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the resin and simultaneously deprotected by reaction with an-
hydrous HF (10 mL) in the presence of p-cresol (1 g) for 30 min
at 0 °C. The peptide was dissolved in CF3CO.H (100 mL), and
the resin was removed by filtration. The solvent was removed
by rotary evaporation, and the crude product was isolated by
trituration with ether and filtration. Yield 200-300 mg. The crude
product obtained after the reaction with HF was dissolved in 7%
acetic acid (10 mL), clarified by centrifugation, and purified by
HPLC.

Preparative Reversed-Phase HPLC. Purification of peptides
was accomplished with use of a Varian HPLC system equipped
with a Vista 401 microprocessor controller. Separations were
achieved on a Bio-Rad Hi-Pore 318 reversed-phase preparative
column (25.0 X 2.15 cm) at 25 °C with a stepped linear gradient
of acetonitrile in 0.1% CF3;CO,H at a flow rate of 7.5 mL/min.
Automated repetitive injections of peptides (5 X 5 mg) were made
from a nitrogen pressurized Rheodyne injector with a 2.0-mL
sample loop. One-fifth of the total sample was injected during
each run by lowering the flow rate to 4.0 mL/min for a 0.1-min
“inject” period. One cycle consisted of the following events: 0
— 10 min, 7.5 mL/min, 90% H,0/10% of 1% aqueous CF;CO.H;
10 — 11 min, — 4.0 mL/min; 11 — 11.1 min, “inject”; 11.1 — 13
min, — 7.5 mL/min, — 70% H;0/20% CH3;CN/10%; of 1%
CF;CO,H; 13 — 30 min, — 45% H,0/45% CH,CN/10% of 1%
CF;CO.H; 30 — 42 min, — 90% CH3CN/10% of 1% CF,CO.H;
42 — 50 min, — 100% H,0.

Fractions were collected at 0.1-min intervals with a Gilson
Model 201 fraction collector programmed to collect for a 5-min
period centered around the elution time (27-29 min) of the major
product. The fraction collector was restarted by the Vista 401
at the beginning of each HPLC run so that the material eluting
with the same retention time was repeatedly deposited in the same
tubes. Elution of the peptide was detected simultaneously from
the absorbances at 254 nm (Varian UV-1) and 230 nm (Kratos
SF7697Z). Fractions containing the required peptide were pooled;
after removal of CH;CN on a rotary evaporator at 40 °C, the

fractions were lyophilized and stored at -20 °C. Yield 5-20%.

Amino acid analyses (Beckman 121 M) were carried out after
acid hydrolysis in 6 N HCI (containing 1% cresol to prevent loss
tyrosine) at 100 °C for 18 h in vacuo. The purity of products was
established by analytical HPLC reruns and by thin-layer chro-
matography (TLC). TLC was carried out with precoated silica
gel on glass (Merck Kieselgel 60 F254) TLC plates. The two
solvent systems used were 1-butanol-pyridine-acetic acid-water
(15:10:3:6) (BPAW) and chloroform-methanol-acetic acid-water
(15:10:2:3:) (CMAW). Peptides were detected by fluorescence
quenching under UV light followed by development with nin-
hydrin (0.3%) in 1-butanol/acetic acid (100:3, v/v).

Rat Uterus Bioassay. Defatted uterine horns from di-
ethylstilbestrol-primed virgin Sprague-Dawley rats (150-250 g)
were cut in half, and each tissue was suspended under 1 g of
tension in a 3-mL tissue bath containing 150 mM NaCl, 5.6 mM
KCl, 0.18 mM NaHCOs,, and 1.4 mM glucose at pH 7.0 gassed
with oxygen. Contractions were monitored with Gould Metripak
763341-4202 isotonic transducers coupled to Gould 13-4615-50
transducer amplifiers housed in a Gould 2600S recorder. Agonist
activities of peptides were determined by matching the response
with an equivalent response to ANG II (human). Antagonist
activities (pA,) were determined as the negative logarithm of the
concentration of antagonist required to reduce the response to
an ECy, dose of ANG II to the response to half the ECg, dose.

Registry No. Sarmesin, 88874-29-7; [Me,Gly!, Tyr(Me)*]JANG
II, 114396-29-1: [EtGly!,Tyr(Me)*]ANG II, 114396-30-4;
[Aib!Tyr(Me)*|ANG II, 114396-31-5; [MeAib'Tyr(Me)*]ANG II,
114396-32-6; [Acp!, Tyr(Me)*]ANG II, 114396-33-7; [Oxm!, Tyr
(Me)*]ANG 1II, 114396-34-8; [Sar!, Nle?, Tyr(Me)*]ANG II,
114396-35-9; [des!, Nle2, Tyr(Me)*]ANG 11, 114396-36-0; [des!,
Sar®, Tyr(Me)*]ANG II, 114396-37-1; [Aib!, Tyr(Me)*, Ile}]ANG
II, 114396-38-2; [MeAib!, Tyr(Me)*, I1e!]ANG 11, 114422-57-0;
[Acpl, Tyr(Me)?, 1le!]ANG II, 114396-39-3; [Oxm!, Tyr(Me)*,
11e!]ANG 11, 114396-40-6; [Sarl, 11e¥]ANG II, 87827-06-8.

