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ketone had occurred. This was analyzed as the methiodide salt 
(uide infra). 
[(3-Methyl-4-oxocyclopentyl)methyl]trimethylammonium Io- 

dide (2). To a solution of 30 mg (0.19 mmol) of the ketoamine 
mixture in 1 ml of ether was added 100 mg (0.77 mmol) of methyl 
iodide. The solution was allowed to sit overnight for complete 
precipitation of the iodide salt. The ether was then decanted and 
the iodide washed with additional ether to  afford 48 mg (87%) of 
the keto iodide 2: mp 210-215”; ir (KBr) 3.29, 3.36, 3.39, 3.46, 
5.73, 6.71, 6.85, 8.58, 8.73, 9.09, 10.31, and 11.11 p ;  nmr (DzO-ex- 
temal TMS) 6 3.55 (d, 2 H, J = 6 Hz, CHzN+), 3.15 (s, 9 H, 
+N(CH3)3), 3.1-2.3 (m, 6 H) ,  and 1.05 (d, 3 H, J = 6 Hz, 
CHsCH). Tlc hnalysis on Silicar plates using 25% acetone-75’70 
methanol (R, 0.55) and 66% 1-butanol-34% acetic acid (Rc 
0.20) as well as other combinations showed only one spot. Anal. 
C, H, N.  

Ruthenium Tetroxide Oxidation of the  Trimethylammonium 
Salt 1. To 175 mg (0.585 mmol) of the iodide salt 1 in 0.5 ml of 
water was added 90 mg (0.6 mmol) of AgCl and the mixture was 
stirred for 45 min. The AgCl was replaced by the yellow AgI 
which was removed by filtration and washed with water until the 
filtrate amounted to 1.0-1.5 ml. To  this was added 0.3 ml of 2% 
RuC13 followed by 0.84 ml of a 1.42 N NaOCl solution (household 
bleach) in portions while observing the black-yellow-black color 
change after each addition as the oxidation proceeded. After ad- 
dition was complete a small amount of 2-propanol was added to 
ensure complete formation of RuOz precipitate. The RuOa was 
then removed by filtration and the water removed in uacuo to 
give the keto chloride product and sodium chloride. The keto 
chloride was dissolved in acetone and an acetone solution of 88 
mg (0.59 mmol) of NaI was added to afford the keto ammonium 
iodide 2 which was recrystallized from acetone-hexane giving 136 
mg (0.46 mmol, 79%) of the iodide salt; the melting point, ir, 
nmr, and tlc results were identical with those previously given 
(uide supra). This route was chosen for synthesis of material used 
in subsequent biological studies because of the better overall yield 
and less number of steps. 

Animal Tissue Tests. A. Guinea Pig Ileum. The tissue tests 
consisted of in vitro studies on whole guinea pig ileum prepara- 
tions obtained from male American Standard guinea pigs, small 
stock. Four preparations immersed in Tyrode solution at  37” were 
used a t  each dose level. All compounds tested gave nearly full 
contraction indicating unit intrinsic activity. Typical dose-re- 
sponse curves were obtained with the concentration a t  peak half- 
height being used for relative biological activity. The results are 
given in Table I. All tests were conducted on racemic material. 

B. Chicken Biventor Muscle. The method employed for nico- 
tinic activity of *-2 is fully detailed in ref 7. 
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The reported analgetic activity of l-dimethylamino-3- 
phenylindan (1)l.t prompted the synthesis, from 4-cyano- 
4,4-diphenylbutyric acid,3 of the compounds described in 
Table I. The reductive decyanation of this acid with sodi- 
um and ethanol gave 4,4-diphenylbutyric acid which was 
cyclized to  3,4-dihydr0-4-phenyl-l(2H)-naphthalenone.~ 

1 2 a , R = H  
b. R-CN 

The oxime 2a of this ketone, reduced with Raney nickel, 
gave compounds 13 and 14 (Table I) and these amines 
were converted to compounds 15-18 and 22-25 by known 
procedures. This scheme failed with the cyanooxime 2b. 
Its reduction by a Zn-AcOH procedure5 gave a complex 
mixture containing 50-60% of the isomeric cyanoamines 
from which only 27 was isolated in low yield. The reduc- 
tion of 2b with Raney nickel in (Ac0)zO gave a mixture of 
the acetaminonitriles 28 and 29 which was not easily sepa- 
rated. Since the acetyl group of neither isomer could be 
hydrolyzed by either acid or base without converting the 
cyano group to an amide, this approach was replaced by 
that shown in Scheme I. 

