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INTRODUCTION

In 1933 Cook, Dodds, and Hewett (2) predicted that "a
whole group of substances of releted chemical constitution
will be found to have esgtrus-exciting properties and the
synthetic production of such subsbanceg would probably be of
considerable clinical value". Since that time different
workers have prepared several hundred substances which have
been shown to possess some esgtrogenic activity.

The discovery of the estrogenic activity of stilbestrol
and hexestrol in 1938 by Dodds, Goldberg, Lawson, and
Robinson (3) constitutes by far the most important single
advance of this resecarch. Sipce that time research on
synthetic estrogens has cleurly shown a trend of elaborating
and improving over thege known structures rather than ven-
taring into entirely new fields. Representative of the few
egstrogenic compoundg of entirely different structure are
3-(6'=methoxy~2!-naphthyl)=2,2-dimethylpentanoic acid and the
corresponding 6-hydroxy derivative (3), and the doisynolic
acids which are really included in the class of the steroids.
lost of the other compounds with estrogenic activity have
structures which, strictly speaking, are nelther stilbeﬁe nor
dihydrostilbene derivatives, bubt are nevertheless closely
related. among these are derivatives of diphenylmethane,

1,3~diphenylpropane, tripheanylethylene, and certaln closed~
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ring analogs. Ruch rescarch has also been done on deviging
shorter and better methods of gyanthesizing stilbestrol,
hexestrol, and their derivatives. One of the better methods
for synthesizing stilbestrol (12) and hexestrol (13) is due
to Kharasch asnd Kleiman. These two syntheses are completely
diffeprent from thoge used by Dodds and co-workerse.

The great amount of painstaking detailed research done
in this field is the result of the importance of synthetic
estrogens as therapeutic agents, an importance whiech is mainly
Gdue to theilr greater avallability and to thelr efficacy on
oral administration. ustrogens can often improve cages of
ovarian inadeguacy not due to pitulbtary faillure. Thus a
cyelic estrone~progesterone program gometimes initiates or
reghtores normal ovarian function in young women with an ovu-
latory failure. Various types of hypoestrogenism are known;
if ovarian failure alone is the cause, estrogen therapy is
justified even though i1t must be continued indefinitely. In
certain pituitary diseases estrogens are uged to depress
pituitary activity. Inhibition of the pituitary lactogenic
hormona provides the basis for use of estrogens to suppress
lactation, although testosteronse is morc effective iu this
respect. Other clinical uses of estrogens depend upon their
ability to stimulate growth of epithelial tissues; they are
uged in senile vaginitis, in bacterisl infection of the
vaginal mucosa of children, in atrophlc rhinitis, and hypomastia.
The rather widespread use of esgtrogeng for tresatment of

climacteric symptoms probably 1is not always Justified.
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Estrogens should not be used indefinitely for this purpose
for thgy merely postpone a natural procsss. The above survey
is not intended to be conplets, but merely vresents a few of
the more Tirmly established uses.

In 1923 Allen and Doisy devised a convenient test for the
egstrogens which depends upon their ability to produce the
typical estrous resction when injected into castrated mice or

rats. A positive reaction ils easily recognized, for the re-

b3

productive eyecle in the normal animal ig characterized by

istinet changes in the cell structure of the lining of the
vagina. At the height of estrus the lining acqguires a unigue
gornified character sasgily distinguished from that typical of
the resting period or Qf the porpanent condition of castrated
animalgs. Microscorpie eﬁamimatioa of vaginal gmedrs glves a
reliable indication of the ﬂstrous condition of the living
animal (6).

Another coanvenient test for estrogenic activity consists
of determining the increase in oviduct weight of baby chicks
by the scventeenth day after hatching. However, the effect oi
ferent synthetic estrogens on domegtic fowl ig in many cases
differeat from that noted on rats and mice (10)}. It is ob-
vious from the precedias statoment that animel exreriments
gserve only for the purpose of gereenin compounds for thera-
peutic trial.

The purpose of this investigation was the synthesis of
the naphthalene anzlogs of gtilbestrol and hexestrol, their

dimethyl ethers, and their methyl howmologs for the Ppurrose
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dISTORICAL

Bven before the structure of the natural female gex
hormones had been fully elucidated, Cook and Dodds with

thelr cellaborastors undertook to synthesize more readily

L

#

accessible estrogenic subgtunceg of simpler structure.
first compounds of non-stercld structurs reported ip 1933

these authors tc nossess cstrogenic activity vers

l-keto=1,2,3,4~tetrahydrophenanthrene aad the corresponding
4~keto derivative. Thelr activity 1s low coapared with that

'3 + »

of estrone, and 1t was later recognized that activities of

such low erder are comnoin to a very large number of compounds;

i
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however, there exist nractically no gualitative diffe
between patural and synthetic egtrogeins. Delwesn 1933 and
1938 Dodds 20d hig collaborators, as well ag others, synths-

aized & larse number of compounds, many of which were {ound

.}

2

to pogsess weak activity. During this period there was a
development away Trom structures containing the phenanthrene
skeleton and towards the simpler, yet much more pobent,
astilbene derivatives (17).

