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5750). Analyses were performed by Dr. A. E. Bernhardt, 
Mulheim, West Germany; where indicated only by symbols of 
the elements the analytical results obtained for those elements 
are within ± 0 . 4 % of the theoretical values. 

Mixtures of cis- and <rans-4-Chloromethyl-2-phenyl-l,3-
dioxolane (Ila and lib).—A 1:1 mixture of these isomers, bp 
98-100° (3 mm), was obtained from l,2-dihydroxy-3-chloro-
propane and benzaldehyde, according to the method of Fourneau 
and Chantaloux.6 Repeated fractional distillation of this mixture 
through a Teflon spinning-band column (Nester Faust) afforded 
two enriched fractions (indicated by glpe and nmr) containing 
3:1 of I l a and l i b , respectively, bp 96-98° (3 mm), and 2:1 of 
l i b and Ila, respectively, bp 100-102° (3 mm). Numerous 
intermediate fractions were also obtained. Glpc (200° isother­
mal; He 30 ml/min) retention times were 10 and 12 min for 
I l a and l i b , respectively. Nmr7 absorption was observed at 
r 2.7 (aromatic multiplet), 4.16 [singlet C2-H ( l ib)] , 4.36 [singlet, 
C2-H (Ila)] , 5.7-6.4 (multiplet C4-H and C5-H), 6.67 (doublet, 
CHnCl). 

Mixtures of cis- and <r<ms-4-Dimethylaminomethyl-2-phenyl-
1,3-dioxolane Methiodide (Ilia and Illb).—A 1:1 mixture was 
obtained from a 1:1 mixture of the chloromethyl-l,3-dioxolanes 
(Ila and l ib ) , according to the method of Fourneau and Chanta­
loux,6 and had mp 152-154° (lit.6 mp 155°). A 4:1 mixture of 
I l i a and I l l b , respectively, was obtained by fractional crystal­
lization of the methiodides derived from the fraction of 4-chloro-
methvI-2-phenvl-l,3-dioxolane enriched in I l a and had mp 162-
164° from acetone. Anal. (CI3H20INO2) C, H, I, N. 

A 4:1 mixture of I l l b and I l ia , respectively, was obtained by 
fractional crystallization of the methiodides derived from the 
4-chloromethyl-2-phenvl-l,3-dioxolane enriched in l i b and had 
mp 168-170""from acetone. Anal. (Ci3H20INO2) C, H, I, N. 

Nmr peaks of the above mixtures were at T 2.52 (aromatic 
multiplet), 3.91 [singlet, G.-H ( I l lb) ] , 4.12 [singlet, C2-H 
(I l ia) ] , 5.80-6.56 (multiplet, C4-H, C5-H, -CH,N) , and 6.66 
(singlet, NCH3). 
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A variety of indoleethylamines including N,N-di-
methyltryptamine,2 X ,X-d imethy l - 4 - hydroxy t rypt­
amine (psilocin),3 and X,X-dimethyl-6-hydroxytrypt­
amine4 have been reported to have hallucinogenic 
activity. Of these psychoactive indoleethylamines, 
X,X-dimethyl-5-methoxytryptamine exhibits the high­
est activity in disrupting conditioned responses in 
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rats.3 Attempts have been made to develop theoretical 
structure-activity relationships for these and other 
psychotomimetic compounds.6,7 Because of the high 
CXS activity shown by X,X-dimethyl-5-methoxy-
tryptamine, the synthesis of the structurally related 
tricyclic indole, O-methylnordehydrobufotenine (6-
met hoxy-5-methy 1 -1,3,4, o-t etrahy dropyrrolo [4,3,2-d, e ] -
quinoline, He), was undertaken. The synthetic route 
is parallel to the method for synthesis of 1,3,4,5-tetra-

