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Abstract: Synthesis and structure-activity relationships (SAR) of orally active arginine vasopressin (AVP) 
receptor antagonists are discussed. Potent and orally active AVP receptor antagonists are produced when ring A 
of VPA-985 (1) is replaced with a 3-pyridinyl unit (2b). © 1999 Elsevier Science Ltd. All rights reserved. 

Vasopressin is an antidiuretic hormone, released from the posterior pituitary gland. 13 The hormone exerts its 

action through two receptor subtypes: vascular V~ and renal epithilial V 2 receptors. One of the key roles of 

arginine vasopressin (AVP) is the control of salt (NaCI) balances. The blockade of V 2 receptors may he useful in 

treating diseases characterized by excess renal absorption of free water. Thus V 2 antagonists may correct the 

fluid retention in congestive heart failure, liver cirrhosis, nephrotic syndrome, CNS injuries, lung disease and 

hyponatremia. Thus antagonizing AVP actions at the receptor level with orally active, nonpeptidic agents may 

be the treatment of  choice for edematous states associated with hyponatremia. 
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Otsuka chemists 4'5 reported 2,3,4,5-tetrahydrol,5-benzazepines as Via and V 2 receptor AVP antagonists, while 

Albright, et al. 6'7 reported on the design and synthesis of VPA-985 1, which is currently undergoing phase I! 

clinical trials. This paper presents the SAR of derivatives where the phenyl ring A (Figure 1) is replaced with a 

3-pyridinyl moiety. These compounds were prepared to increase the polarity and potentially to increase the 

water solubility of VPA-985. The compounds required for the present investigation were prepared as indicated 

in Scheme 1. 
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SCHEME 1 

~ N O  ~'1 a L 
2 

4 5 

EtOOC O ~ o ~  F E t O O C ~  
C L 

-N- -NH 2 

7 

F 
8 

6 + 10 f , 

N ~  b = 

;' CHO H 

HOOC'~N 0 

F 
9 

I e 

o 

2b 
(a) 2-pyrrole carboxaldehyde/NaH/THF/0 °C; (b) H2/Pd/C/EtOH/rt; (c) 5-fluoro-2-methylbenzoyl 
chloride/Et3N/CH2Cl 2 rt; (d) THF/NaOH/rt/24 h; (e) (COCI)2/DMF/CH2C12/0 °C; (f) Et3N/CH2C12 rt. 

The tricyclic 10,11-dihydro-SH-pyrrolo[2,1-c][1,4]benzodiazepine 6 was synthesized according to the literature 

procedure 8'9 by reductive ring closure of  1-(2-nitrobenzyl)-2-pyrrole carboxyaldehyde 5 (Scheme 1). The 

appropriately substituted acid chlorides 10, as exemplified for the preparation of 2b, were prepared starting from 

the commercially available 6-aminonicotinic acid. Esterification with ethanolic hydrogen chloride gave the 

ethyl ester 7. This ester was reacted with 2 equiv of 5-fluoro-2-methylbenzoyl chloride to give bis derivative 8, 

which was hydrolyzed to acid 9 with 2 N NaOH/THF at room temperature. The acid 9 was converted to the acid 

chloride using oxalyl ehloride/DMF. Reaction of  acid chloride 10 with compound 6 (CH2CI2/EtaN at room 

temperature) gave derivative 2b. Compounds (2a-2r) prepared via Scheme 1 are listed in Table 1. 

The in vitro binding studies were carded out with receptors isolated from rat liver (Via) and rat kindney (VE)fl 

Binding assays were determined by measuring the inhibition of (Phe-3,4,5,3H) AVP binding to isolated rat 

hepatic Via receptors or inhibition of  binding of 3H-AVP to isolated kidney medullary V2 receptors. In vivo 

studies were conducted in conscious AVP-treated (0.4 ug/kg, ip) and water-loaded (30 mL/kg; po) rats. The 

compounds 2a-2r  were given orally 10 mg/kg (mixed with starch and DMSO). The amount of urine output was 

measured and compared. 
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R6 

R4 
Table I 

ICso nm ML/4 h 
No X R~ Rz R3 1~ Its 1~ Vt. Vz Urine VoP 
2a -NHCO- CH3 H H H H H 21 3 5.3 

