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This report is primarily concerned with the synthesis and pharmacological properties of the alkylsulfonyl-

benzamides and related isoquinoline derivatives.

and B were synthesized and screened for possible pharmacological activities.
The most active were p-isopropylsulfonyl-N-isopropylbenzamide

showed siguificant muscle-relaxant properties.

Thirty-three alkyvlsulfonylbenzene derivatives of series A

In both series, 13 compounds

(3) belonging to series A, and 3,4-dihydro-1-[p-(isopropylsulfonyl )phenyl]-6,7-dimethoxyisoquinoline (25) belong-

ing to series B. They also possess auticonvilgant properties.

The muscle-relaxing effect of both compounds

is of the same order as that of chloromezanone,! but much weaker than that of diazepam.?

During the course of studies on alkylsulfonylbenzene
derivatives, two series of compounds were synthesized
and screened for their pharmacological aectivity: (i)
24 benzamides of the general formula A (Table II),
and (i) nine related 1-[p-(alkylsulfonyl)phenylliso-
quinoline derivatives with the skeleton B (Table III).
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Several members of both series exert more or less
pronounced muscle-relaxing and anticonvulsant ac-
tivity. Two of them, p-isopropylsulfonyl-N-isopropyl-
benzamide (3, Table II) and 3,4-dihydro-1-[p-(iso-
propylsulfonyl)phenyl]-6,7-dimethoxyisoquinoline (25,
Table III) were found to be the most active. Their
effect. is of the same order as that of chloromezanone
and about half of that of chlorodiazepoxide. No simul-
taneous sedation is observed. TFurther investigation
has shown 3 and 25 to possess distinet anticonvulsant
properties; they do not notably influence blood pressure
and have no analgetic effect.

The two compounds deseribed earlier, isopropyl
phenyl sulfone®+* (22) and N-isopropylbenzamide® (23),
were compared with 3 and were found to possess no
muscle-relaxing effect, indicating that the presence of
both the “‘isopropylsulfony!” and “N-isopropyl” groups
is probably responsible for the activity of 3.

Chemistry.—Synthesis of the various compounds
was effected by using o-, m-, and p-thioeresols (I) as the
starting materials (Table I). S-Alkylation® gave
alkvlthiocresols (II) which were oxidized by IXMnOy to
the corresponding alkylsulfonylbenzoic acids (III)
(Scheme I). The yields in the three steps were excel-
lent. The acid chlorides (IV) obtained in the usual way
were then treated with different amines under appro-
priate conditions to give the amides of the series A
(Table II). Analogous hydrazides 19 and 20 were

(1) Trancopal®,

(2) Valium®.

(3) O. Robert and O. Wilhelm, Chem. Ber., 21, 998 (1888).

(4) W. A, Baldwin and R. Robinson, J. Chem. Soc., 1445 (1932).

(5) N. Mitlin, 8. 1. Gertler, and W. A, Gersdorff, U. 8. Dept. Agr., Bur.
Entomol. Plant Quurantine, ET828, 3 (1951).

(6) 1ldentical procedure used for thie preparation of phenyl n-propyl sul-
fide: A. 1. Vogel, J. Chemn. Scc., 1822 (1948).
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prepared by reaction of hydrazine hydrate and methyl-
hydrazine or with ethyl p-(isopropylsulfonyl)benzoate,
respectively, N’-Isopropylhydrazide (21) was ob-
tained by catalytic hydrogenation of 19 in the presence
of acetone,

Compounds of series B (Table III) were synthesized
from N-phenethylamides of type V (Scheme II). 3,4-
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SO,CH(CH,), SO,CH(CHs),

V. Rt=CH, VI, R?=CH, or
R + Rz=-CH,-

g
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SO.CH(CH,),

VII, R*==H
VIIL, R*=CH; or COCH,

Dihydroisoquinolines (VI) were obtained by Bischler-
Napieralsky eyelization of V with POCI; in benzene,
These were further reduced with NaBH, to 1,2,3,4-te-
trahydroisoquinolines (VII).  N-Methyl derivatives
(VIII) were prepared by the formaldehyde~formic acid
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THIOCRESOLS, ACIDS, axo AcIn CHLORIDES
Yield. Bp (min) or Recryvein
Intermediate Method " mp, snlvent Farmuin Analyses
p-lospropylthiocresol (a) A 84 H6-97 (14) Crll = ¢, R
p-Methylthioeresol (b)* A 84 889014 (I TS C, 1R
o-Iropropylthiocresol (¢)” A 86 D595 (14) CiH S ¢, 11, %
m-1sopropylthiocrescl (d)e A 94 1041071 14) (Toll g™ 0 R
p-Isopropylzuifonylbenzoic B 80.H 1021403 1.0 Crdla)S O, H, =
acid (e)
p-Methylsunlfonylbenzote B %0 274-276 H.0 CulliOgs R
actd (f)
o-Isopropylulfonylbenzoie 3 \ 2103 11,0 Crl TOgR Corls
actd (g)
m-Isopropylsulfonylbenzoic B () 131-134 1102 Cal 1L, OgS (SR
acid (h)
p-Tsopropylsulfonylbenzoyl C 83 N3-80 Celfgperr Crd 10 CHOS ¢, H,CL R
chloride (1) eller
p-Methylsulfonvlbenzoyl C ColT;CHORR
chloride ()
o-1sopropylsulfonvlbenzoyl ¢ CilTnClogs
chloride (k)
m-Isopropylsulfonylbenzoyl « CrlInCHOgS

chilortde (1
» Prepared from p-thiocresol and Mel.
employed withont pirification.

