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FOREWORD

The sudden and untimely death of Professor W. E. Parham

on May 21 , 1976 , left an excellent group of four young

graduate students each of whom was determined , if possible ,

to continue and expand the field of’ “Parham Chemistry ” — the

.synthesis and elaboration of aryllithium reagents bearing

functional groups. Since Dr. Parham ’s grant DAHCOLi 714 G0128

expired i pril 30, 1977 , we sought research support for the

continuation project. The Army Research Office awarded Duke

University the sum of $15,000 (over a two—year period ) which

was agreed to represent participation by ARC with Duke

University in the support of the proposed research. The work

described here was carried out by three of the four Farham

students , David W. Boykin , David A. Hunt and David C .  Reames ,

each of whom has now completed the requirements for the PhD .

degree.
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~C~’Y CF RE F CHT

~i. ’ 10 1~ ~— r e ~ a t  e x ) ~t an~~e has lcn:~ ‘ ~~~~ ‘, ‘.r~ ~‘ .‘t ’

;~~‘r u1 . m et  hed t~or preparation of organo L i t  h~ ~m

However  • t h e  r e ac t ion  was at t’irst l i r n i  ‘-d c .ic yl ~~~~~~
(o r  i ed Ldc ~~) th a t  con tai !led no ci cc tro  rh i i i ’  t’uu~’ t i ~‘t ~~.t  1 ~ :o~ k ’ s ;

those ~r o n p n  p ‘c l u d e d  e x c h a n cc , fo . ’ t h e y  re.~c ~~i ~ i t h  t h e  e x —  F
ch afl~~t3 agent  or w i t h  the generat ed  ary ~ 1 t h ~;m rca:  en t . .  i . n ’

and assoc t a t  es~ 
—

~~~ found that  t h i s  Umi t a t  ~ c:~ c~’u id ~~ ~~~~~~~~~~~~~ od

if exchange was carried out at —l OO ~ C . At  t h a t

many elect roph i l  ic groups ( e . g .  , CCO~{ • C CC ’ < . CN , C H , C1

found to be passive toward a t t ack  by b u ty l l i  t h iu :n  wh i l e  ex - ’h.u ~~o

of the aryl l~r o rn i dc  remained f ac i l e .  Thus , the Lcv: t. om’~t ’r:t t n r c

exchange reac t ion provided a route t~ fnr, c t i cua l  i :.ed cr~~ano—

l i t h i um  reagents .

To d e m o n st r a t e  th e syn the t ic  u t i l i t y  of low t empera ’ ut ’e

exchange , .i v ar i e t y  oX’ a r yl l i th i u m  reagent s  c on t a i n i n g  ci ~‘e t n o —

philic  gr oups wer e  prepared by exchange at  -1OC’°C . These n o v o !

reagents were  employed in two d i f f e r e n t  s y n t h e t i c  e~~~enc ’s.

In the f i r s t , the  fun c t io na l iz e d  o rgano l i th i urn nt ’.i gr ’nt w an

a L lOWeLl t o  r eact  w ~ h an added e l ec t  roph ~ ‘~c . Sevet’a e x c h an g e

sub st  ra t  es were in v e s t  ~at ed in : ‘eac on s o t’ his I

RE A CT ICN ~ W TT I i  E X T E R N A L  E LE C T R ~ FH I L~~

1. Benzyl io  Halides

~( — M e t h y  — br omob ~ nzyl  ch lo r ide  ( i :~ , R a~ d ~ , o. — d i  —

m ethy l—o — brom ob enz y l  ch lor ide  ( lb , R CH
J~ were  h o t h  f o u n d  t o

undergo s e l ec t ive  exchange to the o — l i t h j o  d e t ’ i \ ; i tj v e s  I~2a a nd



-

2b)  when t reated w i t h  b u t y l lit h i u m  a t  -100 °C.  2hese reagen ts

( 2 )  reacted w i t h  cyclohexanone , an added clec t .rophile , and

cycl ized to a f f o r d  phthalans  ~a and ~b.

0

) _ _ _ _ _ _  

R C H ~ 

. 

V

~a ( R = H ) ;  6c;~
3b (R = CH

3
) ;  2

2. 0-Methyl Oximes of Aromat ic  Aldehydes

The aldehyd e carbonyl remains reac t ive  t oward butyl-

lithium even at -100°C and therefore mus t be pr otected during

exchange . The 0-methyl oxime of o-bromobenz aidehyde (~~) was

prepared and subjected to exchange ; the o rg a n ol i t h i u m  reagent

was generated and could be trapped as acid 6 ~‘y carbonat ion.

Surprisingly,  when o-broniobenzaldehyde oxime was sub jec ted  to

li thiat ion w i t h  two equivalents of but y l l i th iu m , exchange pre-

ceded abstraction of the weakly acidic oxime proton. An appar-

ent rapid proton transfer then quenched the aryllithium reagent.

Thus. th .~ oxime itself was found to be unsatisfactory as an al-

dehyde protecting group during exchange .

~.‘~~y
CH~NOCH3 (~~~r

.
~
-CJt

~
N0C}5

BuLl , -100°C L~~~~LLI ~~ ~~ 2
2 )  H~

L ~~~

‘ 
h~~ 

-— -
-~~~
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7.

~~ . Reac t ion  of o—Lith ioph eny laJ .ky l  Halides with External
Electrophiles.

React ion of o—l lth iobenzyJ. chloride 
~Z~’ prepared from

the reaction of the corresponding bromide with n—butyllithiuin at

with  Schi f f  bases (
~~) and pyridlne—2—carbony l derivatives (~~

)

proved to be of value in the preparation of 1,2—diaryisoindolines (J.~ ) .

acridizinium salts (~~l ) ,  and dihydroi sobenzofurans  (~~~ ) .  It was

found that  whether or was prepared from the reaction of with

the pyridine—2—carbonyl derivatives (~~) was highly temperature

dependent .

ArQ~=NAr’ (
~

)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

. 