Synthesis and Structure-Activity Relationships of
2-Sulfonamido-1,3,4,6,7,11ba-hexahydro-2H-benzo[a ]Jquinolizines as a,-Adrenoceptor

Antagonists

Terence J. Ward,*' John F. White,! Norman Lattimer,! Keith F. Rhodes,* Shobna Sharma,}

and John F. Waterfall®$

Departments of Chemistry and Biomedical Research, Wyeth Research (U.K.), Taplow, Maidenhead, Berkshire SL6 OPH,

England. Received May 18, 1987

A series of 2-sulfonamido-1,3,4,6,7,11ba-hexahydro-2H-benzo[a]quinolizines were synthesized an-  xamined for a,-

and «;-adrenoceptor antagonist activity on the rat vas deferens and anococcygeus muscle, respe:

ely. A number

of compounds in this series were shown to be potent and selective ay-adrenoceptor antagonists. Studi. . on the resolved
enantiomers of compounds 6, 10, and 16 showed that a;-adrenoceptor antagonist activity resided primarily in the
2R,11bS isomers, related to the absolute configuration of the ay-antagonist yohimbine, such that the benzene ring
and sulfonamide groups in this series were superimposable on the pyrrole and ester groups of yohimbine.

a-Adrenoceptors have been classified into «, or a, sub-
types depending on the relative affinities of various
agonists and antagonists.!? Initially the two receptors
were also defined anatomically, «;,-adrenoceptors being
located postsynaptically and «,-adrenoceptors at presy-
naptic sites on sympathetic nerve terminals. Subsequently
ag-adrenoceptors were identified at postsynaptic sites in
several organs and in platelets.? Presynaptic a,-adreno-
ceptors mediate a negative-feedback mechanism which

tDepartment of Chemistry.

!Department of Biomedical Research.

§$ Present address: Roche Products Ltd., P.O. Box 8, Welwyn
Garden City, Herts A17 3AY, England.

modulates release of norepinephrine from nerve endings.!
It follows that blockade of central presynaptic a,-adre-
noceptors should lead to enhanced neuronal release of
norepinephrine, an effect which is predicted from the
catecholamine theory* of depressive illness to be of po-
tential value for the treatment of depression. Furthermore
chronic treatment of rats with desipramine produces a

(1) Langer, S. Z. Biochem. Pharmacol. 1974, 23, 1793.

(2) Bylund, D. B.; U’Prichard, D. C. Int. Rev. Neurobiol. 1983, 24,
343.

(3) Timmermans, P. B. M. W. M.; van Zweiten, P. A. J. Auton.
Pharmacol. 1981, 1, 171; J. Med. Chem. 1982, 25, 1389.

(4) Schildkraut, J. J. Am. J. Psychiatry 1965, 122, 509.
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Table I
proton shift,? §
compd 11b-H 2-H
3 3.2 (a) 2.8 (a)
4 3.55 (a) 3.05 (e)
5 4,35 (e) 3.75 (a)
6 3.2 (a) 4.0 (a)

@ Assignment: a = axial, e = equatorial.

gradual decrease in presynaptic a,-adrenoceptor sensitiv-
ity.%® a,-Adrenoceptors are also implicated in adrenergic
control of lipolysis,”? insulin'®!! and growth hormone se-
cretion,!? vasoconstriction,!*%® and platelet aggregation.'
It follows that selective antagonists of ay-adrenoceptors
may have therapeutic potential in a number of disease
areas and this has led in recent years to a search for se-
lective as-adrenoceptor antagonists of various structural
types.

In a previous publication we described a series of sul-
fonamidobenzoquinolizines which were examined for
antihypertensive activity.l” Of particular interest from
this series was compound 1, which showed excellent
antihypertensive activity.

H~"" SNHSO ,Me

During the course of studies aimed at elucidating the
mechanism by which 1 exerted its hypotensive effects, we
found the compound to be a moderately potent adreno-
ceptor antagonist which displayed about 10-fold selectivity
in favor of ay-adrenoceptor blockade over o;-adrenoceptor
blockade. This discovery prompted us to reexamine other
members of the series!® and to carry out systematic mod-
ifications to the sulfonamide group of 1 to determine the
optimum structural requirements for selective ay-adreno-
ceptor blockade. These studies resulted in the discovery
of a number of potent and selective compounds from this
new class of adrenoceptor antagonists.

