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ABSTRACT

I t  has been found th a t  th e  b is  amine, N,N,N* jN’-te tra m e th y l-o - 

phenylenediamine (TMOFD), i n  cyclohexane, c a ta ly z e s  th e  ad d itio n  o f 

e th y llith iu m  to  c e r ta in  arom atic  hydrocarbons to  g iv e  l i t h i o  a lk y l-  

dihydroarom atic ad d u c ts .

A dditions o f e th y lli th iu m  to  anthracene e i t h e r  in  cyclohexane 

w ith  TMOPD o r  alone i n  te trah y d ro fu ran  were found to  g iv e  9 - li th io -1 0 -  

e th y l-9 ,1 0 -d ih y d ro an th racen e . Reactions o f  t h i s  o rg an o lith iu m  with 

methyl io d id e , e th y l brom ide, and deuterium oxide were s tu d ie d .

When m ethyl io d id e  o r  e th y l bromide i s  used  to  d e r iv a tiz e

9- l i t h i o - 10- e th y l - 9 , 10- dihydroanthracene ( in  cyclohexane o r t e t r a ­

hydrofuran runs) only  c i s - 9 ,1 0 -d ia lk y l-9 ,1 0 -d ih y d ro an th racen es  a re  

ob ta ined . I t  was shown th a t  methyl io d id e  r e a c ts  w ith  9 - l i th io -1 0 -  

e th y l- 9 , 10- d ihydroan thracene and th a t  e th y l bromide r e a c ts  w ith 9- l i t h i o -  

lG -m ethyl-9 , 10-d ihyd roan th racene  to  give c i s - 9-me t h y l - 10- e th y l - 9 .10-  

d ihydroanthracene. Since i t  has been rep o rted  t h a t  th e  lith iu m  com­

pounds have the  same s t r u c tu r e ,  i t  was concluded t h a t  m ethyl iod ide 

and e th y l bromide r e a c t  in  th e  same stereochem ical manner w ith  the 

in te rm ed ia te  li th iu m  compounds.

The assignm ent o f  a c i s  co n fig u ra tio n  to  th e  hydrocarbons 

ob ta ined  from th e  re a c t io n  o f  m ethyl iod ide  and e th y l  bromide w ith

9- l i t h i o - 10- e th y l - 9 , 10-d ihydroanthracene was proven by a s te re o -  

sp e c if ic  sy n th es is  o f  c i  s - 9-m ethy l-10- e th y l-9 , 10-d ihyd ro an th racen e .

This sy n th es is  proceeded from the  known c i s - lO -m ethy l-9 ,10-d ihydro- 

an th racene-9-c a rb o x y lic  a c id .
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In contrast to ths iso la tion  of a single product from the 

reaction of 9-lith io-10-ethyl- (or 9 - l i thio-10-methyl-) 9,10- 

dibydroanthraccnes, the addition o f deuterium oxide to the former 

gives the mixture o f c is -  and trans-9-deuterio-10-ethyl-9,10-di- 

hydroanthracene.

9-Id  th io -1 0 -e th y l-9 ,10-d ihydroanthracene was a lso  p rep a red  by 

m e ta la tio n  o f  9- e th y l - 9 , 10-d ihydroan th racene  in  t e  trah y  dro fu r  an .

Since re a c tio n s  o f  th i s  o rg ano lith ium  in te rm e d ia te  w ith m ethyl io d id e , 

e th y l bromide and deuterium  oxide gave p roducts  which were id e n t ic a l  

w ith  those o b ta ined  from th e  in te rm e d ia te  secured  by a d d it io n  o f  

e th y llith iu m  to  a n th racen e , i t  was concluded th a t  the o rganolith ium  

in te rm ed ia te  i s  a ra p id ly  e q u i l ib ra t in g  m ixture o f  c i s -  and t r a n s ° 

stereo isom ers.

Conform ational a n a ly s is  o f  mono d eu te ra ted  c i s - d ia lk y l - 9 ,10 - 

dihydroanthracenes and 9- a lk y l - 9 , 10-d ihydroan th racenes u sin g  in f r a r e d  

and n u c lea r magnetic resonance shows th a t  conform ations having a x ia l  

a lk y l  groups a re  p re fe r re d .

I t  has been found th a t  th e  ethyllithium-TMOFD complex adds to  

acenaphthylene,  azu lene and p e ry le n e , m e ta la te s  benzene, and does n o t 

r e a c t  w ith  phenanthrene o r  n ap th a len e . These r e s u l ts  have been in t e r ­

p re te d  i n  terms o f  a f r e e  r a d ic a l ,  s in g le  e le c tro n  tr a n s fe r  mechanism 

fo r  the  ad d itio n  p ro c e ss . This mechanism i s  based on the  po la rog raph ie  

red u c tio n  p o te n tia ls  o f  th e  a rom atic  hydrocarbons. I t  has been used
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to  p r e d ic t  th e  re a c tio n s  o f  o th e r  arom atic hydrocarbons w ith  e th y l-  

l i th iu m  as w e ll as the  re a c tio n s  o f m eth y llith iu m , n -b u ty llith iu m  

and t - b u t y l l i  thium w ith  arom atic hydrocarbons.
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HISTORICAL

I  Survey o f  th e  R eactions o f  A lky llith ium  Reagents w ith  O le fln lc  

and Aromatic Hydrocarbons

OrganoUthium re a g en ts  a rc  known to  r e a c t  w ith  u n sa tu ra te d  hydro­

carbons to  give e i th e r  a d d it io n  p roducts  (eo l ) ^  o r

(1) 02C=CH2 + n-C^H^Li ------ >  02C(IA)-(CH2)1OT3

hydrogen-metal exchange (m e ta la tio n , eo -2) * ^ *

(2) C6H6 + n - C ^ L i  ->  C6H5Li + n-CjH 1Q

Z ieg le r  discovered t h a t  a lk y lli th iu m  reag en ts  add to  th e  double bond o f 

s t i lb e n e  or 1 ,1 -d ip h en y le th y len e . For example, th e  a d d itio n  o f  n- 

b u ty llith iu m  to  1 , 1-d ip h en y le th y len e  i n  e th e r  occurs as shown in  equa­

t io n  (1 ) .

The ad d itio n  o f  n - b u ty l l i  thium to  butad iene y ie ld s  ( a f te r

hy d ro ly sis) a m ixture o f  s t r a ig h t  chain  (1 ,U a d d itio n )  o r  branched chain
6

(1 ,2  ad d itio n ) o le f in s  d i f f e r in g  by u n i t s .  Thus, i n  e th e r  a t  room

tem perature, about 20% o c ten e s , 5$ 2 , 6-dodecad iene, 2$% 5- v iry T -2-decene,
6

and 50% o f h igher p ro d u c ts  a re  obtained* S im ila r ly , th e  ad d itio n  o f

phenyllith ium  to  c y c lo o c ta te tra e n e  g ives p h en y lcy c lo o c ta te traen e  and

lith iu m  hydride.^

Z ieg ler found th a t  n - b u ty l l i  thium  adds to  e th y len e  under

p re ssu re  (100-500 atm ospheres) to  g ive a m ixture o f  a lk y llith iu m s
8

d if fe r in g  by tw o-carbon u n i t s .  The com position o f  the  m ixture was 

determined by the  a d d itio n  o f  formaldehyde and se p a ra tio n  o f  th e  

r e s u l t in g  a lc o h o ls  by f r a c t io n a l  d i s t i l l a t i o n .  In  c o n tra s t
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-2 -

o 9
to  th e  s lu g g ish  re a c tio n  o f  n - b u ty l l l  th ium , B a r t l e t t  e t  a l .  found th a t

t-b u ty ll i th iu m  in  e th e r  adds r e a d i ly  to  e th y len e  a t  atm ospheric p re s su re

and -£0° to  give n eohexy llith ium . The p resen ce  o f  neohexy llith ium  was
9

e s ta b lis h e d  by conversion to  dineohexyl ke tone  w ith  carbon d io x id e .
o

In  an ex tension  o f  th is  work, B a r t l e t t '  re p o r te d  t h a t  the  a d d it io n  o f  

iso p ro p y llith iu m  to  propene a t  - 30°  a ffo rd e d  a  polym eric li th iu m  a lk y l .  

A fte r  re a c t io n  w ith carbon d io x id e  a carb o x y lic  a c id  o f  m olecu lar 

w eight 308 was secured . I n  c o n t r a s t ,  1-hexene does n o t r e a c t  w ith  

t-b u ty ll i th iu m  in  e th e r  a t  -f>0° . ^

The a d d itio n  o f  o rgano lith ium  reag en ts  to  c e r ta in  c y c lic  o le f in s

10 ohas been rep o rted . t-B u ty lli th iu m  in  e th e r  a t  ~k0 o r  in  l i g r o in

a t  ou° r e a c ts  w ith norbom ene. Exo- 2 -t-b u ty ln o rb o m an e  was o b ta in ed  in

33% y ie ld  a f t e r  h y d r o ly s i s .^  However, sim ple c y c lic  o le f in s  such as

cyclopen tene, cyclohexene or cyclooctene d id  n o t r e a c t  w ith  t -b u ty l l i th iu m
10 11 

under th e  same co n d itio n s . I n te r e s t in g ly ,  cyclopropane undergoes

a d d itio n  o f  phenyllith ium  in  e th e r  to  g ive phen y lcy c lo p ro p y llith iu m .

A fte r  carbonation  w ith d ry  ic e  and es t e r i . f i c a tio n  w ith  dlazom ethane,

vpc a n a ly s is  in d ic a ted  th e  p resence  o f about 1 % o f  m ethyl c i s - 2-p h en y l-
11

cyclopropanecarboxylate . ITo tra n s  e s te r  was d e te c te d .

I n  c o n tra s t  to  th ese  known a d d itio n  re a c t io n s  o f  o le f in s  and 

d ie n es , arom atic hydrocarbons r e a c t  w ith a l k y l l i  thium reagen ts  i n  e th e r
2 -  Uso lv en ts  v ia  m etal-hydrogen exchange to  g iv e  a ry ll i th iu m  compounds.

For example, pheny llith ium  i s  secu red  q u a n t i ta t iv e ly  from benzene by

m e ta la tio n  w ith n -b u ty l l i  thium p rov id ing  an e q u iv a len t o f  a  c a ta ly s t

(NjNjN’ jN '-te tram eth y le th y len ed iam in e , MEDA) i s  p re se n t to  in c re a s e
12

the  a c t i v i t y  o f  the  n -b u ty l l i  th ium .
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-3-

The m e ta la tio n  o f  naphthalene by n -b u ty l l i  thium  in  te tra h y d ro - 
13 ~

fu ran  (THF) was re p o rte d  to  g ive isom eric  n a p h th y lli  thiums as  judged 

by th e  form ation  o f  1-  and 2-naph tho ic  a c id s  (2f> -  38?) a f t e r  trea tm en t 

w ith  an e th e r  s lu r r y  o f  d ry  i c e .  The s t ru c tu re s  o f  the  n e u tra l  p ro ­

ducts formed were n o t a sc e r ta in e d .
1UUsing a  low tem peratu re  carb o n atio n  tech n iq u e , Berg found th a t  

the  m e ta la tio n  o f  pyrene (1) by n - b u ty l l i  thium in  1HF gave an 8f>? y ie ld

o f  th re e  isom eric  pyrene monocarboxylic a c id s .  These a c id s  were ob­

ta in e d  i n  a r a t io  o f  ? : 1 : 0 .2  f o r  the  1- ,  3- ,  and U- p o s itio n s
1U

re s p e c tiv e ly .

The m e ta la tio n  o f  b iphenylene (2) w ith  n - b u ty l l i  thium has been

X X

1^ ^  s tu d ie d  bo th  from th e  experim ental and th e  th e o r e t ic a l  p o in t o f

view . The l a t t e r  study  p re d ic ts  t h a t  " a ry l  p o s it io n s  a d jac e n t to  a
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16fused  s tra in e d  r in g  have enhanced a c id i ty ."  For example, th eo ry  p re ­

d ic ts  m e ta la tio n  o f  biphenylene (2) i n  the  1- p o s i t io n J ^  This p re d ic -  

t io n  i s  observed ex p erim en ta lly .

In  sharp c o n tra s t  to  the re a c tio n s  o f  naph thalene , pyrene o r 

biphenylene w ith  n - b u ty l l i  thium , p e ry len e  (3 ) re a c ts  by a d d itio n  to

3V*

give a  l i t h i o  b u ty ld ih y d ro p e ry len e .^ * , ^  At -30° in  THF th i s  lith iu m

in te rm ed ia te  e lim in a te s  lith iu m  hydride  to  form 1-n -b u ty lp e ry len e
18(to g e th e r v i th  tra c e s  o f  3 -n -b u ty lp e ry len e ). S im ila r ly , 1 -e th y l-

18
pery lene  (25- 30$) was ob ta in ed  from the  re a c tio n  o f  e th y lli th iu m  and

p ery lene  i n  benzene a t  80° fo r  U8 h o u rs . C arefu l exam ination o f  data
18

on th e  by-products suggested th a t  n o n -c ry s ta ll in e  e thy ld ihyd ropery lenes

were a lso  formed. The a d d itio n  o f  m ethy llith ium  to  p e ry len e  in  r e -

f lu x in g  benzene, ca ta ly zed  by th e  a d d itio n  o f  TMEDA, gave m ethyldihydro-

pery lenes i n  33$ y ie ld  a f t e r  h y d ro ly s is . This m a te r ia l  was dehydrogenated
19over 5$ pallad ium  on carbon to  give 1-m ethy lpery lene.

Although naphthalene re a c ts  w ith  n - b u ty l l i  thium i n  THF a t  25° to  
11y ie ld  n ap h th y llith iu m s, a d d itio n  o f  n -b u ty l l i  thium to  naphthalene in
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2 0d e c a lin  a t  l6 0 °  g ives 20% o f  1-n-butylnaph th a le n e . s e c -B uty llith ium

produces 1-  s e c -bu ty lnaph thalene  i n  20% y ie ld , and t -b u ty ll i th iu m  gives 

a  m ixture o f  1- t —butylnaph th a len e  (30-k5%) and d i- t-b u ty ln a p h th a len e s
20

(50 -  30%). The s tru c tu re s  o f  the  l a t t e r  compounds were n o t determ ined.

N aphthalene re a c ts  w ith  t-b u ty llith iu m  i n  d e c a lin  a t  60° to  g ive

both  1- and 2 -t-b u ty ln ap h th a len e  ±n unreported y ie ld .  F u r th e r , a 17%
21y ie ld  o f  m a te r ia l  b o il in g  between these two p ro ducts  was is o la te d .  This 

m a te r ia l  was id e n t i f ie d  as a  m ixture o f l- t-b u ty l- l,U -d ih y d ro n a p h th a le n e  

and 1- t - b u t y l - 1 , 2- dihydronaphthalene, in  a r a t io  o f  1 : 2 ,  toge ther w ith 

a  much l e s s e r  amount o f  2 -t-b u ty l-1 ,2 -d ih y d ro n ap h th a len e . The d e ta i ls
21o f  M s  a n a ly s is ,  which was based  on nmr and i r  s p e c tra ,  a re  not g iven .

Benzene was found to  r e a c t  w ith t-b u ty ll i th iu m  in  d eca lin  a t

l6 0 °  to  y ie ld  1$% o f  t-b u ty lb en zen e . S im ila rly , phenanthrene gave 9-

t-b u ty lp h en an th ren e  in  %0f, y ie ld .  Other hydrocarbons which re a c t  w ith

t-b u ty l l i th iu m  ( in  d eca lin  a t  60° )  a re  b iphenyl, to lu en e  and t -b u ty l-

benzene. However, no experim ental d e ta i ls  a re  p ro v id ed , and the e x ten t
21to  which th e se  hydrocarbons r e a c t  was no t rep o rted .

W inkler found th a t  th e  a d d itio n  o f a lk y l l i  thium reag en ts  (o f two

to  te n  carbon atoms) to  arom atic  hydrocarbons (a n th racen e , phenanthrene,
23

naphthalene and b iphenyl) in  THF i s  cata lyzed  by u l t r a v i o l e t  ra d ia tio n .

I t  was found th a t  m ethy llith ium  reac ted  d if f e r e n t ly  th an  the o th er
23a lk y l l i  thium  reag en ts  in  t h i s  re a c tio n . When a 2 : 1 m olar m ixture

o f  m e th y lli thium  and anthracene (u) in  THF was p h o to ly zed , ex tensive
2li-27re d u c tio n  o f  (U) to  an thracene ra d ic a l  anion (5) occu rred . This

»*v

r a d ic a l  an ion  (5 ) gave 9 , 10-d ihydroanthracene (6 ) i n  39% y ie ld  on
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h y d ro ly s is  (eq 3 ) .

I I  The E f fe c t o f  S o lven t on the  S tru c tu re  and R ea c tiv ity  o f  

A lk y llith iu m  Bfoagents

The s lu g g ish  in te r a c t io n  o f  a lk y ll i th iu ra  reagen ts  l ik e  n -b u ty l-
20-23

lith iu m  w ith  arom atic hydrocarbons i s  b e lie v ed  to  be due to  th e
13

s ta te  o f  aggregation  o f  th e  a lk y l l i  thium re a g e n t. T h is, in  tu rn ,  i s

known to  be a fu n c tio n  o f  th e  so lv e n t. Prim ary a lk y l l i  thium reag en ts
28 29 12 a re  hexameric aggregates i n  hexane, b u t d im eric  i n  e th e r , am ines,

30
o r te tra h y d ro fu ran .

The low er s ta t e  o f  ag g reg a tio n  o f  b u ty llith iu m  in  e th e r o r  THF

as compared to  hexane has been in te rp re te d  as ex p la in in g  higher r e a c t io n
28b

ra te s  i n  the  a d d itio n  o f  a lk y llith iu m s  to  o le f in s .  In  ad d itio n s  o f

n - b u ty l l i  thium and e th y llith iu m  to  p e ry le n e , a lk y la t io n  was extrem ely
18f a c i le  i n  THF b u t req u ired  h e a tin g  when benzene was used .

The enhanced r e a c t iv i ty  o f  a l k y l l i  thium reag en ts  in  e th e r  s o l -
1 31 32vents o f te n  extends to  th e  so lv en t i t s e l f .  * U nfortunate ly ,

”*1 32
the  decom position o f  the  so lv e n t , f o r  example, THF (by n -b u ty l l i  t h i u m ) *
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31 32
le ad s  to  th e  form ation o f  a lkox ides * which complex w ith  a lk y l-

33l ith iu m s  reducing  th e i r  r e a c t iv i ty .

I n  o rd e r to  avo id  the  problems a r is in g  from m e ta la tio n  o f  e th e r  

so lv en ts  by the  a lk y l l i  thium re a g e n t, re c en t w orkers have in v e s t ig a te d  

th e  re a c tio n s  o f  a  1MEBA complex o f  the a l k y l l i  thium  re a g en t i n  hydro­

carbon s o l v e n t . ^ ’ ^  For example, Langer found t h a t  n - b u ty l l i  thium
12a  15aformed a  complex w ith  THEM. This complex i s  monomeric i n  hexane.

12
The re a g e n t i s  very  e f fe c t iv e  as  an  an ion ic  p o ly m eriza tio n  c a ta ly s t

12b
and as  a  me t a l a  t in g  ag en t. The complex formed between m e th y lli thium

19and TMEDA has been used f o r  the  m ethy lation  o f  p e ry le n e .

I n  summary, the  s t ru c tu re  o f  a lk y l l i  thium re a g e n ts  i s  a  complex

problem . I n  many so lv en ts  a l k y l l i  thium dim ers, te tra m e rs  and hexamers

13a re  th e  predom inant sp ec ie s  i n  so lu tio n . I n  d i f f e r e n t  so lv en ts  com­

p le x  exchange phenomena occur w ith in  these ag g re g a te s . C urrent workers
70have viewed a lk y l l i  thium reag en ts  as  ion  p a i r s ,  s a l t s  o f  a lk a l i

39 21 m eta ls  o r a s  carban lons.

I l l  Mechanism o f  th e  M eta la tio n  Reaction
2

H is to r ic a l ly ,  th e  hydrogsn-m etal exchange r e a c t io n  was p ic tu re d  

a s  a  n u c le o p h ilic  a tta c k  on hydrogen by a carb an io n . However, c o l l ig a -  

t iv e  p ro p e rty  s tu d ie s  on sim ple a lk y l l i  thium re a g e n ts  suggested th a t

m e th y lli th ium , e th y llith iu m , b u ty l l i  thium e t c . ,  e x i s t  as  co v alen t
29 30 28aggregates i n  e th e r ,  te tra h y d ro fu ran , o r  hydrocarbon s o lv e n ts .

C onsequently , th e  p ic tu re  o f  sim ple carbanions a t ta c k in g  hydrogen 
2

atoms i n  an arom atic s u b s tra te  by an io n ic  p ro cess  re q u ire d  m odifica­

t io n .  One p ro p o sa l suggested  th e  p r io r  d is s o c ia t io n  o f  d im eric
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30
n - b u ty l l i  thium ( in  THF) in to  monomeric n - b u ty l l i  thium w ith  sub- 

sequen t io n iz a t io n  in to  u n d e tec tab le  am o u n ts"  o f  n -b u ty l carb an - 

io n . (eq U)'*2

(h) (n-CjiH9I i ) n  ->• (n-C^H^LOg - *  n -C ^ H ^  - »  n - C ^ "  + L i+

36
An a l te r n a te  suggestion  p roposes th a t  a  fo u r-cen te red  t r a n s i ­

t io n  s ta t e  (7) develops during a  co n certed  p ro to p h i l ic  a t ta c k  on 

hydrogen.