~~~~~~~~~~~~~~~~~~~~~~~~~~ 

S

RIX)

Y>~~~~~~~~~~~~~~~~~~~~
IO

~~~~~~~

25O

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Reaction of o—l ith io—B— phen y le thy l  bromide (4.~~) (prepared

from the corresponding bromide) 14 with nitriles proved to be a facile

method for the preparation of l—substituted-3,14—dihydrOlso—

qulnolines

~~~~----~~~~~-- ~~~~~~~~~ -- - .
________ j ~~~~~~~~~~~~ ~~~~~~~~~~
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Eeac  t ~ on o :‘ sot ’  r ’~’v — o —.~ I t  hI oben: ~‘a e inc o—~ It  h ot ’en: on
t h Cch~ :’:’ ~-hi s ’~~.

Re a c t  ~cn o~’ ~sop :~o~’y ’~— c— ’..It h . obe : oa t  e ~
nIt rlLe ( “ , ~

‘ rena re~ t’v the  :‘eac t ~~ ~ :~g b

w I t h  n — b u t y l  I ~~t h~~n~ i t  — i C C ~’ ~‘ ‘ ~ ~~t h ~ ch I  :~:‘ bas es

b e an. ent : ’v I n t o  t h e  .‘ , ~—dIarv ~‘ t i l  Une ‘~~
t e~”

ArQ~=NAr’ ()~

Ct ad o : ‘ ~ p ct-~ n e — L  I t  h i u m  xc han~~e w I t h  o— ~~ro~ao a ry  Cc h ~ :‘:‘3ases.

React Ion ~~~~ n — b u t  y 11 t h ~um w i t h  Cc h I :‘ t
’ bases of he

~~~~~~~ ~~~~~~~~ gave vary ~ng result s . Th t h e  case  of ~~~~~~~~~, a d d l t  ion

o t h e  :l:cmer !i ne I Inkage cc ourred in pre  ~~~~~~~~ t o  c x c  h a n c e

—- ________________________________ ~~~~~~~~~~~~~~~~~~~~~~~~~~



at —~~OC° . In th e  case of a l im it e d  amount  of exchange

~r c du ct  co uld  be d et e c t e d  at — 100° .

:
~~~~~~~~~

(:2
) ~~~~~~

n=0

b,n = 1.

