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Thc clrcntical shiJ'r betv,een the gemirnl methy'lcnc

prototrs of l-phent,lethl ' l  bcnzt,l cther has been measurecl' i tt 
4 variet 1, of solvents. ,4n trpproximute correlatiorr

obsert,ecl betyrean .solvenl dielectic cottsluilt and rhe

clegree of  the mugnet ic noneqr ivalenca of  the rnethylct ta

protons, v.1 v 3. is discussed in l ight of similar results

for structurrtl l . l , reluted contpounds. It is suggested that

the variation irr vA - v6 ttt ith solvent maV refect changes

itt the conformotion of the henzt' l ic phenvl ring w'it l t

respect to the meth.t ' lene grouP.

Introduction

In a previor ' rs papcr.  r  correlat ions hal 'e been de-

veloped between the degree of  the magnet ic non-

equivalence of  the protons of  a methylene gloup close

tO an lsymnletr ic center3 atrc i  the structure o[  the nr.ole-

( l )  (a)  Supportccl  in p i t r t  by the Oft ice oi 'Naval  Rescurch and thc

u' t lergracl t rarc rescurch part ic ipat ior t  progr i l l l r  of  thc Nat iorra l  Scie lce

Founda t ion ;  (b )  N 'A .T .O '  Fe t lo rv ,  1963 '
(2 )  G  M.  Wi r i t cs i c les ,  D .  Ho l t z .  nn< j  J '  D '  Robc r t s '  J " ' l n r '  Che tn '

Soc. ,  86,  1628 (196' t ) .-  
(3 j  1.ne term "asyinmctr ic  ccnrer"  used i^  th is papcr refers to the s ingle

carbon atom i i r  e i rch of  thc colnpoutrds examined rvhic l r  bears four

di l l 'erent  Subsl i tucpts.  A s imi lar  magnet ic r louequivalencc of  stcreo-

chemical l_"-  d isr inct  geminal  methylene protot ls  has of 'coursc also been

observe<l irr botlt 
"-^iotty 

clissymmetric compottpds [c/'. W' L' fvfeyer

anc l  R .  B .  Meyer ,  i b id . ,  Es ,2 i70  6961)1 ,  r .d  i n  a  v . r i e t y  o f  b r idgcd

l ipf , .nytr .  rvhi th tbrmal ty c lo not  contain l rn asymnrcrr ic  ccuter .-  
?+l  n s imi lar  suggest ion has bcen aclvanced by Mis low aud co-

rvorkers to uccount l '6r  thc sol 'crr t  c lcpcncleuce of  thc t l .m.r '  spcctra of

cci ta in br ic lged bipherryts:  I ( .  lv{ is lorv,  M. A.  w.  Gl .ss.  H.  B.  Hopps,

E .  S i , r ' , o r - r .  una  C .  wah l ,  I r . '  i b id - '  86 ,  l 7 l0  (1964) '  Fo r  ano the r  rece t l t

cu le  c lose  to  the  mer .h ! iene qroupr  us ing  l -phen-v le thv l

benzy l  e ther  and re la tec i  con lpounds as  mode l  com-

poundr .  T l ie  uva i lab le  eV ic lence led  to  the  conc lus ion

iha t  a l thoLrgh a  number  o i  d i f te ren t  s t ruc tu ra l  tea tures

fruU^tr iu c i ' t r ibutecl  t t r  s() t re eKtent to the chemical

,n l r ,  a l i t . r .e l l ces  in  these co t .npounds.  the  most  impor tan t

, ingt .  factor in deternr in i r tg the nlagni tude of  thc

che"mical  shi f t  between rhc gerninai  methylene protons

was the  conformat ion  o [  t f t c  methy lene g loup w i th

respect to the direct ly bonclecl  phenyl  r ing- l

The present papcr presents data pert lnent to an

unclerst i rnding oi  ine marked solvent dependence ob-

served for the methylene proton chemical  shi f t  d i i -

ference in these ethers.  lnd provides further support

for  the hypothesis that  the nrajor co.ntr ibut ion to

t t1 t t , -  o i ig inot . t  in t l te magnet ic anistropy of  the

p h e n y l  r i n g .

