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INTRODUCTION

Nature of the Problem

Only a few decades ago i t  was found th a t a c e r ta in  group of 

physio logically  ac tiv e  substances possessed a common b as ic  u n it  of 

s tru c tu re  known as th e  perhydrocyclopentanophenanthrene skeletons

The members of the group, which are c a lle d  s te ro id s , embrace a 

wide v a rie ty  of organic compounds having a sp e c if ic  a c t iv i ty  in  

connection w ith body metabolism. Chief among these p a r tic u la r  

chemical substances a re  th e  seocu&l hormones. From the  e labo ra tion  

of the s tru c tu re s  o f  the l a t t e r ,  i t  was found th a t  s l ig h t  v a ria ­

tio n s in  chemical c o n s titu tio n  caused pronounced changes in  

physiological a c t iv i ty .  Testosterone ( I)  and estrone ( I I ) ,  examples 

of male and female sex hormones resp ec tiv e ly , d i f f e r  fundamentally 

in  the degree of unsa tu ra tion  of one of the r in g s  and in  the number

of angular methyl groups attached to  the ring  s tru c tu re  as in d ica ted
OH 0

by the follow ing: CH CH

CH.

HO

Developments in  the f ie ld  o f  organic chemistry, which le d  to  the 

elucidation  of the above s tru c tu re s  and to  p a r t ia l  syntheses o f 

these hormones, culminated in  the well-known advances in  modern 

hormonal therapy of sexual d iso rd e rs . In add ition , th e re  i s  the

1 .
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2.
current dramatic in te r e s t  in  s te ro id s  as valuable agen ts in  the 

treatm ent o f a r th r i t i s *  The discovery th a t  co rtiso n e , a s te ro id a l 

hormone found in  the adrenal co rtex , and sev e ra l r e la te d  compounds 

might be successfu l in  t r e a t in g  th is  stubborn a f f l i c t io n  of man­

kind has focused renewed a tte n tio n  on the chem istry of the stero ids*  

Because hormones a re  found in  the body of both animal and man 

in  such small q u a n titie s , an obvious con tribu tion  of organic 

chemistry to  medicine i s  the syn the tic  p reparation  of these hormonal 

substances on a la rge scale* To d a te , only a few hormones of the 

s te ro id a l type have been synthesized to ta l ly  and these have been 

obtained on a r e la t iv e ly  small scale*

Several syn the tic  approaches to  the sim pler s te ro id s  a re  sug­

gested by a consideration  o f ce rta in  chemical reactions*  Among the 

l a t t e r  i s  the D iels-A lder reac tio n  which is  defined as the condensa­

tio n  of a "diene" w ith a "dienophile" to  y ie ld  an "adduct(s)"* Dane 

and co-workers ( l )  were the f i r s t  to  use l - v in y l- 6-methaxy-3 , 4-dihydro- 

naphthalene in  the D iels-A lder re a c tio n  in  attem pts to  prepare estrone* 

Bachmann and Chemerda (2) and B re itn e r (3) in  1941-1942 condensed th e  

same diene w ith c itra co n ic  anhydride and obtained III*

CH

COOH

COOH

c h3 o
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3 .

Although a s tru c tu ra l  isomer or stereoisom er of estrone was ob­

tained  from the in term ediates by both groups of workers by con­

s tru c tin g  the five-membered D r in g , the n a tu ra l hormone was no t 

obtained* More recen tly  the same reac tio n  has been stud ied  by 

Heer and Miescher (4)»

A possib le explanation o f the f a i lu re  to  obtain  estrone  v ia  

the above syn thetic  rou te  l i e s  in  the stereochem ical considerations 

of the above D iels-A lder reac tio n  and of estrone i t s e l f *  The exact 

s tru c tu re s  of es tro n e , equ ilen in  and eq u ilin  were well-known except 

fo r one point not yet conclusively  proven* The stereochem ical con­

fig u ra tio n  o f the bonds involved i n  the C/D ring  fusion  i s  not 

estab lished  unequivocally* C ertain te n ta tiv e  data  (5) in d ic a te  th a t  

the configuration a t  the C/D r in g  junctu re i s  tran s  ( H a ) ,  bu t ad­

d it io n a l experim ental evidence must be adduced before a l l  doubt i s  

removed* Regarding the D iels-A lder re ac tio n , i t  has been found

0
CH

T R A N S

CH

COOH

CQCH

T R A N S

COOH

..COOH

C I s

I I  A I I I A IV

repeatedly  th a t  th is  re a c tio n  i s  h igh ly  se lec tiv e  in  the ste reo ­

chemical sense* For in s tan ce , c itra co n ic  anhydride i s  derived from 

a c is-d icarbaxy lic  acid  and thus the adducts from the above D iels- 

Alder reac tio n  have a c is  configuration  ( I l i a )  w ith resp ec t to  the
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4.

two carboxylic ac id  groups in  the re su lta n t phenanthrene mole­

cule# I f  mesaconic ac id , the tra n s -d ia c id  corresponding to  

the c is -d iac id  c itra co n ic  ac id , were used in  the same D iels- 

Alder reac tio n  then  the adduct should have the tra n s  con­

fig u ra tio n  (IV) and a syn thesis  of estrone might w ell be 

p o ss ib le . In ad d itio n , the question of the one remaining 

aspect of the stereochem ical s tru c tu re  of estrone and re la te d  

hormones would be cleared  up beyond doubt.

Statement of the Problem

The purpose of the p resen t in v estig a tio n  was:

1) To study the D iels-A lder reac tio n  of l -v in y l-6-  

methaxy-3 , 4-dihydronaphthalene with mesaconic a c id ,

2) To study fu rth e r  the known reac tio n s o f th e  same v in y l-  

dihydronaphthalene with m aleic anhydride and c itra co n ic  an­

hydride,

3) To u t i l i z e  the products of the D iels-A lder reac tio n s  

to  e lu c id a te  the configuration  of the C/D r in g  junctu re  in  

the estrogen ic  hormones, eq u ilen in , estrone and e s tra d io l ,

4) To employ the products of the  D iels-A lder reac tio n s  

in  the syn thesis of various s te ro id  s tru c tu re s .
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RESULTS OF THE INVESTIGATION

For our study i t  was necessary to  have l-vinyl-6-methaxy--3> 

dihydronaphthalene (V III) , This can be prepared from the reac tio n  

of 6-m ethoxy-l-tetralone (V) and the acetylene Grignard reagen t, 

followed by dehydration of the re s u lt in g  acety len ic  earb ino l (VI) 

to  the eneyne (V II), and c a ta ly t ic  reduction  of the t r ip l e  bond o f 

the l a t t e r  to  the diene (V III) ,
HO C = C H

ACE T Y L E N E  

a )  G r i g n a r d

R E A G E N T H E A T

&) H Y D R O L Y S I S

C H ,0CH3 0
V VI

CH=CH

CAT AL Y T I C

R E D U C  T I ON

CH,0 C H ,0
VI I V I I I

F ir s t  o f  a l l ,  the methods of preparing the s ta r t in g  ketone, 6-  

m ethoxy-l-tetralone were investiga ted*

Preparation of 6-me th o x y -l- te  tra lo n e

6-M ethcocy-l-tetralane (V) has been synthesized according to  

th ree  genera l methods* Che of these s ta r t s  w ith tetrahydronaph- 

thalene (XI) (6) ,  Burnop e t  a l  su lfonated  tetrahydronaphthalene 

in  the ^ -p o sitio n  of the arom atic ring* The sodium s a l t  o f  the 

su lfonic acid  (XII) obtained from th is  re ac tio n  i s  fused w ith a 

mixture of sodium and potassium hydroxides a t  280- 300°  to  convert 

the sulfo-group to  a phenolic group, Without iso la tio n  of the f re e  

phenol (X III) , the l a t t e r  i s  m ethylated with dimethyl su lfa te  in  

the presence of sodium hydroxide giv ing  r i s e  to  6-m ethoxytetralin

5*
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(XIV)* This compound i s  oxidized w ith  chromic anhydride (C1O3 ) ^  

g la c ia l  a c e tic  acid  y ie ld in g  6-m ethoocy-l-tetralane (V). The o v e ra ll 

y ie ld  of ketone reported  in  th is  s e r ie s  o f  re a c tio n s  i s  20# based 

on tetrahydronaphthalene and the re a c tio n s  are  as  follows $

X IV  V
When th is  method was used to  prepare moderately la rge 

q u an titie s  of m a te ria l, an unusual amount o f  d i f f ic u l ty  was 

experienced in  labo ra to ry  m anipulation* This was so p a r tic u la r ly  

in  the case of the a lk a l i  fusion  where thorough mixing o f  the 

reac tan ts  was almost im possible, causing lo c a l overheating, and 

where the fusion mass, when cooled, was of such a hard consistency 

as to  r e s i s t  ready d ispersion  in  aqueous medium* A y ie ld  o f  16# 

of 6-m ethOKy-l-tetralone was obtained in  p rac tice  and o ther more 

f a c i le  methods were sought*

A second method as devised by Thomas and Nathan, u t i l i z e s  

an iso le  (XV) as the s ta r t in g  m a te r ia l (7)* This a ry l  a lk y l e th e r  

i s  condensed w ith  succin ic  anhydride (XVI), aluminum chloride being 

used a 8 a c a ta ly s t  in  th is  ty p ic a l example o f  the  F ried e l-C rafts  

reaction* The p-p-anisoylpropionic acid  (XVII) re su ltin g  from th is  

condensation i s  reduced w ith  amalgamated zinc and hydrochloric ac id
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to  convert the ketonic group to  a methylene group forming Y-p- 

an isy lbu ty ric  ac id  (XVIII)* This ac id  i s  tre a te d  w ith  phosphorus 

pentachloride to  form th e  acid  ch lo ride  (XIX) which i s  then 

cyclized w ith stann ic  chloride* The 7-m ethoxy-l-tetralone (XX) 

thus formed i s  hydrogenated w ith  palladium  on charcoal as the 

ca ta ly st*  A quan tity  o f  hydrogen ju s t  s u f f ic ie n t to  reduce the 

ketone to  a methylene greup i s  absorbed* The 6-m ethaxytetra lin  

(XIV) which r e s u l t s  i s  oxidized as in  the above method to  give an 

o v e ra ll y ie ld  of the ketone o f 43# based on anisole* This syn­

th e s is  i s  represented as fo llow s*

CH3 0

Zn (H q )

/C H g
COOH

HCl

CH-, 0  Ct5oH
XV XVI XVI I I

cIDCl 2 C H ,0 ‘

P o/C  * 
C H ,0

X IV

AcCH

0

C H ,0

V

A
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8#
The above se r ie s  o f reac tio n s  was ca rr ie d  out w ith  l i t t l e  

d if f ic u lty *  However, the zinc-hydrochloric acid reduction  re­

quired re flu x in g  fo r  hours accompanied by add ition  o f more 

hydrochloric acid every s ix  hours* During the  p u r if ic a tio n  o f 

the Y -p-anisoylpropionic a c id , steam d i s t i l l a t i o n  and dim ethyl 

su lfa te  treatm ent were necessary* The o v e ra ll  y ie ld  o f  6-  

methcocy-l-tetralone experienced was 31%*

The th ird  method involves a p re fe re n tia l  reduction  of one o f  

the rings in  (5-naphthyl methyl e th e r  (XXI) (8)* Formerly, reduction  

of su b stitu te d  naphthalenes in v a ria b ly  le d  to  hydrogenation o f the 

rin g  carry ing  the substituen t*  In  th i s  case , however, Stork found 

th a t  the unsubstitu ted  r in g  was the f i r s t  to  be reduced and th is  

occurred almost to  the exclusion of reduction  of the o ther ring*

The conditions o f  the reduction  a re  th e  use o f Raney n ic k e l c a ta ly s t ,  

a pressure o f  3400 p*s*i* and a  tem perature o f  130°C* The product 

obtained co n s is ts  ch ie f ly  o f  6-m ethcocytetralin which i s  oxidized to  

the ketone as in  the o ther two methods* The naphthyl methyl e th er 

used as a s ta r t in g  m a te ria l may be prepared r e a d i ly  from 0-naphthol 

(XXII) by re flu x in g  w ith  methanol in  the presence of su lfu r ic  acid* 

The o v e ra ll y ie ld  o f ketone i s  51# based on p-naphthol and the 

reac tio n s which are  employed are  the following*

r ^ V ' N  CH,CH
CAT  ALY T I C  
H Y D R O G E N A T I  ON

HO'

XX XX

0 X1  DA T  I ON

C H ,0 C H ,0
X IV V
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9.
The hydrogenation o f the methyl e th e r as described by Stork 

was r e la t iv e ly  d ra s tic  and inconvenient w ith resp ec t to  lab o ra to ry  

m anipulation. A more f a c i le  procedure was devised and consisted  

of the use of Adams* platinum  oxide c a ta ly s t in  g la c ia l  a c e tic  a c id . 

The reduction  occurred smoothly a t  70-80°C. w ith 10-60 pounds o f 

hydrogen p ressu re . Successive runs, in  the P arr type hydrogenation 

apparatus could be performed in  a few hours. The 6-m ethoxy tetralin  

was oxidized w ith chromic anhydride as before to  give an o v era ll 

y ie ld  of 53# of 6-m eth ax y -l-te tra lo n e .

To confirm the v a l id i ty  of the m odification of the above method 

an easy c r i te r io n  of determ ining which rin g  o f the naphthyl methyl 

e th er was reduced had to  be a t  hand. Much more conclusive than 

bo iling -po in t data was the evidence obtained when a sample o f the 

reduction product was subm itted fo r  an u l t r a v io le t  absorption spectrum 

determ ination. The two possib le  reduction  products obtainable upon 

the absorption of two moles of hydrogen by the e th er ares

C H ,0

( a )

c h 3 o

( b )

ftie of these (a) would show la rg e  absorption  in  the 225-230 npi 

range, c h a ra c te r is tic  of methaxy-xylene. The o ther (b),  non- 

phenolic in  ch arac te r, should e x h ib it strong absorption in  the 

region of 205-215 nyu P la te  1 , the absorption  spectrum of the
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PLATE 1.

lea

500

400

300

200

100

240 
U ltrav io le t

280 300
U ltrav io le t absorption spectrum of 6-methoogrtetralin

(XIV) (in  EtCH
570cm

/) -  281, El* -  128lea*
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reduction product a c tu a lly  obtained by the  modified red u c tio n  

process, in d ica te s  c le a r ly  th a t  th e  reduction  proceeded in  th e  de­

s ire d  d irec tio n  w ith  form ation of 6-m eth ax y te tra lin .

The oxidation of 6-m ethoxy tetra lin  to  the  corresponding ketone 

mentioned above was c a rr ie d  out w ith chromic anhydride i n  g la c ia l  

ace tic  ac id  a t  low tem perature. The various methods th a t  have been 

suggested fo r the is o la t io n  of the product from the re a c tio n  mix­

tu re  a l l  involve ted ious procedures and/or some lo s s  in  y ie ld . The 

steam d i s t i l l a t io n  method of Burnop e t  a l  (6) i s  most time-consuming 

and the d i s t i l l a t io n  of the  ketone i t s e l f  as recommended by o thers 

requ ires high tem peratures re su lt in g  in  some decomposition. In  the  

course of th is  in v e s tig a tio n  i t  was found th a t ex tra c tio n  o f the 

ketone from the w ater-d igested  re ac tio n  mixture w ith  benzene, fo l­

lowed by chromatography o f the d ried  benzene so lu tio n  over a  column 

containing Brockmann ac tiv a ted  aluminum oxide and removal o f the 

solvent from the e f f lu e n t l iq u id , y ielded  the w hite o r  pale yellow 

6-m ethaxy-l-te tralone in  p ra c t ic a l ly  pure form. The b e s t y ie ld  ob­

tained in  the ox idation  of 6-m ethoxytetralin  to  the ketone was 62$ 

using the chromatographic method of p u r if ic a t io n . This i s  to  be 

compared w ith a 47$ y ie ld  o f  the ketone when d i s t i l l a t i o n  was employed 

as the means o f  p u r if ic a t io n .

The method s ta r t in g  from t e t r a l i n  i s  the poorest i n  y ie ld s  16$ 

o v era ll when the published method i s  follow ed. The method s ta r t in g  

from an iso le , gives a b e t te r  o v e ra l l  y ie ld  o f  th e  ketone, 31$ ,  b u t 

requ ires a longer period  of tim e to  e f fe c t  the  re ac tio n s  involved.

