
Synthetic Estrogens, Implantation Inhibitors, and 
Hypocholesteroleniic Agents. I. Tetrahyclronaphthalene Series' 

The atereuc~hemiati.y of l,%d 1-sutistitiited tetrahSdroiial)hthalene derivatives has beeii $iiidietl. Hacic. 
cid derivatives have been prepared ill this series to achieve separatioii of es- 

0111y partial ieparation of thew biological featrue- 
phenolic ethers arid pheiiosyacet 
trogenic, antifertility, niid h?-pocholesteroleniic nct ivi t iw.  
has beeti attained 

Several years ago a number of 3-pyridyl substituted 
dihydro- and tetrahydronaphthalerie derivatives pre- 
pared in our laboratories were shown to inhibit the 
1 lp- or the 17-hydroxylase enzyme systems in the bio- 
synthesis of adrenal cortical and gonadal steroid hor- 
mones. 

chemistry. arid endocrine-screening results of a number 
of tetrahydronaphthalerie derivatives. 

Chemistry.-Catalytic reduction of 1,2-disubstituted 
3,4-dihydronaphthalenes rewlted in tetrahydronaph- 
thalene derivative\ in which the substituent5 on the 
carbon atoms 1 and 2 are in the cis configuration. 
However, Friedel-Crafts-type alkylation of phenol by 
means of the carbonium ion produced by the action of a 
Lewis arid 011 l-hydroxy-3-substit~ited 1.2,8,4-tetra- 
hydronaphthalene afforded a mixture of para-alkylated 
phenols from which both the cis and tr.ans isomers of 
1,1?-disiibstituted tctrahydroIiaphthaleiies could be iso- 
lated. 

The present report deals with the synthe 

4 3 

Thus, when l-hydroxy-2-phenyl-1,2,3,4-tetrahydro- 
naphthalene TKIS used to alkylate phenol, the cis and 
trans product's (3 and 4) could readily be isolated 
by  fractional crystallization. The cis isomer (3) was 
identical wit'h the product obt'aiiied by demethyla- 
tion of 5 (see Table I) which, in turn, was pre- 

(1)  .L cornniunication concerning tlie synthesis and antifertility activity 
of compounds 16 and 16 described in this paper has been published: \V. L. 
Hencae, R. TV. J. Carney, L. I. Barsky, A ,  A ,  Renzi. L.  Dorfman, and G .  
desterens,  Bzperient ia ,  91, 261 (1965). 

(2)  \V. I,. I<encaeanri L. I. Barsky, J .  .?led. Phnrm. Chem.,  5, 1298 (1962) .  

pared by catalytic, hydrogenation of the corrcspoiitlii~g 
3,4-dihydronaphthalene der~r-at ive.~ .1 further proot 
of structure for the cis isomer 3 was accompli4ied by 
reductive elimination of the phenolic hydroxy group 1 icr 
the phosphate ester 7 to afford the cis hydrocarbon 1 .  
which was found to be itlenticd with l,?-diphenyI-l,? - 
3,4-te trahydronapht halene prepared :wording to  t Ii(, 
procedure of Bergmann, et ~ 7 1 . ~  

Isolatiuri of the cis iiomer of phenol 11 froin tlic 
Friedel -Crafts alkylation reaction mixture by eryhtd- 
Iizatiori was un~ccessful .  Hon ever, hubieqwnt tc 1 

removal of most of the trans isomer 12 by crystalliza- 
tioii, the reiidual mixture was methylated, and tlit, 
phenolic methyl ethers 13 arid 14 could be separated by 
fractional cryitallizatioii from ?-propanol. Again 13 
~ a -  found to be idcntical with the product of (satslytic 
hydrogenation of the tvrreiponding 8.4-dihydronaph- 
thalcne clerivxt ivc.. 

