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and recrystallized from absolute ethanol.
1,4-Bis[(6-methoxy-8-quinolvl)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 CHCls. After drving (MgSQy), the CHCl; was re-
moved in rvacuo and the oilv residue dissolved in ethanol and
treated with excess alcoholic oxalic acid. The insoluble precipi-
tate (oxalate salt of the desired product, ¢.g.. 2) was collected.
Unreacted 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
racuo, and the free amine precipitated with n-hexane. The ana-
lvtical sample was prepared bv 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-
aminoguinoline. 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 that may act as blocking agents for drugs, such as
the amphetamines, has brought forth a number of com-

Notes

pounds which show some activity in this regard. Various
simple trimethoxvbenzamides exhibit mild sedative prop-
erties! and are capable of antagonizing the action of am-
phetamine.?2 In contrast to the psyvchomimetic activity -t
3.4-dimethoxyamphetamine, 3-(3,4-dimethoxyphenyl)-2-
propanol, the oxvgen analog, is a CNS depressant.? The
N N-dially] derivative of amphetamine has been reported
to have antagonistic activity toward amphetamine.? Other
more complicated N-substituted amphetamines and am-
phetamine derivatives show antagonistic activity.?-6

During the course of work not related to drug abuse. a
series of compounds was generated and given a prelimi-
nary screening for pharmacological activity in mice. All of
these compounds are benzocycloheptane derivatives with
methoxy and/or hydroxy substitution on the henzene ring
and are easily obtained in good vield from purpurogallin.
Their relationship to amphetamine prompts us to publish
the preliminary pharmacology.

Results and Discussion

Amphetamine exhibited a spectrum of pharmacological
eftects (Table 1) which included those most clearly refera
ble to CNS stimulation (b, d. and h). On the basis of
these effects. compounds 19 and 21 most closely approxi-
mated amphetamine while compounds 5 (h) and 6 (b, h)
also appeared to be predominantly stimulant. None of the
other compounds exhibited any of these properties and all
except 18 showed at least one opposing effect referable 10
CNS depression. Compound 9 appeared to he the most
clearly depressant (a, ¢, 1).

It is of interest that substitution of OH for OCHj at R,
in most compounds had little effect on activity or en-
hanced depressant effects (16 rs. 9) but reversed activity
in one case (13 vy 6). The slight stimulant activity of 3
was enhanced in Ry-methylated derivatives with appropri-
ate substitution adjacent to the keto function (19) even
when the latter was enolized in lactone forination (21). In-
terestingly, however, stimulant activity was absent in the
corresponding lactam 22 and in the carboxyl analog 20 of
the nitrile 19. It is possible that limitations on the stimu-
lant actions of 19 and 21 could result in ciro from nitrile
and lactone hydrolysis, respectivelv. which would vield in
active 20 in each case.

Experimental Section

Purpurogallin (1). Purpurogallin was made from pyrogallol by
the method of Evans and Dehn® in 92% crude vield and nsed
without further purification.

Purpurogallin Trimethyl Ether (2). Purpurogallin trimethyl
ether was made* trom purpurogallin t1) in 30% yield after recrys-
tallization froni nietlianol as long orange needles. mp = 179-180°
tlit, np 1747).

{-Hyvdroxy-3-0x0-2,3,6-trimethoxybenzocyveloheptane 3).
Purpurogallin trimethyl ether (2) was converted to 3 by the meth
od described by Walker? in 58% vield of colorless plates melting
at 75-80° (}it. mp 86- 38°).

1,5-Dihydroxy-2.3,6-trimethoxyvbenzocyeloheptane (4). Tlis
material was made from 3 by the method described by Barltrop
and Nicholson!® and recrvstallized from ethanol in 90% vield to
give a product melting at 145-147° (lit. mp 148°).

2.3.Dimethoxy-4-hydroxy-6-oxobenzocycloheptane (5). This
material was made from 4 by methods described in the literature®
in 72% yield aud melted at 140-145° (lit. mp 140-1417).