,11

IV Mechanism o f  th e  A ddition R eaction

The mechanism (3) o f the a d d itio n  o f  a l k y l l i  thium reag en ts  to  

m u ltip le  bonds i s  (a re ) u n c e r ta in . S evera l mechanisms, and v a r ia t io n s  

th e re o f , have been p u b lish ed . These mechanisms re q u ire  d i f f e r e n t  p ro - 

duct-form ing s tep s  b u t f a l l  in to  e i th e r  th e  io n ic  o r f r e e - r a d ic a l  

c a te g o r ie s :
g

(Mechanism 1 , eq 5) N ucleophilic  ( io n ic )  p rocesses

, v  ^ I I
(5) R"I1 + R -C -C (-)li

2ii 26 37(Mechanism 2 , eq 6) R a d ic a l- ra d ic a l an ion  com bination , *

.  ^  . 1 1
(6) R* + ( OC )"  L i R-C-C-Li

1 I

(Mechanism 3 ,  eq 7) F ree  r a d ic a l  addition^®
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^  I I
(7) R* + C-C R-C-C*

"  "  I I

E a rly  re sea rc h  on th e  a d d itio n  o f  iso p ro p y llith iu m  o r  t - b u t y l ­

li th iu m  to  e thy lene  and propylene^ (see pp 1 ,  2) was in te rp re te d  i n  

term s o f  a p o la r  mechanism (eq 5 ) .  The l a t t e r  re a c tio n  a ffo rd ed  a  

polym er. I t  was suggested th a t  th e  in te rm ed ia te  was secondary a lk y l ­

l i  thium  (8)  r a th e r  th an  prim ary a lk y l l i  thium (9)

H H
H3C -C (U )- CH2CH(GH3 ) 2 LiCH2C(CH3)-CH(CH. ) 2

&  2

Subsequeatly . the  a lk y la t io n  o f  naphthalene by t-b u ty l l i th iu m  in  
21

d e c a lin  a t  60°  (see p  5) was in te rp re te d  a s  a  n u c leo p h ilie  a t ta c k  on

carbon o f  the  naphthalene r in g .  IM s exp lan a tio n  was chosen because

evidence fo r  th e  t r a n s ie n t  form ation o f  l - l i t h i o - 2-  and 1- l i t h i o - i i - t -
22

b u ty l dihydronaphthalene s was o b ta in ed . Wien t - b u ty l l i  thium-naph th a len e

m ix tures were hydrolyzed s h o r t ly  a f t e r  m ixing , t-bu ty ld ihydronaph thalenes
21 22

and 1- and 2 -t-b u ty ln ap h th a len e  were secured . * As the  r e a c t io n  p ro ­

g re s se d , the  r a t i o  o f  1-  and 2- t-b u ty ln a p h th a le n e  to  t-bu ty ldL hydro-

naphthalene in c re a se d . Since t-bu ty ld ihydronaph thalene  was shown to  be
22

s ta b le  to  th e  re a c tio n  c o n d itio n s , the  form ation o f 1-  and 2- t - b u ty l -

naphthalene was a t t r ib u te d  to  th e  e lim in a tio n  o f  lith iu m  hydride from
22

l - l i t h i o - 2 -  and 1 -lith io - ii- t-b u ty ld ih y d ro n a p h th a len e . In  re a c tio n s

h ea ted  a t  60°  fo r  long p e rio d s  o f  tim e (20 h o u rs ) , only 1-  and 2- tj-  

b u ty ln ap h th a lsn s  could be i s o la te d .

L askl and Z ieger i s o la te d  a  l-m ethy l-l,X -d ihydropery lene  (3 , p U)
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from th e  re a c t io n  o f  m e th y lli thium w ith  pery lene  in  re  flu x in g  benzene. 

These w orkers in fe r r e d  th a t  i t  was formed from an X -li th io - l-m e th y l-  

1 , X -dihydroperylene p re c u rso r .

The b e s t  evidence th a t  an alky ld ihydroarom atic  li th iu m  i n t e r ­

m ediate  i s  invo lved  i n  the  a lk y la tio n  re a c tio n  was ob ta ined  by N icholls 

and Szw arc.^0 -^  Using vacuum -line te c h n iq u e s ,^  th ese  w orkers in ­

v e s t ig a te d  th e  re a c tio n  o f  r e c r y s ta l l i z e d  e th y llith iu m  w ith  an thracene 

i n  THF. From the  re a c t io n  o f  equim olar q u a n t i t ie s  o f  an th racene  and 

e th y ll i th iu m , a  q u a n tita tiv e  y ie ld  o f  9- e tb y l-9 , 10-d ihydroan thracene (10) 

was secured  a f t e r  h y d ro ly s is . D eu tero ly sis  o f  th e  in te rm e d ia te  carban- 

io n  (11) gave c i s - 9-d e u te r lo -10- e th y l- 9 , 10-d ibydroanthracena (12) .

The n u c lea r magnetic resonance spectrum o f  the  d eu te ra ted  p ro d u c t (12)

10 R m H

11 R -  Li
/v -

12 R « D

shows a sharp band, corresponding to the aromatic protons, a t 7.1U §. 

The CH2 grot?) i s  a quintet (due to sp littin g  by H1Q and the methyl 

group) a t 1.63 ff with J « 7 cps. The proton at H10 appears as a 

tr ip le t  at 3*75 6 (J ■ 7 cps). A second tr ip le t , with the peaks in  a 

ratio o f  1 : 1 j 1, J ■ 2*5 cps, was centered at 3«7U 6 . This
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t r i p l e t  a r i s e s  from H^-D s p l i t t i n g ,  These chem ical s h i f t s  were i n t e r ­

p re te d  as  being c o n s is te n t  w ith the  assignm ent o f  c is - d ie q u a to r ia l  

s tereochem istry  to  12 . ^  However, t h i s  co n c lu s io n , w hile  p o ss ib ly<V

c o r re c t ,  must be reg ard ed  as  open to  se r io u s  questio n  because o f  th e

naive  assum ption t h a t  th e  up f i e ld  a l ip h a t ic  p ro to n  i s  a x ia l  by

analogy w ith sim ple cyclohexanes. M s  assum ption i s  u n ju s t i f i e d ,

especially since the opposite assignments have been unambiguously con-
67

firm ed i n  th e  more s im ila r  7 ,12 -d ihyd rop le iadenes. O bviously, 

some a d d itio n a l conform ational s tu d ie s  a re  n ecessa ry  to  c le a r  up d is ­

c repancies i n  d ihydroanthracene s te reo ch em istry  (see p 35 )•

Based on th e  d e u te ro ly s is  study  re p o r te d  above, i t  was in f e r r e d  

th a t  " the  m olecule o f  th e  carbanion (11) m u st* ..b e  b e n t, the  e th y l  group 

p re fe r r in g  th e  therm odynam ically s ta b le  e q u a to r ia l  conform ation. The 

lith iu m  i o n . . . i s  p robab ly  lo c a te d  under th e  "roo f"  (see 11) where i t  

i s  s ta b l iz e d  by in te r a c t io n  w ith  the  u  e le c tro n s  o f  th e  arom atic r in g s .

E lec tro n ic  s p e c t r a ^  and nmr s p e c t r a ^  o f  the  carbanion ("M)
1*0

support th e  id e a  th a t  th e re  i s  in te r a c t io n  between the  charge on th e

lith iu m  io n  and th e  arom atic  r in g . Exam ination o f  the u l t r a v io l e t

spectrum o f 9- l i t h i o - 10-e tfay l-9 , 10-d ihyd roan th racene , (11) ,  i n  W  a t

20° showed two peaks o f  approxim ately equal in t e n s i ty  a t  U50

and 1*00 m T h e s e  ab so rp tio n  maxima (fo r  11) occur a t  lo n g e r wave

len g th  than th e  ab so rp tio n  maxiimra i n  the  corresponding hydrocarbon
23C^), Ajjgjj = 275 mA-). The existence o f a bathochrondc sh ift  in  

molecules such as ^1, has been interpreted as evidence for the de­

localization of an incip ient negative charge over the entire pi
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uusystem.

In contrast to the nmr spectrum of the hydrocarbon (10 or 12, 

p 11), the spectrum o f 9-lithio-10-ethyl-9,10-dihydroanthraeene (11) 

shows the aromatic protons to be magnetically non-equivalent. The 

absorption for these protons occurs in  the 5.75-6.60 £ region at 

60 me. The 9-proton gives r ise  to a sin g let a t U.19<f and the absorp­

tion  for the 10-proton appears as a tr ip le t , J = 7 cps, centered at 

3.1*1 . This nmr assignment has been used to bolster the argument

that ^1 represents the correct configuration (c i s ) and conformation 

(diequatorial) o f the lithium sa lt . As in  the case o f the hydrocarbons 

^0 ana 12, th is assignment o f structure to the s a lt  (11) may be incorrect 

(see p 1*2).
20-22

The form ation o f  a lky ld ihydroarom atic  lith iu m s  i n  naph thalene ,

p e iy le n e ,1^ and anthracene,l*0-l*2 go^e ev idence th a t  a lk y la t io n
21proceeds by nucleophilic addition to aromatic carbon.

The original claim that an ionic mechanism (eq 5) i s  operative 

in  the alkylation of naphthalene by n-butyllithium in  decalin at
*  pO

165 may be incorrect. At the high temperatures o f their studies

( l 60° )  th e  a lk y llith iu m  re a g e n t decomposes to  form o le f in  and lith iu m

hydride. n-Butyllithium gives pure 1-butene (no 2-butene, produced by
S it 5isomerization, wa3 detected). * sec-Butyllithium gives three isomeric

1*6 3 5
butenes and t-b u ty lli thium gives isobutylene. Consequently, the

alky 111 thium reagent i s  disappearing to form o le fin  simultaneously with

i t s  reaction with naphthalene to give 1- and 2-naphthyllithium (meta- 
13l a t l o n ) .  A mechanism in v o lv in g  the  a d d it io n  o f  n ap h th y llith iu m  to
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an o le f in  i s  conce ivab le .
| n

Dessy has proposed th a t  the  in tra m o le c u la r  c y c liz a tio n  o f  8-  

p h e n y le th y n y l-l-n ap h th y llith iu m  (13) to  2-p h en y l-1- acenaph thy llith ium  

(lii)  i s  a  carb an ion ic  p rocess (ea 8) .

(8 )

e th e r ,  25°

Li

Hi

R ecen tly , work on the  a d d itio n  o f  t - b u t y l l i  thium to  d ipheny l-
26 27 27ace ty len e  ’ ( l ig r o in ,  9f>°) has le d  to  th e  suggestion  th a t  a d d itio n

may be a  r a d ic a l  p ro c e ss . The i s o la t io n  o f  a dim eric  product ( c i s ,

c is - te tra p h e n y lb u ta d ie n e , 16) was in te rp re te d  a s  evidence fo r  th e

ex is ten c e  o f  an in te rm e d ia te  r a d ic a l  (15) (eo 9 ) .  

(9) t-C^HpLi + 0-C=C-0-> 0-C»G(Li)0 -

15

H H
\ c=c— c = c  

0 0 0 0

16

The c y c liz a t io n  (ea 10) o f  6-b rom o-l-phenyl-l-hexyne (17) to
I o

benzylidenecyclopentane (19) w ith  n - b u ty l l i  thium  was s tu d ied  w ith  

th e  a id  o f  n u c le a r  magnetic resonance spec tro scopy . The observation^®  

o f  em ission s ig n a ls  was in te rp re te d  as  evidence fo r  the  f le e t in g  

e x is te n c e  o f  a  r a d ic a l  in te rm e d ia te , 18. These em ission s ig n a ls ,  which

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



17 18
H

0

a&
develop s h o r tly  a f t e r  m ixing o f  the  b u ty llith iu m  and 17, a re  b e liev ed

to  be due to  a dynamic p o la r iz a t io n  o f  th e  p ro ton  sp in s  by the unpaired

e le c tro n  on the  r a d ic a l  (^^ ). This em ission p ro cess  i s  known as

Chem ically Induced Dynamic N uclear P o la r iz a tio n , CIDNP. S im ila r phenomena

have been observed during the  therm al decom position o f  peroxides and

aao compounds and in  the  re a c tio n s  o f  a lk y l  h a lid e s  w ith  lith iu m  a lk y ls .

T h e o re tic a lly , bo th  a lk y la tio n  (ea 1) and m e ta la tic n  (eq 2) could

occur s im ultaneously  i n  a  given system ,^ ' ^  th e reb y  in c re a s in g  the
92

com plexity o f  p roduct m ix tu res . Indeed , c u rre n t re sea rc h e rs  have been 

le d  to  suggest th a t  re g a rd le ss  o f  the mechanism(s) a c tu a l ly  invo lved , 

m e ta la tio n  and a lk y la t io n  could occur through a common in te rm e d ia te , 20 ,̂

H

HH + m e ta la tio n a lk y la tio n

20
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-15-

Sach an in te rm ed ia te  may conceivably  ex p la in  th e  i s o la t io n  o f  a lk y l-  
20*22naphthalenes i n  hydrocarbon so lv en ts  a t  e le v a te d  tem perature o r

13m eta la ted  naphthalenes in  3HF a t  low tem peratu re . Although i n t e r ­

m ediates such as  20 form in  a lk y la t io n  r e a c t i o n s , no evidence
i

fo r  th e  form ation o f  20 i n  a m e ta la tio n  re a c tio n  h as  been p re se n te d .'
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STATMENT OF THE PROBLEM

I n te r e s t  in  th e  a d d itio n  o f  b is-am ine camplexed a lk y llith iu m  

reag en ts  to  arom atic hydrocarbons arose when i t  was d iscovered  th a t  

m ethy llith ium  would add to  pery lene i f  a  m olar eq u iv a len t o f  TMEDA 

were p re sen t to  c a ta ly z e  th e  r e a c t io n ^  ( see p U ) .

The o b je c tiv e s  o f  th i s  re sea rch  were to  p repare  an e th y l-  

lith ium -N ,H ,N 'jN '-te trsm ethy l-o -pheny lened iam ine  (TMOPD) complex in  

a hydrocarbon so lv en t and study i t s  re a c tio n s  w ith  th e  arom atic hydro­

carbons, benzene, nap th alen e , phenanthrene, an th racen e , and acenaphty- 

le n e .

I t  was expected  th a t  a l l  o f  th ese  hydrocarbons would r e a c t  to  

g ive e i th e r  a lk y la t io n  p roducts o r  m e ta la tio n  p ro d u c ts . I t  was hoped 

th a t  one or more o f  th e  hydrocarbons would g ive  products c h a r a c te r is t ic  

o f  both re a c tio n s  so th a t  fu r th e r  study would show whether a lk y la tio n  

proceeds by a  d i f f e r e n t  mechanism than  m e ta la tio n .

I t  was known th a t  a  l i th iu m -a lk y l d ihydroarcm atic  in te rm ed ia te  
I1O-U2formed during  th e  a lk y la tio n  p ro cess . Consequently, one o f  the  

o b je c tiv e s  o f  t h i s  re sea rch  was to  prepare  a  l i t h i o  a lky ld ihyd ro - 

arcm atic  compound in  o rd e r to  study  i t s  re a c t io n s  w ith  a lk y l h a l id e s ,  

carbon d iox ide and deuterium  oxide.

E th y llith iu m  was chosen fo r  study because i t  i s  in te rm ed ia te  in
IQ 17 i Q

i t s  (ad d itio n ) r e a c t iv i ty  between m e th y lli thium  and n - b u ty l l i  thium . ’

S ince th e  form ation  o f  methyllithium-TMEDA complex had e x h ib ite d  en­

hanced r e a c t iv i ty  in  a lk y la tio n  o f p e ry len e , study  o f  e th y llith iu m -b is  

t e r t i a r y  amine complexes was undertaken in  th e  b e l i e f  th a t  enhancement
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o f  r e a c t iv i ty  would be found. I t  was f e l t  t h a t  TMGPD would form a  

more s ta b le  complex w ith  e th y llith iu m  than  would TMEDA. The form er 

i s  capable o f  decreasin g  any p o s it iv e  charge (which develops on th e  

n itrogen) by th e  in d u c tiv e  e f f e c t  o f  th e  arom atic  r in g .

8+

Li -

N(CH ) 
8+ j

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



-18-

results

I  THE REACTION OP ETHYLLITHIUM WITH AROMATIC HYDROCARBONS

A. Anthracene

1. Formation o f  9 -L ith io -1 0 -e th y l-9 ,1 0 -d ih y d ro an th racen e  (1-3) 

by A ddition  o f  E th y llith iu m  to  A nthracene.

I t  has been found th a t  equim olar q u a n t i t ie s  o f  e th y llith iu m  and 

N,N,N* ,N '-te tram ethy l-o-phenylened iam ine (2M0ED) form a  monomeric com­

p lex  in  cyclohexane (p 88 ) .  This complex adds e th y llith iu m  to  a n th ra ­

cene in  cyclohexane g iv in g  9 -li th io -1 0 -e th y l-9 ,1 0 -d ih y d ro a n th ra ce n e  (1 - 3) .  

H ydrolysis g ives 9 -e thy l-9 ,1 0 -d ih y d ro an th racen e  ((1 -2 )  C hart 1 p 25) in  

93$ y ie ld .  When (1-3) i s  p repared  from e th y llith iu m  and anthracene in  

THF (no am ine), a  98$  y ie ld  o f ( l - 2 )  i s  secured  a f t e r  h y d ro ly s is .

Rapid a d d itio n  o f  deuterium  oxide to  a  s o lu t io n  o f  9 - l i th io - lO -  

e th y l-9 , 10-d ihydroan thracene ccmplexed w ith TMDFD in  cyclohexane, p ro ­

v ided  a  3 : 2 m ixture o f  c i s -  and t r a n s -9-d e u te r io -10- e th y l- 9 , 10- d i -  

hydroanthraeene ((1 -6 ) and (1 -7 ) , f i g .  1, P 26, ta b le  2 p 27 ). I f  th e  

lith iu m  compound i s  p rep a red  by th e  ad d itio n  o f  e th y llith iu m  to  an th ra ­

cene in  THF, a  1 : 1 m ix tu re  o f  d e u te r io an th rac e n es , (1 - 6) and (1 -7 ) , 

i s  o b ta ined  a f t e r  d e u te r o ly s is . When deu terio tripheny lm ethane  i s  

used as th e  a c id , a 43/57 r a t io  o f  (1- 7) to  ( 1 - 6 ) i s  ob ta ined  from th e  

in te rm ed ia te  lith iu m  compound (1- 3) prepared  i n  cyclohexane and ccm­

plexed  w ith  TMOPD.

When (1 -3 ) , o b ta in ed  in  cyclohexane w ith  TMOPD, was allow ed to  

r e a c t  w ith  m ethyl io d id e , c i s - 9-m ethyl-10- e th y l  9 , 10-d ihydroanthracene 

((1 -4 )  f ig  2 p 28, ta b le  2 p 27) i s  ob ta ined . T his same hydrocarbon
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i s  a ls o  secured  a f t e r  th e  re a c tio n  o f  m ethyl io d id e  w ith  a te tra h y d ro -  

fu ran  s o lu tio n  o f  ( l - 3) *

The re a c tio n  o f  e th y l bromide w ith  ( l - 3 ) } formed by the  a d d itio n  

o f  e th y llith iu m  to  anthracene in  cyclohexane in  th e  presence o f TMOPD, 

fu rn ish e s  c i s - 9 ,10-d ie th y l-9 , 10-d ihydroanthracene ( ( 1- 5) ,  ta b le  2 p 27 ) .  

The m a te r ia l  ob ta ined  in  t h i s  re a c tio n  i s  contam inated w ith approxim ately 

4$ o f  an o th er compound (p o ss ib ly  th e  tra n s  isom er, ta b le  3> P 3*0 • 

Compound (1 -5 ) i s  a lso  o b ta ined  from the  re a c tio n  o f  e th y l bromide and 

(1- 3) in  te trah y d ro fu ran  ( in  91$ y ie ld ) .

2 . Formation o f  9 -lith io -1 0 -e th y l-9 ,1 0 -d ih y d ro an th racen e  (1 -3 ) 

by M eta la tio n  o f  9 -e thy l-9 ,10 -d ihyd roan th racene  (1 -2 ) w ith s - b u ty l l i  thium

in  T e trah y d ro fu ran .

When n - b u ty l l i  thium i s  added to  a  THF s o lu tio n  o f  9 -e th y l-9 ,1 0 -  

d ihydroan th racene , ( 1- 2 ) ,  9- l i t h i o - 10- e th y l- 9 , 10-d ihydroanthracene,

(1-3)> i s  formed (Chart 1 p 25, ta b le  1, p 2 3 ,2 4 ). A fte r  th e  ra p id  a d d i­

t io n  o f  deuterium  oxide to  t h i s  s o lu tio n , a  1 : 1 m ixture o f  c i s -  and 

t r a n s - 9 -d e u te r io -10- e th y l-9 , 10-dihydroanthracene ( ( 1- 6) and (1- 7) )  i s  

secu red . This same r a t io  o f  (1-6) to  (1 -7 ) has a ls o  been ob ta ined  by 

d e u te ro ly s is  o f  (1- 3) formed by a d d itio n  o f e th y llith iu m  to  an th ra ­

cene in  3HF ( p . 18 ). When th e  ad d itio n  o f  deuterium  oxide to  (1-3) 

i s  perform ed slow ly , th e  r a t i o  o f  (1- 6) t o  (1 -7 ) becomes 64 : 36.

When th e  in te rm ed ia te  ob ta ined  from th e  re a c t io n  o f n -b u ty l-  

lith iu m  w ith  (1 -2) in  THF i s  t r e a te d  w ith  m ethyl io d id e , c i s - 9-m ethyl- 

1 0 -e th y l-9 ,1 0 -d ih y d ro an th racen e , (1 -4 ) , i s  o b ta in ed . When e th y l 

bromide i s  used to  d e r iv a t iz e  (1 -3 ) (formed by m e ta la tio n  o f  (1 -2 ) ) , 

c i s - 9 ,10 -d ie th y l-9 ,1 0 -d ih y d ro an th racen e  (1-5) i s  secured . T rans-
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isom ers were n o t d e tec ted  in  th ese  re a c tio n s .