method.” Treatment of the dimethoxy compounds VI
and VII with HBr-AcOH gave the corresponding 6,7-
dihvdroxy analogs (29, 30, Table III).

Pharmacology with Special Assessment of 3 and 25.
(a) Muscle-Relaxing Effect.——\uscle relaxation wag
determined by measuring impairment of postural and
righting reflexes in six mice (female, 19-21 g) per dose
using a zlowly rotating horizontal metal rod. The 509,
effective dose (ED;) was the dose which caused suffi-
cient relaxation to reduce by half the time the animal
could maintain its position on the “rotating rod.”
An estimate of the lethal dose (I.Dj0) was obtained
using one mouse (female or mule, 18-22 g) per dose.
The ratio LD;/ED;e gives an estimate of the thera-
peutic range in this acute test.

Tables IV and V show that of the 33 compounds
tested, 13 exert w more or less pronounced musele-
relaxing activity in the doses tested. The activity is
much weaker than that of diazepam, and the thera-
peutie range is smaller.  In general, the effect was ob-
tanred after 30 min and lasted for about 3 hr. Com-
pounds 3 and 25 were particularly active; but because
of its higher acute toxicity, the therapeutic range of 25
ixsmaller.  The muscle-reluxing effect was confirmed in
the eat (female and male, 2-3 kg). Thirty minutes
after oral administration of 100 mg/kg of preparation
3 or 25, muscle relaxation became apparent and was
marked after 1 hr.

(b) Sedative Effect.—Preparations with hypuotic~
sedative properties also curtail the time a mouse can
remmain on the rotating rod. In the two compounds,
3 and 25 producing the most marked muscle relaxation,
nmore detailed studiex excluded the possibility that a
recdative effeet was responsible for the musele relaxation
becanse they did not potentiate subthreshold doses of
etlhanol (Table VI). Sedation was obtained with 3
ouly i the high oral dosge of 300 mg kg and with 25
in a slightly lower dose.

(7)1, T. Clarke, 11. B. Gillespie, and 8. Z. Weisshaus, J, Am. Chem.
Sae., BB, 1571 (9331,

b From o-thiocresol and i-Prl.

- From m-thioeresol and (-Pri.  * These woere furcher

(¢) Anticonvulsant Effect.—1n the electroshock test
in the mouse, 3 and 25 showed anticonvulsant proper-
ties both for threshold convulsions (minimal shoek) and
maximal convulsions (maximal shoek).  Table VII
shows that the relatively potent effeet of 3 against max-
imal electric shock in the mouse (indicating effiency
against grand mal type seizures) could be confirmed in
the cat. Thig was not so for the weaker 25.

At a dose of 300 mg/kg pe preparation 3 gave full
protection against couvulsions produced by intra-
venous injection of pentyvlenetetrazole;* o tonic ex-
tension of the hind limbs oceurred 1 ten mice (femuale,
19-21 g); with 100 mg/kg po, almost twiee the pentyl-
enetetrazole dose had to be infused. According to the
classieal method, 7.e.. after intraperitoueal injection of a
lethal concentration of pentylenetetrazole in batches of
ten mice per dose (female and male, 23-25 g), 0% sur-
vival was attained with 450 mg/kg po of 3. Thus a
clear antagonism against pentylenetetrazole effects was
obtained only at gedative doses as referred to above.

After only 30 mg/kg po of 25, twice the peutylene-
tetrazole dose was required to produce tonie extension
of the hind limbs.  Using the classical method of intra-
peritoneal injection of a lethal coneentration of pentvl-
enetetrazole (ten mice per dose), 509 survival was
obtained only with 230 mg/kg. This dose 1= also in the
runge of incipient sedation,

(d) Effect on Blood Pressure.-—Apart from a slight
initial hypotensive effect of 3 mg/kg iv of 25 in anes-
thetized cats (female and male, 2-3 kg) and v similar
effect at un oral dose of 30 mg kg in the nonanesthetized
hypertensive rat, the blood pressure was not noticeubly
affected by oral doses of up to 50 mg/kg of 3 and up
to 100 mg kg of 25, cither under the above-mentioned
conditions or it the unanesthetized eat with carotid
artery loop (van Leersuin).