Scheme I 

3a, R - 0  4 4  R-OH 
b, R = NMe b, R-Cl 

c, R - N M q  1 4 R-”Me 
4d 

6 Sa, R-OH 
h 
c, R-CI  

In Scheme I the NaBH4 reduction of 3aS gave a mix- 
ture of the cis and trans cyano alcohols 4a, which with 
SOC12 yielded a similar mixture of the cyano chlorides 4b. 
The separation of the 4b isomers was not attempted since 
the difference in their rate of reaction with MezNH in 
PhMe enabled the preparation of the pure cis- and tram- 
aminonitriles 4c. Their subsequent conversion to  the cor- 

t See also ref 2 for a brief review of the literature on this compound 
t Compound subsequent1,y described: see ref 6. 
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responding acids 5a and amides 5b was uneventful, but a 
preparation of the acid chlorides 5c gave the unexpected 
reactions shown in Scheme JI. 

Scheme I1 

I 
CJ-4 
11 Y J 

2 

"s- 
10 

A moist cake of the sulfate of each isomer of 5a contain- 
ing some HzS04 gave with SOClz at  25" almost exclusive- 
ly the decarboxylated compounds 9 and 10. Possibly these 
compounds were formed via the mixed anhydride 7 which 
gave 9 directly or which decomposed to 8 and the latter 
was sulfonated to 9. Thionyl chloride is a good solvent for 
sulfonations! and may have converted 9 to the sulfone 10, 
although one attempt to effect this conversion with pure 9 
failed. Compounds 9 and 10 were unstable as free bases 
and eliminated MeZNH, giving 11 and 12, respectively. 
The sulfone 12 was identical with a sample of this com- 
pound prepared by another p r o ~ e d u r e . ~  

The desired acid chlorides 5c subsequently were made 
from purified 5a sulfates with excess SOClz kept below 0" 
during the reaction and removal of the excess reactant or 
by the use of oxalyl chloride. 

The configurations of the isomers of 4c and consequent- 
ly that of their derivatives were established by the conver- 
sion 3a -* 3b - 4d - 6 in Scheme I. The NaBH4 reduc- 
tion of 3b gave both isomers of 4d. Their hydrochlorides 
were separated and the isomer with cis-cyano and methyl- 
amino groups cyclized to the amidine 6 at its melting 
point. Each form of 4d was methylated with formic acid 
and formaldehyde to the corresponding 4c. 

The configurations of compounds 13-25 were tentatively 
assigned as follows. A mixture of the isomeric 1,2,3,4-tet- 
rahydro-4-phenyl-1-naphthonitriles from the monodecya- 
nation of the corresponding 1,4-dinitrile~'o-~l was hydro- 
lyzed and equilibrated in refluxing alkali to a mixture of 
the isomeric carboxamides. The major product, 20, as- 
signed the trans diequatorial configuration, gave with bro- 

5 This work has not been published; private communication from Profes- 
sor J. Bradle~.~Reference 8 gives a brief summary of this work. 



462 Journal of Medicincl Chemistry, 1974, Vol. 17, No. 4 Notes 

mine  and sod ium methylate in  me thano l  the me thy l  ho- 
molog 21 of compound 17. The LiAlH4 reduction of 17 and 
of 21 gave 22 and the configurations of the other com- 
pounds were related to it. Trans 1,4 groups in te t ra l ins  are 
not completely diequatorial and t h i s  ass ignment  is tenta- 
t ive,  b u t ,  i n  agreement ,  trans-tetralin-1,4-dicarboxylic 
acid was  found the most stable form.12 

The dimethylaminoni t r i les  33 and 34 were decyana ted  
wi th  sodamide in toluene and gave predominate ly  24 and 
25, respectively. T h u s ,  inversion occurred in each in- 
stance. 