Chemistry

Most of the compounds listed in Table I were prepared
by sulfonation or acylation of an aminobenzoquinolizine

(5) Crews, F. T.; Smith, C. B. Science (Washington, D.C.) 1978,
202, 322.
(6) Sugrue, M. F. Life Sci. 1980, 28, 377.
(7) Curtis-Prior, P. B.; Tan, S. Int. J. Obesity 1984, 8, Suppl. 1,
201.
(8) La Fontan, M,; Berlan, M. Eur. J. Pharmacol. 1980, 66, 87.
(9) Berlan, M.; La Fontan, M. Eur. J. Pharmacol. 1980, 67, 481.
(10) Nakadate, T.; Nakaki, T.; Takamura, M.; Kato, R. J. Phar-
macol. Exp. Ther. 1980, 215, 226.
(11) Elliot, H.; Jones, R. C.; Vincent, J.; Lawrie, C. B.; Reid, J. L.
Clin. Pharmacol. Ther. 1984, 36, 190.
(12) Lancranjan, I; Marbach, P. Metabolism 1977, 26, 1225.
(13) Docherty, J. R.; MacDonald, A.; McGrath, J. C. Br. J. Phar-
macol. 1979, 67, 421.
(14) Langer, S. Z.; Shepperson, N. B.; Massingham, R. Hyperten-
sion (Dallas) 1981, 3, Suppl. 1, 1, 112.
(15) Elliot, H. L.; Reid, J. L. Clin. Sci. 1983, 65, 237.
(16) Grant, J. A.; Scrutton, M. C. Nature (London) 1979, 277, 659;
Br. J. Pharmacol. 1980, 71, 121.
(17) Archibald, J. L.; Beardsley, D. R.; Ward, T. J.; Waterfall, J. F;
White, J. F. J. Med. Chem. 1983, 26, 416.
(18) Lattimer, N.; Rhodes, K. F.; Ward, T. J.; Waterfall, J. F.;
White, J. F. Br. J. Pharmacol. 1982, 75, 154P.
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with the appropriate acid chloride (method A). The re-
quired intermediate aminobenzoquinolizines were prepared
as described previously,!” or by reduction of an imine such
as 2 (Scheme I). The stereochemistry of the amine pro-
duced by reduction of 2 varies with the nature of the re-
ducing agent. Reduction of 2 with sodium borohydride
gave the product corresponding to 3 in which the amino
group is equatorial; on the other hand, reduction of 2 with
lithium tri-sec-butylborohydride gave the axial amine 4.
Interestingly, sulfonation of 4, under standard conditions,
proceeded with inversion of the bridgehead nitrogen atom
to give a product (5) in which the sulfonamide group is
equatorial. The assignment of stereochemistry to the
products of these reactions was in accord with IR and
NMR data obtained on the free bases. For example, the
IR spectra of 3, 4, and 6 show strong “Bohlmann bands”
in the region 2700-2800 cm™ characteristic of a trans ring
junction at the 5,11b-positions;'® these bands are absent
in’5. NMR signals for equatorial protons in six-membered
rings are well known to occur at lower field than the
equivalent axial protons.??' Accordingly comparison of

(19) Bohlmann, F. Angew. Chem. 1957, 69, 641.

(20) Crabb, T. A.; Jackson, D.; Newton, R. F. Chem. Rev. 1971, 71,
109.

(21) Emsley, J. W.; Feeney, J.; Sutcliffe, L. H. High Resolution
Nuclear Magnetic Resonance Spectroscopy; Pergamon: Lon-
don, 1966; Vol. 2, p 696.
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the shift positions for the 2- and 11b-protons in the isom-
eric pairs 3/4 and 5/6, as the free bases in CDCly, allowed
us to assign equatorial and axial protons as indicated
{Table I).

Reaction of 2-chloroethanesulfonyl chloride with 3 in the
presence of excess base gave the vinyl sulfonamide 23,
which readily underwent Michael additions (method B)
with secondary amines to give -aminoethanesulfonamides
(24, 25). Sulfamides 35-38 were generally prepared by
method A, with the exception of the parent compound 35,
which was prepared by reaction of 3 with sulfamide (me-
thod C).

The intermediate amine 3 was resolved into its enan-
tiomers by fractional crystallization of its ditoluoyltartrate
salts. Attempts to determine the enantiomeric purity of
resolved 3 by NMR measurements using chiral shift
reagents were unsuccessful, due to the presence of two sites
for coordination of the reagent. Reaction of the resolved
isomers of 3 with methanesulfonyl chloride gave the in-
dividual enantiomers (6a, 6b) of 6, which could then be
evaluated for their chiral purity by NMR experiments
using the chiral shift reagent praseodymium tris(d-3-
(trifluoroacetyl)camphorate). The best separation of NMR
signals on racemic 6 occurred at the N-methyl group, where
a separation of 3 Hz was observed between the two en-
antiomers on a 60-Hz NMR instrument. The chiral purity
of 6a and 6b was estimated to be greater than 95% by
integration in the presence of the shift reagent. The same
batches of resolved 3 were also used to prepare the indi-
vidual enantiomers of 10 and 16 (Table III), under similar
conditions. Similar optical purities to 6a/6b were assumed
for these higher homologues, although chiral NMR ex-
periments could not be used to determine accurate optical
purities due to the presence of additional aliphatic protons
which obscured the N-methyl signal in these latter exam-
ples. X-ray diffraction studies on (+)-3 hydrochloride
showed this to have the absolute configuration 2S,11bR
and allowed us to assign absolute configurations to prod-
ucts derived from (+)-3 and (-)-3 (Table III).

