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was cleaved with HIOI, the aldehyde was oxidized with Jones 
reagent, the acetosyl group aas saponified, and the hydroxy acid 
nas  converted tci the lactci~ie S I V ,  yield 21 my of criide prodiic't ; 
vmax 1712, 1738, 1770 em-'. The material was purified by pre- 
parative tlc and the pure material which coiild not be obtained 
crystalline possessed the identical spectral properties of the crrlde 
material. The spectral and chromatographic properties of the 

oil were different from those of lact,one XII; the difference in 
products coiild be due to the stereochemist,ry of the hCt(Jlle 
atid/or the c40iifigiiratioii ( J f  C-5. 
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A series of 1-(p-hydroxybenzyl)naphthalene, 1-(p-hydroxybenzyl)indan, and 4-(p-hydroxybenzyl)chroman 
derivatives was made for study as endocrine agents. These compounds were synthesized by reaction of substi- 
tuted benzylmagnesiiim chlorides with appropriate methoxy or acetoxy ketones followed by transformations of 
the functional groups. Several of the compoiinds which contained two hydroxy or acetoxy groups were anti- 
gonadotropic and weakly estrogenic. 

The present work is intended to  provide a series of 
compounds which retain the approximate molecular size 
and functional group spacing of known estrogens but 
differ in conformation and flexibility. Although work 
toward this goal has been reported,*b3 structures which 
meet the requirement by having a p-hydroxybenzyl 
group bonded to the 1 position of a bicyclic nucleus such 
as I have remained unavailable. 

The desired compounds were synthesized by con- 
densing substituted benzyl Grignard reagents with 
appropriate indanones, tetra lone^,^ and chromanones 
as shown in Scheme I, followed by dehydration and 
hydrogenation. Precautions were taken in the prepara- 
tion of the Grignard reagents to prevent coupling; 

SCHEME I 

I 

I1 

namely, high dilution and slow addition of the halide to 
a large excess of magnesium having a large surface area.5 

In only two cases (IIa and IIb) could t'he tertiary 
alcohols (11) be purified. They mere obtained by mild 
decomposition of the Grignard complex with ice water. 
The tertiary alcohols readily dehydrated to give the 
unsat'urated compounds I11 (Table I ) .  In  the six- 
membered ring compounds a mixture of exo and endo 
double-bond isomers was obtained. In  one instance 
(IIIg) only the exocyclic isomer was isolated; however, 

(1) To whom inquiries should be addressed. 
( 2 )  Cf. J. Grundy, Chem. Rev.. 57, 281 (1957); 

and G. A. D u  Vall, J .  Med. Chem., 7 ,  519 (1964); 
De Paulet, Compt. Rend. ,  C264, 629 (1967). 

R. E. Juday, D. P. Page, 
J. Rascoul and A. C. 

(3) D. 11. Lynch and Ti-. Cole, J .  Orp .  Chem.. 31, 3337 (1966). 
(4)  For a paper dealing with t h e  condensation of benzylmagnesium 

chloride with tetralones see H. A.  Fahim. A. 11. Fleifel, and F. Fahim, ibid., 
25, 1040 (1960). 

( 5 )  M. G. Van Campen, D. F. hleisner. and S. hf. Parmerter, J .  Am. 
Chem. Soc., TO, 2296 (1948). When t h e  Grignard reaction started a t  t h e  
onset of addition of the  halide, no coupling product was detected. 

an nmr spectrum on crude material from the mother 
liquor revealed the presence of some of the endo isomer. 
In  the case of I I Ie  a pure sample of the exo isomer was 
obtained by fractional crystallization. 

Identification of the isomers was based in part on 
their different vinyl hydrogen absorptions in the nmr 
spectra. The endocyclic isomers of the hydronaph- 
thalene compounds have vinyl hydrogen signals at  about 
340 cps with a side-chain methylene signal at  about 224 
cps that is partly hidden by aromatic methoxy signals. 
The vinyl hydrogens of the exocyclic isomers appear a t  
or above 400 cps. 