The first synth " gtilbestrol was published in

&
151
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&
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1988 by podds, Goldbers, Lawson, cnd Robinson {3) andg i

Y

outlined bslow:
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The relatively poor yield and the lacreasing demands for
therapeutle usge were ilneecantives for many workers to develon
new gyntheses. Many modifications of Dodds'’ original wmethod
have becen mafde as well ag some cntirely OLPfcﬂmﬁt ones. One
of the shortest syntheses of stilbestrol, atarting with

anethole (I), was devised by Kharasch and Kleiman (12):

T £Tia TS g 4 LITT Hip Ty N kv TIY -
R-CE,00 41, CHzGHCH, :gg > R-CH0C i, CHBICH,CH,

I IT



S—>  POHZ00,1,0H(CH=CH, )CI(C , Hy )C s H, 00 H =P

T . ~ - O, =D eenleOH (CH.OH).

or 21033006H4Qii? 5 JOHC (1, 00H,~D ’Qﬁfsu e
GCHL,
i v

iv

D-H0C 11,6 (Cphig ) =C (G, B ) C 5 17, OH-D

4 3 -

Since bthe reaction product Lrom the anethole hydrobromide (II)

and scdiwn amide in iiguid ammonia wos notb the dimethyl ether
of stilbesgtrol, Kharasch postulated the structures III and IV
which vielded stilbestrol (V) on demethylution.

ilexestrol was firgt obbained by Dodds in very small yields

from the demetﬁylatioa products of anethole. Peak and Short
(15) synthesized hexostrol starting from anethole hydrobromide
Ey means of & Wurtz-btype rewctieon using sodium, magnesiuam,
aluminum, zinc, or the liguld alloy of potassglaim and sodium.

- o : y oo ) Vi

Kharaseh and Kleiman (13%) dsvised =i evel boetier synthesis

b

By nmsans of cobaltous chloride ag a catalyst in the presence
of a Grignard reagent the snethole hydrobromide (Il) is

reduced to yield a free radical, which dimerizes to hoxestrol

imethyl ether (VI). "he reactions are as follows:



ether-toluene
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3-0530065403(62&5103(%35105340033-2
Vi
P-HOC g, CH(C ,H, ) CH(C , Hy )C o H, OH-P

Vil

Kharaseh proposes the following mechanism:

GsHsﬂsBr + 00012 cﬁnscocl + MgBrCl

2 GSHst)ocl —————> Cglg~Cgls + 2 ‘CoCl

R-CH 00 H,CHBrCH,CH; + °COCl ——> 2'03300534‘;3’32033

+ CoClBr
2 P-CH0CgH,CHOH,CHy ~——>p-CH;0C 4H,CH(C Hg)CH(C,Hg)CgH,0CH;~p

Wilds (21) who used the ethyl Grignard reagent instead of the
phenyl Grigard reagent proposes the following mechanism:



2 ColgligBr + CoCly, ————> lgBr, « MgCl, = {Ggis)ﬁco

2 pCHOC H,CHBICILCH, + €O ———> 2 p-CH;00,H,CHCH,CHy

2 E‘Gﬂﬁﬁbsﬂqzbu(ui Ci, =————> B“CESO B ‘JL( I ) H(C 2“5)

A review on syanthetic egtrogens covering the literature
up to January, 1946 by Ulrieh V. Solmssen (17) has been an

ipvaloable ald in the Libterature scarche.

Cn H’GCHé*P
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PRELLMISATY DISCUSSION

The original vlun for this research wasg to prepare
6~=me thoxy-8=-naphthaldehyde, to run a benzoin condensation on

-
b

sentially the suie Pro-

~
H

2 g . N - P I R UURIT I B .
it, and to cont inue {rom thors with eg

cedure used by Dodds to grepure stilbestrol. 6-Msthoxy-2-

propioaylnaphthalone and S-methoxy=«2=-acetyl-nannhthalene had
been prepared by Friedel-~Crafts reactions between Z-~methoxy-
paphthalens {(VIII) and proplonyl chloride and acetyl chloride,

respectively, using nitrobenwzene as solvent, whereas the

s=methogy-l=-scetylaoaphthalens gud 2-methoxy-l-propionyl-
naphthalene were obtalned with benzene or carbon disulfide
as the solvent (7,9). It geemed loglcol that G-methoxy-8-

naphthaldelbyde could be obtained by a modiflied Gatterrann

reaction uslng nitrohenweie as the zolveuts However, when

this synthesis wao sttempted, 2-mothoxy-l-naphthaldehyde (IX)
wag obtained ingtead in 64% of the theoretical yield.
~0CH. ’ =QC 11z

S in(CH) ., Mol
ALCY N0
&

Vill ix

Sinee the author had done soue previous work on the

preparation of 2-naphthaldehyde and its benzoin condensation
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with piperonal, it was proposed that the Z,4-methylenedioxy-

2-paphthoin be vrepared and then taken through the same steps
as in Loddg' procedure execept for the last sbep, which would

have been the splitting of the mebthylenedioxy grouwn by zneans

of phosphorus pentachloride and hot waber (8) to give the

following compound (X).

However, the yield of Z2~gaphthaldehyde by the following
series of reactions {(4.) as well as the yicld from the
erossed benzoin condensation {B.) wags too low for the method

to be practiceal.

b:
7

L]
e
B-w;

338 N -3 _Cl

e
=
O
3]
i/
v

iaGu

mls 607 C"U—q (C‘I:)W,
o5 [0

~CH ~CH=NH HC1e8nC1,
_8a0le o
TTTECTT

~CHO
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=CO0E{QH) - -0_
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it was thereforc declded to usc the syntheses developed
by Kharasch and Kleiman (12, 13} to obtain the naphthalene
analogs of stilbestrol and hexestrol and their wmethyl homo-
lozs. .lé(é’—Methoxy—a’-naphthyl)~l»propanone {XI1I) was
preparad in 55% yield by the Friedel-Crafts reaction of
2=methoxynaphthalene (XI) and nrovionyl chloride using nitro-
benzene as the solvent {9). This ketone was reduced to
l~(6'ametnoxy-2‘-ﬁaphthyl)~1-propanol (¥ILI) by means of
lithium aluminum hydride (l4). 1-(&6'-iethoxy-2'-naphthyl)-
l-hromoprovane (XIV) was prevered by dissolving the
le(6'-methoxy-2!'~naphthyl)-l-vropanol in enough toluene to
offect solution, and then saturating the solution, cooled
to 09 in an ice bath, with hydrogen bromide (l). The meso
forn of 3,4-bis(6'-methoxy-2'-navhthyl)hexane (XV) was
bbtained by adding l-(6'-methoxy-2'!'-naphthyl)-~l-bromopropane
to a mixture of ethylmagnesiuvm bromide and a cabalytic
amount of anhydrous cobaltous chloride (21). The racemic
form of 3,4-big(6*-methoxy~2'=napathyl)hexane was obtained
from the same reaction. On demethylation of XV by means

