90 (d, J = 8 Hz, 1 H), 7.55 (m, 3 
H), 7.2 (t, J = 8 Hz, 1 H), 7.1 (t, J = 8 Hz, 1 H), 4.95 (t, J = 7 
Hz, 2 H), 2.15 (s, 3 H), 1.55 (t, J = 8 Hz, 2 H), 1.3 (m, 4 H). Anal. 
(C18H21N203P) C, H, N. 

[4-[3-Methyl-2-(3-pyridinyl)-lJT-indol-l-yI]butyl]phos-
phonic Acid Monoethyl Ester (18c). A mixture of 18a (0.18 
g, 0.45 mmol) and 1 mL of 10% NaOH was refluxed for 90 min. 
The mixture was cooled, 2.5 mL of 1N HC1 added, and the mixture 
extracted twice with CH2O2. The organic layer was washed with 
H20, dried (MgSO.(), filtered, and concentrated. The residue 
was dissolved in 5 mL of EtOAc, filtered, treated with dry HC1 
gas, and concentrated. The residue was stirred with Et^O and 
the solid collected and dried under high vacuum to give 45 mg 
of 18c, mp 60-62 °C. *H NMR (DMSO-d6): 8 8.9 (s, 1 H), 8.83 
(d, J = 6 Hz), 8.38 (d, J = 8 Hz, 1 H), 7.92 (t, J = 8 Hz, 1 H), 
7.59 (t, J = 8 Hz, 3 H), 7.15 (t, J = 8 Hz, 1 H), 7.10 (t, J = 8 Hz, 
1 H), 4.1 (t, J = 7 Hz, 2 H), 3.8 (q, J = 8 Hz, 2 H), 2.20 (s, 3 H), 
1.5 (t, J = 7 Hz, 2 H), 1.3 (m, 4 H), 1.1 (t, J = 8 Hz, 3 H). Anal. 
(CaoHasClNsOsP) C, H, N. 

(4-Phenylbutyl)phosphonic Acid Benzyl 2-0x0-1,2,3,4,5,7-
hexahydrocyclohept[h]azepin-3-yl Ester (19). Cesium car
bonate (0.557 g, 1.7 mmol) and (4-phenylbutyl)phosphonic acid 
benzyl ester (1.04 g, 3.4 mmol) were dissolved in 30 mL of hot 
MeOH, and 3-bromo-l,3,4,5-tetrahydro-2H-l-benzazepin-2-one8 

(0.82 g, 3.4 mmol) in 10 mL of DMF was added. The mixture 
was heated at 55 °C for 50 h. The DMF was removed under 
reduced pressure. The residue was extracted with Et^O/EtOAc 
(1:1) and the organic layer washed with NaHCOs and saturated 
NaCl, dried (MgS04), concentrated, and chromatographed on 
SiO-2 eluting with toluene/EtOAc (1:2) to give 840 mg of diester 
diastereomers 19. TO NMR (CDCI3): 8 7.7 (s, 1 H), 7.0-7.4 (m, 
13 H), 6.9 (d, J = 7 Hz, 1 H), 5.1 (m, 2 H), 4.87 (ABq, J = 7 and 
7 Hz, 1 H), 2.95 (m, 1 H), 2.6 (m, 4 H), 2.3 (m, 1 H), 1.7 (m, 6 
H). 

[3-[[(Benzyloxy)(4-phenylbutyl)phosphinoyl]oxy]-2-oxo-
3,4,5,7-tetrahydro-2H-cyclohept[ft]azepin-l-yl]acetic Acid 
Benzyl Ester (20). A mixture of 19 (410 mg, 0.88 mmol), benzyl 
bromoacetate (203 mg, 0.88 mmol), and K2C03 (0.60 mg, 4.4 mmol) 
in 8 mL of acetone was stirred for 30 h. The mixture was 
concentrated and extracted with EtOAc/EtjO (1:1), and the 
organic layer was washed with NaHC03 and saturated NaCl, 
dried (MgS04), filtered, concentrated, and chromatographed on 
Si02 eluting with EtOAc/toluene (1:1) to give 0.49 g of 20 as a 
colorless oil. TO NMR (CDCI3): 8 7.3-7.0 (m, 19 H), 5.1 (s, 2 H), 
5.05 (m, 1 H), 4.95 (m, 3 H), 4.80 (2 doublets, J = 3 Hz, 1 H), 
2.5-2.1 (m, 5 H), 2.0-1.1 (m, 6 H). 