The nmr spectrum of 7-methoxy-4-(p-methoxy- 
benzy1idene)chroman (IIIg) was studied further because 
of the questionable assignment of two protons which 
absorbed in the region of 380400 cps. The overlap of 
signals in this rzgion gave rise to  an apparently incon- 
sistent coupling pattern. In  order to assign these 
protons and to verify the low-field absorption of the 
vinyl proton, a spectrum a t  100 RIc was obta ned. This 
spectrum clearly indicated that the 380400-cps absorp- 
tion a t  60 ;\IC was due to the c6 and CS aromatic 
hydrogens. The C6-H i s  coupled ( J o  = 8.5 cps) with 
the Cs-H (which is centered a t  452 cps at  60 ?\IC) and 
also with the CS-H ( J ,  = 2.5 cps). The remaining 
absorption in the aromatic region is the vinyl hydrogen 
absorption a t  about 414 cps (60 Me), which is split 
(J  = 1.5 cps) by the allylic methylene group, and the 
AzBz pattern of the aromatic hydrogens of the p-  
methoxybenzylidene group. The absence of endocycllc 
vinyl hydrogen absorption (at about 313 cps on the 
60-IIc spectrum) and the presence of two CH, triplets 
(centered at  172 and 249 cps, J = 5.5 cps; 60-1\Ic spec- 
trum) definitely confirm the exocyclic structure for IIIg. 

I n  contrast with the six-membered ring cases, the 
indanones gave isolable products (IIIa and IIIb) in 
which the double bond is e x o ~ y c l i c . ~ ~ ~  The nmr spectra 

(6) One nmr spectrum of I I I b  taken in CDCk shoued some endocqclic 
isomer (vinql h\drogen, 363 cps). This u a s  shonn to  be due to  isomeriza- 
tion caused b y  acid in t h e  CDCIz, since a spectrum of I I I b  taken in CDCh 
stored over 4a2Co3 shoved no trace of the  endo isomer. For this reason 
NazCOa-treated CDCh has been used to  record the  nmr spectra reported 
in this paper. 

(7) T h e  condensation of y-picoline n i t h  indanones also gave products 
having t h e  exocyclic double bond, mhile the  condensation of y-picoline with 
tetralones gave products containing both double-bond isomers. See ref 3. 
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show vinyl hydrogen absorption above 400 cps (exo- 
cyclic double bond) and two CH, groups whose protons 
have equivalent chemical shifts, giving rise to a four- 
proton singlet at  182 cps. An nnir spectrum of the resi- 
due from the mother liquors of I I Ia  did show evidence 
of the endocyclic isomer with vinyl hydrogen absorption 
at  361 cps. 

The unsaturated compounds I11 afforded an oppor- 
tunity to compare the relative stability of the e.co/endo 
double-bond isomers for the fiv-e-niembered and six- 
membered ring cases. The eso + endo equilibrium 
compositions were measured for two cases (IIIa and 
IIIe). Equilibrium was established a t  110' in refluxing 
toluene solution with p-toluenesulfonic acid during 2 hr, 
followed by neutralization with aqueous ?u'azCO~ arid 
~)roduct analysis using gas-liquid partition chromntog- 
ixphy and nmr. 

In the case of 111s the equilibrium compositioii coii- 
*istcd of 95yc ezo and 5% endo; AF = 2.24 kcalimole. 
-2n additional equilibration for 17 hr gave the same 
ratio of isomers as obtained from the 2-hr treatment. 

In the case of I I Ie  the equilibrium was approached 
from both sides, starting first with the pure exo isomer 
IIIe arid then with a sample which was enriched in the 
endo iqomer. Both gave the same result: 20% exo, 80% 
rndo; A F  = - 1.06 kcal/mole. 

