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tallized from absolute ethanol. 
(6-methoxy-8-quinolyl)aminoalkyl]piperazines 

(Table  I ,  2-4).  An intimate mixture of ' the  appropriate piperazine 
12- 1 I ( 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 hasic with 1 3' NaOH. and ex- 
tracted with CHCIs. After drying ( M g S 0 4 ) .  the  CHCIs was re- 
moved in uacuo and the oily residue dissolved in ethanol and 
treated with excess alcoholic oxalic acid. The insoluble precipi- 
ta te  (oxalate salt of the desired product. c .4 . .  2)  was collected. 
Irnreacted 6-methox>--8-aminoquinoline remained in solution as  
the oxalate salt.  The  alcoholic insoluble product was stirred with 
10L7c NaOH solution for 0.5 hr and filtered. The  solid residue was 
diw)lved in benzene. treated with charcoal. and concentrated in  
i o ( ' u ( J ,  and the free amine precipitated with n-hexane. The ana- 
lytical sample was prepared hy several reprecipitations from ben- 
zene hy hexane. 

I n  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 s ta te  when 
the oily residue was treated with ether. 
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Recent interest in drug abuse and the quest for com- 
pounds that  may act as blocking agents for drugs, such as 
the amphetamines, has brought forth a number of com- 

pounds which show some activity in this regard. Various 
simple trimethoxybenzamides exhibit mild sedative prop-  
erties] and are capable of antagonizing the action of' iitn- 

phetamine.2 In contrast to the psychomimetic activit? 
3.4-dimethoxyamphetamine. I~-(3..~-dimethoxyphen?.ll-I'- 
propanol, the oxygen analog. is a C S S  depressant .I T h e  
;\',;V-diallyl derivative of amphetamine has tleen reportcil 
to have antagonistic activity toward amphetamine. '  0 t h r . r  
more complicated N-substituted amphetamineh and tin1 
phetamine derivatives show antagonistic activity." 'j 

During the course of work not related to  drug abuse, a 
series of compounds was generated and given ;i pre l im-  
nary screening for pharmacological activity in mice. Ail of' 
these compounds are benzocycloheptane derivaliveh irith 
methoxy and/or  hydroxy substitut ion on the henzene ring 
and are easily obtained in good yield from purpurogallin. 
Their relationship t o  amphetamine prompts us t o  puhlish 
the preliminary pharmacology. 

Results and Discussion 
Amphetamine exhibited a spectrum of pharmacological 

effects (Table  1) which included those most rlearly w f m i  
ble to C S S  stimulation ib. d.  and h ) .  On the hasis of 
these effects. compounds 19 and 21 most closely approxi- 
mated amphetamine while compounds 5 ( h )  and 6 ih .  h i  
also appeared to  be predominantly stimulant. None of I hc 
other compounds exhibited any of these properties and all 
except 18 showed at least m e  opposing effect referable t o  
C N S  depression. Compound !I appeared to  be the most 
clearly depressant ( a ,  c, I ) .  

I t  is of interest that  substitution of OH for OC"3 at  IZ1 
in most ccmipounds had little effect on activity (ir cn-  
hanced depressant effects (16  L,S.  9 )  but reversed activity 
in one cahe i 13 L',\. 6 ) .  The slight stimulant activity of 5 
wah enhanced in Rl-methylated derivatives Lvith apprcipri- 
a te  substitution adjacent to  the keto function (19)  e w n  

enolized in lactone formation (21 1. I n -  
terestingly. however. stimulant activity was absent i n  I he 
corresponding lactam 22 and in the carboxyl analog 20 of 
the nitrile 19. It is possible that  limitations on the stinru- 
lant actions ot 19 anti 21 could result in cir i )  from nitrilc 
and lactone hydrol\ respectively. Ivhich would yield in 
active 20 in each c a w .  
Experimental Section 

Purpurogal l in  i 1 ). Purpurogallin was made from p) rogalloi hy 
the mcthod 0 1  E w n s  and Dehny in 92% (.rude yield and uietl 
without further purification. 