(8) Method hased on hbac ol . A, Swinyard, W. (!,
Goodman, J. Mo maeol. Exptl, Therap., 106, 319 (1957),

) Method based ou that of M. 1. Orloff, 1I. L. Williams, aud ¢, ¢,
Preiffer, I'roc. Soc. Exp. Bid. Med., 70, 254 (1049),

Brown, and 1,. =,
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0-, M~, AND P-ALKYLSULFONYLBENZAMIDES
/R
CON
R,
SO,R
Position
of alkyl-
sulfonyl Yield, Bp (mm) or Crystn
No. R NRiR: grolip % mp, °C solvent Method Formula Analyses
1 CH(CII;), N, D 65  168-170 EtOH C1oH 13N O53 C, H, N, 8
: CH(CH;), NHCH; v 70 128-132 EtOH- D CyHiNOsS C H, 3
Et.0
3 CH(CHjs). NHCH(CH;): p 82  136-138 EtOH D CiuHRNOS C H S
4 CH(CHs;), NHCH(CHj;), n 41 122-124 Et,O-petr D CpHiNOsS C,H s
ether
b} CH(CH;), NHCH(CHj;) 0 ~25 115-117 CesHgpetr D CiHisNOSS C H,8
ether
6 CH(CH;); N(C:H;). P 62  120-131 EtOH D CullyNOsS C,H, N, S8
7 CH(CHjs), N(C;Hs). 0 35 88-90 Et;O-petr D CuHaNO;8 C H, 8
ether
8 CH(CHs;), NHCH,CH=CH, P 71 126-127 CesHs D CiHuNOsS C H, S
9 CH(CHj;), NHCH,CH,OH P 61  106-107 EtOH- E CpHuNOS C, H XN, S
Et,0
10 CII(CH;), NC(CHs)s P 68  149-151 EtOH D CuHyNOS C, H,8
11 CH(CHj), NH(CH;),N(CoH:), P 44  207.9(0.04) Cyl 15N O58 C, H, N, ]
12 CH(CHj;), N\ > P 55 150-132 EtOH CulIgNOsS C, 1L N, S
13 CH; NHCH(CH3;), P 84  185-187 EtOH D CyHiNOsS C, H, N, 8
14 CH; N(C:H)e P 61 67-69 Et;O-petr D CpH;NOsS C I8
ether
OMe
15 CH(CHj;), NH(CHM—O_OM(! P 49 98-99 7-PrOH- E  CulluNOS C. H S
7-Pr,0
oy
16 CH(CHy) chaz,z—{}o P 44 145-147 EtOH E  CpHaNOS C I N, 8
17 CH(CHs;), NHCHCl-p P 65  205-206 EtOH D CiHieCINO;S C. HCL S8
18 CH(CH;), NHCH;-3,4-Cl, P 54  244-246 Me,CO Dt CigHi;CLNO,S C, I, Cl,N, 8
19 CH(CHj3;). NHXNH. P 98  182-184 H.0- CioHiN:058 C,H, N, 8
EtOH
20 CH(CHs;), NHNHCH; P 75 120-122 C¢H¢—petr CiiH16N058 C,H 8
ether
21 CH(CHz)z NHNHCH(CHz)z ¥ 81 119-121 CeHe—petI‘ CmII:aN:OgS C. II. S
ether
22 CH(CHj;), (CONR:iR: = H) 70  153-155(14) CiH20:8 C IS
23 (SO:R = NHCH(CHj3;). 62 98-101 H.O Ciot1sNO C, H, N
H)
24 Cl NHCH(CH;), P 40  142-145 CeHe CoH:CINO C, 1, Cl

@ The reaction was carried out below 0°,

(e) Analgetic Effect.— “Writhing”’ (pain produced in
the mouse by intraperitoneal injection of dilute AcOH)
was not significantly reduced by either 3 or 25, in
groups of four animals at various dose levels,

Experimental Section

Melting points and boiling points are uncorrected. Where
analyses are indicated only by symbols of the elements or func-
tions, analytical results obtained for those elements or functions
were within £0.49 of the theoretical values. Analyses, yields,
melting points, boiling points, and other relevant data are re-
corded in Tables I-III.

Method A. p-Isopropylthiocresol or p-Thiocresol Isopropyl
Ether (a).—To an EtOH solution of NaOEt prepared from Na
(23 g, 1 g-atom) and absolute EtOH (600 ml) was added dropwise
with stirring p-thiocresol (124 g, 1 mole). The mixture was stirred
for 1 hr at room temperatnre and then 7-Prl (170 g, 1 mole) was

® The reaction solvent was CeHe.

added drop by drop with stirring and maintaining the tempera-
ture of the reaction below 30° during addition. After refluxing
the mixture for 3 hr, the solvent was distilled off under reduced
pressure. The resulting residue was decomposed with H:O
(300 ml) and extracted (Et.O, three 150-ml portions). The
combined etheral extract was washed (H.O, 109, NaOH, H:O,
109, H.804, H.0). After drying (Na.SO,) the ether was evapo-
rated to dryness to give a yellowish oil which was distilled in a
high vacuum.