Results and Discussions

The potency and selectivity of compounds as antagonists
of as- and «;-adrenoceptors are listed in Table II. An-
tagonist activity at the «;-adrenoceptor was assessed by
determining the pA, value for inhibition of methox-
amine-induced contractions on the isolated rat anococcy-
geus muscle.”? «,-Antagonist activity was assessed from
the pA, value obtained aginst clonidine-induced inhibition
of electrically stimulated contractions in the rat vas de-
ferens.?? Values for the a,-antagonists yohimbine and
idazoxan?* are also reported for comparative purposes.

The secondary sulfonamide 1 showed moderate potency
and selectivity for the ay,-adrenoceptor. Replacement of
the sulfonamide N-H of 1 by methyl (6) greatly enhanced
potency and selectivity, but the higher N-alkyl homologues
(7, 8) showed reduced potency/selectivity, indicating an
unfavorable steric or hydrophobic interaction. The dia-
stereoisomer (5) of 6 in which the nitrogen bridgehead ring
fusion is cis instead of trans showed little activity. Ac-
cordingly further studies concentrated on tertiary N-
methyl sulfonamides related to 6. For the normal alka-
nesulfonamides (6, 9-10, 12-14), potency and selectivity
for the as-receptor peaked at three carbon atoms (10)

(22) Doxey, J. C. Eur. J. Pharmacol. 1979, 54, 185.

(23) Rhodes, K. F.; Waterfall, J. F. J. Pharm. Pharmacol. 1978, 30,
516.

(24) Doxey, J. C.; Lane, A. C.; Roach, A. G.; Virdee, N. K. Nau-
nyn-Schmiedeberg’s Arch. Pharmacol. 1984, 325, 136.
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yohimbine

Figure 1.

although activity was retained for chains at least up to five
carbon atoms. A limiting value for the length of the n-alkyl
chain is indicated by the poor activity and nonselectivity
of the n-dodecanesulfonamide (14). Increasing the bulk
around the sulfonamide groups by branching (16-19) was
well tolerated and even favorable, compound 16 being
among the most potent compounds in our series. These
results may indicate the presence of a hydrophobic pocket
on the as-receptor, able to accept a bulky R, side chain.
Some support for this hypothesis is provided by the re-
duced potency of analogues 24, 25 bearing a hydrophilic
tertiary amine substituent on the R, side chain. The
aromatic sulfonamides {(26-34) contained a number of
potent examples. Substituents on the aromatic ring were
well tolerated and bulky bicyclic rings (31, 34) seemed to
confer favorable effects on potency. Examination of the
ring-substituted phenyl sulfonamides by multiple linear
regression analysis failed to identify any correlation with
m, g, ot MR. Further studies showed these aromatic
sulfonamides to be associated with unwanted 5-hydroxy-
tryptamine antagonist activity. "The sulfonamide function
could be replaced by the closely related sulfamide group
(35-38) with retention of activity, although the open chain
analogues (35-37) were less potent than the lower alkyl
sulfonamides.

In order to gain further insights into the stereochemical
requirements for activity in this series, the resolved en-
antiomers of 6, 10, and 16 were also prepared and studied
(Table III). The results shown in Table III indicate that
affinity for the as-adrenoceptor resides primarily in the
isomers having the absolute configuration 2R,11bS. The
diastereomeric and absolute configuration of the more
active members of this series are therefore related to the
configuration of the as-antagonist yohimbine, such that
the benzene ring and sulfonamide fragments of our series
are superimposable on the pyrrole and ester fragments of
the alkaloid (Figure 1).