Purpurogal l in  Trimethyl  E t h e r  (2 ) .  Purpurogallin t rimet hyl 
e the r  \vii-. made" trom purpurogallin 11 I  in 307~ yield after recry.:- 
taliization i'roni methanol as long orange needles. rnp  = 179 180' 
i l i i .  rnp 174 ' ) .  

I-Hydroxy-S-oxo-%.3, ti-trimethoxyhenzocycloheptanc (:I i .  
C'urpuroyallin trimethyl ether ( 2 )  was converted to 3 hy the 111e1i; 
t ~ l  described b> \Valkerg in 3 8 7 ~  yield of' colorless plaieh mell ing  
at 78--880" ( l i t .  m p  86-XX'). 
4,.j-Dihydrox.-2.:I.ti-trimethoxybenzoc)clohept~nt, ( 4 ) .  I 'h i -  

material \vas made from 3 by the method described h y  Harltro:) 
and Nicholaonl" and re tallized l'rom ethanol in 90% yield !o 
gi\re a product melting at  145-147' illt. mp 148"). 

2 ,R-Uimethoxy-l-hydroxy-6-oxobenzocycloheptane ( 3 ) .  1'hi.. 

material \vas made from -1 hy methods described in the literatureX 
i117"Cir?.ieldaridrneltedat 110-1Cj" ( l i t .  mp 110-141"l. 

4-hydroxy-6-semicarbazonobenzocyclohep 
j mg 1 : j . A  mmol) of the  hydroxy ketone .5 d i n -  

solved in  ho! ethanol \\as added about 2 ml of water. 1.!1 L: [ !+ 
mniol) o t  wmicarhazide hydrochloride, and 1.5 g 111 mmoli 01 so- 
dium acetate. The mixture was heated on a steam bath and ai- 
most immediately white crystals formed. After heating an addi- 
tional 15 min. cooling and filtering gave 882.1 mg (88%1 of white 
crystals melting at 22"o-223'. 
2,5-Dimethoxy-l-hydroxy-~-thiosemicarbazonobenzoc~~l~- 

heptane  (7). The hydroxy ketone 5 (1.0 g, 4.2 mmol) was tiis- 
w l w d  i n  h o t  ethanol and water added until just cloud\ 
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Table I. Pharmacologica l  R e s u l t s  

CH 0 

0 
0 CH 0 

C H O  R 
19 2 0  

21 22 

CH 0 

5-18 5-18 
21. 22 

0 CH 0 
C H O  R 

19. 2 0  

CH 0 

0 

Effectsa  F o r m u l a  

5 
6 
7 
8 
9 
10 
11 
13 
14 
15 
16 
17 
18 

-OH 
-OH 
-0 H 
-OH 
-OH 
--OH 
-OH 
-0CH3 
-OCH, 
-OCH, 
--OCHa 
-0CHj  
-0CHj  

=O 
=NNHCONHi 
=NNHCSNH? 
=NOH 
-NHi 
-NHCOiCH3 
-NHCH, 
=NNHCONH? 
=NNHCSNH? 
-=NOH 
-NH? 
-NHCO?CH, 
-NHCH, 

> 100 
> 100 
> 100 
>loo  

7 0 . 8  
4 4 . 7  
7 0 . 8  

>loo  
> 100 

31.6 
7 9 . 4  
7 9 . 4  
63.1  

31.6 
0 . 2 3 7  
5 . 6 2  

<1 . o  
<1 .o  
31.6 
31.6 

1 . 7 8  

5 . 6 2  
1 . 7 8  
0 . 4 6 4  

5 . 6 2  
1 0 . 0  

g, e f j ih  
g, b h i  

g, c fe j  
g, aclkef  
f, ac 
f, a 
f, aj 
c, a f  
a, g 
a, f 
e ,  a c  
f, e jg  

C 

R3 

19 -CH$HpCN > 100 0 . 0 5 6  h, bd Ci7HziNOd 
20 -CHcCHZCO?H > 100 31.6 e,  acf  CiiH2206 

Y 
21 > O  > 100 3 . 1 6  e, b d m h f  CuH?oOj 
22 >NCHs > 100 5 . 6 2  c, afg CiaH23NO4 C, H 
I -  a - M e t h y l p h e n e t h y l a m i n e "  > 100 3 . 2 9  h. b d e f  