The mobt c.oii~iitciiig vvidencae for the 
t~hemical assigiiment of the tis and t~ a m  
of t lie 1 ,2-d iiubstitutcd 1 , 2 , 3  .4-t etrdiydroiiaph t haler ic 

iwmrrs n-a* fuixislicxl by tho nnir specti:t of' the pr i i  ( >  

I'igurc 1 1lluitr:ite. the four poysible c~oiitoriii:tt i o r i -  

of the tetr2thydrcJiiaphthaleiie derivative :~s~ui i i i i ig  thnt 
the :~licyrlic ring i-: iii tlic p ndo-chair form. The l i u r i  \ 
forin, 111 w1iic.h the t nx  -uh tueiitq arc in the cqiicitorial 
position- is depic~ted :is - t ixc*t iu  (L l?lippiiig t h t ~  
k~lllky nron1nt I? i l l lbt l t l  
.ult i i i  tlic the,.i/tcidynai,i Iy l P S S  \table c~oIlfolmnllon 13 
I i i  tlic, -t;il)lc / r t rr i s  foriii A tlir vic.i i i :d t r i  ti:ii*y hyclrogoii 
atiiiii- on c.:wboii:, t x r i d  2 ;trc lo( ated tratiu to  c w h  o t l t c ~ t  
a ~ i d  \V(JUld be c y w t o t l  t o  ihow I I  hrgc  coupliiig c o i l -  

>tarit in  their iimr doublet ~igiiul. Indeed, ./] for t l i c  
('II hydrogen iignal n :L\ found to be approxiniately 10 
cpq, which rorihriiis tl ic ii ans diaxial relationship of tho 
C1 hydrogen atonis. \Vherea* nmr clearly establiqhe- 
conformation A for the trans isomer, the coupling con- 
-tant ,TI = j cpa foi- thc. t i s  iioiner cannot distinguish 
betweeii the two c~onfoini:itioiis C :urd D. 

a 1,nlpO unds. 

> in :tsial I ) o q i t i o i i \  n o r i l t l  r(1- 

(3) \I, I, 13en</f*, I. I. lielahi \T I-' i o p c l m 6  1 L RewL, S l l on ic  

(4) r Eeiginann H I .  FscIiiria/i a n ~ l  I) Sciiapwu J rlfn Clem h o c  
and J J Chart ,  r b d .  8,  2 1 4  (1965) 

64, ,557 (1942) 
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TABLE I 
C i s  A S D  f/’anS ISOMERS OF 1 , 2 - D I P H E ~ ~ L - 1 , 2 , 3 , 4 - T E T R A H Y D R O S . ~ H T H . ~ E ~ E  .4ND DERIVATIVES 

R, 

KO Isomer Ri R 

1 cis H H 
2 trans H H 
3 czs H OH 
4 trans H OH 
5 cis H OCH3 
6 trans H OCH3 
7 cis H OPO(OC?H5j? 
8 trans H OPO(OC?H,j, 
9 cis H OCHzCHzN(CzH,j? 
10 trans H OCHzCH2N(C2H,)2 
11 czs H OH 
12 trans H OH 

14 trans H OCH3 
15 c is  H OCH?CH&(C2H5j2.HBr 
16 trans H OCH1CHzN(C2H5)2.HBr 

18 trans OCH3 OH 

13 czs H OCHs 

17 cis OCHj OH 

19 czs OCHj OCHzCHiK(CzH,j?.HCl 
20 trans OCHB OCHiCH?S(C?Hs)z.HCl 
21 czs I€ OCH&OOH 
22 trans H OCI12COOH 

24 trans H OC(CH3)zCOOH 
* 011, purified by chromatography. 

23 czs H OC(CH3jzCOOH 

Pro- Yield, 
Rs cedure 70 
H G 61 
H G 67 
H B 63 
H A 44 
H c 78 
H D 61 
H F 93 
€ I  F 83 
II E 55 
H E 39 
C1 B 80 
CI A 59 
C1 C 64 
C1 D 70 
C1 E 22 
c1 E 55 
H A  8 
I€ A 21 
H E 21 
H E 47 
H H 79 
H € I  i5 
H I 79 
H I 80 

BP (mm) 
or 

mp, O C  

96-97 
61-62 
142-143 
93-95 
87-89 
72-73 

0. 

a 
140 (0.6) 
59-6 1 
157-159 
144-145 
108-110 
140-141 
178-179 
169-170 
188-189 
215 (0.2) 
183-185 
172-1i4 
135- 136 
124-126 
160-162 
136-137 