Resul ts

The chenr ical  shi f t  d i f f 'erence bet.ween the geminai

methylene protons of  I  -phenylethyi  benzyl  ether is

ciui te solvent sensi t ive ( f iUte t ) '  [n benzene'  cyclo-

hexane. carbon tetrachlor ide.  and simi lar  solvents- the

cher l i c i t l  sh i i t  i s  approx i rna te iv  10-11  c 'p 's ' ; .  in  d i -

r 'e thy l  su l fox ide .  . i i ton . .  and n i t romethane i t  d rops

t ;  approx imate ly  2  c .p .s .  The magn i tude o f  the

cxarn i r ta t ion  o f  magr le t i c  r ronequ i l ' i t l encc  in  benzy l i c  methy lene groups '

s e e  J .  C .  R a n d a l l .  i .  - 1 .  v r . l t i k e v '  l l l '  P '  S m i t h '  a n d  M '  E '  H o b b ' '

i b i d . . 8 6 , 3 2 2 9  ( 1 9 6 4 ) .
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Table I .  Chemical  Shi f t  between the Methylene Protons of
l -Phenv le t l r v l  Benzy l  E the r  as  a  Func t ion  o f  So lven t

So lven t VA -  | ,b"

Solvent
dielectric
constantb

l .  r r -Pentane
2. Cyclohexane
3. Dioxane
4. Carbon tetrachloride
5. Benzene
6. Diethyl ether
7. Chloroform
8. Chlorobenzene
9. Methyl iodide

10.  Ani l ine
I l .  a-Dichlorobenzene
12. r-Butyl alcohoi
13.  Pyr id ine
14. Acetic anhydride
15.  Acetone
16. Cyanobenzene
17.  Ni t robenzene
18.  N,N-Dimethy l formamide
19.  Ni t romethane
20.  Dimethy l  su l fox ide
21.  Acet ic  ac id
)2.  Ethanol
23. Formic acid

10 .  I  c . p . s .
r 0 . I
6 . 9

t 0 . 2
1 0 . 9
9 . 0
8 . 6
8 . 2
6 . 0
7 . 8' t . 2

5 . 7
6 l
4 . 6
2 . 5
3 . 8
3 . 8
2 . 5
J .  t

2 . 0
r 0 .  3

1 A

9 . 9

l  . 8 4
2 . 0 5
2 . 2 1
2 . 2 4
2 . 2 8
+ .  J J

5  . 0 5
5 . 9 4
7 . 0
7  . 2 5
1 4 1
I  . . t  I

1 0 . 9
1 2  . 5
20.5
2t .4
25 .2
3 6 .  l
3 6 7
37  .5 , t
4 8 . 9 .
6 . 3

2 4 . 3
5 8 .  3

Q

t<

qJ

o

. Tables ol '  chemical  shi f ts  re lat ive to tetramethyls i lane and
coupl ing constants tbr  the al iphat ic  parts of  th is molecule wi l l  be
found rn thc Exper imental  sect ion.  The uncerta inty in v*  -  vg
va r ies  f i om approx ima te l v  =0 .5  c .p .s .  i n  l o rv  d ie lec t r i c  cons tan t
so tve l r t s  to  !2 .0  c .p .s .  i n  so l ven ts  o f  h igh  d ie lec t r i c  cons tan t .
b "Hancibook of  Chemistry and Physics."44th Ed.,  ChemicalRubber
Pub l i sh ing  Co . .  C leve land .  Oh io .  1962 .  "  H .  L .  Sch la fe r  and  W.
Scha t lne rn i ch t .  Angew.  Chen t . .72 .618  (  1960) .  ' 1  J .  H ine .  "Phys ica l

Organ ic  Chemis t r y , "  2nd  Ed . ,  McGraw-H i l l  Book  Co . ,  I nc . ,
1962 .  p .  39 .

chenr ica l  sh i l t  in  so lvents  o f  in te rmed ia te  po la r i t y  fa l l s
be tween these two ex t remes.