In order to investigate the relationship between yohim-
bine and our benzoquinolizine series further, we replaced
sulfonyl in our series by the methyl ester grouping present
in yohimbine to give the urethane 39. Interestingly 39
showed good potency and selectivity, comparable to that
of the methyl sulfonamide 6. However, in contrast to the
sulfenamides 9 and 16, higher alkyl ester substitution (40,
41) caused a marked fall in selectivity; further, again in
contrast to the sulfonamides, branching (41) reduced rather
than enhanced potency. The inability of the «,-adreno-
ceptor to accept antagonists with higher alkyl substitution
on the ester group may reflect the different directional
properties of the planar ester carbonyl carbon atom com-
pared to the tetrahedral sulfur atom of the sulfonamides.
It follows from these contrasting structure-activity rela-
tionships between the esters and sulfonamides that the
sulfonamide function is not a simple surrogate for the ester
group in these yohimbine-related compounds but confers
unique affinity for the as-adrenoceptor. Indeed, further
attempts to replace sulfonyl by related groups such as
amide (42—-44), urea (45), or phosphoramide (46) consist-
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Table II°
XA
H” SN—R
Ry 2
cis
stereo- yield,? pA; (n)° selectiv-
no. chem R, R, method crystn solv mp, °C % formulae® oy a; ity? ratio
1 tI“ans MeSO, H A EtOH 253-254 742 C,Hy,N,0,8HCl 627 (4)  5.33 (4)f 9
5 cis  MeSO, Me A i-PrOH 253-254 566 C,sHyuN;0,8HCI 5.7(6)  NT
6 trans MeSO, Me A MeOH 228 53.8 C;;HpN,0,8-HCl 7.81 (6) 6.04 (4) 59
7  trans MeSO, Et A EtOH/EtOAc 217-221¢ 268 CyH,N,0,SHCl 7.39(4) 661 (3) 6
0.5H,0
8 trans MeSO, nPr A  EtOH/EtOAc 220-2245 388 CpHyN,0,SHCl 677 (4) 644 (6) 2
9 trans EtSO, Me A EtOH 230-233¢ 27 CHuN,0,8HCl 7.7(3) 617 (4) 34
10 trans n-PrSO, Me A EtOH 240-250¢F  55.2 C;;Hy,N,0,S-HCl 8.08 (6) 6.34 (8) 55
11 s  n-PISO, Me A EtOH 168-16% 386 Cy;HyuN;0,SHBr 578 (2) 5.6 (2) 1
12 trans n-BuSO, Me A EtOH/EtOAc 224-226 576 C;sHpN,0,8-HCl  7.87 (2)f 6.6 (2f 19
13 trans n-amylSO, Me A EtOH/EtOAc 100-110  29.6 CpHiN;0,SHCL 7.74(2) 6.8 (2) 9
H,0
14 trans  n-dodecylSO, Me A HO 93-100 142 CyuH N,0,SHCL <5(2)  NT
1.26H,0
15 trans i-BuSO, H A EtOH/EtOAc 210-21%¢ 556 C;H,N,0,SHCl 6.34 (4 655 (3) 06
16 trans i-BuSO, Me A EtOH/EtOAc 217-2208 643 CyHy,N,0,S-HCl 8.16 (12) 649 (4) 47
17 trans i-BuSO, Et A  EtOH 160-168 158  CyoHyoN,0,8- 7.61(3)  6.65 (2 9
C,H,0
18 trans Me,CCH,SO, Me A  EtOAc 205-215¢ 354 CoHyN,O,SHCI 811 (2 65@) 41
19 trans  c-C,H,CH,SO, Me A EtOH/EtOAc 215228 388 C,H,N,0,8HCl 7.7(2 67 (2 10
20 trans CICH,SO, Me A EtOH/EtOAc 225-230¢ 466 CyH,CIN;0,S- 826(6) 6616 45
HCl
21 trans CF,S80, Me A EtOH/EtOAc 235-239° 151 CyH,FoN,0,8  7.15(6) 549 () 46
HCI
22 trans CF,CH,SO, Me A EtOH 207-230F 719 CHpFoN,0,8  7.56 (6 593 (6Y 43
HCI
23 trans CH,~CHSO, Me A EtOH/EtOAc ~190/ 461 C,HpuN,0,8HCl 793 (2) 632 (2) 41
24 trans Me,NCH,CH,8S0,  Me B EtOH/EtOAc 258-261¢ 89.8 C;HyN,0,S- 726 (2 5.6 (2 46
2HCL0.5H,0
25  trans ¢-CsH,QNCH,CH,S0, Me B EtOH/EtOAc 262-263% 909 CyHyN,0.8: 75@ 6112 245
2HCI
26 trans CyH,SO, Me A EtOH/EtOAc 227-23% 882 CyH,N,0,SHCl 844 (4)f 705 (11 245
27 trans 4-MeC.H,SO, Me A EtOH 258-2618 833 CyHpeN,0,8HCl 813  6.84 (2 18
28  trans 2-MeC,H,SO, Me A EtOH/H,0  197-203¢ 580 CyH,N,0,SHCL 7.87 2 6.27(2) 40
0.25H,0
29 trans 4-CICGH,SO, Me A EtOH/H,0  >230 514  CpHuCIN,O,S  7.6(2F 609 (@7 32
HCI
30 trans 4-MeOC,H,SO, Me A EtOH/H,0  >220 619 CnuH,N,0,SHCl 81 (2 652 40
31 trans 1-naphthylSO, Me A EtOH 225-230¢  73.8 CyHyN,0,8-HCl 8.06(2) 71 4) 9
0.75H,0
32  trans 3-pyridylSO, Me A EtOH ~190/ 399 C,H,N,0,SHCl 8222 6782 81
33 trans 3-thienylSO, Me A EtOH/EtOAc 220-223¢ 41.7 C;gHpN,0,8,-HCl 7.94 (4)  6.65 (4)f 19.5
34 trans 8-quinolylSO, Me A  EtOH 1761815  64.9 CpHpN,0,SHCL 846 (4) 6.84 (4 42
H20
35 trans H,NSO, Me C  EtOH 225 350 C,HuN,0,8HCI 714 57 (8 25
36 trans MeNHSO, Me A  EtOH 205-206f  63.3 CysH,N,0,SHCl  7.44 (6)  6.19 (6) 18
37 trans Me,NSO, Me A MeOH 240-24%  60.8 CyH,N,;0,SHCl 7.4 (8) 595 (2 28
38 trans c-C,HNSO, Me A MeOH 298-235¢ 493 C,HpuN,0,S-HCl 8.1(2f 6.7 (2 25
39  trans MeO,C Me A MeOH-MeAc 180-185 19.8 CygHpN,OpHCL  7.9(22)  6.56 (2) 22
0.75H,0
40 trans EtO,C Me A EtOH/EtOAc 216-218 457 CyHnN,0,HCl 777 (3) 693 (2) 7
41 trans i-BuO,C Me A  i-BuOH 130-132 463 CpHyuN,00HBr 7.1 7.0 2 1
0.5H,0
42 trans MeCO Me A EtOH/EtOAc 165-175% 194 C,H,N,O-HCL 65(3)  NT
Q0.5H,0
43 trans CgH;CO Me A EtOH 220-227¢  79.0 C,H,N,O-HCL 6.62 (2)f NT
44 trans i-BuCO Me A EtOH/EtOAc 206-212¢ 557 CyHpN,O-HCl  645(2)  NT
45 trans H,NCO Me C EtOH/EtOAc 194-197%  20.2 CsHy; N;O-HCl 6.0 (2) NT
46 trans (Me0),PO Me A EtOH/Et,0 171-1738 554 CiHpuN,0,P-HCl 663 (2) NT
0.5H,0
idazoxan 8.04 (4)  6.16 (4) 76
yohimbine 7.58 (6)f  6.58 (4) 10