Calcd, %; Found,  % 
C H C  H 

92.91 7.09 92.66 7.31 
92.91 7.09 93.16 7.10 
87.96 6.71 88.25 6.89 
87.96 6.71 87.87 6.88 
87.86 7.05 87.74 6.06 
87.86 7.05 87.73 7.0s 
71.55 6.71 71.81 6.80 
il.55 6.71 71.44 6.96 
84.16 8.33 84.21 8.44 
84.16 8.33 84.34 8.62 
78.92 5.72 79.25 5.64 
78.92 5.72 78.69 5.81 
79.17 6.07 79.09 6.03 
79.17 6.07 79.40 6.19 
65.30 6.26 65.01 6.4i 
65.30 6.26 65.21 6.47 
83.60 6.71 83.59 7.00 
83.60 6.71 83.66 6.70 
i4.75 7.80 i5.23 8.10 
74.75 7.80 75.18 7.76 
80.42 6.19 80.61 6.21 
80.42 6.19 80.49 6.21 
80.80 6.78 80.97 6.9s 
80.80 6.78 80.96 6.83 

Preparation of the various derivatives as listed in 
Tables 1-111 was accomplished by modifications of 
known synthetic procedures. 

Pharmacological Procedures 
Uterotrophic Activity.-The compounds were placed in sus- 

pension wit.h carboxymethylcellulose or polyethylene glycol arid 
given by subcutaneous injection for 3 days to immature female 
rats of the CIBA strain, weighing 35-40 g. On the fourth day 
t,he animals were sacrificed; the uteri were removed, expressed of 
fluid, cleaned of adhering t,issue, and immediately weighed. 
The iiterotrophic activity thus determined was compared wit’h 
that ohtained bj- subcutaneoiis administration of 2.0 pg/kg of 
estradiol for 3 days. 

Antiestrogenic Activity.-Tests were performed with com- 
pouiids that possessed uterotrophic activity, by giving them 
subcutaneously in a variant dose range of 0.25-50 mgjkg con- 
comitantly with 2 or 10 pg/kg of estradiol to immature female 
rats for 3 days. A compoiind was designated to be antiestro- 
geiiic when the uterine weight of rats receiving the combination 
treatment was less than that observed with estradiol treatment 
alone. 

Antifertility Activity.-The substances were administered or- 
ally a t  a dose of 1 mg/kg to adult female rats weighing 180-200 g, 
beginning on day 1 postmating and continued for 4 consecutive 
days. On the 14th day the rats were sacrificed and the number 
of fetrises or implantation sites in both uterine horns were 
counted. A compound was considered to offer 100% protection 
if no implantation sites were noted. Whenever this was the 
case the lowest “effective” dose was established. 

Hypocholesterolemic Activity.-Male rats weighing 125-150 g 
were given various oral doses of 1-50 mg/kg for 7 days. Blood 
samples were taken from the orbital sinus or by decapitation at 
the t.ermination of treat,ment,. 

R 

O A  
\ a 

I 

H H 

A c 

C6Hi 

R D 
h t i s  form cts  form 

Center of Center of 
R C1 doublet, cps J ~ , z ,  cps Ci doublet, cps . J I + Y ,  cps 
H 252 10 262 $5 
OH 247 10 256 2 
OCH3 246 10 258 .5 
OCHiCHr 248 10 257 5 

N (6 2 &jZ 
Figure 1 .-Conformation of 1,2-diphenyl-l,2,3,4tetrahydronaph- 

thalene and derivatives. 



140 

:,I I t  

Results and Discussion 

111 gencral, the t i  a n b  iwniers of the pheiiul- :ind thelr 
methyl ether- n ere nioi e poteiit uterotrophlc -ubbt:iiic.(~- 
thnn their rorre*poriding cis isomer-. Thu.. coni- 
 poind^ 12 and 14 elicited iiiarked uternle *timulatioil 
:tt :I (lo-e of 40 p g  lig ( 2  pg n i t ) ,  while the correyion(1- 
iiip tis iwinerq 11 and 13 n c w  le+ active. The bn-ic 
c.tliery, e-pecially 16. 19. niid 20, a130 4ion ed niarl\cltl 
utt1rotrophic :wtivity, though the do-e-re-pori-e ( * u r v ~  
I\ :t- rather flat \vheii c .o i i i p : t i d  with the pheiiol-. 
Thi- lack of tlosc-re~ponse relittioiiihip -1iarply di-- 
tiiigui*lie, the b:i\ic ether 16 from the natural e-trogeii-. 
There was little c~i1aiitltntive (11\t111(*tloii i n  thc uteriilc. 
weight inoreahe tietn ecii (lo-es oi 40-3000 pg Lg. 