The method, s ta r t in g  from B-naphthol, i s  by f  a r  th e  most s a t is fa c to ry
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from the standpoint o f  both  time and y ie ld  (51# ) , b u t, aa published 

the method su ffe rs  from the  d ra s tic  hydrogenation conditions 

necessary. By the method o f  reduction  and p u r if ic a tio n  described  

in  the present work, 6-m ethaxy-l-te tra lone  can be prepared con­

veniently  in  y ie ld s  of 50- 60# w ith a reasonable expenditure of tim e.

Preparation of the Acetylene Grignard Reagent

The acety lenation  o f 6-m ethaxy-l-te tra lone may be e ffec ted  in  

two general ways. Ohe involves the  d ire c t  add ition  o f acety lene to  

the carbonyl group in  the presence o f  a basic  c a ta ly s t and under 

increased p ressu re . The o th e r makes use of the acety lene Grignard 

reagent which adds in  the u sua l Grignard fashion to  the carbonyl 

group o f 6-m ethaxy -l-te tra lone . Although B re itn er (3) and l a te r  

Heer and Miescher (4 ) claimed success w ith the f i r s t  method, i t  was 

unwise to  r is k  the hazards of working w ith acetylene under pressure 

during the  course o f th is  in v e s tig a tio n . In stead , the Grignard 

reac tio n  as employed by Dane e t  a l  ( l )  and by Bachmaim and Chemerda 

(2) was employed* However, due to  continued d i f f ic u l ty  in  th e  

preparation  of the Grignard reag en t, the decision  was made to  study 

in  d e ta i l  the form ation o f the ace ty len ic  Grignard reagent as a 

possible source o f the tro u b le .

In 1902 J o ts i tc h  (9) f i r s t  described th e  reac tio n  which takes 

place upon the in tro d u c tio n  of acetylene gas in to  a so lu tio n  of e th y l-  

magnesium bromide in  e th e r .  This may be represented as fo llow s:

2 C2Ĥ MgBr + H-C ■ C-H  Brlig -  C s  C -  MgBr + 2 C2H£
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The product of th is  re ac tio n , acetylene dim&gnesium bromide, was

found to  condense w ith  aldehydes and ketones as fo llow s:

BrMg-0 ^O-MgBr
BrMg-C « C -  MgBr + 2 R-CHO ---- )  R -^C -  C *  C -  -  R

H H

BrMg-O^ ^Q-MgBr
BxMg-C * C -  MgBr + 2 R-CO-R* — M - C - C a C - C / -  Rx  \

R* R*

When the G rignard-like product was tr e a te d  with carbon dioxide, 

acetylene dicarboocylic acid  re su lted :

a) 2 002
BrMg-C = C -  MgBr -----:--------*— V HOOC -  C a C -  COOH

b) H30 '

In  add ition  J o ts i tc h  experimented with m ono-substituted acetylenes 

and found the  following reac tio n s  to  take  p lace:

R" -  C = C-H + CgHj MgBr —^  R" -  C = C -  M^3r + C ^

R ^  /0-M ^3r 
R" -  C s  c -  Ufipr + R -  CO -  R* — » XC^

R* C a C -  R“

There was thus d isc lo sed  a method fo r  the  p reparation  o f both 

secondary and t e r t i a r y  ace ty len ic  carb inols and acety len ic  g lycols 

from aldehydes and ketones*

The p a r tic u la r  adaptation  o f these reac tio n s  a s  devised by 

Bachmann and Chemerda (2) involved the p reparation  of a  mixture of 

acetylene mono- and b i3-magnesium iodides* This was accomplished
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13*

by bubbling acetylene gas fo r  tw enty-four hours in to  an e th e re a l 

so lu tion  of ethylmagnesium Iodide a t  0°C. The viscous v io le t  

layer which re su lte d  was separated from supernatant e th e r  by 

decantation and was d isso lved  in  benzene* This so lu tio n  was used 

d ire c tly  fo r  condensation w ith 6-me th o x y -l-te  tra lo n e  •

When the acety lene Grignard mixture was prepared during th is  

in v es tig a tio n  according to  the above method, very u n sa tis fac to ry  

y ie lds o f the condensation product w ith 6-me th o x y -l- te tra lo n e  were 

obtained* I t  was suspected th a t  some ethylmagnesium iodide may 

have been entrapped in  the viscous v io le t  o i l  and consequently 

fa ile d  to  gain reac tiv e  con tac t w ith  the acety lene. To prove th is  

p o in t, the so lu tio n  of the viscous o i l  in  benzene would have to  be 

analyzed* Aqueous hydrolysis o f an a liq u o t o f th is  so lu tio n  would 

y ie ld  ethane in  ad d itio n  to  acetylene i f  a l l  of the ethylmagnesium 

iodide had not reac ted  w ith  acetylene o rig in a lly *  Since th i s  ex­

p lanation  of the u n sa tis fac to ry  y ie ld s  appeared most l ik e ly , a 

determ ination of the co n s titu tio n  of the acetylene Grignard reagent 

in  benzene so lu tio n  was attempted*

This same problem had been considered' on a ra th e r  th e o re tic a l 

b a s is  by K le in fe lle r  (10) in  1929 when he p ostu la ted  an equilib rium  

between acetylene bis-magnesium bromide and a  mixture o f magnesium 

bromide and magnesium carb ide:

BrMg-C * C-MgBr — —̂  + ^S®r2
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14.

This equilibrium  was used to  explain  the rap id  decomposition of the 

compound when heated to  50°C. or when sto red  fo r sh o rt periods of 

time in  so lu tions o f  various organic h a lid e s .

The most exhaustive study of the re ac tio n  leading to  the 

formation of acety lene bis-magnesium halide  was c a rr ie d  ou t by 

K le in fe lle r  and Lohmann (11). The following mechanism o f reac tio n :

a) 2 CgH^gPr + BrMg-C -  C-MgPr + 2 CjjH^

b) BrMg-C * C-MgBr + H-C »  C-H — }  2 H-C « C-MgBr

which had been proposed p rev iously  was rep laced  by th is  new scheme 

of reactions*

a) C^jH^gPr ♦ H-C a  C-H — >■ H-C ■ C-M^r + Ĉ 6

b) 2 H-C * C-MgBr ^  a  C-MgBr + H-C -  C-H

th a t  the  l a s t  sequence o f reac tio n s  i s  probably the co rrec t one i s  

supported by a k in e tic  study of the p reparation  o f  the acety lene 

Grignard reag en t. According to  the r e s u l t s  of th is  study, the re ­

ac tio n  i s  c le a r ly  monomolecular w ith  resp ec t to  e th y l magnesium 

bromide. I t  should be noted here, however, th a t  the authors admit 

th a t the form ation o f the e th e r-in so lu b le  acetylene magnesium 

bromide d eriv a tiv es  a l t e r s  the re a c tio n  from a homogeneous to  a 

heterogeneous type . The k in e tic  conclusions which they propose are 

based on homogeneous reac tio n  k in e tic s  and thereby run the r is k  of

being in v a lid a ted  through th is  change in  the physical natu re o f 

the  re ac tio n .

A
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15.
We have attem pted to  ob tain  inform ation on th e  composition 

of the acetylene Grignard reagent by a combination of hydrolysis 

and t i t r a t i o n .  The mono Grignard reagent on hydro lysis y ie ld s  

one equivalent of acety lene and one equivalent of base; the b ia  

Grignard reagent y ie ld s  one equivalen t of acetylene and two of base*

H-C •  C-Mgl + H20 ------^  C2H2 + Mg (OH) I

IMg-C -  C-Mgl + 2 H20 — ^  C2H2 + 2 Mg(OH)I

The volume of acetylene which was lib e ra te d  was measured by 

absorption in  a so lu tio n  of m ercuric cyanide and potassium hydroxide 

in  an O rsat apparatus and the base was t i t r a t e d  w ith standard  acid* 

An unaccountable blank was encountered when a l l  the  reag en ts  except 

the Grignard reagent were present* Assuming th a t  th is  same blank 

operated in  the determ ination i t s e l f  the r e s u l t s  in d ica ted  th a t  the 

acetylene Grignard reagent consisted  of 85- 93# of the b is  compound 

and 7-15# o f  the mono compound and th a t  no ethylmagnesium iodide 

(used to  prepare the  acetylene Grignard reagen t) remained*

l-V inyl-6-m ethaxy-3. 4-dihydr onaphthalene

Dane e t  a l  ( l )  and Bachmann and Chemerda (2) acety lenated  6-  

methoxy-1—te tra lo n e  su ccessfu lly  w ith the acetylene Grignard 

reagent* The procedure of Dane e t  a l  involved the ad d itio n  o f the 

ketone dissolved in  e th e r  to  a so lu tio n  of acetylene magnesium 

bromide in  e th e r  a t  0°C* When th e  tem perature had reached 25°C* 

over a period o f s ix  to  seven hours* the m ixture was hydrolyzed
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and, upon working up the products, two ch ief f ra c tio n s  were ob­

tained* One, an o i ly  d i s t i l l a t e ,  possessed p ro p ertie s  expected of 

a dehydrated ace ty len ic  carb ino l (VII) and the o th e r, a s o l id ,  was 

id e n tif ie d  as  the dehydrated ace ty len ic  g lyco l (XXIII), The 

s tru c tu re s  of these compounds a re :

C H ,0 OCH3

XXI I I

:H30

VI I

The y ie ld s  o f  the two products ranged between 10 and 20#* The 

unsubstitu ted  ethynyl compound was characterized  by i t s  reduction  

w ith  one mole o f hydrogen and subsequent condensation o f the reduced 

product w ith maleic anhydride*

Bachmann and Chemerda (2) were ab le  to  e f fe c t  the condensation 

of 6-m ethaxy-l-te tra lone w ith acetylene magnesium iod ide leading to  

a y ie ld  o f 52# of the  dehydrated acety len ic  carbinol* The ketone 

was added to  the so lu tio n  o f the acetylene Grignard reagent as des­

cribed e a r l ie r  and, a f te r  standing a t  room tem perature, the mixture 

was hydrolyzed w ith ammonium chloride in  the cold* Concentration 

of the organic so lvent la y e r  le d  to  the separation  of a s o lid  which 

was considered to  be the ace ty len ic  glycol* A fter f i l t e r i n g  o f f  

th i s  so lid , the f i l t r a t e  was d i s t i l l e d  under high vacuum* Dehydration 

took place during the d i s t i l l a t i o n  giving r is e  to  1- e thynyl-6-methoxy- 

3,4-dihydronaphthalene (VII)* Here again the product was character­

ized  by reduction  to  th e  v in y l compound (V III) and subsequent con­

densation w ith maleic anhydride (XXIV).
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As noted in  th e  above d iscussion  the l-e th y n y l-6-mathcKy- 

te t r a lo l -1  011) appeared to  lose w ater spontaneously during i t s  

d i s t i l l a t io n  (1, 2) .  B re itn e r (3 ), however, assumed th a t  only 

p a r t ia l  cleavage o f w ater took place during the d i s t i l l a t io n  and 

consequently he subjected  the d i s t i l l a t e  to  reflux ing  w ith  a c e tic  

anhydride to  e f fe c t complete dehydration.

To bring  about the add ition  of two hydrogen atoms to  the 

eneyne fo r the p reparation  o f l -v in y l-6-methaxy-3 ,  ir-dihydro- 

n&phthalene from the ace ty len ic  compound, two reduction  methods 

have been employed. Dane e t  a l  and Bachmann and Chemerda both 

used c a ta ly tic  hydrogenation w ith palladium supported on e i th e r  

calcium carbonate o r on charcoal as the ca ta ly s t*  B re itn e r, 

however, made use o f  the zinc-copper couple, which i s  a sp e c if ic  

reducing agent fo r  hydrogenating t r ip l e  bonds to  double bonds, 

and claimed almost q u a n tita tiv e  y ie ld s  of the  d iene.

Ghee the c o n s titu tio n  of the acetylene Grignard reagent was 

es tab lish ed  as described  e a r l ie r ,  the condensation reac tio n  of 6-  

m ethoxy-l-tetralone w ith  th is  so lu tio n  was ca rr ie d  ou t according 

to  the procedures suggested by previous investiga to rs*  The f i r s t  

experiment led  to  a very low y ie ld  o f  eneyne* The ketone d isso lved  

in  benzene was added to  the Grignard so lu tion  a t  room tem perature 

and allowed to  stand fo r  about s ix teen  hours* Upon hydrolysis o f 

the reac tio n  m ixture i t  was found, by fra c tio n a l d i s t i l l a t io n  and 

by chromatography, th a t  a considerable amount o f s ta r t in g  ketone 

remained unchanged. This r e s u l t  led  to  heating the mixture of the

A
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reac tan ts  a t  55~60°C. fo r  sev era l hours a f te r  ad d itio n  o f th e  

ketone. In  th is  way re a c tio n  between the ketone and the acetylene 

Grignard reagent was e ffec ted  so th a t  l i t t l e  unchanged ketone 

could be iso la te d  from the  re a c tio n .

The iso la tio n  of the product from the reac tio n  m ixture was 

based on a s l ig h tly  m odified version  o f the method o f Bachmann 

and Chemerda. Hydrolysis o f  the m ixture was e ffec ted  w ith  

ammonium chloride and ic e  and the  organic la y e r  was separated  

therefrom* I t  was found th a t  i f  th is  e x tra c t were d ried  w ith  an 

inorganic drying agent such as magnesium su lfa te  a deep red color 

developed immediately and subsequent is o la t io n  of the re ac tio n  

products le d  to  much lower y ie ld s .  In la te r  and more successfu l 

runs the  undried so lu tio n  of the hydro ly tic  reac tio n  product in  

benzene was concentrated i n  vacuo in  an atmosphere o f n itro g en . 

Because b u ty l e th e r was used as the solvent fo r the Grignard 

reagent* lower p ressures were necessary to  e f fe c t  complete removal 

of solvent but an advantage was gained in  th a t  the so lid  " b is 11 

compound (XXIII) ( l ) ,  which was a  by-product of the  condensation; 

did not separate a s  re a d ily  as  i n  e th y l e th e r . The s tru c tu re  o f  

the "bis" compound (XXIII) proposed by Dane e t  a l  was confirmed 

by an u l t r a v io le t  absorption  spectrum determ ination on th e  

iso la te d  and p u rif ie d  so lid  f ra c tio n  (P la te  2 ) . The curve shown 

in  th is  p la te  ex h ib its  strong absorption in  the  reg ion  o f  250-300 

asp., c h a ra c te r is tic  of the system phenyl-conjugated double bond.

The p o s s ib i l i ty  th a t  the so lid  "b is" compound might be the
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PLATE 2.

