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Biphenylcarboxamide Derivatives as Antagonists of Platelet-Activating Factor

Jefferson W. Tilley,** John W. Clader,’ Sonja Zawoiski,' Maria Wirkus,' Ronald A. LeMahieu,!
Margaret O'Donnell,*! Herman Crowley,! and Ann F. Welton?

Chemistry Research Department and Department of Pharmacology and Chemotherapy, Roche Research Center, Hoffmann-La
Roche, Inc., Nutley, New Jersey 07110. Received December 14, 1988

A series of N-[4-(3-pyridinyl)butyl]-1,1’-biphenyl-4-carboxamides was prepared, and the compounds were evaluated
for platelet-activating factor (PAF) antagonist activity in a binding assay employing washed, whole dog platelets
and in vivo for their ability to inhibit PAF-induced bronchoconstriction in the guinea pig. The inclusion of a methyl
group in the R configuration on the side-chain carbon adjacent to the carboxamide nitrogen atom of these derivatives
resulted in a marked enhancement of potency in the binding assay for compounds unsubstituted in the biphenyl
2-position and, more importantly, in improved oral bioavailability. Previous work with related pyrido[2,1-b]-
quinazoline-8-carboxamides suggests that the presence of such an alkyl group improves bioavailability by rendering
the resulting compounds resistant to degradation by liver amidases. The most interesting compounds to emerge
from this work are (R)-2-bromo-3’,4’-dimethoxy-N-[1-methyl-4-(3-pyridinyl)butyl]-1,1’-biphenyl-4-carboxamide (33)
and (R)-2-butyl-3’,4’-dimethoxy-N-[1-methyl-4-(3-pyridinyl)butyl]-1,1’-biphenyl-4-carboxamide (40) each of which
inhibits PAF-induced bronchoconstriction in the guinea pig by >55%, 6 h after an oral dose of 50 mg/kg.

Platelet-activating factor (PAF) is an ether phospholipid
which has been receiving increasing attention lately as a
potential mediator of asthma!™ and inflammation.® An
intensive effort to find drugs which attenuate the effects
of PAF using a variety of in vitro screening techniques has
resulted in the discovery of a number of specific PAF
antagonists,®® some of which are currently undergoing
clinical trial. In our own work, we have employed a binding
assay using washed, whole dog platelets to find new lead
compounds.!!!

Recently pyridoquinazolinecarboxamides of the general
structure 1 have been shown to be relatively potent in-
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hibitors of platelet-activating factor binding to dog pla-
telets and to exhibit PAF-antagonist activity in vivo.!?
Since the N-[4-(3-pyridinyl)butyl]carbamoyl moiety was
found to be a key feature of these molecules, we have
chosen to focus our search for new PAF antagonists on
variations of the tricyclic portion. Preliminary experiments
in which the pyridoquinazoline ring system was partially
reduced or replaced with a monocyclic aromatic ring
suggested that the ring marked “a” in 1 contributes im-
portantly to binding, particularly when conjugated to the
carboxamide. We thus hypothesized that the acceptor
region of the PAF receptor comprises at minimum, a hy-
drophobic area which associates with the aromatic ring
marked “a”, a hydrogen-bond donor which interacts with
the amide of 1, and a = donor which interacts with the
electron-deficient pyridine ring. Studies with Dreiding
models indicated that the 1,1’-biphenyl-4-carboxamide
derivatives 2 fulfill the requirements of this model as they
possess a suitably located aromatic ring connected through
a conjugated 7 system to a substituted carboxamido group
and thus might represent a new class of PAF antagonists.

In this paper, we report the synthesis of a number of
biphenylcarboxamide derivatives of general structure 2 and
their evaluation as PAF antagonists. Several of these
compounds, particularly those in which R, is hydrogen or
lower alkyl, R, and R; are methoxy, and R, is methyl are
potent inhibitors of PAF binding to dog platelets and
effectively block PAF-induced bronchospasm in the guinea
pig after intravenous or oral administration.
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Chemistry

The carboxamides 16-40 shown in Table I were gener-
ally prepared by coupling of a suitably activated bi-
phenylcarboxylic acid derivative 8 with the appropriate
3-pyridinylbutanamines.!>!®  Activation was achieved
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Table I. Data for N-[4-(3-Pyridinyl)butyl]-1,1’-biphenyl-4-carboxamides