"a = CNS depression ( subjec t ive ;  s t a r t l e  response,  r igh t ing  reflex, e tc . )  ; b = CNS s t i m u l a t i o n  (subject ive;  s t a r t l e  response,  
r igh t ing  reflex, e t c . ) ;  c = decreased  a c t i v i t y  ( c o m p a r t m e n t a l  observa t ion) ;  d = increased a c t i v i t y  ( c o m p a r t m e n t a l  observa-  
t i o n ) ;  e = a t a x i a ;  f = motor defici t  (grasp  reflex, t rac t ion ,  complex  coord ina t ion  on hor izonta l  r igid wire, r o t a t i n g  r o d ) ;  
g = decreased  m u s c l e  t o n e  ( t r u n k  and l imb) ;  h = increased  sens i t iv i ty  in touch and sound ( reac t iv i ty) ;  i = piloerect ion;  
j = low pos ture ;  k = color  c h a n g e  t o  red ;  1 = decreased sens i t iv i ty  to  t o u c h  and s o u n d  ( reac t iv i ty) ;  m = increased musc le  
t o n e  ( t r u n k  and l i m b s ) .  'IAldrich C h e m i c a l  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 01 crude crystals removed by filtration. Several recrystalli- 
zations from methanol-water gave product melting at  192-191". 
2,~~-Dimethoxy-4-h~droxy-6-oximidobenzoc~cloheptane (8). 

The hydroxy ketone 3 (2.18 g. 10.5 mmol) .  25 ml of 1070 NaOH 
(62.5 mmol) ,  and 6.3 g 190 mmol) of hydrox>-lamine 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 x i t h  ice and scratching with a glass rod 
caused it to deposit colorless crystals. 1.93 g (73'7~1, m p  169.5- 
176". 
6-Amino-2,:l-dimethoxy-4-hydroxybenzocycloh~ptane (9 ) .  

The oxime 8 (457 mg, 1.8 mmol) in 25 ml of methanol with 0.5 g 
of Raney nickel was hydrogenated a t  room temperature and a t -  
mospheric pressure. After the uptake ot the  theoretical amount of 
hydrogen (overnight) the solvent was removed in L'CICUO and the 
product crystallized from ethanol-ether to  give 259 mg (60% 
yield) of white c r p t a l s  imp 153-154"). 
6-~\'-Carbomethoxgamino-2,3-dimethoxy-4-hydroxybenzocy- 

cloheptane (10). To  1.27 g (5.4 mmol) of amine 9 was added 10 
ml of water and 4.3 mi (10 mmol) 01 a sodium hydroxide solution 
( 1 0 8 ) .  To the resulting clear yellow solution was added dropwise 
15 ml of' chloroform containing 0.4 ml (5.4 mmoli 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 slo~vly acidified (pH 2 )  with dilute hydrochloric acid. After 
stirring for 1 hr. the IaIers were separated and the aqueous phase 
was extracted with chloroform. The  combined chlorolorm layers 
were washed with water. dried with sodium sulfate. and evapo- 
rated in ~ ' a c u o .  The yellowish solid was recrystallized from ben- 
zene-ether-light petroleum yielding 0.545 g (3570) of cream-col- 
ored crystals ( m p  13:3 ~ 1 3 5 " ) .  

2,:3-Dimethoxy- 4-hydroxy-6-methylaminobenzocycloheptane 
(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) o f t h e  carba- 
mate  10 dissolved in 15 ml of dry tetrahydrofuran. The  mixture 
was stirred for 0.5 hr and then overnight a t  room temperature. 

The mixture was relluxed for 3 hr. The reaction was terminated 
with 1 mi 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 116%) of white crystals ( m p  171-174'). 
6-0xo-2,3,4-trimethoxybenzocycloheptane (12). This material 

was made from the hydroxy ketone 5 by the method of Rapoport 
and Campion'l in 88% yield to give a product melting at  53.5-55" 
(lit.  m p  46-46.5"). 
6-Semicarbazono-2,3,~-trimethox~benzocycloheptane (13). 