Hydrocarbon (i-U ) i s  a lso  ob tained  from th e  a d d itio n  o f  e th y l 

bromide to  9 -lith io -1 0 -m e th y l-9 ,1 0 -d ih y d ro an th racen e , (1 -9 ) , in  THF.

The a d d itio n  o f  methyl io d id e  to  (1-9) g ives c is-9 ,1 0 -d im e th y l-9 ,1 0 - 

d ihydroanthracene, ( I -1 0 ) . Trans isom ers were n o t formed to  an nmr 

d e te c ta b le  e x te n t in  th e se  re a c tio n s .

3 . M iscellaneous O bservations on th e  R eactions o f  9 - l i th io -  

1 0 -e th y l-9 .1 0 -dihydro an th racen e , ( I - 3 ) .

The re a c tio n  o f  e th y llith iu m  (complexed w ith  TMOPD) to  an th ra ­

cene in  cyclohexane re q u ire s  le s s  than  th re e  hours to  go to  com pletion. 

In  te trah y d ro fu ran  a t  + 10° th e  a d d itio n  o f  uncomplexed e th y llith iu m  

to  an thracene i s  over i n  le s s  than  hS m inutes. By c o n tra s t ,  th e  m etala­

t io n  o f  benzene in  cyclohexane i s  20% complete a f t e r  th ree  hours a t  25° 

w ith  ethyllithium-TMOPD.

Although a d d itio n  o f  e th y llith iu m  to  anthracene may proceed  

f a s t e r  in  THF than in  cyclohexane w ith  TMOPD, the  l a t t e r  re a g en t a f ­

fo rd s  c lean e r p ro d u c ts . I n  te tra h y d ro fu ran , cleavage o f  th e  so lv en t 

by (1-3) proceeds to  an ap p rec iab le  e x te n t i f  th e  re a c tio n  i s  run  a t  

room tem perature o r fo r  p e rio d s  o f  one hour o r more. By c o n tra s t ,

(1-3) formed in  cyclohexane w ith  TMOPD, i s  unchanged a f t e r  tw enty-four 

hours a t  room tem peratu re .

k . Conformational a n a ly s is  and th e  s t ru c tu re  o f  9 - l i th io -1 0 -  

e th y l-9 .1 0 -d ih y d ro an th racen e . (1 -3 ).

Using in f r a re d  spectroscopy  i t  has been determ ined th a t  

9 -a lk y l-an d  c i s - 9 .1 0 -d ia lk y 1 -9 ,10-dihydroanthracenes e x is t  p re ­

dom inately ( y  f>0%) i n  th e  conform ation in  which th e  a lk y l group (s)
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i s  (a re ) a x ia l .

The s tru c tu re  o f  (l-3 ) could n o t be determ ined w ith  c e r ta in ty .  

The nmr spectrum  ( f ig  U p  ) i s  in  accord  e i th e r  w ith  a  t r a n s  s t ru c ­

tu re  o r  w ith  a  ra p id  (nmr tim e sca le ) e q u il ib ra t io n  o f  c i s -  and t r a n s  

isom ers. I t  i s  f e l t  t h a t  th e  re a c tio n s  o f  (1-3) ’with deuterium  oxide 

and a lk y l h a lid e s  a re  more in  accord w ith  a  ra p id  c i s - t r a n s  e q u il ib ­

rium th an  w ith  a  s in g le  isom er.

B. O ther Aromatic Hydrocarbons

9-M ethylanthracene re a c ts  w ith e th y llith iu m  in  THF to  y ie ld  c i s -  

9-m ethyl-10- e th y l-9 , 10 - d ihydroan thracene, ( i-U ) , a f t e r  h y d ro ly s is . The 

ad d itio n  o f  TMOPD complexed e th y llith iu m  to  t h i s  hydrocarbon was no t 

in v e s t ig a te d .

The re a c tio n  o f  TMOPD complexed e th y llith iu m  w ith  naphthalene 

phenanthrene, p e ry len e , acenaphthylene, azulene and benzene were 

examined.

Naphthalene and phenanthrene d id  no t re a c t  w ith  t h i s  reag en t a t  

room tem peratu re . R eactions a t  e lev a ted  tem peratures were no t in v e s t i ­

g a ted .

Parylene gave a  q u a n tita tiv e  y ie ld  o f  1 -e th y l-1 , X -dihydropery- 

le n e . When th e  a d d itio n  o f e th y llith iu m  to  pery lene  in  cyclohexane 

in  th e  absence o f TMOPD was attem pted a t  25°, only  pery lene  was 

secured  on h y d ro ly s is . S ince th e  e th y la tio n  o f p e ry len e  by e th y l­

lith iu m  in  b o ilin g  benzene i s  known,1® th e  o b serv a tio n  th a t  e th y la ­

t io n  does no t occur a t  25° in  th e  absence o f  TMOPD dem onstrates mod­

e ra te  c a ta ly t ic  p ro p e r tie s  o f  th e  b is  amine.
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Azulene gave 4 -e th y l-4 ,X -d ihyd roazu lene , and acenaphthylene 

gave a  complex m ixture on re a c tio n  w ith  ethyllithium-TMOPD in  cyclo ­

hexane.

Benzene was slow ly  m eta la ted  by t h i s  re a g en t. The phenyl- 

li th iu m  produced by m e ta la tio n  was i s o la te d  as triphenylm ethanol 

a f t e r  th e  a d d itio n  o f  benzophenone.
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CHAHT I  P a r t  A

ADDITION OF ETHYLLITHIUM TO ANTHRACENE: PRODUCT STEREOCHEMISTRY

1 -1

( a )  o t  (b )

H A / C2 H5

\

H L i 1 -3

CH3 ! 

o r

C2H5Br

D2°

n 2 5 H C2H5

1 - 4 R = ch3 1 -6 R = H, R '  = D
1 - 5 R w I R = D, R '  = H

(a) CgĤ Li (0.005 mole) + TMOPD (0.005 mole) in  cyclohexane or

(b) CgĤ Li (0.005 mole) in  tetrahydrofuran, with anthracene (0.005 mole),
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F i g u r e  1  The b e n z y l i c  r e g i o n  o f  t h e  60 me 
nmr s p e c t r u m  o f  e l s -  a n d  t r a n s -
9 - d e u t e r o - 1 0 - e t h y l - 9 , 1 0 - d i h y d r o ­
a n t h r a c e n e
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CHART I  P a r t  B 

THE METALATION OF 9-ALKYL-9, 10-DIHYDROANTHRACENE WITH n-C^H^Li

( 1 - 6 ,  1 - 7 )

H 2 5

n - C , H QL i  
9— >

H H

82H5 Br 

o r  CH3 I

H CH,

n “ C4H9L i
i n  THF

.CH

L iH

C„H,Br4*

o r  CH3 I

CH1 -4  R

1 -5  R C2 H5

1 - 9

CH

1 -1 0  R = CH,
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DISCUSSION

The A ddition o f E th y llith iu m  to  Anthracene: C onfiguration  o f  the

9 , 1 0 -d la lk y l-9 ,10-dihydroanthracenes O btained from th e  Reaction o f

9 -lith io -1 0 -e th y l-9 » 1 0 -d ih y d ro ap th racen e  (1 -3 ) w ith  A lkyl H alides

The nmr sp e c tra  (Table 2 p 27, F igu re  2 p 28) and th e  m elt­

in g  p o in ts  o f  th e  9»10-dialiy l-9> 10-d ihydroan thracenes obtained in

(C hart 1 p 25 ) ,  agreed w ith  the p ro p e rtie s  o f  compounds secured by
5l+

th e  ad d itio n  o f  a lk y l h a lid e s  to  d iso d ioan th racene .

A te n ta t iv e  assignment o f c is  s te reo ch em istry  to  these hydro­

carbons was based upon th e  observation th a t  9 -lith io -1 0 -m e th y l-9 ,1 0 - 

d ihydroanthracene, (1-9) > re a c ts  w ith m ethyl io d id e  to  give th e  known 

cis-Q .10-d im ethy l-9 .10-d ihydroan thracene.55 > 56
U l 1+2

I t  has been shown by the use o f  u l t r a v io le t  and nmr sp ec tro s­

copy, th a t  9 -lith io -1 0 -m eth y l-9 ,1 0 -d ih y d ro an th racen e , (1-9)> and 9 - l i th io -

10 -e thy l-9 ,10-d ihydroan th racene , ( l - 3 ) j  have th e  same s tru c tu re . The 

re a c tio n  o f th e  m e th y lli th io  compound ((1 -9 ))  w ith  e th y l bromide p ro ­

duces th e  same 9-*& ethyl-10-ethyl-9,10-dihydroanthracene as i s  ob ta ined  

from the  re a c tio n  o f  m ethyl iodide w ith th e  e th y l l i th io  compound
1+2

(&E-3)). Since th e  two l i t h i o  compounds have th e  same s tru c tu re , i f  

th e  two h a lid e s  re a c te d  in  a  d if f e r e n t  s tereochem ica l sense ( i . e . ,  i f  

fo r  example, m ethyl io d id e  reacted  w ith r e te n t io n  o f con figu ra tion  and 

e th y l bromide re a c te d  w ith  inversion  o f  c o n f ig u ra tio n ) , then a d i f ­

fe re n t  9 -m ethy l-10 -e thy l-9 j 10-dihydroanthracene would be obtained from 

each o f the  li th iu m  compounds. Since th e  same 9“m ethy l-10-ethy l-9 ,10- 

dihydroanthracene i s  ob ta ined  from the re a c tio n  o f  (1-9) with e th y l
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bromide and th e  re a c tio n  o f ( l - 3) w ith  m ethyl io d id e , i t  i s  concluded 

th a t  th e se  h a lid e s  r e a c t  w ith  th e  li th iu m  s a l t s  in  th e  same s te r e o ­

chem ical manner—e i th e r  in v e rs io n  o r  re te n tio n  o f c o n fig u ra tio n . 

F u r th e r , th e  f a c t  th a t  the  a d d itio n  o f m ethyl iodide to  th e  m ethyl­

l i  th io  compound ( ( I —9) )  produces th e  c is  dim ethyl compound, s tro n g ly  

sug g ests  th a t  th e  9-m ethyl-10- e th y l-  and th e  9 » l° -d ie th y l compounds 

o b ta in ed  by th e  re a c tio n  o f (1- 3) o r  (1- 9 ) w ith  a lk y l h a lid e s  a re  

a ls o  c i s .

The unproven c r i t e r io n  th a t  arom atic protons o f  t r a n s  isom ers 

g ive  r i s e  to  a  m u ltip le t  abso rp tio n  in  th e  nmr, and th o se  (p ro to n s)

o f c i s  isom ers g ive r i s e  to  a  ”s in g le t" ,  enabled o th e r workers to
5k

assig n  c i s - s te ro ch em is try  to  th e se  compounds. This c r i t e r io n  was

55 56 5U 55based on th e  nmr sp e c tra  o f  th e  known c i s -  ’ and t r a n s -  ’

9 .10-d im ethy l-9 , 10-d ihydroan thracenes. This method o f  making s te r e o ­

chem ical assignm ents in  9 , 10-d ihydroan thracenes may no t r e s t  on firm  

th e o r e t ic a l  ground.

I n te r e s t  in  th e  question  o f  w hether th e  carbanion in  (1 -3 ) main­

ta in s  i t s  s tereochem ica l in te g r i ty  o r e q u il ib ra te s  between c is  and 

tra n s  stereo isom ers re q u ire d  an unimpeachable assignment o f  s te r e o ­

chem istry  to  th e  9 sl° ~ d ia lk y l-9 , 10-d ihydroanthracenes.

Confirm ation o f  th e  c is  s te reo ch em istry  o f  th ese  compounds 

(C hart I )  was ob ta ined  from th e  s te re o  s p e c if ic  sy n th esis  o f  e i s - 9- 

m ethy l-10- e th y l -9 , 10-d ihydroan th racene, ( I -U) .  9-L ith io -10-m ethy l-

9 . 10-d ihydroan th racene, ( 1- 9 ) > gave c i s - 10-m ethyl-9 , 10-d ihyd ro - 

an th racene- 9- carboxy lic  a c id  ( 21 , o b ta ined  in  60% y i e ld ) , 56
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a f t e r  trea tm en t w ith  carbon d io x id e . R eduction o f  21 w ith lith iu m

H R

23. R = COOH
22 R -  CH OH
A /  p

23 R « CH.OTs■v* c

hydride (to  c i s - a lco h o l 22) and subsequent trea tm en t w ith  p -to lu en e -
^  %  su lfo n y l ch lo rid e  gave th e  known e s t e r ,  23. Treatment o f 23 w ith

HQ
l i th iu m  dim ethylcopper gave a  q u a n ti ta t iv e  y ie ld  o f  au th en tic  c i s -  

9 -m ethy l-10 -e th y l-9 ,1 0 -d ih y d ro an th racen e , ( l - U ) . Hie p ro p e rtie s  o f  

th e  9 -m ethy l-10-ethy l-9 ,10 -d ihyd roan th racene  ob ta ined  p rev iously  (p 25) 

were id e n t ic a l  in  a l l  re sp e c ts  w ith  those  o f  a u th e n tic  ( i - i i ) .  Nmr data

on conpounds 21 -  23 i s  recorded  i n  ta b le  2 , p  27.
'"U

I t  i s  i n te r e s t in g  to  no te  th a t  a lthough  deuterium  oxide g ives 

a  m ixture o f  c i s ,  (1 -6 ) , and t r a n s ,  ( I —7 ) ,  d eu te r io  compounds on re a c t io n  

w ith  9-l i th io -1 0 -e th y l - 9 , 10-d ihydroan thracene, and th a t  carbonation o f  

9 -H th io -1 0 -m e th y l-9 ,10-dihydro an th racen e , (1 -9 ) , a lso  forms a c i s - t r a n s  

m ixture (21 and 2U), the a d d itio n  o f  m ethyl io d id e  o r e th y l bromide 

g ives on ly  c i s  iso m ers . No evidence fo r  th e  form ation o f  tran s  isom ers
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i n  th e  a lk y l  h a lid e  quenching 

vpc o r  nmr. The a lk y l  h a lid e  

e th y l-9 J10“di hydroan'tliracene, 

w orkers.

experim ents could  be ob ta ined  e i th e r  b y  

quenching experim ents o f  9 -H th io -1 0 -  

(1 -3 ) t kave confirmed b y  o th e r
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TABLE 3

A d d itio n a l NMR D ata on 9- a lk y l - and 9 »10- d ia lk y l - 9 >10-d ih y d ro an th racen es

R 1 r 2 Aryl Benzylic Methylene Methyl

C2H5 H U28 ( s ) 225 ( t ) 97 (qu) ^9 ( t )
J  = 7 ; h9 

23k (q) 

JA B = 18

J  = 7 J  = 7

t r a n s
C2H5

C H
2 5

^38 (7) 239 ( t )
J  = 6

125 W  ( t )
J  = 7

t r a n s CH CHO k28 (m) 2U0.0 (q) 10k.2  (d)
D O

J=  7 .5 J  = 7-5

t r a n s ch3 c ^ U35 (m) 231 ( t ) 53 (t) 106
J  = 7 
2k0 (q)
J  -  7

J  = 7 J  =

* S p ec tra  ta k en  i n  d e te r io c h lo ro fo n n  on a  V arian  A-60 nmr sp ec tro m e te r and ex p re ssed  as  cps r e l a t i v e  
to  te t r a m e th y ls i la n e . We would l i k e  to  th an k  P ro fe s s o r  Ronald G. H arvey, Ben May L a b o ra to r ie s  o f  
th e  U n iv e rs ity  o f  Chicago f o r  supp ly ing  t h i s  d a ta  in  advance o f  p u b l ic a t io n .? ?
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I I I  Conformation o f  A lkyl dihydroanthracenes t the  Assignment o f  

C onfiguration o f  9 -d eu te rio -1 0 -e th y l-9 ,1 0 -d ih y d ro an th racen es

The conform ation o f  9 -alky l-9*10-d ihydroan thracenes i s  an 

unresolved q u estio n  i n  the  l i t e r a t u r e .  N ich o lis  and Szwarc^0 (pp 10, 11) 

favor the  conform ation in  which the a lk y l group occupies an e q u a to r ia l 

p o s it io n . On th e  o th e r  hand, E l ie l  e t  a l .  and R. 0 . Harvey"*^ favor 

an a x ia l ly  s i tu a te d  a lk y l  group. In  the case o f  th e  bulky groups,

9 ,1 0 -d i-t-b u ty l-9 ,1 0 -d ih y d ro an th racen e  f o r  e x a m p l e , t h e  c e n tra l
62rin g  may be n e a r ly  p la n a r . The re p o r t t h a t  a x ia l  and eq u a to ria l 

deuterium in  cyclohexane systems have d i f f e r e n t  in f r a r e d  s tre tc h in g  

freouencies ( ta b le  U, p  36 ) ,  suggested a means f o r  determ ining the  

conform ational p re fe re n ce s  o f  a lk y l  groups i n  th e  dihydroanthracene 

system.

Ihe D ie ls-A ld er adduct o f  m aleic anhydride and 9 jl0 -d id e u te r io -
63

an thracene, 2£, re p re se n ts  a  r ig id  system i n  which the deuterium

25

atoms a t  C-9 and C-10 must be e q u a to r ia l-  The in f r a r e d  spectrum o f  th is
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TABLE 4

I n f r a r e d  Data on 9 -D eu terio -9 ,10-d ihydroan th racenes

C-D s t r e tc h in  cm r e f .

c i s H
C2H5

2l 60 , 2145 (n ea t) (eq) a

tra n s H 2110 , 2088 (nea t) (ax) a

c is
C2H5 C2H5 2137 (n ea t) (eq) a

c is H i - C H ,
“ 3 7

2175, 2158 (n ea t) (eq) b

tra n s H i-C H 
" 3 7

2115, 2090 (n ea t) (ax) b

c is • H
* 1 o 2128 (cc i^ ) (eq) b

c is i - C3H7 i-C H
" 3 7

2128 (KBr) (eq) b

tra n s i - c3H7 “”C3H7
2137 ( s ) ,  2099 (w) (cc i^ ) b

tra n s
i ' V r

2114 (KBr) b

D ie ls-A ld e r adduct of 2136 (KBr) (eq) 63

2184, 2167* 

2114 -  2164

9 , 10=di d e u te r i  oanthracene 

and m ale ic  anhydride 

t r a n s - 4 -d e u te r io ~ t-  

ba ty lcyclohexane 

c i s - 4 -d e u te r io - t  

bu ty lcyclohexane

R eferences

a . T h is work

b . Sample p repared  in  th i s  la b o ra to ry  

by M iss Regina Padronaggio

(eq)

(ax)

62

62

(ax) = a x ia l deuterium  

(eq) = e q u a to r ia l deuterium  

(s ) = strong

(w) = weak
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compound d isp la y s  th e  C-D s tr e tc h in g  a b so rp tio n  a s  a  s in g le t ,

J) KBr 2136 cm”-*-. The C-D s t r e tc h  o f  c is -9 ,1 0 -d ie tb y l-9 -d e u te r io -1 0 -  max -----
hydroan thracene (n ea t l iq u id ,  p ?6) occurs a t  2137 cm"1 . The n e a r ly  

id e n t i c a l  C-D a b so rp tio n  freq u en cies  s tro n g ly  in d ic a te s  th a t  the  c i s -

9 ,1 0 -d ie th y l confound e x is t s  predom inately  i n  the  conform ation in  

•which th e  e th y l  groups a re  dL axial ( ta b le  3 ) .  I t  should  be p o in te d  

o u t t h a t  th e  bridgehead p ro ton  o f  th e  n o n -d eu te ra ted  D ie ls-A ld er 

adduct i s  found a t  288U cm"^. Me th in e  p ro to n s  a re  r e p o r te d ^  to  absorb 

a t  2890 + 10 cm"*. On t h i s  b a s is  i t  i s  concluded th a t  b rid g in g  has 

n o t caused  any unusual s h i f t in g  o f  the  in f r a r e d  ab so rp tio n  frequency 

o f  th e  d e u te ra te d  m a te r ia l .  Thus, t h i s  compound serves as an e x c e lle n t 

model fo r  th e  d ie th y l compound.

The 9 -p ro ton  o f  9-ethyl-9,10-DHA and c i s - 9 ,1 0 -d ie th y l-9 ,10-DHA 

have e s s e n t i a l ly  the  same chem ical s h i f t  i n  the  nrar ( ta b le  2 , p  27) .

I f  th e  conform ations o f  these  compounds d if f e r e d  to  an ex ten t d e tec ta b le  

by nm r, then  ap p rec iab le  d iffe re n c e s  i n  th e  chem ical s h i f t s  o f  th e

9 -p ro to n  i n  the  two compounds would be observed . S ince such d iffe ren c es  

a re  n o t  observed , the  m ono-ethyl and c i s - d ie th y l compounds must be 

s im i la r  i n  conform ation. That i s ,  th e  predom inate sp ec ies  corresponds 

to  th e  conform ation i n  which the  a lk y l  group i s  a x ia l .

The sample o f  9 -d eu te rio -1 0 -e th y l-9 ,1 0 -d ih y d ro an th racen e  ob ta ined  

in  t h i s  work i s  a  1 :1  m ixture o f  e l s -  and t r a n s - isom ers. The re p la c e ­

ment o r  exchange o f  deuterium  fo r  pro tium  i n  9 -e th y l-9 ,1 0 -d ih y d ro - 

an th racen e  should  occur w ithou t a f f e c t in g  th e  conform ational p re fe ren ce
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o f  the  e th y l  g r o u p .^  T herefo re , by analogy w ith  9 -e th y l-9 ,1 0 -d ih y d ro - 

an th racen e , both  c i s -  and tra n 3 -9 -d eu te rio -1 0 -e th y l-9 .1 0 -d ih y d ro an th racen e  

e x i s t  predom inately  i n  th e  conform ation i n  which th e  e th y l group i s  

a x ia l .