2.3-Dimethoxy-1-hydroxy-6-semicarbazonobenzocyclohep-
tane (6). To 809.9 mg (3.4 mmol) of the hvdroxy ketone 5 dix-
solved in hot ethanol was added about ¢ ml of water. 1.0 g (9
mmol) of semicarbazide hvdrochloride, and 1.5 g {11 mmol) 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-thiosemicarbazonobenzoeyclo-
heptane (7). The hvdroxy ketone 5 (1.0 g, 4.2 mimol) was dis-
solved in hot ethanol and water added until just cloudy.
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Table I. Pharmacological Results
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CHO
CHO CH.O
CHO CHO CHO
) R, ! CH.O
R, CHO R o
- 19. 20
5-18 > 21. 22
LD, MED:;,,
Compd R, R. mg/kg mg/kg Effects® Formula Analyses
5 -OH =0 >100 31.6 g, ef_uh 013H1604
6 -OH =NNHCONH. >100 0.237 g, bhi C.H:N;0; C,H N
7 -OH =NNHCSNH, >100 5.62 C C1:H,:N:0:8 C, H, N, S
8 -OH =NOH >100 <1.0 g, cfej C;Hi;NO, C,H N
9 -OH -NH: 70.8 <1.0 g, aclkef C;H\.NO; C,H N
10 --OH 'NHCO:CHa 44 .7 1.78 f, ac ClaHglNO,’, C, H, N
11 -OH -NHCH; 70.8 31.6 f, a C:HaNOs C,H N
13 -OCH; =NNHCONH. >100 31.6 f, aj C;Hau N0, C,H, N
14 —OCH; =NNHCSNH. >100 5.62 c, af C1:HuN;0s8 C,H,N,S
15 —OCHa =NOH 31.6 1.78 a, g CMngNO;
16 —-OCHg —NH: 79 .4 0.464 a, f Cl.;Hg»_)ClNO:) C, H
17 —OCH;; —NHCOgCHJ 79 .4 10.0 €, ac ClﬁHngO,“; C, H, N
18 —-OCH; -NHCH; 63.1 5.62 f, ejg C3:Hi:N:Oy C,H N
R;
19 -CH,CH,CN >100 0.056 h, bd C:H;NO,
20 —CH:CHgCOgH >100 31.6 €, acf CanOe
Y
21 >0 >100 3.16 ¢, bdmhf C1H20;5
22 >NCH5 >100 5.62 C, afg Cl&H23NO4 C, H
[-a-Methylphenethylamine® >100 0.29 h, bdef

= CNS depression (subjective; startle response, righting reflex, etc.); b = CNSstimulation (subjective; startle response,

righting reflex, etc.); ¢ = decreased activity (compartmental observation); d =

tion); € =
= decreased muscle tone (trunk and limb); h =
= low posture; k = color change to vred; 1 =
tone (trunk and limbs). *Aldrich Chemical Co

Thiosemicarbazide hvdrochloride (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 hvdroxylamine 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-hydroxybenzoeycloheptane 9).
The oxime 8 (457 mg, 1.8 mmol) in 25 ml of methanol with 0.5 g
of Raney nickel was hyvdrogenated at room temperature and at-
mospheric pressure. After the uptake of the theoretical amount of
hydrogen (overnight) the solvent was removed in racuo and the
product crystallized from ethanol-ether to give 259 mg (60%
vield) of white crystals (mp 153-154°).
6-N-Carbomethoxyamino-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 ml ( 1() mmol) of a sodium hydroxide solution
(10%). To the resulting clear vellow 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 hvdrochloric acid. After
stirring for 1 hr. the lavers were separated and the aqueous phase
was extracted with chloroform. The combined chloroform lavers
were washed with water, dried with sodium sulfate, and evapo-
rated in vracuo. The vellowish solid was recrystallized from ben-
zene-ether-light petroleum vielding 0.345 g (35%) of cream.col-
ored crystals (mp 133-135°).
2,3-Dimethoxy-4-hydroxyv-6-methylaminobenzocyecloheptane
(11). To 1.36 g (36 mmol) of LiAlH4 in 50 ml of dry tetrahvdrofur-
an cooled to 0° was added dropwise 1.0 g (3.4 mmol) of the carba-
mate 10 dissolved in 15 ml of drv tetrahyvdrofuran. The mixture
was stirred for 0.5 hr and then overnight at room temperature.

increased activity (compartmental observa-

ataxia; f = motor deficit (grasp 1'eﬂex, traction, complex coordination on horizontal rigid wire, rotating rod);
increased sensitivity in touch and sound (reactivity); i =
decreased sensitivity to touch and sound (reactivity); m = increased muscle

piloerection;

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 crvstal-
lized to give 134.9 mg (16%) of white crystals ( mp 171-174°).
6-0x0-2,3,4-trimethoxybenzoeycloheptane (12). This material
was made from the hvdroxy ketone 5 by the method of Rapoport
and Campion!! 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
described!? 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% vield.
6-Oximido-2,3,4-trimethoxybenzocycloheptane  (15). This
material was made as previously described! 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 hvdrogenated at room temperature and atmo-
spheric pressure overnight. After the theoretical amount of hvdro-
gen was taken up, the catalyst was filtered off and the solvent
evaporated (n vacuo. A colorless oil remained. The oil was taken
up in ether and isolated as the hvdrochloride, 1.2 g (58%), melting
at 226-230°.
6-(N-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 (¥ 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 hvdrochloric acid was added to the ice-
cold reaction mixture to pH 2. The layers were separated, the
agqueous phase was extracted with chloroform, and the chloroform