X
I

R2 l O Ra N/
R3
inhibn of
PAF
% binding:?
no. R; R, Rj R, X method yield mp,°C solvent [«]p® formula anal. ICgo, nM
16 H H H H O A 6l 158160 {PrOH-Et,0 CaHnN;0- G H N, Cl 630
HCl
17 F F H H O B 31 161-162 EtOH-Et,0 CpH,FN,0- C, H, N, Cl 2100
HCI
18 H CHL, H H O B 44 137-138  EtOH-Et,0 CuHaN,0-  H, N, CL; C° 500
HCl
19 H CHO H H O A 89 113114 EtOH-Et,0 CpHyN;Opy  C, H, N, ClI 280
HCl
20 H CHO H CH, O C 79 89-90 EtOAc-hex. -44.18 CpHyN,0, G, H, N 20
21 H C7H70 H H 0 B 69 oil ngHzaNzOz' C, H,N 700
0.5H,0
2 H OH H H O D 58 15151525 CH,CN CpHpN,0, C,H, N 300
23 H CH; CH; H 0] C 65 95-98 EtOAc-hex. CoHeN:O  C,H,N 200
24 H CHO CHO H O B 34 1381395 EtOH CoHxN;0; C.H, N 400
25 H CH,0O CHO CH, O C 62 156-159  EtOAc 4597 CyHuN,0; C, H, N 15
26 @ H H H 0 C 93 foam CzastNzO‘ C, H, N, H20 5
0.256H,0
27 @_ H H CH O C 71 57 Et,O-hex.  -39.71 CpHxN,0 G, H, N 50
28 OH:O CHO H H O C 9 i CaHyoNyOs G H, N, H,0 200
@7 0.2H,0
29 Q H CHOH O C 9 ol CaHoN:Oy G H N, H,0 125
: 0.256H,0
30 NO, CH;0 CH;0 H 0] C 83 134-136 EtOAc CouHpsN3Os; C,H, N 200
31 NO, CH;0 CH;O0 CH; O C 87 144-145 EtOAc -34.79 CyHpN3O; C,H, N 200
32 Br CH,0 CH,0 H 0o C 86 98-100 EtOAc-hex. CoHosBrNp- C, H, N, Br 220
05
33 Br CH;0 CH;0 CH; O C 74 125-127 EtOAc-hex. -33.48 CyHyBrN,- C, H, N, Br 180
05
34 CH,0 CHO CH,0 H O C 8 119121 EtOAc CusHuN,0, G, H, N 300
35 HC= CH30 CH30 CH3 0 C 83 135-137 EtOAc-hex. -44.15 Cz7H28N203 C H N 5
36 C,H, CHO CHO CH, O E 87 oi -32.05 CyHypN,O; C. H. N 4
37 >N CH,0 CH;0 CH; O C 93 il -33.62 CyHpN:,03 C, H, N 80
38 n-CyH, CHO CHO CH, 0 E 9 oil 3505 CpHyNyO; C, H, N 50
39 n-C,H, CHO CHOH O C 87 o CHyN,O5 C. H, N 18
0.4H,0
40 n'C4H9 CH30 CH30 CH3 0 C 37 84-86 Et20 -38.66 ngHasNan C H N 4
4 H CHO CHO H S F 78 136138 MeOH CoHyuN;0,8 C.H.N, S 140
42 H CHO CH,0 CH¢ S F 80 oi CosHpN,0,S C H. N, &/ 60

s Rotations were determined in a 1% ethanol solution at 25 °C. ®ICj;, values were determined by linear-regression analysis; the correlation
coefficient for each regression line was >0.95. C: caled, 80.20; found, 79.23. 4C: calcd, 75.68; found, 75.01. ¢Racemic. fC: calcd, 71.40;
found, 71.87.

either via the acid chlorides (methods A and B) or by the
use of diphenyl phosphorazidate (method C). The hy-
droxyl-substituted compound 22 was prepared by catalytic
hydrogenation of the corresponding benzyl ether 21 over
palladium on carbon (method D). Saturation of the side
chains of 35 and 37 to give 36 and 38, respectively, was also
achieved by catalytic hydrogenation (method E). The
thioamides 41 and 42 were obtained from the corre-
sponding amides through the action of phosphorus pen-
tasulfide in pyridine (method F).

The new biphenyl esters 5 required for this work were
generally prepared by the palladium-catalyzed coupling
of the arylzinc chlorides 3 with the 4-bromobenzoates 4

(13) Tilley, J. W,; Levitan, P.; Lind, J.; Welton, A. F.; Crowley, H
J.; Tobias, L. D.; O’'Donnell, M. J. Med. Chem. 1987, 30, 185,

(method G).* For the biphenyl derivatives in which R,
was aryl or butyl, a Diels~Alder reaction!® between the
acetylenes 6 and methyl coumalate (7) (method H) was
employed as indicated in Scheme I. When R, was butyl,
the regiochemistry of the major product, 9, was determined

N

HH H
] COCH
8

(14) Negishi, E.-i.; King, A. O.; Okukado, N. J. Org. Chem. 1977, 42,
1821.

(15) Reed, J. A.; Schilling, C. L., Tarvin, R. F., Rettig, T. A., Stille,
J. K. J. Org. Chem. 1969, 34, 2188.
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Table II. PAF-Antagonist Activity of N-[4-(3-Pyridinyl)butyl]-1,1’-biphenyl-4-carboxamides

R, NH
] A
R, E O R4 N/
R3
guinea pig bronchoconstriction assay
% inhibn,

% inhibn, IDso, 50 mg/kg, po IDso,
no. R, R, R R, X  1mg/kg iv®  mg/kg, ivet 2h 6h mg/kg, po®*
16 H H H H 0 4217
18 H CH, H H 0 011
19 H CH;0 H H 0 70 £ 10 0.51 55 £ 17 50
20 H CH,0 H CH, O 746 0.45 44 + 13
22 H OH H H 0 727
28 H CH, CH, H 0 0%4
24 H CH, 0 CH;0 H o 8+3
25 H CH;0 CH;0 CH;, 0 659 0.62 88 x5 29+£11 30
26 @_ H H H 0 214 3.2 33+12
27 @_ H H CH; O 31+4
28 CHiQ CHO H H 0 126
29 C H CH,0O H 0 2% £ 6

CHa0O
30 NO, CH,0 CH, 0O H (0] 8115 0.76 62+ 15 44 39
31  NO, CH,0 CHO CH, O 97 + 0.7 0.19 89+8 3614 22
32 Br CH,0O CH H 0 81 %10 0.40 M4E12 12 19
33 Br CH,0 CH;0 CH; 0 98 = 0.7 0.40 971 59 £ 21 14
34 CH;0 CH,0 CH,0 H o 58 £ 10 0.52 64+£12 13%9
35 HC= CH;0O CH O CH; O 22 + 10
36  C,H; CHO CH O CH; O 93 %1 0.34 895 237 24
37 AN CH;0 CH;0 CH;, 0 80 £ 11 0.33 933 26 £ 7 24
38 nC;H;, CH,0 CH, O CH; O 28 + 12
39 nC4H9 CH30 CH30 H (0] 6+4
40 nC.H, CH;0 CH O CH; O 55 £ 12 0.80 911 55 + 18 25
41 H CH,0 CH0 H S 8+11
42 H CH,0O CH; O CH; S 86 + 7 0.31 37+9

¢ One-minute pretreatment time. ®IDg, values were determined by linear-regression analysis; the correlation coefficient for each regression

line was >0.95. ¢ Two-hour pretreatment time.

by the observation of an NOE between the methylene
protons and the aromatic proton indicated by the arrow
in the structure. Base-catalyzed hydrolysis of the esters
5 gave the acids 8 used in the coupling reactions (method
H).