of refluxing with a mixture of 48% hydrobromic zeid and
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cammonia {12) was separated inte a brown oil snd a white solid
which is believed to be the trans isomer of 3,4-big(6!'-metlioxy-~
T—navhthyl)~-2-hexene {(XVII). On domethylation of this compound

by means of refluxlng with potussium bydroxide znd diethylene

glycol, trans~s,4-bis(s'-hydroxy~-2'-naphthyl)--hexene (XVIII)
was obtained.
~CHBrC , Ho ,
“ 9 NalH,
Cn30~ Tiq N, ’
el

xav

acu(czﬂs)cu GE c"‘zg)-
v KOB
CH0- ~0C4,;  TTTCHLOHI S

KVIIT

nrepared

The methyl homologs of the above compounds were

fommlt

in the same manner as the ethyl derivatives. OS-ifethoxy-2

D

acetylnaphthalene was obbvalned in only %49 of the thcourstical



|
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vield from the Friedel-Trufits reacticn owlag to a side reaction

2

which yieldsd 2,2'-dilmethoxy-1,Ll'~binaphthyl. Scholl ao
ser (18) have reported the prepasration of &,2'-dimethoxy-l,1lt=-
aphthyl by the self~-sondeasation of Z-methoxynaphthalene in

" the presence of aluminum chloride snd nitrobeazene. 4 955

yield of the alcohol was obtalined in the reduction of the

\l)
3

ketone th lithiom aluminem aydride The mezo isomer of
2,3~big(6'~nethoxy-2"'-naphthyl)butane was obtained from the
Gimepization of the bromide ia the presence of sethylmapgnesium
bromide and ecobualtous chioride. On dzmethylation 2,35-bis-

{6 ~mothoxy-2'-naphthyl) vuteine was obbained in 304 of the

theoretical yield from the dimethyl etler.

®

1)

The btrans lsomer of 2,3-bis{6’-methoxy-2'-nuphihyl) -2~
butene was obtained in 177 of the theoretical yicld, calou~
lated from the zlecohol, and denethylated to Z,5-his(6t-
hydroxy=-2 '-naphthyl)~Z~butecne. The cig igonmer of 2,5-big-

y

{8'-methoxy=-2'=-nanhthyl) -2-butene was isolstod Ifrom the saoe

It

reaction mixture in 2%% ol the tiheorstleul yisld, =lso cul-
sulated from the aleoliol, and demethylsted to 2,3-bis(6'-
hydroxy=-a'-naphthyl)-2-butens. It ig to be nobted here that

4

the eage wilth which the els and trans igomers were separatsd
wasg no doubt aue bo the fuot thet bhey cannol Torm the type
of compounds (IIT and IV) with the double bonds in the

pogition postulated by Xharosch, but must have bhe double

bond in the 2 position as in XILX.

_C(GH3)=C(G£1:5)‘

CH,O~

XIX
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Abtenpted Preparation of g-methoxzy-2-naphtialdehyde

In a oae=-liter three-neck flask, fitted with an efficient
stirrer, a reflux condenser, an inlet tubs, and a thermometer,
were placed 100 g. of 2-methoxynaphthalens, 110.3 g. of zine

cyanide and 400 cc. of nitrobenzenc. The inlet tube was

connected to a source of dry hydrogen chloride, and the mixture,

maintailned at room btemperature, wasg stirred while a rapid
stream of hydrogen chloride was passed into it. After hydrogen
chloride had been passed into the wixturs for about one-half

-

hour, the mixture became green'in color and began to bthicken

4]

until it was necessary to add an additional 200 cec. of nitro-
henzene. Hydrogen chloride wase nagsed 1ato the aizxbure until
it was saturated (about threec hours). The flask was then

immersed in an ice bath, and 189 z. of finely ground anhydrous

aluminum chloride was added in small portions over

o

period of
one hour. The ice bath wasg then removed, and the passzage of
hyérogen chloride was continued for an additional two and one-~
hall? hours. ‘The mixture, which had turnsed black in color

upon the addition of sluminum chloride, wag bhydrolyzsd by
pouring iﬁ onto a well-agltated wixture of two liters of ice
slush and Y100 ¢o. of concentraved hydrochloric acid. after
bhe mixture had stood overnisghb, it was transferred into a

five~liter round~bottom flask, and refluxed for three hours.:



‘or sbown dlsvillation, sud super=
heated siteum was pazecd into 1t for eizht hours in whieh time
ten liters of distillate, containing all of the nitrobenzene,
had distillied over. Upon cooling there formed a black sollid on
igoleted by Cfiltrution, dissolved in hot sleohel, and refluxed
with decolorizging corbon, and the solubtlon was filtered.
When the filtrate was cooled, 75 g. of brown crystals precip-
itated. These crystals were vacuum-distilled at 160-70°% at
a pressure of 6 mm. upon which they crystallized in beautiful
" yellow needles having a melting point of 54°. This melting
point indicated that £=-methoxy-~l~nepihthaldenyde, recorded
melting édiﬂt Bés, had been obtalned instead of the deslred
wcbhoxy-2-naphthaidehyde, which was Turther verified by
oxidizing the aldelydc to the acld with alkaline potassiuam

srplanganate.  Whon recerystbalized from slicohol, the acid had

]

5

o ke a0 N e T
a melting point of 176~ as compured Lo L76-77 reported by
warren (20). The percentage yield ol Z-methoxy-l-naphthaldehyde

was 645%.

Atlempl 2 condensation of Z-metioxy=-l-naphthaldchyde

e e

and pipero

Ten and fifty-four hundredths grams of 2-methoxy-l-

naphthaldehyde and 3.45 gz. of piperonal were nlaced in a 250=-cc.

