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and recrystallized from absolute ethanol. 
1, l-Bis[((>-methoxy-8-quinolyl)aminoalkyl]piperazines 

(Table I, 2-4). An intimate mixture of the appropriate piperazine 
12-14 (1 equiv) and 6-methoxy-8-aminoquinoline (6 equiv) was 
heated under nitrogen at 120-125° for 19 hr. The melt was cooled 
at room temperature, rendered basic with 1 N NaOH, and ex
tracted with CHC13. After drying (MgS04). the CHCI3 was re
moved in vacuo and the oily residue dissolved in ethanol and 
treated with excess alcoholic oxalic acid. The insoluble precipi
tate (oxalate salt of the desired product, e.g.. 2) was collected. 
I'nreacted 6-methoxy-8-aminoquinoline remained in solution as 
the oxalate salt. The alcoholic insoluble product was stirred with 
10% NaOH solution for 0.5 hr and filtered. The solid residue was 
dissolved in benzene, treated with charcoal, and concentrated in 
vacuo, and the free amine precipitated with n-hexane. The ana
lytical sample was prepared by several reprecipitations from ben
zene by hexane. 

In the preparation of 3 and 4, it was not necessary to prepare 
oxalate salts to separate product from unreacted 6-methoxy-8-
aminoquinoline. The product solidified in a fairly pure state when 
the oily residue was treated with ether. 
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Recent interest in drug abuse and the quest for com
pounds tha t may act as blocking agents for drugs, such as 
the a m p h e t a m i n e s , has brought forth a n u m b e r of com

pounds which show some act ivi ty in this regard. Various 
s imple t r ime thoxybenzamides exhibit mild sedat ive prop
ert ies1 and are capable of antagoniz ing the action of am
p h e t a m i n e . 2 In contras t to the psychomimet ic act ivi ty >i 
o \4 -d ime thoxyamphe tamine , J - (3 ,4-dimethoxyphenyl) -2-
propanol , the oxygen analog, is a C N S depressan t . 3 The 
A'.A'-diallyl derivat ive of a m p h e t a m i n e has been reported 
to have antagonis t ic activity toward a m p h e t a m i n e . 4 Other 
more complicated N-subs t i t u t ed a m p h e t a m i n e s and am 
p h e t a m i n e derivat ives show antagonis t ic ac t iv i ty . 5 H 

During the course of work not related to drug abuse , a 
series of compounds was genera ted and given a prel imi
nary screening for pharmacological act ivi ty in mice. Ail of 
these compounds are benzocycloheptane derivat ives with 
methoxy a n d / o r hydroxy subs t i tu t ion on the benzene ring 
and are easily obta ined in good yield from purpurogal l in . 
The i r re la t ionship to a m p h e t a m i n e p rompt s us to publish 
the prel iminary pharmacology. 

Results and Discuss ion 
A m p h e t a m i n e exhibi ted a spec t rum of pharmacological 

effects (Table 1) which included those most clearly refera
ble (o C N S s t imula t ion (b, d. and h) . On the basis of 
these effects, compounds 19 and 21 most closely approxi
ma ted a m p h e t a m i n e while compounds 5 (h) and 6 (b. hi 
also appeared to be p redominan t ly s t imulan t . None of the 
other compounds exhibi ted any of these proper t ies and all 
except 18 showed at least one opposing effect referable to 
C N S depression. Compound 9 appeared to be the most 
clearly depressan t (a, c, 1). 

It is of interest t h a t subs t i tu t ion of OH for OOH3 at Ri 
in most compounds had little effect on act ivi ty or en
hanced depressant effects (lfi IN. 9) but reversed activity 
in one case (13 vs. fi). T h e slight s t imu lan t act ivi ty of "> 
was enhanced in Ri- rne thyla ted derivat ives with appropri
a te subs t i tu t ion adjacent to the keto function (19) even 
when the la t ter was enolized in lactone formation (21). In
terestingly, however, s t imulan t activity was absent in (he 
corresponding l ac tam 22 and in the carboxyl analog 20 of 
the nitri le 19. It is possible tha t l imi ta t ions on the st imu
lant act ions of 19 and 21 could result in vivo from nitrile 
and lactone hydrolysis, respectively, which would yield in 
active 20 in each case. 

Exper imenta l Sect ion 
Purpurogallin (1). Purpurogallin was made from pyrogallo) by 

the method of Evans and Dehn" in 92% crude yield and used 
without further purification. 