1000
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W280240

U ltrav io le t absorption spectrum of b is  (3 ,4-dihydro-6- 
methaxynaphthyl) acetylene (XXIII) ( in  HjjO)

Maxi 7) -  232, -  864
h u 270, -  721

h -  293, El* -  669
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19.
acety len ic  g lyco l (XXV)

HO C =  C OH

CH30 och3

XXV

i s  ru led  out by the f a c t  th a t  such a compound would ex h ib it

strong absorptiwu^jJi the reg ion  of 210-230 rap, c h a ra c te r is t ic  

o f methoxyxylene •

The resid u e  obtained on evaporation o f the  benzene and 

b u ty l e th e r was subjected to  d i s t i l l a t io n  a t  pressures of le s s  

than 1 mm. This procedure e ffec ted  dehydration of the acety len ic  

carb ino l (VI) and p a r t ia l  p u r if ic a t io n  of the  re s u lt in g  eneyne

A determ ination of phenylacetylene compounds based on

u l tr a v io le t  absorp tion  sp ec tra  i s  in d ica ted  by a comparison of

the values of curves A and B in  P la te  3 .  Curve A i s  th a tx cm#
of an a lcoho lic  so lu tio n  of th e  eneyne-containing d i s t i l l a t e  

while Curve B was obtained  as follow s: An alcoho lic  so lu tion  of 

the eneyne in  one experiment was tre a te d  w ith a s l ig h t  excess of 

a lcoho lic  s i lv e r  n i t r a te  and s t i r r e d  thoroughly a t  room tempera­

tu re .  The mixture was cen trifuged  and a sample of the supernatant 

liq u id  was subjected  to  an u l t r a v io le t  absorption spectrum

determ ination . The reduction  of the  E ^  value from 629 to1 cm*

(V II).
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PLATE 3.
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260 300280240
A. U ltrav io le t absorption spectrum of l-e th y n y l-3 *4- 

dihydro-6-methaxynaphthalene (VII) (in  EtOH)
Max* ft -  276, -  614

B. Curve of same m ateria l a f te r  treatm ent with AgN03
Max* r t -  275, E ^  - 3 9 5
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395 in d ica ted  th a t  the amount o f  tr ip le -b o n d  compound p resen t 

in  the sample of eneyne (p rec ip ita te d  by the s i lv e r  n i t r a te )  was 

of the order o f  35- 40$ , assuming equ ivalen t con tribu tion  of the 

eneyne and contaminants to  the absorption  a t  ca* 275 npu

The d i s t i l l a t e  containing the eneyne was hydrogenated in  

ethano l in  the presence o f 5$ palladium  on charcoal* The 

c r i t e r i a  of a good preparation  of the re s u lt in g  diene were l )  

lack o f re ac tio n  w ith ammoniacal s i lv e r  n i t r a te  and 2) immediate 

form ation of an inso lub le  adduct upon reac tio n  w ith m aleic an­

hydride in  benzene*

Several reductions of the eneyne were c a rr ie d  out by r e -  

flux ing  an alcohol-w ater mixture o f l-e th y n y l-6-methoxy-3* 4- 

dihydronaphthalene (VII) with zinc dust previously  coated w ith 

copper* This was the procedure employed by B re itn er (2) who 

claimed almost q u an tita tiv e  y ie ld s  of the v iny l d e riv a tiv e  (III)*  

Although small amounts of the diene were obtained by th is  procedure 

i t  was discarded in  favor of the c a ta ly t ic  reduction  method* This 

was due ch ie f ly  to  the extremely long periods o f time necessary to  

gain  a negative ammoniacal s i lv e r  n i t r a te  te s t*  The t e s t  was run 

on sm all samples of the re flu x in g  mixture withdrawn a t  d e f in ite  

in te rv a ls*  Perhaps the heterogeneous nature o f  the reduction  mix­

tu re  was responsib le  fo r  the long time necessary to  e f fe c t  reduction* 

I t  was feared  th a t  polym erization of th e  eneyne or diene might take 

place more rap id ly  than the hydrogenation o f  the eneyne. In f a c t ,
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the product from one such a reduction  was found to  be completely 

n o n -v o la tile  when subjected  t o  a d i s t i l l a t i o n  temperature of

m erization did indeed take p lace more rap id ly  than d id  the 

desired  reduction  by the zinc-copper couple*

D iels-A lder Reactions w ith l-Vinyl-6-m ethoxy-31 4-dihydro- 
naphthalene

Reaction w ith Maleic Anhydride, Dane and co-workers ( l )  were 

the  f i r s t  to  obtain an adduct (XXVI j m.p* 200-201°) from 1-v iny l- 

6-methaxy-3 , 4-dihydronaphthalene and maleic anhydride* Bachmann 

and Chemerda (2) found th a t th e  condensation took place almost

250°C* a t  a pressure of 0*5 mm*, so i t  was concluded t h a t  poly-

0
J !.

c=o

ch3 o

VI I I XXIV XXVI
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immediately in  benzene. Dane a lso  prepared the dimethyl e s te r  

(m.p. 117°) (XXVII) from the anhydride. We have confirmed the

0

■CGOCH

C = 0 COOCH
)  H Y D R O L Y S I 5

C H ,0 C H ,0

XXVI XXVI I

r e s u l t s  of Dane and o f Bachmann and Chemerda and have proved 

th a t  the s tru c tu re  XXVII, c i s - 7-m ethoxy-l,2,3 > 9>10, lOa-hexa- 

hydrophenanthrene-1, 2-d ica rb ax y lic  anhydride (our nup. 203- 

204°)* i s  c o r re c t . By hydro lysis of the anhydride and of the 

dimethyl e s te r  we have ob tained  the corresponding d icarbaxylic  

acid  (uup. 210-215°) > (XXVIII), which had not been reported  

p rev iously .

When the d ia c id  (m.p. 210-215°) was kept a t  i t s  m alting
I

po in t a new anhydride (nup. 123-124°) was produced. The 

u l t r a v io le t  absorp tion  sp ec tra  (P la te s  4 and 5> b and a 1)
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500
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200

100

U ltrav io lo t absorption apactra  oft
a  ) --------  cia-7-m athoocy-l,2,3.9.10*lOa-haxahydrophananthragf-1,2 -d ic a r-

booty l i e  ae id  anhydrida (XXV I )  ( in  CHCI3 ) Maxt h m 272, 559
b  ) -------- e ia -7-m ethaxy^l,2 , 3 , 9, 10, 10a-hexahydrophananthr«n»-l,2-d ic a r-

bcocylic ac id  (O T Ilf )  ( in  EtOH) Maxi ft-264, 544
c ) ______ dinatfayl a a ta r  o f e ie - 7-mathaxy—1 . 2, 3»9> 10j 10a—haxqhydro-

phananthrena-1,2—dicarboocylic acid  (XXVII) (in  EtOH) Max* A * 265>
Bjtcn." 584

260 300280240■y
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PLATE 5 .

lcm.
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260 300280240
U ltrav io le t absorption spectra  oft
a ' ) ------- c l s - 7-methoocylj 2, 3 ,4 ,9 , 10-hexahydrophenanthrane-l, 2-dicarboocylic

ac id  anhydride (XXIX) (in  CHCI3 ) Maxt h ■ 286, E K a ."  611
b 1) --------c ia - 7-m sthoxy-l. 2, 3 , 4 , 9, 10-hexahydtoophenan th rene-1,  2-d icarbaxylic

acid  (XXX) ( in  EtOH) Maxt h -  275, s fcm. m 527
c *)--------dimethyl e a te r  of c le -7-«» thaxy^l,2 ,3 ,4 ,9 ,10-hexahydrophenanthrene-

1 ,2 -d icarbaxy lic  ac id  (XXXI) (in  EtOH) Maxtor276, E ica#° 495
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showed a s h i f t  in  the maximum to  286 1191 (from 272 H91) ,  This 

could only mean th a t  a s h i f t  of the double bond to  the p o sitio n  

between the two rin g s  had taken place fo r such a s h i f t  would 

r e s u l t  in  moving the absorption band to  the reg ion  of g rea te r  

wavelength. The new anhydride, th e re fo re , i s  c i s - 7-methcoar- 

1 ,2 ,3 ,4 ,9 #  10-haxahydro-l,2-dicarboxylic anhydride (XXIX.),

When the ac id  (m*p* 210-215°) (XXVIII) w ith the double 

bond in  the C rin g  was heated w ith a so lu tio n  of anhydrous 

hydrogen ch loride in  a c e tic  ac id , isom erization  occurred w ith 

the form ation of a new ac id  (nup, 195-198°) (XXX) w ith  the 

double bond between the B and C r in g s . S im ilarly  when th e  

e s te r  (m,p, 117°) (XXVII) w ith the double bond in  the C r in g  

was heated w ith  hydrogen chloride in  a c e tic  ac id , the  e s te r  was 

isam erized to  a new e s te r  (nup* 65°) (XXXI) w ith the double bond 

between the rings* The new e s te r  was id e n tic a l  w ith th a t  ob­

ta in ed  by treatm ent of the new acid  (m*p* 195- 198°) w ith d iazo- 

methane. A ll of the  chemical r e s u l ts  are co n s is ten t w ith one 

another as shown in  Chart I* Moreover, the maxima of a l l  of 

the  compounds (P la te  5) of the new se rie s  (double bond between 

the r in g s) occur a t  higher wave lengths and lack  the ex tra  

in f le c tio n  or peak p resen t in  the compounds w ith the double 

bond in  the  C ring*
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C h a r t  I

■C =0

C H ,0
XXVI

C = 0

CH,0
XXIX

M . P .  2 0 3 - 2 0 4 ° M . P .  1 2 3 - 1 2 4 °

2 8 6  m/ iM A X . ,  2 7 2  M/ » MAX

H Y D R O L Y S I S

,COOH .COOH

HCl

AcCH
■COOHCOOH

CH,0C H ,0
XXXXXVI I I

M . P .  2 1 0 - 2 1 5 °  

m a x . ,  2 6 5  MA*

M . P .  1 1 7 °  

m a x . ,  2 6 4  m/ x

M . P .  1 9 5 - 1 9 8 0  
M A X . ,  2 7 6  MfX

COOCHCOOCH

HCl

AcCH COOCHCOOCH

CH3 O
XXXXXVI I

M . P .  6 5 °  

M A X . ,  2 7 4 4
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Reaction w ith  Mesaconic Acid. Bachmann and S co tt (12) 

were the f i r s t  to  show unequivocally th a t  a tra n s  acid  could 

add to  a diene* They succeeded in  obtaining adducts from 

anthracene and fumaric ac id  and from anthracene and mesaconic 

ac id  (methyl fumaric a c id ) . The adducts were stereoisom ers of 

those obtained from anthracene and maleic acid  and from anthracene 

and c itra co n ic  acid* They showed th a t  the c is  unsaturated  acids 

gave adducts which had the c is  configuration  with re sp ec t to  the 

carboxy groups; the t r a n s  unsaturated  acids gave adducts w ith a 

tra n s  configuration*

We have found th a t  l-vinyl-6-m ethaxy-3*4-dihydronaphthalene 

re a c ts  w ith  mesaconic ac id  in  b o ilin g  propionic ac id  to  give a 

m ixture of isom eric adducts* The reac tio n  i s  slow (four to  f iv e  

days being requ ired) and the y ie ld  o f  product i s  low (presumably 

on account of polym erisation  o r decomposition of th e  diene before 

i t  can undergo the ad d itio n  reac tion )*  The reac tio n s  which occur 

w ith the form ation o f the two s tru c tu ra l  isomers* tra n s -2-methyl- 

7-m ethaxy-l, 2, 3 ,  4* 9* 10-hexahydrophenanthrene-l, 2 -d icarbaxylic ac id  

(XXXII) and tran s-l-m e thy l-7 -m ethoxy-l,2 ,3 ,4 , 9 ,10-hexahydrophenan- 

threne-1*2-dicarbcocylic ac id  (XXXIII), are the  follow ing:
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26.

CH
.COCH

^ COOH

CH COOH
CH,0

m . p .  2 0 6 - 2 0 8 °
XXXI IS v  HOOC

C H , 0 ^ ^

VI I
COCH

C H ,0

XXXI I I

The mixture of isomers was separated by re c ry s ta l l iz a t io n  

in to  the two pure compounds (XXXII and XXXIII). In th e  ac id ic  

medium which was used fo r  the B iels-A lder re a c tio n , the  o r ig in a l 

adducts isom erized to  the compounds having the double bond 

between the two r in g s . Confirmation of th is  conclusion i s  in ­

d ica ted  by the p o s itio n  of the peak (274-275 *^0 of the  u l t r a ­

v io le t  absorption  curves o f  XXXII and XXXII I  as shown in  P la te

6 . This observation  i s  to  be compared with the u l t r a v io le t  

absorption sp ec tra  of the corresponding maleic anhydride adduct 

d iac id  XXX in  P la te  5 .
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PLATE 6 .

lcm
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300 _

200
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260 280 300240
U ltrav io le t absorption spectra  oft
a  ) ---------tr a n s - l-me thy 1-7-06 thaxy^l ,2 ,3 ,4 , 9,10-hoxahydro-

phenanthrene—1,2-d icarboxylic acid (XXXIII) (in  H2O)
ft “ 274, 532

b  )  t r a n s -2-methyl-7-ae th o x y  1 ,2 ,3 ,4 ,9 , 10-haxahydr o-
phenanthrane-l,2 -d icarbaxylic  acid (XXXII) (in  H2O)
Maxt h  -  274, 510
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27.
The s tru c tu re  o f XXXII (m.p* 206-208°) was es tab lish ed  by 

treatm ent o f the compound w ith  palladium on charcoal a t  315- 

320° j under these  conditions decarboxylation and dehydrogenation 

occurred w ith  the form ation o f the known 2-mathyl-7-methoxy- 

phenanthrene*

ch 3

CH

P d

.COCH

COOH

CH-rO

XXXI ,!

Under Hlmila-p conditions XXXHI (m.p. 248—250°) y ie lded  the 

known 1-methyl-7-mBthaxyphenanthrene •

COOH

: ,C 0 0 H

c h 3 <

XXXI I I

CHP d
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28.
These reac tio n s d e f in i te ly  lo c a te  the p o sitio n  of the methyl 

group in  the two adducts*

Both ac ids were converted in to  th e i r  methyl e s te rs  by 

means of diazomethane* When e thano lic  so lu tions o f the e s te rs  

were refluxed  w ith palladium  on charcoal only dehydrogenation 

o f the middle (B) r in g  took place* The 2-methyl d ie s te r

(XXXIV) y ie lded  the  new dim ethyl e s te r  of t r a n s -2-m ethyl-7- 

methoxy-1, 2,3* 4-tetrahydrophenanthrene-1 , 2-d icarbaxy lic  ac id

(XXXV); the 1-methyl d ie s te r  (XXXVI) gave the known dimethyl 

e s te r  of t r a n s - l-m ethvl-7-methcoty^l^ 2 , 3»4 -te  brahydrophenanthrena-

1 ,2 -d icarboxy lic  ac id  (XXXVII) of Bachmann and S co tt (12)* This 

l a t t e r  re a c tio n  i s  fu r th e r  evidence o f the correctness o f the 

s tru c tu re  assigned to  the 1-methyl adduct*

CH,
3 cooch 3

ch 3

COOCH 3

COOCH COOCH

XXXIV 

m . p .  t»7- 68°

XXXV

M . P .  1 56°
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29,

,c o o c h3 COOCH

OOCH
Po

CH3 0 C H ,0
XXXV! XXXV i I

m . p .  8 3 -8 I4 .0  m . p .  T 3 1 4 . -1 3 5 O

Of considerable in te r e s t  i s  the f a c t  th a t  the tra n s  con­

f ig u ra tio n  was no t a ffec ted  under the conditions of th e  

dehydrogenation.

Compounds XXXIV and XXXV are valuable key in term edia tes 

fo r s te ro id  syn theses. By known methods (A rad t-E is te rt 

re ac tio n  and Dieckmann cy c liza tio n ) XXXIV should y ie ld  

iso e q u ilin  A and XXXV should y ie ld  eq u ilen in .

CH.

CH3 O

I S OQ U I L  I N -A

CH.

EQUI L E N I N

4
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30.
The presen t research  has opened the way to  the preparation  

of s te ro id s  w ith known configuration  a t  the C/D ring  junc tu re .

Reaction w ith C itraconic Anhydride. ' The reac tio n  of 1- 

vinyl-6-methcocy-3, 4-dihydronaphthalene w ith c itraco n ic  anhydride 

(methylmaleic anhydride) has been repeated i n  order to  obtain  

fu rth e r  inform ation on the adducts and on the compounds derived 

from them. Bachmann and Chemerda (2) were the f i r s t  to  show th a t  

two s tru c tu ra lly  isom eric adducts, the 1-methyl and 2-methyl 

d e riv a tiv e s , were produced in  the re a c tio n . Heer and Miescher 

(4) have shown th a t  the double bond in  the 2-methyl d eriv a tiv e  

was located  between th e  two r in g s . However, the l a t t e r  in ­

v e s tig a to rs  p lace the double bond of the 1-methyl d e riv a tiv e  

(m.p. 174-5°) (X-LVIII) in  the G r in g . We have is o la te d  th is  

compound and upon p u r if ic a t io n  have found the m elting po in t to  

be 126-8°. Furthermore, the u l t r a v io le t  absorption spectra  of 

th is  anhydride, th e  corresponding new d iac id  (m.p. 135-7°) (XUX) 

obtained upon m ild a lk a lin e  hydrolysis and the known dimethyl 

e s te r  (m.p. 84°) (L) of the l a t t e r  d iac id  a re  shown in  P la te  7 . 

A ll o f  these  curves are  s im ila r to  the curves (P late  5) of the 

m aleic anhydride adduct d eriv a tiv es  which were shown to  possess 

the double bold a t  the B/C rin g  juncture and not in  r in g  C alone. 

The s tru c tu re s  and re la tio n sh ip s  o f  these  th re e  compounds a re  as 

followss
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PLATE 7.
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U ltrav io le t absorption spectra  of*
a  ) --------- c is -l-m sth y l-7-methoxy-l, 2,3  {4, 9, 10-hexahydrophenanthrenejl, 2-

dicarboocylic ac id  anhydride (XLVIII) (in  CHCI3 ) Max* 290, 540.
b  ) ---------c l s - l-ms thy 1- 7-methaxy-l ,2 ,3 ,4 ,9 ,10-hexahydrophenant hrene-1 , 2-

dicarboxylic acid  (XLIX) (in  EtOH) Max* b m 274, ®Xcm." ^ 4 .
c  )  dimethyl e s te r  of c ia - l-methyl-7-methaxy-1 ,2 ,3 j4 ,9 ,10-hexahydro-

phenanthrene-l,2-d icarboxylic acid  (L) (in EtOH) Max* 7)m 276, ^Xan."

d
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31.

