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fraction (7 mg, ~1.5%) was a mixture of 2-naphthylglycolic acid
(6), R¢ 0.41, and 2-naphthoic acid (7), R 0.67 (system ¢).

Microbiological Transformation of Pronethalol (4). (a) Fer-
mentation of racemic pronethalol (5 g) for 7 days gave acid, basic,
and neutral products. The basic material (1.09 g) was racemic 4,
which gave 4-HClL: mp 184°; [«]*'D 0° (¢ 1.0). The acidic fraction
(30 mg) contained 2-naphthylglycolic acid, R;0.41, and 2-
naphthoic acid R¢ 0.63 (system c), but the amounts recovered
by preparative tlc were negligible. The neutral fraction (790 mg)
gave (S)-(+)-5: mp 128-130° (17 mg); [«]*'D + 31.6° (¢ 0.8); Ry
0.37 (system b) by preparative tlc.

(b) Fermentation of (R)-(—)-pronethalol hydrochloride ([«]*'D
—52,0°, 3 g) was carried out as in (a). The basic material (85 mg)
was characterized as (R)-(—)-pronethalol hydrochloride: mp 208-
209°; []*'D —52.2° (¢ 0.5). The acid fraction (17 mg) contained
2-naphthylglycolic acid and 2-naphthoic acid in negligible quantity.
The neutral fraction (443 mg) gave (S)-(+)-5: mp 126-127° (27 mg);
[a]*'D +32.9° (¢ 0.5) by preparative tlc.

(c) Fermentation of (§)-(+)-pronethalol hydrochioride ([a]?'D
+52.9°, 3.5 g) was carried out as in (a). The basic material (133 mg)
was characterized as (S)-(+)-pronethalol hydrochloride: mp 208-
209°; [«]*'D +51.6° (¢ 0.5). The acid fraction (76 mg) contained 2-
naphthyliglycolic acid and 2-naphthoic acid in negligible quantity.
The neutral fraction (830 mg) gave (S)-(+)-5: mp 125-126° (15 mg);
[e]*'D +30.5° (¢ 0.5) by preparative tlc.

Microbiological Reduction of Methyl 2-Naphthyl Ketone 14.
Fermentation of 14 (1 g) was carried out for 2 days. The neutral
fraction (477 mg) contained substrate, Ry 0.65, 1-(2-naphthyl)-
ethanol (15), R¢ 0.55 (C,H,-Et,0, 1:1), and several more polar
minor products. (§)-(—)-1-(2-naphthyl)ethanol,!* mp 71° (260 mg),
[e]?'D —13.7° (¢ 0.83), was isolated by preparative tlc.
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A Study of the Conformational Requirements for Direct Adrenergic Stimulation
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A group of tetrahydroisoquinoline derivatives was prepared as fixed cisoid and 2-indanamines as fixed
transoid analogs of the adrenergic neurotransmitter, norepinephrine. The compounds were evaluated in
comparison with their closest, flexible counterparts, epinine and (R )- and (S)-a-methyldopamine, respec-
tively, for direct a- and B-adrenergic activities in vivo and in vitro. Results obtained in vivo on the cat nic-
titating membrane indicate that a transoid conformation (4) is better than cisoid (1) for inducing direct
a stimulation but that a cisoid conformation does not preclude direct a activity. No conclusion could be
reached with regard to conformational requirements for direct § activity.