Compounds IIIa,  IIIb,  and IIIg had predominately 
the exocyclic double-bond structure. These results were 
I)articularIy interesting since, in simpIe systems which 
do not have the conjugative electronic and steric effects 
prcscnt in oiw systems, the endoryclic douhle-hotid 

imniers have beeii found to be more stable in both f i \ - c B -  
:md iix-membered rings.X 

Only one form of each exocyclic douhle hoiicl coni- 
pound was detectable, even though cis-trans I S O ~ C P  
are theoretically possible. The low-field vinyl hydrogeii 
absorptions in the rimr give support to the view th:ii 
these compounds have the less hindered trans .;trrco- 
chemistry. This conclusion is albo strengthened In 
comparing their uv spectra with those of cis- ant1 
tmns-4,4'-dimethoxystilbene 9 Compound IIIa  1x15 
Amax 344 nip (shoulder, E 22,600), 331 (29,700). 307 
(shoulder, 25,200), 295 (25,900) ; I I Ie  exocyclic iyonici. 
lias 320 mp (shoulder, E 21,000), 297 (26,000), 230 
(shoulder, lO,OOO), 210 (25,000). 

Reactions of the type illustrated in Scheme I1 were 
used in preparing the compounds listed in Tables I arid 
11. Demethylation of the methyl ethers .Ir-ith pyridinv 
hydrochloride at, 200-210" under lis gave fairly good 
yields of the phenols except for two cases. Denicthyla- 
tions of I I Ib  arid IIIg, each containing several ethei 
linkages, failed to give clean products. However, their 
more saturated analogs, T'Ib and VIg, were success full^ 
demethylated. 

Where mixed functional groups mere desired, Ih(. 
method of blocking a phenol group as the benzyl ether 
was used. Thus hydrogenation of IIIf was accom- 
panied by hydrogenolysis of the benzyl group, giving 

EtOH 

(8) E. GI[- \ \  and  J. Shabtai, C'hem. I n d .  (London), 1810 ( I W ! ) ,  
Cope D .imhros, I:. Ciganek (- r. Howell, Z Jacilra, .I A m  ('hem 5 o i  

t 

81, 3153 (1959). 
('1) J D<.rkosili - In1  C 1 litrlrirli l l o n a t i h  C l v r n ,  84, 11111 ( 1 O i O  
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TABLE I 

CH ,O 

Crystn 
solventsb 

B 
h 
E t  

E t  
B-Et 
B-€I 
B-I1 
EA 
Et-I3 

B 
B-H 
B-H 
B-H 
B-H 

. . .  

. . .  

C 

(Z yieldc 

52 
47 
54 
87E 
64 
86 

1 5 
40 
3 2 
9G'L 
7 2  

44 
229 
90 

-0 
15 

- -  ( a  

hfp  or h p  (mm), OC 

135-13Sd 
138-160 
60-83 
135-147 (0.2)  
60-84' 
72-103 
121-12t50 
83-92 
224 dec 
I 40-1 3 1 

. . .  
123-128 
159-16 1 ' 
48-95 
62-68 
76-92 

a In compounds of structure B amixtureof endocyclic and exocyclic double-bond isomers ispresent. b A, acetone; B, benzene; Et ,  
ethanol; EA, ethyl acetate; H, hexane. The yields of compounds I11 are based on the starting ketone unless otherwise stated. 
d A cloudy melt wm obtained that became clear at 120". e Based on the tertiary alcohol IIa. J A pure sample of the e m  isomer was ob- 
tained by fractional crystallization, mp 113-115"; the best sample of the endo isomer had mp 70-72" but contained 14y0 of the ezo 
isomer (by gas chromatography). 0 An nmr spectrum on a trace of solid (mp 90-113') from the mother liquors of I I Ig  indicated the 
presence of some of the endo isomer. This compound was used in the next. step without purification. a A cloudy melt was obtained 
that cleared up  a t  168". b All compo1mds were analyzed for C and H except IVc, which was used iri the next 
btep without purification. 

1 Based on critde IVc. 
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E t  
Et-H 

B 
E-B 
Et-B-H 

. . .  

. . .  

. . .  
B-11 
C 
B-H 
B-1% 

. . .  

. . .  
B-H 
B-H 
B-H 
B-H 
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% yield 

84 
85 
80 
81 
80 
85 
87 
33 
78 
'77 
68c 
87< 
68 
22 
85 
77 
73* 
83e 
93 
84 
77 
ii 

hlp or bp (mm), "C  

68-70 
7 5 - i i  
135 (0.1) 
125-137 (0.16) 
46-48b 
102-105 
164 (0.16) 
127-130 
139-162 
162-164 

. . .  