c, n=2

6. Derlvatlves of Acrylic Acid

The reactIvIty of derivatives of 2-bromoacrylic acid

was InvestIgated In detail. The reaction of 19a with two molar

equIvalents of n—butyllithium in tetrahydrofuran at —100°C

afforded polymeric material . Compound 
~~~~~~ 

was found to undergo

dehydrobrcmination to phenyipropynoic acid , even at —1~40°C.

Bromine—lIthium exchange was rapid and complete for and

which afrorded the lithiovinyl derivatives and

respectIvely.

CO Z H ThF , -iOO °C 
~ R 2~~~~~~~~~O2 H

~ 
R2 H ~ ~~~~ : ~ ~ : ~ : ~Rt~~~

R2~~~Ph

I
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10.

These reagents were used to a kylate a varIety of electrophiles

to afford 2—substItuted acids of types 
~~~4 and

Elec t rophHe Produc t Isolated Yi eld , ~ H

CH 3CH 2 I E = CH 2CH 3 79

CK 3OD 0 98

C 6H 5SSC 6H 5 “ SC 6H 5 61

C 6H5NCO 
1 CONHC 6H 5 58

CH 3 I 21b, E = C H 3 73

Cyc lo hexanone ‘ C (OH) (cH 2)5 62

C 6H 5SSC 6H 5 “ SC 611 5 68

C 6 H5CH 2 SSCU 2C 6H 5 ‘ SCH 2C 6H 5 61

The reactIon of 3—methyl—2—butenoic acid (22) with n j
or tert—butyllithium was found to produce a lIthio derivative

which underwent i—and y—alkylation and/or double bond isomerization ,

a result also obtained by the use of lithium diisopropyl amide

wIth

CH
I /

H 1.  2 n-C~ H9L i E-C H2~~~~~ ,
~,H 

+ 

CH 2~~~~JE

/~~ \ 2 . E ~ / \
CH3 CO 2H CH 3 CO 2H CH 3 CO 2 H

7. Bromcary~ Compounds

A comparison of the reactivlties of the isomerlc lithium

lithio benzoates and synthetically related organolithium compounds

(
~~~, ~~, arid ~~~~~) was made by using the alkylation of chiorosilanes

C e .  g . ,  (CH 3
)

3SiC 1) and disulf ides C e .  g . ,  CH 3SSC H 3 ) as model

reactions. These were prepared by low temperature lithiation of

the corresponding bromoaryl compounds (
~~~, ~~, ~~~~~~~~ The 

____________________________



- -
~~~~ 

7.

The ~~th I::ir” I c~ hoxy oites ~~~ and ~~~ ~ave ‘? Ub:e y~ elJs of ai~cjlatIcr.

~roducto and were ~enera~~y InferIor to the Isomer ct -b . The aL~’lation of

°d arid :‘ollcweu by .~cId—oataly:ed hydrolysIs ~:‘ the tert—butyl ~~cup

rrovided an alternatIve route to acids and ~~a (E = (~h.~Y~2I). The

lthio derIvatIves of the Ison~ ric nltrl es .~~ e , , and were aI

effIcIently alkylated . A varIety of o—substltuted beozolo acIds and

ber.zor.Itrlles H )  were prepared : , = 2IH~H~~ 3, ~IH ~H , ) 2 Fh , CCH~ ,

.~?h , SCH2Fh , SePh , ?Fh2 , F~ Fh2~~L. ~~; ~~~, E = CI~ 3H3)3, CI~CH.,)2?h , SCH3,
SPh , S(CH ~ ) 2~ 2Ff, PPh 2 , ~~~) ) F h 0, ? (S) P h 2,  P~Ph2LtH~ 1 .  C’ther isorr~rs

and esters prepared Includ ed : ~~ , E = SCH3, 3(C’I-L,)2~ ~F~~; ~~~, E SCH3,
SI(~ -L~ 3, ~~ = CCH,; 3~~~~ , = SI(H.,),; ~~i , E = SI(CH3)3, ~~~ E = SCH

3
.

R 

~~~~~~~~~ 

~~ 
:~~

-

ortho : ~~ ‘0

meta: 2Q

para:

~~ , R — C O 2H

b , R CO 2 L I

R CO 2CH ( CH 3)2

d , R — co 2c (CH 3 ) 3

e , R — C~ P1 

- — - - -~- O-JJ.~O ~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~- _~~ .~~ ~~—~~----_ - —~~ •~~ 
Lj



8. Saturated Bromo Acids

li—Bromoundecanoic acid (
~~

) was converted to the

trilithlo derivative which afforded ll— (phenylthio)undecanojc

acid (
~~

) in 52—53~ yield .