Pharmacology. The compounds were s tudied  under the 
direction of Dr. Samuel Irwin in the Pharmacology De- 
p a r t m e n t  of the Scher ing  Corp. The screening procedure 
was  the comprehensive behavioral ,  neurologic, and auto- 
nomic  eva lua t ion  of 1 r ~ i n . l ~  Analgesia was  measured  by  
the response to a p inching  of the tail with a forceps. In 
th i s  screen (doses i n  mg/kg)  morph ine  su l fa te  at 10 intra- 
peritoneally or 30 orally produced  50% of the m a x i m u m  
analgetic response. Perphenaz ine  was  a behavioral  depres-  
sant at 0.3 intraperitoneally,  at 1 orally; and d -amphe t -  
a m i n e  was  a stimulant at 1 intraperitoneally and at 1-3 
orally. 

Groups  of three male CF No. 1s mice  were treated oral-  
ly  or intraperitoneally with varying dosage schedules  of 
the compounds  and the data are summar ized  in Table I .  
With most pa i rs  of the isomeric amines (13a, 14a; 22, 23; 
33a, 34a; 35a, 36a; 42a, 43a) the isomers wi th  the x con- 
figuration were more behaviorally active as s t imu lan t s  
and were more  toxic than their y counterpar t s ;  the latter 
were more  active as depressants. Though  no t  adminis -  
tered b y  the same route, 38a and 39a, which  possess a 
bulky  func t iona l  group at position 4, a re  a n  appa ren t  ex- 
cept ion .  Also screened in mice (doses in mg/kg  orally) was  
6.HC1, a depressant  at 100, lethal at 300; 9, a behavioral  
stimulant at 100, lethal at 300; and 10.HC1, a behavioral  
s t imu lan t  at  10, lethal >loo. Only  36s and 42a showed 
a n y  analgetic ac t ion  and this only at doses 30 and 10 
times greater,  respectively, than those producing  depres-  
sion. 

Experimental Section 
Melting points were taken in open capillary tubes with a 

Hershberg apparatus and are uncorrected. Where analyses are in- 
dicated only by the symbols of the elements, analytical results 
were within &0.4% of the theoretical values. 

4.4-Diphenylbutyric Acid. The salt prepared from 132.5 g (0.5 
mol) of 4-cyano-4,4-diphenylbutyric acid and 0.5 mol of NaOEt in 
400 ml of EtOH was heated to reflux in a mantle in a 5 l . ,  three- 
neck flask bearing an efficient wide-bore condenser, blade stirrer. 
and addition funnel. Without further heating, 161 g (7 mol) of Na 
was added through the condenser in 10-20-g chunks as rapidly as 
the vigorous frothing and refluxing allowed. The mixture was 
stirred slowly to avoid disintegrating the molten lumps. As the 
addition proceeded the mixture thickened, heating was begun, 
and 1.2 1. of EtOH was added a t  a rate just sufficient to keep the 
Na free of a coating. Heating was continued until all of the Na 
had dissolved. The condenser was arranged for distillation and 1.2 
1. of HzO was added slowly to the hot mixture and most of the 
EtOH distilled. The cooled residue was extracted with 500 ml of 
PhH and the extract was washed with 500 ml of HzO. This aque- 
ous wash plus the basic solution was cooled in ice and acidified to 
pH 3 with 20% HC1 in a well-ventilated hood. (Caution, HCN is 
evolved.) The product crystallized on cooling and was filtered, 
washed with HzO, and dissolved in 1.5 1. of warm PhH. This solu- 
tion was washed with 2 x 200 ml of HzO, and distillation left 
104-114 g (87-95%) of cyano-free acid, mp 104-108", which was 
suitable for use. Crystallization from MeCN, 2 ml/g, gave acid, 
mp 108-110". 
1,2,3,4-Tetrahydro-l-amino-4-phenylnaphthalenes (13 and  