[3-[(Benzyloxy)(4-phenylbutyl)phosphinoxy]-2-oxo-3,4,5,7-
tetrahydro-2J?-cyclohept[6]azepin-l-yl]acetic Acid (21a). 
A suspension of 20 (480 mg) and 5% Pd-C (250 mg) in 25 mL 
of absolute EtOH was hydrogenated at 1 atm pressure for 3 h. 
The solution was filtered through a pad of Celite and concentrated 
to give 300 mg of colorless oil. The diacid was converted to the 
disodium salt by treatment with 2 equiv of NaOH in MeOH. The 
solution was evaporated to dryness and suspended in Et20. The 
solid was collected and dried at 50 °C under high vacuum to give 
270 mg of colorless solid 21a, mp 215-220 °C. TO NMR (DMSO-
d6): 8 8.7 (br s, 2 H), 7.4-7.0 (m, 9 H), 4.8 (m, 2 H), 4.2 (m, 1 H), 
3.0-2.0 (m, 6 H), 1.9-1.4 (m, 6 H). Anal. (C22H24NNa206P-H20) 
C, H, N. 

[3-[[Hydroxy[4-[3-methyl-2-(3-pyridinyl)indol-l-yl]butyl]-
phosphinyl]oxy]-2,3,4,5-tetrahydro-2-oxo-lff-l-benzazepin-
l-yl]acetic Acid (21b) was prepared in a similar manner as 
described for 21a: mp 132-135 °C, m/z 590 (thermospray 
ionization MS after treatment with diazomethane). TO NMR 
(DMSO-ds/DzO): 8 8.65 (br s, 2 H), 7.9 (d, J = 7 Hz, 1 H), 7.54 
(m, 2 H), 7.49 (d, J = 7 Hz, 1 H), 7.3 (m, 4 H), 7.18 (t, J = 5 Hz, 
1 H), 7.08 (t, J = 5 Hz, 1 H), 4.46 (ABq, J = 15 and 28 Hz, 2 H), 
4.57 (m, 1 H), 4.05 (m, 2 H), 2.25 (s, 3 H), 3.0-1.0 (mutiplets, 12 
H). 

[3-[[(l,l-Dimethylethoxy)carbonyl]amino]-2,3,4,5-tetrahy-
dro-2,5-dioxo-l£f-l-benzazepin-l-yl]acetic Acid 1,1-Dimeth
yl Ethyl Ester (25). To a solution of 24 (2.25 g, 7.75 mmol) and 
potassium carbonate (2.25 g) in 150 mL of acetone was added 
tert-butyl bromoacetate (2.20 g, 11.0 mmol). The mixture was 
stirred for 16 h and concentrated. The residue was slurried with 

toluene, filtered, dried (MgSO^, filtered, and concentrated to 
give 3.35 g of 25 as a thick oil. TO NMR (CDC13): 8 7.7-7.1 (m, 
4 H), 5.75 (d, J = 7 Hz, 1 H), 4.9 (m, 1 H), 4.4 (ABq, J = 18 and 
30 Hz, 2 H), 3.1 (m, 2 H), 1.3 (s, 18 H). 

[3-[[(l,l-Dimethylethoxy)carbonyl]amino]-2,3,4,5-tetrahy-
dro-5-hydroxy-2-oxo-l.ff-l-benzazepin-l-yl]acetic Acid 1,1-
Dimethylethyl Ester (26). To a 0 °C solution of 25 (3.35 g, 8.3 
mmol) in 100 mL of methanol was added sodium borohydride 
(0.31 g, 8.3 mmol). The reaction mixture was stirred for 1 h at 
0 °C, the reaction quenched with acetic acid and then H20, and 
the mixture concentrated. The residue was extracted with EtO Ac 
and washed with NaHC03 and brine. The organic layer was 
concentrated and chromatographed on Si02 eluting with toluene/ 
EtOAc 3:1 to give 1.9 g of 26 as a colorless oil. TO NMR (CDCI3): 
6 7.6 (m, 1 H), 7.3 (m, 2 H), 7.1 (m, 1 H), 5.5 (2 overlapping 
multiplets, 2 H), 4.4 (ABq, J = 15 and 152 Hz, 2 H), 4.15 (m, 1 
H), 2.5-2.3 (m, 2 H), 1.42 (s, 9 H), 1.36 (s, 9 H). 

[5-Acetoxy-3-[[(l,l-dimethylethoxy)carbonyl]amino]-
2,3,4,5-tetrahydro-2-oxo-lH-l-benzazepin-l-yl]acetic Acid 
1,1-Dimethyl Ethyl Ester (27). To a solution of 26 (1.0 g, 246 
mmol), pyridine (5 mL), and DMAP (0.70 g, 5.7 mmol) in 25 mL 
of methylene chloride was added 5 mL of acetic anhydride. The 
mixture was stirred for 4 h and the reaction quenched with 50 
mL of 1:1 MeOH/EtO Ac. The reaction mixture was concentrated 
to dryness and the residue taken up in EtOAc. The organic layer 
was extracted with 0.5 M citric acid, H20, NaHC03, and brine, 
dried (MgS04), filtered, and concentrated to give 1.02 g of 27, mp 
166-168 °C. lH NMR (CDCI3): 8 7.3 (m, 4 H), 6.4 (t, J = 10 Hz, 
1H), 5.7 (d, J = 7 Hz), 4.4 (ABq, J = 15 and 18 Hz, 2 H), 4.2 (m, 
1 H), 2.5 (m, 2 H), 2.15 (s, 3 H), 1.4 (s, 18 H). 