. . .  
130-132 
127-129 
64-66 
130-132 
147-164 (0.1) 
155-162 (0.2) 
89-92 
50-52 
152-156 
117-118 

a C, CHC13; E, E t 2 0 ;  see ref b in Table I. * A cloudy melt was obtained that cleared up a t  60". This compound was used in the 
f All compounds were analyzed for C and H except next step without purification. 

VIIc and VIId, which were used without purification. 
Based on crude IVc. e Based on crude IYd. 
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solution; t,hey could be extracted with Claiien's alkali.20 This 
was not attempted with IVd. 

5 6,7,8-Tetrahydro-5-( p-hydroxybenzyl)-2-naphthol Diacetate 
(VIIIe). General Method for VIIIa-h and Va-d.-To a 10-g 
sample of VIIe dissolved in 170 ml of pyridine in a stoppered 500- 
nil flask w-as added, dropwise with swirling, 40 ml of Ac20. This 
solution was swirled for 10 min at room temperature and allowed 
to st,and overnight'. H20 (50 ml) was added dropwise to the 
swirled solution over a 15-min period with slight cooling iu ail 
ice bath. Further dilut,ion gave an oil that was extracted (Et,O). 
The ether extract, was washed (5% HC1, H,O, 5% Sa?CO,, 
FTzO). After drying (?\IgSO,), the solvent was removed at  reduced 
pressure to leave an oil which crystallized from benzene-hexane 
t o  give 12.4 g of whit'e crystals, mp 89-92', vmax 1745 cm-'. 

I n  the preparation of VIIIg, benzoyl chloride was substituted 
for Ac20 and work-up was via CHCla extraction. This prodiict, 
5,6,7,8-tetrahydro-~-(p-hydroxybenzyl)-2-naphthol dibenzoate, 
showed vmax 1725 em-'. 
6-Acetoxy-l-tetralone.-Demethylation of 6-methoxy-1-tetra- 

lone by the method described for the preparation of IVd and VIIc 
(including separat'ion from neutral material by extraction of the 
product from ether with 10% aqueous SaOH)  provided a crude 
pink solid: mp 127-135" (lit,.2' mp 121.0-121.5'); vmax 3580, 
3250 (broad), 1658 cm-1. This solid resisted purification. I t  
was acetylated by the method described for the preparation of 
VIIIe to give a 56% yield (from 6-methoxy-1-tetralone) of 6- 
acetoxy-1-tetralone as a colorless oil: bp 126-143" (0.16-0.17 
mm) [lit.?' 152-154' (1 mm)]:  vmal 1675, 1754 cm-l. A4t- 
tempted crystallization failed; lit.21 mp 62.5', polymorph mp 
42". 

5-(p-Benzyloxybenzyl)-7,8-dihydro-2-naphthol Acetate and 
5-(p-Benzyloxybenzylidene)-5,6,7,8-tetrahydro-2-naphthol Ace- 
tate (IIIh).-The Grignard reagent (56 mmoles), prepared from 
p-benzyloxybenzyl chloride in the manner described above for 
IIIf, was added over a period of 1 hr and 10 mill to a sohition of 
10 g (49 mmoles) of 6-acetoxy-1-tetralone in 100 ml of dry THF 
cooled in an ice-salt bath. The mixture was allowed to come to 
room temperature overnight with st,irring under Sa. At this 
point a negative Gilmari test22 was obtained. Work-up with ice 
and aqueous NH4C1 gave about 23 g of an oil. An ir spectriim 
indicated the presence of some 6-acetoxy-1-tetralone. The oil 
was diswlved in 500 ml of toliiene with 20 mg of p-toluenesiilfonic 

(20) L. F. Fieser. "Experiments in Organic Chemistry," D. C. Heath and 

(21) S. N. Ananchenko, V. Ye. Limanor, V. N. Leonoi-, V. X. Rzheznikov, 

(22) J. Cason and H.  Rapoport, "Laboratory Text in Organic Chemistr>-," 

Co., Boston, Rlass.. 1957, p 310. 

and I. V. Torgov, Tetrahedron,  18, 1355 (1962). 