14). The oxime 2a (95 g), hydrogenated a t  100" in 900 ml of h"~ 
saturated EtOH with Raney nickel and Hz at  60 kg/cm2, gave 77 
g of a distilled mixture of the amines. Dry HC1 was added to thls 
mixture in 400 ml of EtOH and the salt was collected. Three re- 

crystallizations from-70% EtOH gave 21 -g of 13a, mp 290-300". 
The base recovered from the first two crystalline liquids was acet- 
ylated and crystallized from MeOH: yield, 30 g of amide 16. 
This compound was hydrolyzed to  14a with HC1. 
1,2,3,4-Tetrahydro-4-cyano-l-dimethylamino-4-phenyl- 

naphthalenes (33 and  34). To a stirred suspension of 98.8 g (0.4 
mol) of powdered ketone 3a in 2 1. of MeOH 12.5 g (0.33 mol) of 
NaBH4 was added in small portions a t  5-10" over 2 hr. After 4 hr 
at 20" the MeOH was distilled and the product was extracted 
with CsHs and HzO. The solution was concentrated and the car- 
bonyl-free oil in 100 ml of PhH was added to 150 ml of SOClz and 
refluxed for 10 min. The mixture was concentrated in uacuo; 150 
ml of PhH was added and removed in uacuo. The residue in 150 
ml of PhMe was added at  -10" to 250 ml of liquid MezNH and 
the mixture was sealed in a pressure bottle and kept at 25" for 4 
days. The excess Me2NH was distilled and the PhMe was washed 
with HzO and extracted with 5% HCl. Basification of the acid ex- 
tracts gave 51 g of 34, mp 108-115". The PhMe solution was con- 
centrated in uacuo and triturated with hexane: yield, 33 g of the 
chloronitrile 26. This compound in 400 ml of MeOH was saturat- 
ed with MezNH at O", sealed in a pressure bottle, and kept with 
an occasional shaking at  25" for 5 days. The usual work-up gave 
23 g of 33. 
1,2,3,4-Tetrahydro-4-cyano-l-methylamino-4-phenylnaph- 

thalene Salts (30 and  31). The ketone 3a (80 g) was stirred in a 
bath a t  150" and a rapid stream of MeKH2 was passed through it 
for 2 hr. Water was removed continuously as distillate and the 
residue in 900 ml of MeOH was reduced with 16 g of NaBH4 at 
5-10", The products, isolated and separated with 5% HC1 in the 
usual manner, were 30.5 g of the cyano alcohols 4a and a 49.5-g 
basic fraction whose HC1 salt, crystallized from EtOH, gave 19.5 
g of 30. The bases recovered from the crystallization liquid were 
chromatographed on 1250 g of silica gel powder. The first CHC13 
eluates (monitored by tlc) gave 20 g of a thick oil which was con- 
verted to 31. 

1,Z-Dihydro- l-dimethylamino-4-phenylnaphthalene-3-sul- 
fonic Acid (9). The wet cake of the hydrated salt 41 from the hy- 
drolysis of 10 g of 34 was added in small portions with stirring to 
500 ml of SOCl2 containing 1.5 ml of HzS04. There was a vigor- 
ous evolution of gases. After stirring for 3 days the SOClz was dis- 
tilled in U ~ C U O  (bath below 40") and 100 ml of cold MeOH was 
added. When the gum had dissolved the solution was kept at  45" 
for 3 hr and refluxed for 0.5 hr. The compound was collected and 
washed: yield, 4.8 g; mp 259-260". Anal. (C18H19N03S) H. N: C: 
calcd, 62.22; found, 62.88. 
~,6-Dihydro-5-dimethylaminobenzo[d]naphtho[Z,~-~]thio- 

phene 7,7-Dioxide Hydrochloride (IO). The MeOH solution from 
the above preparation was distilled in U Q C U O  and the residue was 
shaken with Et20 and cold 10% NazCO3. The extract was dried 
briefly (K2C031, filtered, and treated with dry HC1. The crystals 
were filtered and recrystallized from EtOH; yield, 2.9 g; shrinking 
200"; mp 233-235". Anal. (Cl~HI7N02S.HC1.H20) C,  H, N .  