Methyl 3,4-dibromobenzoate (11) was obtained by the
bromination of methyl 4-bromobenzoate (10) with N-
bromosuccinimide in sulfuric acid. When the palladium-
catalyzed coupling reaction was carried out with 11 and
the arylzinc derived from 3,4-dimethoxybromobenzene, the
reaction proceeded regioselectively to give the 2-bromo-
1,V"-biphenyl derivative 5f in 53% yield. The identity of
the product was confirmed by reductive debromination to
12, which we had previously prepared directly from 10
(Scheme II). Palladium-catalyzed coupling of 5f with
(trimethylsilyl)acetylene and allyltributyltin led to the
analogues 13 and 14, respectively. Hydrolysis of 13 with
sodium hydroxide served to cleave both the silyl and
methyl ester groups to give the corresponding acid 15.
Physical chemical data for the new biphenyl esters and
acids prepared by the above methods are summarized in
Table III.

The 3,5-dimethylbiphenyl-4-carboxylic acid 47 was
prepared as shown in Scheme III, employing as a key step

Scheme 11
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13, R, =(CHy)sSi C=C~

14, Ry = H,C=CHCH,-

an inverse electron demand Diels—Alder reaction between
the enamine 44 and ethyl isodehydracetate (45).'®8 Con-
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Table III. Data for 1,1-Biphenyl-4-carboxylates
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(0]
I
- g
Rg
no. R; R, Rj R method % yield mp, °C solvent formula anal
5a H C7H70 H CH3 G 42 105-106 EtOAc Cle1303 C, H
5¢c H CH, 0 CH;0 CH;, G 58 130-131 EtOH C1¢H140,0.06H,0 C, H, H,0
5f N02 CH30 CH30 CH3 G 70 127-129 EtOAc-hex. CIGH15N08 C H, N
5g Br CH,0 CH;0 CH; G 53 101-102 EtOAc-hex. C1gHy5BrO, C,H, Br
5h CH;0 CH,0 CH,0 CH; G 47 88-89 EtOAc-hex. C17H1505 C,H
5i n-C4H9 CH30 CH30 CH3 H 63 oil 20H24 C, H
8a H C:H,0 H H I 52 185-186 EtOH Cy0H;60; C,H
s8bh H CH, CH; H I 50 208-209 EtOAc 15H1,02 C,H
8¢ H CH,0 CH;0 H I 55 221-222 EtOAc CysH,,0, C,H
8d ¢HaQ CH,0 H H HI 89 120-123 EtOAc-hex. CqH50, C,H
8e CHO <:> H CH,0 H HI 65 191-193 EtOAc-hex. CaH;50, C,H
8f NO, CH,0 CH,0 H I 65 260-263 HOAc-EtOAc Cy5H;3sNOg C,H,N
8g Br CH,0 CH;0 H I 79 199-201 CH,Cl,-hex. Cy5H;3BrO, C,H, Br
Sh CH30 CH30 CH30 H I 90 193—194 MeOH_EtOAC_H20 CIGH1605 C, H
8i n-C4H, CH,0 CH;0 H I 65 122-127 dec  cyclohex C1oH320, C,H
Scheme 111 Comparison of the structures of these biphenyl deriva-

CHa
CH,R0 CHO [o] H;
& ° I N/\‘ 02CoHs
— O -
CHy0 CHy0 07707 NeH,
43 44

45
CHs CHa
COzR CONH-(CHmO
CHi0 CHI0 N
- SHs Hs
CH:0 CHiO
46, R = CoHs 48

47,R=H

version of the hindered acid 47 to the corresponding N-
pyridinylbutyl carboxamide 48 was achieved through the
intermediacy of the acid chloride.

Results and Discussion

The compounds listed in Table I were evaluated for
PAF-antagonist activity with a binding assay employing
washed dog platelets as previously described;!®!? the
binding data are summarized in Table I. The initial series
of compounds prepared in this work were unsubstituted
in the biphenyl 2-position (R, = H). Among these deriv-
atives, variation of the substituents in the 3’- and 4’-pos-
itions has only a modest effect on potency as was observed
previously with pyridoquinazolinecarboxamides.!? In the
latter series, introduction of a methyl group in the R
configuration on the side chain adjacent to the carbox-
amide nitrogen atom resulted in an increase in oral activity
due to improved stability to liver amidases and a modest
increase in potency in the PAF-binding assay. Surpris-
ingly, comparison of 19 with 20, and 24 with 25 indicate
that similar incorporation of a methyl group in the bi-
phenyl series led to a 10-20-fold increase in potency in the
binding assay. A similar, although less pronounced, effect
was observed for the pair of thicamide analogues 41 and
42.