COOH

C = 0 COOH
CH H Y D R O L Y S I S CH

C H ,0 C H ,0

XLVI I I XL IX

COOCH

COOCH

CH.

C H ,0

L

Although the d iac id s  of the adducts derived from the 

D iels-A lder re ac tio n  w ith  c itra co n ic  anhydride have the same 

s tru c tu ra l  formulas as the adducts derived f r a n  mesaconic a c id , 

they  are ste reo -isom eric  w ith the l a t t e r  and have d if fe re n t 

p ro p e rtie s  (nup., s o lu b i l i ty ,  e tc .)*  Only the 2-methyl 

d eriv a tiv e  i s  shown in  the following form ulation.

CH

ch 3 C = 0

C 0
C H ,0HC H ,0

V I I I
m . p .  1 6 1 -1 6 2 °
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32.

The anhydride adduct was converted in to  the corresponding 

c i s - 2-methyl-7-mathoocy-l,2 , 3»4> 9* 10-hexahydrophenanthrene-l, 2 - 

d icarbaxylic  ac id  (XXXIX, m.p. 179-180°) by mild a lk a lin e  hydro­

ly s i s ;  from th e  ac id  the  d e - dimethyl e s te r  (XL; m.p. 90-92°) was 

prepared. When th e  pure c ie -dimethvl e s te r  was hydrolyzed w ith 

strong  m ethanolic potassium  hydroxide p a r t ia l  ep im arization  

occurred. In  ad d itio n  to  the c is  ac id  which was the ch ief product, 

th e re  was is o la te d  some o f the tra n s  acid  (m.p. 206-208°), which 

was id e n tic a l  w ith the  a d d  (XXXII) obtained by ad d itio n  of 

mesaconic a c id  to  the d iene.

ch 3

COOH

COOH

C H ,0
C I S - A C I D

XXXIXCH.

•COOCH S T R O N G

KOHCOOCH
CH

COOH

C H ,0
COOH

XL

C H ,0
t r a n s - a c i o

XXXI I
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33.
This r e s u l t  c le a r ly  shows the re la tio n sh ip  between the adducts 

obtained from c itra co n ic  and mesaconic acid*

We have found th a t  re flu x in g  of a  benzene so lu tion  of c is -  

2-methyl-7-m ethaxy-1, 2,3 ,4 ,9 ,10-hexahydr ophenant hr ene-1,2- 

d icarboxy lic  anhydride w ith palladium  was su ff ic ie n t to  e f fe c t 

dehydrogenation of the B r in g  to  y ie ld  c is -2-methy 1-7-methcocy-

1 .2 .3 .4 -te trahyd rophenan th rene-l,2 -d icarbaxy lic  anhydride (XLI). 

S im ila rly , the  dimethyl e s te r  of cia-2-methy 1-7-methoxy-1,2 ,3 ,4 ,

9 ,10-hoxahydrophenanthrene-1,2-dicarbcKylic acid was dehydrogenated 

in  b o ilin g  ethano l to  the dim ethyl e s te r  o f  c ia -2-methyl-7-methaxy-

1 .2 .3 .4 -te tra h y d ro p h en a n th ren e-l,2 -d ica rb o x y lic  acid  (XLII). The 

r e s u lt s  showed th a t no ep im erization  occurred during dehydro­

genation*

C = 0

XXXV I I I

CH

P d

CK,0

XLI

CH

,COOCH

.COOCH

Po

CH,0

XLI I

CH

COOCH

COOCH

C H ,0

XL
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34.
I t  was found possib le  to  e f fe c t epijnerization by « h <-a H  

in  th is  te trahydro  se rie s  also* Some of the tran s  -2-methyl- 

7-methcocy-lJ2 ,3»4-tetrahydro-d icarbaxylic  acid was obtained when 

the corresponding c is  dimethyl e s te r  was hydrolyzed w ith strong 

a lk a l i  or when tre a te d  with triphenylmethylsodium, followed by 

hydrolysis* The c is  configuration  seems to  be favored over the 

tran s  in  a lk a lin e  medium* Thus, mild half-hydro lysis o f the 

tra n s  dimethyl e s te r  by a lk a l i  su fficed  to  cause epim erization 

with the  form ation of a c is  product*

Proof of the Configuration of the C/D Ring Juncture in  the 
Estrogenic Hormones* A New Synthesis o f Isoequilenin*

H ydrolysis o f  the dim ethyl e s t e r  o f  cis-2-m ethyl-7-m ethaxy- 

l,2 ,3> 4-tetrah yd rop h en an th ren e-l,2 -d icarb axy lic  acid  (X III) by 

potassium  carbonate in  aqueous methanol y ie ld ed  a separable mixture 

o f  the two p o ss ib le  ac id  e s te r s  (X U II and XLIV)* That no ep i­

m erization had taken p lace during the h a lf  h yd ro lysis was proved 

by the re-form ation  o f  the o r ig in a l  c i s  d ie3 ter  from both ac id

e s te r s  by treatm ent w ith  diazomethane CH

COOH

COOCH

CH

COOCH

CH
COOCH

COOCH

COCH
C H ,0

CH,0
XLIV

m . p .  1 5 6 - 1 5^ °
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PLATE 8 .
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U ltrav io le t absorption spectra  of:
a) --------- c ia -2-methyl-7-methaxy-l,2 ,3 ,4-tetrahydrophenanthrene-l,2-

dicarboxylic ac id , monomethyl e s te r  (XLIV) (in  EtOH) Max: 238.5*
icn u

b  ) ---------cls-2-me thyl-7-methaxy-1, 2,3* 4 -te trahydr ophenanthrene-1,2-
d icarbaxylic  ac id , monoraethyl e s te r  (XLIII) (in  EtOH) Max:ft* 238,

EiL-
c  ) --------- equ ilea in  (p. 36) (in  EtOH) Max: 7\ -  231, 2250

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



35.
The high m elting ac id  e s te r  was the  ch ief product when c is -  

2-methyl-7-methaxy«l, 2,3* 4 -te  trahydr ophenanthr ene-1, 2-dicarboxylic 

anhydride (XU) was heated w ith  methanol, while the low-melting 

ac id  e s te r  was the major product when the anhydride was trea ted  

w ith sodium methoxide# The absorp tion  spectra  o f  the isom eric 

ac id  e s te r s  are shown in  P la te  3# The s tru c tu re s  o f  the products 

were proved by the reac tio n s  which fo llow .

Both ac id  e s te r s  were submitted to  an A rn d t-E is te rt syn­

th e s is .  Each one was tr e a te d  with axaly l chloride to  form the 

ac id  chlorides# The l a t t e r  were allowed to  r e a c t  w ith diazo- 

methane in  order to  form the diazoketones, which were then  re­

arranged in  methanol in  th e  presence of s i lv e r  oxide# The 2- 

carboxy compound would y ie ld  the  2 -ace tic  ac id  d eriv a tiv e  (XLV) 

by th is  procedure; the 1-carbaxy compound would be expected to

CHCH

COOH COCl

COOCH COOCH

CH

COCHN.

COOCH

CH

COOCH

C H ,0

XLV
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36.
give the dim ethyl e s te r  o f  cis-2-methyl-7~methccxy-2-carboxy-

1 ,2 ,3 ,4 -te trah y d ro p h en an th ren e-l-ace tic  acid (XLVT).

The a c e tic  acid  d e r iv a tiv e  (XLVI) would have the c is  configura­

tio n  since i t  was derived from the  c is  carbaxylic acid and no 

inversion  occurs in  the  A rn d t-E is te rt sy n th esis . Now, both 

ste reo -isom eric  forms o f th i s  dimethyl e s te r  are known from the 

work of Bachmann, Cole and Wilds (13)J from one form equilenin  

was synthesized  and from the o th e r iso eq u ilen in  was prepared. 

C learly  the  re a c tio n  w il l  prove the configuration  of the 

estrogen ic  hormone eq u ilen in .

When the  187-189° acid  e s te r  was ca rried  through the Arndt- 

E is te r t  syn thesis a l iq u id  product was obtained which y ie lded  

no c ry s ta l l in e  m a te ria l when seeded with both forms o f XLVI. 

Hydrolysis w ith  one equ ivalen t of a lk a l i  y ie lded  an acid  (m.p. 

146-148°) which was no t equivalen t to  the acid  e s te rs  derived

COUCH

.CHoCOOCH

XLVI
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37.
from both forms of XLVI by sim ila r treatm ent* The product 

presumably i s  XLVII although th is  has not ye t been r ig id ly  

proved.

CHoCOCH

•COOCH

XLVI I
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36.
The 156-158° ac id  e s te r  XLIV, su rp ris in g ly  enough, 

y ielded  an acid (m.p. 146-148°) a f te r  hydrolysis of the 

liq u id  product, which d id  not depress the melting poin t of 

the ac id  derived from XLVTJ. However, i t  also  gave, a lb e i t  in  

low y ie ld , a c ry s ta llin e  dimethyl e s te r  which proved to  be 

id e n tic a l  with the a c e tic  ac id  d eriv a tiv e  (XLVI) which i s  a 

precursor of iso eq u ilen in . This r e s u l t  proves th a t  is o -  

equ ilen in  has the c is  configui*ation a t  the C/D rin g  s tru c tu re  

and, hence, the n a tu ra l hormone, equ ilen in , has th e  trans 

configuration . Since estrone and e s tra d io l  have the same 

configuration  a t  the C/D r in g  juncture as equ ilen in , i t  follows 

th a t  these two estrogen ic  hormones also  have a tran s  con­

f ig u ra tio n  between the C and D r in g s . The re s u lts  su b stan tia te  

the concliisions prev iously  reached concerning the configurations 

(14).

Inasmuch as iso eq u ilen in  has been prepared from the product 

obtained in  the A rn d t-E is te rt sy n thesis , the reac tio n s v ia  the 

D iels-A lder re ac tio n  rep resen t a new synthesis o f  iso eq u ilen in .

The formation of the id e n t ic a l  product from both acid e s te rs  

may involve an exchange between the e s te r  group and acid  chloride 

group such as has been observed by Cason (14) to  occur w ith 

sim pler a lip h a tic  analogs. Whatever the  reac tio n  may be i t  does 

no t a f fe c t the argument in  regard  to  the ac e tic  ac id  d eriv a tiv e  

ac tu a lly  id e n tif ie d .
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SIMiAKY

1* An improved method was devised fo r the preparation of 

6 -m ethaxy-l-tetralone s ta r t in g  from the re a d ily  ava ilab le  

p-naphthyl methyl e th e r .

2 . The p reparation  of l-v±nyl-6-methoocy-3, 4-dihydro~ 

naphthalene from 6-m ethoxy-l-tetralone and the acetylene Grignard 

reagent was stu d ied  in  d e t a i l .  I t  i s  considered th a t the method 

described herein  can be re a d ily  dup licated .

3 . A method fo r the ana ly sis  of the acetylene Grignard 

reagent has been dev ised .

4 . A new s e r ie s  of compounds has been derived from the 

adduct formed from l-vinyl-6-m ethaxy-3 , 4-dihydronaphthalene 

and maleic anhydride.

5 . The D ieIs-A lder reac tio n  of l-vinyl-6-m e thoxy-3>4-dihydro- 

naphthalene w ith mesaconic acid  has been found to  y ie ld  two adducts • 

The s tru c tu re s  and configurations o f  each of the adducts have

been rigo rously  e s tab lish ed .

6 . I t  has been shown th a t  severa l hexahydrophenanthrene 

d e riv a tiv es  were re a d ily  dehydrogenated to  tetrahydrophenanthrene 

compounds a t  80°•

7 . A c is  -  to  -  tran s  inv ersio n  or epim erization was ca rried  

out on c i s - 2-methyl-7-methcocv-l, 2 .3 .4 .9 .10-hexahydrophenanthrene-

1 ,2 -d icarbaxy lic  ac id j the product was found to  be id e n tic a l  with 

the trans-2-m ethylhexahydro adduct obtained from the D iels-A lder

39.
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ao*

condensation w ith mesaconic acid*

8* A cig  -  to  -  trana inversion  of epim erization was 

ca rr ie d  out on c i s - 2~methyl-7-methoxy--l .2,3* A -tetrahvdro- 

phenanthrene-1,2-dicarboxylic ac id ; the e s te r if ie d  tra n s  

isomer was found to  be id e n tic a l  w ith the product obtained from 

the dehydrogenation a t  80° of the dimethyl e s te r  of the tr a n s -  

2-raethylhaxahydro adduct obtained from the D iels-A lder con­

densation w ith  mesaconic acid*

9* Two d if fe re n t acid  e s te r s  from c i s - 2-methyl-7-methoocy-

1 ,2 ,3 ,4-tetrahydrophenanthrene-1,2-dicarboxylic acid were pre­

pared by sev era l procedures* Both acid e s te rs  were submitted 

to  an A rndtr-Eistert syn thesis •

10* The configuration  o f the  C/D rin g  juncture in  the 

estrogenic hormones, eq u ilen in , es tro n e , and e s tra d io l ,  has 

been shown to  be t r a n s *

11* A new syn thesis o f iso eq u ilen in , the stereoisom er of 

eq u ilen in , has been re a liz e d  v ia  the D iels-A lder reaction*

12* Use was made of u l t r a v io le t  absorption spectra  to  

a id  in  the e lu c id a tio n  of the s tru c tu re s  of many of the com­

pounds prepared during th is  investiga tion*
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EXPERIMENTAL DETAIL

P reparation  o f 6-M ethoxy-l-Tetralone 

6-M ethaxytetralin

1) From T e tra lin

Sulfonation of T e tra lin .  S u lfu ric  acid (800 g .)  was s t i r r e d  

in  a th ree  l i t e r  beaker during the add ition  of t e t r a l in  (XI)

(660 g*) in  25—50 g* portions* A fter a l l  o f the t e t r a l in  was 

added, the mixture was heated on a steam bath  fo r  four hours* A 

sample of the dark red  viscous l iq u id  a t  th is  time gave only a 

f a in t  tu rb id ity  when placed in  a sm all amount of water* The warm 

reac tio n  m ixture was added slowly w ith  s t i r r in g  to  th ree  l i t e r s  of 

sa tu ra ted  sodium chloride solution* When the mixture was cooled to  

25°C* i t  was f i l t e r e d  and the  p a le  reddish  ’brown cake was washed by 

s lu rry in g  in  two l i t e r s  of the  sa tu ra ted  sodium ch loride solution* 

The f in a l  washed so lid  sodium s a l t  o f a r - te tra l in -2 -s u lfo n ic  ac id  

(XII) was sucked as dry as possib le  and used d ir e c t ly  in  the next 

step*

Fusion o f the Sulfonic Acid (XII) and Methylation* The 

sodium s a l t  (X II) was added i n  sm all portions to  2400 g* of 

potassium hydroxide and 200 ml* of water heated to  200-210° in  a 

m etal beaker* A s t i r r e r  and l i d  were provided to  e f fe c t  thorough 

mixing and prevention of lo ss  of any of the mixture due to  sp a tte r ­

ing* A fter each portion  of the sulfonate was added a short time was 

allowed to  elapse to  perm it the somewhat v io le n t fusion  re ac tio n  to

41.
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42*

take place before any more su lfonate  was added* Heat was 

applied con tinually  during the add ition  so th a t  a f in a l  tempera­

tu re  of 300-310° was reached* The melt was kept a t  th is  

temperature fo r about two hours and was then poured in to  a la rg e -  

area m etal tray* Before th e  m elt had so lid if ie d  completely, i t  

was broken in to  small pieces* The l a t t e r  were then s t i r r e d  w ith 

th ree  l i t e r s  o f water* The re s u lt in g  aqueous mixture was n eu tra lized  

ca re fu lly  w ith 50% aqueous su lfu r ic  acid* E xtraction  of th e  s l ig h tly  

ac id  mixture w ith e th e r  y ie lded  an e th e re a l so lu tion  which was con­

cen tra ted  to  obtain  a dark brown o il*  This was dissolved in  10% 

aqueous sodium hydroxide and the so lu tio n  was cooled to  10°C* To 

th is  so lu tio n  was added dimethyl s u lfa te  (250 ml*)* A fter s t i r r in g  

fo r  one hour the  mixture was ex trac ted  w ith th ree  portions of e th e r, 

the combined ex tra c ts  were concentrated to  remove the e th e r  and the 

re s id u a l o i l  was d i s t i l l e d  in  vacuo* The f ra c tio n  (313 g*J 26% 

y ie ld  based on t e t r a l in )  b o ilin g  a t  136-144°C* and 25-27 mm* was 

co llec ted  and consisted  o f 6-m ethoonrtetralin* (reported^* 29%} 

b.p* 100-5°/3 mm*)

2) From Anisole

Succinoylation of A nisole, A mixture o f  216 g* o f an iso le 

(XV), 210 g* of succin ic  anhydride (XVI) and 500 ml* of n i t ro -  

propane was s t i r r e d  a t  0°C* in  a three-necked fla sk  equipped w ith 

a condenser, a s t i r r e r  and an ad d itio n  tube* To th is  mixture was 

added a so lu tion  of 560 g* of aluminum chloride in  one l i t e r  of
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nitropropane. During the ad d itio n  the temperature was kept

o obelow 2 C. The f in a l  mixture was s t i r r e d  a t  2-3 C* fo r e ig h t

hour8* allowed to  stand fo r eleven hours and s t i r r e d  fo r s ix  

hours longer* Then i t  was poured in to  two l i t e r s  of 6N hydro­

ch lo ric  acid  and two kilograms o f ice* This mixture was s t i r r e d  

w ell and f ilte re d *  The f i l t e r  cake was dissolved in  1*5 l i t e r s  

of w ater containing 150 g* of sodium hydroxide* The so lu tion  

was decolorized and f i l t e r e d  and the f i l t r a t e  was a c id if ie d  w ith 

hydrochloric acid* The l ig h t  tan  B-p-anisoylpropionic acid  (XVII) 

which re su lte d  was f i l t e r e d ,  washed, and d ried ; m*p* 143=5°J 

y ie ld  355 g . (reported*^, 144-6°J 367 g .)