One of us has reported that certain tetrahydroisoquino-
line derivatives exhibited marked a-adrenergic blocking
properties coupled with prolonged, indirect, f-adrenergic
stimulating activity.? Since this combination of pharma-
cological properties seemed confined to analogs possessing
a tetrahydroisoquinoline, which may be considered a fixed
cisoid phenethylamine nucleus, we were led to inquire
whether there might be distinctive and separable confor-
mational requirements for direct o and §§ agonism. This
would imply that one conformation of the neurotransmit-
ter, norepinephrine, interacts with the “a-adrenergic recep-
tor” to induce @ agonism and another conformation inter-
acts with the “B-adrenergic receptor” to induce § agonism.
Such a finding would have a bearing on the molecular na-
ture of these receptor interactions, speculative pictures of
which have been advanced.?
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It is, of course, recognized that X-ray crystallographic evi-
dence indicates a transoid conformation for molecules of
both norepinephrine hydrochloride*® and dopamine hydro-
chloride4b(a theoretical calculation® suggesting dopamine
exists preferentially in a gauche conformation has been
shown to be in error®). The energy barriers between the var-
ious possible conformations of these flexible molecules are
very small, however, and the fact that they may prefer a
transoid posture says nothing about what conformation
they may assume in binding to an adrenergic receptor site
where forces of molecular interaction would come into
play. Further, although study of conformationally fixed
analogs could introduce an inherent complication if flexi-
bility were a prerequisite to agonist activity,’ a rigid mole-
cule could induce a uniquely appropriate conformational
change in a receptor protein, and, in any event, conforma-
tionally fixed agents have been shown to have direct adre-
nergic activity (e.g., certain 1-substituted 6,7-dihydroxy-
tetrahydroisoquinoline derivatives have been reported to be
direct B-adrenergic stimulants of utility as bronchodilators.®
Moreover, the observed f-adrenergic actions of certain ago-
nists,” which may be a consequence of actual differences in
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the chemical make-up of different populations of 8 recep-
tors,'” suggest that conformationally restricted agonist ana-
logs might show exquisite selectivity.

Others have, of course, investigated the conformational
requirements of adrenergic receptors with the aid of con-
formationally restricted agonist analogs. In particular, Smis-
sman and his associates have employed trans-decalin, trans-
decahydroquinoline, and 3-amino-2-phenylbutane deriva-
tives to probe “phenethanolamine”!! and “catechol-
amine”’'? receptor sites. trans-Octahydrophenanthrene der-
ivatives have been similarly studied.’®> Horn and Snyder ex-
amined the abilities of cis- and trans-phenylcyclopropyl-
amine and of 2-aminoindan to inhibit catecholamine uptake
by synaptosomes. !4 Tetrahydroisoquinolines, !5 ¢is- and
trans-indanols, ' -tetralols,'” and -benzocycloheptenols'®
have been considered in this connection. Available evi-
dence, however, does not allow conclusions to be drawn as
to the conformational requirements, if any, imposed on the
neurotransmitter to induce direct a- and/or S-adrenergic
agonism.

In our initial approach, we have tried to simplify the
problem. Since the §-hydroxyl group of norepinephrine has
been shown not to be critical to direct adrenergic agonism
(there are far greater differences in adrenergic potency be-
tween d- and /-norepinephrine than between I-norepine-
phrine and dopamine, suggesting that a §-OH is more a neg-
ative influence with the wrong stereochemistry than a pos-
itive influence with the right stereochemistry),® we have
omitted it in our first approximation and considered only
the spatial arrangement of the aromatic ring and the amino
N. Rigid (insofar as rotational capabilities are concerned)
models of four basic conformations, which could conceiv-
ably be involved in bonding to a receptor, have been stud-
ied. As models of the cisoid conformations, A and B, we se-
lected the tetrahydroisoquinoline derivatives, 1 and 2. The
transoid conformations C and D were approximated by the
indanamines, 4 and §, although it is recognized that the
five-membered ring distorts the conformation somewhat.
As the flexible, ring-opened prototype of the cisoid forms,
we chose epinine (7), and of the transoid forms, (R)- and
(S)-a-mgthyldopamine (8). These can be seen to bear a pre-
cise, formal relationship to their rigid counterparts. Because
of this, and because prototype 7 is a secondary amine, as
are 1 and 2, and prototype 8 has primary amino N attached
to a secondary carbon, as does 4 and 5, differences in phar-
macological activity resulting from differences in distribu-
tion or metabolism should be minimized.