Surprisingly, tlic I;ii(i\\ 1i4 liyciroc*arhoii 1 11 

to h :I very poteiit uteroti~op111~~ -ubct:iii(*(l 111 t!ii- 

-eric+. It produced niode~~:itc~ iiterotroplii(* re~poii-e a t  

ynnccd by  Enini(w\,b namely, that twinlatic hydro- 
m h i t i \  niu\t lw hydrouylntccl by hepatic eiizyiim tic- 
trlre they (mi (,licit e-ttogeiiic' activity, i t  15 intriguing 
tha t  this particular "proestiogeii" 1 should be more a(<- 
tive tlitiii it- liydroxylatd dwiv:itive- 3 or 46. 

The l i  nns  hydrocai bon 2 ~ a 5  touiid to be le.;.. active 
(100 p g  kg) a\ a11 (1-trogen than the czs i-oilier 1 i S  p g  
I<%).  Therch w:t- pi~scticdly 1 1 0  clifferenrt~ i n  the utero- 

.I tlo,c~ as low :1\ x pg, kg I11 v1e\v of the theory utl- 

? .ill biological ( lata of 16 refer t u  tlie crystalline, free ha-e, 1111, 61-89'. 
1 1 )  c'. \\-. 1:inrnen~.  J .  I luproi l .  F e r t i l l / i , ,  2,  4.14 f1941,. 
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TABLE I11 
1,2-st-BSTITUTED DERIVATIVES OF TETR.~LISE, ISD.\SE, . i S D  BESZOSUBEKASE 

OR OR 

52- 54 55-57 

Pro- Yield, 
R cedure 5% NU. 

52 H -4 51 
, 5 ~  C"UCH!Si CnHj)? ' CeHsO; E 66 
S i  C'(CHI)KOOH I 47 
5,5 H A 36 
56 C",CH:SiCsH5)n.HCl E 62 

.is H (n = 1) A 29 

60 H (n = 3 )  A 64 

62 H 0 36 

,57 C'HrCOOH H 21 

59 c " ~ C H : . S I C ~ H ~ ) ~ . C ~ H ~ O ~  (72 = 1) E 72 

61 C'HUCH?SiCsHa)n.CsH,Oi (n = 3 )  E 43 

63 C'OCHa P 37 
64 C"rCH:S(CrH:,)? E 47 

0 Oil, piirified by chromatograph>-. 

In another experiment compensatory ovarian hyper- 
trophy -ubsequent to unilateral ovariectomy in the rat 
could be inhibited by a doqe of 100 p g k g  of 16. At the 
same time, under the conditions of this experiment, a 
marked tlepresiioii of uterine weight occurred. Thus, 
16 appeared to have elicited an estrogen-like gonado- 
trophin inhibitory effect on the remaining ovary and 
an antie-trogenic effect on the uterus. 

Implantation Inhibition.-The most active compound 
in this ierieq \va% the basic phenolic ether 16, which 
offered complete Iirotection against pregnancy at  an 
oral dose of 20 p g  kg/day (approximately 4 pg/rat/day) 
given to female rats for four consecutive days postmat- 
ing. Tiible IT7 4ioiv.s the effect of a few chemical altera- 
tioris on the implantation inhibitory activity and, in 

TABLE IT' 
BIOLOGIC 4~ .\CTIVITY OF REPRESEST ~ T I V E  COMPOUNDS 

OCH-CHAR, 
I 

Ctero- 
trophic 

activity. 
No. Ri Rz Ra RI n mg,kg 

10 H N(C?Hs)? H H 2 2 . 5  
16 H N(C:Hs):! C1 H 2 0.04 
20 OCHj N(CaHs)Sa H H 2 0 .002  

31 H NHC?HsU C1 H 2 . , . 
29 H NH$ c1 H 2 . . .  

Anti- 
fertility 
activity, 

1 .0  
0 . 0 2  
0.1 

> 1  o c  

0 . 1  

m g / k  

1 
36 H N(CHr)aCH? C1 H 2 2 . 5  > o  02c  
43 H N(C2Hs)t' OCHi H 2 0 . 0 5  1 . 0  
48 OCH3 I'i(C?Hi)P C1 H 2 . . .  0.1 
56 H N(C2Hs)P C1 CH3 2 0.01 0 . 0 4  
59 H N(CrHa)?' C1 H 1 2 . 5  > l . O C  
61 H N(C?Hs)2* C1 H 3 . . . 1 . o  

Hydrochloride .salt. b Citrate salt. Protection against 
pregnancy was incomplete at  the dose indicated. 