Method B. p-Isopropylsulfonylbenzoic Acid (e).—A mixture
of p-isopropylthiocresol (49.8 g, 0.3 mole), KNnQ, (190 g, 1.2
moles), 109, NaOH (30 ml), and H,O (1.5 1.) was reflnxed on an
oil bath for 3 hr. After cooling, the reaction mixture was de-
colorized with 409, aqueous NaHSO; (1.5 1.) and filtered. The
residue was washed (H,O) and the washings were combined
with the filtrate, which on acidification with concentrated HCI
gave a white crystalline precipitate.

Method C. p-Isopropylsulfonylbenzoyl Chloride (i).—p-
Isopropylsulfonylbenzoic acid (10 g) was mixed with dry THF
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TansLy 111
I-[p-( IROFROPYLSITLFONY L)PRENYL|1R0QUINGLINES
RO RO
R0 #N RO NRe
SO,CH(CH;). SO,CH(CH,),
A VII or VIII
Yiefd,
No. Type 1 Ry ¥ “ Myp, 7€ Crystn selvend I ormuli Aunlyses
25 vVl CH, Gl 98 1H6-166 1StOAe Coal 1oy N Og= C, I, =
26 VI CH; Clly 11 706 FEH~1106 FtOAe Clapf 1N Q= [GARE
27 VIII CH, Cll, CIl, o8 232235 L1011 CollNOR&-11ICI ¢, R
28 VIT CII; Cll, COCH;, N1 IRI-182 E1011 Cay g NOS 1, N
200 Vi 11 11 71 320-1323 BtoH CillalNOSK - TIBr ', 11, Br, 8
dec
30 Vil 11 11 11 HY 135 dec LO11 CillaNOS 1, N, N
Sl vVl -CHy S 195195 KtOA¢ CullWNON o, 10, R
52 V1l ~Cll- 1 w4 123126 E1OAc-petr Cral LN O O, 1, =
ether
SR V11 -CHa- Tl SO 173174 MeO1 CalHasNOS 11 0, Cl
21,0
« Hydroehloride or hydrabromide,
TasLe IV TaBLE \
Acrre Toxierry anp MuscLe-RELaxINg EFFecT. Acvte Toxiciry anxp MuscrLe-ReLaxina E¥rFEcT.
0-, =, AND P-ALKYLRULFONYLBENZAMIDES I-[p-(I3OPROTYLACLFONYL)PHEN YL] IROQCINOLINES
Dara- Onsel Darn-
Approx Onset ol tion of F s, Approx of Livan ol
LDy, E g, Lhierap effect, effect. LDy, mg, ke thiera offecl,  etfect,
No, mg/ kg po mg,/ kg po ra1io min hir No. mg/ kg po po ratio min lLir
I 2500-5000 >300 Inntetive ~60 20 B3O 30 10 30 3
2 600--1200 200 B) B30 b 1250 =¢) (20 =¢) 10y (50} "
3 1250~2500 BN) 39 30 ) 26 500600 > 100 Innetive
4 1250-2500 1H0 IO 30 2 27 300--600 >300) Sioactive 30
D 120502500 >300 S oetive 30 28 >H000 >300 Inactive 50
[§) 12502500 200 10 50 4 24 >H000) >1300 Inactive
n 20-40 >0 Inactive 50 25005000 > 360 Inactive
R GO0-1200 100 10 30 B B 600-1200 170 N 30-60 2
0 2500-H000 >300 Sacrive 60 2 150300 > 100 Innetive
10 2500-5010 110 N 30 3 BB 6001200 >300 Sactive 60
Il 1250-2500 >300 Inpctive ~30 Dinzepim 700 4 175 30 >4
i2 1250-2500 >300 Sl active 60
I3 2500-5000 200 20) 60 b Tanne V1
4 06001200 >300 Iunctive R o . § .
05 5000 5400 Innetive POTENTIATION OF THE SEbATIVE EFercer or litinaNons
16 > 5000 >1300 Inaetive l“'"f' eorresponding
- . . to IDscon rolnling Min
1T >5000 120 >40 60-120 4 N rod? recamlsent
N ‘ >.)()(.)() >300 lmu@ve 5 55 mg/ke po )
19 300600 > 100 Inactive 95 30 mg/kg po y
20) 12502500 300 6 60 3 - ) o L
" G08-1200 230 5 30 3 :' 3.0 g/kg ip in ten ntice encl (male, 18-20 g).  *See Table
22 2300-5000  >300 Inactive  ~30 IV and v
23 6001200 > 100 huietive ~30
24 1250-2500 190 10 30 2 TanLn VI

(25 wml) and freshly distilled SOClL (15 ml) was added to the
mixture.  After standing at room temprature for 0.5 hr, the
mixture was refiuxed for another 0.5 hr: excess SQOCl: was dis-
tilied nuder rednced pressure and by codistillation with benzene.
The resuiting brownish solid was dissolved in CgHg (200 ml),
retinxed with charcoal (2 g) for 30 min, and filtered and the
flirate was evaporated to abont 50 ml. By addition of petroleum
ether (bp 60-80°) nutil turbid and cooling overnight a grannlar,
calarless erystalline solid was obtained.