2nd ed. Prentice-Hall, Inc., Englewood Cliffs, N.  J., 1962, p 469. 

acid and the solution was heated iinder reflux (Dean-Stark 
t,rap) for 1 hr. The toluene was removed at' rediiced pressure and 
replaced with ether. This solution was washed with h'aHCOs 
and water, dried, and evaporated in vacuo to give about 20 g of 
a dark oil which could not be crystallized. 

This oil was dissolved in 100 ml of 95yo EtOH coiitaiiiiiig 5.5 
g of KOH and this solut,ion was heated under reflux for 1 hr, 
poured into HzO (500 ml), and extracted (EtZO) (an emulsion 
reqiiired that the mixture be centrifuged to effect separation of 
the layers). The ether extract was then extracted with Claisen's 
alkali,20 washed well with water, and dried (IIgSO4). Removal 
of the solvent a t  reduced presslire left 7 g of a semisolid j-ellow- 
orange residue. The nmr and ir spectra of this material siiggert 
that it is a mixture of benzyl p-tolyl ether and possibly p-benzyl- 
oxybenzyl alcohol. Work-up of the aqueous KOH solution by 
acidification with lo%, HCl and ether extraction yielded 3.8 g of 
a dark red oil that partially solidified on standing but which could 
not' be purified. Any 6-hydroxy-1-tetralone would be expec.t.ed 
to  be in this residue. 

The Claisen's alkali extract upon similar work-up gave 5 g of 
a yellow-red oil that could not be induced to crystallize. Acetyla- 
tion of this oil by the method described for the preparation of 
VIIIe provided 2.87 g of I I Ih  which separated from benzene- 
hexane as a near white powder, mp 83-92', vmax 1748 cm-'. 
6-Methoxy-l-(p-methoxybenzyl)naphthalene (IX).-An inti- 

mate mixture of 2 g of I I Ie  and 548 mg of sublimed sulfur was 
heated under S2 a t  205-210' for 5 hr. The mixture was cooled, 
taken up in ether, and filtered with slight suction. The filtrate 
wan dried (MgS04) and the solvent was removed in VQCZIO. 

The residue was decolorized with charcoal in EtOH giving, after 
two recrystallizations, 666 mg (34c;C) of white crystals: mp 97- 
100"; 331 m p  ( E  %io), 316 (1960), 296 (6160), 277 (7520), 
231 (56,400). The nmr spectriim has a CH, singlet a t  258 cps. 
Anal. (C19H1802) C, H. 
5-(p-Hydroxybenzyl)-2-naphthol ( X )  was prepared from I X  by 

the pyridine hydrochloride method described for the preparation 
of U I e .  A 405, yield of X was obtained as a near-white solid 
from ?\Ie2CO-H20; mp 191-194' (after drying in vacuo to re- 
move acetone). Anal. (C17H1402) C, H. 
5-(p-Hydroxybenzyl)-2-naphthol Diacetate (XI).-Acetylation 

of X in the manner described for the preparation of VIIIe gave 
an  81% yield of XI as fine pale yellow CI 
hexane; mp 119.~-120.5", umax 1753 cm-'. Anal. (CZ1Hl~O4) 
C, H. 
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Investigations of the structure-activity relationship5 of a series of hisqiiaternary ammonium heterocycles 
against the L1210 leukemia system are described. 

I n  an attempt to delineate further the features es- 
sential for experimental antileukemic activity in this 
area the quaternary salts represented by I were pre- 
pared. These differed from our parent series, the 
quaternary salts of K,K'-(6-quinolyl)terephthalamide, 
in the reversal of an amide function. This series (I) 

had no active members. 

mental antileukemic effectiveness when intercharge 
separation mas increased by a variety of means, provided 

R 

- 
covering a range of lipophilic - hydrophilic properties I 

Previous work2 had shown an enhancement of experi- 
(1) Author  to  whom inquiries should be  addressed. 
(2) Part  V :  G. J. ht\vell and T3. F. Cain, J .  M e d .  Chem., 10, 706 (196i)  