Required compuunds were prepared and pharmacolog-
ically tested as described in the Experimental Section. Phar-
macological data are tabulated in Tables I (in vivo) and 11
(in vitro). As indicated in Table L. 1, 4, 7, and (R)- and (S)-

Table 1. Pharmacological Activity in Anesthetized Spinal Cats

Gray, Reit, Ackerly, Hava

A, X=OH;X =H C,X=OH;X =H
B, X = H;X' = OH D,X =H; X =OH
X X .
- >~ NH,R
HO SN HO
X' R R X'
1,X=OH;X =R=H 4,X=0OH;X'=R=H
2,X=R=H;X =OH 5,X=R=H;X =OH
3,X=OH;X =H;R=CH,  6,X =OH;X =H;R = CH(CH,),
NH,’ CH,
- 2
HO ., HO
7 8

8 all showed direct a-adrenergic action as measured by the
contraction of the nictitating membranes of anesthetized
spinal cats. Compounds were equipotent in normal cats and
in reserpine-pretreated animals with depleted catecholamine
stores; dose-response curves were parallel. The transoid
compound 4 was found to be as potent as (R)-8, slightly
more potent than the S enantiomer, and slightly less than 7.
The cisoid compound 1 showed only about 0.1 the activity
of 7. Thus, it appears that a transoid conformation is more
suited (better fit to a receptor?) than cisoid for a-adrenergic
action at least on the cat nictitating membrane in vivo. A
cisoid conformation does not, however, preclude direct a-
agonist activity.

With regard to § activity, as measured by increase in heart
rate (Table I), only the flexible compounds 7 and (S)-8 (not
the R enantiomer) showed a primarily direct action. These
data therefore shed no light on the question of conforma-
tional requirements. The increases in blood pressure, of
both the cat and the rat (Table II), can be interpreted as de-
riving from a summation of a- plus -adrenergic agonism.

In the hope of obtaining rigid derivatives having more
pronounced $-adrenergic actions, we prepared the 1,1-di-
methyltetrahydroisoquinoline (3), which can be considered
a cyclized, cisoid N-isopropyl analog, and the isopropylam-
inoindan 6. These compounds were evaluated in isolated tis-
sues (Table II). Unfortunately, no valid conclusions can be
drawn from these data since only the a-adrenergic respon-
ses of the rat vas deferens were determined on reserpine
pretreated tissues. It is difficult to understand why 1 should
have been inactive in this preparation since it clearly
showed a direct o-adrenergic action on the cat nictitating
membrane.

Nictitating membranes? Heart rated Blood pressure/’
Rel Rel Rel
Compd ED, b ¢ activity? ED, e activity® ED, 28 activity?
Epinine 0.56 + 0.08 1 0.09 + 0.01 1 0.08 1
(R)-a-Methyldopamine 0.68 + 0.05 0.8 0.76 £ 0.2% 0.1h 0.66 0.1
(S)-a-Methyldopamine 0.96 £ 0.08 0.6 0.14 £ 0.02 0.6 0.39 0.2
1 6.0+0.5 0.09 54z+1h 0.02% 6.5 0.01
4 0.70 + 0.2 0.8 0.81 £ 0.05" 0.1~ 0.31 0.25

2Per cent of maximum contraction induced; a-adrenergic action. ?In normal (not-reserpine-treated) cats. Unless noted otherwise, com-
pounds were direct agonists, equipotent in normal and reserpine-treated animals. €Iv dose in umol/kg eliciting 30% of maximum contraction.
dncrease in heart rate; g-adrenergic action. €Iv dose in umol/kg eliciting a 30 beats/min increase in heart rate. fIncrease in systolic blood
pressure; resultant of o- and g-adrenergic actions. £Iv dose in umol/kg eliciting 100 mm increase in systolic blood pressure. #Largely indirect

action; little or no effect in reserpine-treated animals.
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Table II. Relative Pharmacological Activities: Rat Blood Pressure and Isolated Tissues

Reserpine
pretreated
Rat blood Rat vas rat vas Guinea pig Rabbit Rabbit
Compd pressured deferens? deferens trachea® jejunumd atrium®
Norepinephrine 2 1 1+ 1 1 1
Epinephrine 1
Isoprenaline 3 3
Epinine 1 1 1 <1 0.2
1 0.2 0.05 0 <t 0.2
2 ~0f 0 <<1
3 <0.01 i j 0.0001
4 0.2+8 0.1 1
5 <2h 0.1 0 0.001 0.01
6 <0.01 i 0 k 0.01