Purpurogallin Trimethyl Ether (2). Purpurogallin trimethyl 
ether was made" from purpurogallin (1) in 30% yield after recrys-
tallization from methanol as long orange needles, mp = 179 180' 
(Hi. mp 174°). 

l-Hydroxy-5-oxo-2.3, ti-trimethoxy benzocycloheptane (3). 
Purpurogallin trimethyl ether (2) was converted to 3 by the meth
od described by Walker9 in 58% yield of colorless plates melting 
at 78-80° (lit. mp 86-88°). 

4,5-Dihydroxy-2.3,(i-trimethoxy benzocycloheptane (4). this 
material was made from 3 by the method described by Barltrop 
and Nicholson10 and recrystallized from ethanol in 907c yield to 
give a product melting at 145-147° (lit. mp 148°). 

2,3-Dimethoxy-4-hydroxy-S-oxobenzocycloheptane (5). Thi.-
material was made from 4 by methods described in the literature" 
in 72% yield and melted at 140-145° (lit. mp 140-141°). 

2,3-bimethoxy-4-hydroxy-6-semicarbazonobenzocyclohep 
tane (fi). To 809.9 rag (3.4 mmol) of the hydroxy ketone 5 dis
solved in hot ethanol was added about 2 ml of water. 1.0 g 19 
mmol) of semicarbazide hydrochloride, and 1.5 g (11 mmoll of so
dium acetate. The mixture was heated on a steam bath and al
most immediately white crystals formed. After heating an addi
tional 15 min, cooling and filtering gave 882.1 mg (88%) of white 
crystals melting at 220-223°. 

2,3-Dimethoxy-4-hydroxy-6-thiosemicarbazonobenzocyclo-
heptane (7). The hydroxy ketone 5 (1.0 g, 4.2 mmol) was dis
solved in hot ethanol and water added until just cloudy. 
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T a b l e I. Pharmacological Resul t s 
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"a = C N S depression (subjective; s tar t le response, r ighting reflex, etc.); b = C N S st imulat ion (subjective; s tar t le response, 
r ighting reflex, etc.) ; c = decreased act ivi ty (compar tmenta l observat ion); d = increased act ivi ty (compar tmenta l observa
t ion) ; e = ataxia; f = motor deficit (grasp reflex, t ract ion, complex coordination on horizontal rigid wire, ro ta t ing rod) ; 
g = decreased muscle tone ( t runk and l imb); h = increased sensit ivi ty in touch and sound (react ivi ty); i = piloerection; 
j = low posture; k = color change to red; 1 = decreased sensit ivi ty to touch and sound (react ivi ty); m = increased muscle 
tone ( t runk and l imbs). ''Aldrich Chemical Co. 

Thiosemicarbazide hydrochloride (1.0 g, 7.9 mmol) was added 
along with 1 drop of acetic acid and heating on the steam bath 
continued for 20 min. The mixture was placed in an ice bath and 
1.78 g of crude crystals removed by filtration. Several recrystalli-
zations from methanol-water gave product melting at 192-194°. 

2,3-Dimethoxy-4-hydroxy-6-oximidobenzocycloheptane (8). 
The hydroxy ketone 5 (2.48 g. 10.5 mmol). 25 ml of 10% NaOH 
(62.5 mmol), and 6.3 g (90 mmol) of hydroxylamine hydrochloride 
were mixed with enough warm ethanol to make a clear solution. 
The mixture was allowed to stir at steam bath temperatures for 1 
hr. Cooling the solution with ice and scratching with a glass rod 
caused it to deposit colorless crystals. 1.93 g (73%), mp 169.5-
176°. 

6-Amino-2,3-dimethoxy-4-hydroxybenzocycloheptane (9). 
The oxime 8 (457 mg, 1.8 mmol) in 25 ml of methanol with 0.5 g 
of Raney nickel was hydrogenated at room temperature and at
mospheric pressure. After the uptake of the theoretical amount of 
hydrogen (overnight) the solvent was removed in vacuo and the 
product crystallized from ethanol-ether to give 259 mg (60% 
yield) of white crystals (mp 153-154°). 