2b -NHCO- CHa H H F H H 33 4 20 b 

2e -NHCO- H OMe OMe OMe H H 51%c 41%c NT 

2d -NHCO- CH 3 F H H H H 9 1 34 

2e -NHCO- CH 3 H H F H ya 99 33 12.5 

2f -NHCO- F H F H H H 37% ° 58% c NT 

2g -NHCO- Cl H H H H H 11 1.8 4 

2h -NHCO- Br H H H H H 7 1.6 NT 

2i -NHCO- Cl H F H H H 6 1.1 30.5 

2j -NHCO- Ph H H H H H 30 8.3 16.5 

2k -NHCO- CI H H X e H H 260 480 NT 

21 -NHCO- C1 H H Br H H 82 7.3 16.5 

2m -NHCO- NO2 H H H H H 920 160 NT 

2n -NHCO- NH 2 H H H H H 29% c 210 NT 

20 -NHCO- C1 H H C1 H H 100 4.3 19.3 

2p -NHCO- C1 H H H F H 40 4 15.8 

2q -NHCO- F H H F H H 310 240 11.8 

,~o \ 

2r 
Via = 68% (10 uM); V 2 = 290 nM 

1 VPA-985 82 0.5 35 

aRat dose 10 mg/kg/po, urine volume of control 5 mL; bl mg/kg/po; c% Inhibition at 10 gM; dy = CH2N(CH3)2; 
eX =2-pyddinyl. 
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The IC50 values of different compounds and their in vivo activities are enlisted in Table 1. These values indicate 

that a bulky R~ substituent is essential for the activity. When R 1 = H or F (example 2e and 2f) there is a loss in 

the activity. Introduction of polar functional groups such as -NO2 (example 2m) and -NH 2 (example 2n) leads to 

a decrease in the V~a and V 2 binding affinities. When R~ is CH 3 and R 4 is fluorine (example 2b), R1 is CH 3 and 

R 2 is fluorine (example 2d) and R l is chlorine and R 3 is fluorine (example 2i) both the in vivo and in vitro 

potency increases. (Compared to other compounds enlisted in Table 1). But both compounds (example 2d and 

2i) are not efficacious at lower dosage, at lmg/kg/po. Compound 2b when administered at 1 mg/kg/po the 

output of  urine was found to be 20 mL/4h. (Control 5 mL). Thus example 2b (CL-385004) is the most potent 

orally active compound in this series. Introduction of a -CH2N(CH3) 2 moiety at R 6 (example 2e) decreased the in 

vitro activity (eightfold, compared to example 2b, V 2 affinity). Replacement of hydrogen present in the amide 

linkage, connecting the A-ring and the B-ring with -(CH2)3N(CH3) 2 (example 2t) led to loss of V~ and V 2 

activity. 

In conclusion, replacement of  the phenyl unit in ring-A of VPA-985 with a 3-pyridinyl unit give potent Vta and 

V 2 active compounds . The compounds 2b, 2d, and 2i exhibit potent in vitro activity and show good oral 

activity in rats. But among these three compounds, derivative 2b, (CL-385004) is the most potent orally active 

compound in this series. 

Acknowledgment: The authors wish to thank Wyeth-Ayerst management to support this research and our 
analytical group for spectrometric analysis. J. Ellingboe for making constructive suggestions and A. Berks for 
literature support. 

References 

1. Laszlo, F. A.; Laszlo, F., Jr.; De Weid, D. Pharmacol. Rev. 1991, 43, 73. 

2. Thibonnier, M. Regulatory Peptides 1992, 38, 1. 

3. Laszlo, F. A.; Laszlo, F., Jr. DrugNews and Perspective 1993, 6, 591. 

4. (a) Ogawa, H.; Yamashita, H.; Kondo, K.; Yamamura, Y.; Miyamota, H.; Kan, K.; Kitano, K.; Tanaka, M.; 
Nakaya, K.; Nakamura, S.; Mori, T.; Tominaga, M.; Yakuuchi, Y. J. Med. Chem. 1996, 39, 3547. (b) 
Yamamura, Y.; Ogawa, H.; Yamashita, H.; Chihara, T.; Miyamoto, H.; Nakamura, S.; Onogawa, T.; 
Yamashita, T.; Hosokawa, T.; Moil, T.; Tominaga, M.; Yabuuchi, Y. Br. J. Pharmacol. 1992, 105, 787. 

5 Ohnishi, A.; Orita, Y.; Okahara, R.; Fujihara, R.; Inoue, T.; Yamamura, Y.; Yabuuchi, Y.; Tanaka, T. J. 
Clin. Invest. 1993, 92, 2653. 

6. Albright, J. D.; Chan, P. S. Curr. Pharm. Des. 1997, 3, 615. 

7. Albright, J. D.; Reich, M. F.; Delos Santos, E. G.; Dusza, J. P.; Sum, F. W.; Venkatesan, A. M.; Coupet, J.; 
Chan, P. S.; Ru, X.; Mazandarani, H.; Bally, T. J. Med. Chem. 1998, 41, 2442. 

8. Artico, M.; de Martino, G.; Filacchioni, G.; Giuliano, R.; Ricerche Su Sostanze, R. Farmaco. Ed. Sci. 1969, 
24, 276. 

9. Wright, W. B. Jr.; Greenblatt, E. M.; Day, I. P.; Quinones, N. Q.; Hardy, R. A. J. Med. Chem. 1980, 23, 
462. 

10. Albright, J. D.; Reich, M. F.; Sum, F. W.; Delos Santos, E. G. U.S. Patent. 5,516,774, May 14, 1996; 
Chem. Abstr. 1996, 125, 114720. 