OR OR 

Alp, O C  

106-107 
135- 136 
133-135 
136-137 
186-1 8s 
102-106 
125- 126 
109-110 
135-139 
107- 109 
161-163 
125-126 

a 

&OR OR 

58-61 62-64 

-Calcd, c~:- 

86.23 5.55 
68.32 7.93 
79.55 8 . 2 2  
7 9 .  18 6.07 
71.87 7 . 0 8  
7 3 .  79 5 . 7 0  
78.62 .5.34 
61.75 6 .26  
79.17 6 .07  
64.57 6.6k 
79.49 6.06 
i3 .3 ,5 5.72 
i 6 , X  9.44 

C H 
-Found, (5- 

C H 

S6.21 8 . 6 2  
68.31 S .07  
79.66 S.31 
79 .2s  6 , l O  
71 .7s  5.22 
7 3  .SO 5 . 7 7  
7 s .  .55 ,5 . 2 3  
64.57 6 . 2 3  
79,39 6.29 
65.06 6.S7 
79.37 6.14 
73.34 5.7.5 
76.60 9 .52  

part, on the uterotrophic activity. The typical G -  
methoxy group in the naphthalene moiety, as employed 
in the total synthesis of steroidal compounds, enhanced 
both the estrogenic and implantation inhibitory ac- 
tivity (see 10 and 20). However, the same chemical 
change in 48 did not improve the antifertility activity 
of 16. 

Exchange of the diethylaminoethyl group of 16 for 
pyrrolidyl (36), amino (29)) and N-ethylamine (31) 
led to less active compounds. 

Compound 16 with a chloro group substituted in the 
para position of the phenyl group at  Cs had greater 
activity than 10 and 43. 

Substitution of a methyl group in place of hydrogen 
a t  Ct (56) increased the uterotrophic activity, but de- 
creased the antifertility activity by one-half. 

Ring contraction of the alicyclic part of the tetra- 
hydronaphthalene ring system to afford the indane 
analog (59) of 16, or ring expansion to a seven-meni- 
bered ring system (61) resulted in greatly diminished 
antifertility activity. A heterocyclic analog of 16, in 
which the tetrahydronaphthyl moiety was replaced by 
chromane, was active at 1 mglkg.a 

The following compounds afforded complete protec- 
tion against pregnancy a t  a dose of 1 mg/kg: 9, 35, 40. 
44, and 53. Compounds showing activity a t  higher 
doses than 1 mg/kg were considered to be inactive. 

Hypocholesterolemic Activity.-The implantation in- 
hibitor, 16, exerted a niarked hypocholesterolemic re- 
sponse in male rats at  a dose of 0.5 mg/ kg given orally 
for 7 days. When male rats were rendered hyper- 
cholesterolemic with thiouracil, 0.1% in the feed, oral 
doses of 16 at 0.1 mg/kg for 10 days, did not diminish 
the elevated serum cholesterol concentration. 

Compound 26, a phenoxyacetic acid derivative, 
which had no effect on implantation and showed only 

(8) R. W. J. Carney, W. L. Bencze, J. Wojtkunski, A.  A .  Renzi. L. Dorf- 
man, and G .  destevens, J .  M e n ' .  Chem., 9, 516 (1966). 
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TABLE T 
IKTERMEDIATE COMPOUNDS 

-Calcd, %- -Found, %- -Calcd, %- -Found. 7- 

H H 4-ClCsH4 I 88-90 74.23 4.57 74.27 4.68 129-130 73.62 5.35 73.50 5 4 6  
H H 4-C1C6H4 2 108-109 74.85 5.09 75.15 5.12 129-132 74.27 5.83 74.43 5 , 9 7  
H CHI 4-ClCsH4 2 52-54 75.42 5.58 75.57 5 5 8  113-115 74.58 6.26 74.78 6 .43  

H H 2-FCsH4 2 83-83 79.97 5.45 79.94 5 .41  b 79.30 6 .14  79.07 6.28 
H H 4-OCH3C6H4 2 lll-112c 80.92 6.39 81.01 6.46 74-76 80.28 7.13 80.20 6 . 9 s  

