630 INOBAYASHI, SPANDE, AOYAGIH, AND WiTKOD

—132°%; wuwx 3353, 3290, 1751, 1730 ish), and 1718 cn~L. Anal.
(CaH0.CL) C, H, CL
63-Chloro-16-methylene-17 o-hydroxy-4-pregnene-3,20-dione
17-Acetate (21).—To a slurry of 7.8 g of CrO; in 78 ml of
pyridine at 15° was added 19 (7.8 g, 0.0171 mole) in 78 ml of
pyridine. After 42 hr at room temperature, the reaction mixture
was added to 1.6 1. of ice-water and 160 ml of concentrated I1CI.
The crude product obtained by CH.Cl; extraction was chromato-
graphed on 700 g of silica gel (100-200 mesh). Elution with
Et,0-CeHiy (3:7) afforded 3.38 g of 21. Crystallization from
Et.O yielded 2.25 g (31.5%); mp 145° dec: [a]b —110%; Ao
240 mu (e 15,000) [lit.® mp 151-153° [a«]®Dp —113° 1¢ 1.0,
CHCl;), Muax 240 mu (log €4.18)]; mmnr, 6§ 4.74 (6-H, t, Juuoy =
J it = 2 Hz), and 5.88 (4-Hj ppu.  Anal. (CoHpuO,CD C,
H, CL
3-Ethoxy-6-chloro-16-methylene-17 o-hydroxy-3,5-pregna-
dien-20-one 17-Acetate (22)-—To a solution of 21 (5.76 g,
0.0137 niole) in 115 nil of dioxane was added 1.72 ml of IEtOH,
17.2 ml of triethyl orthoformate, aud 17.2 ml of a solution of
H.80~dioxane (1:19).  After 15 min at 25°, 35 ml of pyridine
was added, and the solution was concentrated to a thick paste i
vacuo.  Addition of 10 ml of MeOH aud cooling at 7° gave
crystalline 22, 4.32 g (70.29,), mp 173° dee, [alp —234° N
252 mu (e 21,650) [lit.** mp 177-178° [a]®p —238° (¢ 1.0,
CHCl3), Myax 201 mu (log €4.55)].  Anal.  (CyuHs:0.01) C, 1, CL
6-Chloro-16-methylene-17 o=-hydroxy-1,4,6-pregnatriene-3,20-
dione 17-Acetate (23).—A solution of 22 (11.34 g, 0.0254 nwle)
in 1.14 1. of CsHs was added to 17.30 g (0.0762 mole) of DDQ in
1.14 1. of C¢Hs and stirred at 25° for 6 hr.  The reaction mixtire
was filtered, and the filtrate was evaporated (o a residae (n vacuo.
The residue was dissolved in 3 1. of [StOA¢-Loe:0) (1 1), which was
wished with 19, NaOH, then with H.O, dried {MgRO,), and
evaporated to a residiie. Since the prodaet appeared by tle
[silica gel, CHCl~EtOAc (9:1)] to be a mixture of approximately
4 parts of Alitétriene to I part ol Att-diene, dehyvdrogenation
was carried ouat agaiu, as follows. The prodact (10.56 g) was
refluxed in 525 ml of dioxane with 5.72 gof DDQ for 4 hr.  Ivap-
oration @ vacuo gave a residae to whieh was added 500 ml of
Cglls. The CeHg solution was separated fromn insolubles and
evaporated in vacuo to a residue which was taken up in EtOAc-
Et,O and washed as previously described. Evaporation of the
solvent gave a crude prodact, 10.5 g, and two crystallizations
from MeOH yielded 23: 5.39 g 151¢.): mp 220° dec: [a]p
—173%; Amax 228 mu Te 10,8300, dl ne 233, 258 {10,450), 207
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-—=217% 1e 1.0, CHCL);
Anal. (CoHlau-

1,080) [lit.® wmp 228-230%; [al*D 7
Amax 220 mu flog € 4.01), 258 (4.001, 297 14.03)].
0,CH ¢, 1. CL