Sodium 4-Phenylnaphthalene-3-sulfonate (1 1). Compound 9 
(3 g) was refluxed with 20 ml of 10% NaOH until the evolution of 
MezNH ceased. Concentration and cooling gave hydrated plates 
which were crystallized from 50% EtOH and dried at loo" in a 
2-mm vacuum for 6 hr: mp 312-315O.Anal. (C16H1103SNa) C, H.  
Benzo[d]naphtho[2,l-b]thiophene 7,7-Dioxide (12). The free 

base from 10 in Et20 solution rapidly decomposed to 12: nip 
235-236"; identical with authentic IZ9 and with material prepared 
from 11 and poly-H~PO4 by a published p r ~ c e d u r e . ' ~  

1,2,3,4-Tetrahydro-l,4-ethano-3-imino-2-methyl-4-phenyliso- 
quinoline Hydrochloride (6). The salt 15, kept slightly above its 
melting point for a few minutes, resolidified and was recrystal- 
lized from EtOH: mp 295-297". Ana/.  (ClaH19CINz) C, H, N. 

The free base from this salt and aqueous Na2C03 was crystal- 
lized from MeCN: mp 190-192".Anal. (C18HTgN2) C. H, N. 

l12,3,4-Tetrahydro-4-carbomethoxy- 1-dimethylamino-4-phe- 
nylnaphthalene (42). Finely powdered pure sulfate salt 40 (7 g) 
was added to 200 ml of SOCIz at  0" and stirred at  this tempera- 
ture until it dissolved, CQ. 2 hr. The excess SOC12 was distilled in 
C Q C U O  below 0". 100 ml of cold MeOH was added all at  once to the 
residue, and it was refluxed for 1 hr. The solution was filtered and 
evaporated. and the base was recovered in the usual manner. 

Excess oxalyl chloride at 25' also was used in this preparation 
with good results. 
1,2,3,4-Tetrahydro-4-phenyl-l-naphthonitriles. A &/trans 

mixture of the corresponding 1 ,4-d in i t r i le~ , '~  103.3 g (0.4 mol). 
rnp 90-110". and the NaNHz prepared from 32.2 g (1.4 mol) of Na 
were refluxed with stirring in 1500 ml of PhMe for 10 hr. The 
usual work-up gave 71 g of mononitriles: hp 170-173" (1 mm);  mp 
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65-70”. Crystallization from i-PrOAc gave ca. 60% recovery of 
compound: mp 69-72”. Crystallization from MeCN gave ca. 10% 
of product: mp 102-105”. 
1,2,3,4-Tetrahydro-4-phenyl-l-naphthamide (20). The above 

mixture of nitriles as distilled, 28 g, 200 ml of 20% NaOH, and 
300 ml of EtOH were refluxed and stirred for 8 hr, and the EtOH 
was then distilled, The aqueous layer was decanted and the rub- 
bery residue was washed with HzO and refluxed with 200 ml of 
HzO and 300 ml of PhH until crystalline. The cooled mixture, fil- 
tered and washed, gave 16 g of amide: mp 170-173”. Recrystalli- 
zation from MeCN with slight loss showed its mp was 179-181’. 
Concentration of the PhH liquor gave 7 g of a nitrile-free (ca. 1:l) 
mixture of the cis and trans amides: mp 125-140”. Anal. 
(Ci7Hi7NO) C, H, N. 
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In the course of our earlier studies on sulfur-containing 
heterocyclic compounds, it was found that 11-( 3-dimethyl- 
aminopropy1)-5a,6,7,8,9,10, loa, 11-octahydrobenzo[ blcy- 
clohepta[e][l,4]thiazine (If)  had some antihistamine ac- 
tivity without any appreciable effect on the CNS. This 
finding appears of interest considering the analogy of the 
cycloalkylbenzothiazine system present in If and that of 
phenothiazine. Some aminoalkyl derivatives of the latter 

* This paper is dedicated with gratitude to my former professor, Alfred 
Burger, 

tricyclic system show both antihistaminic and CNS de- 
pressant activities. 