Q

three-neck Tlaszk snd dissolved in 40 cc. of aleohol. The

1

solution wag brought to reflux, and then 10 g. of n»otassium

cysaids dissolved in 20 cc. of wabter was added during a



forty-five~minute interval through a dropping funnel. The
sclution was refluzed Tor an additional thirty minutes, and

agitated for two more hoursg. Upon standing overnight it devos-~

ited some nice large crystasls. Vhen recrystallized from alco-
) - 3+ [ O P = .1 P - Hw en g -
hol, they melted st 247, indicatlng thet they were unreacted

. R R oY Ty en N o o d)
g=methoxy~l-nadhthaldehydo.

attempted benuoln QOL&@HS“LiQﬁ of Z-methoxy-~l-naphthaldelyde

with itgelfl

Nine and five tenths grams of Z~methoxy-~l-naphthaldehyde

dissolved in 230 ce. of aleohol, and 5 g. of potassium cyanide
dissolved in 10 cc. of water were placed in a 200~-ce. round-
botuom flask to which a rallux coudenser was attached, and

refluxed for two and cne~half hours. When the nmixture was

cooled, a magsg of crystals formsd, but it was found that they
et O - - 8 ™ , el
melted at 84, indicating that they were unreacted uldehyde.

Therefore an additional 5 g. of notasgium cyanide dissolved

in 5 ¢c. of water was added, and the solution refluxed for

two more hours. Again on cooling of the mixture a mass of

. - . . . . O y
crysbtals Tormed which had a melting point of 84 . It was
therefore concluded that 2-methoxy-l-naphthaldehyde will not

form a syvmmetrical ben:

cuprous

z0in under these conditions.

cvanide (18)

Preparation of

'Two huandred grams
disgolved in 640 cc.
with dilute sulfurie

congo rad.

of water,
acid

Then a solation of 56 g. of

of copper sulfate (pentahydrate) was

heated to 60°,

until the solution was

sodiuvm bigulfite
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disgolved in 160 cc. of watsr which had also buen heated to
80° was quickly added Lo the cupric sulfate solution with

-

vigorous agltation. Then a solution of 55 g. of potassium
cyanide disgolved in 1480 cc. of water was lauediabely added

in five portions ©0o the abouve solution with vigorous agitation.
Afber approxlmately fifteen minuteg, the precipitate of
cuproug cyanide which had formed wag filtered onto a Buchner
funnel and washed three times with 50-cc. portions of hot

water.,

Preparation of &~uaohtaonibril {12)

5

oy

)
iy

)

inety-gix grams of 2Z-nuphthylamine was diazotized

[N
e
i
o
q
O
o
o

disgolving of concentrated hydrochloric acid

tog

s 170 co. water, zad cooling it to 0% in an ice bath while
a solution of 48 g. of sodium nitrite dissolved 1o 100 cc.
of water wans slowly added. The mixture was mechanicully
proper Aixing. The cuprobs cyanide nre-
viously vredared was braaosforred o a btwo-~-Liter rotnd-bottom
flask and dlssolved 1n o solubion of 104 g. of potassium
cyanide disszolved in 25U cc. of water. This cuprous cyairlde
solution was slowly heated %o SOO, snd the ¢old diazonium

selt solution wag slowly added while the mixhure was vigor=-

¢

ously agitated. This additlion took about two hours sinc
there was violent frothing after each addition of the
diazonium galt solution due Lo the nitrogen cowming off. When
all of the diagonium salt had been added, a reflux condenser

was attached, =zad the nixbture was heated on a bolling water



bath for thirty minutes to complete the reasction. The flask

io ané steam was passed into

c‘i‘

was then fltted for steam digtili
the mixture for nipe hours. 4s the dlstillate cooled, a white
precipitate of Z-naphthonitrile settled out and wag collected
on a Buchuoer funanel. This crude product was transferred to a
125-c¢. Claisen flask and vacuum=~distilled. The yield was
15.5 g. of material having a melting point of 65.50, which

comparses favorably with the recorded value of 6’0

Stephen redvction of Z-naphthonitrile to the aldehyde (19)

anhydrong stannous chlorlide was prepared by placing 88

0
.

of acetic anhydride 1n & 400-cc. besakcr and slowly adding

to it 115 g. of stanpoug chloride dihydrate with sbtirring.
ifter about one hour the now anhydrous stannous chloride was
collected on a Buchner funncl, washed with anhydrous sther,
and zllowed to dry overnight in & vacuum desiccator. A one-
litey bhrse-neck flask was equipped with o wide inlet tube
reaching nearly to the bottom, a mechanical stirrer, and a
reflux condenser carrying o dryiag tobe. Thirty-cight grams
of anhydrous shannous chloride and 200 cc. of anhydrous ether
were placed in the flagk and saturated with drey hydrogen
chloride. After about two hours, bthe mixbture hiad become
saturated with hydrogen chloride, and the stannous chloride
had formed a viscous layer on the bottom of the flask. The

gus inlet tube was now repliaced by a dropping funnel by

B
@

cansg of which a solution of 13.5 . of 2-naphthoaitrile

w

dissolved in 100 ce. of anhydrous ether was guickly added.



