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5750).  Analyses were performed by Dr. A. E. Bernhardt,
Miilheim, West Germany; where indicated only by symbols of
the elements the analvtical results obtained for those elements
are within #0.49 of the theoretical values.

Mixtures of c¢is- and irans-4-Chloromethyl-2-phenyl-1,3-
dioxolane (IIa and IIb).—A 1:1 mixture of these isomers, bp
98-100° (3 mm), was obtained from 1,2-dihydroxy-3-chloro-
propane and benzaldehvde, according to the method of Fourneau
and Chantaloux.® Repeated fractional distillation of this mixture
through a Teflon spinning-band column (Nester Faust) afforded
two enriched fractions (indicated by glpc and nmr) containing
3:1 of ITa and IIb, respectively, bp 96-98° (3 mm), and 2:1 of
IIb and IIa, respectively, bp 100-102° (3 mm). Numerous
intermediate fractions were also obtained. Glpe (200° isother-
mal; He 30 ml/min) retention times were 10 and 12 min for
ITIa and IIb, respectively. Nmr? absorption was observed at
r 2.7 (aromatic multiplet), 4.16 [singlet Co-H (IIb)], 4.36 [singlet,
Cy-H (I1a)], 3.7-6.4 (multiplet C&-H and Cs-H), 6.67 (doublet,
CH.Cl).

Mixtures of cis- and irans-4-Dimethylaminomethyl-2-phenyl-
1,3-dioxolane Methiodide (I1Ia and IIIb).—A 1:1 mixture was
vbtained from a 1:1 mixture of the chloromethyl-1,3-dioxolanes
(ITa and IIb), according to the method of Fourneau and Chanta-
loux,8 and had mp 152-154° (lit.* mp 155°). A 4:1 mixture of
I11a and IIIb, respectively, was obtained by fractional crystal-
lization of the methiodides derived from the fraetion of 4-chloro-
niethyl-2-phenyl-1,3-dioxolane enriched in Ila and had mp 162-
164° from acetone. Anal. (Ci;H%INO:) C, H, I, N.

A 4:1 mixture uf IITb and I1la, respectively, was obtained by
fractional ecrystallization of the methiodides derived from the
4-chloromethyl-2-phenyl-1,3-dioxolane enriched in IIb and had
mp 168-170° from acetone. Anal. (Ci;H»INO,) C, H, I, N,

Nmyr peaks of the above mixtures were at r 2.52 (aromatic
multiplet), 3.91 [singlet, C»-H (IIIb)], 4.12 [singlet, C,-H
(I11a)], 5.80-6.56 (multiplet, Cs&-H, C;-H, -CH.N), and 6.66
(xinglet, NCHj).
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A variety of indoleethylamines including N,N-di-
methyltryptamine,? N,N-dimethyl -4 - hydroxytrypt-
amine (psilocin),® and N,N-dimethyl-6-hydroxytrypt-
amine! have been reported to have hallucinogenic
activity. Of these psychoactive indoleethylamines,
N,N-dimethyl-5-methoxytryptamine exhibits the high-
est activity in disrupting conditioned responses in
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Elsevier Publishing Co., Amsterdam, 1957, pp 460—467.
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entia, 14, 397 (1958).
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NoTEs 321
rats.> Attempts have been made to develop theoretical
structure-activity relationships for these and other
psychotomimetic compounds.t? Because of the high
CNS activity shown by N,N-dimethyl-5-methoxy-
tryptamine, the synthesis of the structurally related
tricyclic indole, O-methylnordehydrobufotenine (6-
methoxy-5-methyl-1,3,4,5-tetrahydropyrrolo [4,3,2-d e ]-
quinoline, Ile), was undertaken. The synthetic route
is parallel to the method for synthesis of 1,3,4,5-tetra-
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N
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Ia, R, = N(CH,);: R, = NO,
b, R, = CN; R,= NO,
¢, R,=CN; R,=NO,
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hydropyrrolo[4,3,2-d,e]quinoline® and  dehydrobufo-
tenine.® Recently, an alternate synthesis of the tetra-
hydropyrroloquinoline ring system has been reported
from N-methyl-5-bromotryptamine and an alkyl-
lithium to form 5-methyl-1,3,4,5-tetrahydropyrrolo-
[4,3,2-d,e]quinoline wia an intramolecular aryne addi-
tion reaction.’ Treatment of 5-methoxygramine with
concentrated HNO; afforded 5-methoxy-4-nitrogramine
(Ia) which was quaternized with Me80O, and then
converted to 5-methoxy-4-nitroindolyl-3-acetonitrile
(Ib) with NaCN, Catalytic hydrogenation of Ib
with Pd-C in EtOAc at approximately 65° yielded 5-
methoxy-4-aminoindolyl-3-acetonitrile (Ic) instead of
the expected product, 6-methoxy-1,3,4,5-tetrahydro-
pyrrolo(4,3,2-d,e Jquinoline (ITa). In ethanol the same
hydrogenation of Ib yielded two products: the de-
sired  G-methoxy-1,3,4,3-tetrahydropyrrolo[4,3,2-d,e]-
quinoline (ITa) and 7-methoxy-1,2,3,4,5,6-hexahydro-
pyrrolo[4,3,2-d,e Jquinoline (IIT). Reaction of IIa with
formic-acetic anhydride formed the N-formyl deriva-
tive (ITb). Reduction with diborane resulted in the
formation of O-methylnordehydrobufotenine (I1c).
Pharmacology.—Pharmacologic activity was de-
termined in squirrel monkeys trained in the Wisconsin
General Test Apparatus by Dr. E. T. Uyveno and his
associates in the Biobehavioral Science Laboratory of
Stanford Research Institute using published tech-
niques.!! The median effective dose (EDsp) of Ile
that disrupted the ability to discriminate between
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disks of different sizes was 33.8 pmoles,/kg.!* In this
test, the O-methylnordehydrobufotenine (Ile) is ap-
proximately twice as active as mescaline (ED;, =
1.0 pmolez/kg), "' but i much less active than its
open-chain  analog, N, N-dimethyl-3-methoxytrypt-
amine, which from published data®s ean be estimated
t be mueh more than 30 times as active a hallueinogen
ax mesealine. When injected subeutaneously into
NIH gencral purpose white mice, Ile at 20 mg/kg
qauses vnly slight overt changes (reduction in spon-
tanceous  activity)  while N, N-dimethyl-5-methoxy-
tryptamine at 10 mg/kg canses profound effects. At
this dosage the mice lose the ability t move normally
and engage in locomotor activity with legs extendel
laterally.