CH30 CH2R! CH3Oo= 

la, R, = N(CH3)2;R2 = NO, 
b, R1 = CN;R2 = N02 

c, R, = CN;R, = N02 

CH;)0^7 

Ila, R = H 
b,R = CH0 
c,R = CH3 

III 

hydropyrrolo[4,3,2-d,e]quinoline8 and dehydrobufo-
tenine.9 Recently, an alternate synthesis of the tetra-
hydropyrroloquinoline ring system has been reported 
from N-rnethyl-5-bromotryptamine and an alkyl-
lithium to form 5-methyl-l,3,4,5-tetrahydropyrrolo-
[4,3,2-d,e]quinoline via an intramolecular aryne addi­
tion reaction.10 Treatment of 5-methoxygramine with 
concentrated HX0 3 afforded 5-methoxy-4-nitrogramine 
(la) which was quaternized with Ale2S04 and then 
converted to 5-methoxy-4-nitroindolyl-3-acetonitrile 
(lb) with XaCX. Catalytic hydrogenation of lb 
with Pd-C in EtOAc at approximately 65° yielded 5-
methoxy-4-aminoindolyl-3-acetonitrile (Ic) instead of 
the expected product, 6-methoxy-l,3,4,5-tetrahydro-
pyrrolo[4,3,2-d,e]quinoline (Ila). In ethanol the same 
hydrogenation of lb yielded two products: the de­
sired 6-methoxy-l,3,4,5-tetrahydropyrrolo[4,3,2-d,e]-
quinoline (Ila) and 7-methoxy-l,2,3,4,5,6-hexahydro-
pyrrolo[4,3,2-d,e]quinoline (III). Reaction of Ila with 
formic-acetic anhydride formed the X-formyl deriva­
tive (lib). Reduction with diborane resulted in the 
formation of O-methylnordehydrobufotenine (He). 

Pharmacology.—Pharmacologic activity was de­
termined in squirrel monkeys trained in the Wisconsin 
General Test Apparatus by Dr. E. T. Uyeno and his 
associates in the Biobehavioral Science Laboratory of 
Stanford Research Institute using published tech­
niques.11 The median effective dose (ED50) of lie 
that disrupted the ability to discriminate between 
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disks of different sizes was 33.S /umoles/kg.12 In this 
test, the O-methylnordehydrobufotenine (lie) is ap­
proximately twice as active as mescaline (ED5l) = 
73.0 jumoles/kg).11 but is much less active than its 
open-chain analog. X,X-dimethyl-5-methoxytrypt-
amine, which from published datar,'s can be estimated 
to be much more than 30 times as active a hallucinogen 
as mescaline. When injected subcutaneously into 
XIII general purpose white mice. lie at 20 mg'kg 
causes only slight overt changes (reduction in spon­
taneous activity) while X\X-dimethyl-5-methoxy-
Iryptamine at 10 mg/kg causes profound effects. At 
this dosage the mice lose the ability to move normally 
and engage in locomotor activity with legs extended 
laterally. 

Experimental Sect ion 1 3 

o-Methoxy-4-nitrogramine ( la , ! . - -A s t i r red m i x t u r e of 35 g 
(0 .1713 mole) of 5 - m e t h o x y g r a m i n e and 100 ml of A c O H was 
cooled to 10° a n d t r e a t e d dropwise wi th a solut ion of 30 ml oi 
c o n c e n t r a t e d H X 0 3 ((/ 1.42") and 50 ml of A c O H over 30 m i n . 
T h e m i x t u r e was al lowed to w a r m to room t e m p e r a t u r e , s t i r red 
overn igh t , a n d then d i lu t ed w i th 1 1. of i ce -wa te r . T h e resul t ing 
p r e c i p i t a t e was fi l tered off, w a s h e d i I H O ; , and dr ied. Recrys t al­
l igation of the c rude l a from M e O H yie lded 4.."> g f 54 '" , ) of yel low-
brown needles, m p 158-195.5° . T h e n m r spect r u m was consistent 
wi th the s t r u c t u r e . Anal. ( O o H ^ X n O O C, H, X . 