3 All compounds exhibited IR and 'H NMR spectra consistent with the assigned structure. ®Yield of analytically pure material, yields not op-
timized. °n = number of determinations. ¢ Antilog (cr; pAs — oy pAy). °C, H, and N analysis were within £0.4% of theoretical values for the formulae
given. /Calculated by Schild plot analysis of three or more antagonist concentrations; all other pA, values were calculated from results with one
concentration assuming a Schild plot slope of unity. ¢decomposition. " Maleate.

ently gave compounds having lower potency at the -
adrenoceptor than their closest related sulfonamide ana-
logues (Table II).

In summary, the potency and selectivity of a series of
2-sulfonamidobenzoquinolizines as antagonists at the
as-adrenoceptor were studied. Optimum activity was ob-
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Table III
p4; (n)
compd stereochem ay a
6a 28,11bR <5 (4) 5.3 (4)
6b 2R,11bS 8.05 (7)° 6.48 (8)°
10a 28,11bR 7.1 (4)° 5.8 (4)
10b 2R,11bS 8.5 (4)° 7.2 (8)°
16a 28,11bR <5 (4) 5.2 (2)
16k 2R,11bS 8.05 (6)° 6.9 (4)°

¢Calculated by Schild plot analysis of three or more antagonist
concentrations; all other pA, values were calculated from results
with one concentration assuming a Schild plot slope of unity.

served for tertiary N-methyl sulfonamides bearing mod-
erately bulky side chains. Studies of the resolved enan-
tiomers of this series showed that activity resided primarily
in the 2R,11bS isomers related to yohimbine. Following
these initial test results, compounds 10 and 16 were se-
lected for more extensive studies which have appeared
elsewhere, confirming their selectivity and potency as an-
tagonists of the as-adrenoceptor both in vivo and vitro®
as well as their ability to penetrate the CNS.?®6 Further
clinical development of 10 and 16 was precluded by adverse
toxicologial findings. However, based on these new lead
compounds, further studies in these and other laboratories
have led to analogues having enhanced «s,-antagonist
properties. 2728

Experimental Section

Melting points were obtained on a Reichert microscope heating
stage and are uncorrected. IR spectra were obtained with a
Perkin-Elmer Model 521 spectrophotometer. NMR spectra were
determined on a Brucker WP200 or a Varian EM8360 instrument.
C, H, and N analyses were within £0.4% of theoretical values
unless otherwise stated.

N-((2a,11ba)-1,3,4,6,7,11b-Hexahydro-2 H -benzo[a ]-
quinolizin-2-yl)methanamine (4). Methylamine gas (7.5 g, 0.25
mol) was condensed by means of a dry ice cooled condenser into
a solution of 2-0x0-1,3,4,6,7,11ba-hexahydrobenzoquinolizine (5
g, 0.025 mol) in a mixture of 100 mL of Et,0 and 100 mL of
toluene under nitrogen. The solution was then ice-cooled and
titanium tetrachloride (5 mL) added dropwise. After the solution
was stirred for 4 h, IR showed complete imine formation and the
solution was filtered and evaporated in vacuo to give the imine
2. The residue was dissolved in 50 mL of anhydrous Et,0, and
40 mL of a 1 M solution of lithium tri-sec-butylborohydride was
added over 0.5 h under nitrogen with ice cooling. The mixture
was then allowed to stand at ambient temperature for 24 h and
then diluted with 50 mL of Et,0 and extracted twice with 1 M
aqueous hydrochloric acid. The acid extracts were basified with
NaOH solution and back-extracted into Et,0. The Et,0 extract
was dried (Na,SO,) and evaporated to give the product base as
an oil, 5.2 g. The base was dissolved in 30 mL of 2-propranol and
acidified with ethanolic HCI to precipitate the product hydro-
chloride: 2.35 g (82.5%), mp >210 °C; IR (Nujol) 2686, 2594, 2487,
1459, 1309, 1155, 1009, 741 em™}; NMR (CD,0D) 6 2.8 (s, 3 H,
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CHjy), 2-3.9 (m, 11 H, (CHy); + 2b-H), 5.18 (dd, 1 H, 11b-H),
7.25-17.55 (m, 4 H, aryl H). Anal. (CI4H20N2'2HCI) C, H, N.