(16) Gingrich, H. L.; Roush, D. M,; Van Saun, W. A. J. Org. Chem.
1983, 48, 4869.

tives with that of the 5,5-bis(4-methoxyphenyl)penta-
dienamide 49, which is an orally active PAF antagonist also

CHyO

being investigated in our laboratories at the time of this
work,!” suggested that hydrophobic region of the binding
site would tolerate additional bulk and prompted us to
prepare a number of analogues bearing a substituent in
the 2-position. The first such compound, the diaryl-
benzamide 26, was among the most potent members of this
series in the PAF-binding assay. Surprisingly, the intro-
duction of methoxy substituents on the aromatic rings or
a methyl group on the side chain led to a marked decrease
in binding affinity. We interpret this result to indicate
that the extra aromatic ring has forced a change in the
mode of binding such that new steric constraints are en-
countered. Compounds 30-34, in which a nitro, bromo,
or methoxy moiety is present in the biphenyl 2-position,
were approximately equipotent to the corresponding un-
substituted analogue 24, but they were also insensitive to
the presence or absence of an alkyl group on their side
chains. The high-affinity binding cbserved with the al-
kyl-substituted analogues 35-40 indicates that saturated
and unsaturated alkyl groups of up to four carbon atoms
in the 2-position are well tolerated. Finally, in order to
investigate whether steric hindrance sufficient to prevent
coplanarity between the carboxamide moiety and the
aromatic system would interfere with binding, 48, the
3,5-dimethyl analogue of 24 was synthesized and found to
have an ICg, of 60 nM.

(17) Guthrie, R. W.; Kaplan, G.; Mennona, F.; Tilley, J. W.; Kier-
stead, R. W.; Mullin, J.; Zawoiski, S.; LeMahieu, R. A.; O'-
Donnell, M.; Crowley, H.; Yaremko, B.; Welton, A. F. J. Med.
Chem., following paper in this issue.
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The compounds of Table I which had binding ICys of
<500 nM were further evaluated in guinea pigs for their
ability to prevent PAF-induced bronchoconstriction. In
this model, guinea pigs were administered 1 mg/kg of the
drug substance 1 min prior to intravenous challenge with
a maximally constrictory dose of PAF (1ug/kg) and the
ability of the drug to inhibit the ensuing bronchocon-
striction relative to control animals was determined.
Compounds which caused a 250% inhibition of the re-
sponse were further evaluated at multiple doses to de-
termine an intravenous IDg; and were tested at a trial dose
of 50 mg/kg, orally, 2 hours prior to PAF challenge. Oral
IDy, values and the percent inhibition 6 h after a 50 mg/kg
po dose were also determined for compounds which caused
a 250% inhibition of the bronchoconstriction response in
the initial oral screen.

The data in Table II reveal that of the amides and the
thioamides for which R, is hydrogen, 20, 25, and 42, each
of which incorporate a side-chain methyl group and are
potent in the binding assay, and 19, which was less potent
in the binding assay, all showed reasonable activity after
intravenous administration. Compound 25 was also ef-
fective 2 h after oral dosing, with an oral IDg, of 30 mg/kg,
comparable to the more potent compounds of this series.
None of the diarylbenzamides was of interest based on this
assay, but the analogues of 25 which bear nonaromatic
substituents in the 2-position (30-38, 40) had comparable
activity to each other after intravenous dosing (IDj
0.19-0.80 mg/kg) and 2 h after oral dosing (IDy, 14-39
mg/kg). Among the 2-nitro (30 and 31) and 2-bromo (32
and 33) pairs for which both the unsubstituted and methyl
bearing side chains were prepared, it is apparent that the
methyl group confers a slight enhancement of oral activity
at the 2-h time point as reflected in lower IDg, values and
a more marked enhancement at the 6-h time point. The
influence of the side-chain methyl was even more evident
in the case of the pair of 2-butyl derivatives 39 and 40 in
which the linear-chain compound 39 was inactive in
marked contrast to its branched-chain homologue. The
two most interesting compounds to emerge from this work
are the 2-bromo and 2-butyl compounds, 33 and 40, re-
spectively, both of which inhibit PAF-induced broncho-
constriction by >55%, 6 h after an oral dose of 50 mg/kg.

We conclude from the present work that the PAF-
binding assay employing dog platelets is useful for the
identification of potential PAF antagonists, but not for
predicting relative potencies of compounds in the guinea
pig bronchoconstriction assay. The in vitro and in vivo
activity of the 2-substituted analogues implies that co-
planarity and conjugation of the biphenyl aromatic rings
is not essential. Inclusion of an alkyl group on the chain
a to the carboxamide nitrogen atom improves bioavaila-
bility, presumably by inhibition of degradation, as pre-
dicted based on our prior work.!2 An in-depth study of
the effects of various side-chain alkyl groups in a related
series of pentadienyl carboxamides is presented in the
accompanying manuscript.!’

Experimental Section

Melting points were taken on a Biichi 510 melting point ap-
paratus and are uncorrected. Proton magnetic resonance spectra
were taken on a Varian XI.-100, XL-200, or XL 400 spectrometer,
infrared spectra were obtained on a Beckman IR-9 or IR-12
spectrometer, and mass spectra were taken on a CEC 21-110 mass
spectrometer at 70 eV. NMR, IR, and MS data were recorded
for each compound reported and were consistent with the assigned
structures. Microanalyses were obtained for C, H, N, Br, Cl, and
F and were within +0.4% of the calculated values except as
indicated. Preparative high-pressure liquid chromatography
(HPLC) was performed with silica gel Prep-Pak 500 cartridges

Tilley et al.

on a Water Associates Prep LC 500A. Dry dichloromethane was
distilled from P;05, DMF was dried over Linde 3A sieves, and
triethylamine was distilled from calcium hydride. Concentration
refers to evaporation under aspirator vacuum using a Biichi rotary
evaporator. Bulb to bulb distillations were carried out with a
Bichi Kugelrohr oven at the indicated air-bath temperatures and
pressures; distillation was continued until the distillation pot was
dry. Except where noted otherwise, drying refers to the drying
of combined extracts over potassium carbonate. The PAF used
in the in vivo studies was that designated ~v-0-alkyl-8-acetyllecithin
available from Calbiochem.