alv dose range 0.04-10 pg/kg; direct measurement of mean blood pressure in anesthetized rat; a- and g-adrenergic response. ®Dose range 1-
1000 pg/ml; contraction of vas deferens, a-adrenergic response. ¢Dose range 0.01-100 ug/ml; relaxation of tracheal chain, f-adrenergic re-
sponse. dDose 0.01 ug/ml; contraction of jejunum, - and g-adrenergic response. €Dose range 0.1-2000 ug/ml; increase in heart rate and
contractile force, f-adrenergic response. fSlight increase in blood pressure at 10 ug/kg dose; norepinephrine active at 0.04 ug/kg. 84 some-
what more active than 1. #5 produced smaller response than norepinephrine at 0.04 ug/kg dose; prolonged response at higher dose. Neither
3 nor 6 elicited maximal contraction at highest dose; 6 was more effective than 3. JIncreased tension on tracheal chain at 100 ug/kg. ¥Dual

effect, increase and decrease in tension at 50-100 ug/kg.

Experimental Section

Melting points were taken with a Thomas-Hoover melting point
apparatus and are uncorrected. Nmr spectra were determined using a
Varian A-60 or Perkin-Elmer R-12 spectrometer [chemical shifts in
ppm, downfield from (Me),Si] and ir spectra with a Perkin-Elmer
137 instrument. Spectra were consistent with assigned structures.
Microanalyses were performed by Galbraith Laboratories, Knox-
ville, Tenn., and were within £0.4%.

1,2,3,4-Tetrahydroisoquinoline-6,7-diol Hydrochloride® (1).
This was prepared from 3,4-dimethoxyphenethylamine essentially as
described?® except that ether cleavage was effected with boiling 20%
HC1,* mp 255-258°, after recrystallization from 10% HCI and then
from MeOH-Et,0. Anal. (CH,,CINO,) C, H.

1,2,3,4-Tetrahydroisoquinoline-7,8-diol Hydrobromide (2). 7.
8-Dimethoxy-1,2,3,4-tetrahydroisoquinoline** was prepared from 2.-
3-dimethoxybenzaldehyde and dimethyl aminoacetal following the
procedure of Bobbitt, ef al. ?* A solution of 8.0 g of the crude base,
oil, in 80 ml of 48% HBr was heated 5 hr in an oil bath at 150°. The
reaction mixture was evaporated to dryness in vacuo and the residue
was recrystallized from 2-PrOH and Et,0 (charcoal) and then from
2-PrOH with a few drops of EtOH added to give 2: 2.6 g, mp 233-
235°, Anal. (C,H,,BINO,) C, H, Br.

1,1-Dimethyl- 1,2,3,4-tetrahydroisoquinoline-6,7-diol Hydro-
chloride (3). 3-Hydroxy-4-methoxyphenethylamine hydrochloride
[mp 206-207°; ir (Nujol) 807 (two adjacent aromatic CH) and 873
cm! (isolated aromatic CH)} was prepared from 3-hydroxy-4-meth-
oxybenzaldehyde and nitromethane as described.?® The product was
condensed with acetone following the procedure developed by Ka-
metani, ef al., * for the preparation of related compounds. The HCl
salt, 5.0 g (0.025 mol), was dissolved with heating in 150 ml of ab-
solute EtOH. After the solution had cooled to room temperature it
was treated with 2.8 g (0.026 mol) of Na,CO, and the mixture was
stirred for 0.5 hr. The inorganic salts were filtered off, 50 ml of ace-
tone was added to the filtrate, and the resultant solution was heated
at reflux under N, for 8 hr. The filtered solution was concentrated
to a small volume in vacuo, cooled in ice, and acidified with ethereal
HCl. Recrystallization from EtOH gave 1,1-dimethyl-7-methoxy-1,-
2,3,4-tetrahydroisoquinolin-6-ol hydrochloride: mp (dec with gas
evolution) 262-266", as colorless crystals; yield poor and variable,
accompanied by varying amounts of starting phenethylamine salt;
nmr (D,0) 6 6.78 (s, 1) and 6.57 (s, 1, aromatic protons), 3.78 (s, 3,
OCH,), 3.40 (m, 2) and 2.88 (m, 2, N-ring CH,CH,), 1.64 [s, 6,
C(CH,),}; ir (Nujol) 860 and 890 cm'! (two isolated aromatic CH).