Clemmensen Reduction of the Keto-Acid XVII. Zinc (840 g*) 

was amalgamated by shaking w ith a so lu tion  o f  50 g* of mercuric 

ch loride in  35 ml. of hydrochloric acid  and 900 ml* of water*

The supernatant liq u id  was decanted and 525 ml* of w ater, 1225 ml* 

hydrochloric ac id , 700 ml* of toluene and 350 g* of P -(p -an iso y l)- 

propionic ac id  (XVII) were added* This mixture in  a 1 2 - l i te r  

f la sk  was refluxed  fo r fo r ty -e ig h t hours* At in te rv a ls  of s ix  

hours e ig h t 175 ml* portions of hydrochloric acid  were added to  

the re flu x in g  mixture* The mixture was cooled a t  the end o f  the 

fo rty -e ig h t hour period and the la y e rs  were separated* The aqueous 

lay er was d ilu ted  w ith 1*2 l i t e r s  o f water and ex trac ted  w ith  two 

700 ml* portions o f ether* The e x tra c ts  were combined w ith the 

organic lay e r obtained from the f i r s t  separa tion  of layers and added 

to  2*1 l i t e r s  of 5# aqueous sodium hydroxide* This a lk a lin e  mixture 

was s te a m -d is tille d  to  remove the organic solvents and the residue
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was tre a te d  w ith 60 ml# of dimethyl su lfa te  a t  80°C. A fter 

s t i r r in g  fo r th ree -q u a rte rs  of an hour, the mixture was n eu tra l­

ized  ca re fu lly  w ith  a c e tic  ac id  and the so lu tion  was charcoaled 

and f il te re d #  The cold f i l t r a t e  was tre a ted  a t  10°C# with con­

cen tra ted  hydrochloric ac id  u n t i l  d e f in ite ly  acid# A fter s t i r ­

rin g  fo r  one hour, the mixture was f ilte re d #  The p re c ip ita te d  

T -p -an isy lbu ty ric  acid (XVIII) was washed and d ried ; m.p*

5*-60°; y ie ld  294 g . (reported7, 59-61°; 285-290 g .)

Ring Closure of Acid XVIII# To a mechanically s t i r r e d

so lu tio n  of 194 g* o f Y -p-an isy lbu tyric  acid  (XVIII) in  one l i t e r

of dry th iophene-free benzene was added 208#3 g* of phosphorus

pentachloride w hile the tem perature was kept a t  5-10°C# The
o

re su lt in g  co lo rle ss  so lu tio n  was warmed to  50 C# fo r a few minutes 

and then c h ille d  to  0 to  -5°C# To i t  was added rap id ly  (about 

fo r ty  seconds) a c h ille d  so lu tio n  of 175 ml* of anhydrous stannic 

chloride in  175 ml# of dry th iophene-free benzene# In  ten  to  f i f ­

teen  minutes the dark green re a c tio n  mixture so lid ified #  About 

500 g# of ic e  was added to  the contents of the f la sk , followed by 

the  add ition  of 500 ml# of hydrochloric acid# 50 ml# of e th e r was 

added to  hasten hydrolysis o f the  complex and the mixture was 

shaken u n t i l  complete so lu tio n  occurred# A fter separating  the two 

la y e rs , the organic lay e r was washed w ith sev era l portions of 5% 

hydrochloric ac id , w ater, 5# aqueous sodium hydroxide, and f in a l ly  

water again# Concentration of th e  organic f ra c tio n  y ie lded  a residue 

which was d i s t i l l e d  a t  160-5°C#/U mm# and consisted  o f  7-methoocv-l- 

te tra lo n e  (XX): y ie ld  160 g# (reported7, b#p. l6 0 -5 ° / l l  urn#;

161 g .)
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Reduction of the Ketone XX„ 7—M ethaxytetralone (XX)

(88 g«) was d isso lved  in  275 ml* of ethanol and 10 g* of 5# 

palladium  on charcoal c a ta ly s t was added* The mixture was 

hydrogenated in  the P arr type hydrogenator a t  a pressure of 

about four atmospheres of hydrogen* When the ca lcu lated  amount 

of hydrogen had been absorbed; th e  mixture was removed from the 

apparatus and the c a ta ly s t  was f il te re d *  The f i l t r a t e  was con­

cen tra ted  in  vacuo to  remove the so lven t, the residue was 

d i s t i l l e d  a t  120-128°/6-12 mm*; y ie ld  85 g* and consisted  of
•7

6-m ethoxytetralin  (XIV) (reported  ,  b*p* 1 2 1 -8 ° /ll mm*; 81 g*)* 

This amount rep resen ts  a 50# o v e ra ll  y ie ld  based on anisole*

3) Prom 3-Naphthol

M ethylation o f B-Naphthol (XXII)* k  so lu tion  of 550 g* 

o f &-naphthol (XXU) in  900 ml* of methanol and 150 ml* of con­

cen tra ted  s u lfu r ic  ac id  was refluxed  fo r f iv e  hours and poured 

out o f the  f la sk  before cooling* Upon cooling to  room tempera­

tu re  (3-naphthyl methyl e th e r separated as a c ry s ta llin e  solid*

I t  was f i l t e r e d  and washed by s lu rry in g  w ith w ater, by slu rry in g  

w ith d ilu te  sodium hydroxide, and w ith water* The so lid  was 

sucked as dry as possib le  and then re c ry s ta ll iz e d  from methanol* 

Two crops of the B-nanhthyl methyl e th e r (XXI) were obtained; 

y ie ld , 521 g*; m«p* 72-3° (reported , 525 g*J 71-2°)

Hydrogenation o f the E ther XXI* (3-Naphthyl methyl e ther 

(XXI) (380 g«) was d isso lved  i n  one l i t e r  o f g la c ia l a c e tic  acid
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and Adams* platinum ood.de c a ta ly s t  (6 g*) was added* The mixture 

was hydrogenated in  a Parr type hydrogenator a t  a pressure of 

about four atmospheres of hydrogen* Heating to  70-80° during the 

hydrogenation was e ffec ted  by means of an e le c tr ic  heating c o lla r  

held securely  around the ou tside of the hydrogenation flask* When 

the hydrogen pressure f e l l  to  an amount equivalent to  the absorption 

of the ca lcu la ted  amount of hydrogen, the mixture was removed from 

the apparatus and the c a ta ly s t was removed by f i l t r a t io n *  The 

f i l t r a t e  was concentrated in  vacuo and the re s id u a l o i l  was d is­

t i l l e d  a t  120-128° /8 -12 mnu; y ie ld  335 g* and consisted  la rg e ly  

of 6-m ethaxy tetra lln  (XIV),

Che gram of th is  product was refluxed fo r  two hours with 3 

ml* of 48$ hydriodic acid* Ten m i l l i l i t e r s  o f water was added and 

about 10 ml* of the so lu tio n  was d is t i l le d *  The cloudy d i s t i l l a t e  

was centrifuged* The o i l  in  the bottom of the cen trifuge tube 

d isso lved  in  potassium, hydroxide w ith only the  s l ig h te s t  amount of 

tu rb id ity *  Upon a c id if ic a tio n  of the a lk a lin e  so lu tio n , a strong 

tu rb id i ty  developed and an o i l  deposited  on the w alls o f the tube* 

This t e s t  and the u l t r a v io le t  absorption  spectrum (P la te  l )  in ­

d ica ted  th a t  the product was ch ie fly  the desired  6-m ethoxytetralin* 

Oxidation of 6-M ethoxvtetralin  (XIV)* A so lu tion  of 248 g* 

o f 6htcv3th o x y te tra lin  (XIV) in  260 ml* of propionic acid  and 1127 

ml* of g la c ia l a c e tic  a c id  was s t i r r e d  a t  5—10°  while a so lu tion  

of 243 g* of chromic anhydride in  100 ml* of water and 700 ml* of 

ac e tic  acid was added dropwise over a period of f iv e  hours* The
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so lu tio n  was s t i r r e d  fo r  s ix teen  hours longer w ith the temperature 

r is in g  gradually  to  25°. The so lu tion  was then concentrated in  

vacuo and the black viscous mixture which remained was digested  

fo r  one-half hour w ith 2.5 l i t e r s  of hot w ater. The aqueous 

m ixture was ex trac ted  w ith two l i t e r s  of e ther and then w ith three 

500 m l. portions o f e th e r . The combined ether e x tra c ts  were washed 

w ith sa tu ra ted  sodium carbonate so lu tio n  and then w ith w ater. The 

d ried  e th er e x tra c t (magnesium su lfa te )  was concentrated in  vacuo 

and the residue was d i s t i l l e d  a t  155-165° and 5-10 mnu The yellow 

d i s t i l l a t e  quickly s o lid if ie d  and m elted a t  75-8°; y ie ld  128 g.

(47$). Instead  of d i s t i l l a t io n  of the e th e r  so lu tion  concentrate, 

the follow ing procedure was employed to  advantages the concentrate 

was taken up in  one l i t e r  o f benzene and th is  so lu tion  was poured 

over a column of Brockmann aluminum oxide about 70 cm. long and 2.5 

cm. in  diam eter. Concentration in  vacuo of the e ff lu e n t liq u id  

from such a column w ith a run of the same size  y ielded  167 g. (62%) 

of almost pure 6-m ethaxy-l-tetralone (V); m.p* 78-9° (reported^, 

70%; m .p. 77.5°) • The product, when allowed to  separate by 

evaporation of a so lu tio n  slowly, c ry s ta lliz e d  in  the form of th ick  

prism s.

Reaction of 6-M ethaxy-l-Tetralone w ith the  Acetylene Grignard Reagent 

Prep a ra tio n  and Analysis of the Acetylene Grignard Reagent. 

Magnesium (28 g .)  and bu ty l e th e r (250 m l.) were s t i r r e d  a t  room 

tem perature during the slow add ition  of e th y l iod ide (HO m l.) .

The so lu tio n  of ethylmagnesium iodide thus prepared was d ilu ted
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w ith 500 ml. o f dry benzene and the re su lt in g  so lu tion  was

cooled to  5-10°. Acetylene gas, p u rified  by passing the

commercial tank product through water and concentrated su lfu ric

ac id  and a calcium su lfa te  drying tower, was introduced a t  a

moderate r a te  in to  the Grignard so lu tio n . Mechanical s t i r r in g

was e ffec ted  throughout the addition  o f the acetylene which was

continued fo r  one hour a t  5-10°, fo r another hour a t  25° and fo r

two hours longer a t  50-60°. The so lu tion  was allowed to  stand

fo r s ix teen  hours a t  room temperature and was then trea ted  with
o

acety lene again  fo r one hour longer a t  50-60 .  Heating was 

e ffec ted  by means of a hot w ater bath surrounding the f la sk .

A liquots fo r  an a ly sis  of the Grignard so lu tion  were withdrawn 

a t  th is  p o in t. The apparatus and procedure for th is  analysis i s  

as fo llow s*

The apparatus p ic tu red  in  F ig . 1 was constructed . The two 

main p a rts  are  the g a s -lib e ra tio n  se t-up  (A) and the Q rsat-type 

se t-up  (B). The re a c tio n  f la sk  in  A was constructed w ith a movable 

arm extending in to  the middle o f  the f la sk . On the end of th is  arm 

in sid e  the f la s k  was a hook fo r holding a small g lass bucket with 

a liq u id  capacity  of about 5 ml. In  the side of the arm on the 

outside of the f la sk  was in se rte d  an in le t  in to  the f la sk  which held 

a stopcock used fo r the in troduction  and e x it of gases. On the top 

of the f la sk  was another e x it  fo r  g ases . Both p a rts  were connected 

to  eudiometers which were f i l l e d  w ith sa tu ra ted  s a l t  so lu tion  and 

attached  to  le v e ll in g  bu lbs. Apparatus B was modelled a f te r  the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



4#a.

FIG. I. GAS ANALYSIS APPARATUS

A. GAS LIBERATION APPARATUS

B. ORSAT APPARATUS
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usual Q rsat type of gas an a ly sis  equipment* The gasometer, 

contained in  a w a te r-jack e t, was attached a t  the lower end to  a 

le v e llin g  bulb a lso  f i l l e d  w ith  sa tu ra ted  s a l t  solution* At the 

upper end of the gasometer was attached a T-tube, one am  of which 

was connected to  a three-way stopcock and the other a m  of which 

was connected to  a m anifold. This manifold connected the gasometer 

to  two absorption b u lb s . These were constructed as p ic tu red  and 

the portions of the bulbs c lo se s t to  the manifold were f i l l e d  with 

many short leng ths o f 6 mm* g lass tubing  to  provide increased  

surface a rea . The p a r ts  of the bulbs connected d ire c tly  to  the 

manifold o u tle ts  were constructed o f c a p illa ry  tubing w ith meniscus 

marks near the upper end. The operation of the e n tire  apparatus 

w i l l  be obvious from the d esc rip tio n  of the analysis which follow s.

An a liq u o t of the acetylene Grignard reagent so lu tion  i s  

in troduced in to  the bottom of the re ac tio n  f la sk  previously swept 

out w ith dry n itrogen  g as . The bucket i s  f i l l e d  w ith 5 ml. of bu ty l 

alcohol and the  apparatus i s  readied fo r gas evolution by insu ring  

eq u a lity  of pressure in  the  two eudiom eters. Accompanied by a  gentle 

sw irling  motion o f the f la s k , the a m  i s  ro ta ted  slowly through an 

angle o f  about 145°  causing a gradual addition  of the alcohol to  the 

Grignard so lu tio n . Gas evolu tion  occurs and the volume of the evolved 

gases can be read from the  eudiometers a f te r  a su itab le  time has 

elapsed to  insure e q u ilib ra tio n . Then the lev e ls  o f the liq u id  in  

the eudiometers may be ra ise d  and lowered to  cause complete mi xi ng 

of the evolved gases and the  i n i t i a l  n itrogen  gas. An a liq u o t i s  

then conducted out through the stopcock in  the side am  over in to
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the gasometer in  (B). The gas in  (B) i s  introduced in to  one of 

the absorption bulbs prev iously  f i l l e d  to  the meniscus mark in  

the c a p illa ry  tube connecting the bulb to  the m anifold. The gas 

i s  then brought back in to  the gasometer. (This tra n s fe r  o f the 

gas from the gasometer in to  the bulbs i s  accomplished by means o f 

the le v e ll in g bulb a ttached  to  the lower end of the gasometer).