3,4-Dibromobenzoic Acid Methyl Ester (11). A solution of
28.63 g (0.133 mol) of methyl 4-bromobenzoate (10) in 125 mL
of 96% sulfuric acid was cooled in an ice bath and 24.0 g (0.135
mol) of N-bromosuccinimide was added in small portions over
30 min. The mixture was allowed to warm to room temperature
overnight and was poured onto ice. The resulting suspension was
extracted wtih ether (3 X 300 mL), and the combined organic
layers were washed successively with 100-mL portions of 10%
sodium thiosulfate, water, saturated sodium bicarbonate, and brine
and were dried (MgS0,) and concentrated. The residue was
recrystallized twice from ethyl acetate-hexane to give 27.3 g (70%)
of 11, mp 61-64 °C.

2-Bromo-3’,4’-dimethoxy-1,1"-biphenyl-4-carboxylic Acid
Methyl Ester (5g). A solution of 25 mL (40.7 mmol) of 1.6 M
butyllithium in hexane in 25 mL of THF was cooled in a dry
ice—acetone bath and 5.3 mL (8.8 g, 40.7 mmol) of 3,4-dimeth-
oxybromobenzene was added dropwise with mechanical stirring.
The reaction mixture was maintained at -78 °C for 1 h and a
solution of 5.6 g (40.7 mmol) of freshly fused zinc chloride in 25
mL of THF was added in a slow stream via a cannula and the
resulting mixture was allowed to warm to room temperature over
40 min. In a separate flask, 0.70 g (1.0 mmol) of bis(triphenyl-
phopshine)palladium dichloride was suspended in 20 mL of THF
and 1.5 mL (2.1 mmol) of DiBAL in hexane was added. Com-
pound 11 (10 g, 34.0 mmol) was added to the dark mixture im-
mediately followed by transfer of the 3,4-dimethoxyphenylzinc
solution. The resulting reaction mixture was allowed to stir at
room temperature for 2 h and was diluted with 300 mL of ether.
The organic solution was washed with 3 X 50 mL of 1 N HC], 2
X 50 mL of water, and 1 X 50 mL of saturated brine and was dried
(MgS0O,). The residue obtained from evaporation was purified
by preparative HPLC, with 80% hexane—ethyl acetate as eluant,
to give 6.30 g (563%) of 5g, mp 101-102 °C. Anal. (C,¢H,;BrO,):
C, H, Br.

3’,4’-Dimethoxy-2-[(trimethylsilyl)ethynyl]-1,1’-bi-
phenyl-4-carboxylic Acid Methyl Ester (13). A solution of
702 mg (2.0 mmol) of 5g in 7 mL of DMF and 2 mL of tri-
ethylamine was deoxygenated with argon for 20 min and 0.50 mL
(3.5 mmol) of (trimethylsilyl)acetylene followed by 70 mg (0.10
mmol) of bis(triphenylphosphine)palladium dichloride were added
all at once. The bath temperature was raised to 80-85 °C for 2
h and the mixture was allowed to cool. The dark solution was
diluted with ethyl acetate, washed with water and saturated
potassium carbonate solution, dried, and concentrated. The
residue was chromatographed over 100 g of silica gel, with 4:1
hexane-ethyl acetate as eluant, and recrystallized from hexane
to afford 391 mg (53%) of 13, mp 93-96 °C. Anal. (C,H,0,Si):
C, H.

3’ 4-Dimethoxy-2-(2-propenyl)-1,1’-biphenyl-4-carboxylic
Acid Methyl Ester (14). A solution of 702 mg (2.0 mmol) of
5g and 0.65 mL (2.13 mmol) of allyltributyltin in 6 mL of DMF
was deoxygenated with argon and 70 mg (0.10 mmol) of bis-
(triphenylphosphine)palladium dichloride was added. The bath
temperature was raised to 100 °C for 1 h and the mixture was
allowed to cool. It was diluted with ethyl acetate and washed with
water and saturated potassium carbonate, dried, and concentrated.
The residue was chromatographed over 100 g of silica gel with
4:1 hexane-ethyl acetate as eluant to give 602 mg (93%) of 14,
which solidified on drying, mp 99-103 °C. Anal. (C,sHy,0,): C,
H.

3’,4-Dimethoxy-2-ethynyl-1,1"-biphenyl-4-carboxylic Acid
(15). A solution of 704 mg (1.91 mmol) of 13 in 25 mL of ethanol
was treated with 3 mL of 2.5 N NaOH. After 18 h at room
temperature, the mixture was concentrated, and the residue was
dissolved in water and filtered. The filtrate was acidified with
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HCl and the precipitated material was collected and recrystallized
from ethanol to give 387 mg (72%) of 15, mp 226-227 °C. Anal.
(Cy7H1404): C, H.