The droppling funael wag replaced by the gas lolet tube, and
dry hydrogen chloride was once more pasgssed into the mixture
tntil 1t was saturated. The mizture wes agitated for snother

hour in which time the vellow aldimine starnichlorlide settled

Q@

to the bottom. The ether was decanted from the aldimin
gtannichloride wnd washed twice with 50-cc. portibns of ether.
The flasgk was fitted for steam dlgtilletion, and superincated

steam was bas ased through the mixture for elght hours. as the

] &

Glstillaté cooled, a white precipltate of Z-papnthuldehyde
Tormed. Twelve grams of thig crude product was obtaiped which
wes fuprther purified by vacuum distillation. The yield of

g poiant

M

this pure product was 10 g. oL maberial wibh a mcliis

o e 0 . bt : £ s o, Ed
of 56-~607; 2 hukﬂLﬂdlqu&QQ has o recordsd meiving poinc of

Benzoin conden sation of 2-uanhthaldehyde and plperonal

e, el s A e < . o r EEE A e )

Three and fopty-Tour nundredths groams of Z-navhthaldehyde

aad 3.3 z. of plveromal dissolved in 10 ce. of alcohol were

3

which was

CL
Fs‘

placed in a 200-ce. round-botbtom thres-neck flas
guivnad with a dropnianz funnel, a condenser, and a mechaniecal
stirrer. The solution was brougiht to reflux, and a solution
of 2.5 z. of pobtassiunm cya anife dissolved in 10 cce. of water

wag added during a fifteen-minute interval. Duriag this

addition the solutlon turined fron colorless to a dark orangt.

w
&
=
B

s

The golution was refluxed an additional bthirty minute

allowed to gtand overnlsht. 1n this time the golution had
separated into an orange oil on the bottom and a light

yellow top layer, and @ few crystals had formed in the oil.



The mixture wous allowed to gtand Ior tihree dayo in wibilch time
more crystals formed. The cryobalg werce filltercd off and
waghed once with alcohol, The yleld wiag J.8 g. and the com~

had o melting poliat ol 120

»noGnd

thig compound wag wade. However,

benzolns of the two orgunlc r

points from that observed, it ses

o

obtalned 1s

(6'=-mothoxy=

o0y
:,;U it P

cactants have dilfe
s

an isomer of 3,4-methylenedioxy—-g"*

'-naphthyl)~l-propanone

Ho furtiher valis of
symmetrical

cnt melting
mrobable that the compound

~navhthoin,

(9)

Chree-neck

round-bottonm flask equipped

with a mechanical stirrer and a therm 5tfw were placed 94.8 g.
of 2-methoxynephthalcene, 450 cec. of nitrobenzene, wnd 55.5 g
of n»revionyl chloride. The flasgk was imm&rs&d in & gsalt-ice
slush and kept between 0-49 throughout the reaction period.

One hundred Tifty-elght sreus of anhydrous powdercd alumioum
chloride wag placed in & 250~cc. “rlenmever flask which was
attached by means ol a short picce of rubber tubing to the
third neck of the lask. The alvminum chloride was added in

ssimll vortions over three~hour

turned dark green in color after
aluminum chloride and turned bluc
ction mixture was allowed

The rea

period.

e renction
the first additlion of

X ag the reaction progressed,
for

te stand

hours anG was then hydrolyzed by pouring it into a mixture of
ice, water, and 100 cc. of concentrated hydrochloric acid with
thorough stirring. As much of the water us possible was

decaonted, and the product was

round-bottom flask fitted for

brahsferred

stecam distilliation.

to a bhree-liter

after all



the nitrobenzene had been steam distilled off, the blaci,
somewhat 01ily residue was filtered by msans of & Buchuaer
funnel, Half of the solid sc obtalned wuas transferred to a
Claisen flask and vacuum—-distilled. “The nroduct from the
vacuum distillation was recrystallized from aleohol. The
other helf of the ciude nroduct was extracted several times
with hot alecohol, retfluxed with decolorizing carbon, filtered,

and recrystalliized bthree times frowm alcohol. 'The combined

N =7 i ~i % EgN 2 - oy -"xﬁ:)
products weighed 55 g., and had a meiting polint of 105-37;

Haworth and Sheldrick reported a melting point of 109°%., The

yield was 43% of lhe theoretical.

Preparation of 1-(6' @etn@vynaj‘naphthyl)-lfprapanol (14)

B e

A one-liter threc-nock round-botton flask was fitsed
with Q dropping funnel, a mechanical ghirrer, and & reflux
condenser. Two grams of lithium aluminum hydride and 250 cc.
of absolute ether were placed in the flask, andé then ?O . of
(6t-methoxy~&"-naphthyl)=-1-pro paaon& dissolved in 200 c¢c. of
absolute ether was added slowly through the drorpping funnel.
1t was at times necessary to cool the Tlagl to keep the ether
from boillng too much. The stirring was continued for thinrty
minutes after the lasglt of the ketone nhad been added. A few
drops of wabter were then carefully added to decompose any

sxeess of lithium aluminum hydrid this was accompanied by a

et

vigorous svolution of hydrogein. The mizbare was poured onto

about 200 ce. of ice slush, and acidified by the addition of
200 cc. of 10% sulfurlc acid with stirriag, whereby the

alcohol wag liberated from the white aluminum-lithiom complex.
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layer was gepavuted froa the water, drled over

anhydrous potusslum carbonate, and tvansferred to o 500-~cc.

Py

igtiliing Clask where tho -other was ¢1lstilled off. The oily

o

residae was poured iato o boaker where 1t slowly oryvstallized.

T
o W

x

Bight grams of bhe aleohol wos obtolocd having o melting

RN 4 . = s = '0. Fa e i} 1 T DR

voint of 48-507; Campbell and Chuttaway reported a melting
polnt of 5C~. The yield was 80% of the theoretical; however,

a yileld of 20% was obtained in a subsequent run.