A plot  of  chemical  shi t i  1 ' . r .  solvent dielectr ic constant
ind ica tes  tha t  the  degree o f  the  magnet ic  nonequ iva lence
bears  an  approx in la te  inverse  re la t ion  to  the  d ie lec t r i c
cons tan t  (F igure  l ) .  However .  inspec t ion  o f  th is
f igLr re  a lso  shows tha t  severa l  so lvents  a re  c lear ly  ex-
cept ions .  Most  impor tan t .  the  chemica l  sh i f t  be tween
the  -CH, -  p ro tons  o f  l -pheny le thy l  benzy l  e ther
d isso ived in  hydrogen-bond ing  so lvents  ( fo rmic  ac id ,
acet ic acid.  ethanol)  is  larger than would be ant ic ipated
fronr the piot  of  d ie lectr ic constant r ' . r .  v\  -  vB. Also.
the  chenr ica l  sh i f t  in  d ioxane so iu t ion  is  s ign i f i can t ly
smal le r  than tha t  wh ich  migh t  have been an t ic ipa ted
f rom cons ider i t t ion  o f  i t s  d ie lec t r i c  cons tan t .

Tab le  I I  l i s ts  the  so lvent  dependence o f  the  chemica i
shi l t  between the geminal  benzyl ic protons of  several
compoLrnds structural lv relzr ted to l -phenylethyl  benzyl
ether.  These compounds appear to be separable into
two c lasses :  one ( l -pheny le thy l  o -bromobenzy l  e ther ,
l -pheny le thy l  o -ch lo robenzy l  e ther ,  and l - indy l  benzy l
ether)  in which the two benzyl ic methylene protons are
magnet ica l l y  equ iva len t  in  a l l  the  so lvents  examined:
and a second ( the remaining compounds in Table I I ) ,
which show both magnet ical ly nonequivalent methylene
pro tons  in  low d ie lec t r i c  cons tan t  so lvents .  and a  so ivent
dependence of  z1 us qual i tat ively s imi lar  to that
observed for l -phenylethyl  benzyl  ether.  I t  is  interest-
ing  tha t  a l l  the  compounds in  the  la t te r  g roup show
approximately the same total  var iat ion in the di f ference
in  chemica l  sh i f t  be tween the  benzy l i c  methy lene pro tons

Ve-Vs  {c .  p .  s . )

Figure l .  Plot  of  solvent  d ie lectr ic  constant  vs.  the chemical  shi i t

beiween the geminal  methylene prorons of  l -phenylethyl  benzyl

ether.  Numbers refer  to the solvents l is ted ip Table [ ;  sol1.ent  no.

23 ( formic acid)  is  not  inc luded in th is p lot .

on chang ing  f rom a  so lvent  o i  h igh  d ie lec t r i c  cons tan t

to one of  low dielectr ic constant.  Two of  the com-

pounds (  I  -pheny l -2 -methy lp ropy l  benzy l  e ther  anc i

l -carboethoxyethyl  benzyl  ether)  retain a large nlaq-

ne t ic  nonequ iva lence in  the  h ig f tes t  d ie lec t r i c  cons tan t

so lvents  examined:  however .  fo r  lhese aS fo r  the  o t l ie  r '

compounc ls  in  th is  c lass  the  to ta l  observed rance o i

vs  -  zs  i s  approx in la te lv  9  c .P .s .
The so lvent  dependence o f  the  spec t ra  o f  c thers

conta in ing  on ly  one unsatura ted  group is  in  marked

cont ras t  to  the  so lvent  dependence o f  the  spec t ra  t l i s -

cussed above.  Compounds conta in ing  a  benzy i  g roLrp

but  no  Lrnsatura ted  group r I t  the  asvmnle t r i c  cen ter
(1 ,  R :  a lky l )  g ive  za  -  vB va lues  wh ich  are  re l3 t i ve iv

insens i t i ve  to  so lvent .  Examples  inc lude:  benz t ' l

i sobuty l  e ther ,  benzy l  i sopropy lmethy lcarb iny l  e ther "

and benzy l  r -bu ty lmethy lcarb iny l  e ther  (Tab le  I I I  t '