Method A. N-[4-(3-Pyridinyl)butyl]-1,1"-biphenyl-4-
carboxamide (16). A suspension of 5.0 g (25.2 mmol) of bi-
phenyl-4-carboxylic acid in 20 mL of dichloromethane and 0.5
mL of DMF was treated with 2.1 mL (28.8 mmol) of thionyl
chloride and the resulting mixture was heated to reflux until a
clear solution was obtained. The mixture was cooled to room
temperature and 7.8 g (51.9 mmol) of 3-pyridinebutanamine was
slowly added. The reaction mixture was stirred for 10 min, was
diluted with 150 mL of dichloromethane and was washed with
50 mL of 1 N sodium hydroxide. The organic layer was dried
and concentrated. The residue was crystallized from ethyl ace-
tate-hexane with a charcoal treatment to yield 5.0 g (61%) of 16,
mp 122.5-126 °C. Anal. (szszNzo): C, H, N. The hydro-
chloride salt was recrystallized from 2-propanol-ether, mp 158-160
°C. Anal. (szszNzo): C, H, N, ClL

Method B. 3’-(Phenylmethoxy)-N-{4-(3-pyridinyl)bu-
tyl]-1,1’-biphenyl-4-carboxamide (21). To a suspension of 7.9
g (26 mmol) of 3’-(phenylmethoxy)-1,1’-biphenyl-4-carboxylic acid
(5a) in 50 mL of toluene was added a solution of 6.8 m1., (78 mmol)
of oxalyl chloride in 20 mL of toluene. The mixture was heated
to reflux for 18 h, and the mixture was concentrated to dryness
with a vacuum pump. The residue was dissolved in 40 mL of dry
dichloromethane and a solution of 5.08 g (34 mmol) of 3-
pyridinebutanamine in 20 mL of dry pyridine was added dropwise.
The mixture was heated to reflux for 18 h and was concentrated.
The residue was dissolved in ethyl acetate and was washed with
dilute K,COy,, water, and brine and was dried. The crude product
was purified by preparative HPLC, wtih 95:5 dichloromethane-
methanol as eluant, to give 7.8 g (69%) of 21 as a light yellow oil.
Anal. (CyHyN,0:0.4H,0): C, H, N, H,0.

Method C. (R)-2-Ethynyl-3’,4’-dimethoxy-N-{1-methyl-
4-(3-pyridinyl)butyl]-1,1"-biphenyl-4-carboxamide (35). A
solution of 459 mg (1.63 mmol) of 15 in 8 mL of DMF was cooled
in an ice bath and treated with 0.25 mL of triethylamine and 0.38
mL (1.8 mmol) of diphenyl phosphorazidate. After 1 h, 0.3 g (1.6
mmol) of (R)-a-methyl-3-pyridinebutanamine was added and the
reaction mixture was allowed to warm to room temperature over
48 h, The reaction mixture was diluted with ethyl acetate, washed
with water and brine, dried, and concentrated. The residue was
chromatographed over 50 g of silica gel, with ethyl acetate as
eluant, and the product was crystallized from ethyl acetate—hexane
to give 576 mg (83%) of 35, mp 135-137 °C, [a]p-44.15° (¢ =
0.9875, ethanol). Anal. (C5HyN,0O5): C, N, N.

Method D. 3’-Hydroxy-N-[4-(3-pyridinyl)butyl]-1,1’-bi-
phenyl-4-carboxamide (22). A solution of 7.8 g (0.018 mmol)
of 21 in 150 mL of ethanol was hydrogenated over 0.8 g of 10%
palladium on carbon. The product was crystallized from aceto-
nitrile to give 3.6 g (58%) of 22, mp 150-151.5 °C. The analytical
sample was obtained from acetonitrile, mp 151.5-152.5 °C. Anal.
(CeeHpN0y): C, H, N.

Method E. (R)-2-Ethyl-3’,4-dimethoxy-N-[1-methyl-4-
(3-pyridinyl)butyl]-1,1’-biphenyl-4-carboxamide (36). A
suspension of 435 mg of 35 in 15 mL of ethanol was hydrogenated
over 45 mg of 10% palladium on carbon and the product was
chromatographed over 50 g of silica gel with ethyl acetate as eluant
to give 381 mg of 36 as a colorless oil. Anal. (Cy;H3N,03): C,
H, N.

Method F. 3',4-Dimethoxy-N-[4-(3-pyridinyl)butyl]-
1,I’-biphenyl-4-carbothioamide (41). A solution of 2.8 g (7.20
mmol) of 24 and 1.75 g (8.00 mmol) of phosphorous pentasulfide
in 200 mL of dry pyridine was heated to reflux for 1.5 h. After
cooling, the reaction mixture was concentrated under high vacuum.
The residue was taken up in dichloromethane, filtered, washed
several times with water, and dried (MgSQ,). Concentration
afforded 3.6 g of crude product, which was purified by HPLC,
with 19:1 dichloromethane-methanol as eluant, followed by
crystallization from methanol to give 2.2 g (76%) of 41, mp
138-139.5 °C. The filtrate afforded an additional 0.30 g (10%),
mp 136-138 °C. Anal. (CyH5N,;0,8): C, H, N, S.

Method G. 3’,4’-Dimethoxy-2-nitro-1,1’-biphenyl-4-
carboxylic Acid Methyl Ester (5f). A solution of 2.55 mL (20
mmol) of 3,4-dimethoxybromobenzene in 50 mL of dry THF was
cooled in a dry ice—acetone bath and 14 mL (22.4 mmol) of a 1.6
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M solution of n-butyllithium in hexane was added slowly. After
30 min, a solution of 2.75 g (20 mmol) of freshly fused zinc chloride
in 50 mL of dry THF was added via a double-tipped syringe needle
and the resulting mixture was allowed to warm to room tem-
perature over 45 min,

Simultaneously, 350 mg (0.50 mmol) of bis(triphenyl-
phosphine)palladium dichloride was suspended in 30 mL of dry
THF and was treated with 1.0 mL (1.0 mmol) of a 1 M solution
of diisobutylaluminum hydride in toluene. After 20 min, 3.90 g
(15 mmol) of methyl 3-bromo-4-nitrobenzoate!? was added and
the arylzinc chloride solution prepared above was transferred in
via a double-tipped syringe needle. The resulting mixture was
stirred 1.5 h, concentrated, and diluted to 300 mL with ethyl
acetate. The solution was washed successively with 100-mL
portions of 1 N HCI, water, 1 N NaOH, and brine and was dried.
The residue obtained after concentration was purified by HPLC,
with 4:1 ethyl acetate—hexane as eluant, followed by crystallization
from ethyl acetate-hexane to afford 3.16 g (66%) of 5f, mp
128-130 °C. Anal. (C;gH;NOg): C, H, N.