N-((28,11ba)-1,3,4,6,7,11b-Hexahydro-2H -benzo[a ]-
quinolizin-2-yl)methanamine (3). The imine 2 prepared as
above was dissolved in 100 mL of ethanol, immediately followed
by addition of sodium borohydride (1 g), and stirred overnight.
The solvent was then evaporated in vacuo, diluted with water,
and extracted with ether. The extract was dried (Nay,SO,) and
evaporated to give the base, which was treated with ethanolic HCI
in 2-propanol to give 3 hydrochloride: 4 g (55.3%), mp >210 °C;
IR (Nujol) 3510, 3390, 2530, 2450, 1640, 1060, 945, 775, 758 cm™;
NMR (CD;0D) 6 2.0 (dq, 1 H, 1a-H), 2.05 (dq, 1 H, 3a-H), 2.5
(d, 1 H, 38-H), 2.8 (s, 3 H, CHj,), 3-3.9 (m, 8 H, (CH,); + 2a-H
+ 18-H), 4.67 (dd, H, 11b-H), 7.3-7.5 (m, 4 H, aryl H). Anal.
(C1HyoN,-2HCY) C, H, N.

N-Methyl-N-((28,11ba)-1,3,4,6,7,11b-hexahydro-2H -
benzo[a ]quinolizin-2-yl)ethenesulfonamide (23). Method
A. A solution of 2-chloroethanesulfonyl chloride (1.63 g, 0.011
mol) in 25 mL of CH,Cl, was added slowly to a stirred, ice-cooled
solution of 3 base (2.16 g, 0.01 mol) and Et;N (1.2 g) in 25 mL
of CH,Cl,. The solution was then allowed to stand for 3 days,
washed with aqueous Na,COj solution, dried, and evaporated.
The residue was chromatographed on silica gel eluted with 10%
EtOH in EtOAC to give a gum (1.56 g). This was dissolved in
5 mL of EtOH, acidified with ethanolic HC] and diluted with 7
mL of EtOAC to precipitate the title hydrochloride, 1.58 g (41.6%),
with no clear melting point but decomposing above 190 °C: IR
(Nujol) 2527, 2447, 1323, 1160, 966, 800 cm™!; NMR (CD3;0D) 6
2.8 (s, 3H, CHy), 2-3.9 (m, 10 H, (CH,);), 4.29 (tt, 1 H, 2-H), 4.67
(dd, 1 H, 11b-H), 6.08 (d, 1 H, CH,=), 6.24 (d, 1 H, CH,=), 6.78
(dd, 1 H, CH=), 7.25-7.4 (m, 4 H, aryl H). Anal. (C;sHyN,-
0,S-HCl).

N-Methyl-N-((28,11ba)-1,3,4,6,7,11b-hexahydro-2H -
benzo[a Jquinolizin-2-yl)-2-(dimethylamino)ethanesulfon-
amide (24). Method B. Compound 23 base (1.18 g, 0.0038 mol)
was dissolved in 25 mL of ethanolic dimethylamine (33% w/v)
and allowed to stand overnight. The solvent was then evaporated,
and the residue was dissolved in 5 mL of hot EtOH, acidified with
ethanolic HC], and diluted with 15 mL of EtOAC to give on cooling
24 dihydrochloride: 1.5 g (94.5%), mp 258-261 °C; IR (Nujol)
2515, 2441, 1453, 1345, 1319, 1159, 960, 801 cm™!; NMR (CD;0D)
6 2.94 (s, 3 H, CHy), 3.0 (s, 6 H, NMe,), 2-3.9 (m, 14 H, (CH,),),
4.38 (tt, 1 H, 2-H), 4.72 (dd, 1 H, 11b-H), 7.25-7.5 (m, 4 H, aryl
H). Anal, (clstgNaozs'Hcl) C, H, N.