The product, 1.05 g (0.0043 mol), was suspended in 10 ml of
6 N HCl and heated at reflux (oil bath) for 30 hr. The cooled, fil-
tered solution was concentrated to dryness in vacuo and the crystal-
line residue recrystallized from 2-PrOH-Et,0 to yield 0.25 g (25%)
of 3: mp 238-249° (gas); ir (Nujol) 860 and 890 cm~?! (two isolated
aromatic CH). Anal. (C,,H,,CINO,)C, H, Cl

2-Aminoindan-5,6-diol Hydrobromide (4). Attempts to catalyt-
ically hydrogenate 5,6-dimethoxy-2-isonitroso-1-indanone!® directly
to 5,6-dimethoxy-2-acetamidoindan led to complex mixtures of
products and extremely low yields. The conversion was therefore
carried out in two steps. Hydrogenation of the isonitroso derivative

in AcOH-Ac,0 gave 5,6-dimethoxy-2-acetamido-1-indanone,'® mp
195-196°. A suspension of 17.3 g (0.069 mol) of the acetamidoin-
danone in 300 ml of absolute EtOH containing 6.3 mi of 70% HCIO,
0.07 mol) was shaken with 4 g of 5% Pd/C in an Adams-Parr appa-
ratus at room temperature under 45 psi of H,. Uptake of H, was
complete in 8 hr, The reaction mixture was warmed on a steam bath
and the. catalyst was filtered from the hot solution. Refrigeration of
the EtOH filtrate afforded 16.6 g of a salt complex of the product
as colorless crystals: mp 198.5-202°; ir (Nujol) 3400 (amide NH),
1630, shoulder at1670 cm ™! (complexed amide C=0?). On suspen-
sion in water, this dissolved and reprecipitated to yield 13.2 g (81%)
of 5,6-dimethoxy-2-acetamidoindan, mp 117-120°, mp 123-125°
after recrystallization from aqueous EtOH. This was apparently sol-
vated because drying at 80° (oil pump) or further recrystallization
from EtOAc raised the melting point to 138-140°; ir (Nujol) 3410
(amide NH)and 1675 cm™' (amide C=0). The salt complex showed
nmr (DMSO-d,) 6 7.25 (m, 2, NH + other exchangeable H, disap-
peared on addition of CF,COOD), 6.78 (s, 2, aromatic protons), 4.4
(m, 1, CHN), 3.68 (s, 6, OCH,), 3.3-2.4 (m, 4, benzylic protons),
1.81 (s, 3, CH,CO). The solvated material, mp 123-125°, showed
nmr (CDCl,) 6 6.70 (s, 2, aromatic protons), 6.1 (m, 1, NH, disap-
peared on addition of CF,COOD), 4.6 (m, 1, CHN), 3.79 (s, 6,
OCH,), 3.4-2.4 (m, 4, benzylic protons), 2.05 (s, 1, exchangeable
proton, disappeared with CF,COOD), 1.90 (s, CH,CO); the nmr
spectrum of the anhydrous material, mp 138-140°, was identical
except for the absence of the § 2.05 absorption.

A suspension of 0.8 g (0.0034 mol) of the dried acetamidoindan
in 8 ml of 48% HBr was heated at 150° (oil bath) for 5 hr. Evapora-
tion and recrystallization of the reside from 2-PrOH yielded 0.55 g
(65%) of 4, mp >250°, preliminary darkening and shrinking. 4nal.
(C,H,,BrNO,) C, H, Br.

2-Isopropylaminoindan-5,6-diol Hydrobromide (6). A suspen-
sion of 10.0 g (0.0425 mol) of 2-acetamido-5,6-dimethoxyindan in
40 ml of 10% HC1 was heated at reflux for 1.5 hr to give a cloudy so-
lution. The crystalline precipitate which formed on cooling was re-
crystallized from MeOH-Et,0 to yield 5.1 g (52%) of 2-amino-5,6-
dimethoxyindan hydrochloride: mp >250°, preliminary darkening
and shrinking; starting material (as complex) was recovered from
the mother liquor; ir (Nujol) C=0 band absent; nmr (DMSOd, +
CF,COOD) 6 6.84 (s, 2, aromatic protons), 3.69 (s, 6, OCH,), 2.7-4
(complex m, 5, aliphatic ring protons).

