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in the same constant-temperature bath which maintained the cell 
compartment temperature. 

The initial reaction mixture of 3.0 ml of 0.1 .lI phosphate 
buffer a t  pH 7.50 containing the appropriate model compound 
was placed in a stoppered, quartz 1.00-cm Beckman cell. A 
solution of benzylpenicillenic acid in absolute EtOH (0.01 ml) was 
injected into the reaction cell, producing a concentration of reac- 
tant of 3.0 X 10-6 JI .  Optical density measurements were then 
recorded as a function of time. Spectrophotometric determina- 
tion of the disappearance of benzylpenicillenic acid was followed 
a t  322 mp. 

Since the concentration of model compound used was greater 
than the concentration of benzylpenicillenic acid by a factor of 
1000, pseudo-first-order rate constants could he obtained. The 
infinity point was determined in aU runs. One obtained, therefore, 
upon plotting the logarithm of the difference between the optical 
density at  infinity and the optical density at  the time in question 
against time, a straight line directly proportional to the pseudo- 
first-order rate constant for the reaction. Each run was repeated 

Nmr Studies.-Ymr spectra (RIepCO-de-D20) were obtained 
on a Trarian HA-100 internal lock nuclear magnetic resonance 
spectrometer and were used to characterize the methylated 
products of the reaction of benzylpenicillenic acid and EtSH. The 
spectrometer was in the frequency sweep mode, and signals were 
measured relative to TMS as internal standard. Sample concen- 
trations were less than 5y0 w/v. Signals were read to 1 0 . 0 3  ppm. 

Mass Spectrometry.--A CEC-110B high-resolution mass spec- 
trometer was used to determine the molecular weight of the 
methylated products of the reaction of benzylpenicillenic acid 
and EtSH. 
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The synthesis of a series of @-naphthylamine derivatives closely corresponding to a portion of the apomorphine 
molecule was undertaken to investigate structure-activity relationships of this centrally active emetic. Employ- 
ing independent synthetic routes, derivatives of Z-arnino-5,6-naphthalenediol and of 2-amino-l,2,3,4tetrahydro- 
naphthalene-5,6-diol have been prepared. Biological test data are presented. 

Relatively few systematic attempts have been made 
to elucidate the emetic pharmacophore of apomorphine 
(l), or of other emetic aporphine derivatives. Eddy, 
in an extensive series of papers,z presented data on a 
series of phenanthrenediols 2 and derivatives which can 
be viewed as fragments or analogs of fragments of the 
apomorphine molecule. Some of the compounds pos- 

1 2 3 

sessed emetic activity in cats, albeit of a lower order 
than apomorphine. Eddy did not report test data on 
naphthalenediols 3, nor on any diols of types 2 and 3 
which also possessed an amino function. Thrift3 
prepared 2-amino-6,7-dihydroxy-l)2)3,4-tetrahydro- 
naphthalene (an isomer of compound 11 below) as an 

(1) (a) Par t  11: RI .  V. Koch, J. G. Cannon, and A. AI. Burkman, J. Med. 
Chem., 11, 977 (1968). (b) This investigation was supported in  par t  by Grant 
NB-04349, National Institute of Neurological Diseases and Blindness, and in  
par t  b y  National Institutes of Health predoctoral fellowship GM-19445 
(15’. K. S.). Abstracted in part from a thesis submitted by W. K. S. in partial 
fulfillment of the requirements for the degree of Doctor of Philosophy, University 
of Iowa. 1965. 

( 2 )  This work was summarized and discussed by L. F. Small, N .  B. Eddy,  
E. Alosettig, and C .  K. Himmelsbach, Public Health R e p t .  ( U .  S.), Suppl . ,  
138, 1 (1938). 

(c) To whom all correspondence should be addressed. 

(3) R.  I. Thrift,  J. Chem. Soc., C ,  288 (1967). 

analog of adrenergic amines, but possible emetic effects 
were not mentioned. A search of the literature revealed 
no other reports of simple amino derivatives of 2 or 3. 

The present work was based on the assumption that 
the apomorphine molecule is more complex than is 
necessary for maximal emetic activity, and on the 
premise that significant pharmacophoric groups in 
apomorphine are the 1,2-diphenolic moiety and the 
amino function. The simplest fragment of the apo- 
morphine molecule which could be visualized to possess 
emetic activity was a 2-aminonaphthalene-5,6-diol 
system. Accordingly, structures 4-12 were chosen for 
study. 