E q u a to ria l p ro to n s  in  a lk y ld ih y d ro an th racen es , such as  those
66

found i n  9 ,10-e thano -9 ,10 -d ihydroan th racene , appear a s  sharp  bands

i n  the  3 .33-9«00^ re g io n  o f  th e  nmr spectrum . The 9-pro ton  o f  9- 

e th y l-9 ,1 0 -d ih y d ro an th racen e  and the  9 ,1 0 -p ro tons o f  c is -9 ,1 0 -d ie th y l-

9 .10-dihydroanthracene appear as  sharp ab so rp tio n s  i n  th is  reg io n  o f  

th e  nmr spectrum . T his in d ic a te s  th a t  th e se  p ro to n s , l ik e  th e  9510-  

p ro tons in  9 ,10 -e thano-9 ,10-d ihydroan th racene, a re  e o u a to r ia l .  This 

r e s u l t  i s  in  accord  w ith  th e  in f r a r e d  a n a ly s is  o f  the  conform ational 

p re fe ren ces  o f  th ese  system s. The 10-pro tons o f  9 -e th y l-9 ,10-dihydro­

an thracene  form an AB o u a r te t .  The A p o r t io n  i s  about 0.33 S downfLeld 

from th e  B p o r tio n , and i s  b ro ad er. Since e q u a to r ia l  p ro tons in  the

9 .1 0 - p o s itio n s  o f  9 ,1 0 -d ihydroanthracenes a re  observed to  g ive r i s e
66to  sharp s ig n a ls , th e  broad peaks must a r i s e  from the  1 0 -a x ia l

p ro to n . This broadening a r i s e s  from long-range coupling  o f  t h i s
67p ro to n  w ith  arom atic p ro to n s  i n  o rth o  and p a ra  p o s i t io n s .  "Extensive

69s tu d ie s  o f  such coupling  by S te ra h e ll  and o th e rs  have shown th a t  

th e  g re a te s t  e f f e c t  r e s u l t s  when th e  b en zy lic  C-H bond l i e s  perpend i­

c u la r  to  the arom atic  r in g ,  th u s  a llow ing e f f i c i e n t  X  o v e r la p " ^

(see f ig u re  3 , p b l ) .

I n  the  nmr spectrum  o f  the  m ixture o f  c is  and t r a n s —  9 -d e u te r io -
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1 0 -e th y l-9 ,1 0 -d ih y d ro an th racen es , (1-6) and (1 -7 ) j  a b road , unreso lved

band appears about 0.33 £ dow nfield from the rem aining 9 ,10-p ro tons

( ta b le  2 ) . This a b so rp tio n  occurs a t  it.O 6  and i s  a t t r ib u te d  to  th e

9 -a x ia l  hydrogen o f  th e  tr a n s  isom er. The 10-pro ton  o f  both  the  c is

and t r a n s  isom ers g ives a  s ig n a l a t  3*755 ( t r i p l e t ,  J  = 7 cps).

The 9 -p ro ton  o f  th e  c is - iso m e r, a t r i p l e t ^  a r i s in g  from coupling o f

th e  hydrogen w ith  th e  a x ia l  deuterium , absorbs a t  3*7ii 8  •

I n  c o n tra s t  to  sim ple cyclohexane systems in  which the a x ia l

57p ro to n s  absorb a t  h igher frequency than e q u a to r ia l  p ro to n s , in

d ihydroanthracene the  o p p o site  i s  tru e  in  th e  case  o f  the compounds

l i s t e d  i n  ta b le  3 (p 3U). Such a re v e rsa l has a lso  been observed,
67b u t n o t ex p la in ed , in  the  d ihydropleiadene r in g  system .

Hie ab so rp tio n  o f  th e  9 -e o u a to ria l p ro to n  in  9 -a lk y l-  and

9 ,1 0 -d ia lk y l-9 ,1 0 -d ih y d ro an th racen es  ( tab le s  2 and 3 and re fe ren ce  

Sh) shows a  la rg e  up f i e l d  s h i f t  in  going from m ethyl (U.67 & ) to  e th y l 

(3*758 ) ^  i-p ro p y l (3*52 <5 ) .  This type o f  s h i f t ,  caused by an 

a lk y l  group one carbon removed from the  pro ton  o f  i n t e r e s t ,  does n o t 

appear to  have been observed i n  systems o th e r th an  d ihydroanthracene. 

This s h i f t  may be a t t r ib u te d  to  the  g re a te r  diam agnetic a n iso tro p y ^  

o f  a  m ethyl group as  compared w ith  an e th y l o r  i -p ro p y l group. I n  

c is -9 -m e th y l-  10 -e thy l-9 ,10 -d ihydroan th racene  ( f ig  3 , p 111), fo r  

example, th e  carbon-hydro gen bond o f  th e  9-m ethyl group sh ie ld s  th e  

hydrogen ( a t  C-9) to  a l e s s e r  e x ten t than does th e  carbon-carbon bond 

o f  th e  e th y l  group to  th e  hydrogen a t  C-10 (p re fe rre d  conform ation
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based  on the exanri.na.tion o f  D reiding m odels). Since th e  sh ie ld in g

c o n sta n t o f  a carbon-carbon bond i s  g re a te r  th an  th a t  o f  a carbon- 
91

hydrogen bond, i t  i s  n o t unreasonable th a t  th e  e q u a to r ia l  p ro ton

a t  C-9 o f  r i 3 - 9 -ne thy l-10 -e thy l-9» i0 -cdhydroan th racene  w i l l  absorb

a t  lower frequency th an  th e  e q u a to r ia l p ro to n  a t  C -lo . A pparently ,

th e  in c reased  number o f  carbon-carbon bonds i n  an iso p ro p y l group as

compared to  an e th y l group i s  re sp o n sib le  f o r  th e  in c reased  sh ie ld in g

o f  t h i s  group. This tre n d  f a i l s  when th e  s u b s t i tu e n t  i s  a  t -b u ty l  
(?)

group (3.78 &) perhaps because o f  a change i n  the  conform ation o f  

th e  c e n tra l  r i n g . ^

Unlike m oaosubstitu ted  o r c i s - d is u b s t i tu ts d  dihydr-o anthracenes 

which may e x is t  p r e f e r e n t ia l ly  i n  one conform ation (a lk y l groups a x i a l ) ,  

sym m etrically  s u b s t i tu te d  t r a n s - d ia lky ld ihydroan th racenes must e x i s t  

as a  l s l  m ixture o f  con fo rm stio n a lly  e q u i l ib ra t in g  isom ers. I f  th is  

e q u ilib ra tio n  i s  slow on th e  nmr tim e s c a le ,  th e  9 - and th e  10-protons 

w i l l  absorb a t  d i f f e r e n t  freq u en c ies . I f  th e  e q u i l ib ra t io n  i s  ra p id , 

a s in g le  average s ig n a l  w i l l  be observed. The l a t t e r  r e s u l t  has been 

found in  the  room tem perature  nmr sp ec tra  o f  t r a n s - 9 .10-d im ethy l-9 .10 - 

dihydroanthracene ( ta b le  3 ,  p 3 k ) ,  t r a n s -9 ,1 0 -d ie th y l-9 ,10-dihydro­

an thracene ( ta b le  3 ) ,  t r a n s - 9 -e th y l-1 0 -m eth y l-9 . 10-dihydroanthracene 
/  ̂ 5k( ta b le  3)» and t r a n s - 9 ,1 0 ,d iiso p ro p y l-9 ,1 0 -d ih y d ro an th racen e . However,

th e  p re d ic tio n  th a t  th e  9- and 10-protons o f  th e se  systems a re  d is ­

tin g u ish a b le , i s  s u b s ta n tia te d  by th e  in f r a - r e d  spectrum ( ta b le  1*, p 3 6  ) 

o f  t r a n s - 9 .1 0 -d iiso p ro p y l-9 -d eu terio -1 0 -h y d ro an th racen e« The spectrum
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o f  th i s  m a te r ia l  shows a  la rg e  peak a t  2137 cm-1 a t t r ib u te d  to  th e  

9 -e q u a to r ia l d eu teron , and a  weak band a t  2099 cm"’*’ a r is in g  from the

9 -a x ia l  deu tero n . Fu ture  study may show th e  ex isten ce  o f d ia s te re o -
90to p ic  hydrogen atoms (H^and H^q) i n  tra n s -9 ,1 0 -d iiso p ro p y l-9 ,1 0 -  

d ihydroan thracene , i f  th e  energy b a r r i e r  to  in te rco n v ers io n  i s  high 

enough such t h a t  low tem perature nmr spectroscopy (on th e  V arian  A-60 A 

spectrom eter) i s  p o s s ib le .

IV The S tru c tu re  o f  9 -L ith io -1 0 -e th y l-9  >10-dihydroanthracene, (1-3)

N ichoU s and Szwarc have t r i e d  to  determ ine th e  s t ru c tu re  o f

9 - l i th io - 1 0 - e th y l- 9 ,10-d ihydroanthracene p repared  by th e  a d d itio n  o f
40-42

r e c r y s ta l l i z e d  e th y llith iu m  to  an th racene  in  THF. The re a c tio n

o f  deuterium  oxide w ith t h i s  in te rm ed ia te  over the  tem peratu re  range 
o o

o f  -70 to  +55 g ives only  c i s - 9 -d e u te rio -1 0 -e th y l-9 ,1 0 -d ih y d ro -
41an th racene . This d e u te ro ly s is  r e s u l t  has been in te rp re te d  in  terms

o f  c i s - l i t h i o  compound 11. This assignm ent i s  supported by u l t r a -
41 42 ,

v io le t  and nmr spectroscopy on th e  lith iu m  compound (p 1 1 ).

When th e  in te rm ed ia te  li th iu m  compound ( l-3 )  i s  p repared  by

th e  a d d itio n  o f  TMOPD-ccmplexed e th y llith iu m  to  an thracene in  cyclo-

hexane, re a c t io n  w ith  deuterium  oxide g iv es  a  m ixture o f  c i s ,  (1 -6 ) ,

and t r a n s ,  ( l - 7 ) , d e u te r io  compounds. This r e s u l t  suggested th a t  in

cyclohexane w ith  TMOPD p re se n t, (1 -3) i s  an equ ilib rium  m ixture  o f

( I I -1) and ( I I - 2 ) ,  p 43. In  o rder t o  confirm  th e  s t ru c tu re  o f  th e

tra n s  d e u te r io  compound ( l - 7 ) > i t  ttas d e s ira b le  to  have s sample o f

th e  pure c is  isom er (1 -6 ) . Based on th e  r e s u l t s  o f th e  e a r l i e r  workers^0 -**2
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Chart II

The conform ational and c o n f ig u ra tio n a l e q u i l ib r ia  o f 9 -li th io -1 0 -e th y l-9 >

10-dihydroan thracenea

I I - l a

i i -  Ssf

See E. L. E l i e l ,  N. L. A llin g e r , S. J .  Angyal and G. A. M orrison, 

"C onform ational A nalysis" New York: In te rs c ie n c e  P ub lishers  (1966)

p .  2k2.
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th e  p re p a ra tio n  o f  (1-6) by the  a d d itio n  o f  e th y llith iu m  to an thracene 

in  TEF was attem pted . We were su rp rise d  when a m ixture o f  (1-6) and 

(1-7) was ob ta ined  in  t h i s  s o lv e n t , too . The re a so n (s )  fo r  the  

d iffe ren c e  between our r e s u l t s  and those o f  N ich o lls  and Szwarc a re  

n o t ap p a ren t. However, s in ce  th e se  workers d id  n o t provide adequate 

experim ental J u s t i f i c a t io n  f o r  t h e i r  conclusions, the  r e l i a b i l i t y  o f  

these  conclusions i s  open to  q u estio n .

The r e s u l t s  given i n  ta b le  1 (p 23,21*) in d ic a te  th a t  the r a t i o  

o f  c is  : tra n s  product i s  s e n s i t iv e  to  th e  so lv e n t (cyclohexane vs 

THF), th e  r a t e  o f  a d d itio n  o f  th e  ac id  to  the  l i th iu m  compound ( f a s t  

vs slow a d d itio n  o f deuterium  o x id e ), and the  s t ru c tu re  o f  the a c id  

(deuterium  oxide vs d eu terio trip h en y lm eth an e). These r e s u l t s  a re  i n  

accord w ith  the  e q u i l ib r ia  p ic tu re d  in  c h a r t I I , p  U3. The e q u i l ib r ia  

( I l - l a )  ^  ( I l - l a ' )  and ( l l - 2 a )  ^  (11-25’ ) re p re se n t in v e rs io n  o f  

conform ation, fo r  the  c i s -  and t r a n s - l i th io  compounds, re sp e c tiv e ly .

The e q u i l ib r ia  rep resen ted  by ( I I - l a )  ^  ( l l - 2 a )  and ( I l - l a ’ ) ^  ( l l - 2 a ’ ) 

a re  changes i n  co n fig u ra tio n .

I t  i s  known th a t  th e  r a t e  o f  re a c tio n  o f  an organolitb ium  ((1 -3 ))

w ith  an oxygen a c id  (DpO) i s  extrem ely f a s t ,  and i s  w ith in  the range
11 -1 -1  68 

o f  a d if fu s io n  c o n tro lle d  re a c t io n ,  (kg » 10 M" sec , pK ~  20).

The t r a n s i t io n  s ta te  resem bles th e  re a c ta n ts  ( I I - 1 ,  I I - 2 ) .  On the

o th e r hand, th e  r a te  o f  r e a c tio n  o f  an o rganom eta llic  w ith a  carbon a c id

i s  slow (kp « 10“^ JT^ sec“^ ) ,  and the  t r a n s i t io n  s t a t e  resem bles the
x 68

products (1 -6 , 1 -7 ) .
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On th is  b a s is  i t  i s  n o t s u rp r is in g  th a t  re a c tio n  o f  a cydohexane 

s o lu tio n  o f  (1-3) g ives d i f f e r e n t  p roduct r a t io s  when allow ed to  r e a c t  

w ith  deuterium  oxide and triphenylm ethane-D . Judging from th ese  r e ­

s u l t s ,  i n  cydohexane t ra n s - l i t h i o  compounds, ( I I - 2 ) ,  a re  p re se n t in  

h ig h e r co n cen tra tio n  a t  equ ilib rium  th an  th e  corresponding c is  isom ers,

( I I - 1 ) .  T h e o re tic a lly , deuterium  oxide i s  trap p in g  th e se  in te rm ed ia tes
68s te r e o s p e c if ic a l ly ,  and th e  r a t i o  o f  (1-6) to  (1-7) in  the  products 

r e f l e c t s  th e  eq u ilib riu m  r a t io  o f  ( I l - l )  to  ( I I - 2 ) .  A pparently , th e  

d s  isom er, ( H - l ) , re a c ts  a t  a  f a s te r  r a t e  w ith  a weak a c id  ( t i d -  

phenylmethane-D) th an  does th e  tra n s  isom er, ( I I - 2 ) .

The a d d itio n  o f  deuterium  oxide to  a  THP s o lu tio n  o f  th e  lith iu m  

s a l t  (1-3) a ffo rd s  a  d i f f e r e n t  m ixture o f  p roducts  than  i s  o b ta ined  

from a  cydohexane so lv a ted  s a l t .  This r e s d t  im p lie s  th a t  th e  r a t io  

o f  c i s - l i t h i o  compound, ( I l - l ) ,  to  t r a n s - l i t h l o  compound, ( I I - 2 ) ,  i s  

d i f f e r e n t  i n  th ese  so lv e n ts . This so lv en t e f f e c t  i s  n o t s u r p r i s in g ^  

i n  l i g h t  o f  re c e n t work on th e  e f f e c t  o f  so lv en t on th e  s t ru c tu re  o f  

io n s  and io n  p a i r s . ^  A pparently , th e  c i s - l i t h i o  compound, ( I I - 1 ) ,  

r e a c ts  w ith  deuterium  oxide, p re s e n t i n  in s u f f ic ie n t  amount i n  THF, 

f a s t e r  than  the tra n s  compound, ( I I - 2 ) .

The re a c tio n  o f  a lk y l h a lid e s  w ith  9 - l i th io -1 0 -e th y l-9 ,1 0 -d i-  

hydroan thracene, (1 -3 ) , i s  e x p e c te d ^  to  be slow er than the  r a t e  o f  

re a c tio n  o f  (1-3) w ith  deuterium  ox ide . T herefo re , i t  i s  expected 

th a t ,  i n  th e  absence o f  la rg e  s t e r i c  fa c to rs  p re se n t in  th e  incoming 

h a l i d e , ^ 3 ̂  the  m ajor product w i l l  be c l s - 9 ,1 0 -d ia lk y l-9 .1 0 -dihydro -
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an th racen e . T h is, a s  we have a lre a d y  m entioned, (c h a rt 1 , p 2 5 ) ,  i s  

i n  accord  w ith  the  experim ental r e s u l t s .

Hie p resence o f  e q u i l ib ra t in g  lith iu m  compounds, ( I I —1) and 

( I I - 2 ) ,  has been in f e r r e d  from the  re a c tio n  o f  9 - l i th io - 1 0 - e th y l - 9 ,10-

dihydroanthracene , (1 -3 ) , w ith deuterium  oxide and a lk y l h a l id e s .

Ii2However, no d i r e c t  evidence^ fo r  t h e i r  ex is ten ce  has been p re se n te d .

I n i t i a l  a ttem p ts  to  d e te c t  these  compounds, ( i l - l )  and ( I I - 2 ) ,  u s in g

nmr were u n su ccessfu l due to  th e  com plexity  o f  th e  re a c tio n  m ix tu re ,

(c h a r t 1 ,  p 23 ,2 lt). E ventually  i t  was found th a t  th e  system n -b u ty l-

lith iu m , 9 -e th y l-9 ,10-d ihydroan thracene,  m ethyl e th e r ,  a f fo rd e d  a

s o lu tio n  o f  the  d e s ire d  s a l t ,  9 -lith io -1 0 -e th y i-9 ,1 0 -d ih y d ro a n th ra c e n e ,

(1-3). At + 35° the nmr spectrum* o f this material (figure k , p 1*7)

showed a broad s ig n a l  a t  3.90 S  , a t t r ib u te d  to  th e  9 -p ro to n . The 10-

p ro to n  gave r i s e  to  a  s ig n a l c en te red  a t  3 .58 S ( t r i p l e t ,  J  -  7 c p s ) .

A bsorption in  th e  re g io n  5.8U -7.0 £  (m u ltip le t)  was a t t r ib u te d  to  the

arom atic p r o to n s .^  This spectrum ag rees  w e ll w ith  the  p u b lish ed

sp ec tru m ^  (see p 12) o f  th is  compound ob ta ined  from the  a d d it io n  o f

e th y llith iu m  to  an th racene  in  THF. The d iffe re n c e s  th a t  do e x i s t

( e .g . ,  chem ical s h i f t s )  probably a r i s e  from d iffe re n c e s  in  th e  s o l-  

70v a tin g  power o f  THF as compared to  m ethyl e th e r .

I n  the  hydrocarbon (se c tio n  I I I )  i t  was shown th a t  th e  b en zy lic

*  Chemical s h i f t s  were measured r e l a t i v e  to  th e  dim ethyl e th e r  peak , 

taken as  19U.U cps dow nfield from TMS.
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p ro to n  on a  carbon b earin g  an a x ia l  e th y l group gives r i s e  to  an  absorp­

t io n  s ig n a l a t  3»7U-3.7!> 8 • This s ig n a l i s  sharper and occurs a t  high­

e r  H e ld  than  th e  a b so rp tio n  o f  a b en zy lic  a x ia l  p ro to n . In  th e  lith iu m  

compound the  p ro to n  a t  C-10 g ives an ab so rp tio n  s ig n a l a t  3»J>8£T and 

the  9 -p ro ton  s ig n a l appears a t  3 .9 0 $  . These da ta  a re  c o n s is te n t w ith  

an e q u a to r ia l  C-10 p ro to n  (a x ia l  e th y l group, ( i l - l a ) ,  ( l l - 2 a ) ) .  The 

sm all up f i e l d  s h i f t  i n  th e  ab so rp tio n  o f  th e  lith iu m  compound (C-10 

p ro to n ) from th a t  i n  the  hydrocarbon i s  a t t r ib u ta b le  to  an in c re a s e  in  

e le c tro n  d en s ity  a t  the  1 0 -p o s i t io n .^ 1 E a r l i e r  w o rk e rs ,^  using  th e  

c r i t e r io n  th a t  a x ia l  p ro to n s  absorb a t  h ig h e r freouencies than e q u a to r ia l  

p r o t o n s , a s s i g n e d  th e  e th y l group an e q u a to r ia l  p o s i t io n , ( ( I l - l a ’ ) 

and ( l l - 2 a ') ) »  This c r i t e r io n ,  however, does n o t appear to  be v a l id  

i n  th e  d ihydroanthracene system , causing  t h e i r  assignm ent to  be i n  

e r r o r .

I f  th e  e th y l group i s  a x ia l ,  then  th e  broadness o f  the  9-hydro- 

gen in  (1-3) i s  com patible e i th e r  w ith  a  s in g le  isom er o r  w ith a  m ixture 

i n  which one isom er predom inated. I f  a  s in g le  isom er i s  p re s e n t ,  th e  

broadness o f  th e  s ig n a l a t  C-9 in d ic a te s  th a t  t h i s  p ro ton  i s  a x i a l .

S ince th e  p ro to n  a t  C-10 i s  e a u a to r ia l  and th e  lith iu m  a t  C-9 i s  

e a u a to r ia l ,  th en  th i s  compound must be the  tra n s  isom er, ( l l - 2 a ) .