Preparuticn of 1-{8'-methoxy=~-2'=-naphthyl)-1l-bromcpropane (1)

Tour gramg of l1-{o'-mcthoxy-5*t~nephthyl)~l-propancl

Gisgolved in 50 co. of toluene was ploced in o 250-cc. Erlen-

o o Y 2 e s 3 g o s PP 29 ¥y
flask and lonersed in o freezins

nixture so cs to keep

the temperavure below 07. Hydrogen bromide gas, generated by
'mAlOWan bromine to reacf with tetralin, wus bihen passed iato
the toluene solution untll 1t was saturated. The toluene
solution was then wasbhed once with Llce-~cold, very dilute
rotassium cartvopnate soluticn aud once with ice-cold water to
take out any excess hydrbgem bromide cnd hydrobromic acid.
The solution was dried over anbydrous calelum chloride and

=

o t h{l S L)

o)

us

i

Prepavation of 3,4-bis(6'-wethoxy~2'-naphthyl)hexane (13
Ethylmagnegium bromide wae prepared in o 230~cc. three-

g P

neclk Flagk fitted with a reflux coadenser, 2 mechanical siirrer,

and = dropping funnel using 0.9 g. of magnesium turnings,

4.5 z. of ethyl bromide, caod 60 ec. of absolute ether. To

3

the stirred CGrignsrd zolution at room temperasture was added
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0.187 . of anbydrous cobaltous ciloride, preparcd by heating
the hexabydrute in aa oven ut 1b0Y for 36 hours. he 1-(8"-
mebhoxy-2'=-papothyl) ~l-bromopropane dissolved in 50 cec. of
toluens ana prepared lrom 4 g. of the corresponding alcohol
wags added over o period of thirty minutes. The mixbure was
aliowed t0 stand Overnight ald then poured invo a mixtures of
ice and 1l co. of cohngontrased bLydrochlorlie acld. 4 tlirse-
phase sysbtem was obscrved: ths water layer, a thin layer
composed of a white solld, and the ether-toluene layer. The
so0lid was filtered out, and after recrystallization from
benzene~ligroin, it had a melting point of 257-9°. Fifty-
two hundredths of a gram of the desired meso igomer of
3,4~big{6'-methoxy-2'~naphthyl)hexane was lsolatbed which 1s
15% of the theoretical yield, calculated from ths alcohol;
however a 285 yleld was obtained in a subsequent run.
Campbell and Chatteway (1) reported a melting point of 255°

o -:

for this compound. Cerbon and hydrogen anslysls ylelded the

following results: Caleulated for C_ H5GO”: O, 04.38%;
/L S '}
4

(53]
c:

vyl

YRS

“a

N

H, 7.59%%. Found: ¢, 84.29%; H, 7.8
The ether-~toluene was geparated from the water, the
water was @Xt:gcted once with 15 cc. of sther whieh was
coambined with the ether-toluenes solution. The ether-toluene
was evaporated off, and the olly residue was taken up in
alcohol., After remalining in the
croy of crystuls which had formed wag Tiltered out. Forty-
fwo hua dtiig of a gram of product wag obialned wiich is

believed to be & mixture of the meso and recemic formg, with



h
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the former predominating, since the product mclted in the
PP S
ronge 2006~397.

The filtrate was agaln set in the icsbox where another

3

crop of crystaels formed. Tifty-two hundredths of a gram of

product was obiained this time having a melting point of

125-7%, Overall yvield of the meso and racewmic forms of
3,4~big(6=methoxy~2'-naphthyl )bhexane wag 55% of the theoretical

vield, calculated from the aslcohcli.

Preparation of By4=bis(6'=-hydroxy=5 ' -naphthyl)hezane (21)

Seventyﬂeight hundredths gram of 3,4-bis(8'-mcthozy=-2%~
naphthyl)hexane, 12 ecc. of glacial acctic aecid, and 5.5 ce.
of 4&8% nydrobromic acld wers T fluxed for sixzteen hours and
then poured into 250 cc. of water. The product which vre-~
cipitated was isolated by filtration, washed btwice with
water, and dried in an oven at lJSO for one hour. 8ix
hundrsd fifty-four thousandths of & gram of the desired
product melting at 240-4° was obtsined. Campbell and

2 . > P W el 4 0
Chattaway (1) reported a melting point of 283 .

Preparation of giémbis(ﬁ'emethoxy-a'-naphthyl}~5-hexene {12)

4 toluene solution of l-{5'-methoxy=-2'-~naphthyl)-l-
bromopropane prepared from 5 g. of l=(8'-methoxy-2'-naphthyl)-
l1-pronanol, as described previously, was added in smell por-
tions to & suspension of 4.5 . of sodium amide 1n about 200 c¢e.
of licuid emmonia contained in an unsilvered Dewar flask.

The mixture was sbtirred vigorously, =and the following color

changes were observed. The mixture was yellowish-green after



the first addition, bub became a gresnlsh-~brown in a few
minutes; each subgeguent addition dischuarzed the color, and
the same sequence of color chansges sgain took place except
that the color changed to a deever brown. after all the
orgenic reactant hud been added anc the reaction mixture had
stood for thirty minutes, the mixture was poured iato a
beaker and the ammonla allowed Lo evaporate. The residue
wag token up in water, and the well-cooled solubtion was
idified with dilute sulfuric acid. The solid phase, which
formed between the water and small toluene layers, was fil-
tered off and washed with hot petroleusm sther and then with
alcohol. The product obtained weighed 1,60 go and had a
melting peint of 2834-67 when recryvstulliived from benzene.

This is 35% of the theorstical yield, calculeted from the

2

aleohol, Carbon and hydrogen aunalysis yielded the following

Cﬁ

e

results: Caloulated for C_ M .U : C, 85.08%; H, 6.868%.

Tounds C, 84.48%
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The agueous and toluene layers were geparcbed, aud the
agueous layer was cxtracted once with 1H cec. of benzene which
wag acded to tkhs toluene. The tolucne was evaporabed off
under redbced pregsure, and the regidusl 0il was dissolved in

the alcohol from the previous washiags. However, 1t was

impossible to cerystallize this oil.