Ethyl p-Isopropylsulfonylbenzoate (m). Method i.—The
ernde acid chlaride prepared from  p-isopropylsnlfonylbenzoic
aeid (30 g) was treated with EtOIT (200 ml) and gradually heated
ta reflux for { hr. The alcohol was distilled nnder reduced

5000 ProtEeTivis Dosi N tHE ELEeTROSCH0CK Tlst

e 1 m, mg s kg po-

Manse s

Mia Max
No. shoek shock Cag®
3 230 70 25
25 100 200 250

* The 309 protective dase 1= (hat wiich rises the convilstve
threshold by 5090 in eats,

pressure and an oily restdue obtained fromm which a fraction
distilling at 154-156° (0.04 mm) was separated as the desired
es(er; wvield 23 g.
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Method it.—p-Isopropylsulfonylbenzoic acid (30 g), EtOH
(200 ml), and concentrated H,804 (15 ml) were refluxed together
for 5 hr. After distilling the solvent under reduced pressure,
the residue was treated with a mixture of CH,Cl, (100 ml) and
H,O (50 ml). The CH,Cl; solution was once again washed
(H,0) and dried (Na:SO4), and the solvent was removed by
distillation. The residual oil was distilled in a high vacuum,
giving a product identical with the above; yield 28 g. Anal,
(CieH:16048) C, H, 8.

p-Isopropylsulfonylbenzamide (1).—p-Isopropylsulfonylbenzoyl
chloride (crude) prepared from p-isopropylsulfonylbenzoic acid
(20 g) was mixed with 2897, NH,OH (30 ml) and the mixture
warnted on a water bath for 30 min. The reaction mixture was
then diluted (H;0, 200 ml) and the resulting solid was collected
by filtration. It wag dissolved in EtOH, treated with charcoal,
and filtered. The filtrate on cooling gave needles.

Method D. p-Isopropylsulfonyl-N-isopropylbenzamide (3).—
To a sclution of p-isopropylsulfonylbenzoyl chloride (37 g, 0.13
mole) in dry Et;O (250 ml), was added with stirring a solution
of isopropylamine (120 g, 0.75 mole) in dry Et;O (200 ml) drop
by drop, maintaining the temperature of the reaction mixture
during addition below 15°. After the addition was complete,
stirring was continued for another 2-3 hr below 20° and then the
solution stood at room temperature overnight. The white solid
was collected by filtration, washed (Et.0), and dried. It was
then mixed with H.O (800 ml), thoroughly stirred, filtered, and
recrystallized.

Method E. N-(2-Hydroxyethyl)-p-(isopropylsulfonyl)benz-
amide (9).—This reaction was carried out in THF instead of
ether nnder identical conditions as for 3. THF was removed
and the gummy residue was treated with CH,Cl, (200 ml), the
CH,C!y solntion was washed with dilute HCI (25 ml 1 ¥),
dried (N2as80,), and evaporated to dryness, and the gummy
product crystallized.

N-[2-(Diethylamino)ethyl] -p-(isopropylsulfonyl)benzamide
(11).—At the end of the reaction of p-isopropylsulfonylbenzoyl
chloride and diethylaminoethylamine carried out in Et.O under
identical conditions as for 3, ether was evaporated to dryness.
The residue was treated with 1 & HCI and Et.0. The acidic
solntion was separated, made alkaline with 2897, NH OH, and
extracted (Et:0). After washing (H;O) and drying (Na,SO;)
ether was evaporated to give a thick oil, which was distilled
under high vacuum. The oxalate prepared in ethereal solution
was recrystallized from EtOH-Et:0, mp 116-118°. Anal.
(CmHzeNzO:;S'HzCzO«}) C, H, N. S

p-(Isopropylsulfonyl)benzhydrazide (19).—A mixture of the
stoichiometric proportions of ethyl p-isopropylsulfonylbenzoate
(44.0 g) and hydrazine hydrate (44.0 g) was heated on a water
bath at 80-100° for 2 hr. Then the reaction mixture was cooled,
diluted with H,O (30 ml), and filtered. The solid was washed
(H»0), dried, and recrystallized.

p-(Isopropylsulfonyl)-N’-methylbenzhydrazide (20).—Stoichio-
metric proportions of ethyl p-isopropylsulfonylbenzoate (10.0 g)
and methylhydrazine (10.0 g) were initially warmed together at
80° in the presence of EtOH (10 ml) for 1 hr and then refluxed
for 3-4 hr. The pale yellow clear solution was evaporated under
reduced pressure, and the residue was dissolved in C¢He (30 ml),
treated with charcoal, and filtered. To the filtrate was added
petroleum ether until twrbidity developed and on cooling a pale
yellow solid was formed. The hydrochloride was prepared in
EtOH; white crystalline salt, mp 240-243°. Adnal. (CuHie
N,0;8-HCI) C, H, Cl, S.