P rev ious w o rk e rs^  have a lso  deduced th a t  th e  lith iu m  occupies an 

e q u a to r ia l  p o s i t io n  ( 11 ) .-V

A lte rn a te ly , i f  th e  "carban ion ic" c e n te r  a t  C-9 i s  in v e r t in g  

ra p id ly  on th e  nmr tim e sca le  ( ( I l - l a )  ̂  ( I I - 2 a ) ) ,  then the  p ro to n
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a t  C-9 w i l l  give a s ig n a l  which i s  a w eighted average  o f  the  sep a ra te  

s ig n a ls  a r is in g  from each o f  the  s a l t s .  From th e  broadness o f  th e  

peak , i t  woold seem t h a t  th e  tra n s  compound, ( ( l l - 2 a ) ,  i s  predom inant 

a t  equ ilib riu m . This in te r p r e ta t io n  o f  th e  nmr spectrum o f  the  s a l t ,  

(1 -3 ) , i s  in  agreement w ith  the  e a r l i e r  a n a ly s is  (p Ui) o f  i t s  s t ru c tu re .

Low tem perature nmr s tu d ie s  on (1-3) shou ld  d is tin g u ish  between 

a  s in g le  sp ec ie s , ( l l - 2 a ) ,  and a m ixture ( ( I I - l a )  and ( l l - 2 a ) ) .  P re ­

lim in a ry  attem pts to  c a r ry  o u t th is  experim ent were unsuccessfu l 

because the s a l t  p r e c ip i ta te d  from so lu tio n  (dim ethyl e ther-hexane) 

below room tem peratu re.

I n  9 - li th io -1 0 -e th y l-9 ,1 0 -d ih y d ro a n th ra c e n e , (1 -3 ), the  arom atic 

hydrogens give r i s e  to  a  m u lt ip le t  which i s  s h i f te d  u p f ie ld  from the

p o s i t io n  in  th e  hydrocarbon. This e f f e c t  has been d iscussed  p rev io u s ly
li2 2(pp 1 1 ,1 2 ). This u p f ie ld  s h i f t  in d ic a te s  sp h y b rid iza tio n  o f  th e  

"carban ion ic" c en te r  w ith  the arom atic n u c leu s . Such h y b rid iza tio n  in  

no way in v a lid a te s  the  p rev io u s  d iscu ssio n  o f  th e  geometry o f  the  s a l t .

The lith iu m  can be c i s  o r  t ra n s  r e la t iv e  to  th e  e th y l  group re g a rd le ss  

o f  the  a c tu a l degree o f  p la n a r i ty  o f  the  r in g .

OTHER AROMATIC HYDROCARBONS 

The f a c i le  a d d i t io n  o f  e th y llith iu m  to  an th racene  seemed to  p ro ­

v id e  a s tep p in g  stone f o r  study o f  o th e r a rom atic  s u b s tra te s .  Naphthalene 

and phenanthrene, bo th  o f  which had been shown to  r e a c t  w ith b u ty l-  

l i th iu m ,1^ 0 were s tu d ie d  n e x t. S u ip r is in g ly , th e se  hydrocarbons d id  

n o t r e a c t  w ith e th y llith iu m  e i th e r  in  cydohexane co n ta in in g  an eq u iv a len t
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of TMOPD, alone in  THF o r w ith  th e  amine in  THF. C arefu l a n a ly s is  o f  

the  cydohexane re a c tio n s  a f t e r  a d d itio n  o f  benzophenone in d ic a ted  an 

almost q u a n t i ta t iv e  recovery  o f  hydrocarbon and unreacted  e th y l­

lith iu m .

The f a i lu r e  o f  naphthalene and phenanthrene t o  undergo ad d i­

t io n  o r  m e ta la tio n  w ith e th y llith iu m  stands in  sharp c o n tra s t to  ben­

zene. The ethyllithium-TMOPD complex m eta la ted  benzene slow ly: 20$ 

a f t e r  th re e  hours as judged by d e r iv a t iz a t io n  w ith  benzophenone. A ll  

these  s tu d ie s  were conducted a t  room tem peratu re .

Study o f  th e  re a c tio n s  o f  TMOPD c h e la te d  e th y llith iu m  w ith
17-19

arom atic hydrocarbons was extended to  inc lude  p e ry len e , (3 , p U),
71 72 ~

azu lene , (2 6 ) , and acenaphthylene, (14, p 1 3 ).

Perylene gave a q u a n tita tiv e  y ie ld  o f  e thy ld ihydrodropery lene w ith

th i s  re a g e n t. A c o n tro l ru n , id e n t ic a l  except fo r  th e  omission o f

TMOPD, a ffo rd e d  a  q u a n ti ta tiv e  recovery o f  un reac ted  pery lene. The

ethy ld ihydropery lene ob ta ined  from th e  a d d itio n  o f  e th y llith iu m  to

perylene ( in  th e  presence o f  TMOPD) was converted  to  the  known 1- 
18

e th y lpery lene  by dehydrogenation w ith c h lo ra n i l .  A compound, th o u g h t 

to  be x -e th y ld ih y d ro azu len e , was obtained  from th e  reac tio n  o f  e th y l­

lithium-TMOPD w ith  azu lene.

The re a c tio n  o f  ccmplexed e th y llith iu m  w ith  acenaphthylene 
72y ie ld ed  a  m ix ture. Gas chromatography in d ic a te d  th e  presence o f
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a t  l e a s t  s ix  components. The m ajor component (20$), i s o la te d  by p re ­

p a ra tiv e  gas chromatography, was shown to  be the red u c tio n  p ro d u c t 

acenaphthene by th e  c r i t e r i a  o f  m ix ture  m elting  p o in t ,  gas chromato­

graphic r e te n t io n  tim e and nmr s p e c t r a l  comparison. I t  was a lso  

e s ta b lish e d  th a t  a t  l e a s t  one ethyld ihydroacenaphthy lene was p re s e n t 

(see p 83).
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V MECHANISM OF THE ADDITION REACTION

I t  was noticed that a l l  of the unsaturated hydrocarbons which 

have been reported to undergo addition of ethyllithium possess low 

polarographic reduction potentials (Table 5 , p 53) - The aromatic hydro­

carbons which exhibit ethylllchium addition at room temperature also 

possess low polarcgraphic reduction potentials (Table 5> P 53) > while 

hydrocarbons lik e  naphthalene or phenanthrene that do not add ethyl­

lithium have high reduction potentials comparable to  that of benzene.

I t  was also clear that the ethyllithium-TMOED complex in CyC lP-

hexane reacted slowly with benzene to give phenyllithium ( t i  = h.O to
2

5.0 hours) but quite rapidly with anthracene, acenaphthylene or pery- 

lene to  give alkylation (reduction) products. A reasonable interpre­

tation o f these observations is  that metalation is  a slow process having 

a substantial activation energy barrier, while alkylation i s  a fast pro­

cess having a low energy barrier for the three known aromatic hydro­

carbons which exhibit the reaction. I f  th is  interpretation i s  correct, 

then metalation and alkylation proceed by different mechanisms.

Thus, the working hypothesis was developed that only aromatic 

hydrocarbons which are capable of forming radical anions relatively  

easily  also exhibit alkylation, possibly by a scheme analogous to  

equations (11) - (13) .
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TABLE 5

P o larag raph ic  Reduction P o te n tia ls  o f  R eactive Hydrocarbons 82

Hydrocarbon E4 vs Hg pool_________ R e a c tiv ity  w ith EtLi

benzene

naphthalene

pbananthrene

d ipheny lace ty lene

anthracene

pery lene

acenaphthylene

azulene

-2.8hv

- 1 .9 8 v

- 1 . 92v

-1.68v

- lA 6 v

- 1 . 15v

-1.13v

- l . l l v

m eta la tio n  

no reac tio n  

no re a c tio n  

ad d itio n  1 

ad d itio n  

a d d itio n

a d d itio n , red uc tion  

ad d itio n
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, ,22 ,82d
(11) Anthracene + CgH^Li ;z_ (complex)  >

CgH^* + (Anthracene ra d ic a l  an ion , 5) L i+

(12) A nthracene + C H * 10-e thy l-10-hydroan th racene-9 -(* )
27

(13) 27 + 0X 1,1  9- l i t h i o -1 0 -e tity l-9 ,10-DHA + C0H •
^  (1 -3) 2 5

In  th e  f i r s t  s tep  (eq  11) th e  organolith ium  reag en t t r a n s fe r s
19 , 2k-27,7k , x 73

an e le c tro n  t o  th e  su b s tra te  (an th racen e ). This gen-

2k 25 k6 73e ra te s  an thracene  ra d ic a l  anion (5 ) * and an e th y l

25ra d ic a l .  T ran sfe rs  o f  th i s  type  a re  not re v e rs ib le .  Recent workers 

have proposed th a t  e le c tro n  t r a n s f e r  occurs in  most re a c tio n s  o f 

lith iu m  a l k y l s . ^  38, ^  73> 75
76

In  th e  second s tep  (eq  12) th e  e th y l ra d ic a l  adds to  a  f re sh  

molecule o f  an thracene g en era tin g  a ra lk y l r a d ic a l  27. In  the  l a s t  

s te p  (eq  1 3 ) , th i s  r a d ic a l  (27) i s  reduced by fre sh  e th y llith iu m .

This re a c tio n  y ie ld s  9 - l i th io -1 0  - e th y l-  9 ,10-dihydroanthracene ((1 -3 ))  

and a  new e th y l r a d ic a l .

R eduction o f a  r a d ic a l  by an a lk y llith iu m  reagen t (eq 13) has
27not been dem onstrated by o th e rs  (See eq p 13) • I t  was easy to  

show ( v is ib le  spectroscopy) th a t  n -b u ty llith iu m  (o r e th y llith iu m ) r e -
k2

duces tripheny lm ethy l rad ic-al (yellow ) to  th e  known triphenylm ethy l 

carbanion (red ) ra p id ly . By analogy to  th i s  r e a c t io n , th e  red uction
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o f r a d ic a l  g£ to  s a l t  (1-3) (eq  13) i s  expected to  be ra p id .

Equation (12) proposes t h a t  th e  e th y l r a d ic a l  formed in  s tep  1

(eq 11), re a c ts  w ith  a  fre sh  m olecule o f  anthracene r a th e r  th an  coup- 
27l in g  w ith anthracene ra d ic a l  an ion  (5) ( i . e . ,  mechanism 2 , equation

A /

23
(6 ) ,  p 8 ) .  I t  has been shown th a t  th e  a d d itio n  o f  n -b u ty llith iu m

to  anthracene r a d ic a l  anion (5) i s  slower than  th e  a d d itio n  o f  n -b u ty l-
23lith iu m  to  an th racene . I t  has been suggested th a t  th e  re a c t iv e  sub-

25s t r a t e  in  t h i s  re a c tio n  i s  an thracene produced in  th e  eq u ilib riu m  '  

(equation  1^):

( I 1*) £  ^  N j? (an thracene) + |  (9 ,10-d ilith io -9 ,10-D H A )

I f  a  f re e  e th y l r a d ic a l  were a c tu a lly  formed, as d ep ic ted  in

equation  (1 1 ), a m ixture o f p ro d u c ts , in c lud ing  d im ers, m ight be ex-
76 23

pec ted . W inkler has po in ted  o u t however, th a t  a  " f r e e ” r a d ic a l  i s

u n lik e ly  b u t a  "concerted  r a d ic a l  a tta c k  during one e le c tro n  t r a n s f e r  
27i s  conce ivab le ."  'A lte rn a te ly , th e  e le c tro n  t r a n s f e r  and ra d ic a l  ad-

27d i t io n  steps (eq 11 and 12) may ta k e  p lace  w ith in  a  so lv en t cage. '

Mulvaney has suggested  th a t  th e  re a c tio n  o f  t -b u ty l l i th iu m  w ith  
27

d iphenylacety lene proceeds w ith in  such a cage (Eq 9 j P 13)* An
3U 77

e le c tro n  t r a n s f e r  mechanism, based  on a  k in e tic s  s tu d y , has been

p resen ted . The re a c tio n  which was in v e s tig a te d  was th e  a d d itio n  o f

77n -b u ty llith iu m  to  d ip h en y lace ty len e .

The id e a  th a t  a r a d ic a l  a d d itio n  to  an thracene (eq  12) must

g ive some dim eric m a te r ia l and a  m ixture o f  r in g  a lk y la te d  p ro d u c ts ^
23may no t be c o r re c t .  I t  i s  known th a t  th e  re a c tio n s  o f  r a d ic a ls  w ith

a given su b s tra te  a re  sometimes dependent upon th e  sou rce  o f  th e  
78-80 27,76

ra d ic a l  and th e  re a c tio n  c o n d itio n s . Thus, th e  absence o f
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th e se  p roducts i s  n o t conclusive  evidence th a t  a  ra d ic a l  mechanism i s  

not o p e ra tiv e .

The minimum c r i t e r io n  th a t  th e  proposed mechanism (eq  11 - 13) 

must meet, i s  th a t  each one o f  the  s tep s  he therm odynam ically p o s s i­

b le .  U n fo rtu n a te ly , th e  req u ired  thermodynamic d a ta  ( f re e  energ ies  

o f re a c tio n  and form ation) a re  not a v a ila b le  in  th e  l i t e r a t u r e .  Other 

workers in  th e  f i e l d  o f  organolith ium  chem istry  have a lso  encountered 

th is  p r o b l e m . The only evidence o f  t h i s  type which can be p resen ted  

fo r  th e  porposed mechanism i s  th a t  each in d iv id u a l s tep  (eq  11-13) 

rep re se n ts  a  known re a c tio n . These re a c tio n s  have been documented in  

th e  p revious d isc u ss io n . In  summary, i t  would seem th a t  th e  b e s t e v i­

dence ag a in s t a  carbanion  mechanism (eq  5 P 8) i s th a t  no one has
20- 22,52  39 

dem onstrated th e  ex isten ce  o f  simple a lk y l carbanions in

th ese  systems / i T e . , m ethy llith ium , e th y llith iu m  e tc .  in  hydrocarbons 

or te tra h y d ro fu ra n . The ex isten ce  o f  carban ions in  more complex sys-
it 2

terns ( i . e . ,  f lu o re n y ll ith iu m , d iphenylm ethyllith ium , e t c )  i s
h2

known. J  A r a d ic a l - r a d ic a l  anion combination p rocess (mechanism
75

2, eq 6) i s  perhaps th e  b e s t  documented o f  th e  th re e  mechanisms. 

However, t h i s  mechanism, l ik e  the carbanion mechanism, does not o f fe r  

th e  b e s t  ex p lan a tio n  fo r  th e  a d d itio n  re a c tio n s  recorded .

The a d d itio n  o f  e th y llith iu m  to  9-m ethylanthracene (28) p ro ­

v id es  a system which can d is tin g u ish  between mechanism 1 o r 2 and 3 

(p . 8 ) .  I f  a lk y la t io n  invo lves a concerted  io n ic  p ro ce ss , a  9-

l i th io - 1 0 , 10 -d ia lk y ld ih y d ro an th racen e , 29 , should be formed p re fe r ­

e n t ia l ly  r a th e r  than  £0, 9 - li th io -9 -n ie th y l-1 0 -e th y l-9 ,1 0 -d ih y d ro -
o o

an thracene, because 2 carbanions axe o f  lower energy than  3 c a r-
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banions (ea  15)

- 5 7 -  

3 9

H3 C . x o

( 1 5 )  2 8   >

2 9

therm odynam ically
favored

GH.

30

therm odynam ically
unfavored

C onversely, mechanism 2 (invo lv ing  r a d ic a l  anion form ation) 

a n t ic ip a te s  s e le c t iv e  form ation  o f  31 ra th e r  th an  32. This p red ic ­

tio n  i s  supported  by m olecu lar o r b i t a l  c a lc u la t io n s  which show th a t  

the 7f  e le c tro n  d en s ity  a t  th e  9 -p o s itio n  i s  low er than  the
81

e le c tro n  d e n s ity  a t  th e  10 p o s i t io n  (1.000000 v s  1.285711t). In  

the subseouent ra d ic a l-c o u p lin g  s te p  (ea 16) 31_ g ives 29 while 32^ 

y ie ld s  30.
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(eq 16) 2 8 --------->

CH.

30

therm odynam ically
favo red

thermodynamically
unfavored

I f  th e  re a c tio n  proceeds v ia  mechanism, 3, then  te r t ia ry -

ra d ic a l  33 w i l l  be formed in  p re fe ren ce  to  secondary r a d ic a l  34
^  * ■— 1̂,

in  th e  i n i t i a l  s te p  (eq 1 7 ). Subsequent red u c tio n  o f  r a d ic a l  33, 

would produce carbanion 30 whereas red u c tio n  o f  r a d ic a l  34 would 

g ive carban ion  29 (eq  18)

(eq 17) 28

10
H,C 34 C2H,

(eq 18)

30 2 9
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I t  was found th a t  th e  a d d itio n  o f e th y llith iu m  to  9-m ethyl- 

anthracene in  THF y ie ld s ,  in  a d d itio n  to  s ta r t in g  m a te r ia l , one 

m ajor component (approxim ately 2%  y ie ld  as  judged by vpc) and 

sev e ra l minor components, One o f  th e  minor components, ob ta ined  by 

p re c ip i ta t io n  w ith  carbon te t r a c h lo r id e ,  was a high m elting  ( 318° ) ,  

presumably d im eric , hydroctirbon. The s tru c tu re  o f th is  m a te r ia l  was 

not determ ined. The major p roduct, i s o la te d  by p re p a ra tiv e  vpc, was 

shown to  be c i s - 9 -e th y l-lO  -m ethyl-9 , 10-dihydroanthracene by th e  c r i ­

t e r i a  o f vpc re te n tio n  tim e, m elting  p o in t and m ixture m eltin g  p o in t 

w ith a u th en tic  m a te r ia l.

The i s o la t io n  o f c is  - 9 -e thy l-10-m ethy l-9  > 10-dihydroanthracene 

i s  in  accord w ith  th e  p re d ic tio n s  o f  mechanism 3 ( ra d ic a l  a d d i t io n ) . 

D eu tero lysis  s tu d ie s  rep o rted  e a r l i e r  (p. io )  were in te rp re te d  as 

excluding e q u il ib ra t io n  o f  th e  secondary lith iu m  compound (1-3) w ith

36
''L i

1-3
1*0

th e  (undetected) t e r t i a r y  lith iu m  compound, 36. No evidence fo r
A-*

a tau tom eric  equ ilib rium  could be found during the p re sen t re sea rc h . 

Reasoning by analogy w ith equation  ( l g ) ,  i t  i s  c le a r  th a t  a  secondary 

carbanion ( in  th e  9310-d ihydroanthracene system) l ik e  2§ i s  o f  lower 

energy than  a  t e r t i a r y  carbanion l ik e  32.* F u rth e r, th e re  i s  no e v i­

dence th a t  2 ^  and 30 formed from 9-m ethylanthracene a re  capable o f 

in te rc o n v e r tin g .
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I f  an io n ic  mechanism was o p e ra tin g , then  the  form ation o f  

the h ig h e r energy co n ten t system (30) might be ex p la in ed  in  the terms 

o f s t e r i c  h indrance o f  a  methyl group (p rev en tin g  the form ation o f  29) 

o r k in e t ic  c o n tro l  o f  p roduct form ation. Since v e ry  l i t t l e  i s  known
99 ppj

about th e  s t ru c tu re  o f  th e  s ta r t in g  a lk y llith iu m  complex, 1 and 

since the  mechanism o f th e  ad d itio n  process i s  unknown, the  e ffe c ts  

o f s t e r i c  f a c to r s  and k in e t ic  co n tro l o f  p ro ducts  cannot be evaluated . 

In  9-m ethy lan thracene, s t e r i c  in h ib i t io n  by th e  m ethyl group probably 

i s  no t s u f f ic ie n t ly  g re a t to  favor the  s e le c t iv e  form ation  o f  jK^over 

29.
■ 'V

I f  a  r a d ic a l - r a d ic a l  anion combination mechanism were opera­

tin g , a  m ixture o f  29 and 30 would be expected to  form. The p re-
'■’N—*

lim inary  r e s u l t s  on 9-m ethylanthracene do n o t appear to  give products 

a r is in g  from a m ix ture  o f  2£ 'aid 30, b u t r a th e r ,  a  m ixture o f  c is  and 

tran s  isom ers d e riv ed  from 30. Consequently, a  mechanism involv ing  

form ation o f  33 r a th e r  than  3U (by a t ta c k  o f  a  r a d ic a l  on 9-methyl- 

anthracene) seems to  be a b e t te r  in te r p r e ta t io n  o f  the  p re sen t d a ta .
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SUMMARy AND CONCLUSIONS

The a d d itio n  o f ethyllithium -UIOPD to  an thracene in  cyclo- 

hexane has been shown to  proceed in  a  r a p id ,  q u a n ti ta t iv e  manner to  

a f fo rd  9 - li th io -1 0 -e th y l-9 ,1 0 -d ih y d ro a n th ra c e n e . R eaction o f th i s  

o rganolith ium  w ith  deuterium  oxide o r a lk y l  h a lid e s  g ives high y ie ld s  

o f  9 -d eu te rio -1 0 -e th y l-9 ,1 0 -d ih y d ro an th racen e  and 9 , 10-d ia lk y l-9 > 10- 

d ihydroan th racenes, re s p e c tiv e ly . I t  has been found th a t  in  th e  case  

o f  m ethyl io d id e  o r  e th y l bromide a  s in g le  9 5lO -d ia lk y l-9 ,10-d ihydro­

an thracene i s  produced. The s te reo ch em istry  o f  th e se  compounds has 

been shown to  be c is  by a  s te re o s p e c if ic  sy n th e s is  o f  c is-9 -m eth y l-

1 0 -e th y l-9 ,1 0 -d ih y d ro an th racen e .

By th e  use o f  deuterium  la b e lin g  and th e  in f r a r e d  carbon- 

deuterium  s tre tc h in g  freq u en c ies  o f  s u i ta b ly  la b e le d  compounds, i t  

has been shown th a t  th e  a lk y l group (s ) in  9 -a lh y l-  and c is -9 ,1 0 -  

d ia lk y l-9 ,1 0 -d ih y d ro an th racen es  p re fe r  th e  a x ia l  o r  d ia x ia l  con­

form ation , re s p e c tiv e ly .