(5-Acetoxy-3-amino-2,3,4,5-tetrahydro-2-oxo-lH-l-benza-
zepin-l-yl)acetic Acid (28). To a solution of 27 (0.93 g) in 100 
mL of methylene chloride was added HC1 gas for 10 min. The 
solution sat overnight, was concentrated, and then, triturated 
with ether to give 750 mg of 28, mp 121-126 °C. The 
hydrochloride salt was used as obtained is in the next step. 

2-[[5-Acetoxy-l-(carboxymethyl)-2,3,4,5-tetrahydro-2-oxo-
lff-l-benzazepin-3-yl]amino]-4-phenylbutanoic Acid Ethyl 
Ester (29). A mixture of 28 (1.33 g, 4.05 mmol), ethyl 4-phenyl-
2-ketobutanoate (2.5 g, 2.02 mmol) ,and sodium acetate (1.0 g, 
4.0 mmol) were dissolved in 20 mL of 1:1 glacial acetic acid/ 
EtOH. The mixture was gently refluxed and then cooled to room 
temperature. Sodium cyanoborohydride (0.50 g, 8.0 mmol) in 10 
mL of cold EtOH was added in 1-mL portions, each over a 30-
min period. The mixture was stirred overnight. To the reaction 
mixture was added another portion of ethyl 4-phenyl-2-ketobu-
tanoate (2.5 g, 2.02 mmol) in 5 mL of glacial acetic acid. Another 
portion of sodium cyanoborohydride (0.50 g, 8.0 mmol) was added 
as before. The mixture was stirred overnight and the reaction 
quenched with 25 mL of 2 N HC1. The solvent was concentrated 
and the residue diluted with 100 mL of sodium bicarbonate and 
400 mL of ether. The organic layer was extracted three times 
with aqueous sodium bicarbonate. The basic aqueous extracts 
were combined and washed with ether to remove neutral organics. 
The basic layer was acidified with 50 mL of glacial acetic acid 
and extracted with E^O/EtOAc. The organic layer was dried 
(MgS04) and concentrated to give 1.15 g of yellow oil 29 as a 
mixture of diastereomers. The mixture of diastereomers was 
carried on and separated at compound 31. 

2-[[5-Hydroxy-l-(carboxymethyl)-2,3,4,5-tetrahydro-2-
oxo-lfM-benzazepin-3-yl]amino]-4-phenylbutanoic Acid 
(30). Aqueous sodium hydroxide (1.0 N, 15 g) was added to 29 
(1.15 g, 2.4 mmol) and the mixture stirred overnight. Aqueous 
hydrochloric acid (1.0 N, 14.5 g) was added and the mixture 
concentrated under high vacuum. The residue was stirred with 
200 mL of hot 9:1 CH2Cl2/Me0H, dried (Na2S04), and filtered 
through a pad of Celite. The organics were concentrated to give 
1.1 g of 30 as a yellow oil. The crude product was used in the 
next reaction. 

2-[[l-[[(Benzyloxy)carbonyl]methyl]-2,3,4,5-tetrahydro-
5-hydroxy-2-oxo-lff-l-benzazepin-3-yl]amino]-4-phenylbu-
tanoic Acid Benzyl Ester (31). A suspension of 30 (1.01 g, 2.45 
mmol) and cesium carbonate (798 mg, 2.45 mmol) in 50 mL of 
absolute methanol was gently refluxed for 1 min. The solution 
was concentrated, and the solid cesium salt was dried under high 
vacuum overnight. The cesium salt was dissolved in 20 mL of 
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DMF, benzyl bromide (838 mg, 4.9 mmol) was added, and the 
mixture was stirred overnight at room temperature. The DMF 
was removed under high vacuum. The crude mixture was 
chromatographed on SiC>2 eluting with 70% toluene and 30% 
EtOAc to give 170 mg of the undesired diastereomer, 60 mg of 
mixed fractions, and 300 mg of 31 (Rf, 0.12) as a colorless oil. XH 
NMR (CDC13): 6 7.6 (m, 1 H), 7.4-6.9 (m, 18 H), 5.27 (dd, J = 
7 and 11 Hz, 1 H), 5.1-4.9 (multiplets, 5 H), 4.55 (ABq, J = 14 
and 120 Hz, 2 H), 3.3 (m, 2 H), 2.61 (t, J = 7 Hz, 2 H), 2.5 (m, 
1 H), 2.3 (m, 1 H), 2.0 (m, 2 H). 