R AI0 
4, R 
5, R = R’ = R” = H 
6, R H ;  R’ = R” CH3 12, R = R’ = R” = CH? 
7, R = R” = H ; R ’  = CH, 
8, R = R‘ = R” = CH, 
9, R = R’ = CH3; R” = H 

R’ = H ;  R” = CHB 10, R = R’ = H; R” = CHI 
11, R = H ;  R’ = R” = CH, 

Dreiding models indicated that distances between the 
phenolic groups and the nitrogen atom are almost the 
same in these naphthalene derivatives as in apomorphine. 
Since the ring system of apomorphine is rigid and almost 
planar, evaluation of the emetic activity of 4-9 is of 
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Experimental Sectiong 

2-Amino-5,6-dimetlioxynaplitlialene (4).---.1 bomb containing 
30.0 g (0.147 mole) of 5,6-dimethoxy-2-naphth01'~ and 25 g of SO2 
in 100 ml of concentrated SH40H was agitated vigorously and 
heated at 150-160" for 36 hr. The bomb was cooled with agitation, 
and the rontents were removed with a small amount of H2O. The 
aqueous portion was decanted from a yellow granular solid and was 
extracted with l:t?O (two 150-in1 portions). The granular solid 
was dissolved in 2.5 1. of Et20 to which were added the et,hereal 
extracts. The combined E:t?O solution was extracted with 5C, HC1, 
(four 500-ml portions), dried (lIgS04),  filtered, and evaporated 
under reduced pressure to give 7.7 g (26:;) of unreacted 5,6-di- 
niethoxy-2-naphthol. The combined acidic extracts were made 
strongly alkaline with 20' SaOH. The light tan solid which 
separated was collected on a filter and dried, giving 20.9 g (945,  
allowing for recovered starting material) of 4, mp 147-149". Two 
recrystallizations from EtOH gave colorless prisms, nip 148.5- 
149.5'. .-lnal. (C12H13S02) C, H,  S. The HC1 salt was recrystal- 
lized from EtOH-Et,O: mp 243-244" dec. dnal .  (C12Hl&I?;0.) 
C, H, C1, S. 

:lnul. 

2-Formamido-5~6-dimetIioxynaphtlialene (16).--~-.1 mixture of 
15.0 g (0.074 mole) of 4 and 18 g (0.35 mole) of 9Orc formic acid in 
500 ml of 1:l CsH6-toluene was refluxed, using a Dean-Stark trap 
to collect H?O. .Wer 24 hr an addit,ional 18.0 g of 90: formic acid 
was added; refluxing was continued for 96 hr. The solvent was 
removed under reduced pressure, leaving a light yellow-gray solid 
which was dissolved in 4 1. of Et20 and washed with 1 5  HCl (two 
250-ml portions). The Et20 solution was dried (MgSO1) and evap- 
orated under reduced pressure to yield 16.8 g (98%) of a light pink 
solid, 132-135 '. Two recrystallizations from EtOH-H20 gave 
colorless microcrystalline needles, mp 137.5-139 '. ;Inal. (C13H13- 

2-Methylamino-5,6-dimethoxynaphthalene (6).---Compound 16 
(5.0 g, 0.022 mole) in 150 nil of purified" T H F  was added dropwise 
t o  a stirred suspension of 3.8 g (0.10 mole) of JJiA11H4 in 100 ml of 
purified THF. .lfter addition was complete, the reaction mixture 
was refluxed 12 hr, then 15 ml of H?O was added dropwise. The 
mixture was filtered, the solid on the filter was washed with several 
portions of THF, and the combined T H F  solutions were dried 
(MgSO?). Filtration and cwncentration of the filtrate under reduced 
pressure gave a light brown semisolid which was mixed with a small 
amount of cold 2-PrOH and collected, giving 4.1 g (87(,;,) of light, 
tan prisms. Rerrystallization froni 2-PrOH-H?O gave colorless 
needles, mp 64.5-65.5". .Inn(. (C,,H,JO,) C, H, S. The HC1 
salt was recryst;tllized from I:tOH-I*;t,O: rnp 2001-202" dec. .lnal. 