CH, ,  H

R-C-O-C-C,;H;

H  
, "

The smal l  var ia t ions  in  chemica l  sh i f t  repor re  d  in

Tab le  I i I  a re  p robab ly  s ign i f i can t .  In  par t i cu la r '

Spec t ra  taken in  benzene so lu t ion  have cons is ten t iy

the largest value for 2.1 -  vs.  However,  the magnitude

of  v r  -  ve  fo r  d imethy l  su l fox ide  and acetone so lu t ions

indicate c lear ly that  a large increase in soivent dielectnc

constant is not in general  accompanied by a corre-

sponding large decrease in the magnitude of  2.1 -  v3'

Moreover,  the vaiues of  r .1 -  vs in hydrogen bonding

solvents are unexcePt ional .
The soivent dependence of  the chemical  sh i i r  in

compounds containing an unsaturated $roup crn the

asymmetr ic center but not di rect ly bonded to the

methylene group is more compl icated: l -phenf iethyl

ethyl  ether and l -phenyiethyl  2-methylpropyl  ether

bo th  show e i ther  zero  or  very  smal l  nonequ iva lence in

their  -O-CH2- proton resonance in nonaromat ic

solvents.2 In contrast ,  the chemical  shi f t  between

the  gemina l  methy lene pro tons  o f '  l -pheny le thy l  nco-

pent .v l  e t l te r  i s  fa i r l y  la rge  in  some low d ie lec t r i c  cons t r tn t

W hitesides, Grocki, Holtz, S rcinberg, Roberts f Solvent EJfect rtn Nlcttr4netic Nonequivalence 1059
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Table III. Solvent Dependence of the Magnetic

Nonequivalence of  the Methylene Protont  t -o:^

Alk;il;hyt.uiuinvt Benzvl Ethers of Structure [''D

Solvent Ethy i
Iso-

propyl l-Butyl

Benzene
Carbon tetrachloride
Cyclohexane
Acetone
Dimethyl sulfoxide
Acetic acid
r-Buty l  a lcohol

6 . 6
) . 5

) . 1

) . 1

4 . 9
5 . 4

9 . 3
8 . 8
8 . 6
8 . 6
8 . 2

t?

t 5  . 7
1 4 . 8

14 .7
1 5 .  l

1 4 . 9

" Solut ions rvere l0 + 2% by volume in solute' The experi-

mental error in v^ - vB is no greater than 0'5 c'p's '  6 From

ref. 2.

solvents.  In the high dielectr ic constant solvents ex-

amined, the magnet i -c nonequivalence in th is compound

is  less  than I  . .p . t .  ( the  l im i t  o i  de tec t ion) '  However '

the  manner  in -wh ich  th is  chenr ica t  sh i f t  var ies  w i th

solvent is qual i tat ively s igni f icant ly di f ferent than that

observed for l -phenylethi ' l  benzyl  ether (Table IV) '

T a b | e l V . C h e m i c a l S h i f t ( c . p . s . ) b e t r v e e n t h e M e t h y l e n e P r o l o n s
of  t -ef , .ny lethyl  Neopenty l  Ether as a Funct ion of  Solvent '

Solvent Y.q, - ,/B Solvent v.r - t/B

Benzene
Toluene
Cyclohexane
n-Pentane
Bromobenzene
Carbon disul t ide

Chlorolbrm
Carbon tetrachloride
Nitrobenzene
Py r idine
Formic acid
Dimethyl sulfoxide

6 . 6
5 9
4 . 6
r i

3 0
< l

< l
< l
< t
< t
< t
< i

" Solut ions rvere l0 * 2o,i  by volume in solute' The uncer-

tarnty in the chemical shif t  is est imated to be no greatcr than

*0 .5  c .p . s .