N’-Isopropyl-p-(isopropylsulfonyl)benzhydrazide (21).—p-
(Isopropylsulfonyl)benzhydrazide (30.0 g) in Me,CO (300 ml)
and absolute EtOH (300 ml) was hydrogenated (PtO,, 300 mg)
until no more H, was taken up (24 hr). The catalyst was removed
by filtration, and the filtrate was evaporated to dryness under re-
duced pressure, to give a solid residue which after treatment with
chareoal in C¢Hs and addition of petroleum ether to turbidity gave
colorless crystals.

p-Chloro-N-isopropylbenzamide (24).—p-Chlorobenzoy! chlo-
ride (crude) obtained from p-chlorobenzoic acid (31.3 g) was
dissolved in C¢Hg (100 ml) and to the resulting solution iso-
propylamine (40 g) in C¢Hg (50 ml) was added dropwise with
stirring under 10°. After stirring for another 2 hr at room tem-
perature, the solvent was evaporated to dryness. From the
residual golid a neutral fraction was isolated by extraction as the
desired product.

1-[(p-Isopropylsulfonyl)phenyl] -6,7-dimethoxy-3,4-dihydro-
isoquinoline (25).—To a suspension of N-(3,4-dimethoxy-
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phenethyl)-p-(isopropylsulfonyl)benzamide (25 g) in C¢H¢ (250
ml) was added cautiously at room temperature POCl; (25 ml)
and the mixture was gradually refluxed for 3 hr. From the clear
solution, a yellow precipitate separated out. The solvent was
removed by distillation under reduced pressure. The residue
was carefully dissolved in MeOH and to the methanolic solution
Et,0 was added until turbidity developed and a yellow crystalline
solid was formed, mp 225-226°. Anal. (CyHsNOS-HCI) C,
H, Cl, 8. This was dissolved in HO and made alkaline with
NH.OH, when a colorless solid precipitated out.
1,2,3.4-Tetrahydro-1-[( p-isopropylsulfony!l)phenyl] -6,7-dime-
thoxyisoquinoline (26).—NaBH, (5 g) was added in portions
with stirring to 3,4-dihydro-1-(p-isopropylsulfonyl)phenyl-6,7-
dimethoxyisoquinoline hydrochloride (10 g) in MeOH (100 ml)
at a temperature below 10°, After the addition was complete,
the reaction mixture was left standing overnight at room tem-
perature, the solvent was removed by distillation under reduced
pressure, and the residite was treated with CH,Cl, (100 ml) and
dilute HCI (150 ml, 1 N). The acidic solution was separated,
made alkaline with 289, NH:OH, and extracted (CH.Cl).
After washing (H.O) and drying (Na,80;), CH,Cl; was removed
to give a colorless oil which was recrystallized. The hydro-
chloride was prepared in EtOH, mp 238-239°. Anal. (Coy-
HNOS-HCI) C, H, Cl, 8.
1,2,3,4-Tetrahydro-1-[p-(isopropylsulfonyl )phenyl] -6,7-dime-
thoxy-2-methylisoquinoline (27) and Hydrochloride.—1,2,3,4-
Tetrahydro - 1- [(p-isopropylsulfonyl)phenyl] -6,7 - dimethoxyiso-
quinoline (15 g), formic acid (15 ml, 999), and formaldehyde
(22,5 ml, 409,) were mixed together and heated at 100° for
3 hr. The mixture was then evaporated under reduced pressure
and the resulting residue was treated with dilute HCI (75 ml, 1
N). This was washed (Et,0, 50 ml), made alkaline with 28¢
NH,OH, and extracted (CH:Cl;). Afterwashing (H.0O) and drying
(Na:S04), CH.Cl: was removed by distillation under reduced
pressure when a yellowish o1l was obtained. The hydrochloride
was prepared in Et;O and recrystallized.
2-Acetyl-1,2,3,4-tetrahydro-1-[p-(isopropylsulfonyl)phenyl] -
6,7-dimethoxyisoquinoline  (28).—1,2,3,4-Tetrahydro-1-[p-(iso-
propylsulfonyl)phenyl]-6,7-dimethoxyisoquinoline (10 g) was dis-
solved in pyridine (40 ml) and to the clear solution Ac,O (40 ml)
was added at room temperature. The mixture was allowed to
stand overnight, the excess pyridine and Ac:0 were removed
by distillation, and the residue (a brown oil) was decomposed with
ice-cold H.O (60 ml). It was then extracted (CH,Cl,) which after
washing (H.O, dilute HCl, and H.0) again was dried (NaSO,)
and evaporated to dryness under reduced pressure. The result-
ing residue was recrystallized.
3,4-Dihydro-1-[p-(isopropylsulfonyl)phenyl]-6,7-isoquinoline-
diol Hydrobromide (29).—1-[(p-Isopropylsulfonyl)phenyl]-6,7-
dimethoxy-3,4-dihydroisoquinoline (5 g) was mixed together
with glacial AcOH (25 ml) and HBr (20 ml, 609,) and the
mixture was refluxed for 7 hr and then evaporated to dryness
under reduced pressure. The residual solid was treated with
EtOH (25 ml) and filtered. The filtrate was discarded and the
solid was recrystallized.
1,2,3,4-Tetrahydro-1-[p-(isopropylsulfonyl )phenyl] -6,7-iso-
quinolinediol (30).—1,2,3,4-Tetrahydro-1-[p-(isopropylsulfonyl)-
phenyl]-6,7-dimethoxyisoquinoline (11 g) was mixed with glacial
AcOH (60 ml) and HBr (80 ml, 609%) and heated at 12>° (bath
temperature) overnight. It was then evaporated under reduced
pressure and the residue was dissolved in dilute HCI (75 ml, 1 &).
The acidic solution was made alkaline (NH,OH) and extracted
(CH,Cly). After washing (H:0), drying (Na,SQ4), and removing
the solvent, the residue was recrystallized. The hydrochloride
was prepared in EtOH; mp 165-170° dee. Anal. (CisHy-
NOS-HCI)C, H,Cl, N, 8.
3,4-Dihydro-1-[p-(isopropylsulfony! )phenyl] -6,7-( methylene-
dioxy)isoquinoline (31 ).—To a suspension of p-(isopropylsulfonyl)-
N-[(3,4-methylenedioxy )phenethyl]benzamide (95 g) in CsHg
(950 ml), POCI; (150 ml) was added at 20° and in about 15 min.
The mixture was then gradually reflnxed for 4 hr, during which
time a clear solution turned out into a suspension. After cooling,
the solid was collected by filtration and dissolved in H:O (800
ml) and the acid solution was made alkaline with 28¢, NHOH
and extracted (CH.Cl:). After washing (H.O) and drying (Na,-
804), CH:Cl: was removed under reduced pressure to give a
solid. The hydrochloride was prepared in EtOH; mp 245-248°
dec.
1,2,3,4-Tetrahydro-1-[p-(isopropylsulfonyl)phenyl] -6,7-meth-
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ylenedioxyisoquinoline (32).—To a suspension of 3,4-dilvdro-1-
[p-(isopropylsulfonyl)phenyl| - 6,7 - (niethylenedioxy jisogninoline
(70.8 g) in EtOH (500 mi) was added at room temperatire with
stirring NaBll, (23 g) in portions and the mixture was heated
aar g water bath (90°) for 5 Iir. The solvent was then removed
and the restdne was (reated with dilunte TICI (3.5 1, 0.5 ) and
filtered. The filtrate was made alkaline with 28¢; NH.OH and
extracted (CH.Cly), and the latter was washed (H.0)), dried
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(N80, and removed la give a viscans oil. 'The hydrochlorid ¢
wits prepared i B1OH: np 267-260°.