5-Methoxy-4-nitroindolyl-3-acetonitri le ( l b ) . — A solu t ion of 
4.0 g (0.016 mole) of l a a n d 0.5 ml of AcOH in 100 ml of d ry T H E 
was a d d e d d ropwise to an ice-cold, s t i r red so lu t ion of 13 ml of 
M e , S 0 4 and 0.5 ml of A c O H in 50 ml of d ry T H F du r ing 30 min . 
T h e resul t ing m i x t u r e was allowed to w a r m slowly to room t e m ­
p e r a t u r e a n d to s t a n d for 15 hr. T h e p roduc t was collected In­
fi l trat ion, washed ( d r y E u O ) , and then dr ied in racuo over 
O a C b to yield 4.5 g of me thosu l fa t e , m p 12U--16S0.' 

A m i x t u r e of 4.5 g of c rude methosu l fa te . 120 ml of a X a O A c -
H O A c buffer (3.0 g of A c O H and 4.1 g of X a O A c in 500 ml of 
H-.O). a few milli l i ters of Et - ,0 , and 4.0 g of N a C X was s t i r red 
a t room t e m p e r a t u r e for 20 hr. T h e m i x t u r e was e x t r a c t e d (C Hi-
O b ) , a n d the ext rac t was w a s h e d (H...(), d i lu te A c O H , s a t u r a t e d 
X a C l ) a n d t h e n dr ied (Na;SOj) - After r e m o v a l of t h e solvent , 
t h e c rude p roduc t was recrys ta l l ized ( M e O H ) t o yield 2.5 g 
i (VSr,, based on l b ) of nit rile, m p 198.5-199.5° . Anal ( '0 , ,H,-
X : ! 0 3 i C , H , X . 

5-Methoxy-l ,3,4,5-tetrahydropyrrolo[4,3,2-rf ,e]quinoline ( I la ) . 
Reduct ive Cyclization of 5-Methoxy-4-nitroindolyl -3-acetoni-
trile. (A) A m i x t u r e of 2 g (0.0086 mole) of l b , 1 g of H)'") 
Pd--C, a n d 250 ml of E t O A e was s h a k e n wi th H 2 at 3.87 kg/cm' 2 

for 6 hr at 65° a n d for 15 hr at room t e m p e r a t u r e , a n d then 
filtered t h r o u g h Cel i te . After removal of the so lvent , the 
c rude p r o d u c t was recrys ta l l ized from K i ^ O - p e t r o l e u m e t h e r 
( b p 3 0 - 6 0 ° ) to yield 80 m g of fine whi te needles of 5 -me thoxy-4 -
amino indo ly l -3 -ace ton i t r i l e ( I c ) . m p 142-143°. T h e wh i t e 
c rys ta l l ine c o m p o u n d t u r n e d da rk b lue when exposed to air 
o v e r n i g h t . Anal ( C n H u X s O ) C, H . X . 

(B) T h e reac t ion condi t ions emp loyed for r e d u c t i v e cycliza­
t ion of 5 -methoxy-4-n i t ro i r ido ly l -3-ace ton i t r i l e were ident ica l 
w i t h m e t h o d A except that E t O H was used as the so lvent . 
T h e p r o d u c t was purified in t h e s a m e m a n n e r a n d e lu t ed from a 
silica gel co lumn w i t h P h H - E t » 0 ' 4 : 1 ) t o yield 350 m g of solid 
which was recrys ta l l ized from E t j O - p e t r o l e u m e t h e r to give 140 
mg of colorless c rys ta l l ine needles , m p 105-105 .5° , of H a . T h e 
n m r s p e c t r u m was consistent wi th the s t r u c t u r e . Anal. (Cul l ia -
X , O i C, H , X . 