o | p a r t i c u l a r i n t e r e s t a m o n g r h e d a t a l i s t e d i n T a b i e
lv are the smal l  v i t lues of  the magnet ic nonequivalence

for solut ions in carbc)n tetrachlor ide and formic acid

(r .0.  -  vs is less than I  c.p 's.  ior  both) '  The values ior

i f r i  corresponci ing solut ions oi  I  -phenylethyl  benzy i

e ther  a re  iO. :  
" * i  

9 .9  c .p .s ' .  respec t ive ly ,  bo th  c iose

to the maximt lm ' , 'a l t te observed l t - r r  th is ether '

Discussion

Prev ious iy  repor ted  da ta  have ind ica ted  tha t '  ln

solvents of  iow dieiectr ic constant,  the chemical  shi f t

between the geminal  methylene protons of  ethers of

type  I  seems to  depend pr in rar i l v  on  the .bu lk  o f  R '

p rov ided tha t  R i ;  la rger  than the  methy i  g roup ' :

in most of  the .o*pounds exi imined when R is an

al iphat ic group increasing the dielectr ic constant of  the

soivent has l it i le effect ofl ir.1 - vB; when R is. an un-

saturated group. v5 zs decreases with an increase

in dielectr ic constant.  The iormer of  these observa-

t i o n s w a s p r e v i o u s l y i n t e r p r e t e d : a s e v i d e n c e t h a t
nei ther Speci f ic  solvent-solute interact ionsi  nor react ion

field6 efficts were responsible for the methylene proton

nonequivalence. Al though der ived from observat ions

(5 )  Fo r  examp le ,  see  S .  S '  Dany luk ,  Can '  J '  Chem"  4 l '  387  11963) ;

H .  Suhr ,  tVo l .  Ph1 's . ,  o , lS l  (1963 i ;  l '  v '  Ha t ton  and  R '  E '  R ichards '

i b id . ,3 ,253  (  1960) ;  A .  D .  Buck ingham ,  Can '  J '  Chem' '  38 '  300  (1950) '
' " 'a ; i ; .  

D. 'sucLi . ,e-h;* ,  r '  s t r tu i fer ,  and w'  G'  Schneider '  J '  Chem'

p i ; ; ,  sz ,  t zz l  r rqoo l - ; -  
' p .  

D ich t  and  R .  F reeman,  t vo l .  Ph . r ' s . ,  4 ,39

( l 9 6 1 ) .



fo r  compounds in  wh ich  R is  an  a l iphat ic  g roup,  th is
conclusion is probably also val id for  those compounds
in  wh ich  R is  an  unsatura ted  s roun.

Severa l  l ines  o f  ev idence a ie  per t inenr .  to  an  under -
s tand ing  o f  the  so lvent  dependences  repor ted  in  Tab le
I .  Considerat ion of  correlat ions between v s le
and structure suggest that  conformat ional  preference
of the phenyl  group direct ly bonded to the methylene
group is responsible for the major part of the magnetic
nonequivalence of  the methylene protons of  l -pt ienyl-
ethyl  benzyl  ether. I  Examinat ion of  the ef fect  of
subst i tut ion in the aromat ic r ings of  the compound
provides further support  for  th is conclusion und, in
addi t ion,  g ives some insight into the or ig in of  the solvent
effects.

Detai led discussion of  the or ig in of  z.q -  zs in the
molecules exanr ined in th is study requires some re-
l iable knowledge of  the conform't ions of  ethers.
Mic rowave s tud ies  ind ica te  tha t  the  mosr  s tabre  con-
format ion for di rnethyl  erher-  is  the onc having the
carbon-oxygen bond of  one nlethyl  group staggered
wi th  respec t  to  the  carbon -hydrogen bonds o i  the
other ( l I ) . t  Al though no structural  prececlents zrre
ava i lab le ,  i t  seems probab le  tha t  subs t i tu t ion  o f  an
alkyl  or  ary l  group for a hydrogen atom in dimethyl
ether should leave unchangeci  the preference for con-
fo rmat ions  hav ing  the  carbon-oxygen bond i  s tagger .ed
wi th  respec t  to  the  carbon-hyc l rogen or  carbon-
carbon bonds. Thus, oirc possible confornrzrt ion for
l -pheny le thy l  benzy l  e ther  can be  represenred by  I I I .

t-t

I
r r,/'/\r I
11 / l-t

o
I

,,.'f '.-.-
n /  H .