Experimental Section!®

5-Methoxy-4-nitrogramine ila).---A =tirred mixture of 35 g
(0.1713 ninle) of S-methovxygramine and 100 ml bf AcOIT was
coolel to 10° and treated dipwise with g =olution of 30 ml of
concentrated HNO; (¢ 1.42) and 50 ml of AcOH over 30 min.
The mixture waz allowed ta warm 1o roow temperature, stirred
overnight, and then diluted with 1 1. of ice~water., The resnlting
precipitate was filtered vty washed i Ha0), and dried. Recryrtal-
lization of the ernde Ia from MeOH vielded 4.5 g (54 ) of vellow-
brown needles, mp 158-195.5%. The nmr spectrini was consisxtent
with the strneture. Anal. (Cp N0 CL L N

3-Methoxy-4-nitroindolyl-3-acetonitrile {Ib).-~A =clution of
4.0 g (0.016 mole) of Ia and 0.5 ml of AcOIT in 100 ml of dvy THF
was added dropwize to an e-cold, stirred =olution of 133 ml of
MeaS0y and 005 ml of AcOH in 50 ml «f dry THE during 30 min.
The rexulting mixture was allowell 1o warm slowly to room tem-
peratire and to stamd for 15 hr. The produrt was collected by
filtration, washed {dry E6O), and then dried dn racuo over
CuCly to vield 4.5 g of methosulfate, rap 120-168°.

A mixture of 4.5 g vt crude metho=nlfare, 120 ml of a NaOAc--
HOA«e buffer (3.0 ¢ of AcOH anl 4.1 g of NaOAc in 500 ml of
11,0), 1 few miltiliters of Et.Q, and 4.0 g of NaCN was stirreld
atl room tenperatuve for 20 hr,  The mixture was extracted (Cl.-
Cly), and the extract was washed (H.O, dilure AcOH, saturated
NauCh) and then dried (Na.SO,0.  After removal af the solvent,
the ¢rnde product was recrystallized (MeOH) tuv vield 2.5 g
16847, based on 1b) of nitrile, mp 108.5-190.5°  Anal. (¢ .-
N,05) C, 1T, N,

5-Methoxy-1,3,4,5-tetrahydropyrrolo[4,3,2-d,¢]quinoline (ITa}.
Reductive Cyclization of 5-Methoxy-4-nitroindolyl-3-acetoni-
trile. (A) A mixture of 2 g (0.0086 nwle) of Ib, 1 g of 10¢]
Pd--C, aud 230 ml of EtOAc wax shakeu with T, at 5.87 kg/rm?
Tor 6 hr at 63° and for 15 hr at room temperature, and then
filtered through Celite.  After vemoval of the solvent, the
ernde produrt was recrystallized from ErsO-petrolenm ether
(hp 30~60°) 1o vield 80 mg of fine white needles of 3-methoxy-4-
aninoindolyl-3-acetonitrile  (Te), mp 142-143°.  The white
vrystalline conmipound turned dark blue when exposed to aiv
overnight.  Anal. (CLHINO) C, H, N,

(B) The reaction conditions employved tor reductive cycliza-
tion of  S-methuxy-4-nitroindolyl-3-acetoniirile  were identical
with metlind A except (hat EtOIT was used as the solvent.
The product was purified in the =ame manner and elnted from «
=ilica gel column with PhH-12t.0 2 4: 1} 1o vield 350 mg of solid
which was recrystallized from Et,O-petrolenm ether to give 140
g of colorless crystaline needles, mp 103-105.5°, uf IIa. The
nnir spectrunt was consistent with the stracture.  Anal. (CoHipe-
N,0y C, H, N.