1e,2¢-(4,3,1-Pyrazolino)-6-chloro-16-methylene-17 «-hydroxy-
4,6-pregnadiene-3,20-dione 17-Acetate (24).---Tuto a solation of
6.0 g of 23, in 60 ml of CH.Cly, maintaived at approximately 4%,
wax distilled 604 ml of mn 16O solatiorcof CHLN, [prepared Trom
Dist N-nethyl-N-mitroso erephthalamide by addiug (o 96 g of
EXR-101* snspeaded i 1.2 1 of 1660 and 192 ml of T1.0),
solation of 4% g of KOH, 102 ml of EtOI, aud 96 ml of 11,07,
The elosed reaction Hask was then allowed (o renmin w0 247 for
48 hire Excess CHoNL was cemoved by oair entraitaaent.  An
additional 6 g ol 23 was simitlarly allowed (o react with CHLN,
and the combined renetiow peodinets were claomarogrgphed on
sthee gel 112000 064, wnd 487 g, <aecessive portions, 100200
mexlcr three tiaes, clating witle Me.CO-Callyg 113 1o obiain
280 g of inpure 24 Lo o — 15270 Ny 227 1w fe HH00 7 and 287
g e 13,0000 v, 1704, 1739, 1672, 1615, and 1562 em -t X
sntisfactory analysis was not obtained for this x«bstance.

1,2a-Cyclomethylene-6-chloro-16-methylene-17 «-hydroxy-

4,6-pregnadiene-3,20-dione 17-Acetate (25).- A =olation of
npare 24 12.6 g e 515 md of Meo ('O wad 5.2 ml of 7007, HCIO,
wus allowed 1o reset a0 25° for 20 mihe. An eqaal vobune of a0
was thea added, add the pH wius adjusted 10 aboat 7 owitke
NaHCO:  MeCO wus removed e vacao, wid alter extenetion
with CIT.Cls, the ceade prodacet of 251 g was cliromaiographed on
250 g of silwew gel (100-200 meshiy, Fhitior witlh Me,CO-Cilly
(3:17) gave 760 my, priveipadly 250 Crystadlization froro a0
vielded 452 rag 2 1037100 wp 250° deer [alv #1270 Ay 282
g fe 17,0000 v 1704, 1724, 1666, 1612, and 1559 (vw i em
nmr, 8§ .80 (15-CH;i 1.2 Q0-CHgy 2.07 (7-0COCH,), 27
C20-CHE)L 5200 and 563 0 16-2:C'11y), and 6.20 +4-H, 7-15 ppo.
The cecovered rotaiion =ample was need for microanalysis mud
for mass spectroscople determirarion.  dwal. (Ca OO 000
dioxaner C, 11 e 0 $4280
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The angular tricyclic analog of melatouin, 8-methoxy-6-0x0-3,4,6,7-tetrahydro-1H,5H-az0cin(4,3,6-cd]indole
(1V) as well as the linear ‘“dehydromelatonin,” #7z., 5-methoxy-1-acetyl-2,3-dihydropyrrolo(2,3-b]indole (V11

had retained only tiny fractions of the activity of melatonin.

showed no major CNS effects in mice and cats.

Melatonin, N-acetyl-5-methoxytryptamine (I),2 has
been isolated from extracts of pineal glands and identi-
fied in peripheral nerves of mammals and man. It is
conveniently assayed by its lightening effect on frog
melanocytes.?  Its biological properties are different
from those of other known lightening agents.*

We have now applied the photoeyclization of N-

11) Visiting Sciennist 1966-1967.  Department of Chemistry, Gakashyin
Umwversity, Mejiro, Tokyo, Japau.

(2) A. B. Lerner, J. . Case, and R. V. lleinzelmau, J. Aon. Chem. Soc., 81,
6084 (1959).

13) M. R. Wright aud \. B. Lerner, Exndocrinology, 66, 599 (1960).

(4) A. 13. Lerner, J. D. Case, W. Mori, and M. R. Wright, Nature, 183,

1821 (1859).

The lactam IV and the corresponding amine V

chloroacetyltryptophan (yielding the lactam 1I%) o
the synthesis of the tricyclic dehydromelatonin IV and
its reduction product V (Scheme I). On irradiation
with a low-pressure mercury lamp in agueous THI
buffered with NaOAc, N-chloroacetyl-5-methoxytiryp-
tamine (II1) afforded a 469 yield of the cyeclized prod-
uct IV. Reduetion of the eight-membered lactam IV
with diboranie at room temperature gave 8-methoxy-
3,4,6,7-tetrahydro-1H,hH~azocin[4,5,6-cd Jindole  (V),
after decomposition of an intermediary, stable borauc
complex by refluxing in e¢thanolic KOH.