The semicarhazone was made from the ketone 12 as previously 
described11 in 9270 yield and recrystallized several times from 
methanol-water to give a product melting at 192-200" ( l i t .  m p  
181-185"). 
6-Thiosemicarbazono-2,3,4-trimethox~benzocycloheptane 

(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. 
6-0ximido-2,3,4-trimethoxybenzocycloheptane (15).  This 

material was made a s  previously described'l from the ketone 12 
in 90% yield to give a product melting at  130-137" (lit.  m p  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 
u p  in ether and isolated as  the hydrochloride. 1.2 g (58%), melting 
at  226-230". 
6-(N-Carbomethoxy)amino-2,3,4-trimethoxybe~ocyclohep- 

t a n e  (17). T o  2 g (7 mmoll of amine hydrochloride 16 in 30 ml of 
chloroform-water (1:l) mixture was added 0.53 ml ( 7  mmol) of 
methyl chloroformate. To  this mixture was added 8.4 ml (21 
mmol) of 1070 XaOH solution and the mixture stirred for 2 hr at  
room temperature. Dilute hydrochloric acid was added to the ice- 
cold reaction mixture to p H  2. The layers were separated, the 
aqueous phase was extracted with chloroform. and the chloroform 



wi i s  waahtld \\ith \\nter. dried. and evaporated in I 'UCUIJ. 'l'he 
~ i r i ~ d u c t .  1.89 g i l l  pale yellow oil. was crystallized from benzene- 
light petroleum mixtures to  give 0.994 p of colorless crystals melt- 
ing at 11.4- 116.5". 

(i-i.~:.~lethyl)amino-2,J,l-trimethoxyben~ocycloheptane i Ih). 
'l'ht. carhamate l i  1820 mg 2.1 mmoli dissolved in 15 mi ot drx, 
tetrahydrofuran was slowly added dropwisr t ( i  l . : i  g (Li-4 mmtrli or 
Li,4iH4 suspended in 15 mi of drq tetrahydrofuran cooled t i l  0. 
I he mixture was 3tirred Cj.5 hr at 0" after which t ime i t  wah ri'- 
tlusrtl t o r  2 hr. T h e  reaction was terminated h y  adding 1 :I 1111 r i t  
{cater in 10 nil of' tetrahydrofuran and made filterable Irith 5 mi  
( I t  12% S a O H .  After filtering. drying. and evaporating 64;; nig 
(:ll'ki of yellow oil was obtained. The compound was isolated i iq 

1 hi. oxalate. nip 195-205'. 
3-,j-('yano-li-oxo--',R,1-trimethoxyben~oc~-cloheptane ( l!J). 

' I ~ t i i -  c,onipound \vas made as  already descrihedl* t'rom the  ketone 
12 in 98% crude yield. Recrystallization from ethanol pave a pro& 
uct mel t ingat  107-110" ( l i t .  mp 110.5-111.2"). 

,?-(fi-Oxo-2,:1,4- trimethoxybenzocycloheptan-5-y1)propionic 
Acid (20) .  Comp~iuncl  20 war in 
cyiino ketone 19 by methods alrea 
tali\!, yield. The ir -jiectrum  ah 

8,k :lo; 1 .  1.4 

,?-~3-(6-H~droxy-~,3, . i-trimethox~benzoc~clohepten-~-yl)  1- 
propionic Acid &Lactone (21) .  This  product was made troni 
the keto  acid 20 hy previously described methods*? in 59Yc yield 
01 niitterial melting at 105-107 (lit. nip 104 103"). 

,~-~~-(6-Hydroxy-2,4,-L-trimethox~benzocyclohepten-5-~1) 1- 
propionic Acid h-.V-Methyllactam ( 2 2 ) .  The crude keto acid 20 
(.<,.'X nig. 1.6  mmoi) n a s  added to 2.5 ml ot ethanol uhich had heen 
yarurareti with methylamine. The mixture \\a- heated in a stain- 
le.;-. >tee1 t)omh at  140' for 8 h r .  ' fhe  product remaining after the 
evaporation of the ethanol was purified by chromatography on a 
silic,a gel plati. using chlorotorm i ih  H hoirent I ki = 0.05-0.23J. 
'I'ht. pri~duct was remo\-ed from lhe  plate and crystallized from 
light petroleum to  give 230 mg (44%) of colorless microcrystals 
n hich melted at 104- 106". The ir ipectrum was ab expected. 