Method H. 3,4-Bis(4-methoxyphenyl)benzoic Acid (8e).
A mixture of 9.52 g (0.040 mol) of bis(4-methoxyphenyl)acetylene
and 6.16 g (0.040 mol) of methyl coumalate in 75 mL of toluene
was heated for 24 h at 250 °C in an autoclave under 50 psi of N,.
The crude product was filtered through a plug of coarse silica gel
and was purified by HPLC, eluting with toluene to give 4.60 g
(33%) of methyl 3,4-bis(4-methoxyphenyl)benzoate as an oil. This
material was dissolved in 100 mL of methanol and 26 mL (0.026
mol) of 1.0 N NaOH and was heated to reflux for 18 h. The cooled
reaction mixture was acidified with HC] and was extracted wtih
ethyl acetate. The organic layer was dried and concentrated, and
the residue was crystallized from ethyl acetate-hexane to give
2.82 g (65%) of 8e, mp 191-193 °C. Anal. (Cy;H,30,): C, H.

Method I. 3’,4-Dimethoxy-2-nitro-1,1-biphenyl-4-
carboxylic Acid (8f). A mixture of 3.00 g (9.5 mmol) of 5f in
100 mL of ethanol was heated to a bath temperature of 60 °C
to effect complete dissolution and 2.0 mL of 30% NaOH was
added. After 2 h, TLC indicated that the starting material had
been consumed. The reaction mixture was cooled, concentrated,
and diluted with 100 mL of water and filtered. The filtrate was
acidified with 6 N HCl and the precipitate was collected to give
2.35 g (82%) of 8f, mp 263-265 °C. Anal. (C;3H;3NOg): H, N;
C: caled, 59.41; found, 58.96.

3’,4-Dimethoxy-3,5-dimethyl-1,1"-biphenyl-4-carboxylic
Acid (47). A solution of 6.4 g (35.5 mmol) of 3,4-dimethoxy-
acetophenone (43) and 12.3 mL (142 mmol) of morpholine in 100
mL of dry toluene was cooled to -15 °C and a solution of 1.95
mL (17.8 mmol) of titanium tetrachloride in 50 mL of toluene
was added dropwise, and the temperature was maintained at <-10
°C. Upon completion of the addition, the mixture was allowed
to stand overnight, was filtered through a pad of Celite, and was
concentrated to dryness with a rotary evaporator using an oil pump
to give 8.8 g of crude enamine 44.

A mixture of 8.8 g (35.5 mmol) of the above enamine and 7.41
g (35.5 mmol) of ethyl isodehydracetate (45) was heated rapidly
to 140 °C and then slowly to 160 °C. After 6 h, the mixture was
cooled to room temperature and the resulting brown oil was
dissolved in 150 mL of ether and washed successively with 50 mL
of 1 N HC], 50 mL of water, and 50 mL of brine. Drying (MgSO,)
and concentration gave 8.5 g (85%) of methyl 3’,4’-dimethoxy-
3,5-dimethyl-1,1’-biphenyl-4-carboxylate (46), mp 91-92 °C.

A suspension of 9.5 g (30.2 mmol) of 46 in 50 mL of 2 N NaOH
and 100 mL of ethanol was heated to reflux overnight. After
cooling, the reaction mixture was poured onto ice and the pre-
cipitated strating material was collected. The filtrate was washed
with ether, acidified and extracted with ether, dried (MgSO,),
and concentrated to give 2.0 g of a white solid, which was re-
crystallized from ethanol-water to give 1.4 g (16%) of 47, mp
175-176 °C, then resolidifies, mp 186.5-187 °C. Anal. (C;;H;50,):
C, H.

3’,4’-Dimethoxy-3,5-dimethyl-N-[4-(3-pyridinyl)butyl]-
1,1’-biphenyl-4-carboxamide (48). A solution of 0.50 g (0.0017
mmol) of 47 in 10 mL of thionyl chloride was heated to reflux
for 20 min, concentrated, diluted with 10 mL of toluene, and
evaporated to dryness. The residue was suspended in 5 mL of
DMF, treated with 0.51 g (0.0034 mol) of 3-pyridinebutanamine,
and allowed to stir for 30 min at 25 °C. The reaction mixture
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was diluted to 50 mL with ethyl acetate, was washed successively
with water, dilute sodium hydroxide, and brine, dried, and con-
centrated. Chromatography over 50 g of silica gel, with ethyl
acetate as eluant, and recrystallization of the product from ethyl
acetate—hexane afforded 0.40 g (56 %) of 48, mp 117-119 °C. Anal.
(CgsHaoNan)Z C, H, N.

PAF-Binding Assay.1®!! [*’H]PAF was obtained from the New
England Nuclear Company. Platelet-rich plasma was prepared
by centrifugation of citrate-treated dog blood. Acidification to
pH 6.5 with 0.15 M citric acid and centrifugation for 10 minutes
at 1000g yielded a platelet-rich pellet which was then washed by
resuspension in phosphate-buffered saline, pH 7.3 (PBS) con-
taining 1 mM EDTA, and recentrifugation. The washed platelet
preparation was adjusted to 2 X 107 platelets/0.05 mL in 0.1%
BSA-PBS. Platelet counting was done using a Royco Cell-Crit
921.