Product a n a ly s is  and nmr s p e c tra l  s tu d ie s  have suggested th a t  

9 -lith io -1 0 -e th y l-9 ,1 0 -d ih y d ro a n th ra ce n e  may e x is t  as a  p a ir  o f  

ra p id ly  e q u il ib ra t in g  c is - t r a n s  isom ers, r a th e r  than  as a  s in g le  

s tereo isom er.

Although benzene i s  m eta la ted  by th e  ethyllithium-TMGPD com­

p lex  in  C ydohexane, naphthalene and phenanthrene undergo n e ith e r  

m e ta la tio n  nor a d d itio n  o f  e th y llith iu m  under th e  same co n d itio n s .

The reasons f o r  th e  d iffe re n c e  between benzene and naphthalene o r 

phenanthrene a re  no t c le a r ,  a lthough d if fe re n c e s  in  th e  s tru c tu re  o r
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th e  energy o f  th e  complex (7) formed between th e  arom atic hydrocarbon 

and e th y llith iu m  may e x is t .  U n fo rtunate ly , th e  s tru c tu re s  o f  th e se

complexes a re  unknown, and th e re fo re , th e  v a l id i ty  o f  t h i s  id e a  cannot 

be te s t e d .

One o f  th e  accomplishments o f t h i s  re sea rch  was th e  f in d in g

th a t  ethyUithium-TMOPD a ffo rd ed  q u a n ti ta t iv e  y ie ld s  o f 1 -e th y l-d ih y d ro -

p e ry len e . This re p re se n ts  a marked improvement in  th e  sy n th es is  and

l8y ie ld  o f t h i s  d i f f i c u l ty  a cc e ss ib le  hydrocarbon. F u r th e r , i t  p ro ­

v id e s  a q u a n t i ta t iv e  measure o f  the  e th y la tin g  e f f ic ie n c y  o f  t h i s  sy s-

l8  20-22tern in  comparison w ith  o th er e th y llith u m  a lk y la tio n  system s. ’

The i n i t i a l  g oa l o f e s ta b lis h in g  c r i t e r i a  fo r  p re d ic tin g  th o se  

com binations o f  a lk y llith iu m  reagen t and arom atic hydrocarbon which 

would r e a c t ,  was achieved. These c r i t e r i a  a re  based  on th e  p o la ro - 

g raph ic  red u c tio n  p o te n t ia l  o f  th e  arom atic  hydrocarbon. The c r i t e r i a  

seem to  be e f f e c t iv e  in  cyclohexane-TMOPD and THF so lv en t system s. 

Although q u a n ti ta t iv e  work has to  be perform ed to  determ ine th e  p re ­

c is e  l im it in g  v a lu e s , from th e  inform ation  c u rre n tly  a v a ila b le , th e  

fo llow ing  g e n e ra liz a tio n s  can be made. M ethy llith ium  w i l l  add to  

th o se  hydrocarbons having a  red u c tio n  p o te n t ia l  low er than  o r  equal to  

about -1 .2  v o l t s .  Thus pery lene  (E^ = -1 .1 5  v) i s  p re d ic te d  to  be r e ­

a c t iv e ,  and an thracene i s  p re d ic ted  to  be u n re a c tiv e . U nreported
jl8o b serv a tio n s  in  t h i s  la b o ra to ry  and th e  pu b lish ed  re p o r t  o f  W inkler 

support t h i s .  E th y llith iu m  w i l l  be to  e f f e c t iv e  e th y la tin g  agen t fo r  

systems whose red u c tio n  p o te n t ia l  i s  about -1 .68  v o l t s .  For example, 

d ipheny lace ty lene  (Ei. = -1 .6 8 ) adds e th y lli th iu m , b u t phenanthrene

(Ei. = -1 .9 )  i s  u n re a c tiv e . I t  i s  p re d ic te d  th a t  pyrene (E^ = -1 .6 )
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w il l  add e th y lli th iu m  in  cyclohexane-TMOPD, in  c o n tra s t  t o  i t s  m eta la- 

t io n  w ith  n -b u ty llith iu m  in  THF. n -B u ty llith iu m  seems to  be an e f fe c ­

t iv e  n -b u ty la tin g  agent fo r  hydrocarbons w ith  a  red u c tio n  p o te n t ia l  o f  

about -2 .0  v o l t s .  This in c lu d es  naphthalene and phenanthrene, but ex­

cludes benzene, b ipheny l and b ipheny lene. These g ive m e ta la tio n  

p ro d u c ts ,3 t -B u ty l l i th iu m ,  perhaps in  THF and w ith  u l t r a v io le t  ex­

c i ta t io n ,  ̂ 3 should be e f fe c t iv e  in  a lk y la t in g  th e se  l a t t e r  system s.

I n te r e s t in g ly ,  t h i s  c o r re la t io n  may be extended to  G rignard 

reag en ts . A lthough th e  ex ac t d e ta i l s  have n o t been determ ined in  th e se  

system s, th e  fo llow ing  g e n e ra liz a tio n s  seem to  apply . Simple a lk y l 

G rignard re a g en ts  w i l l  add to  systems whose red u c tio n  p o te n t ia l  i s  

about -1 .0  v o l t ,  jy r id in e  and s im ila r  h e te ro c y c le s , cy c lo o c ta te traen e^  

and seme p o ly n u c lea r arom atic hydrocarbons having re d u c tio n  p o te n t ia ls

in  t h i s  range a re  expected to  undergo a d d itio n . The red u c tio n  po ten - 
82

t i a l s  used fo r  th e se  p re d ic tio n s  a re  r e la t iv e  to  a mercury p oo l, and 

a re  about 0.52  v o l t  low er than  p o te n t ia ls  measured r e la t iv e  to  a s a tu r ­

a ted  calom el e le c tro d e .

F in a l ly ,  evidence has been o b ta in ed  which suggests th a t  the  

ad d itio n  o f  e th y llith iu m  to  an thracene and 9-m ethylanthracene may be 

a  f re e  r a d ic a l  p ro c e ss . A mechanism invo lv ing  ra d ic a ls  has been p ro ­

posed. The f i r s t  s te p  o f t h i s  mechanism re q u ire s  s in g le  e le c tro n  t r a n s ­

f e r  from th e  e th y llith iu m  to  th e  arom atic  hydrocarbons. In  th a t  th e

arom atic hydrocarbon s u f fe rs  a  s in g le  e le c tro n  re d u c tio n , t h i s  s tep  i s
82

analogous to  po larog raph ic  re d u c tio n . The proposed ra d ic a l  mechanism 

may be g en era l fo r  a  v a r ie ty  o f  organ© m etallic a d d itio n  re a c tio n s , 

although i t  i s  n o t th e  ex c lu siv e  mechanism in  re a c tio n s  o f  t h i s  ty p e .
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We d id  n o t o b ta in  any evidence th a t  a  l i t h i o  a lk y ld ih y d ro -

arom atic (20, p lit)  was p re se n t in  the m e ta la tio n  o f  benzene. F u r th e r ,

9 - li th io -1 0 -e th y l-9 jl0 -d ih y d ro a n th ra c e n e , (1 -3 ) , d id  n o t give 9-

lith io a n th ra c e n e  und*r the  same (benzene) c o n d itio n s . This suggests
<2th a t  20 i s  n o t an in te rm ed ia te  in  m e ta la tio n .
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EXPERIMENTAL

Chemicals

S tandard  cyclohexane so lu tio n s  o f  e th y llith iu m  were p rep a red  

by d i s t i l l a t i o n  in  vacuo o f  th e  benzene in  commercial e th y llith iu m  

(Foote M inera l). A fte r th e  a d d itio n  o f  two volumes o f d ry , o le f in -  

f re e  cyclohexane, 5 .0  ml a l iq u o ts  were removed fo r  a n a ly s is  by t i t r a -
Oo

l io n .  (A ll tra n s fe rs  o f  a lk y ll i th iu m  reag en ts  and dry  so lv e n ts  were 

made w ith  hypodermic sy r in g e s ) . The a n a ly s is  was accom plished a s  

fo llo w s :

To 20 ml o f  dry  cyclohexane, m aintained under an argon atm osphere, 

was added by means o f a  sy rin g e  5 .0  ml o f  th e  cyclohexane s o lu t io n  o f  

e th y lli th iu m . To th is  was added 0 .5  ml o f  a 0 .025 M so lu tio n  o f  

phenan th ro line  i n  dry  benzene, phenan th ro line  forms a red-brown 

co lo red  complex w ith the  e th y lli th iu m . This co lo red  so lu tio n  i s  

t i t r a t e d  w ith  a  1 .0  M s o lu tio n  o f  sec -b u tan o l i n  d ry  benzene. The 

en d -p o in t i s  in d ic a te d  by th e  d isappearance o f  th e  red-brown complex 

o f  phenan th ro line  w ith  e th y llith iu m  and the  form ation o f  a p a le  straw - 

yellow  so lu tio n . R ep lica te  analy ses  were accom plished by adding a 

f re s h  a l iq u o t  o f  e th y llith iu m  and o f  phenan th ro line  to  th e  f la s k .  Ti­

t r a t io n s  were rep roducib le  to  w ith in  + 0.01 ml by th is  tech n iq u e .

n -B u ty llith iu m  and m ethy llith ium  were t i t r a t e d  in  the  manner
83described  above fo r  e th y llith iu m .

Cyclohexane was washed w ith  aqueous potassium  perm anganate, 

s u l fu r ic  a c id  and w ater. I t  was d r ie d  over sodium ribbon . S p e c tra l
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grade benzene was s to re d  over sodium ribbon  and used w ith o u t fu r th e r

p u r i f ic a t io n .  Tetrahydrofuran  was d r ie d  by r e  flux ing  over sodium, and

was d i s t i l l e d  befo re  u se .

Argon (Matheson) and p re p u r if ie d  n itro g e n  (Matheson) were d r ie d

p r io r  to  use by passage through a  tower o f  calcium hydride d u s t .  The
8iiappara tu s d esc rib ed  by W.S. Johnson and V.P. Schneider was u sed  to  

m ain ta in  an i n e r t  atmosphere over re a c tio n  m ixtures.

Anthracene (Matheson, Coleman and B e l l ,  f lu o re sc en t g rade) was 

d r ie d  a t  110° fo r  2h hours befo re  u se . Naphthalene and phenanthrene 

(Kodak, w hite la b e l)  were sublimed p r io r  to  u se . Aaulene (K & K 

L a b o ra to r ie s ) , acenaphthylene (F lu k e), triphenylm ethane (Kodak), and 

p ery lene  (American Cyanamid) were used as  ob tained  w ithou t fu r th e r  

p u r i f ic a t io n .  TMOFD (Kodak) was d i s t i l l e d  under n itro g en  (bp 9 2 ° / 10 mm). 

R ecently  (1 month) d i s t i l l e d  amine was more e f fe c t iv e  than  s e v e ra l-  

m onths-old sam ples.

Instrum en ts

Gas chromatography was perform ed w ith  an F and M model 900 

in s tru m en t equipped w ith  a \  in ch  0 . D .,  two foo t 2$% Apiezon N 

column on Chromsorb P . The column tem peratu re  was h e ld  a t  279° w ith  

a  helium  flow r a te  o f  80 cc/m in. The in je c t io n  p o r t was m ain ta ined  

a t  320° and th e  d e te c to r  block a t  300°. The filam ent c u rre n t was 100 jua. 

Under th e se  c o n d itio n s , th e  fo llow ing  r e te n t io n  tim es, r e l a t i v e  to  th e  

r e te n t io n  time o f  an th racen e , were founds 9 ,1 0 -dihydroanthracene 0 .6 1 ; 

9,-methyL9,10-DHA 0 .62 ; 9 -e th y l-9 ,10-DHA 0 .6 9 ; c i s - 9 -m eth y l-1 0 -e th y l-
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9,10-DHA 0 .7 5 ; cis-9»10-diethyl-9jl0-D HA . 0 .9 2 ; 9 -e th y la n th ra c sn e  1.60. 

C a lib ra tio n  curves were used fo r  q u a n tita tiv e  work.

Nmr sp e c tra  were o b ta ined  on a Varian kr60 A spec tro m ete r 

equipped w ith  a v a r ia b le  tem perature probe. S p ec tra  were ob ta ined  as 

s o lu tio n s  i n  carbon te tr a c h lo r id e  o r deuterochloroform  a t  a probe 

tem peratu re  o f  35-39°, u n le ss  otherw ise n o ted . I n f r a r e d  sp ec tra  were 

taken  on a Perkin-E lm er 137 In fra c o rd  or a Perk in-E lm er model 21 prism 

in f r a r e d  spectropho tom eter. Spectra  were c a l ib ra te d  by means o f  a 

p o ly s ty re n e  c a l ib ra t io n  f ilm . U ltra v io le t  sp e c tra  were recorded  on 

a Perk in-E lm er model 202 u l t r a v io le t - v i s ib le  spectropho tom eter. Mass 

sp e c tra  were run  on a CEC Model 21-103 mass sp ec tro m ete r in  th e  Depart­

ment o f  C hem istry, C a lifo rn ia  I n s t i tu te  o f  Technology.

O ther

Y ie ld s  a re  computed from th e  to ta l  w eight o f  p ro d u c t ob tained  

and the th e o r e t ic a l  y ie ld  based on the q u a n tity  o f  s t a r t i n g  hydro­

carbon u sed  in  the  r e a c t io n .  In  cases where p ro d u c t m ix tures a re  ob­

ta in e d , t h i s  w eight y ie ld  i s  co rre c ted  fo r  th e  p re sen ce  o f  im p u ritie s  

as  judged by nmr and vpc. For example, i f  0.005 mole (0 .89 g) o f 

an th racene  i s  allow ed to  r e a c t  w ith  e th y llith iu m , 1 .2 9  g o f  product i s  

o b ta in ed  a f t e r  h y d ro ly s is . I f  th i s  m a te ria l i s  nmr a n d /o r  vpc pure , 

th e  1 .29  g o f  p roduct re p re se n t 0.005 mole {100% y ie ld )  o f  p roduct.

I f ,  however, nmr o r vpc in d ic a te s  th a t  th i s  m a te r ia l  i s  only  80% pure , 

the  y ie ld  o f  th i s  conqqonent i s  80^.

Q u a n tita tiv e  A nalysis o f  R eaction  Mixtures

The p u r i ty  o f  th e  m ajor component obra ined  i n  a  re a c tio n  was
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determ ined from th e  t o t a l  in te g r a l  o f  the  nmr spectrum ob ta ined  on the  

m ix tu re . In  a l l  cases y ie ld s  were c a lc u la te d  from th e  r a t io  o f 

arom atic  s ben zy lic  : a l ip h a t ic  hydrogens. Thus, fo r  th e  m ixture 

d iscu ssed  p re v io u s ly , t h i s  r a t i o  was: 97 (arom atic) : 38 (b en zy lic ) : 

50 ( a l ip h a t ic ,  e th y l g roup). I f  each hydrogen in  th e  e th y la te d  p ro ­

duct accounts fo r  10 in te g r a l  i n i t s  (5 a l ip h a t ic  hydrogens x 10 u n i t s /  

hydrogen = 5>0 u n i t s ) ,  then  80 (8 arom atic hydrogens x  10 un its /hydrogen  

* 80 u n i t s )  o f  th e  97 arom atic  u n i ts  a re  from th is  compound. Ihe 

p u r i ty  o f  the 9 -e th y l-9 ,10-d ihydroanthracene ob ta ined  in  th is  re a c tio n  

i s :  80 u n i ts  arom atic hydrogen/97 u n i ts  t o t a l  arom atic hydrogen ■ 82$. 

The p u r i ty  o b ta in ed  in  th is  manner i s  good to  w ith in  + 2%.

Vapor phase chromatography was employed as an a l te r n a te  o r  

a d d it io n a l  method o f  q u a n t i ta t iv e  a n a ly s is .  For th e  above re a c t io n ,  

a s o lu tio n  (co n ta in in g  weighed amounts o f  9 ,10-d ihydroan th racene,

9 -e th y l- 9 ,1 0 -dihydroanthracene and 9 -e th y lan th racen e ) was p rep ared  in  

a  vo lum etric  f la s k .  A liquo ts  o f  th i s  so lu tio n  (rang ing  in  volume from

1 .0  to  lOO.Ojul) were su b jec ted  to  vpc a n a ly s is .  From th e  a rea  under 

each peak (a rea  » peak h e ig h t x peak w idth a t  h a l f  h e ig h t)  c a l ib ra t io n  

curves o f  co n cen tra tio n  vs a re a  were p rep ared  fo r  each compound. A 

s o lu t io n  o f  the  crude re a c t io n  p ro d u c t was then  in je c te d  in to  the  vpc. 

By th e  use o f  th e  c a l ib ra t io n  cu rv es, th e  peak a re as  ob ta ined  fo r  th e  

crude re a c tio n  p roduct were converted  in to  m olar c o n cen tra tio n s . From 

th ese  co n cen tra tio n s  a  m a te r ia l  balance  and p e rc e n t p u r i ty  could be 

c a lc u la te d . The estim ated  e r r o r  l im i t s  o f  r e s u l t s  o b ta in ed  by th i s
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method a re  + 2%.

Analyses performed using  both th e  nmr and vpc methods u su a lly  

ag ree  to  w ith in  + 2%, eg. 80 + 2% by v p c , 82 + 2% by nmr.

The re a c tio n s  o f  a lk y llith iu m  reag en ts  w ith arom atic hydro­

carbons were a l l  perforated in  the  manner described  in  d e ta i l  below fo r  

th e  a d d itio n  o f  e th y llith iu m - 1M0FD complex to  an thracene.

A dd ition  o f  Ethyllithium-TMOFD Complex to  Anthracene

A 100 ml three-necked f la s k  (lit/2 0  jo in t s )  was equipped w ith  a 

g la s s  encased magnetic s t i r r i n g  b ar and a gas i n l e t  tube in  th e  c e n te r  

neck . A stream  o f  dry argon was adm itted  through the  gas i n l e t  tu b e , 

and th e  f la s k  was flamed w ith a b lu e  bun sen flame fo r f iv e  m inutes.

The flame was removed and the s id e  necks o f  th e  f la sk  were c lo sed  w ith  

serum caps. A p o s it iv e  p ressu re  o f  argon was m aintained w hile the

8Uf la s k  cooled .

When the f la s k  had cooled to  room tem perature, 10 .0  ml o f  a 

0 .5 0  M so lu tio n  (0.005 mole) o f  e th y ll i th iu m  in  cyclohexane and 30 ml 

o f  cyclohexane were added through one o f  the s id e  necks to  the  f la s k .

A hypodermic sy ringe  f i t t e d  w ith  a  tw o -in ch , 18 gauge need le  was used 

to  t r a n s fe r  th e se  reag en ts . A slow stream  o f  argon was passed through 

th e  f la s k ,  and 0.005 mole (0.89 g) o f  an thracene was added by momen­

t a r i l y  removing one o f th e  serum cap s . A fte r  th e  serum cap had been 

re p la c e d , the  stream  o f argon was reduced  so th a t  a s l ig h t  p o s i t iv e  

p re s su re  o f  argon was m aintained.

To th is  s t i r r e d  s lu rry  o f  an th racene  and e th y llith iu m  in
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cyclohexane was added 0.75 ml (0 .8  g , 0.005 mole) o f  f r e s h ly  d i s t i l l e d  

TMOPD. W ithin f i f t e e n  m inutes th e  co lo r o f  the  s lu r ry  changed from 

p a le  yellow  to  orange, and then  to  a deep -red , opaque s o lu tio n . A fte r  

magnetic s t i r r i n g  fo r  th ree  hours a t  room tem peratu re, re a c tio n s  were 

term ina ted  w ith  one o f  th e  fo llo w in g : (a) Deuterium oxide o r w a te r

(b) Methyl io d id e  (c) Ethyl bromide

(a) Deuterium o x id e :

One ml o f  deuterium  oxide was added, by means o f  a hypodermic 

sy rin g e , in  one p o r tio n . The re a c tio n  mass was washed w ith  1 :1  aqueous 

h y d roch lo ric  a c id  (5 x  50 m l) , $% anueous sodium b icarbonate  (2 x  50 m l), 

s a tu ra te d  sodium ch lo rid e  (2 x  50 m l), and was dried  over sodium s u l­

f a t e .  A fte r  f i l t r a t i o n  and co n cen tra tio n  under reduced p re ssu re  on a 

ro ta ry  ev ap o ra to r , a p a le  yellow  o i l  (l.O li g , 1003) was i s o la te d .

A nalysis (nmr and vpc) in d ic a te d  th a t  t h i s  was a m ixture o f  c i s -  

and t r a n s -9 -d e u te r io -1 0 -e th y l-9 ,10-dlhyd.roanthracene, ((1 -6 ) and 

(1 -7 ) , 88-95.3 y ie ld ,  range 8 ru n s ) ,  to g e th e r w ith tra c e  amounts o f  

9 -e th y lan th racen e , 9 ,1 0 -dihydroanthracene and an thracene. The c i s -  

tra n s  r a t io  (UO + 3% c i s ,  average o f It ru n s) was determ ined from the 

in te g ra t io n  tra c e s  o f  the b e n zy lis  hydrogens in  the nmr spectrum 

(f ig u re  1 ) .

In  th e  tra n s  isom er, th e  hydrogen a t  C-9 appears as a  broad

*Y ields o f  B0% were o b ta in ed  a f t e r  30 m inutes when f re s h ly  d i s t i l l e d  

TMOPD was used .
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(unresolved) s ig n a l  a t  much lower f i e ld  (£ - it* 01 ppm ) than the  p ro to n  

a t  C-10 (3 .75 & ) o r  the  hydrogen a t  C-9 in  th e  c i s  isom er (3.7it£> ) .

See f ig u re  1 , p  26, f o r  the  nmr spectrum in  CDCl^ and ta b le  2 f o r  d a ta .