2-[[l-[[(Benzyloxy)carbonyl]methyl]-2,3,4,5-tetrahydro-
5-acetoxy-2-oxo-U7-l-benzazepin-3-yl]amino]-4-phenylbu-
tanoic Acid Benzyl Ester (32). To a flask containing 31 (130 
mg, 0.19 mmol), DMAP (27 mg, 0.19 mmol), and EDCI (84 mg, 
0.38 mmol) was added acetic acid (26 mg, 0.38 mmol) in 4 mL 
of CH2Clj. The reaction mixture was stirred at room temperature 
overnight, diluted with E^O/EtOAc (1:1), and washed three times 
with H20 and brine. The organic layer was dried (MgS04) and 
concentrated to give 130 mg of 32 as a yellow oil. *H NMR 
(CDCI3): 6 7.4-7.0 (m, 19 H), 6.3 (t, J = 9 Hz, 1 H), 5.12, 5.0 (2 
overlapping ABq, 4 H), 4.57 (ABq, J = 14 and 42 Hz), 3.34 (m, 
2 H), 2.64 (t, J = 7 Hz, 2 H), 2.45 (m, 2 H), 2.15 (s, 3 H), 2.0 (m, 
2H). 

2-[[5-Acetoxy-l-(carboxymethyl)-2,3(4,5-tetrahydro-2-oxo-
lH-l-benzazepin-3-yl]amino]-4-phenylbutanoic Acid (33a). 
To a solution of 32 (130 mg, 0.2 mmol) in 20 mL of 1:1 EtOAc/ 
EtOH was added 200 mg of 5% Pd-C. The suspension was 
hydrogenated at atmospheric pressure for 3 h. The mixture was 
filtered through Celite, concentrated, and triturated with Et20 
to give 70 mg of 33a, mp 147-149 °C. W NMR (DMSO-d6): « 
7.5-7.1 (m, 9 H), 6.27 (t, J = 7 Hz, 1 H), 4.37 (ABq, J = 14 and 
38 Hz, 2 H), 3.19 (t, J = 11 Hz, 1 H), 3.02 (t, J = 7 Hz, 1 H), 2.6 
(t, J = 7 Hz, 2 H), 2.4 (m, 2 H), 2.15 (s, 3 H), 1.75 (m, 2 H). Anal. 
(C24H24N2Na207) C, H, N. 

Prepared in a similar manner were the following compounds. 
2-[[l-(Carboxymetb.yl)-2,3,4,5-tetrahydro-5-hydroxy-2-

oxo-1 if- l-benzazepin-3-yl]amino]-4-phenylbutanoic Acid 
(33b). Mp: 168-170 °C. »H NMR (DMSO-d6): & 7.48 (d, J = 
7 Hz, 1 H), 7.3-7.1 (m, 9 H), 5.33 (t, J = 10 Hz, 1 H), 4.2 (ABq, 
J = 16 and 34 Hz, 2 H), 3.19 (t, J = 9 Hz, 1 H), 2.97 (t, J = 7 
Hz, 1 H), 2.6 (t, J = 7 Hz, 2 H), 2.5 (s, 1 H), 2.25 (m, 1 H), 2.05 
(m, 1 H), 1.77 (m, 2 H). Anal. (CMH^NIA) C, H, N. 

8-[2-(3-Pyridinyl)-lJff-indol-l-yl]octanoic Acid l-(Car-
boxymethyl)-3-[(l-carboxy-3-phenylpropyl)amino]-2,3,4,5-
tetrahydro-2-oxo-lJ7-l-benzazepin-5-yl Ester (33c). Mp: 
114-119 °C. !H NMR (DMSO-de): « 8.25 (s, 2 H), 7.75 (d, J = 
7 Hz, 1H), 7.57 (d, J = 7 Hz, 2 H), 7.48 (d, J = 7 Hz, 1H), 7.4-7.0 
(m, 11 H), 6.25 (m, 1 H), 4.38 (ABq, J = 14 and 37 Hz, 2 H), 4.04 
(t, J = 6 Hz, 2 H), 3.2-2.9 (m, 2 H), 2.6 (t, J = 8 Hz, 1 H), 2.5 
(s, 1 H), 2.34 (t, J = 5 Hz, 2 H), 2.15 (s, 3 H), 2.4-2.1 (m, 2 H), 
1.7 (m, 2 H), 1.45 (m, 4 H), 1.1 (m, 8 H). Anal. ( C ^ H ^ O r 
H20) C, H, N. 
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