Ri R? R3 n u p ,  ac C H  C H  N p ,  o c  C H  C H  

H H C6H11 2 34-35. 84.16 8 .83  84.19 8.86 91-95 84.43 9.63 83.50 9.5s 

H H 3,4-ClyC&3 2 101-102 66.22 4.17 65.93 4 . 2 2  92-94 65.54 4 . 8 2  65.54 4 .76  
6-OCH3 H CsHi 2 121-122d 80.92 6.39 80.73 6 .45  88-89 80.92 6.39 80.61 6 .65  
6-OCH3 H 4-ClCsH4 2 98-99 71.20 5.27 71.21 5 .39  109-111 70.70 5.93 70.92 5 .91  
7-C1 H CsHi 2 88-8ge 74.85 5.10 74.93 5.08 84-86 74.25 5,84 74.23 5.81 
7-CH3 H C6H5 2 63-64' 86.40 6 .83  86.17 6.92 116-118 85.68 7.61 85.96 7.62 
H H 4-ClCsH4 3 61-62 75.40 5.58 75.63 5.57 b 74.84 6.28 74 .6 i  6 .56 

matography. 
Babcock, S. C. Lyster, and G. W. Duncan [Chem. Ind. (London), 408 (1963)l reported mp 113-116". 
Chem. SOC., 2309 (1960)l reported mp 85-86'. 

a C. D. Gutsche, S. K. Saha, and H. E. Johnson [ J .  Am.  Chem. Soc., 79,4441 (1957)l reported bp 140" (0.13). Oil, purified by chro- 
D. Lediiicer, J .  C. 

e F. G. Baddar and S. Sherif [ J .  
Jf. S. Hidayetulla, R. C. Shah, and T. S. Wheeler [ibid., 111 (1941)l reported mp 67". 

M. S. Hidayetulla, R. C. Shah, and T. S. Wheeler [ J .  Chem. Soc., 111 (1941)l reported mp 107". 

All the tetrahydronaphthol derivatives and analogs as em- 
ployed in general procedure A for para alkylation of phenol were 
prepared according to the method described by Campbell and 
Kidd.IG The intermediate tetralones and the corresponding re- 
duced derivatives, the substituted l-hydroxy-2-phenyl-1,2,3,4- 
tetrahydronaphthalenes and two analogs are listed in Table T. 
The tetralones were reduced to the tetralofs with NaBH4 in 
ethanol, rather than LiAlH, in ether. In  cases of insolubility of 
the tetralones in ethanol only, ethanol-tetrahydrofuran was used 
as  solvent in the hydride reduction. 

Procedure B.-Demethylation of 5,  13, and 45 to afford 
phenols 3, 11, and 46, respectively, was carried out by heating 
the phenolic methyl ethers in pyridine hydrochloride at 245-250' 
for 30 min. This procedure has been described in detail in a 
preceding publication.3 

Procedure C. cis-l-p-Methoxyphenyl-2-phenyl-l,2,3,4-tetra- 
hydronaphthalene (5).-A solution of 5.4 g (0.0173 mole) of 
3,4dihydro-l-p-methoxyphenyl-2-phenylnaphthalene~ in 150 ml 
of ethyl acetate was hydrogenated at room temperat,ure and at- 
mospheric pressure over 1.2 g of loco Pd-C catalyst until the 
calculated amount, of hydrogen was absorbed (24 hr). The 
catalyst' was removed by filtration and the filtrate was evaporated 
to dryness. Crystallization of the residue from 2-propanol 
yielded 4.23 g of product, mp 87-89'. 

Procedure D. trans-1-p-Methoxyphenyl-2-p-chlorophenyl- 
1,2,3,4-tctrahydronaphthalene (14).-A solution of 12 (3.35 g, 
0.01 mole) in 25 ml of dimethylformamide (DMF) and 10 ml of 
toluene was stirred with cooling in an ice bath and treated in 
portioiis with 0.50 g of 57% NaH-mineral oil suspension. The 
sodium salt of 12 did not precipitate and was treated with 1.5 g 
of methyl iodide in 25 ml of cold toluene. Kithin a few minutes 
the complex salt', 3HCOK(CHB)? XaI st,arted to precipitate. 
Stirring was continued for 1 additional hr in an ice bath and then 
for 3 hr at' room temperature. Benzene was added (50 ml) and 
the complex S a 1  salt was filtered off. The filtrate was evapo- 
rated to dryness in vacuo. The residual oily solid was crystal- 
lized from benzene-petroleum ether (bp 30-60") (1: 10) to  give 
2.45 g of prodact, mp 139-140". Recrystallization from a mix- 
ture of ethyl acetate and ethanol (1 : 5) raised the meltiiig point 