The second fraciion, eluted from the silica gel with ether, was
reervetallized from Et.O-petrolenm ether to give 50 mg vf color-

127 The authors are indebted to DDr. Uyeno for the pharmacologic testing
Stanford Research Institute Researcli Fund) and for allowing us to report
Lis findings,

{13) Melting points are corrected. VWliere analyses are indicated hy sym-
bols «f the elements, analytical results were obtained within £0.4¢7 of the
thenretical valiies, Spectral data were in agreement with assigned struetures.
Nnir dala are reported in ppm from a TMS internal standard in CDCls unless
»ntlerwise noled. Mass spectra were ohtained with an AEI MS8-9 mass spec-

1rometer.  Petredenm ether used had bp 30-50°.
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tesseryv=talline neelles, mp 170-171%. The =triwsure of this
compoind  was assigned  ax T-methoxy-1,2,34,5 6-hexabivdro-
pyrvolo[4,3,2-d,clquinoline. (ITI).  The molecular weigla e
termined by mass spectrometry was 100, The 1 =peclonn
wis consistent with the structure. Anal. (Co11:N.05 C 1, N

(C) A mixtare of 40 g of S-methoxyv-d-ninrolindolyt-
acelonitrile, $.0 @ of 107, PA-C, aud 300 ml of Eitd1 was hydro-
getated for 4 hr m 15° a1 My pressire of 337 kg v The
niixtire was filtered aned washell with 20 1wl of E(O1L Afua
the 1O wax removed, the bhie-pink resihe was chiromne-
graphind ovir ~ilien gel 10 give 1the ouly Gdentifinble produe,
1o s g

6-Methoxy-5-formyl-1,3,4,5-tetrahvdropyrrolo|4,3,2-,] quino-
line 1Ib)--To 2 ml of formic-ncetie anhydride. cooled in o
ice bath, was addal slewly 300 mg (0.0016 molet of 110, The
sohntion was stivred w1 room remperainre tor 2l Atser FLO
+ mlbewns added and the =olution was ~tirred (or an ndditicanl
16 L, 1t was dilnted (H.O0), and then extracted (CHACLy. The
extract was washed 11O, dilute N0, NaCl <ebiica s, dened
(NSOs 1 nd concentrated (n rarvo. The vield of crade formyl
derivative wis 220 g The evide produet was veervstallized
from O L) tocgive oo white evyvsialline solilh tap 1475 146°
daal (CLTNLO O T N

O-Methyinordehyvdrobufotenine (Ilej— T 1 ml of o Y
borune in THI (0,005 mole of Bl at voom temiperatne was
added dropwise, with stirving, n solntion of 180 mg (1L.0083 nwhe
of TIh in 10 ml of THE. The sulntion swas <tivred a1 vooin teqn-
peratnre foa 24 e MeOH (10 mbd was added eantionsly el
reactione raixnure, followed by 1) ml of 5 aqueons NaOfl
The =olurion was extracted (CHCYL cand driad (NaS0:L Aler
the =olvent was removal novoero, 1he residne was reery=iallized
from hexane 16 give D0 aig of white ery=talline sabd: mp 8405
8339 nuss apectrum ol wit, 2020 wmr, 3.00 riplet, 3-CH.
340 arpler, 4-CHa 325 (singler, NCHgy, 3.00 v 0OCT, 8.6
tdoublet, J = N eps, C=N1T, 6,60 wsingelt, C-2 11 6.70 cdonbler,
Jo= s eps, C-7 L and TN andole NIy Anal O TN D
¢, 1N
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The trifluoromethyl groap is well suited becanse ol
its unique chemical and physiological stability!? tq
replace the methyl group in known pharmacologieally
active ecompounds.  Since a Cl group appears to he
approximately the same size as CHs? amphetamines
with CHj; replaced by CF; should have the same steric
requirements. However, the strong electron-with-
drawing properties of CF; will alter the basicity of the
adjacent amino moiety. Similar analogs of a-methyl-
phenylalanines, such as e-trifluoromethyldopa. have
been claimed to be as active as the parent a-methyl
compounds but with more specific effects.t We are
thereforereporting the synthesisandsome pharmacology
of a sertes of 2-mmino-3-methoxylated-phenyl-1,1.1-

11y M. B. Chenoweth and L. P. McCarty, Pkarmacol. Rev., 15,673 (191:3),

12) N. P. Buu-Hei, Preg». Drug Res., 3, 1) (1961).

(3) J. Lazar and W. A. Skepherd, J. Med. Chem., 11, 138 (1868).

(4) M, Sletzinger and W. A, (kaines (i« Merek and Co., Ine.), 17, ¥
Patent 3,046,300 (191121,