To a 0.40-mL Microfuge tube containing 0.05 mL of silicone
oil was added buffer and a PAF standard or a test drug to bring
the aqueous volume to 0.15 mL. A solution (0.05 mL) of [*H]PAF
(10000 cpm, 45 Ci/mM) in ethanol was added followed by 2 X
107 dog platelets. After mixing, incubation for 10 min at room
temperature, and centrifugation for 1 min in a Beckman Microfuge
B (8000g), the pellet was removed by clipping off the tip of the
tube and the platelets were washed out of the tip with 0.20 mL
of 50% methanol. For counting, 10 mL of Aquasol was added
and the radioactivity in the samples was determined with a Searle
Mark III liquid-scintillation counter linked to an Iso-Data mi-
Croprocessor.

Experiments were run in triplicate, compounds were initially
evaluated at a concentration of 1 uM and percent specific in-
hibition was determined. Those drugs which significantly in-
hibited specific PAF binding were reevaluated at three or more
logarithmically spaced concentrations and ICs, values were de-
termined by linear regression of log plots of concentration vs
specific inhibition. The correlation coefficient for the regression

line of each antagonist was always greater than 0.95.

In Vivo PAF-Induced-Bronchoconstriction Assay. Male
guinea pigs (Hartley strain, Charles River) weighing 400-600 g
were anesthetized with urethane (2 g/kg) given intraperitoneally
and a polyethylene cannula was inserted into the jugular vein for
intravenous drug administration. Tracheal pressure (centimeters
of water) was recorded from a Statham pressure transducer (P
32 AA). Propanolol was administered 5 min before PAF challenge.
Two minutes later, spontaneous breathing was arrested with
succinylcholine chloride (1.2 mg/kg) administered intravenously,
and the animals were ventilated with a Harvard Model 680
small-animal respirator set at 40 breaths/min and a 4.0-cm? stroke
volume.

For intravenous drug dosing, test drug or vehicle were ad-
ministered through the cannula into the jugular vein 1 min before
the animals were challenged with a maximum constrictory dose
of PAF (1 pug/kg) given intravenously. The change in tracheal
pressure was averaged for four control and four drug-treated
animals and the percent inhibition was calculated. For oral drug
dosing, animals were dosed with the test compound or vehicle
at the appropriate interval prior to intravenous challenge with
PAF as noted above. IDg, values for active compounds were
determined by linear regression of log dose-response curves
generated by at least three doses that caused statistically sig-
nificant inhibition of the PAF-induced bronchoconstriction of
between 10 and 90%. The correlation coefficient for the regression
line of each antagonist was always greater than 0.95.

Acknowledgment. We thank members of the Physical
Chemistry Department, Hoffmann-La Roche, Inc., for
determination of the spectral and microanalytical data for
the compounds reported herein. We also thank Dr. R. W.
Kierstead for his continued support and encouragement
during the course of these studies.

Pentadienyl Carboxamide Derivatives as Antagonists of Platelet-Activating Factor
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A series of N-[4-(3-pyridinyl)butyl]-5,5-disubstituted-pentadienamides was prepared and evaluated for PAF-antagonist
activity. Compounds were assayed in vitro in a PAF-binding assay employing washed, whole dog platelets as the
receptor source and in vivo after intravenous or oral administration for their ability to prevent PAF-induced
bronchoconstriction in guinea pigs. Criteria required for good oral activity in the latter model include an (E,-
E)-5-phenyl-2,4-pentadienamide, a second phenyl or a four- or five-carbon alkyl moiety in the 5-position of the diene,
and an (R)-[1-alkyl-4-(3-pyridinyl)butyl] substituent on the carboxamide nitrogen atom. The alkyl substituent on
this side chain can be methyl, ethyl, or cyclopropyl. Two members of this series, [R-(E)]-5,5-bis(4-methoxy-
phenyl)-N-[1-methyl-4-(3-pyridinyl)butyl]-2,4-pentadienamide (31) and [R-(E,E)]-5-(4-methoxyphenyl)-N-[1-
methyl-4-(3-pyridinyl)butyl]-2,4-decadienamide (58), were selected for further pharmacological evaluation. Both
were found to be substantially longer acting after oral administration than the corresponding S enantiomers in the
guinea pig bronchoconstriction assay. A second in vivo model used to evaluate PAF antagonists determines the
ability of test compounds to decrease the area of skin wheals induced by an intradermal injection of PAF. In this
model, using both rats and guinea pigs, compounds 31 and 58 were found to be as active as the reference PAF antagonist
3-[4-(2-chlorophenyl)-9-methyl-6 H-thieno[3,2-f][1,2,4] triazolo[4,3-a][ 1,4]diazepin-2-yl]-1-(4-morpholinyl)-1-propanone
(45).

We have recently described the preparation and evalu-
ation of two series of novel platelet-activating-factor (PAF)
antagonists typified by the pyridoquinazolinecarboxamide
1! and the biphenylcarboxamide 2> Key elements of these
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compounds were shown to be the aromatic ring marked
“a”, the carboxamide moiety, and the 3-substituted pyri-

(1) Tilley, J. W.; Burghardt, B.; Burghardt, C.; Mowles, T. F.;
Lienweber, F.-J.; Klevans, L.; Young, R.; Hirkaler, G.; Fah-
renholtz, K.; Zawoiski, S.; Todaro, L. J. J. Med. Chem. 1988,
31, 466-472.
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