The process i s  repea ted  u n t i l  a constant volume i s  a tta in ed  in  

the gasometer. This im plies a complete absorption of the com­

ponent gas in  the gasometer which was soluble in  the p a r tic u la r  

absorbent in  the b u lb . The gas i s  then led in to  the nex t bulb and 

the  same procedure i s  rep ea ted . In ac tu a l an a ly sis , one bulb was 

f i l l e d  with a so lu tio n  of mercuric cyanide in  potassium hydroxide, 

a solvent fo r acetylene gas. The o ther bulb was f i l l e d  w ith con­

cen tra ted  s u lfu r ic  a c id  fo r  the removal of solvent vapors. The f in a l  

re s id u a l gas in  the gasometer was considered to  co n sis t of n itrogen 

and any ethane re su lt in g  from ethylmagnesium iodide contaminating 

the acetylene Grignard reagen t.

The r e s u l t s  which were f in a l ly  obtained led  to  the conclusion 

th a t  the acetylene was q u a n tita tiv e ly  absorbed from the mixture of 

evolved gases and n itrogen  by the cyanide so lu tion  in  the absorption 

bu lb . The su lfu r ic  ac id , however, fa i le d  to  absorb solvent vapors 

and i t  was necessary to  blank out the l a t t e r  by running an experiment 

as fo llow s. A mixture of the solvents fo r the Grignard reagent was 

introduced in to  the reac tio n  f la sk  in  (A) and the bucket contain ing 

the hydro ly tic  butanol was overturned in to  th is  m ixture. A fter
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equilibrium  due to  so lvent vapor pressures was reached, the 

volume in  the eudiometers was recorded and an a liquo t was passed 

over in to  the gasometer in  (B)* As no decrease in  volume tran s­

p ired  during severa l passeB of the gas in to  each of the absorption 

bulb8,  i t  was considered v a lid  to  apply the volume of blank gases 

evolved in  th is  experiment to  the  r e s u l t s  obtained when an ac tu a l 

Grignard so lu tio n  was analyzed

The re s u lts  of a ty p ic a l ana ly sis  are  shown on the following

page#
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SAMPLE DATA SHEET FOR GAS ANALYSIS

Barometric P r e s s u r e    745 mm.
T em perature..................      26°C.

Blank

Volume o f Evolution Apparatus a f te r  Equilibrium
of Solvent Vapor  ............................    680 ml* 672 ml*

Volume o f Evolution Apparatus before Equilibrium
of Solvent Vapor  ..........................................  645 ml* 639 ml.

D ifference (Solvent Blank) • • • • • • • • • • • • • • • • • • • . .  35 ml* 33 ml*

A liquot of Acetylene Grignard Solution

Volume of Evolution Apparatus a f te r  L iberation • 748 ml* 780 ml*
Volume of Evolution Apparatus before L iberation . 635 ml. 670 ml.
D ifference (Gas L iberated) 113 ml. 110 ml*

Aliquot of Total Gas ........................    81.3 ml. 76*0 ml.
Constant Reading of Gasometer a f te r  Acetylene

Absorption  ..............   72.7 ml* 68.6  ml*
D ifference (Acetylene in  T otal Gas Aliquot) . . . .  8.6  ml. 7*4 ml*
Constant Reading of Gasometer a f te r  Solvent

Absorption 72*7 ml* 68.6  ml*
(Absorbable Solvent Vapor in  T otal Gas A liquot). 0 .0 ml* 0*0 ml*
Total Acetylene in  L iberated Gas  ............  79*2 ml. 76*1 ml.
Avg* Total Gas L iberated   111.5 ml.
Avg. Blank • • • • • • . • • • • •  • • • • • •  34*0 ml.
D ifference (Gas lib e ra te d  upon

Hydrolysis) • • • • • • . .  77*5 ml*
Avg* Volume of Acetylene

(from Absorption)    77*6 ml*
Volume of Acetylene Absorbed

(S*T*P.j 69*5 ml*
M illiequ ivalen ts of Acetylene • • • •  3*1 me.

T itra t io n  of Acetylene Grignard Solution Aliquot

Ml* o f 0*1 N Hydrochloric Acid • • • •   57*49 ml. 57.12 ml,
Avg* ml* o f 0 ,1  N Hydrochloric A c id  . . . . *  57.30 ml.
M illiequ ivalen ts of RMgl  .....................   *.....  5*73 me*

C alculation  of % Mono and % Bis

RMgl: 5.73 me*
C2H2 : 3.10 me*

X -  HCsCMgl (me.) _  X + 2Y •  5.73
Y -  IMgC-CMgl (me.) * X + Y -  3*10

Y « 2*63 and X -  0.47

• 0• Mixture Contains 85% Bis Compound 
and 15% Mono Compound
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Condensation of the Acetylene Grignard Reagent with

6-M ethoxy-l-Tetralone (V). To the so lu tion  of the acetylene 

Grignard reagent as prepared above was added 6-methcxy-l- 

te tra lo n e  (V) (20 g .)  d issolved in  50 ml. of dry benzene. 

Mechanical s tir r in g *  acety lene in tro d u c tio n  and warming to  50-  

60° were continued fo r two hours a f te r  the addition  of the 

ketone. The mixture was then allowed to  stand a t room tempera­

tu re  fo r  s ix teen  hours. Hydrolysis o f the reac tio n  mixture was 

e ffec ted  by the slow add ition  of the purple-colored liq u id  to  

200 g . of ammonium ch lo ride in  100 m l. of water and 500 g . of 

i c e .  Thorough s t i r r in g  of th is  mixture was effected  and the 

re su lt in g  mixture was separated in to  the component organic and 

aqueous la y e rs . The organic lay er was washed with w ater and 

then concentrated in  vacuo.  A bubbler tube connected to  a 

n itro g en  tank was used to  prevent bumping of the so lu tion  during 

concen tra tion . When the volume o f the so lu tion  was approximately 

30-40 ml. the pale red  so lu tio n  was tran sfe rred  to  a pear-shaped 

f la sk  equipped w ith a Vigreux s t i l l - h e a d .  The m a te ria l in  th is  

f la sk  was subjected to  a pressure o f about 0.5  mm. and the 

tem perature was ra is e d  gradually  by means o f  an o il-b a th  surround­

ing  the f la s k . At 70- 100°  any so lid  which separated during the 

removal of the l a s t  t r a c e s  of so lvent melted and the re s u lt in g  

red  o i l  began to  b o il  v igorously  in  the temperature range of 100-  

110°. The tem perature was gen era lly  held a t  th is  po in t fo r  about 

one-half hour to  insure  complete dehydration of the acety len ic
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ca rb in o l. Then the temperature was increased to  150- 180° .

With the pressure s t i l l  a t  0.5  mm. a pale yellow o i l  began 

to  d i s t i l l  over slow ly. G enerally about 9-10 g . of d is ­

t i l l a t e ,  b o ilin g  a t  115-120°C./0.5 mm., was co llec ted  in  a 

run of th i s  s iz e .  (An explosion-proof g lass screen was always 

placed in  f ro n t o f the d i s t i l l a t io n  apparatus during th is  

d i s t i l l a t i o n ) .  I f  considerable reac tio n  between the ketone and 

the Grignard reac tio n  had not been e ffec ted  e a r l i e r ,  a f ra c tio n  

b o ilin g  a t  120-125°/0.5 nm. came over w ith the above yellow o i l  

and then s o lid if ie d  in  the condenser. Removal o f a small amount 

of th is  so lid  and subsequent re c ry s ta ll iz a t io n  confirmed the 

conclusion th a t  i t  was unchanged 6-m ethoxy-l-tetra lone. The

l-ethynyl-6-m ethaxy-3. iydihydronaphthalene (VII) obtained as the 

f i r s t  f ra c tio n  gave a strong ly  p o sitiv e  t e s t  with ammoniacal 

s i lv e r  n i t r a te  so lu tio n .

Reduction o f  th e  Bnevne VII. The f ra c tio n  b o ilin g  a t  

115- 120°  obtained in  the above preparation  was dissolved 

immediately in  e thano l, the so lu tion  comprising about 9 g . of 

o i l  in  50 m l. of so lv en t. To th is  so lu tion  was added 0.5 g . 

of 5# palladium  on charcoal c a ta ly s t .  The re s u lt in g  mixture 

was hydrogenated a t  room temperature in  a semi-micro hydrogenation 

apparatus of o rd inary  design . When reasonably pure eneyne was 

prepared as in  the above step  the r a te  o f hydrogen absorption 

was about 5 ml. per m inute. In te rm itten tly  during the  hydrogena­

tio n  small samples o f th e  so lu tion  were withdrawn and te s te d  with
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ammoniacal s i lv e r  n i t r a t e  so lu tio n . As soon as no p re c ip ita te  

formed upon the  ad d itio n  o f th is  reagen t, the hydrogen absorption 

was stopped and the m ixture was f i l te r e d  free  from the ca ta lyst*

The f i l t r a t e  was concentrated in  vacuo to  obtain  the re s id u a l pale 

yellow o i l  l-vinyl-6-methcocy-3.4-dihydronaphthalene (V III) which 

reacted  in s ta n tly  w ith  m aleic anhydride in  benzenej y ie ld  9 g*J 

42.5% based on 6-m ethoxytetralone• (reported2, 52%)

The a lte rn a tiv e  reduction  procedure consisted  of the follow­

ing : The d i s t i l l e d  eneyne from 20 g* of 6-m ethaxytetralone was

dissolved  in  130 ml* of e thano l and 30 g* of zinc dust coated with 

copper was added to  the  mixture* The zinc-copper was prepared by 

shaking 30 g* o f zinc dust in  a so lu tio n  of 25 g* of copper su l­

fa te  in  500 ml* of water* Host of the supernatant liq u id  was 

decanted and the muddy powdered m etal was added d ire c tly  to  the 

e thano lic  so lu tion  of th e  eneyne* The mixture thus obtained was 

re fluxed  u n t i l  a negative ammoniacal s i lv e r  n i t r a te  t e s t  was noted 

w ith a small sample o f  the  re flu x in g  mixture* Then the mixture was 

f i l t e r e d  and the cake was washed thoroughly w ith ethanol* The com­

bined f i l t r a t e  and washings were concentrated in  vacuo to  an o ily  

residue which was taken up in  e th e r  and d ried  over magnesium su lfate*  

The d ried  so lu tio n  was concentrated to  y ie ld  7-8 g* (35%) of the

l-v in y l- 6-m9thaxy-3 . A-dihvdronaphthalene which reac ted  in s ta n tly  

w ith maleic anhydride in  benzene (reported^, 67%) ®
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Reaction of l-Vinyl-6-Metho:xy-3«4-Dihydronat>htha.lene with 
Dienophiles

With Maleic Anhydride« A so lu tion  of 1 g* of maleic anhydride 

in  10 ml* of benzene was tre a te d  w ith 1 g . of 1- v in y l-6-methoxy- 

3#4-dihydronaphthalene • The yellow c ry s ta llin e  adduct which 

formed almost immediately was centrifuged a f te r  a few m inutes' 

standing* The so lid  was re c ry s ta lliz e d  from dioxane and then 

from acetone-w ater y ie ld ing  400 mg* of co lo rle ss  needles of 

cis-7-me thoxy-1, 2 ,3 ,  9, 10, lOa-hexahydr ophenanthr ene-1,  2-

dlcarboxylic ac id  anhydride (XXVI). m*p. 203-4° corr* (reported^, 

201° ) ;  U*V. abs* spec*, P la te  4 (a)*

Hydrolysis of Anhydride XXVI, The maleic anhydride adduct 

XXVI (300 mg*) was warmed w ith 5# aqueous potassium hydroxide. The 

re su ltin g  so lu tio n  was poured in to  excess cold d ilu te  hydrochloric 

acid* The w hite so lid  was separated by cen trifu g a tio n , washed with 

water and dried* Attempt to  re c ry s ta l l iz e  th is  so lid  fa ile d  but a 

somewhat pure m a te ria l was obtained by p a r t ia l  evaporation of a 

dicxane so lu tio n  o f the so lid*  The ether-washed m icrocrysta lline  

cis-7-me thoxy-1, 2 ,3 ,9 ,10, 10a-hexahydrophenanthrene-l, 2-dicarboxylic 

acid  (XXVIII) melted a t  210-5° corr* , weight, 210 mg,, U,V. abs* 

spec*, P la te  4 (b)»

Anal* Calcd* fo r C12H17O5X C, 67«7, H, 5*6* Founds 

C, 66*9, H, 6.2*
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Dimethyl E ater of Acid XXVIII. The above d iacid  (100 mg,) 

in  10 ml, of methanol was tre a te d  with an excess of diazomethane 

dissolved in  e th e r .  The yellow so lu tion  was evaporated in  a 

stream of a i r  and the residue re c ry s ta lliz e d  from methanol.

P rism atic  c ry s ta ls  (95 mg,) of the dimethyl e s te r  o f  c is^7-ia3thoxy-

1«2,3»9«10,lOar-hexahydrophenanthrene~l, 2-dicarbaxylic ac id  (XXVII) 

were obtained* m,p, 115-7° c o rr , (reported^, 117°)J U,V, abs, spec,* 

P la te  4 ( c ) .

Hydrolysis o f the Dimethyl E ste r XXVII,  The above dimethyl 

e s te r  (XXVIII) (25 mg,) was heated on the steam bath  w ith 1 ml, 

of 10$ aqueous potassium hydroxide and 2 ml, of ethanol fo r  one 

hour. The so lu tio n  was d ilu ted  w ith f iv e  volumes of water and 

then poured in to  excess cold d ilu te  hydrochloric ac id . The 

p re c ip ita te d  ac id  was washed and dried* weight* 15 mg,* m,p,

210-3° co rr,*  mixed m ,p, w ith d iac id  XXVIII* 210-4°.

Conversion of D iacid XXVIII to  a New Anhydride, The d iac id  

XXVIII (50 mg.) was heated in  an atmosphere of n itrogen  a t  210-220° 

fo r  15-20 m inutes. The cold" melt was re c ry s ta lliz e d  from benzene 

and the prisms of cis-7-methoxy-l*2*3*4*9* 10-hexahydrophenanthrene-

1 .2-dicarbctxylic ac id  anhydride (XXIX) melted a t  123-4° corr,*  

weight* 20 mg,* U,V, ab s , spec,* P la te  5 (&4.

Isom erization of P lac id  XXVIII, The d iac id  XXVIII (40 mg,)
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was heated w ith  0.5  ml* of a 9# so lu tio n  of dry hydrogen chloride 

in  g la c ia l  a c e tic  ac id  u n t i l  so lu tion  occurred* A fter standing 

30 minutes* the so lu tion  had deposited a crop of needles which 

were separated by cen trifu g a tio n  and washed w ith e th e r , weight,

38 mg*, nup* 195-8° corr* , U*V* abs* spec*, P la te  5 (b% Mixed 

m*p* of th i s  new ac id , c i s - 7-m ethoxy-l, 2, 3 , 4, 9, 10-hexahydro- 

phenanthrene-1«2—dicarbaxylic  ac id  (XXX) and the  d iac id  XXVIII 

was 170-190° corr*

Isom erization of D iester XXVII* The d ie s te r  XXVII (40 mg*) 

was d isso lved  in  0.2  ml* of the 9% so lu tio n  o f dry hydrogen 

ch loride in  g la c ia l  a c e tic  acid a t  room tem perature. The so lu tion  

was d ilu te d  w ith f iv e  volumes o f water and ex trac ted  w ith ether*

The e th e re a l e x tra c t was washed w ith  aqueous potassium carbonate 

and then water* F inally  the n e u tra l e x tra c t was d ried  over mag­

nesium su lfa te  and evaporated in  a stream of a ir*  The residue  was 

re c ry s ta ll iz e d  from methanol* The co lo rle ss  needles of the dimethyl 

e s te r  o f  c i s - 7-me thoxy-1, 2, 3 , 4 , 9, 10-hexahydrophenanthrene-1, 2-  

d icarbaxy lic  acid  (XXXI) melted a t  65° corr* , w eight, 25 mg*,

U*V* abs. sp ec ., P la te  5_(<^)*

Anal* Calcd. fo r  ^1^22®5* C, 69*0, H, 6*7* Foundt 

C, 68.5, H, 7 .0 .

E s te r if ic a tio n  of the Diacid XXX. The isom erized d iac id  

XXX (15 mg*) in  methanol was tre a te d  w ith excess diazomethane in  

ether* The yellow so lu tion  was evaporated in  a stream of a i r  and
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and the resid u e  re c ry s ta ll iz e d  from methanol. The co lo rle ss
o

needles, nup. 64-5 c o r r . ,  gave no depression in  the mixed nup* 

w ith the isom erized dimethyl e s te r  (XXXI) obtained above.

3 . With Mesaconic Acid. 1-V inyl-7-methoxy^-3, 4-dihydro~

naphthalene (9 g .)  was refluxed  w ith a so lu tion  of 15 g . of 

mesaconic ac id  in  100 ml. o f propionic acid fo r 96 hours. At 

the end of th is  time the  mixture was cooled somewhat and con­

cen tra ted  i n  vacuo to  remove most of the propionic acid  so lv en t.