H

I i

provides a problem in confornrat ional  analysis wi thtr t r t
good precedents .

Never the less ,  severa l  observa t ions  lend s t rong suppor - t
to  the  suggest ion  tha t  the  magnet ic  nonequ iva lence o t '
the  methy lene pro tons  o f  l -pheny le thy l  benzy l  e ther  i s
a consequence of  a preferred conformat ion of  the
phenyl  group with respecr to the methylene group.
The f i rst  of  these, discussed previously,r  rests on the
observat ion that i f  th is phenyl  group is replaced by
an a lky l  g roup the  magn i tude o f  the  magnet ic  non-
equivalence is reduced to a value close to zero.  The
second depends on  the  e f fec t  o f  subs t i tu t ion  in  th is
r ing on the magnitude of  z, ' , .  -  vs (Tabte I I ) .  Subst i ru-
t ion  o f  a  ch lo r ine  a tom pore  or  meta  to  the  CI {2  g roup
has only a smal l  ef fect  on y.{  -  vs in the several  solvents
examined.  In  s t r i k ing  cont ras t ,  subs t i tu t ion  o I  one
o-h1 'd rogen by  a  ch lo r ine  or  b romine a tom reduces
/_1  -  zs  to  some va lue  less  than the  l in r i t  o [  de tecr ron
in  these exper imenrs  (approx imate ly  3  c .p .s . ) .  I f
borh  o-hydrogen a toms are  subs t i tu ted  by  ch lo r ine
atonts,  z-r  zs is approximately the same as for the
r - r  nsubs t i tu ted  compound.

I f  the  or ig in  o f  the  d i f fe rence in  chemica l  sh ie ld ing  o f
the  two methy iene prorons  lay  in  the  i t symmet r ic  cenrer .
i t  i s  d i f f i cu l t  to  unders tand how subs t i tu t ion  in  rhe
d i rec t l y  bonded pheny l  r ins  wou ld  have th is  obser i .ed
et lec t .  ln  par t i cu la r ' .  a l though i t  m igh t  be  poss ib le  ro
imag ine  in te rac t ions  be tween an  o-ch lo r ine  a tonr  and
a phen l ' l  r ins  severa l  bonds  removed such tha t  a  d i f - -
fe rence in  sh ie ld ing  o t '  the  nre thy lene prorons  ar is ing
frorn t i re asynrmetr ic center depended strongl ! '  t tn the
presence or  absence o f  the  ch lo r ine  a tom.  i t  i s  d i f f i cu l t
to  exp la in  why in t roduc t ion  o f  a  secor td  ch lo r ine  i r ton l
in to  the  remain ing  or rho  pos i t ion  shou ld  ce ince i  the
ef fec t  o [  the  f i rs t .  I f .  on  the  o ther  hand.  the  or ig in  o t '
the  nre thy lene pro ton  nonequ iva lence i ies  in  confornru-
t iona l  p re [e rence o f  the  pheny l  r ing  w i th  respecr  ro
the  methy iene s roup.  the  subs t i tuent  e f lec ts  can be
ra t iona l i zed  in  a  re la t i ve lv  s t ra ieh t fo rward  and c r )n -
s is ten t  manner .  In  the  absence r t f '  an  o-ch lo r ine  : r ton t .
t h e  e q u i l i b r i L r n r  c o n f i g u r u t i o n  t r f  t h e  C H : - C o H ;  p o r t i r r n
o i  the  molecu le  n r ieh t  be  represented  by  a  conformut i t rn
such as  iV  or  V .  in  rvh ich  L lne  methv iene car t ' ron  -
h v d r o g e n  b o n d  l a l l s  i n  i h e  p l a n e  o f  t h e  p h e n r l  r i n s
a n d  t h e  s e c o n d  f a l l s  o u t  o t ' t h i s  p i a n e .  D i p o l e  d i p e ' r i e
in te rac t ions  and i  o r  s te r ic  in te rac t ions  migh t  favor
conformat ion  \ / l  fo r  the  or tho-ch lo r ina ted  e ther .  s ince
th is  conformat ron  p laces  the  carbon-oxygen bond i l s
near iy  an t ipara i le l  to  the  carbon-ch lo r ine  bond as
poss ib le .  ln  th is  conformi r t ion .  the  two methy lene
pro tons  wou ld  be  symmet r ica l l y  d isposed to  e i ther  s ic ie
o f  the  pheny l  r ing  and wou ld  necessar i l y  have the  same
sh i i t .