1,2,3,4-Tetrahydro-1-| p-(isopropylsulfony! )phenylj-2-methyl-
6,7-(methylenedioxy )isoquinoline Hydrochloride (33)..- 1.2,3,.1-
Tetrahydro- 1 - [p-(soprapyisulfonyDphenyl] -6,7- (methylenedi-
oxy soguinoline (10 g), formie actd (10 mil, 993, and formalde-
hade (15 ml, 40¢7) were ullowed 1o react and (e reactica jradne:
was tsalated exacrly i the same way ax far 27,

The Synthesis and Pharmacology of 2-(2-Aminoethyl)imidazole (2-1sohistamine)’

. ¢ Korarewn, Lora Worr, T. M. Liy, axv 1. H. SLaren
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The eomponnd prepared by Jones, which was assigited the strunetire 2-(2-uminoethyl)imidnzole (3), is actually

H-aminomethyl-2-methylimidazole (14).

Atthentic 3 has been synthesized from [-henzyl-2-¢chlorontetliylimnida-

zole (7) by cyanide displacement in DAISO to yield nitrile 10, followed by rednction to the amine 12 and de-

benzylation.

Reaetion of 1-benzyl-2-lithioimidazole (15) with N-(2-bromoethyl)phthalimide (16) gave 2-(2-

aziridinocarbonylbenzoyl)-1-benzylimidazole (19) rather than the expected alkylation product 17. Compound 3
has weak histamine-like activity on smooth muscle and on blood pressure bint ncaie on gastrie secretion.

Extensive investigations on  the chemistry and
pharmacology  of heteroeyelic analogs of histamine
(1) have been in progress in these laboratories for more

NH HN—Y
’— )—CH.CH.NH, L>——CH._.CH!I\‘H.l
& _
1 2

than two decades.? Az a result of these studies 3-(2-
aminoethyl)pyvrazole (2)* has been introduced into
clinieal mediceine.  Thig drug, which is an effective
stimulaut of gastric secretion, ix used in place of
histamine in tests of gastric function. Because of its
minimal side effects it is more convenient to use than is
histamiie itself.