N-Methyl-N-((28,11ba)-1,3,4,6,7,11b-hexahydro-2H -
benzo[a ]Jquinolizin-2-yl)sulfamide (35). Method C. A solution
of 3 base (4.64 g, 0.0215 mol) and sulfamide (2.61 g, 0.027 mol)
in 50 mL of 1,2-dimethoxyethane was heated at reflux for 17 h.
After cooling, the solution was decanted free from a red gum and
evaporated and the residue was crystallized from CH,Cl,. The
base was suspended in 10 mL of hot EtOH and acidified with
ethanolic HCI to give the title hydrochloride: 2.49 g (34.9%), mp
200-202 °C dec; IR (Nujol) 3257, 3169, 3075, 2555, 1428, 1391,
960, 801 cm™; NMR (CD,OD) 6 2.8 (s, 3 H, CHy), 2-3.85 (m, 10
H, (CHy);), 4.27 (tt, 1 H, 2-H), 4.65 (dd, 1 H, 11b-H), 7.25-7.4
(m, 4 H, aryl H). Anal. (CI4H22N3028) C, H, N.

Resolution of N-((28,118a)-1,3,4,6,7,11b-Hexahydro-2H-
benzo[a Jquinolizin-2-yl)methanamine (3). A solution of
(-)-di-p-toluoyl-L-tartaric acid (19.34 g, 0.05 mol) in 50 mL of
hot EtOH was added with stirring to a hot solution of racemic
3 base (21.6 g, 0.1 mol) in 50 mL of EtOH. Crystallization com-
menced rapidly, and after cooling, the crystalline precipitate, crop
A, was collected and triturated twice with hot EtOH. The salt
was then basified with aqueous NaOH and extracted twice with
CH,Cl,. The extract was dried and evaporated to give (+)-3, 7.43
g (34.4%). A sample of (+)-3 (1 g) was treated with ethanolic
HCI and EtOAC to give (+)-3 hydrochloride: 1.27 g (95%), mp
>210 °C; [a]le +44° (C 1, MeOH). Anal. (CI4H20N2'2HCI) C,
H, N. The filtrate obtained after collection of crop A was
evaporated in vacuo, basified with aqueous NaOH solution, and
extracted into CHCl; (2 X 50 mL). The extracts were dried and
evaporated, and the residue was dissolved in 25 mL of hot EtOH
and treated with a solution of (+)-di-p-toluoyl-D-tartaric acid (10.8
g) in 25 mL of hot EtOH. Crystallization again commenced
rapidly, and after cooling, crop B was collected and treated as
for crop A to give (-)-3,7.79 g (36.1%). A sample of the base (1
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g) was again treated with ethanolic HCl and EtOAc to give (-)-3
hydrochloride: 1.22 g (90%), mp >210 °C; [a]?'p —44.5° (¢ 1,
MeOH) Anal. (CI4H20N2'2HCI) C, H, N.

Chiral Purity of the Enantiomers of 6. The resolved en-
antiomers of 6 were examined, as their bases, by NMR in a 9:1
mixture of C¢Dg/CDCl; in the presence of 0.3 mol of praseody-
mium tris(d-3-(trifluoroacetyl)camphorate) /mol of 6. The best
separation of signals was found for the N-Me singlet which oc-
curred at 6 1.15 and 1.20 for (+)-6 and (-)-6, respectively. The
chiral purity was determined by integration and estimated to be
greater than 95% for each isomer.

Estimation of a;-Adrenoceptor Antagonism on the Rat
Isolated Vas Deferens. Rats (200-250 g) were killed with a blow
to the head and a section (2 em) cut from the prostatic region
of the vas deferens, which was desheathed and suspended in an
organ bath (6 mL) at 34.5 °C in Krebs solution gassed with a 95%
0,/5% CO, mixture. Platinum ring electrodes, one above and
one below the tissue, were used for field stimulation (0.1 Hz, 1-ms
pulse width, 100 mA). Isometric twitch responses were recorded
at a resting tension of 0.5 g. Concentration-response curves for
the inhibitory effect of clonidine were obtained by cumulative
addition of clonidine (107 to 10® M) to the bath, a 4-min contact
time with each concentration of clonidine being allowed. Clonidine
was then washed from the bath and an antagonist equilibrated
with the tissue for 30 min, after which time a clonidine concen-
tration—response curve was again obtained.

Estimation of a;-Adrenoceptor Antagonism on the Rat
Isolated Anococcygeus Muscle. Anococcygeus muscles were
suspended in organ baths (6 mL) in Krebs solution at 37 °C, gassed
with a 95% O,/56% CO, mixture. Isotonic contractions (0.5 g
tissue load) were obtained by cumulative addition of the -
adrenoceptor selective agonist methoxamine (3 X 10®to 3 x 107®
M) to the bath (10-min contact time for each concentration of
methoxamine). Methoxamine was washed from the bath and an
antagonist equilibrated with the tissue for 30 min, when a con-
centration—response curve to methoxamine was again obtained.

Calculation of pA, Values. Compounds which demonstrated
marked antagonist activity were tested at a minimum of three
concentrations. Agonist concentration-ratios were used to cal-
culate a pA; by the Schild plot method.?? Where compounds
showed weak antagonist activity, a pA, value was estimated from
each tissue from the agonist concentration-ratio obtained with
a single concentration of antagonist (usually 10 M) assuming
a Schild plot slope of unity.
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