Br(CH2)10C02H Li (CH2)9
CH=CO 2Li2 PhS (CH2)10C02H

1.
REACTIONS WITH INTERNAL ELECTROPHILES t
In the case of other functionalized organolithium re-

agents generated by exchange , the electrophilic group was

positioned such that it could act as an internal electrophile

and afford a cyclic product. This synthetic sequence , the

Parham cyclization , was further developed as an alternative to

traditional ring closures in investigations on several systems :

1. Acids

Parham , Jones , and Sayed3 have reported the use of the

lithium salt of a carboxylic acid as an internal electrophile

in a synthesis of 1-indanone. This cyclization was extended to

the preparation of seven-membered ring ketones and heterocyclic

ketories. Of particular interest was a novel synthesis of di-

benzosuberone (
~~~~

) .  ~-Bromobenzyl bromide (~~~
) was converted to

2-bromo-2’-lithiobibenzy1 ;~ carbonation gave salt 3~ . Exc hange

and cyclization gave dibenzosuberone (
~~ ; 56~ from 

~~~~~
) in an

efficient, “one-pot” procedure .

- .. ~~~~~~~~~~~~~~~~~~ 
L~~~~ - -- - _~_ L.~~~~~. .  ~-----— -~~~~ / ~~ ~ -
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2 .  ~j ’c x1des

The e~’o x I d ’  r I: i ~ was f ou n d  o b ~‘aso .  owa r~ :i t :lc ~

by b u t y l l i t h lu m  ‘it — 1 ~\~”C ; t h u s  • wa~ ~‘os ~ l b  o ~ c~~~( ’ ra :  C ’

any l i l t  h i u m  i’ea~ ent  s o t ~~~~~~~ ~~ . Th a~ten~ i~~’ i’~’ r a rt  I c i i —

la r l v  i n t e r est  Ins , f o r  r I ng s  or two d I f f ’ r ~ nt .~~~‘5 nI ~ ht t ’ ’

t’or med in th e  F arham cy c  I :.at Ion. ow’v r , for a : :nL ’ ’t ’ of

ex amples , t h e  on l y  c y c l I c  ~‘:‘od u c t  W35 h ’  .~~, ~—~~~~y d:’~’— ; — l ’ ’n . - o —

t’ur anm et  hanoi 4 ~
‘ . Ne ix—m ember’d ¶ ;~~~-t ‘du o was  ~li’ ( ‘0

even in c a s e s  where  the  epo x ide  c a r b o n  r iver  he ai ~ on c ’n ~ en

was f u 1 l~’ sub s t  I t u t  ed.

• c : : r~~~ kzi ::~ 
> ~~~~~~~~~~~~~

(‘H.,C’Ii
(“4 u

3 . Phenoxyalkyl Halides

The Parh am cycl ialky la tion , ~~~t~~C”V i ow; ly reper  t s’d ou~ y I ii

carbocyclic ~ys tem~ , wa~ extended to the pre~:ira t i~~n ~~ :~i :bs I i -

tuted oxygen hetorocycles . Subs t i tu ted  o-bromoph . ’nex y .i  Ikyl

bromi des such a a 113 ( n 2 — 4  ) were found t t  under~’o rap i d cx —

ehange to in t ermediat es  A&4 (n 2 — 4 ) .  ‘c i j ’.~,atu’n i ot th~ so t ’e—

agenta gave good yiel.ds of products  (~~~~~~
) .  

-
~~ .