A suspension of 6.9 g (0.03 mol) of the hydrochloride salt and
3.5 g(0.033 mol) of Na,CO, in 300 ml of absolute EtOH was stirred
with warming for 2 hr. The filtered solution, treated with 6.6 ml
(5.2 g, 0.09 mol) of acetone and 400 mg of PtO,, was shaken in an
Adams-Parr apparatus under 45 psi of H,. Uptake was complete in
30 hr. Ethereal HCl was added to the filtered solution and the re-
sultant crystalline precipitate recrystallized from EtOH to yield 5.6
g (69%) of 2-isopropylamino-5,6-dimethoxyindan hydrochloride:
mp >250°; nmr (DMSO-d, + CF,COOD) 6 6.85 (s, 2, aromatic pro-
tons), 3.72 (s, 6, OCH,), 2.6-4.2 (complex m, 6, aliphatic ring pro-
tons +i-Pr CH), 1.31 [d, 6, J = 6.6 Hz, CH(CH,,),].

An aqueous solution of 5.25 g (0.0193 mol) of the hydrochio-
ride salt was made basic and extracted with Et,0. The oil remaining
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after drying and removal of the Et,0 was heated with 50 ml of 48%
HBr at 150°(oil bath) for 5 hr. The crystalline reside remaining after
evaporation was recrystallized from 2-PrOH-EtOH and then from
EtOH to yield 3.8 g (69%) of 6: mp 217.5° and above (gas); nmr
(DMSO0-d,) + CF,COOD) 6 6.60 (s, 2, aromatic protons), 2.8-4.2
(complex m, 6, aliphatic ring protons + j-Pr CH), 1.30 [d, 6,7 = 6.0
Hz, CH(CH,),}. Anal. (C,,H,,BINO,) C, H, Br.

2-Aminoindan-4,5-diol Hydrobromide (5). 4,5-Dimethoxy-1-
indanone,? mp 73-75°, was nitrosated following the procedure®
used for the 5,6 isomer to yield 95% of 2-isonitroso-4,5-dimethoxy-
1-indanone, mp 223-225°,

Catalytic hydrogenation of this, following the procedure used
for the 5,6 isomer,’® was much more rapid and could not be stopped
at the indanone stage. A suspension of 12.4 g (0.056 mol) of the iso-
nitrosoindanone in a mixture of 200 ml of AcOH and 100 ml of
Ac,0 was shaken with 3 g of 5% Pd/C under 45 psi of H, at room
temperature. The hydrogenation was stopped after 30 min, by
which time 3 equiv (one more than required for the isonitroso func-
tion) had been taken up. The filtered solution was evaporated under
reduced pressure, water was added, and evaporation continued to
dryness. Recrystallization of the residue from 2-PrOH afforded 5.1
g (36%) of presumably the cis isomer 4?2 of 2-acetamido-4,5-di-
methoxy-1-indanol: mp 190-192°; ir (Nujol) 3300 (NH, OH),

1645 cm~! (amide C=0, ketone band absent). No pure product was
isolated from the mother liquor.

A suspension of 10.0 g (0.04 mol) of the indanol in 200 mi of
EtOH containing 2 ml of HCIO, was shaken with 3 g of 5% Pd/C
under 45 psi of H, at room temperature. H, (1 equiv) was taken up
in 15 hr. The filtered solution was concentrated to a small volume,
water was added, and the precipitate was recrystallized from aque-
ous EtOH to yield 5.95 g (63%) of 2-acetamido-4,5-dimethoxyindan:
mp 118-120°; ir (Nujol) 3320 (NH), 1635 cm™! (amide C=0); nmr
(CDC1,) 6 6.80 (d, 1,J = 8.1 Hz) and 6.67 (d, 1, J = 8.1 Hz, aromat-
ic protons), 6.1 (m, 1, NH), 4.4 (m, 1, CHN), 3.78 (s, 6, OCH,), 3.5-
2.5 (m, 4, benzylic protons), 1.89 (s, 3, CH,CO).

HBr cleavage of the acetamidoindan and recrystallization of the
crude reaction product from EtOH-Et,0 gave 6.2 g (63%) of 5, mp
214.5-216° (gas). (Since completion of this work, synthesis of 5 by
another method has been reported, mp 214-219°.2%) Anal.
(C,H,,BINO,) C, H, Br.