Recently Jones' has reviewed the structure-activ-
ity relationshipg of some 210 derivatives and analogs
of hixtamine aud has coneluded that “‘compounds pos-
gessing appreciable histamine-like activity consist of
small nitrogen heterocyelic rings to which are attached
2-aminoethyl side chains.”  Among the very few ex-
ceptions to this simple generalization, one has appeuared
espectally anomalous. It would be anticipated «a
priori that one of the most interesting analogs of hista-
mine would be the isomer, 2-isohistamine (3), with the

{11 Aller 1lis manuseript was compleced an independent synthesis of
2-ispldstuinine was reported in a preliminary commanication by G. J. Dur-
anl, M. I Foottit, C. R. Ganellin, J. M, Loynes, 1. R, Pepper, and A. M.
Ree, Chene. Commwe, 108 (1968).

(2 () R, (i Jones, J. Amer. Chem. Soc., T1, 383 (1944): (b) tad., T1,
3000 710491 (e) ihid., T4, 4207 (1952); (D) R. C. Jones, I. C. Kornfeld,
and K. C. Mclaughlin, ibid., T2, 3b39 (1950); (e) ibid., T2, 4526 (1950);
¢) R. Ct. lones and M. J. Mann, ibid,, T8, 4048 (1953); (g) R. G. Jones and
K. C. MceLawghlin, id., T1, 2444 (1949): (1) R. G. Jones and K, C.
MeLaughdin, J. Org. Chem., 19, 1428 (1854): (1) H. M. Lee and R. . Jones,
J. FPhormacol, Exp. Fher., 98, 71 (1949); (j) T. M. Lin, R. 8. Alphin, F. G.
Hendersan, and K. K, Cleu, /41d., 184, 88 (1961); (k) T. M. Lin, R. 8.
Alrddn, F. ¢ llenderson, 1), N. Benslay, and K. K. Chen, Anrn. N. Y, Acad.
Nei.. 99, 30 €1962); (1) T. M. Lin, F. G. Henderson, K. K. Chen, and D). N.
Benslay, 7'me. Ddern. Plarmaed. Meeting, 1st, Stockholm, 1961, T, 351
aAn62y: (ml C, Ainswordl, J. Ames. Chen. Soc., T8, 5728 (1953); (n) ibid.,
78, 5242 (1947): (o) C. Ainsworth and R. (1. Jones, 1bid., T5, 4915 (1953}
Qb T8, 3172 (10541 (q) Thid., T, 5651 (10541 (r) dbid., TT, 621
110551,

«3) 1lisialog®, betazole hydrocldoride, Lilly. ¢, B. Claymun. J. B.
Kirsner, and 11, Ford, J. Amer. Med. Ass., 178, 908 (1981).

1) R. (i Jones in 'Nandbook of Fxperimeulal I'harmacology,” Vol
NVILLAL, Springer-Verlag, Berlin, 1068, Claper 1.
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sicde chain in the 2 rather than in the 4 position.  This
compound wax reported from these laboratories in
1949,%* but unexpectedly it was found?® to be devoid of
histamine activity., In contrast to this ob=ervation,
heterocvelic ethylamines containing the 3-(1,2,4-tri-
azolyl) (4),% 2-thiazolyl (5), and 4-pyrazolyl (6) moie-
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ties showed very significant activity,!  This inconsis-
tency was without an explanation wntil recently Gut-
sche and Voges® provided evidence that the structure
assigned to analog 3 was incorrect.

The method devised originally by Jones*® for the syn-
thesis of 3 involved reaction of 1-benzyvl-2-chloromethyl-
imidazole (7) with cyanide to vield 1-benzvl-2-cyvano-
methylimidazole (10). The nitrile 10 was then to be re-
duced to the g-aminoethyl derivative 12, which on de-
benzylation would afford ‘2-isohistamine” (3). Guit-
sche showed by nmyr analysix that the nitrile isolated in
the procedure of Jones was in fact not 10 but rather the
isomer 11 (see Chart I).  Thix meant that subscquent
reduction gave 13, not 12, and debenzylation led to -
aminomethyl-2-methylimidazole (14) rather than ta 2-
isohistamine (3).  Since 14 ix a benzylamine and not an
aminoethyl derivative, it is not surprising that it showed
no histamine-like activity.

Although the rearrangement that occurred in the ev-
anide reaction with the chloride 7 to yield 11 wis unex-
pected, it is not without explanation or precedent.  Ion-
ization of 7 would give the resonance hybrid [8a < 8b].
which with eyanide ton could react at either the “nor-
mal”’ benzylic position or at the 5 position to give the
nitrile 10 or its isomer 11, respectively.  Analogy for
this dichotomy is found in the similar behavior of fur-
furvl chloride, which with evanide gives either 2-cyano-

1 Co D Gasele pl )L Vigos, S Org. Clenc, 32, 2085 110670,
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