Tryptamine and tryptophan derivatives are con-

(3) O. Yonemwitso. 1. Cenntil, and B, Witkop, J. A, Chem. Soc., 88, 3011
(1966).
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TaBLE I
SuMMaRY OF Dara roR DEHYDROMELATONIN IV aND AMINE V

Spontaneous p ychomotor act. test®
———=————in mice (oral)

Compd Dose, mg/kg  Cumulative mean &= SE
v 0.5 451 == 34.8
1.0 476 4= 32.4
2.0 418 = 71.1
4.0 418 4= 57.0
8.0 380 = 30.8
Control 358 &= 23.0
v 0.5 354 4= 45.4
1.0 370 &= 48.8
2.0 345 4= 61.7
4.0 469 & 52.6
8.0 317 &= 56.0
Control 388 4= 56.1

Reserpine ptosis tests? in mice (ip)
Inactive at 0.125, 0.5,

Inactive at 0.123, 0.5,

Overt behavioral test® in cats (iv)
Inactive at 4 mg/kg in
2, and 8 mg/kg on both three cats.
prevention and rever-

sal tests.

Increased vicionsness? in
oue cat; no effects in
two cats at 4 mg/kg.

2, and 8 mg/kg ou both
prevention and rever-
sal tests.

@ Foar groups of four mice per dose were medicated (drng suspeunded in 19, gimn tragacanth and volume administered was 0.1 1nl/10 g)

30 min before being placed in photocell activity cages.

Digital cotnters recorded the number of times that a beam of light impinging

on a photocell was broken during a 30-min test period. TResults were compared with those obtained with appropriate vehicle or solvent

comntrols.

was manifested by increased spitting, hissing, and vocalization.
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verted to linear tricyclic compounds by ébutyl hypo-
chlorite, a method which provides an easy entry into the
family of the natural products, to which physostigmine,
the sporidesmins, and chimonanthine® belong.
Melatonin by this method gave a 629 yield of the

(6) M, Olino, T. F. Spande, and B. Witkop. J. Am. Chem. Soc., 90, 6521
(1968).

b M. D. G. Aceto and L. S. Harris, Toxicol. Appl. Pharmacol., 7, 329 (1965).
in 1009, polyethylene glycol and volume injected was 1 cc/kg) and observed at hourly intervals (for 6 hr) and at 24 hr.

¢ Cats were medicated (drug was dissolved
4 Viciousness

sparingly soluble dehydromelatonin (VI) which was ob-
tained directly from the reaction mixture by filtration.
The product shows all the properties expected from a
2-acetamidoindole derivative and, under mildly acidic
(pH <6) conditions, hydrolyzes rapidly to the oxindole
VII. Attempted hydrogenation of the 3a,8a double
bond with Pd-C or Rh-AlLO; in THF regenerated
melatonin.

Lactam IV and amine V were tested for CNS effects
(Table I).” Both compounds were inactive in mice in
two different tests. The amine V was also inactive
when tested intravenously in the cat for effects on overt
behavior. Increased viciousness lasting approximately
8 hr was noted in one cat out of three at 4 mg/kg.

The lightening effect of dehydromelatonin IV on
frog melanocytes was about one millionth of that of
melatonin.® Likewise, the linear dehydromelatonin VI
had only a small fraction of the activity of melatonin
(see Experimental Section).

Experimental Section

N-Chloroacetyl-5-methoxytryptamine (III).—To a suspension
of 3.0 g of 5-methoxytryptamine in 30 ml of THF was added a
solution of 4 g of chloroacetic anhydride in 5 ml of THF with
cooling in a MeOH-Dry Ice bath. After complete solution (2
hr), 20 g of ice was added and the reaction mixture was placed in
the deep freezer overnight. The solvent was removed under
reduced pressure and the residue was treated with small volumes
of Et,0 and H,O, The insoluble crystalline produet was col-
lected to yield 3.86 g (90%,) of colorless prisms, mp 122-123°.
Recrystallization from aqueous MeOH raised the melting point
to 124-125°.

Anal. (C;sHlaclNzoz) C, H, N.

Photocyclization of N-Chloroacetyl-5-methoxytryptamine (III)
to 8-Methoxy-6-0x0-3,4,6,7-tetrahydro-1H,5H-azocin{4,5,6-cd]-
indole (IV).—The light source was a low-pressire mercury dis-
charge tube, Hanovia type SC 2537, 5000 V, Hanovia Lamp
Division, Engelhard Hanovia, Inc., Newark, N. J.