Pharmacological Methods. A. /n Vivo Studies. These were per-
formed on 2.0-3.9-kg cats of either sex, half of which had been in-
jected intraperitoneally with reserpine, 3 mg/kg, 24 hr previously.
All cats were anesthetized with sodium pentobarbital (30-35 mg/kg
ip) and rendered spinal as described by Burn.?° Both vagosympathet-
ic trunks were cut low in the neck. At least six cats were used for
each determination at each dose level.

Nictitating membranes were subjected to an equilibrated resting
load of 7 g, and their contractions were recorded semiisometrically
with a Grass FT-03 force-displacement transducer coupled to a Grass
Model 5 polygraph. The same polygraph was used to record simul-
taneously blood pressure and heart rate: blood pressure from the
right femoral artery with a Statham P23AA pressure transducer and
heart rate with a Grass 5P4 tachograph preamplifier triggered by the
R wave signal of the cat’s electrocardiogram.

All drugs for intravascular administration were disssolved in 0.9%
NaCl solution and injected vig a polyethylene cannula tied into the
right femoral vein. At the beginning of each experiment, all cats
were given heparin, 300 U.S.P. units/kg iv, and at the end, all were
given phenylephrine, 10 mg/kg iv, in order to elicit maximum con-
tractions of the nictitating membranes.?°

In each cat, one set of dose-response curves (for nictitating mem-
brane contraction, blood pressure, and heart rate) was obtained for
each of two different compounds. The second set of curves was
begun no less than 30 min after the first had been completed. The
order in which any two substances was studied in a given cat had no
effect on the dose-response curves obtained.

Direct measurements of blood pressure were also niade in the rat
(400-500 g, Holtzman, Sprague-Dawley) anesthetized with 1200
mg/kg of urethane ip. Test compounds were administered iv at doses
of 40 ng/kg-10 ug/kg. Mean control blood pressure was 60~80 mm
and a drug-induced rise of 10~15 mm was considered significant.

B. In Vitro Studies. The effects of test compounds were de-
termined on the following standard isolated tissue preparations: (1)
the rat vas deferens in Tyrode’s solution at 37°, aerated with 95%
0, + 5% CO,, bath volume 10 mi; (2) the vas deferens of the rat pre-
treated with § mg/kg of reserpine administered po 72 hr before test
and 5 mg/kg of reserpine ip 24 hr before test; (3) the guinea pig tra-
cheal chain (10 rings) in Krebs’ solution at 37°, aerated with 95%

0, + 5% CO,, bath volume 10 ml; (4) the rabbit jejunum in Tyrode’s

Gray, Reit, Ackerly, Hava

solution at 37°, aerated with 95% O, + 5% CO,, bath volume 10 ml;
(5) spontaneously beating rabbit atrium in a chamber perfused by
Ringer-Locke solution at 37°, perfusion rate 12-15 ml/min, aerated
with 95% O, + 5% CO,. At least two preparations were used with
the dose ranges indicated in Table II.
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The synthesis of a wide variety of 3-[/N-(5-nitro-2-thiazolyl)acylamino] propionamides IV and [ 1-(2-sub-
stituted ethyl)-1-(5-nitro-2-thiazolyl)-3-substitutedJureas V as potential antibacterial and antiparasitic
agents is described. Treatment of 2-bromo-5-nitrothiazole with 3-aminopropionitrile afforded 3-[(5-
nitro-2-thiazolyl)amino ] propionitrile (1), the key intermediate. Some of the compounds prepared
showed potent schistosomicidal, trichomonicidal, and/or antibacterial activities.