Procedure E. trans-2-[p-(2-p-Chlorophenyl-1,2,3,4-tetrahy- 
dro-1 -naphthyI)phenoxy] triethylamine (16).-To the sodium salt 
prepared from 2.66 g (0.008 mole) of 12 in 30 ml of D J I F  and 20 
ml of toluene with 390 mg of 53y0 NaH-mineral oil suspension, as 
described in procedure D, there was added 1.07 g of Z-diethyl- 
aminoethyl chloride in 5 ml of toluene. The reaction mixture 
was stirred at  room temperature for 5 hr and allowed to stand 
for  15 hr. ilfter removal of the precipitated XaC1 by filtration 
and evaporat,ion of the solvents in vacuo, the residual oil was 

to 140-141". 

(16) N.  Campbell and D. Kidd, J .  Chem. SOC., 2154 (1954). 

diluted with ether and extracted with 2 AT HCl. Due to the 
poor solubility of the hydrochloride of the product the acidic 
extracts were turbid. Vpon rendering these extract< alkaline, 
the product was extracted with ether to yield 3.0 g of the crude 
product which crystallized spontaneously. Recrybtallization 
from hexane furni.hed 2.17 g ( 6 2 5 )  of the pure product, nip 
81-82". 

Anal. Calcd for C28H&ISO: C, 77.49; H, 7.43. Found: 
C, 77.36: H. 7.49. 
'Procedure F. Diethyl cis-p-(2-Phenyl-1,2,3,4-tetrahydro-l- 

naphthy1)phenyl Phosphate (7).-Four grams (0.026 mole) of 
ethyl phosphorochloridate was added dropwise over a 20-min 
period with stirring to a chilled solution of 6.0 g (0.02 mole) of 3 
and 0.88 g (0.022 mole) of XaOH in 24 ml 20y0 ethanol. The 
mixture was stirred at  room temperature for 3 hr and then par- 
titioned by addition of 50 ml of ether and 15 ml of water. The 
aqueous layer was extracted with 20 ml of ether. The combined 
organic layers were washed three times with water. The ethereal 
part furnished 8.6 g of a yellowish viscous oil which was chromato- 
graphed on 300 g of -41203 (Woelm, neutral, activity grade 3 ) .  
Benzene and mixtures of benzene and ether eluted 8.1 g ( 9 3 7 )  
of a colorless oil. -4 sample of the product was dried at 80' 

Procedure G. cis-1,2-Diphenyl-1,2,3,4-tetrahydronaphthalene 
(l).-A solution of 5 . 2  g (0.012 mole) of the ethyl phenyl ph0.q- 
phate ester 7 in  5 nil of ether was di1ut)ed with 50 nil of liquid 
ammonia. The mixture was heated and stirred with the addition 
of 0.14 g (0.02 g-atom) of Li over a 30-min period. Ether was 
added and the SH3 was allowed to evaporate. After addition of 
water, the mixture was stirred for 30 min and the t.wo clear 
layers were separated. The ethereal portion was washed twice 
with water, 10% H~SOI, and Claisen's alkali. Upon evaporation 
of the ether 3.1 g of crystalline product was obtained, lvhich 
was recrystallized from 95%; ethanol to give 2.1 g (61% ) of prod- 
uct, mp 94-95". Distillation of this substance at 150-160O 
(0.5 mm) followed by recrystallization from ethanol raised the 
melting point to 96-97'. A specimen prepared according to the 
procedure of Bergmann, et ~ l . , ~  was found to be identical with 
this hydrocarbon. The two samples furnished identical infrared 
spectra, and an admixtiire melted undepressed. 
Procedure H. c.'s-p-( 2-Phenyl-l,2,3,4-tetrahydro-l -naphthyl)- 

phenoxyacetic Acid (21).-A solution of 30 g (0.1 mole) of 3 in 200 
ml of acetone was stirred and heated t.o gentle reflux in the pres- 
ence of 10 g (0.25 mole) of XaOH pellets, while 14.0 g (0.15 mole) 
of chloroacetic acid in 50 ml of acetone was added dropwise. A 
slight,ly exothermic reaction commenced and the sodium salt 
of the product gradually precipitated. To facilitate stirring 
200 ml more of acetone was added and the reaction mixture was 
heated with stirring under reflux for 2 hr. The sodium salt of 
the product was collected, washed with acetone, and dried in 
air. The free acid was obtained by acidifying the aqueoiis 