The residue was taken  up in  50 ml. of benzene and f i l t e r e d  from 

excess mesaconic a c id . The so lid  was washed thoroughly with 

benzene and the washings were combined w ith the f i l t r a t e .  The 

benzene so lu tio n  was ex trac ted  with 2N aqueous potassium hydroxide.

The a lk a lin e  e x tra c t was washed w ith e th er and then poured in to  

excess hydrochloric a c id . The so lid  which separated was suspended 

in  a smal l  volume of methanol and heated to  so lu tio n . Upon cooling 

a ta n  so lid  c ry s ta ll iz e d . Another re c ry s ta ll iz a t io n  o f th is  so lid  

from methanol gave a w hite c ry s ta llin e  so lid  which melted a t  185- 195° .  

This m a te ria l was re c ry s ta ll iz e d  next from a mixture of e th y l 

ace ta te  and benzene to  give a white s o lid , m.p. 205-210°. A

l a s t  r e c ry s ta l l iz a t io n  from e th y l aoeta te  y ielded  110 mg. of pure
**•

trans-2-m ethyl-7-m athaxy-l, 2 ,3 .4 . 9 ,10-hexahydrophenanthrene-l, 2-  

dicarbconrlic ac id  (XXXII) as c lu s te rs  of co lo rle ss  needles, m«p.

206-8° c o rr . U.V. abs. sp ec ., P la te  6.
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Anal.*  Calcd* fo r CigH2()05s C, 68.34, H, 6.37. Founds 

C, 68.55, H, 6 .54.

The f i l t r a t e s  from the f i r s t  th ree  re c ry s ta lliz a tio n s  were 

combined and concentrated in  a stream of n itrogen . R ecry sta lliza ­

tio n  of the residue from methanol containing about 10% of water 

gave th ree  successive crops o f  a d iac id  f ra c tio n  m elting a t  240-  

250°. Further re c ry s ta l l iz a t io n  of the combined crops from 

methanol y ie lded  340 mg. o f heavy p la te s  o f  pure trans-l-methvl-

7-me thaxy-1 >2 .3 .4 ,9 .10-hexahydrophenanthrene-1. 2-dicarbaxylic acid  

(XXXIII). m.p. 248-250° c o rr . U.V. abs. sp ec ., P la te  6 .

Anal.  Calcd. fo r  CigH2()0*;: C, 68.34, H, 6 .37. Founds 

C, 68.16, H, 6 .39.

Degradation of the trans-1-M ethyl Adduct XXXIII. tra n a -1- 

M ethyl-7-m ethaxy-l,2,3,4, 9 ,10-hexahydrophenanthrene-l, 2-d icarboxylic  

ac id  (XXXIII) (m.p. 248-250°) (100 mg.) was mixed w ith 50 mg* of 

5% palladium  on charcoal and heated a t  300- 315°  fo r f i f te e n  minutes 

in  a stream of n itro g en . The cooled mixture was ex tracted  with 

acetone and the c a ta ly s t on charcoal was removed by f i l t r a t i o n  and 

the f i l t r a t e  concentrated i n  a stream of n itrogen  to  dryness. The 

residue was ex trac ted  with IN sodium hydroxide and the inso lub le

*The analyses recorded in  th is  section  were performed by Mr. 
Charles C hilds, Mrs. P a tr ic ia  Ramey and Miss Jere Saladonis. 
G ratefu l thanks are hereby extended to  these members of the  
M icroanaly tical Section o f th e  Parke, Davis and Company 
Research labo ra to ries*
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portion  separated by ce n tr ifu g a tio n . This white so lid  was

re c ry s ta lliz e d  from methanol. The co lo rle ss  p la te s  of l-m ethyl-

7-methcocyphenanthrene melted a t  131- 2°  c o rr . Mixed m.p. w ith  an
o

au then tic  samples 130-3 •

Degradation of th e tn y is -2-Methyl Adduct XXXII, The same 

degradation was ca rr ie d  out on tra n s -2-methy 1- 7-methoxy-1,  2*3 ,  4 ,  9,  10-  

haxahydrophenanthrene-1 . 2-d ica rb ax y lic  ac id  as on the 1-m ethyl 

iscm er described in  the preceding experiment. The end product of 

the degradation of the 2-m ethyl isomer was a crop of co lo rless  

needles of 2-aethyl-7-methoocyphenanthrene.  m.p. 142-3° co rr. Mixed 

m.p. w ith an au then tic  sample: 140- 2° .

B s te r if ic a tio n  o f the trans-l-M ethy l Adduct XXXIII. The tran s-

1-methyl d iac id  XXXIII (80 mg.) in  15 m l. of methanol was tr e a te d  

w ith excess diazamethane in  e th e r . Evaporation of the yellow so lu tion  

in  a stream of a i r  gave a residue which was re c ry s ta ll iz e d  from 

m ethanol-water. The th ick  co lo rle ss  needles of the dimethyl e s te r  

of tran s- l-m e th y l-7-me thoxy-1,  2 ,3 ,4 , 9, 10-hexahydrophenanthrene-l, 2-

dlcarboxylic ac id  (XXXVI)- melted a t  83-4° c o r r . ,  w eight, 68 mg.

Anal. Calcd. fo r  C20H24O5 : C, 69.7; H, 7 ,0 . Found:

C, 69.95 H, 6 .9 .

Dehydrogonation o f the Dimethyl E ster XXXVI. The dimethyl 

e s te r  XXXVI (30 mg.) of the t r a n s - l-m ethyl adduct was d isso lved  in  

10 ml. of absolute ethano l and refluxed  w ith 30 mg. of 5$ palladium 

on charcoal fo r  30 hours. The mixture was f i l t e r e d  and the f i l t r a t e  

evaporated in  a stream  of n itro g en . A fter two re c ry s ta ll ia a t io n s  of
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the residue  from methanol th e  dimethyl e s te r  of tra n s -1-  

m ethyl-7-me th ax y -l. 2 ,3 . A»tetrahydraphenanthrene-1* 2-d icarbqxylic  

acid (XXXVU) was obtained as co lo rle ss  plates* m.p. 134-5° corr* 

Mixed nup. of th i s  d ie s te r  w ith a sample of the d ie s te r  obtained 

by Bachmann and S co tt (12). Showed no depression.

E s te r if ic a t ic n  of the trans-2-M ethyl Adduct XXXII.  The tra n s -

2-methyl d iac id  XXXII (20 mg.) was dissolved i n  methanol and tre a te d  

w ith  an excess of diazomethane in  ether*  The yellow so lu tion  was 

evaporated in  a stream of a i r  and the residue was re c ry s ta ll iz e d  

from methanol* The slender needles o f the dimethyl e s te r  o f t r a n s -

2-me t  hy 1- 7-me t  haxy^»l .2*3,4- tetrahydrophenanthrene-1 . 2-dicarbcocylic 

ac id  (XXXIV) (18 mg.) melted a t  67-6° co rr.

Dehydrogenation of the Dimethyl E ste r XXXIV.  The dimethyl 

e s te r  XXXIV (15 mg.) of the trans-2-m ethyl adduct was disso lved  in  

10 m l. of absolu te ethanol and refluxed  with 15 mg* of 50# palladium 

on charcoal fo r 27 hours. The cooled reac tio n  mixture was f i l te r e d  

and concentrated to  dryness in  a stream  of n itrogen  gas. The so lid  

residue  was re c ry s ta lliz e d  from methanol. The co lo rle ss  cubic 

c ry s ta ls  (12 mg.) of the  dimethyl e s te r  o f  tran s—2-methy 1- 7-methoxy1-  

l*2 .3*4-tetrahydrophenanthrene-l,2-d icarboxylic acid  (XXXV) melted 

a t  157-6° co rr .

Anal.  Calcd. fo r  C20H22O5 : C, 70.2; H, 6 .5 . Found:

C, 69.9; H, 6 .7 .
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With C itraconic Anhydride* l-V in y l-6-methaxy-3 ,4 -  

dihydronaphthalene (9*0 g .)  and c itra co n ic  anhydride (20 g*) 

were d isso lved  i n  benzene and the so lu tion  was refluxed fo r 48 

hours* The so lu tion  was concentrated in  vacuo on the steam bath  

to  remove solvent and excess c itraco n ic  anhydride* 'rhe residue 

was tre a te d  w ith 50 ml* of 10$ aqueous potassium hydroxide and 

the  mixture was warmed on the steam bath fo r f if te e n  minutes*

The cooled mixture was ex tra c ted  w ith e th e r  and the d ried  e th e r 

la y e r  y ielded  1*5 g* o f crude 6-m ethoxy-l-tetralone a f te r  con­

cen tra tio n  in  vacuo* The aqueous a lka line  layer was poured in to  

15 ml* of concentrated hydrochloric ac id  and 100 ml* of water*

The re su lt in g  sem i-so lid  mass which separated was removed by 

f i l t r a t i o n  and was th en  heated i n  a stream of n itrogen  a t  190-  

195°C* fo r 20 minutes* The cooled melt was taken up in  10 ml* 

of acetone and 25 ml* of e th y l acetate*  A fter scra tch ing  inner 

w alls  of the v esse l and allowing the so lu tion  to  stand fo r two 

hours, th e re  deposited a crop of 2*2 g* of almost co lo rle ss  cubic 

c ry sta ls*  m*p* 161-2° co rr* , which consisted  of c i s - 2-m ethyl-7-  

methaxy-1 . 2.3 *4 *9 . 10-hoxah.vdrophenanthrene-l, 2-d icarbaxy lic  acid  

anhydride (XXXVIII) (reported^ , m*p* 163-163*5°)• Addition of 

5 ml* of petroleum e th e r (b*p* 60-70 ) to  the f i l t r a t e  caused 

the separation  of a crop of co lo rle ss  needles which, a f te r  re ­

c ry s ta ll iz a t io n  from e th y l acetate-petro leura e th e r, melted a t  

126- 8° and consisted  o f  c is-l-m eth y l-7-methaxy-1, 2, 3 , 4 , 9, 10" 

hexahydrophenanthrene-l,2-d ica rb ax y lic  ac id  anhydride (XLVIII)
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(reported^ , m*p* 127-8°), U*V, abs* spec*, P la te  7*

(In  the above p reparation  of th e  c is  anhydride adducts, the 

procedure o f Bachmann and Chemerda (2) was followed fo r the most 

part*  However, in  the experiment described above, a separation 

o f the two isom eric adducts was effected  more su itab ly  by so l­

u b i l i ty  d iffe ren ces ra th e r than  by mechanical separation  as 

described by the e a r l ie r  in v estig a to rs)*

Hydrolysis o f  the cis-l-M ethy l Adduct XLVHI,  The c i s - l -

methyl anhydride adduct XLVIII (50 mg*) was warmed w ith 150 mg* of 

potassium hydroxide in  5 ml* of w ater u n t i l  so lu tion  occurred* The 

so lu tio n  was poured in to  excess d ilu te  hydrochloric acid and the 

p re c ip ita te d  so lid  was separated by centrifugation* This so lid  

was re c ry s ta ll iz e d  from methanol* The co lo rless  ir re g u la r  p la te s  

(30 mg*) of c is -l-m e th y l-7-fflethoxy-l,2, 3, 4 , 9, 10-hexahydrophenan- 

th ren e -1 . 2-d ica rb ax v lic  ac id  (XUX) melted a t  135-7° corr* , U*V© 

abs* spec*, P la te  7*

Anal* Calcd* fo r CigH2o05* C, 68*3 J H, 6*3* Found*

C, 68*2j H, 6*4*

E s te r lf i  ca tion  o f Diacid XUX0 The c i s - l-m ethyl d iac id  

XLIX (10 mg*) was tre a te d  with excess diazomathane in  ether* The 

yellow so lu tio n  was concentrated in  a stream of a i r  and the residue 

was re c ry s ta lliz e d  from methanol* The co lo rle ss  prisms (8 mg*) of 

the dimethyl e s te r  o f c i s - 1-msth y l-7-methaxy-1, 2 , 3 , 4, 9, 10-hexahydro-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



65.

phenanthrene-1.2-dicarbaxylic ac id  (L) melted a t  84° co rr.
2 o(reported  , m.p. 83-83.5 )• U.V. abs. sp ec ., P la te  7 .

Hydrolysis and E s te r i f i  ca tion  of the cis-2-M ethyl Adduct 

XXXVIII.  The c i s - 2-methyl anhydride adduct XXXVIII (930 mg.) 

was heated w ith 1.5  g . of potassium hydroxide in  27 ml. of water 

on a steam bath fo r  f if te e n  m inutes. The c le a r  so lu tion  was poured 

in to  200 m l. of 3N hydrochloric ac id  a t  5-10°. The white so lid  

which separated  was f i l te r e d ,  washed and d ried  and melted a t  184-6°. 

This so lid  was dissolved in  15 ml. of methanol and tre a te d  a t  5° 

w ith an excess of diazomethane in  e th e r . A fter standing fo r one- 

h a lf  hour a t  room temperature the yellow so lu tio n  was evaporated 

in  a stream of n itrogen  and the  dim ethyl e s te r  was re c ry s ta lliz e d  

from a 5*2 methanol-water m ixture. The c ry s ta llin e  dimethyl e a te r  

of c i s - 2-m ethyl-7-methoxy-1,  2, 3 , 4 , 9, 10-hexahydrophenanthrene-l,2-  

d icarboxylic ac id  (XL) melted a t  90-2° co rr . (reported2,  91-92°) 

and weighed 760 mg.

Epim erization o f th e  c is - 2-Methyl D iester XL.  The dimethyl 

e s te r  XL of the c i s - 2-methyl adduct (800 mg.) was refluxed in  a 

m ixture of 11.2  g . of potassium hydroxide in  14 ml. of water and 

36 m l. of methanol fo r  20 hours. A white c ry s ta ll in e  p re c ip ita te  

s e t t le d  out during the f i r s t  hour of re flu x in g . A fter 20 hours, the 

m ixture was cooled and f i l t e r e d .  The p re c ip ita te  was dissolved in  

25 ml. of water and poured in to  excess d ilu te  hydrochloric ac id .

The so lid  (600 mg.) which p re c ip ita te d  was f i l t e r e d ,  washed and 

d ried , m.p. 176-8°, This so lid  i s  p ra c t ic a lly  pure d s - 2-methyl#
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7-methotxy^-1 .2 .3  .4 .9 . lO-hexahydrophenanthrene-1 ,2 -d icarboxylic  acid 

(XXXIX) (reported^, m.p. 179-180°) • Proof of th is  s tru c tu re  was 

obtained by e s te r i f ic a t io n  w ith diazomethane re su ltin g  in  the 

form ation of the corresponding dimethyl e s te r  XL, m.p. 90-2°.

The f i l t r a t e  from the separation  of th e  c ry s ta ll in e  deposit 

found in  the a lk a lin e  reac tio n  mixture was concentrated in  vacuo 

to  remove the m ethanol. The residue was d ilu ted  w ith an equal 

volume of w ater and poured in to  an excess o f  d ilu te  hydrochloric 

a c id . The so lid  which separated was f i l t e r e d ,  washed, d ried  and 

then re c ry s ta ll iz e d  from methanol. The c lu s te rs  of need les, m«p. 

206-8°, w eight, 65 mg., proved to  be id e n t ic a l  with th e  tra n s -2-  

methyl-7-methcocv*-l«2. 3 «4.9 .10-hexahydrophenanthrene-l. 2-d i  car boxy l i e  

ac id  (XXXII) obtained in  the D iels-A lder re a c tio n  of the diene and 

mesaconic a c id . Mixed m.p. of the epim erization product and the 

adduct d ia c id , 205- 8°  co rr .

Dehydrogenation o f the cig.-2-Meth y l Adduct XXXVIII. The c is -

2-metbyl anhydride adduct XXXVIII (2 .1  g .)  was refluxed  with 1.0 g. 

o f 5$ palladium  on charcoal in  50 ml. of benzene fo r  42 hours. The 

c a ta ly s t was removed by f i l t r a t i o n  and the f i l t r a t e  concentrated in  

vacuo. The residue was r e  c ry s ta lliz e d  from benzene. The co lo rless 

prisms (1.2 g .)  of c i s - 2-methvl-7-methcocy-1.2.3.4-tetrahydrophenan-

th rene-1 .2 -d icarboxy lic  acid  anhydride (XII) melted a t  160-2° co rr. 