Many 2-amino-5-nitrothiazole derivatives have been shown
to possess antiamebic,> antihistomonal,* and antitricho-
monal®® properties, and some have antischistosomal® activ-
ity. Thus, 1-(5-nitro-2-thiazoly!)-2-imidazolidinone (nirid-
azole) (Ia) has been found to be effective in the treatment
of human schistosomiasis and amebiasis and to give good re-
sults when used against dracunculiasis and strongyloidiasis.
Recently the nitrothiazolylhydantoin Ib and -hydrouracil Ic
have also been shown to possess antiparasitic activities.®’

Whereas 2-(alkyl- and arylamino-)-5-nitrothiazoles are
largely devoid of antischistosome activity,® many anti-
parasitic nitrothiazoles, including niridazole (Ia), 2-acet-
amido-5-nitrothiazole (aminitrozole), and 1-ethyl-3-(5-
nitro-2-thiazolyl)urea (nithiazide), contain partial structure
1T in which R is H, CH,, etc.

N (CH,, N
OzN/:' S/”\N/ B:x o N/EI SJ\N/CO‘
N ’ “R

01'{ il
1

—
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c

s

X n=
X
X
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Oin=2
As part of a program to prepare novel chemotherapeutic
agents, the synthesis of some 3-[N-(5-nitro-2-thiazolyl)acyl-
amino] propionamides IV and [1-(2-substituted ethy?)-1-
(5-nitro-2-thiazolyl)-3-substitutedJureas V was undertaken.

Thiazoles IV contain partial structure 11, in which R is

N N
T T
O,N“ ™8 /J\ITICHZCH,CN O,N s)\rﬁcmcx-l,com-l2
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l
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\'
CH,CH,CONH,;, and may be regarded as open-chain analogs
of 1<(5-nitro-2-thiazolyl)hydrouracil (I¢). In particular, the
preparation of 3-[N-(5-nitro-2-thiazolyl)acetamido] propion-
amide (24) was examined since this compound could be re-

T For part 1 of this series, seeref 1.

*Author to whom correspondence should be addressed at Chem-
ical Research Laboratories, Wellcome Research Laboratories, Beck-
enham, Kent, England.

garded as a possible metabolite of the known®” active anti-
schistosomal agent Ic.

Chemistry. The compounds described in the present
work were derived from 3-{(5-nitro-2-thiazolyl)amino]-
propionitrile (1), which was prepared by treatment of 2-
bromo-5-nitrothiazole with 3-aminopropionitrile in THF.
Compounds 5-58 are listed in Tables I-III, and details of
the synthesis of these and nitrothiazoles 1-4 and 59-61
are given in the Experimental Section.

N R
| )I\ 1
O,N” 8" “NCH,CH,Z

Z R Z R
1 CN H 59 CO,H COMe
2 CONH, H 60 CONEt, COMe
3 CO,Et H 61 CONH(CH,) ,NMe, COMe
4 CO,H H

Biological Activity. The compounds described in this
paper were tested against a Puerto Rican strain of Schisto-
soma mansoni in mice by Dr. Paul E. Thompson and co-
workers of Parke, Davis and Co., Ann Arbor, Mich.F As in
previous work, drugs were administered in a powdered diet
for 14 days. Table IV lists the more active nitrothiazole
derivatives, and it can be seen that schistosomicidal activity
is present in a limited number of widely varying structural
types. It was found that while 3-[N-(5-nitro-2-thiazolyl)-
acetamido] propionamide (24) did possess moderate anti-
schistome activity, the butyryl derivative 27 appeared to
be the most potent propionamide IV. This latter compound
effected an 85% kill of worms in mice when administered at
ca. 305 mg/kg per day. While the formy!l congener 23 pos-
sessed slight but significant schistosomicidal properties,
somewhat surprisingly the chloroacetyl and propionyl
analogs 25 and 26 were inactive in the mouse primary
screen. Lengthening the carbon chain of the acyl group
(RCO) in IV appeared to reduce efficacy (28 and 29 and
higher homologs), as did the use of cycloalkyl R moieties
35-37. Alkyl substitution at the amide nitrogen apparently
had little effect, since N,N-diethylamide 60 (corresponding
to primary amide 24) was also an active schistosomicide.
However, the basic N-(dimethylamino)propylamide 61 had
no activity in S. mansoni infected mice. Other propionamides
IV, 3-[(5-nitro-2-thiazolyl)amino] propionamide (2), all
nitriles III, and 3-{(5-nitro-2-thiazolyl)amino] propionitrile
(1) were inactive in the mouse primary screen.

In the nitrothiazolylurea series V, surprisingly in view of

i For a description of test methods, see ref 9.