T h e second fract ion, e lu ted from the silica gel w i t h e the r , was 
recrys ta l l ized from E t j O - p e t r o l e u m e t h e r to give 50 m g of color-
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less c rys ta l l ine needles, m p 170-171° . T h e - t i n c t u r e of th i -
c o m p o u n d was ass igned as 7-met hoxy-1,2,3,4,5,(>-hexahydro-
pyrrolo[4,3,2-i7,c |quinolhie ( I I I ) . T h e molecu la r weight de­
t e r m i n e d by mass s p e c t r o m e t r y was 190. T h e n m r spe-ctrum 
was cons is tent with the s t r u c t u r e . Anal. ( C n l l i X ^ O ) 0 . II, N. 

i ( ' ) A mix tu re of 4.0 g of 5 -methoxy-4-n i t ro l indo ly l -3 -
ace toni t r i le . 4.0 g of 10'", P d - O , and 300 ml of E t O H was hydro-
g e n a t e d for 4 hr tit 05° a t I E pressure of 3.s7 kg cm-. T h e 
m i x t u r e was filtered and washed wi th 20 ml of E t O H . Aftei 
the E t O H was removed , 1 he b lue-p ink residue \vn- e h r o m a t u -
g r a p h e d over silica gel to give the only identif iable p r o d u c t . 
H a M).s g) . 

6-Methoxy-5-formyl-l ,3,4,5-tetrahydropyrroloj4,3,2-</,rjquino-
line (lib").-••To 2 nil of fo rmic-ace t i c a n h y d r i d e , moled in an 
ice b a t h , was a d d e d slowly 300 m g (0.0010 mole ! of I l a . T h e 
solut ion was s t i r red at room t e m p e r a t u r e for 2 hr. After E M ) 
(4 ml'i was added and the solut ion was s t i r red for an addi t iona l 
Hi hr, it was d i lu ted ( I U ) ) , and then e x t r a c t e d 1 O l b O b i . T h e 
extract was washed IEO, d i lu te XII , ,OH, X a C I solut ion 1, dried 
iX'ajSOi), and c o n c e n t r a t e d in panto. T h e yield of crude formyl 
de r iva t ive was 220 mg. T h e crude product was recrysta l l ized 
from E t O H E t . O to give a whi te crys ta l l ine solid. m p i f .V-UO 0 

Anal :CV.Hi,>X20... O, H, X. 
O-Methylnordehydrobufotenine d i e ) . T o 5 ml of l.u 1/ 

bo rane in T H F (0.005 mole of BII 3 ) at room t e m p e r a l u e was 
a d d e d dropwise , wi th s t i r r ing, a solut ion of 180 mg (0.0083 mo le : 
of l i b in 10 ml of T H E . T h e solut ion was s t i r red at room tem­
p e r a t u r e for 24 hr. M e O H ( 10 ml) was a d d e d caut iously to the 
react ion mix ture , followed by 10 ml of 5 ' , aqueous X a O I I . 
T h e solut ion was e x t r a c t e d i C H C l j i and dried iXa^SO.;:. Al ter 
t h e solvent was r emoved in racuo, t h e res idue was recryst allized 
from liexane to give 100 mg of wh i t e crys ta l l ine solid: tap s-1.5 
8 5 . 5 ° : mass spec t rum tnol wt , 202 : nmr , 3.00 ' t r i p l e t . 3 - 0 I E . 
3.40 ( t r ip le t , 4-01],>. 3.25 (singlet, X O l b i . 3.90 ,OOH : , i , 0.01 
(doub le t . ./ - s ,-ps, O-S II ), (i.60 is ingel t . 0 -2 II 1, 0.79 ' d o u b l e t . 
./ =. \ r p„ . ( ' -7 II . : i m | 7.(is ' i ndo le M b . Anal ' 0 , , H r . X - O , 
O. H, X 
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The trifluoromethyl group is well suited because oi 
its unique chemical and physiological stability1- to 
replace the methyl group in known pharmacologically 
active compounds. Since a CF3 group appears to be 
approximately the same size as CH3,3 amphetamines 
with CH3 replaced by CF3 should have the same sterie 
requirements. However, the strong electron-with­
drawing properties of CF3 will alter the basicity of the 
adjacent amino moiet\\ Similar analogs of a-methyl-
phenylalanines, such as a-trifluoromethyldopa, have 
been claimed to be as active as the parent a-methyl 
compounds but with more specific effects.4 We are 
therefore reporting the synthesis andsome pharmacology 
of a series of 2-amino-3-methoxylated-phenyl-l,l,l-
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