An IR spectrum  on a  n e a t  sample showed C-D s tre tc h in g  v ib ra tio n s  

as a  p a i r  o f  doub le ts  a t  2110 cm”1 ( s t r g . ) ,  2088 cm"1 (weak) and a t  

2160 cm"1 (m ed.), and 211*5 cm"1 (med.). These v a lu es  show sm all de­

v ia tio n s  from a x ia l  and e q u a to r ia l  C-D s t r e tc h in g  v ib ra tio n s  re p o rte d
62fo r  c i s -  and t r a n s - 1*-deu terio -t-bu ty lcyclohexane. (See Table it,

p 36) f o r  d a ta .

The mass spectrum  showed a m olecular io n  a t  m/e » 209 and ex­

h ib i te d  a  fragm en ta tion  p a t te r n  in  harmony w ith  th e  lo s s  o f  H, D, bo th  

H and D, and C/>Hcj“ . When th e  m/e * 209 peak was s e t  eoual to  100, th e  

peaks a t  210 and 211 had r e la t iv e  abundances o f  20.1  and 2.k0% i n  good 

agreement fo r  a  monodeutero m a te r ia l. No io n s  were observed a t  m/e » 

212-218. A tr a c e  im purity  cou ld  be d e tec te d  a t  m/e * 221.

Run 2 H ydrolysis o f  a  p a r a l l e l  run w ith  w ater gave 9 -e tb y l-9 ,1 0 -  

dihydroanthracene as  an o i l .  A fter low tem peratu re  r e c r y s ta l l i z a t io n  

from e th a n o l, 0 .7  g (70%) o f  c ry s ta l l in e  hydrocarbon having a  mp o f  

l*2-l*3° was secured . The nmr spectrum o f  t h i s  m a te r ia l  was id e n t ic a l  

w ith th e  l i t e r a t u r e  spectrum^0 (ta b le  2 , p  2 7 ) .

(b) Methyl iod ide*  ris-9 -m eth y l-1 0 -e th y l-9 ,1 0 -d ih y d ro an th racen e , (I-U)

Quenching w ith  m ethyl io d id e  (3 ml) gave ( I —1*.) (0 .96 g , 100%). 

A nalysis o f  th i s  p roduct by nmr and vpc in d ic a te d  th a t  i t  was 80-93% 

pure (9 ru n s ) .  A f te r  r e c r y s ta l l i z a t io n  from e th an o l w hite  n eed le s , 

up 105-106° were secured  i n  70% y ie ld . The m e ltin g  p o in t rep o rted
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i n  the  Ph D Thesis o f  D. A. Redford f o r  th i s  compound i s  108.0-108.5°.**

Anal. Calcd f o r  C, J l 0 : C, 91.81*: H, 8 .1 6 . Found: C, 91 .58 , H, 8 .1 6 . 
——— 17 1o

T rans-9-m ethyl-10-e th y l-  9 ,1 0 -d ihydroan thracene cou ld  n o t be

d e tec ted  e i t h e r  by vpc o r nmr (see ta b le  3 , p  3 k )• A mass spectrum  o f

(1-U) e x h ib ite d  a  sm all m olecular io n  a t  m/e *= 222. The UV spectrum

in  e thano l had } (g ) va lues o f  : 258.5 (7 0 8 .) , 265.2 (1013.) and 
A mu

272.U (1038.) which compared w ell w ith  va lu es  fo r  th e  hydrocarbon 

ob ta ined  by reduc ing  9-m ethy l-10-ethy lan th racene  w ith  sodium in  

a lc o h o l .^ 1

(c) E th y l brom ide: c i s - 9 ,1 0 -d ie th y l-9 ,1 0 -d ihydroan th racene , (1-5)

C is-9 , 1 0 - d ie th y l- 9 , 1 0 - d ihydroan th racene , 115) 5 7 . 5 ° - 5 8 . 5 °  ( l i t .  

5 9 -6 0 ° ) ^  was i s o la te d  in  80$ y ie ld  a f t e r  a d d itio n  o f  e th y l bromide 

(3 ml) to  9 -lith io -10-e thy l-9 ,10-D H A  (see ta b le  2 fo r  nmr s p e c tra l  

d a ta ) .  Nmr s p e c tra  on crude re a c t io n  m ix tu res in d ic a te d  the p o ss ib le  

p resence o f  abou t h% o f  th e  tra n s  isom er ( ta b le  3 , p  3U), 5 1  cps ( t r i p ­

l e t ,  J  * 7 ) . This m a te r ia l  could  n o t be i s o la te d .  The mass spectrum  

fo r  the  p u r i f ie d  hydrocarbon ((1 -5 , c i s  isom er) e x h ib ite d  a m olecular 

io n  a t  m/e » 236 and a  fragm entation  p a t te r n  s im ila r  to  sp e c tra  o f  

(1-6) and (1 - 7 ) .

A nal. Calcd fo r  C ^ H ^ :  C, 91.U7; H, 8 .5 3 . Found: C, 91.50; H, 8 .2 9 . 

P rep a ra tio n  o f  9 -m ethy l-10-ethy lan th racene  by O xidation  to  c i s - 9-

m e th y l-1 0 -e th y l- 9 ,10 -d ihydroan th racene , ( I -h)

A m ixture o f  ( I —U) (1.2 g) and s u lfu r  (0.1* g) were heated  ( in
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a s e a le d  tube) a t  250° f o r  th re e  hours. The crude p ro d u c t, analyzed  

by nmr, had a  spectrum  c o n s is te n t  w ith  i t s  fo rm u la tion  as 9 -m ethy l-10- 

e th y lan th racen e , 7.78 £  (a ro m atic , 8H, d o u b le t o f  o u a r te ts , J ^ ou^ e t  =

25 c p s , -  3 cps) j 3 .60  8  (q, J  -  7 .5  cp s , 2H, CHg-CH^j 3.07 £  >

( s ,  3H, -CHj)$ 1 .32 S' ( t ,  J  ** 7 .£  cp s, 3H, -CHg-CH^). R e c ry s ta l l iz a ­

t io n  from e thano l gave ye llow  n eed le s , (0 .60  g , 50.5% y ie ld ) ,  mp 128-9° 

(L i t .  isp l i i5 .5 ° ) .^ 3 Admixture w ith  s ta r t in g  m a te r ia l (I-U) depressed  

th e  mp y  20°.

Triphenylmethane-D

To a so lu tio n  o f  triphenylm ethane (25 g , 0 .10  mole) i n  250 ml 

o f  d ry  THF m aintained under argon a t  0° was added 0 .11  mole o f  n -b u ty l­

l i th iu m . The so lu tio n  was allow ed to  s t i r  f o r  one hour, deuterium  

oxide (3 .0  ml) was added, and s t i r r i n g  was con tinued  fo r  an  a d d itio n a l 

th re e  hou rs. The r e a c t io n  was tra n s fe r re d  to  a sep ara to ry  fu n n e l,

washed w ith  w ater and th e  o rganic  la y e r  was co n cen tra ted  to  dryness
68

a ffo rd in g  21*. 0 g (96%) o f  triphenylm athane-d , Dp 91-92 . This 

m a te r ia l con tained  b e t t e r  than 95% D as determ ined by nmr.

The re a c tio n  o f  9 -lith io -10 -e thy l-9 fl0 -D H A  w ith  triphenylm ethane-D  

To a  so lu tio n  o f  9 - l i  th io -1 0 -e th y i-y , 10-DHA p rep ared  from 

0.005 mole each o f  a n th racen e , e th y llith iu m  and TMOPD in  50 ml o f  

cyclohexane, was added 0 .01  mole o f  s o lid  triphenylm ethane-D . A fte r 

2k hours deuterium  oxide (1 .0  ml) was added and the  so lu tio n  was 

allow ed to  s t i r  an a d d it io n a l  hour befo re  th e  p roduct was i s o la te d .

Nmr s p e c tra l  a n a ly s is  o f  th e  i s o la te d  p ro d u c t in d ic a te d  a  1*3/57
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r a t io  o f  t r a n s -  to  c is-9 -deu terio -10 -e thy l-9 jl0 -D H A . This r a t io  was 

n e a r ly  th e  re v e rse  o f  th a t  ob ta ined  when hy d ro ly sis  w ith  deuterium 

oxide alone i s  accom plished.

A dditions o f  E th y llith iu m  to  Anthracene in  THF

To 0.005 mole (0.89 g) o f  an thracene in  d ry  THF (50 ml) main­

ta in e d  a t  0-5° was added 10 ml o f  a  0 .50 M so lu tio n  (0 .005 mole) o f  

e th y llith iu m  in  cyclohexane. A fte r  magnetic s t i r r i n g  fo r  30 m inutes 

a+. 0° to  +10°, th e  re a c tio n s  were te rm in a ted : (a) w ith  ra p id  ad d itio n

o f  excess deuterium  oxide ( l  m l) : (b) w ith ra p id  a d d itio n  o f  excess 

m ethyl io d id e  (2 m l) ; (c) w ith  ra p id  a d d itio n  o f  excess e th y l bromide 

(2 m l). A fte r work up as described  above (om itting  th e  aqueous hy­

d ro ch lo ric  and sodium b icarbonate  washes) th e  p roducts ob ta in ed  w ere:

(a) a 1 :1  m ixture o f  c i s -  and tra n s -9 -d su te rio -1 0 -e th y l-9 ,1 0 -d ih y d ro - 

anthracene ((I-U) and (1 -5)) in  981 i s o la te d  (crude) y ie ld ;  (b) a 98% 

y ie ld  ( iso la te d )  o f  c i s - 9-m ethyl-10-ethyl-9.10-DHA, ( I - I i) ;  and (c) 

a  96% i s o la te d  y ie ld  o f  c is -9  tlQ-diethyl-9»10-DHA, (1 -5 ). Hie m elting 

p o in ts  and nmr sp ec tra  o f  these  compounds matched the  m eltin g  p o in ts  

and s p e c tra l  da ta  fo r  samples o b ta ined  by b is  amine c a ta ly zed  re a c tio n s  

i n  cyclohexane.

P rep a ra tio n  and R eactions o f  9-11 th io -1 0 -a lk y l-9 »10-dihydroanthracenes 

from M etalation  o f  9 -a lky l-9 ,10-d ihydroan th racene  by n -B u ty llith iu m  in

Tetrahydrofuran

To a  s t i r r e d  so lu tio n  o f  0 .01 mole o f  9 -a lk y l-9 ,1 0 -dihydro­

anthracene (R = m ethyl o r  e th y l)  under dry argon in  THF a t  -60° was
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added in  one p o r tio n , 0 .01  mole o f  n -b u ty llith iu m  (Foote M ineral) in  

hexane. A fter wanning to  + 10° during 30 m inutes, the  d eep -red  colored 

s o lu tio n  was cooled to  -30° and  term ina ted  w ith : (a) deuterium  oxide;

(b) m ethyl io d id e ; (c) e th y l  bromide.

M eta la tion  o f  9 -B thy l-9 ,1 0 -d ihydroan thracene , (1-2)

(a) 9-Idthio-10-ethyl-9 ,10-dihydroanthracene, (1-3), was prepared 

from 0.01 mole of n-butyllithium and 0.01 mole (2.08 g) o f (1-2) in  

100 ml of THF. Deuterium oxide (1 . ml) in  3.5 ml of dry THF was 

added in  one portion, and a 1:1 mixture o f  (1-6) and (1-7) (nmr) was 

secured. The yield  was 95% based on the weight of the product.

(b) Run 2: Slow a d d itio n  o f  deuterium  oxide to  9 - i i th io - 1 0 - e tb y l-

9 ,1 0 -dihydroanthracene, (1-3)

To 0.005 mole o f  f r e s h ly  p repared  9 - l i th io -1 0 -e th y l-9 ,1 0 - d i-  

hydroanthracene (from (1 -2 ))  i n  50. ml o f  THF, deuterium  oxide (0 .10 

ml i n  U0. ml o f  te tra h y d ro fu ran ) was added dropwise during  one hour a t  

tem peratures below -2 0 ° . M agnetic s t i r r i n g  fo r  an a d d i t io n a l  hour 

w ith  warming to  + 25° was fo llow ed  by ad d itio n  o f  0 .1  ml o f  deuterium  

o x id e . A fter product i s o l a t i o n ,  a n a ly s is  o f  the b en zy lic  p ro to n  p o rtio n  

(3.3U —5.00 $ )  o f  the  nmr spectrum  in d ic a te d  a 2 :1  m ix ture  o f  (1-6) : 

(1 -7 ) . This an a ly s is  i s  l e s s  p re c ise  than  e a r l i e r  an a ly ses  because o f 

th e  form ation o f  9 -e th y l-9 , 10-dihydroanthracene through r e a c t io n  w ith  

th e  so lv en t (THF).
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Run 3 t  In v e rse  a d d it io n  o f  9 -H th io -1 0 -e th y l-9 ,1 0 -d ih y d ro -  

anthracenc (1 -3 ). to  deuterium  oxide

Rapid inverse addition o f 0.005 mole o f (1-3) to a solution 

of deuterium oxide (2 ml) in  THF (15 ml) gave a 1 :1  mixture o f c is -  

and trans-9-deuterlo-10-ethyl-9 ,10-dihydroanthracene.

Run U: The a d d itio n  o f  m ethyl io d id e  to  9 - l i th io -1 0 -c th y l-9 ,1 0 -  

dihydroanthracene, (1-3)

The a d d itio n  o f  m ethyl io d id e  (3 ml) to  $0 ml o f  a 0 .1  M so lu tio n  

(0.005 mole) o f  (1-3) i n  THF gave a  98$ y ie ld  o f  c i s - 9-m ethyl-10- 

e th y l-9 ,10 -dihydro an th racen e , ( I —U).

Run 5? The re a c tio n  o f  9 - l i th io -1 0 -e th y l-9 ,1 0 -dihydroanthracene 

(1 -3 ) . w ith e th y l bromide

The re a c tio n  o f  (1-3) (0 .005 mole in  50 ml o f  THF) w ith e th y l 

bromide (3. ml) y ie ld e d  c i s - 9 ,1 0 -d ie th y l-9 ,10-d ihydroan thracene (1-5) 

in  96$ is o la te d  y ie ld .

C is-9 .1 0 -d ie th y l-9 -d eu te rio -1 0 -h y d ro  anthracene

To a so lu tio n  o f  9 -d eu te rio -1 0 -e th y l-9 ,1 0 -d ib y d ro an th racen e  

( l .  g , 0.005 mole) i n  60 ml o f  THF was added 0.006 mole o f  n -b u ty l­

lith iu m . Hie so lu tio n  was warmed from -30° to  +10° du rin g  th i r t y  

m inutes. E thy l bromide (2 ml) was added and c i s - 9 ,1 0 -d ie th y l- 9- 

deu terio -10-hydroan th racene, (mp 57-58°, 0 .5  g , hO% y ie ld ) ,  admixed 

w ith  an equal q u a n ti ty  o f  (1-5), was is o la te d .  The nmr spectrum o f  

th is  m a te ria l was s im i la r  to  th a t  o f  (1-5). The on ly  d is c e rn ib le  

d iffe ren ce  between th e  two sp e c tra  was a red u c tio n  i n  th e  r e la t iv e
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in t e n s i ty  o f  th e  b en zy lic  p ro ton  in te g r a l  o f  the  d e u te ra te d  m a te ria l

to  the  in te g r a l  i n  (1 -5 ) . I n f r a r e d  da ta  a re  recorded  in  ta b le  h , p 36.

P rep a ra tio n  o f  9-M ethyl-9 ,10-d ihydroan th racene, (1-8)

9-M etbyl-9 ,10-dihydroanthracene (100 g) was p rep a red  in  9b% y ie ld

by m e ta la tio n  o f  9 ,10-d ihydroan thracene (0.55 mole, 100 .0  g) in  dry THF

(1200 ml) w ith  n -b u ty llith iu m  (0.075 m ole, 360.0 ml o f  1 .6  N Foote

M ineral s o lu tio n  in  n-hexane) and subsequent a d d itio n  o f  excess methyl

io d id e . A fte r  i s o la t io n  and r e c r y s t a l l i z a t io n  from e th an o l, the  p ro -
86duct had mp 5U-550 ( l i t  mp 61°, see table 2, p 27 for nmr data).

The R eaction  o f  M ethyl Io d id e  w ith  9-11 th io -1 0 -m eth y l-9 , 10-dLhy dro-

an th racen e , (1-9)

The a d d itio n  o f  methyl io d id e  to  0.005 mole o f  9 - li th io -1 0 -m e th y l-

9 ,1 0 -d ihydroan th racene , (1 -9 ), i n  te trah y d ro fu ran  (50 ml) gave the

known c i s - 9 ,10-d im ethy l-9 ,10-d ihydroan thracene  (1 -10)) in  100# y ie ld ,
56

mp 127-128° from e thano l ( l i t .  mp 130 ) .  See ta b le  2 , p 27 fo r  nmr 

d a ta .

The P rep a ra tio n  o f  c is-1 0 -m eth y l-9 ,10 -d ihyd roan th racene-10 -carboxy lic  

a c id ,  21

Tb a  s o lu tio n  o f  29 .1  g (0 .15  mole) o f  9-m ethyl- 9 ,10- dihydro -  

an th racene  in  500 ml o f  THF cooled to  -5 0 ° , was added 100 ml o f  a  1 .6  M 

(0.16 mole) s o lu t io n  o f  n -b u ty llith iu m  in  hexane. The co ld  bath  was 

removed and th e  s o lu tio n  was a llow ed to  warm to  + 10° o v e r 30 m inutes.

I t  was cooled to  -22° and poured in to  500 ml o f  e th e r  s a tu ra te d  w ith
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carbon dioxide a t  -70 . The re a c tio n  was wanned to  room tem perature 

over two hours. I t  was tr a n s fe r re d  to  a  separa to ry  fu n n e l and 

thoroughly  e x tra c te d  w ith  10^ aqueous sodium hydroxide (5  x  200 m l).

The aoueous phases were combined, e x tra c te d  w ith  e th e r  (200 m l), cooled 

i n  ic e  and then  a c id i f ie d  to  give w hite  c ry s ta ls  o f  crude a c id .  The 

a c id  was c o lle c te d  by f i l t r a t i o n ,  washed w ith  w ater and r e c r y s ta l l iz e d  

frcm g la c ia l  a c e t ic  a c id  (275 m l), fu rn ish in g  20.0  g (56%) o f  w h ite , 

d e l ic a te  p la te s ,  21 (mp 226-7°j L i t .* 6 ' 87 225-226°). The nmr 

(d eu te rio p y rid in e) da ta  a re  given in  ta b le  2 . N e u tra liz a tio n  

eq u iv a len t = 238; ca lcd  fo r  Ci gHi : 238.

C oncentration  o f  the  a c e tic  a c id  m other liq u o r  to  25 ml gave

9 .1  g (25.5/S) a d d it io n a l  a c id ,  mp 170-210°. NMR sp e c tra  in d ic a te d  the 

presence o f  9% t r a n s - 10-me th y l-  9»10-dihydro  an th racene-9-c a rb o x v li c

a c id , 21* (5 .38$  f o r  H-9j 1 .6 lg  fo r  CH.- d o ub le t, J  -  7.1*).
5

Evaporation o f  the  n e u tra l  e th e r  la y e rs  from e x tr a c t io n  o f  the 

carboxylic  a c id  s a l t  so lu tio n s  gave 3 . 11* g (12. 5%) o f  9-m eth y l-9 , 10-  

d ihydroanthracene,  ( I - 10) .

Run 2 : 9- L i th io - 10-m ethyl-9 ,1 0 -dihydroanthracene (from 30 .0  g 

o f  9 -m ethyl-9 ,10-d ihydroanthracene) was carbonated as i n  ru n  1 . The 

crude lith iu m  carb o x y la te  was poured in to  500 ml o f  a  1:1  m ix ture o f 

w a ter-hyd roch lo ric  a c id , and th e  crude a c id s  (31.1* g , 85%) t ob ta ined  

as  a p r e c ip i ta te ,  were c o lle c te d  by f i l t r a t i o n .  A fte r  r e c r y s t a l l i z a ­

t io n  from a c e tic  a c id  5 9 .3% o f  c is  a c id  21 (21.81* g , 115) 223-225°) was
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secu red . NMR a n a ly s is  o f  the  a c id s  rem aining in  the a c e t ic  a c id  mother 

l io u o r  showed th e  presence o f  c is  and tra n s  (70:30) a c id s  o r  11% c is  

and 8^ tra n s  o v e ra l l .
_ 3

Cis a c id  21 (1.2 g , 5 x 10 mole) was d isso lv ed  in  g la c ia l  

a c e t ic  a c id  (23 - m l) . Concentrated hydroch lo ric  a c id  (2 ml) was added 

and the so lu tio n  was re flu x ed  fo r  fo u r hours . The s o lu tio n  was cooled 

and the  so lv en t was removed under reduced  p re ssu re . This gave the 

s t a r t in g  a c id  (mp 227-228°) Q u a n tita tiv e ly . The nmr spectrum  ex ac tly  

matched th a t  o f  th e  s ta r t in g  c is  a c id ,  21.

10-M ethyl-9-hydroxym ethyl-9,10-dihydroanthracene,  £2:

C is-10-m ethyl-9 .1 0 -d ihydroanthracene-9 -carboxylic  a c id  (1.17 g , 

0.001*6 mole 21) i n  50 ml o f  re  flu x in g  e th e r ,  was reduced w ith  lith iu m  

aluminum hydride (0.8 g in  the  cup o f  a Soxhlet e x tra c t io n  ap­

p a ra tu s )  fo r  s ix  hours. A fte r a d d it io n a l  s t i r r i n g  a t  25° (15 h o u rs ), 

th e  re a c tio n  m ixture  was hydrolyzed w ith  aqueous hy d ro ch lo ric  a c id , 

e x tra c te d  w ith  $% sodium b icarbonate  (3 x 50 m l), d rie d  (sodium 

s u lf a te )  and th e  e th e r  was evaporated  to  dryness to  a f fo rd  1.03 g o f  

a lc o h o l, (97%), mp 135-136°; ( l i t .  1 3 6 -1 3 7 ° ) .^  Tablo 2 co n ta in s  

nmr d a ta  In  ODO^.