-1 picrate salt was recrystallized from EtOH as orange needles, 
mp 149-150' de(,. -1nal. (C,sHlaSdO9) C, H. S. 
2-Dimethylamino-5,6-dimethoxynaphtl~alene (8).- -A modifica- 

tion of the method of Hunig'* was employed. A mixture of 5.0 g 
(0.025 mole) of 4, 10.0 g (0.119 mole) of SaHC03, 10 ml (13.3 g, 
0.106 mole) of purified13 J\Ie2S04, and 25 ml of HzO was stirred and 
warmed gently until evolution of CO? began. The reaction mixture 
was then placed in a cooling bath at 10" for 3 hr with stirring, then 
warmed to 55" for 0.5 hr. The mist,ure was allowed to cool and 
was extracted with CHCL (two 200-ml portions). The combined 
CHCI, extracts were dried (lIgS04) and filtered, and the filtrate 
was evaporated under reduced pressure to yield 5.4 g (95(,;;) of a 
tan solid, mp 91-04". Two recrl-stallizations from EtOH gave light 
tan needles, mp 94-95", -1nal. (C,,H,iSO2) C, H, S. The HC1 
salt was recrystallized from EtOH-EtuO; mp 208-209" dec. dnal.  

llized from KtOH; mp 194-195" der. 
(CisHi6~409) c, H, S. 

KO,) C, H, K. 

( C I ~ H ~ G C ~ S O ~ )  C, H, C1, S. 

(CiaHi&XYO!) C, H, Cl, S. 

(9) .I11 boiling points are uncorrected. 3Ielting points were determined in 
open glass capillaries using a Thomas-Hoover Uni-Melt apparatus and are 
corrected. Elemental analyses were performed by Gchwarzkopf hlicroanalyticai 
Laboratory, Woodside, N. Y. Where analyses are indicated only hy symbols 
of the elements, the analytical results obtained for those elements were within 
*0.4% of the theoretical value. Nuclear magnetic resonance spectra were 
determined with a Tarian A-60 instrument. 

(10) 11. Gates, J .  d m e r .  Chem.  Soc.,  72, 228 (1950). 
(11) Purified by shaking with KOH pellets, then distilling from I,iAIH4 

(12) S. Hiinig. Chem. Bsr. ,  85, 10% (1932). 
(13) hfezSO4 was washed twice with an equal volume of iee water, then with 

one-half its volume of cold, saturated NaHCOz, and stored over anhydrous 
IinCOa. 

just prior to  use. 

A picrate salt recrystallized from EtOH as dark orange needles, 
mp 141-142" der. Anal. ( C ? O H ? O S ~ O ~ )  C, H, ?;. 

2-Amino-5,6-naplithalenediol Hydrochloride (5).---BBr3 (10.0 g, 
0.04 mole, Matheson Coleman and Bell) in 50 ml of anhydrous 
C&B was added to 2.0 g (0.01 mole) of 4 in 200 ml of anhydrous 
CsHti; a gray solid separated at once. After heating and stirring 
for several minutes, a clear solution resulted. The reaction was 
refluxed with stirring for 3 hr; it WLS cooled and stirred into 500 ml 
of HrO. After thorough mixing, the two-phase mixture was allowed 
to separate and the C ~ H G  layer was removed. The acidic aqueous 
phase was washed with Et20 (two 15O-rnlportions), then was treated 
with a solution of 20 g of Sa.SO3 in 200 nil of H?O. The resulting 
clear yellow, neutral solution was extracted with ten 200-ml portions 
of Eh0. The combined Et20 extracts were stirred with anhydrous 
hIgSO4 for 0.75 hr, then were allowed to stand for 0.25 hr. The 
Et20 solution was filtered and the filtrate was treated with ethereal 
HCI. creamy white solid separated and was allowed to stand in 
the cold for several hours: it was then collected and dried, giving 
1.6 g ( 7 7 5 )  of a gray-white powder. This was recrystallized twice 
from JIeOH-Et20 to yield a white solid which, when introduced 
into a melting point bath at 250", showed mp 275-277" dec. .lna/. 

An oxalate salt was prepared by treating an ethereal solution of 
the free tiase of 5 with a saturated solution of anhJ-drous oxalic acid 
in EtPO; a gray solid was obtained which recrystallized from 
31eOH-F3,0 as a light gray solid which, when introduced into a 
melting-point bath at 200", showed mp 235.5-237" der. d n a i .  

2-Methylamin0-5,6-naphthalenediol Hydrochloride (7).---Com- 
pound 6 (2.0 g, 0.0092 mole) was treated with 9.0 g (0.036 mole) of 
BBr3, and the product of the reaction was isolated as described for 5. 
The HCl salt (1.5 g, 7 2 5 )  was obtained as a light gray solid from 
NeOH-Et?O. This material, when introduced into a melting point 
bath at  200", showed mp 233.5-235" dec. Anal. (CIIHI?CISO?) 
C, H, C1, S. 