- .2 ~~~~~~~~~~~~ - --~~~~~~~~~~~~~~~~~



111.

~~~~ O-(CH2)..Br ~~ -(Cfl2 ) -Br ~~ O,,~~

H
3
C ~ Br 

~~~~~~~~~~~~~~~~ 

H
3
C - Li H~C 

(CH2)~

L~14 1~ç
’ (n = 2—4);

69-73%

The phenoxyalkyl bromides were also studied as substrates

for double l,ithiations (i.e., two successive selective exchange

reactions on one aryl nucleus). For example , compound ~46 was
• found to undergo selective exchange and cyclization to hetero-

cycle LV~~. Without isolation of 11
~~

, a second exchange and a re-

action with an added electrophile (C02) could be carried out,

giving acid ~~~~ . Additional examples of double lithiatioris

demonstrated the versatility this technique imparts to the

exchange process.

BuLi 1) BuLi

Br,L...~~LBr cr l00 c ~~~~~~ 2) CO2 HOOC)~~~~
’
~~~~3) H

~~~~~~~~ 6i%

11. Schiff Bases

The best results were observed for Schiff bases of the

type ~~~~~~~ Bromine-li thium exchange occurred readily at -.lOO~~, and

upon warming the li thio derivative to room temperature ,

l—sub st itu ted~ 1,2 ,3, Ll~ tetrahydroisoquInolines (
~~~~~) were obtained

via intramolecular a t tack of the “anion ” upon the azomethine linkage .

_____ 
j~

.
~ ~~~~~~~~~~~~~~~~~~~~~~ ~- - -‘ -----—- ‘—--- — —‘--i — ~ ,

~~~~~~
_ _ .

~
____

~ ~~~~~~~~~~ 
, • • . •

~~~~ ~~~~~~~ 
-‘

~~~~
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5 . s t u d  los of B r om i n e~~i ., It  h iu m ~ x c han~~e in :~y ems ¼’O f lt  a In I :i~~~ a
N— ’=O LInkage.

Attempted br om~ n e — l i t h I u m  exchange by the reaction of

n—buty llithium with bromcphthalimldes ~~~~ and ~—bromo—~ —ph enyl—

ethyl tsocyanate ~~~~~~~~~ at  — 100° fa i l e d  In all case s tested , the

major product obtained In each case derived from the addition of

nbutyllith ium t o  t he  N — C ~~ linkage .

n~-t)

b, n~ t,

c, n=2

I - . Bromine—Lithium Exchange Studies of I~r omo— ~~— A i ’ y l e t f ly j  Br om~ de s .

Bromine—i it hium exchange In sy st e m s  a na l og o u s  t o  ~— l t~ h t o—

—phenyiet hyl bromide , ~~ proved t o  be a valuable t e c h n i q u e  f o r

the iar~e scale prepa:’at ion of ar y l cy c  bob ut one s and .

- - . - -•-- -  -‘~~~~—---‘-‘--~~~ — .~~~—- -~~~~ - .— - ~~~~~~~~~~~~~~~~~~~~~~~



- -.

16.

:0
H

Additionally , bromine—lithium exchange studies with the

arylbromo c ompound ~~ proved to be a new method for the large scale

preparation of l ,3, 11,5—benzod icyclobutene (
~~~~~

); however , if

substituent s are placed at the 3— arid 6— positions (as in ~~), a

single exchange occurs , even when treated wi th  two equivalents

of n—butyllithium . This phenomenon is presumably due to anion

formation in order to relieve sten o strain .

Br 
1)2 eq BuLi/— 109

2)—lO O° — 25°

__ 
56

2 e~ BuLi/~lOOO
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4~IJ i 6 O (o 3 . I C~.
Cr) (Block 20 Continued)

bromoethyl, cyano, carboxylate, carboalkoxy as well as beta carboxyethyl
anion and beta carboxainidoethyl groups.

0 Functionalized phenyllithiuin reagents have great synthetic utility.
Reaction with electrophiles, such a methyl iodide, bromine, benzaphenone,
cyclohexonone, phthalic anhydride, benzoate esters, dipheny]. disulfide or
ethylene oxide replaces the aryl lithium atom resulting in a benzene ring

H ~~~~~ with two functional groups.

Usually, allowing the functioualized aryllithium to warm up results in
an interaction between the lithium atom and the functional group. A useful
example of such an interaction is the self condensation of lithium ortho—lithio
benzoates to yield ortho—benzoylbenzoic acid.

A phenyllithium reagent having a functional substituent in the ortho
position are frequently useful intermediates for cyclization.
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