A solution of 400 mg of IIT and 500 mg of NaOAc in 90 ml of
THF and 40 ml of H:O was irradiated for 5 hr inside two semi-
circular quartz chambers placed 16 cm from the light source
(cooling jacket).

Nine runs were combined and evaporated under redaced pres-

(7) We are greatly indebted to Drs. S. Archer and M. D. Aceto. Sterling
Winthrop Research Institute, for carrying out these tests.

(8) Cf. H, Yajima, K. Kawasaki. Y. Okada, and 8. Lande. Bischim. Bio-
phys. Acta, 107, 141 (18865).
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sure.  The erystalline residue was washed with 30 ml of MeOTL
to yvield 1.45 g (46.6°7) of colorless prisnis, mip 286-288° dec.
The melting poiut was 1ot raised by recryseallization from
EtOH. Anal. (CpIT N0 C, H, N: mol wt: caled, 230;
foaud, 211 (osmometrie neasarement on @ 0001 md sohction in
dioxane).
8-Methoxy-3,4,6,7-tetrahydro-1H,5H-azocin [4,5,6-cd|in-

dole (V).~-To a suspeusion of 638 mg of IV in 30 rul of THF wax
added gradually 10 ml of a 1.0 3/ solution of ByHg in THF (ice
cooling, stirring).  Afrer standing for 1 day at room tempera-
ture, excess Byl was decomposed by the addition of 10 g of ice.
Iivaporation under redieed pressure gave a B-containing crystal-
line residue, mp 268-270° dec. Thix complex was refluxed on
a steant bardt for 10 hr in 10wl of I2tOH containing 2 g of alkali.
After removal of the EtOH, the mixture wuas extracted three
times with A0-ml portions of hot CsIlg.  The combined extracts
were evaporated nnder redaced pressare and dissolved in 0.1 N
IICL.  This solation was treated with s =mall amount of clior-
voal and filtered.  To the clear filirate was added a 147 aqueous
solation of pieric acid. The insoluble microcrystalline yellow
picrate resalting was collected, washed (H.0), und dried. The
erade picrate was extracted with 30 ml of hot MeOH, filtered,
and dried to yield 1.08 g. Thisx material was saspended iu «
mixture of 20 ml of 2.0 N HCI and 100 mil of EtOA¢ and shakeun
with CylTs to remove a small amount of piceie seid.  After addi-
tic1 of excess alkali, the HoO) layer was extracted three times with
50 ml of hot benzene. The combined beuzene extracts were dried
with KOH pellets and evaporated nnder redaced pressure to
vield 483 mg (8097 of colorlexs crystals, mp 152-133°.  Re-
crystallization from MeOIH-H,0 gave colorless prisms, mp 153
1-—#40. A 71(1[. (ClzyT'IlﬁNz()) C, ]I, N

The av spectrin revealed typiral indole absorption, AN .
279 mm (e 6070), 28) (5010); the ir spectrum showed no car-
borwl absorption.

5-Methoxy-1-acetyl-2,3-dihydropyrrolo{2,3-djindole  (VI).- -
To 132 mg of melatonin (0.37 mmole, Regis Lot P3-581) and
0.532 ml of I8N (2.28 mimoles, dried over KOH) in 25 ml of
CiLCly at —10° (ice-acetone bath) was added dropwise with
stirring over 20 min, 10 ml of a 0.084 M solution of -BuOCI

s=-Adrenergic Blocking Agents. V.
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{Nudiritional Biochem. Corp., Cleveland, Ohio) in CHaCl.
The reaction mixture was allowed to warm to 0° over 20 min.
A solution of 0.96 ml of 1.0 ¥ NaOH, dilared to 8 ml with -
solate FtOTI, was added dropwise with stirring «at 0° Tle
tarbid solatiore was stirred for several minates, (hen liliered 10
alford « crop of microcrystalline material (81 mg after washing
and deving, 61,847 vield), myp 2507 dec.  Tle tsilica gel G, 47
(1,01 in CHCL) revealed very little dehydromelatonia 2/
0.67, pink spot with p-dimethylaminocinnamaldehyde spray i
the filtraie. The compound was recrystallized from dichloro-
cllimae-hexane o give material of mp 2350-255° dee. Afcer sob-
linaution (143-160°) high vacemy warerial of mp 235-260° wys
obtained,  Biological assays were run nsing this nuerial: ey,
Moy 318 1m ce 20,8001, 223 (16,4001 Anal. 1CGHENOL;
T N mob wt: ealed, 230; foand, parent peak (M *1at e 2350
in the muss =pectroweter, with principal peaks ae t8S3 iN*
CH.COY, 187 (AT - CH,CO), 173 (M + — CILCO -~ ClL),
and 145 (M7 = CHCO — CHy — COy