An oxalate salt, prepared as described for 5, was recrystallized 
from lIeOH-Et20 to give a light gray solid which, when introduced 
into a melting point bath at 200", showed mp 215-216" dec. . lnai. 

2-Dimethylamino-5,6-naplitlialenediol Hydrochloride (9 ).--Com- 
pound 8 (2.0 g, 0.0087 mole) was treated with 9.0 g (0.036 mole) of 
BBn, and the product of the reaction was isolated as described or 5. 
The HC1 salt (1.9 g, 9 2 5 )  was obtained as a white solid from 
MeOH-Et?O. This material, when introduced into a me1 ting- 
point bath at 200", showed mp 241-242" dec. . Inal. (ClrHI,CIS02) 
C, H, C1, K. 

An oxalate salt, prepared as for 5, was recrystallized from 11eOH- 
lit20 to give a white solid which, when introduced into a melting 
point bath at 200", showed mp 239-240.5" der. .Inn/. (Ci4Hl:SOS) 
C, H, K. 

2-Isonitroso-3,4-diliydro-5,6-dimetlioxy- 1( 2H) - naphthalenon e 
(14). Method A was a modification of the method of Hartung and 
Cro~s1ey.l~ Methylnitrite was generated by adding 4.5 nil of 30' 

dropwise to a solution of 4.0 g (0.058 mole) of SaSO2 in 
2.4 ml (0.060 mole) of 11eOH and 2.0 ml of H20. The methyl 
nitrite and anhydrous HC1 %ere simultaneously passed into a stirred, 
cooled solution of 7.2 g (0.035 mole) of 135 in 50 ml of anhydrous 
Et20 at such a rate that gentle refluxing occurred. Aifter 0.5 hr, 
no more methyl nitrite was evolved: the flow of HC1 was stopped and 
stirring and cooling were continued for an additional 0.5 hr. The 
dark red-brown mixture was extracted with several 50-ml portions 
of 105; SaOH, then the combined extracts were neutralized with 
20CO HC1. A yellow-brown, flocculent product separated and was 
isolated by centrifugation followed by collection on a filter. Re- 
crystallization from HIO gave B yellow microcrystalline solid 
(O.O35g, 4(':,), mp 188-190" der. -4n,al. (CI?H~:~SOa) S: C: calcti, 
61.27: found, 61.76: H :  

Method €l.---1 modification of the method of Straus and Ekhardlj 
was used. Freshly distilled isoamyl nitrite (2.4 g, 0.02 mole) and 
4.1 g (0.02 mole) of 13 in 60 ml of anhydrous Kt20 was added drop- 
wise to a cooled, stirred solution of 0.8 g (0.02 g-atom) of I< in 5 ml 
of anhydrous EtOH and 40 ml of anhydrous l<t20. After addition 
was complete, the brown mixture was stored overnight in a refriger- 
ator. The chocolate brown solid which separated was collected on 
a filter, washed with several portions of anhydrous Et20, then dis- 
solved in 50 ml of H?O and the solution was taken to pH 7 with 

(CioHioClSO?) C, H, C1, S. 

(CiaHi3SOs) C, H, S. 

(CisHi3s0,) C, H, S. 

calcd, 5.57: found, 4.83. 

(14) W. Hartung and F. Crossley ili "Organic Syntheses," Coll. Tol. 11. 

(15) F. Straus and W. Ekhard, .Ann. Chem., 444, 146 (1925). 
John Wiley & Sons, New York, X. Y., 1943, p 363. 



3' HCI. .i yellow solid separated which was collected on a filter. 
Ilization from CsH6 gave light yellow microcrystalline 

needles (1.6 g, 34( i), mp 185-186" dec. Further recrystallizalii~n 
from H20 gave colorless needles, mp 189-190" dec. The ir spectrum 
of this compound (CHCI,) was identical with that of the pmduct of 
method A. Anal. (CUHIJOI) C, H ;  S :  calcd, 5.96; found, 5.38. 
3,4-Dihydr0-5,6-dimethoxy-l(2H)-naphthalenone Oxime (17): -. 