?'"'
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Unfor tunate ly ,  re l iab ie  s t ruc tu ra l  da ta  per t inent  to
the  prob lem o f  ro ta r t iona l  i s r lmer isn t  a rounc l  a  XCH, : -
CuHr  bond are  no t  ava i lab le .  By  ana lou , r -  w i th  o ther
s ix fo ld  po ten t ia l  p rob lenrs ,s  i t  i s  p robab ly  sa fe  r t r
assume thir t ,  for  to luene i tsel f ,  d i f ierences in energy
betrveen rotat ional  conformers would be very smal i .
Dibenzyl  erher presents a more compl icareci  problem.
A l though a  var ie ty  o f  da ta  a re  ava i lab le  wh ich  ind ica te
tha t  the  most  s tab le  conformat ions  o f  subs t i tu ted
propenes are those in which the subst i tuent is ecl ipsed
wi th  the  carbon-carbon c loub ie  bond.e  the  obv io r , rs
di f ferences between a v iny ' l  group and a phenyl  group
make di f f rcul t  any at tempt to extend structural  informa-
t ion  concern ing  the  fo rmer  to  the  lu t te r .  In t roduc t ion
of  the  n le thy l  g roup in to  the  d ibenzy i  e ther  ske le ton
( fo rmal ly  y ie ld ing  I  -pheny ie thy l  benzy l  e ther )  thus

(7 )  P .H .  I (asa i  and  R .  J .  l v f ye rs ,  J .  C l r cm.  ph ) . s . ,30 ,  1096  0959) .
Dimethyl  sul f ide has a s imi lar  gcomcrr-v:  L.  p icrce and M. Havashi .
ih id. ,  35,  479 t t96t) .

(8 )  Fo r  examp le ,  thc  ba r r i e r  ro  ro ra t i o^  abou t  the  ca rbon-n i t rogen
bond  o f  n i t romc th i tnc  i s  6  ca l . imo ie :  E .  Tannerbaum.  R .  J .  Myers ,  i nd
W.  D .  Grv inn ,  i b id . ,25 ,42  (1956) .  S im i la r  sma l l  ba r r i e rs  have  been
determined for  d i f luoromerl - ry lborane IR.  E.  Naylor  anci  E.  B.  wi lson,
J r . ,  i b id . ,26 ,  1057  (1957) l  and  t r imerhy lbo rane  IL .  S .  Bar te l l ,  B .  L .
Car ro l l ,  and  J .  P .  Gu i l l o ry ,Te t rahedron  [_e t te rs ,13 ,705  (1964) ] .

(9 )  V .  W.  Laur i c ,  J .  Chem.  Ph .vs . ,34 ,  l 5 td (196 t ) ;  A .  A .  Borhner -B1 . ,
C.  Naar-Col in,  and H. Gi jnther,  J .  Ant .  Chem. Soc. .  84,  274g (1962\.
See also S.  S.  Butchcr arrd E.  B.  Wi lson,  Jr . ,  J .  Chem. pl r . r ,s . ,  40,  167I
(1964),  and references therein,  for  a d iscussion of  the rerarccr  problem of
conformat ion equi l iLrr ia tv i th respect  to a carbony. l  group.
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Table v. solvent Depenclence of chemical shif ts and Coupling constarrts (c.p.s.) for l-Phenylethyl Benzyl Etl ler

S"l"* ,  Concn.  /  t  
-  t /R J tn"  ' / t ' l l ' - I r "  u  \o  t tBo

B e n z e n e  l i 8  l 0 e  l l ' 8  ( t 7  : - 5 q e * I ) A  l i l ? : I i

VTt r  ' c ycHr"" '