The c i s - to s y l  e s te r  (23) was p rep ared  by the  re a c t io n  o f  22 

(1 .0  g , 0.1*6 m ole) and p -to lu en e su lfo n y l ch lo rid e  (0.009 mole) in  

p y rid in e  (50 m l, fo r  two hours a t  0° and 13 hours a t  room tem peratu re). 

The product (mp 13l*-13l*.5°* l i t .  133.5-131*.5°)} was o b ta in ed  in
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86% y ie ld  a f t e r  r e c r y s ta l l i z a t io n  from iso p ro p y l e th e r .  The nmr (CDGl^) 

da ta  a re  l i s t e d  in  ta b le  2.

C is -9 -e tb y l-10 -m ethy l-9 , 10-d ihydroanthracene, (I-U ), from th e  Tosyl 

E s te r  (2^) o f  c i s - 10-meth y l-  9-hydroxymethyl-9 ,1 0 -dihydroanthracene

The conversion o f  to s y l  e s te r  23 to  (1-1*) was accom plished using**v
<8lith iu m  dim ethylcopper.

To a suspension o f  cuprous iod ide  (l+.O g , 0.021 mole, F ish e r 

S c ie n t i f ic )  in  d ry  THF (2*0. ml) was added 0.01*2 mole o f  m ethy llith ium  

in  e th e r .  Tosyl e s t e r  (1 .5  g , 0.0039 mole o f  2^) was added to  the  

organocopper re a g en t. A fte r  s t i r r in g .  22* hours a t  25°, m ethyl io d id e  

was added and s t i r r i n g  was continued fo r  1 .0  hou r. t 'h te r  was added 

and a f t e r  removal o f  copper s a l t s ,  the p ro d u c t was i s o la te d  by 

c r y s ta l l iz a t io n  from e th an o l (O.69  g , 79% o f  a u th en tic  (1-1*), mp 

103-101*°), Admixture o f  th i s  m a te ria l w ith  a  h ig h ly  p u r i f ie d  sample 

o f  m a te r ia l ob ta ined  e a r l i e r  showed no dep ression  o f  m eltin g  p o in t .

An nmr spectrum was id e n t i c a l  w ith the spectrum  o b ta in ed  on samples 

p repared  from 9 -lith io -1 0 -e th y l-9 ,1 0 -d ih y d ro a n th ra c e n e , (1 -3 ) , and 

9 -lith io -1 0 -m e th y l-9 ,1 0 -d ih y d ro an th racen e , (1 -9 ) .

Attempted Iso m eriza tio n  o f  c i s - 10-methy l-9-hydroxym ethyl-9 ,10-

dihydroanthracene (£2)

To a so lu tio n  o f  li th iu m  dim ethylcopper p rep ared  as above 

(5 x  10”^ mole) in  20 ml o f  THF and 7 ml o f  e th e r  was added 0 .2 5  g 

(10~^ mole) o f  c is  a lco h o l 22. A fte r 7 h o u rs , w ater was added and
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th e  p roduct is o la te d  a s  above, using  chloroform  a s  th e  e x tr a c ta n t .

This fu rn ish ed  a  p a le  yellow  s o l id ,  C.25 g (1002! re c o v e ry ) , up 130-132°. 

This m a te r ia l showed no depression  o f  m elting  p o in t on adm ixture w ith  

s ta r t in g  a lc o h o l, m ix ture  mp 13li.-135°» This r e s u l t  suggests th a t  c i s -  

to s y l  e s te r  23 was p robab ly  n o t epim erized by th e  li th iu m  dim ethyl- 

copper re a g en t.

The R eaction o f  n -b u ty llith iu m  w ith Triphenylm ethyl Free R adical

Triphenylm ethyl f re e  r a d ic a l  was p rep a red  a s  a  so lu tio n  in  benzene
fifireco rd in g  to  the  method o f  Gomberg v i s .  ^  I4.83 ,  k9$t and 522 mu.

The a d d itio n  o f  n -b u ty llith iu m  to  a  yellow  s o lu tio n  o f  tr ip h e n y l­

me th y l  f r e e  r a d ic a l  produces a red  s o lu tio n , v i s  'j I4.63 mp. This
max

spectrum  e x ac tly  m atches th a t  o f  trip h en y lm e th y llith iu m , ^  U63 mu,

p repared  from triphenylm ethane-D  and n -b u ty llith iu m  in  benzene.* 

R eaction o f  Naphthalene w ith  E th y llith iu m , N,N,N* ,N '- te tra m e th y l-o -

phenylenediam ine (TMOPD)

To a so lu tio n  o f  naphthalene (0.005 mole) and e th y llith iu m  (0.005 

mole) in  UO ml o f cyclohexane was added 0.005 mole o f  TMOPD. The so lu ­

t io n  was s t i r r e d  fo r  th re e  hours a t  room tem peratu re  and then  an equiv­

a le n t  o f  benzophenone was added. The p roduct was i s o la te d  by washing 

w ith  1 :1  h yd roch lo ric  a c id -w a te r , $% aqueous sodium b ica rb o n a te , b rin e

*  (T etrahydrofuran , 0 .1  m l, was added to  promote re a c t io n  i n  each case . 

Triphenylm ethyl f re e  r a d ic a l  does n o t r e a c t  w ith  THF).
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and removal o f  the  so lv en t under reduced p re s su re . The nmr spectrum  

o f  th e  crude re a c tio n  m ix ture  in te g ra te d  p ro p e rly  fo r  a 1 :1  m ix ture  o f 

naphthalene and p ro d u c ts  de riv ed  from the  re a c tio n  o f  e th y lli th iu m  w ith 

benzophenone (1 ,1-diphenylpropene and 1 ,1 -d ip h e n y lp ro p a n e -l-o l) .

R eaction o f  Phenanthrene w ith  E th y llith iu m , N,N,N» ,N '- te tra m e th y l-o -

phenylonediamine (TMOPD)

In  the  manner d esc rib ed  fo r  naph thalene , the  r e a c t io n  o f  phenanthrene 

w ith  e th y llith iu m  was s tu d ie d . The p roducts  obtained  a f t e r  the  a d d itio n  

o f  benzophenone analyzed  c o r r e c t ly  (nmr) fo r  a  1 :1  m ixture o f  phenanthrene 

and p roducts d e riv ed  from the  a d d itio n  o f  e th y llith iu m  to  benzophenone.

The M eta la tion  o f  Benzene by E th y llith iu m  i n  Cyclohexane

a .  N,N,N,1,N?- te tram ethy lethy lened iam ine  (TMEDA) C a ta ly s is

Run 1 To a s o lu tio n  o f  benzene (0.1*0 g o f  0 .00? mole) and e th y l­

lith iu m  (0 .00? mole) in  cyclohexane (60 m l) , was added 0.006 mole o f  

TMEDA. A fte r U.O how s 0 .00? mole (0.91 g) o f  benzophenone was added 

in  one p o r t io n .

The crude re a c tio n  m ix ture  was t r a n s fe r re d  to  a sep a ra to ry  fu n n e l, 

d ilu te d  w ith  an equal volume o f  e th e r ,  and washed w ith 1 :1  h y d ro ch lo ric  

ac id -w a te r (U x  ?0 m l) , ?# acrueous sodium b icarb o n ate  (2 x ?0 m l) , 

s a tu ra te d  sodium c h lo rid e  s o lu t io n  (1 .x  ?0 m l) , d rie d  over sodium s u l f a te ,  

f i l t e r e d  and evaporated  to  dryness under reduced p re ssu re  on a 

ro ta ry  ev ap o ra to r. This gave a  yellow  l iq u id  (1.38 g , 100# reco v e ry ) .

From th e  in te g ra te d  nmr spectrum  o f  th is  m ix tu re , i t  was determ ined 

th a t  (?2 + ? )#  o f  th e  e th y lli th iu m  had been consumed; (?2 + ? )#  o f
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tripheny lm ethano l (based on s ta r t in g  benzene) had been produced.

Run 2 The re a c t io n  was rep ea ted  in  th e  manner described  

above. A fte r  6 hours benzophenone (0.005 m ole, 0 .91  g) was added.

A fte r i s o la t io n  th e  p roduct was analyzed by nmr. This a n a ly s is  

showed t h a t  (62 + U)^ o f  th e  benzene used i n  t h i s  experim ent had

been m e ta la ted  by th e  e th y lli th iu m . Corresponding to  t h i s ,  (38 + k)%

o f the  e th y lli th iu m  o r ig in a l ly  p re se n t was i s o la te d  as a  m ixture o f  

1 ,1-d iphenylpropene and 1 ,1 -d ip h e n y lp ro p a n -l-o l.

b .  N,N,N* jN '-tetram ethyl-o-phenylenedL am ine (U©PD) C a ta ly s is

When TMOPD was used  i n  p la ce  o f  TMEDA, re a c t io n  w ith benzo­

phenone a f t e r  3 .0  hours gave a s o l id  m ix tu re . Nmr an a ly s is  o f  th i s  

m a te r ia l  in d ic a te d  th a t  20.% o f  the  benzene o r ig in a l ly  p re se n t had 

been m e ta la te d .

R eaction o f  Acenaphthylene w ith  B thy llith ium

To a s o lu tio n  o f 0.005 mole each o f e th y lli th iu m  and 1M0PD in  

UO ml o f  cyclohexane was added 0.005 mole o f  acenaph thy lene .*

A fte r  18 hours th e  re a c tio n  was te rm ina ted  w ith  w a te r . The re a c tio n  

m ixture was e x tra c te d  w ith  1 :1  hydroch lo ric  a c id -w a te r  (3 x 50 m l), 

aqueous sodium b ica rb o n a te  (1 x 50 ml) and b r in e  (1 x  50 ml) j d rie d  

over sodium s u l f a te ,  f i l t e r e d  and evaporated  to  dryness under vacuum 

(20 t o r r ) .  The crude o i l  o b ta in ed  in  th i s  fa sh io n  was t r i t u r a t e d  w ith  

methanol (75 ml) y ie ld in g  a so lu b le  and in so lu b le  f r a c t io n .  Nmr 

exam ination o f  the  in so lu b le  m a te r ia l in d ic a te d  a  complex m ix tu re:

7.22 S (m)j 3 .37 g  (m); 1 .81 £  (q ) ;  0 .98 & ( t ,  J  ■ 6 .5 ) .

*The acenaphthylene used i n  t h i s  experim ent co n ta in ed  5% o f  acenaphthene, 

a s  judged by vpc and nmr s p e c tr a l  a n a ly s is .
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Prom the  t o t a l  in te g r a l  th i s  m a te r ia l i s  approx im ately  $0% e th y la te d , 

assuming only  m onoethy lation . Gas chromatography showed th a t  both  

the so lub le  and in s o lu b le  f r a c tio n s  were complex m ix tu res o f  about 

the same com position . The f ra c tio n s  were combined and su b jec ted  to  

p rep a ra tiv e  gas chromatography. The m ajor id e n t i f i a b le  component was 

the red uction  p ro d u c t, acenaphthene (approxim ately 20% o f  the  t o t a l  

m a te ria l as judged  by v p c ). The s tru c tu re  o f  t h i s  component was 

proven by m eltin g  p o in t ,  m ixture m eltin g  p o in t ,  v p c , m ixture vpc 

and nmr comparison w ith  a u th en tic  acenaphthene. The o th e r  components 

(a t l e a s t  fo u r) cou ld  n o t be sep a ra ted  in  s u f f ic ie n t  o u a n tity  fo r  

id e n t i f ic a t io n .

The A ddition o f  E th y llith iu m  to  P ery lene : 1 -S thy lpery lene

To a s o lu tio n  o f  0.0102 mole o f  e th y llith iu m  and 0.005 mole o f 

TMOPD i n  72 ml o f  cyclohexane was added 0.005 mole o f  p e ry len e . The 

so lu tio n  im m ediately tu rn ed  emerald green and w ith in  30 m inutes the  

perylene was com pletely  d isso lv ed . A fte r 1 .5  hours a  3 .0  ml a liq u o t 

was removed and th e  p ro d u c t was i s o la te d  as above. From th e  in te g ra te d  

nmr spectrum t h i s  m a te r ia l  was estim ated  to  be approxim ately  92% pure 

l-e th y l-x ,y -d ih y d ro p e ry le n e .

A fte r a  t o t a l  o f  20.5 h o u rs , w ater was added to  th e  rem ainder 

o f  the  re a c tio n  m ix tu re . The p ro d u c t, 1.386 g (97 .5£) o f  a  yellow  

o i l ,  was pure 1 -e th y l-x , y-dihydroperylene a s  judged by nmr. This 

m a te ria l was d is so lv e d  in  30 ml o f  benzene, s l ig h t ly  more than  one 

equ ivalen t o f  c h lo ra n i l  was added, and the so lu tio n  was re flu x ed  fo r 

6 .5  hours. The s o lu tio n  was coo led , washed w ith  10?! aqueous sodium
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hydroxide (200 m l), w ater (U x 100 m l) , and b rin e  ( l  x  50 m l) , d rie d

over sodium s u l f a te ,  f i l t e r e d  and co n cen tra ted  to  dryness under r e -
18duced p re s su re . This gave 1.30 g (100#) o f  1 -e th y lp e ry len e  whose

18nmr spectrum  e x a c tly  matched the  p u b lish ed  s p e c tra l  d a ta .

nmr: 7.80 $  (m, 11 H),* 3 . l k  6  (a , J  -  7,-CK^CH^; l .U 6 £  ( t ,  J  -  7,

-CH^CH^)j mp 81-82° (ethanol),* l i t . 18 81*°.

A c o n tro l experim ent showed th a t  i n  th e  absence o f  TMDPD no 

re a c t io n  occurred  under th e  same co n d itio n s .

The R eaction  o f  Azulene w ith  E th y llith iu m

To a so lu tio n  o f  e th y llith iu m  (0.0025 mole) in  35 ml o f  cyclo ­

hexane was added 0.32 g (0.0025 mole) o f  azu len e . A fte r f iv e  m inutes 

3M0PD (0.0025 mole) was added and the  re a c tio n  was allow ed to  s t i r  fo r  

20 h o u rs . Ihe re a c tio n  was hydrolyzed by the  a d d itio n  o f  5 ml o f  

w a te r , and th e  crude p roduct was i s o la te d  a f t e r  washing th e  o rgan ic  

la y e r  w ith  aqueous a c id , w ater and b r in e ,  dry ing  over sodium s u l f a te ,  

f i l t r a t i o n  and removal o f  the  so lv e n t . Ihe b lu e  l iq u id  ob ta ined  by 

th i s  procedure i s  presumed to  be li-e th y l-3 a ,J j-d ih y d ro azu len e , by analogy

w ith  th e  numerous a d d itio n s  o f  a lk y l  li th iu m  reag en ts  to  azu lene r e -  
71p o rte d  by H afner. NMR in d ic a te d  t h a t  approxim ately 75# o f  th e  m ixture 

i s  t h i s  component and 25# re p re se n ts  un reac ted  azu len e . nmr: arom atic

8 . 1*2-5.00^ ( in te g r a l : 155 mm); b en zy lic  3.U2-17 £ ( in te g r a l :  55 mm),* 

a l ip h a t ic  1 .83 -0 .58  S ( in te g r a l :  llCtom); m ethyl t r i p l e t ,  J  » 6 , 0 .8 7 S 

( in t e g r a l :  52 mm). I f  the  m ethyl t r i p l e t  re p re se n ts  e tb y la te d  

m a te r ia l ,  and the  only o th e r  component i s  azu len e , then  the  p e rc en t 

p u r i ty  o f  the e th y la te d  m a te ria l i s :  (5 )(52)/363 = 73#, where the
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number 52 represents the integral for three hydrogens and multiplica­

tion by 5 gives the integral for the 15 hydrogens o f ethyldihydro- 

azulene.

The A ddition  o f  E th y llith iu m  to  9-m ethylanthracene in  THF

To a so lu tio n  o f  0 .95  g (0 .005 mole) o f  9-m ethylanthracene in  

THF (60 m l) , m aintained below 10°, was added 0 .005  mole o f  e th y ll i th iu m . 

The re a c t io n  was m onitored by hydro lyzing  0 .5  ml a liq u o ts  and sub­

je c t in g  the  hydrolyzed m a te r ia l  to  vpc a n a ly s is . By tn i s  technique 

i t  was found th a t  a f t e r  UO m inutes no fu r th e r  consumption o f  s ta r t in g  

m a te r ia l  occurred . A fte r  160 m inutes an a d d it io n a l  0 .005 mole o f  

e th y lli th iu m  was added to  th e  re a c t io n  m ixture i n  an e f f o r t  to  in c re a se  

th e  e x te n t o f  conversion o f  9-m ethylanthracene to  p roducts (about 30%).

A sample removed fo r  vpc a n a ly s is  1;0 m inutes a f t e r  in n o c u la tio n  w ith  

e th y lli th iu m  in d ic a te d  th a t  an a d d it io n a l  1%% conversion  had been 

ach ieved . Again, no fu r th e r  change was noted i n  subsequent a l iq u o ts .  

F ive hours a f t e r  the  commencement o f  the  experim ent the  re a c tio n  was 

hydrolyzed  by the  a d d itio n  o f  w ater (30 m l). The re a c tio n  was d i lu te d  

w ith  e th e r  (30 m l), t r a n s fe r r e d  to  a  sep a ra to ry  fu n n e l, and the  la y e rs  

were se p a ra te d . The o rgan ic  la y e r  was washed w ith  w ater (h x  50 m l), 

d r ie d  over sodium s u l f a te ,  f i l t e r e d  and co n cen tra ted  on a  ro ta ry  

e v ap o ra to r . The a d d itio n  o f  carbon te tr a c h lo r id e  (5-10 ml) to  the  

crude re a c t io n  mass caused th e  p r e c ip i ta t io n  o f  a  s o l id  (0 .1  g ) ,  

mp 318°. This m a te r ia l was n o t id e n t i f i e d  b u t i t s  h igh  mp i s  in  

accord  w ith  i t s  fo rm ulation  as  a  dim er. Beplacement o f  th e  carbon
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te t r a c h lo r id e  w ith  an equal volume o f  e thano l gave a second p re -  

c ip a te  (0 .08  g ) ,  mp 227-233°. This m a te r ia l dep ressed  th e  m elting  

p o in t o f  an th racen e . No f u r th e r  c h a ra c te r iz a tio n  o f  th i s  m a te r ia l 

was a ttem p ted .

Replacement o f  the  e th an o l w ith 2-3 ml o f  hexane re s u l te d  i n  a 

yellow  s o lu t io n  which was p u r i f i e d  by f i l t r a t i o n  through f l o r i s i l  (U5 m l), 

w ith hexane as  the  e lu e n t . Vpc m onitoring o f  th e  chromatography i n ­

d ica ted  t h a t  no sep a ra tio n  o f  th e  major component ( s h o r te r  r e te n t io n  

tim e) and 9-m ethylanthracene occu rred . However, th e  components having 

a longer r e te n t io n  time than  9-m ethylanthracene were a b se n t. Ap­

prox im ately  700 ml o f  hexane were req u ired  to  e lu te  a l l  th e  9-m ethyl­

an th racene . Since vpc had shown th a t  on ly  two m ajor components were 

p re sen t in  th e  e lu e n t ,  th e  f r a c t io n s  were combined and reduced  to  

dryness on a  ro ta ry  e v ap o ra to r . The a d d itio n  o f  e th an o l (8 ml) to  the  

sem i-so lid  mass which was o b ta in e d , fu rn ish ed  a p r e c ip i t a t e  o f  9- 

m ethylanthracene (0.21 g ) ,  id e n t i f i e d  by nmr.

The rem aining m a te r ia l ,  su b jec ted  to  p re p a ra t iv e  vpc , y ie ld e d  

a  small amount o f  c i s - 9-ethy l-10-m ethy l-9> 10-d ihydroan th racene, mp 

103-109° (from  e th a n o l) . Admixture w ith  a u th e n t ic  hydrocarbon d id  n o t 

depress th e  m elting  p o in t (m ixture mp 10l|-106°). This component r e ­

p re sen ts  ab o u t 70$ o f  the  p ro d u c t m ix tu re , as  e s tim a te d  by vpc and 

nmr.
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M olecular W sight o f  the  E th y llith iu m  N,N,N' N' -te tram eth y l-o -p h en y len e- 

dlaiiilne Complex by F reez ing  P o in t D epression 

Cyclohexane- e th y ll i th lu m t

The fre e z in g  p o in t o f  a p u r if ie d  sample o f cyclohexane was found 

to  be 6.32 + 0 .0 2 ° . A so lu tio n  o f  e th y lli th iu m  in  cyclohexane, 8 .80  ml 

o f  a  6 .10  x  10“^ M s o lu tio n , s o l id i f ie d  a t  + 1 .8 0 ° . The c a lc u la te d  

m o la li ty , m = B / ^ t ,  (where B, the m olal free z in g  p o in t dep ression  

co n stan t has a  va lue  o f  2 0 .0 ) , i s  0 .226. The th e o re tic a l  m o la lity  

o f  e th y llith iu m  i n  cyclohexane, fo r  th i s  s o lu tio n , assuming no 

ag g reg a tio n , i s  0 .9 1 . The c a lc u la te d  ag g regation  fa c to r ,  3 .9 8 , ag rees 

w ell w ith  l i t e r a tu r e  v a lu e s .  ̂^

G yclohesane-ethy llith ium  N,NJ,N*, N ^tetram ethyl-o-phenylenediam ine

(TMOFD)89

To th e  above so lu tio n  o f  e th y llith iu m  i n  cyclohexane was added

0.86 g (£.26 mmoles) o f  TM0PD. From th e  free z in g  p o in t (-1 2 .0  + 0 .9 °) 

o f  th i s  so lu tio n  th e  m o la lity  i s  c a lc u la te d  to  be 0 .91 , in  good 

accord w ith  th e  th e o r e t ic a l  value fo r  a  monomeric complex o f  0 .8 9 .
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