Bachmann and Chemerda (2) reported  nup. 185- 6° ( a f te r  re c ry s ta ll iz a ­

t io n  from e th y l acetate-benzene) fo r the product obtained by 

dehydrogenation a t  315- 320° .
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Dahydrogenation of the cis-2-Methyl-Hexahydro D iester XL.

The c i s - 2-methyl-hexahydro dimethyl e s te r  XL (50 mg*) was d is­

solved in  12 m l. of absolute ethanol and refluxed  with 50 mg* of 

5# palladium  on charcoal fo r  27 hours* The c a ta ly s t  was removed 

by f i l t r a t i o n  and the f i l t r a t e  was concentrated i n  a stream of 

a ir*  The residue was c ry s ta lliz e d  from methanol. The white 

chalky needles (45 mg* j of the dimethyl e s te r  of c ia -2-m ethyl- 

7-methaxy-1 , 2 . 3 »4-tetrahydrophenanthrene-1«2-d icarboxy lic  ac id  

(X III) melted a t  99-100° corr* (reported^ , m.p* 100-101°)*

Epim erization of c i s - 2-M ethyl-Tetrahydro D iester X III* The 

c i s - 2-m ethyl-tetrahydro d ie s te r  X III (450 mg.) was d isso lved  in  

dry benzene and tre a te d  with 18 ml* of a so lu tio n  o f 0*105 ro ill i-  

equivalents of sodium triphenylm ethyl per m i l l i l i te r *  The per­

s is te n t  red  colored so lu tion  was allowed to  stand  fo r 1/2  hour 

and was then tre a te d  with 50 ml* of water containing about 0.5 ml* 

of concentrated hydrochloric acid* The almost co lo rless mixture 

was ex trac ted  w ith benzene and th e  d ried  e x tra c t was concentrated 

to  a c ry s ta llin e  residue* The residue was d igested  w ith AN 

potassium  hydroxide on the steam b a th  for 1/2 hour* The a lkaline  

mixture was ex trac ted  w ith e th e r  and the e th e re a l layer drawn off* 

Upon a c id if ic a tio n  of the aqueous la y e r, an o ily  m ateria l separated* 

This was ex trac ted  with e th e r  and th e  e th e re a l e x tra c t d ried  over 

magnesium su lfa te*  Concentration of th is  d ried  so lu tion  y ielded 

200 mg* of so lid  which was taken up in  methanol* The methanolic 

so lu tion  was tr e a te d  w ith-an excess of diazomethane in  ether*

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



6 8 .

The yellow so lu tion  was concentrated in  vacuo and the residue 

was re c ry s ta lliz e d  from, methanol. The f i r s t  crop of c ry s ta ls  

which separated melted a t  145- 155° and upon a second r e c r y s ta l l i ­

za tio n  from methanol melted a t  155-6°. Mixed m.p. of th i s  m a te ria l 

w ith the dimethyl e s te r  o f the  t r ans-2-methyl-7-methaxy-1, 2 ,3 ,4 -  

tetrahydrophenanthrene-1.2-dicarboxylic ac id  (XXXV) obtained in  

the dehydrogenation o f th e  tra n s -2-methyl adduct d eriv a tiv e  

described above* 155- 7° co rr .

Mild Half Hydrolysis o f  th e t i ^ i s -2-M ethyl-Tetrahydro D iester 

XXXV.  The tra n s -2-m ethyl-tetrahvdro d ie s te r  XXXV (100 mg.) in  

10 ml. of methanol and 3 ml. of 0.1N sodium hydroxide were refluxed 

on the steam bath  fo r  22 hours. The methanol was removed by con­

c e n tra tio n  in  vacuo and the residue  was d ilu te d  with two volumes 

o f w ater. The a lk a lin e  so lu tion  was poured in to  excess d ilu te  

hydrochloric a c id . The gummy so lid  was ex trac ted  with e th e r . The 

d ried  e th e re a l la y e r  was concentrated in  vacuo and the residue , 

from which no c ry s ta lliz a b le  m a te ria l could be is o la te d , was taken 

up in  methanol. The methanolic so lu tio n  was tre a te d  w ith excess 

diazomethane in  e th e r . Upon evaporation of the yellow so lu tion  in  

a stream of a i r ,  an amorphous residue was ob tained . Upon standing 

and seeding w ith a c ry s ta l of the dimethyl e s te r  of c ls - 2-meth v l-

7-methaxy-1 ,  2 ,  3 .4 - tetrahydrophenanthrene-1. 2-dicarbcoarlic ac id  (X U I). 

the mixture c ry s ta lliz e d  fo r  the most p a r t .  In  f a c t ,  a crop of 73 mg. 

of the c is  dimethyl e s te r  (m.p. 96-9°) was f in a l ly  is o la te d . No 

o th e r id e n tif ia b le  product was obtained.
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Isomeric Acid E ste rs of cis-2-Methyl~7-M8thoKy-l>2^3>4- 

Tetrahydrophenanthrene-1. 2-Dicarbaxylic Acid.  c is -2-MethyI-7-

methaxy-1,2 ,3 ,4-tetrahydrophenanthrene-l,2-d icarboxylic anhydride 

(XL!) (600 mg.) was added to  a so lu tion  of sodium methoxide prepared 

from 1 g . of sodium and 100 ml. of anhydrous methanol; a c lea r  

so lu tio n  was formed in  a few m inutes. The so lu tion  was poured in to  

75 ml* of d ilu te  hydrochloric acid and the co lo rle ss  so lid  which 

p re c ip ita te d  was ex trac ted  in to  benzene. The benzene so lu tion  

a f te r  having been d ried  over magnesium s u lfa te  yielded 420 mg. of 

a co lo rle ss  so lid  on evaporation; m.p. 150-170°* A so lu tion  of 

the so lid  in  methanol was allowed to  evaporate slowly (two days) 

to  a small volume; under th e se  conditions two types of c ry s ta ls  

separated : sca tte red  clumps of needles and la rge  th ic k  prism s.

The two type3 of c ry s ta ls  were separated m echanically. By re­

c ry s ta l l iz a t io n  of th e  prisms from e th y l a c e ta te , c i s - l-carboopr-2-

carbanethoxy-2-methyl-7-methoxy^l. 2 .3 .4-tetrahydrophenanthrene 

(XLIV) was obtained as co lo rless prism s; y ie ld , 150 mg.; nup. 

156-157°. U*V. abs. sp e c ., P la te  S.

Anal. Calcd. fo r  CX9H20O5 : C, 69.5; H, 6.14. Found:

C, 69*36; H, 6 .31.

By re c ry s ta ll iz a t io n  o f the  clumps of needles from ethy l 

ace ta te  c is -  1-carbomethaxy-2-carboxy-2-m ethyl-7-methocxy-1,2 ,3 ,4 -  

tetrahydrophenanthrene (X U II) was obtained as co lo rle ss  needles; 

y ie ld , 50 mg., m.p. 187-169° (reported^, 186-188°). Mixed m.p. 

of XLEV and XLIII, 150-183°. U.V. abs* sp ec ., P la te  8.
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The isom eric acid e s te r s  on treatm ent w ith diazomethane 

y ie lded  the same dimethyl e s te r  o f c is -2-naeth y l-7-met h oxy-1 . 2, 3 , 4-  

tetrahydrophenanthrene-1, 2-d icarboxylic  ac id ; m«p. 98- 100° , mixed 

m.p. 97-9° c o rr .

Both acid  e s te r s  were a lso  obtained when 300 mg. of the 

dimethyl e s te r  was refluxed w ith 300 mg. of potassium carbonate,

5 ml. of water and 12 m3., of methanol fo r  twenty hours. From 

the product by the procedure described above ch ie f ly  the 187- 9° 

m elting ac id  e s te r  was iso la te d ; only 50 mg* of the lower-melting 

isomer was ob ta ined .

The b e s t y ie ld  of the high-m elting acid  e s te r  was obtained 

by the procedure of Bachmann and Chemerda (2 ). A methanolic 

so lu tio n  of 400 mg. of th e  anhydride was refluxed  fo r tw enty-three 

hours, and then evaporated. R ec ry s ta lliz a tio n  of the product from 

e th y l ace ta te  gave 200 mg. o f co lo rle ss  needles; m.p. 187- 189° .

A rn d t-E is te rt Reaction on cis-l-Carbomethoxy-2-Methyl-7- 

Methaxy-1 .2 .3 .4-Tetrahydrophenanthrene. To a so lu tion  of 1.2 ml. 

of oxaly l ch loride in  1 .2  ml. of benzene was added 175 mg. of the 

a c id -e s te r  (XLIII) (m.p. 187-189°); in  a few minutes a c3.ear yellow 

so lu tio n  re su lte d . A fter two hours the liq u id s  were removed a t  

room tem perature under reduced pressure; 1 m l. of dry benzene was 

added and then removed under reduced p ressu re . A so lu tio n  of the 

ac id  chloride in  benzene was added to  an e th e rea l so lu tion  contain­

ing  an excess of diazomethane (prepared from 2.5 ml. of 4-methyl-4- 

(methylnitrosoamino)-2-butanone). Evolution of gas was observed.
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A fter two days a t  room temperature th e  so lu tion  was f i l t e r e d  and 

evaporated under reduced p ressu re . The resid u e , presumably the 

diazoketone, was a pale  yellow viscous liq u id .

A suspension o f 50 mg. of s i lv e r  oxide in  5 ml. of anhydrous 

methanol was refluxed  on a steam bath u n t i l  a s i lv e r  m irror was 

formed ( f if te e n  m inutes). Then a so lu tion  of th e  diazoketone 

in  a few ml. of methanol was added along w ith 50 mg. o f s i lv e r  

oxide and the  whole was refluxed  fo r e igh t hours. Evaporation 

of the f i l t e r e d  so lu tio n  y ielded  a viscous yellow liq u id  which 

could not be made to  c ry s ta l l iz e .

A so lu tio n  of the product in  10 ml. of benzene was passed 

through a column (150 mm. x  7 mm.) of aluminum oxide (F isher 

S c ie n tif ic  C o.). A yellow band appeared near the top of the  

column. Six 10 ml. portions o f benzene (e lu a tes  co llec ted  in  

separate f la sk s )  served t o  wash through 100 mg. of co lo rless  

l iq u id . The yellow  m ate ria l on the  column was f in a l ly  eluated  

by benzene-methanol and methanol.

The co lo rle ss  liq u id  (100 m g.), which d id  not c ry s ta ll iz e

when seeded w ith the alpha (m.p. 126°) or b e ta  (m.p. 114°) forms

of the dimethyl e s te r  of 7-methaxy-2-m ethyl-2-c a rb a x y -l,2, 3, 4-
(XLVI)

tetrahydrophenanthrene-l~acetic aeid£ was hydrolyzed by re flux ing  

w ith  a so lu tion  o f 0.28 ml. of N sodium hydroxide (s u ff ic ie n t fo r 

one e s te r  group) in  2.5 ml. of methanol fo r  th ree  hours. The 

methanol was removed by evaporation in  a current of a i r  and water
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and a l i t t l e  a lk a l i  were added to  d isso lve the sodium s a l t  of 

the acid e s te r ,  A sm all q u an tity  of insoluble m aterial was 

ex trac ted  in to  e th e r ,  the c le a r  aqueous so lu tion  was a c id if ie d  

w ith hydrochloric ac id  and the  p rec ip ita ted  acid e s te r  was 

ex trac ted  w ith ether*  Evaporation of the e ther l e f t  a co lo rless  

liq u id  which c ry s ta lliz e d  re a d ily  when scratched under e th e r -  

petroleum ether* The co lo rle ss  so lid  was co llec ted  on a f i l t e r ;  

w eight, 50 mg.; m.p* 143-145° .  The compound, presumably c i s - l -  

c arb ome thaxy«2-met hy1- 2-  c arb axyme t  hy l- 7-nre t  hoxy-I, 2 ,3 . 4 - te t r a -  

hydrophenanthrene (XLVUJ. c ry s ta lliz e d  from ether-petroleum  

e th er in  co lo rless  needles; m*p* 146- 148°*

A rn d t-E iste rt Reaction on cigy 1-*Carboxy-2-Carbomethcocy-2- 

Methyl-7-Methoxy-1 ,2 .3 .4>-Te t r  ahydr ophenanthrene. Vlfhen 180 mg*

of the acid  e s te r  (XIIV) (m*p* 156-157°) was added to  a so lu tion  

of 1*2 ml* of oxaly l chloride in  1 .2  ml* of benzene a c ru s t o f 

so lid  formed on the bottom and adhered to  the g la ss . By tapping 

and sw irlin g , the so lid  was dislodged and f in a l ly  ( f if te e n  

minutes) went in to  so lu tio n . A fter two hours the yellow so lu tion  

was evaporated under reduced p ressu re , and the residue tre a te d  

w ith 1 ml* of dry benzene, which was then removed under reduced 

p ressu re . The re s id u a l acid  ch loride was added to  e th e rea l 

diazomethane and the diazoketone was rearranged exactly  in  the 

manner described fo r  i t s  isomer in  the preceding sec tio n .

A so lu tion  of the product, a viscous yellow liq u id , in  5 ml*
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of benzene and 40 ml* of petroleum e th er (60-75°) was passed 

through a column of alumina (150 mm# x 7 mnu) which had been wet 

w ith  petroleum ether# The follow ing fra c tio n s  were co llec ted :

1 . 40 ml# p#e# + 5 ml# benzene ------ nothing on evaporation

2# 8 ml# p#e# + 2 ml. benzene —— nothing

3 . 5 ml. p.e# + 5 ml# benzene —— nothing

4* 5 ml# p .e . + 5 ml# benzene ----- trac e  of co lo rless
liq u id

5. 10 ml# benzene —— 45 mg# co lo rle ss  liq u id

6. 10 ml# benzene ------ 30 mg# co lo rless liq u id

7. 10 ml# benzene + 1 ml# methanol <— -  30 mg# viscous
yellow liq u id

8# 10 ml# benzene —— viscous yellow liq u id

Smai 1 amounts of methanol were added to  each f ra c tio n  and the 

so lu tio n s allowed to  evaporate slowly but no c ry s ta ls  appeared 

except in  #7#

The co lo rle ss  liq u id s  in  f ra c tio n s  4> 5> and 6 were combined 

and hydrolyzed by b o iling  w ith a so lu tion  of 0#22 ml# of N sodium 

hydroxide in  2 ml# of methanol fo r  th ree  hours# The ac id  e s te r  

was iso la te d  as described in  the preceding p reparation ; y ie ld ,

45 mg# of co lo rle ss  so lid ; m#p# 144-147°# From ether-petroleum  

e th e r  i t  c ry s ta lliz e d  in  l i t t l e  buttons and needles; m#p# 146-148° 

alone and when mixed w ith the product (m#p# 146- 148°) obtained 

from the isom eric ac id  ester#

F ractions 7 and 8 were combined and dissolved in  10 ml# of 

benzene and passed through a 25 mm# x 7 mm# column of alumina
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and washed w ith two 10 ml* portions of benzene, one of 1*1 

benzene-chlorofora, and f in a l ly  chloroform# The f i r s t  10 ml* 

f ra c tio n  contained co lo rle ss  liq u id  which c ry s ta lliz e d  re a d ily  

on scratching  under methanol; the second and th ird  f ra c tio n s  

contained nothing and the l a s t  ones contained viscous yellow 

gum# The c ry s ta ls  from the  f i r s t  f ra c tio n  were co llec ted  on a 

f i l t e r ;  y ie ld , 10 mg#; m.p# 124-126°# When mixed with authentic 

alpha form (m#p# 126-127°, precursor of isoequilen in) of the 

dimethyl e s te r  of cis-7-methgxy-2-m ethyl-2-carboxy-l,2 ,3  th -  

te trahydrophenanthrene-l-acetic  ac id  (XLYI) the melting po in t 

was 125-127°. From methanol the product c ry s ta lliz e d  in  c lu s te rs  

of th ick  co lo rless  p la te s ; m.p# 126-127° alone and when mixed 

w ith the alpha form; the melt s o lid if ie d  re a d ily  on cooling and
o

on reheating  melted a t  126-127 •

U ltrav io le t Absorption Spectra

The data required fo r the u l tr a v io le t  absorption spectra 

recorded during the p resen t in v e s tig a tio n  were obtained by the 

members of the Physical Chemistry Section of the Research 

lab o ra to rie s  of Parke, Davis and Company# G rateful acknowledgment 

i s  hereby extended to  Dr# J .  M# Vandembelt and h is a s s is ta n ts , 

Misses Denise lundquest, Jere  Saladonis and P a tr ic ia  Welch#
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