We have therefore extended our work to the synthesis of 
a number of octahydrobenzo[b]cyclohepta[e] [1,4]thiazines 
(la-g) (Table I) in order to study the variations of phar- 
macological activity related to reduction and homologa- 
tion of one of the aromatic rings of phenothiazine. For the 
few benzo[b]cycloalkyl[l,4]thiazine derivatives (tetra- and 
hexahydrophenothiazines14) to be found in the literature. 
only limited pharmacological data have been described.2 

C h e m i s t r y .  T h e  11- (d i a lky laminoa lky1) -  
5 a ,  6 ,7 ,8 ,9 ,10 ,10  a ,  1 1 - oc t a hy  d ro  b e n z o [ b ] c yc  1 ohep- 
ta[e][l,4]thiazines (la-g) (Table I) were prepared by al- 
kylating 1 (R = H) with suitable dialkylaminoalkyl chlo- 
rides in boiling xylene in the presence of NaH. Requisite 1 
(R = H) was prepared by NaBH4 reduction of the 
5a,6,7,8,9,10-hexahydrobenzo[b]cyclohepta[e] [1,4]thiazine 
obtained as previously rep0rted.5.~ 

I 
R 
1 

Pharmacology. The in vitro anti-5-hydroxytryptamine 
(anti&HT), antihistamine, and antiacetylcholine activity 
as well as the effect in uiuo on the CNS was studied as 
described in the Experimental Section. Compounds la-g 
were used as hydrochlorides. 

Results 
The results of in vitro testing for anti 5-HT, antihista- 

mine, and antiacetylcholine are reported in Table 11. It can 
be seen that all test compounds had anti-5-HT activity 
(Table 11) of the same degree (compounds lb-d,g) or even 
superior (compounds la,e,f) to that  of the well-known 
anti-5-HT agent methergoline.7-9 

Antihistaminic activity was very modest, about 50-200 
times less than that of the standard. As was to be expect- 
ed, compounds la-c containing the dialkylaminoalkyl 
group in position 11 were more effective than the remain- 
ing substances. The test compounds had low antiacetyl- 
choline effects. They were about 50-100 times less potent 
than atropine. Compounds la,b,d produced a slight de- 
pressant effect on the pull-up test a t  doses of 260, 120, 
and 175 mg/kg, respectively, and reduced the rotarod per- 
formance a t  concentrations of 300, 125, and 250 mg/kg, 
respectively, while chlorpheniramine, used as standard, 
was effective a t  18 (pull-up test) and -100 mg/kg (rota- 
rod performance test). These data suggest a modest inter- 
ference with coordination of motor activity and muscle 
tone. All the other substances were devoid of overt effects 
on the CNS. The substances failed to antagonize reser- 
pine, to potentiate barbiturate effects, and to modify the 
spontaneous motor activity. 

Experimental Section 
Chemistry. A mixture of 0.01 mol of 1 (R = H)5,6 and 0.05 mol 

of NaH was refluxed in anhydrous xylene (40 ml) for 90 min. A 
solution of the suitable alkyl chloride (0.04 mol) in anhydrous xy- 
lene (30 ml) was added dropwise to this suspension in 2 hr (more 
volatile alkyl chlorides were added during a longer time). After 
the addition was completed, the reaction mixture was refluxed for 
a further 5 hr, cooled, and poured into ice-HzO, the organic layer 
was separated, and the aqueous portion was extracted with EtzO. 
The combined organic layers were dried (NaZS04) and concen- 
trated, and the residue was distilled under vacuum. 

Compounds la-g were dissolved in anhydrous Et20 and the so- 
lution was treated with dry HC1 until complete precipitation of 