6-A*-Carbomethoxyarnino-2,3-dimethoxy-4-hydroxybenzoey-
cloheptane (10). To 1.27 g (5.4 mmol) of amine 9 was added 10 
ml of water and 4.3 ml (10 mmol) of a sodium hydroxide solution 
(10%). To the resulting clear yellow solution was added dropwise 
15 ml of chloroform containing 0.4 ml (5.4 mmol) of methyl chlo-
roformate and the mixture allowed to stir overnight at room tem
perature. The reaction mixture was cooled to 0° in an' ice bath 
and slowly acidified (pH 2) with dilute hydrochloric acid. After 
stirring for 1 hr. the layers were separated and the aqueous phase 
was extracted w:ith chloroform. The combined chloroform layers 
were washed with w:ater, dried with sodium sulfate, and evapo
rated in vacuo. The yellowish solid was recrystallized from ben
zene-ether-light petroleum yielding 0.545 g (35%) of cream-col
ored crystals (mp 133-135°). 

2,3-Dimethoxy-4-hydroxy-6-rnethylaminobenzocycloheptane 
(11). To 1.36 g (36 mmol) of LiAlH4 in 50 ml of dry tetrahydrofur-
an cooled to 0° was added dropwise 1.0 g (3.4 mmol) of the carba
mate 10 dissolved in 15 ml of dry tetrahydrofuran. The mixture 
was stirred for 0.5 hr and then overnight at room temperature. 

The mixture was refluxed for 3 hr. The reaction was terminated 
with 1 ml of water in 15 ml of tetrahydrofuran and made filtera
ble by adding 5 ml of 12% sodium hydroxide, followed by 1 ml of 
water, stirred 1 hr, and filtered. After washing and drying, the ex
tract was evaporated to yield a viscous yellow oil which crystal
lized to give 134.9 mg (16%) of white crystals (mp 171-174°). 

6-Oxo-2,3,4-trimethoxybenzocycloheptane (12). This material 
was made from the hydroxy ketone 5 by the method of Rapoport 
and Campion11 in 88% yield to give a product melting at 53.5-55° 
(lit. mp 46-46.5°). 

6-Semicarbazono-2,3,4-trimethoxybenzocycloheptane (13). 
The semicarbazone was made from the ketone 12 as previously 
described11 in 92% yield and recrystallized several times from 
methanol-water to give a product melting at 192-200° (lit. mp 
184-185°). 

6-Thiosemicarbazono-2,3,4-trimethoxybenzocycloheptane 
(14). The thiosemicarbazone was made as usual from the ketone 
12 and crystallized from methanol-water as colorless crystals 
melting at 212-214° in 54% yield. 

6-Oximido-2,3,4-trimethoxybenzocycloheptane (15). This 
material was made as previously described11 from the ketone 12 
in 90% vield to give a product melting at 130-137° (lit. mp 130.5-
131°). 

•6-Amino-2,3,4-trimethoxybenzocycloheptane (16). The oxime 
15 (2.0 g, 7.5 mmol) dissolved in 100 ml of ethanol and 2.0 g of 
Raney nickel was hydrogenated at room temperature and atmo
spheric pressure overnight. After the theoretical amount of hydro
gen was taken up, the catalyst was filtered off and the solvent 
evaporated in vacuo. A colorless oil remained. The oil was taken 
up in ether and isolated as the hydrochloride, 1.2 g (58%), melting 
at 226-230°. 

6-(Ar-Carbomethoxy)amino-2,3,4-trimethoxybenzocyclohep
tane (17). To 2 g (7 mmol) of amine hydrochloride 16 in 30 ml of 
chloroform-water (1:1) mixture was added 0.53 ml (7 mmol) of 
methyl chloroformate. To this mixture was added 8.4 ml (21 
mmol) of 10% NaOH solution and the mixture stirred for 2 hr at 
room temperature. Dilute hydrochloric acid was added to the ice-
cold reaction mixture to pH 2. The layers were separated, the 
aqueous phase was extracted with chloroform, and the chloroform 
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was washed with water, dried, and evaporated in vacuo. The 
product. 1.89 g of pale yellow oil. was crystallized from benzene-
light petroleum mixtures to give 0.994 g of colorless crvstals melt
ing at 114- 116.5°. 

<>-(A-Methyl)amino-2,3,4-trimethoxybenzocycloheptane (IS). 
The carbamate 17 (820 mg 2.7 mmol) dissolved in 15 ml of dry 
tetrahydrofuran was slowly added dropwise to 1.3 g (34 mmol) of 
LiAlHj suspended in 15 ml of dry tetrahydrofuran cooled to 0°. 
The mixture was stirred 0.5 hr at 0° after which time it was re-
fluxed for 2 hr. The reaction was terminated by adding 1.3 ml of 
water in 10 ml of tetrahydrofuran and made filterable with 5 ml 
of 12% N'aOH. After filtering, drying, and evaporating 643 mg 
(917c l of yellow oil was obtained. The compound was isolated as 
the oxalate, mp 195-205°. 