Hydroxylamine hydrochloride (17.0 g, 0.245 niole) and anhydrous: 
&COS (17.0 g, 0.12s mole) were added to a solution of  30.0 g 
(0.145 mole) of 13 in 3 0 0  ml of MeOH and 30 ml of HyO. The rear- 
tion mixture was stirred arid refluxed for 0.75 hr, then was cooled 
anti placed in a refrigerator overnight . The solid material whirl1 
separated was collected and washed several times fi-itli ire w:tter. 
The dried product (25.8 g, 80', ) was obtained as light tan needles, 
nip 10'2-164". Ililution of the methanolic filtrate with Hi0 gave 
:in :ttiditional 8.3 g of product, mp 158-161". Ilecrystallization of 
1 he conihined products from anhydrom NeOH gave colorless 
needles, nip 164.5-165.5'. ArLal. (CIYH~SSO,) C, H, S. 

3,4-Dihydro-5,6-dimethoxy-l( 2H)-naphthalenone 0-p-Toluene- 
sulfonyloxime (IS).-Compound 17 (25.0 g, 0.113 mole) in 100 mi 
of pyridine was added dropwise with stirring to a cold solution of 
44.0 g (0.231 mole) of p-lIeCeH~SOrC1 in 100 ml of pj-ridine. The 
reartion vessel was cooled in an ice Inth, and addition main- 
tained at such a rate t,hat the temperature was kept :it 2-4". .lfter 
:iddition was complete, the mixture was stirred for 11' hr in the cold, 
then it WM poured over 3 I. of cracked iw. The product \vhivh 
separated was collected on a filter, t riturated in :t mortnr, washed 
t hiroughly with HyO, arid again collected on a filter. The dried 
product was a tan powder, mp 116-1 19'. Repeated crystallizatiini 
from anhydrous EtOH gave 40.7 g (96' ) of colorless needles:? nip 

3,4-Di hydro-2-amino-5,6-dimethoxy-l( 2H)-naphtIialenone 
Hydrochloride (15): -;Z suspension ( J f  40.0 g (0.107 mole) of 18 
in 130 nil of anhydrous EtOH wits added t i i  :i stirred,  led 
solution of 4.5 g (0.1 I5 g-atom) of I< in  70 nil of anhydrous 1'tOH. 
The reaction mixture wis kept void for 6 lir> then was allowed l o  
come to  rooin temperature cwer the nesl 12 hr. The dark greeii 
niisture was filtered and the solid niiiterial on the filter ww 
washed t \vice with anhydrous Kt20. The wvashings were added t i i  

the filtrate, t o  whirh was then added 800 ml of KtrO: this green 
solution ws poured into 200 ml i i f  I O ' ,  HCI in a separator>- 
funnel. After tliorciugh agitation, the  t wo-phase niixiure \vas 
separated, and the dark red organic: layer wis extracted with 
10' HCl (four 200-mi portions). The rom1)ined aqueous 
extr;ic*ts were washed once with 250 nil c ~ f  l<t?O, then the HsO 
\vas removed :it 40" under reduced prebsurr. The residual bro\vn 
solid was treated with 300 nil of hot anhydrous EtOH; this extract 
was treiitrd w i t h  vharcoal and filtered, and the filtrate was diiuted 
with 3 1. of anhytlrtrus I.:t,O. .I light tan solid (14.7 g, 54' , 1 
~vtiich separated was cwllevted, nip 205-20s del-. Repeated 
reprevipitation from EtOH-lSt,O gave material, inp 208.5-210 

124-125'. ;lnui. (CigH,iSOjS) C, H, S. 

tic(+. . I d .  (CirHi&lSO3) C, H, CI, S.  
1,2,3,4-Tetrahydro-2-amino-5,6-~imethoxynaphthalene (10): - 

.I niisture of 15.0 g (0.05X mole) of 15 and 3.0 g of IO'  Pd-C in 
300 nil IJf glacial AcOH was hydrogenated in a Parr shaker appa- 
ratus :it :I maximum pressure of 3.16 kgicm2 and a temperature 
of 40". Vptake of  Hi was complete in :S6 hr. The reaction vessel 
wiis rvmled and a solution of 10 nil of 70"; HClO, in 10 nil of 
glacial .+OH was added t o  the vharge. Hvdrogenation was 
rontinued, employing it iriaxiniuni pressure of 2.81 kgicm2 and 
:L temperature of 80-!)0". Uptake of Hi was complete in 8 hr. 
The reaction mixture WLLS cooled and the catalyst was removed 
filtration. The clear yellow fi1tr:tte was treated with a solution 
of  15.0 g trf KOXc in 50 nil of glacial AcSOH; KC104 precipitated 
irnrriediat.rl~ anti wit.' wllectetl on :I filter. The filtrate \vas 