1396 Journal of Medicinal Chemistry, 1973, Vol. 16, No. 12

was wiashed with water, dried. and evaporated in vacuo. The
product. 1.89 ¢ of pale vellow oil, was crystallized from benzene-
light petroleum mixtures to give 0.994 g of colorless crvstals melt.
ng at 114-116.5°, ’

-(N-Methyl)amino-2,3,4-trimethoxybenzocycloheptane (1%).
The carbamate 17 1820 mg 2.7 mmol) dissolved in 15 ml ot drv
tetrahvdrofuran was slowly added dropwise to 1.3 ¢ (34 mmol) ot
LiAlHy suspended in 15 ml of drv tetrahyvdroturan cooled to 0.
The mixture was stirred 0.5 hr at 0° after which time it was re-
tluxed tor 2 hr. The reaction was ternninated by adding 1.3 ml ot
water in 10 ml of tetrahvdrofuran and made filterable with 5 ml
of 12% NaOH. After filtering, drving. and evaporating 643 mg
{91%) of vellow oil was obtained. The compound was isolated as
the oxalate, mp 195-205°.

3-3-Cyano-6-0x0-2,3,1-trimethoxybenzocycloheptane (19).
This compound was made as already described!2 from the ketone
12 in 98% crude vield. Recrystallization from ethanol gave a prod-
uct melting at 107-110° (lit. mp 110.5~111.2°).

3-(6-0x0-2,3,4-trimethoxybenzocycloheptan-5-vl)propionic
Acid (20). Compound 20 was made from the hvdrolvsis of the
cvano ketone 19 Dy methods already described!? in nearly quanti-
tative vield. The ir spectruin was as expected. mp 87-89° (lit. mp
Ba-90°) 1

13-13-(6-Hydroxy-2,3,4-trimethoxvbenzocyclohepten-5-y1)J-
propionic Acid ¢-Lactone (21), This product was made from
the keto acid 20 by previously described methods!? in 59% vield
of material melting at 105-107° (Hi. mp 104-105°).

i3-(5-(6-Hydroxy-2,3,4-trimethoxvbenzocyclohepten-5-yl1) |-
propionic Acid 5-N-Methyvllactam (22). The crude keto acid 20
(328 mg. 1.6 mmol) was added to 25 ml of ethanol which had been
saturated with methyvlamine. 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 puritied by chromstography on a
silica gel plate using chloroform as a solvent (Ry = 0.05-0.25).
The product was removed from: the plate and crvstallized 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 welghing 20-25 g were used. All injections were ria the in-
travenous route (tail) in volumes not exceeding .01 ml/g of body
welzht. Testing protecol consisted of suspending or dissolving all
compounds n water or 0.5% methylcellulose. Approximate 0.5
log-spaced doses were employed to characterize a “'no effect”™ to
100% lethal response. Four animals were used ar each dose level.
Fach animal was evaluated for significant activity at 5. 10, 15, 30,
and 60 min postinjection and thereatter at 2, 4. and 24 Lir. The
statistical method, emploved for the ealculation ot LDsg and
MEDs30, is that described by Weil.1* The MED3s¢ shown in Table
l ix based on the first pharmacological effect shown in the “ef-
fects” column; other eftfects (those shown after the comma) may
or may 1ot be observed at the MED;o dose. The MED3, is based
on the pharmacological etfect shown at 1he lowest dose which
gave dany clear eftect.
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Puromycin Analogs.! Synthesis and Biological Activity
of 5'-Deoxypuromycin and Its Aminonucleoside,
6-Dimethylamino-9-(3'-amino-3’,5 -dideoxy-3-D-ribo-
furanosyl)purine+

Ronald G. Almquist and Robert Vince*

Department of Medicinal Chemustry, College of Pharmacy.
[ niversity of Minnesota, Minneapolis, Minnesota 55455
Recelved Julv 13,1973

The antibiotic puromycin derives its antimicrobial and
antitumor activity from its ability to cause a premature
release of growing polypeptide chains from ribosomes.?
The aminonucleoside derived from puromyein is devoid of
antibacterial activity but is three to four times as cytotox-
ic as the parent antibiotic against mammalian cells.®
Consequently, an additional cytotoxic effect on the host
may result from the release of aminonucleoside if hydro-
Iytic or enzvmatic removal of the amino acid moiety from
administered puromycin occurs* (Figure 1). Recent stud-
ies demonstrate that the aminonucleoside is monodemeth-
ylated® and subsequently converted to the 5-nucleotide.®
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 attempt to improve the selective toxicity of the
antibiotic, an 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 an-
alogs precludes the assessment of the 5-OH group's con-
tribution to the cvtotoxic effect. Thus, we have developed
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