Lightening Effects on Frog Skin.®---I'rog skiic 1 removed sl
lightened hy washing witli several changes of Ringers solition.
1t is ther darkened with a predetermined amonut of MSIT (in
these experiments, 10 audts of staadard MSH). At 60 ndun the
lightening agent ix added, aud rhe degree of lightening (increase
i reflectance’ i~ measared.  The data indicate thar 0.01 or 002
mg of dehyvdromelatonia (VI hax approximately the smme
lightening setivity as 0.2 X 1078 mg of melatoning 0.2 X 1072
mg of dehyvdromelatonin has very lode lightening activiiy,

The total voliase of the balfer, whiclt contains the skia, s 20
nd. By dividing these manbees by 20 one gers the coveentea-
ton of melatovin or delivdromelatonin that prodnces effective
reversul of MR darkening.  The experiments indicate tar 0.1
and 0.2 mg of delivdromelatonin is ax effective a lightening agem
as 0.2 X 107 mg of raelatonin: 1.2 X 1073, 0.2 X 1079, andd
02 > 10 mg of dehyvdromel:onin lve no liglitening cftect
on frog s<kin.

41 We are grewdy pulebaed io Drodo MeGotire, Sebhool of Mebeine, Yale
University, New Haven. Conu, for carrying oat these evabiatious,

1-Amino-3-(substituted phenoxy)-2-propanols

A. F. Crowtrer, D. J. GiLyvay, B, J. MceLouveurix, L. H. Sy, R, W. TurNgr, axp T. M. Woon

Duperiel Chemieal Industeies Lid., Pharmacewtical Division, Alderley Park, Macelesfield, Cheshire, England

Hecedved Fobiruary 17, 1564

Several I-amino-3-(substiticted phenoxy )-2-propainols liave been synthesized and tested against isoproterenol-

mduced tachycardia in anesthetized cats.

to that of the propranolol analogs described in pare IT.1*

Their g-adrenergic blocking activity proved iun general to be similar

Structure—activity relationships are discassed.  Of

the compounds tested, l-isopropylaminoe-3-(3-methylphenoxy)-2-propanol was examined in detail in labora-

tory auimals.

In our previous paper'® we desecribed a series of 1-
amino-3-naphthoxy-2-propanols which possessed potent
B-adrenergic blocking properties. We now report the
synthesis of a series of 1-amino-3-(substituted phenoxy)-
2-propanols. e

Q\>—OCHZCHOHCHZNHRl
R

1

The biological evaluation of these compounds has
shown that the ability to antagonize the effects of
isoproterenol was widely spread over the series. From

(1} (a) A. F. Crowtlier and L. H. Smith, J. Med. Chem., 11, 1009 (1568);
b)Y AL F. Crowtlier, 1. H, Smith, and T. M. Wood, U. K. Patent 1,069,341
1967); (e} A. F. Crowther. L. H. Smith, and T. M. Wood, U. K. Pateut
1,060,345 (1967): (d) D. J. Gilman and B. J. McLoughlin, U. K. Paten:
1,128,052 (1968): (e) B3. J. McLoughlin, U. K. Patent 1,123,258 (1068).

a large number of compounds synthesized the m-tolyl
analog (IT) was selected for further evaluation. It
proved to be similar in potency to propramolol® m
antagonizing the effects of isoproterenol m Inboratory
antmals.®  Fvaluation of this compound in mun has

CH3© OCH,CHOHCH,NH-i-Pr

11

been reported by Hahnel. *

Chemistry.—The compounds were prepared in a
manner analogous to that for the l-amino-3-naphthoxy-
2-propanols'® using the 1,2-epoxy-3-(substituted phen-

21 Tnderal®
t3) R. G. Shanks oud T, M. Wood, Nature, 212, 88 (1066).
(4) J. Habnel, Z. Kretsluuflorsch., 88, 1023 (1966).