5-j-Cyano-(i-oxo-2,.'!,4-trimethoxybenzocycloheptane (1!)). 
This compound was made as already described12 from the ketone 
12 in 98% crude yield. Recrystallization from ethanol gave a prod
uct melting at 107-110° (lit. mp 110.5-111.2°). 

,i-(ti-Oxo-2,.'i,4-trimethoxybenzocycloheptan-5-yl) propionic 
Acid (20). Compound 20 was made from the hydrolysis of the 
cyano ketone 19 by methods already described12 in nearly quanti
tative yield. The ir spectrum was as expected, mp 87-89° (lit. mp 
8.S -90° l.1-1 

.i-15-((i-Hydroxy-2,3,4-trimethoxybenzocyclohepten-5-yl)]-
propionic Acid 6-Lactone (21). This product was made from 
the keto acid 20 by previously described methods12 in 597c yield 
of material melting at 105-107° (lit. mp 104-105°). 

;j-[5-(6-Hydroxy-2,;5,4-trimethoxybenzocyclohepten-5-yl)j-
propionic Acid o-A'-Methyllactam (22). The crude keto acid 20 
(528 mg. 1.6 mmol) was added to 25 ml of ethanol which had been 
saturated with methylamine. The mixture was heated in a stain
less steel bomb at 140° for 8 hr. The product remaining after the 
evaporation of the ethanol was purified by chromatography on a 
silica gel plate using chloroform as a solvent, I'A'I = 0.05-0.25). 
The product was removed from the plate and crystallized from 
light petroleum to give 230 mg (44%>) of colorless microcrystals 
which melted at 104-106°. The ir spectrum was as expected. 

Biological Evaluation. Male albino mice of the Swiss-Webster 
strain weighing 20-25 g were used. All injections were cia the in
travenous route (tail) in volumes not exceeding 0.01 ml/g of body 
weight. Testing protocol consisted of suspending or dissolving all 
compounds in water or 0.59c methylcellulose. Approximate 0.5 
log-spaced doses were employed to characterize a "no effect" to 
100% lethal response. Four animals were used at each dose level. 
Each animal was evaluated for significant activity at 5. 10, 15. 30. 
and 60 min postinfection and thereafter at 2. 4. and 24 hr. The 
statistical method, employed for the calculation of LD50 and 
MED50. is that described by Weil.14 The MED50 shown in Table 
I is based on the first pharmacological effect shown in the "ef
fects" column; other effects (those shown after the comma) may 
or may not be observed at the MED50 dose. The \lED5n is based 
on the pharmacological effect shown at the lowest dose which 
gave any clear effect. 
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T h e ant ibiot ic puromycin derives its an t imicrobia l and 
an t i t umor act ivi ty from its abil i ty to cause a p r e m a t u r e 
release of growing polypept ide chains from r ibosomes. 2 

T h e aminonucleos ide derived from puromycin is devoid of 
an t ibac te r ia l act ivi ty bu t is three to four t imes as cytotox
ic as the paren t ant ibiot ic against m a m m a l i a n cells/5 

Consequent ly , an addi t ional cytotoxic effect on the host 
may result from the release of aminonucleoside if hydro-
lytic or enzymat ic removal of the amino acid moiety from 
admin is te red puromycin occurs 4 (Figure 1). Recent s tud
ies demons t r a t e t h a t the aminonucleos ide is monodemeth -
y la ted 5 and subsequent ly converted to the 5 ' -nucleot ide. 6 

It is not unreasonable to assume, therefore, t h a t nucleo
t ide formation is a prerequisi te to cytotoxic activity. This 
same metabol ic scheme m a y also account for the severe 
nephrotoxic manifes ta t ions , including renal lesions, re
sul t ing from admin is te red puromycin aminonucleoside. 

In an a t t e m p t to improve the selective toxicity of the 
ant ib iot ic , an assessment of the requi rement for the 5 ' -OH 
in both the ant imicrobia l act ivi ty of puromycin and in the 
cytotoxic act ivi ty of the aminonucleos ide is desirable. Pre
vious s tudies with carbocyclic analogs have been useful in 
defining the r ibosomal b inding requ i rements of the antibi
otic.7 However, the absence of a sugar moiety in these an
alogs precludes the assessment of the o ' -OH group's con 
t r ibut ion to the cytotoxic effect. T h u s , we have developed 
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k N N 

HO 

H,N OH 
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puromycin 
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Figure 1. 
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