Y

Preporation of 5,4=-0is (8 -hydroxy~2'-naphthyl) -G-hexena

Joven hundred seveinbtecn theousandtis of & grem of the
dimethyl ether, 20 cc. of diethylenec glycol, and %.5 g. of

votassium hydroxide were placed ia a 100-cc. pound-bottom
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flogk which wae connected to a reflux condenser with ground

rlass connectlons. The condenser was connected to a trap

L

ity

containing dlethylene giyveol so as to prevent

Tfromn entering the flask This mixture wag refluxed Tor
wenty-four hours, and the hot solutiocn was then poured into
300 cc. of waber and filtercd. The filtrate was acidified
with Ol hydrochloric acid, whersupon a precipitats formed.
The precipitate was filtered bff, washed thorougshly with
ter, and dried in o vacuunm degiccator overnight., The prod-

uct obtained welghed 0.35186 g. which ig 48% of the theoretical
vield. This product probably consigts of two isomeric com-
pounds sgince it melted in the pange of 180-230°%. sttempts to

separate thege igomers by crystalilzation were unsuccegsinl.

Preparation of 6-methoxy-Z-acetylnaphthalene

This ketone wag nrepared by the same vrocedure as for
the (6'-methoxy=-2'-naphthyl)-l~propanone, previously described,
with the exceptions as noted. The same molar quantitics of
reactants were used. It wes obgerved thet the yicld of ithe
desired ketone wasg guitbte low if the product from the hydrolys
wag steam-digtilled directly. Therefore, the product from the
hydrolysis wag extracted three tilumes with ether, tae ether

istilled off, snd the residus, conposed of nitrobenzene znd
the ketone, was steam=-digtilled until all the nitrobenzens
had passeéd over. o light-browvn crystelline nass Tormed in
the bettom of the flask. This mass wos £iltered off, taken

- -

tp in alcohol, refluxed with decoloriging carbon, filtered

3

to remove the carbon, and allowed to crystallize. YHowever,
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the material obtained was still rather dark and zuamy. It

was therefors taken up in ether, stirred bLthorougnly with
decolorizing carbon, and filtered. The etheor was allowed to

evaporate to one-fifth of its orisinal veolume whersuton 40 2.

of lizht=brown crystals formed. This material was recrys-

(]

tallizad two more timses from alcohol: wherzupon it had a

weltlng polnt of 105-~6

oL

as convared to 1059 and 1079 rocopded

n the literature (4). The yield of the kebtone was 34% of

i_.u

) .
the theoretical.

a8

On digtillailion of the curvonucsous pesidas from the
ethsr exiractlion, An orangs 01l whicn erystallized on cooling

¢

was obbalned. This compound after being recryvstallized from

e PR T N W P, L3 e e - [ R . P N S oy A EEPad e DR
wnol-bebzene was founa to have o aclting nclnt of 108307,

)

1t was therefore coacludsd cospounc was 2,2'-dimethoxy~

1,1"=-binaphtiayl which nas a reccrded welting polbt of 190-17,

This was furbthcr verified by demethyleting the compound with

484 hydrobromic acld and acctic weld. The di-hydroxy ceriv-

Jte

(s

ative had & melting pcint of 214-6° ag compared with the

literature value of 2169 (16).

Preparatlion of 1-(5 ~nuthoxv—“'~naphthyl)—l—ethanol

The redoction of tihe ketone to the aslcobol was deue in
the sace manner as described under bthe preparablon of 1=(6!

metnoxy=3t-nanhthyl)-l-provsncl ugiig 4 2. of lithiun

- 3

slumipun hydride and 28 g. of C=nethoxy-Z~acelylnadi v

cialens.

x grams of tue alconol was obteiued which was 99% of

!,._x.

Twenty -«

the theoretical ylold. Recrystaullized from alcohol 1t had a

R . R « o N N .
melting polant of 110-1117, but it was found to hwve & meliling



30

o o .
, of 99 when recrystullized Trom cther or toluene.

poin
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Preparation of l~(6'—ﬂethoxyesznaggthyl) =l=-bromnoethans

M et s S, SN

©

he prervaration of the bromo compound was carried ont
in the same manhner &g 1-(6'-methoxy~2'=-nanhthyl)=-l-broms-
provane using 12 g. of the alcohol digsolved in 175 cc. of

toluens.

Preparation of 2,3-bis(6'-methoxy-2'-naphthyl)butane

This compound was prepared in the samc manner as 3,4-bisg-
(61 -methoxy~&'-naphthyl)hexane from 2.9 2. of magaesium
turnings, 12 g£. of ethyl bromicde, 0.68 g. of anhwvdrous
cobaltous chloride, end the toluene golution of l-(8'-msthoxy-
2'=-naphthyl)-l=-bromoetiiane propared irowm ls g. of the corre-
sponding alcohol. ¥ive and four tenths grams of crude prod-
uct was obtained from the s0lld that foramsd on hydrolysi
and asn additional 0.65 g. of‘prsduct was obtained when the
ether-toluene solution was evaporated Lo one-third its
original volume and allowed to remaln in the icebox overalght.
The two products were combined aad recrystalllzed from besinzene.
Three aond five tenths grams of pure white crystals melting
at 225-32% was obtained, this being 37.3% of the theoretical
rislid, caleulated from the alcohol. Carbon and ahydrogen
analysis yielded the following results: Calculated for

~0,: G, B84.29%; H, 7.08%. v¥ound: C, 83.94%; H, 7.41%.