>train weighing W 2 t 5  g were used. All injec,tions a.ere t i n  the  in- 
tra\'eniius route (tail!  in volume> not exceeding 0.01 ml g ot  hririy 

ht. 'i'ehting ~ ) r o t ~ ~ c ~ i i  ciinsisteti (JI 3uapending or di-holving all 
emp impound^ in wa te r  t ~ r  11.5% ineth> icellulose. Approximate 0..5 
log-spaced doses were employed t i i  characterize a "no effect" t i i  
l ~ l O %  lethal response. Four animalh \vere used at each d i is  level. 
E;ic,h animal \vas evaluated for hignificant act ivi t \  at .i. 10. 13. :io. 
anti 60 min pcistinjection and  thereaiter at 2 ,  t. and 2 i  hr. The 
- t a l  i5t ical methoti. employed tor tht, calculation r i t  L11,~o anti 

is that  described by WeiI.'* The MED5o shown in Table 
et1 on the fir>t pharmacological et'i'ect shown in the "el- 

f e c , t - "  c.iilumn; other eftec,ts !thoht= s h o \ v n  a t ter  the c o m m a )  ma! 
rlr may n ~ ) t  tie ritikerved a t  t h e  LIEI)5~l dose T h e  LIEDRO i >  liaietl 
o i l  t tic pharmaci)logicaI etiecl ihou 11 'it t he  l<r\vest dohe \viiich 
g.i\ P iiny c,lear efte(,t 
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Puromycin Ana1ogs.l Synthesis and Biological Activity 
of 5'-Deoxypuromycin and Its Aminonucleoside, 
6-Dimethylamino-9-( 3'-amino-3' ,5'-dideoxy-$-~-ribo- 
furanosy1)purine t 

Ronald G .  Almquist anti Robert Vince.' 

D r p a r t  men i o j  ."vl edi c.ina1 Chern :.s tr? , C'ci l l  ege oi ['harnic:i,> 
1 hii~+~r,sit\ of .l.linne,soln. .\4innenpo/in. Minnesota 55453 
lieceiccd Sl~i l : ,  J '1 I W i  

The  antibiotic puromycin derives its antimicrobial and 
antitumor activity from its ability to  cause a premature 
release of growing polypeptide chains from ribosomes.2 
The  aminonucleoside derived from puromycin is devoid of 
antibacterial activity but is three to four times as  cytotox- 
ic as  the parent antibiotic against mammalian cell ' 

Consequently, a n  additional cytotoxic effect on the host 
may result from the release of aminonucleoside if hydro- 
lytic or enzymatic removal o f  the amino acid moiety from 
administered puromycin occurs4 (Figure 1). Recent s tud-  
ies demonstrate that  the aminonucleoside is monodemeth- 
ylated5 and subsequently converted to  the 5'-nucleotide.6 
It is not unreasonable to  assume, therefore, that  nucleo- 
tide formation is a prerequisite to cytotoxic activity. This 
same metabolic scheme may also account for the severe 
nephrotoxic manifestations. including renal lesions, re- 
sulting from administered puromycin aminonucleoside. 

In an at tempt  to  improve the selective toxicity of the 
antibiotic. a n  assessment of the requirement for the 5'-OH 
in both the antimicrobial activity of puromycin and in the 
cytotoxic activity of the aminonucleoside is desirable. Pre- 
vious studies with carbocyclic analogs have been useful in 
defining the ribosomal binding requirements of the antibi- 
otic.; However. the absence of a sugar moiety in these a n -  
alogs precludes the assessment of the ;?'-OH group's cow 
tribution t o  the cytotoxic effect. Thus. we have developed 

I 
('=O 
I 

p u  romy c in 
Figure 1 .  
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