Preparaticn of 2,5-big(f'-hydroxy-&'-nephtoyl)butane

T

One and cighteen hundredibs gromo of the Glmetn
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-
o
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I

16 cc. of glacial MGFLLC LCLQ, anG % ec. of 40% hydrobromic



acid were »lacod in a l00-cc. round-hottom flack and refluxed
for twenty hourgs. Tho sclulion wag then roured inte 250 ce.
of water, whereuvon a pracinitate formed. This zreducht apon
isolation walighsed C.98 m. which ia 904 of the theorstical
vield. This compouna forzed an insoludble sodiom salt when

of L RN

placed in 8W scdiunm hydroxide, bobt it did digsolve when a

- A8 ey qarsy - H Y g o P \ & oy b
large guanbity of water was ndded. Unon recrysitallization

from benzene, the dihydroxy compound shrank and softened

ft
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somewhat at 2117 bot éid not melt anti

Preparation of 2,3~bis(8'-mothoxy~2'-naphthyl)-2-butens

This compound was prepared in the same manner as
3,4=bisg (6 Y ~methoxy-2'-naphthyl)-3-hexene from 8 g. of sodium
amide guspended in 200 cc. of liguid ammonia and the toluens
solution of 1-(6'-methoxy-2'=naphthyl)-l-bromosthane vrepared

of the correspvonding alconol. The same gequence

Oi color chanmes wasg observed as before. The toluene solution

3

obtained after the hydrolysis of the excess sodium anide was
gvaporated under rsduced pressure to oae~-Tifth of ite original
volume. Wpon cooling, a somewhat gummy precipitate formed
which was filtered oubt and washed thoroughly with hot alcohol;
whereupon 1.8 g. of ;lwatLy ye 1low erystale were chbtained
which is 17% of the theoretical vield, caleulated Lrom the
alcohol. #hen recrystallized from benzenc-ligroin, these
crystels had a melting noint of Zéluﬁc. Carbon and hydrogen

analysis vielded the following results: Csleuluted for

S D4 mEd e T G 66 OuAd + 0. BA.B5A: 1. 8.8
G,- :U.u O : C, d‘tar?b/'f); I,L, 6»57"/:;» :‘L' 0404 ¢ G; U‘itbS/G, .,u,’ O



gvaporated under

roduced prescure until nost of the toluere was removed. T
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and ag auch of the oil wag pulled of 0 ag vosaible. The still

7 TE el [ = oy -
or light yeliow crysta wEre

Dutd

Preparation of trans=-2,3-big (b'—aV&rovy— t-pnaphthyl)-2-buten

Three grams of potassiwn hydroxide, 20 cc. of diethylene
glycol, and 0.87 g. of the dlmethyl ether were refloxed f
twenty~five hours anc bien poured into 250 ce. of water. Thals
solution was acidified with Oi hydroechloric acld, whsreupon a

vreciplitate forameda. YHhis precipibtate was filtered ocutl,

a4

white
washed thoroughly with hot water, and placed in a vacuunm

1518

desiecutor for a day. ‘“he yield wag C.79 g. which is 87% of

the theoretical. When recrystailized from boenzene~ligroin,

. L . e
it darkened st L85 bub 4id not melt until 252-5.

Preparation of Glm-@,u“bls(6'—ﬁ}ﬁrO£V Jtepaphthyl)~2~buteae

[0}

One gram of the dimethyl ether vos demetbthylated in th

same menner as described above. The yield was 0.84 g. anich

4 >

is 91% of the theoretical. then recrystallized frouw beuzene=

. X . a . o) L o .
ligrolin, it darkened at 1557 but did not melt until 205-9

[}
.
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The preparation of G-methoxy-2-naphthaldehyde by a
medified Gattermann rcaction was attempted; Z2-methoxy-1-
phthaldehyde was obtained instead. It was found that the
benzolin condengstion of Z2~methoxy~l-naphthaldchyde with
itgell and with pilperonal would not talie place under the

s-Hophthaldehyde was prepared, aud & benndin condensatlon

ciperonul was run.  The S, 4-~methylcenedioyy~

;.:.
o
of
){jv
)

of
naphthoin was obbtalined in very small ylsld.

FE e A . 2 R N e T ] by Ay en ag en L. oy
(0f=~iathoxy~2'=nuphihyl) -l~pronanone was synthesized by

g D 1 2 J VR o S VN o 3 P -~ g e - PR S . gy
a Fricdel-Crafts reaction of Z-methoxynaphthalenoe and pro-

et e s
ic';ij;iil*u 0¥ 4 ) jd

it with lithium aluminue hydride.

l-bromopropaie was rrepared by treszbiong the alechol with

The naphthulene analog of the dimethyl ether of hexestrol
(3,4-big(ot~methoxy-2'~naphtinyl) hexane) wag prepared b?
veacting the bromo derivabtive in the prosehce of eithylmaghesiun
bromide and anbydérouas cobaltous chloyide. On Gcﬁ@thylaticn
the saphthalene anslop of hexestrol wus obtaincd.

The naphtholenc azclos of the dimethyl cther of sltilbeostrol

(3,4-bla(8=nathoxy=21 ~nuphtbyl) -s-hexene) wug obtalned by



s
B

>

reacting the bromo derivative in liguid ammonia and sodium
amide. On demethylation the navhthalene analog of gtilbestrol
wus obtalned.

The methyl homologs of the naphthalens analogs of
hexestrol and stilbesirol were vprepared by the game geriss of
reactions as the ethyl homologs mentloned above.

Melting points of 2ll the compounds synthesized were

recorded. Csrbon and hydrogen analyses were run on the

dimethyl ethoers and methyl homologs of the naphthalene analogs
of atilbestrol and hexestrol,

Trhe naphthslene wnalegs of gtilbestrol and hexestrol,

i

thelr dimethyldl ethers, and tholy methyl homwologs will be

teasted {or estrogenic asetivity in the near future.
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Gernany. In 1938 he ilswmigrated with bi
United Stetes wherc bthey made thslr new hoxne 1n Stillwater,
Oklahomua. He attended part of the third, fourth, and sizth
crades of grade scehool and graduated from high school in
1947 where he took an asctive intersest in sports snd was
elected o member of the Nutlonal Honor Socciety. He atitended

Oklabioma .. and . College where he majored ia chemistry
the

and minored in mathematics and received

honors, being elected to P #u Zpsilon, Phi Lambda Upsilon,
and PLl Kappa Phi. an gradeate wo in chempistry at
Oiklainoms A. and e Collezge in the fall of 1900 whore he had

been granted a graduate fellowship. He is a member of the

Amerpican Chemical Joclicby, and he will be cmployed by the
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