B e n z e n e  l i . S  l O 9  l l ' t i  h  /  - - ) Y

C h l o r o b e n z e n c  9 9  8 ' 2  l t ' 5  ( ) ' 5  1 6 l ' 0 + 0 6  2 5 2 ' 8 + - 0 ' 6

o - D i c h l o r o b e n z e n e  9 6  1 ' 2  t l ' 3  ( r ' 5  1 6 0 ' 9 j = 0 ' 6  2 5 3 ' 7 - r - 0 6

N i t r o b e n z e n e  l 0 ' 2  3 ' 8  l l ' 7  6 ' 4  2 6 3 ' 5 + l ' 0  2 5 9 " 1  - F l ' 0

P y r i d i n e g ' 2 6 . 1 1 1 . 5 6 . 3 2 6 7 . | - + - 0 . 6 2 6 1 . 0 + - 0 . 6
An i l i ne  t ) . 4  7 .8  l 2 . l  6 ' 4  Z5 ' /  ' 7  *  0 ' 6  249 '4  i -  0 ' 6

A n i l i n e  4 ' 3  8 ' 4  i l ' 6  6 ' 3  2 - s 7 ' 8 + 0 ' 6  2 4 1 ) ' 1 + 0 ' 6

c y a n o b e n z e n e  1 0 . 0  3 . 8  1 0 . 1  6 . 5  1 6 2 ' 4 - 1 -  l ' l  2 5 8 ' 6  * l ' 2

c y c l o h e x a n e  1 0 . 2  l 0 . l  l l . 5  6 . 3  2 6 1 5 * 0 5  2 5 t ' 0 * 0 ' 5

c y c l o h e x a n e  4 . 8  l 0 . l  l l . 7  6 . 1  2 ( r l ' 9 - + - 0 ' 5  2 5 1 ' 8 r - 0 ' 5

r r - P e n t a n e  1 0 . 0  1 0 ' t  l l ' 6  6 ' 2  2 6 2 ' 5 * 0 ' 5  2 5 2 ' 5 - f 0 ' 5

n - P e n t a n e  6 ' 0  l 0 ' 1  l 1 ' 5  6 ' 3  2 6 t ' 8 - + - 0 ' 5  2 5 1 ' 7 * 0 ' 5

c a r b o n t e t r a c h l o r i d e  9 . ' l  1 0 . 2  1 2 . 3  6 ' 6  2 6 1  ' 0 - r - 0 ' 5  2 5 0 ' 8 * 0 ' 5

C h l o r o f o r m  8 ' 6  8 ' 6  l 1 ' 3  6 ' 6  2 6 4 ' 6 + 0 ' 6  2 5 6 ' 0 - f 0 ' 6

Acetone 2 '  5n

Dimethyl sulfoxicle 2 '0'l

N i t r o m e t h a n e  1 0 ' 3  3 ' 1  9 ' 3  6 ' 5  2 6 2 ' l r - l ' l  2 5 8 ' 9 + l  l

M e t h y l  i o d i d e  1 0 . 3  6 . 0  l l ' 4  7 . 0  2 6 1 ' 6 i 0 ' 6  2 5 5 ' 6 - f 0 ' 6

A c e t i c a n h y d r i d e 9 . 9 1 . 6 l 1 . 3 6 . 6 2 6 2 . 8 - r . 1 . 0 2 5 8 . 2 - t 1 . 0
D i m e t h y l f o r m a m i d e  l 0 . l  2 . 5  1 0 . 2  6 . 5  2 6 3 ' 3 : L l ' l  2 6 0 ' 9 r - l ' l

E t h a n o l  1 2 . 5  7 ' 4  l l ' 4  6 ' 5  2 6 0 ' 5 - r - ' 0 6  2 5 3 ' l * 0 ' 6

l - B u t y l a l c o l r o l 9 . 4 5 . 7 l 0 . 0 6 . 5 2 6 l ' 3 + 0 . 7 2 5 5 . 6 ) . 0 . 7
D i e t h y l  e t h e r  1 0 . 6  9 . 0  1 2 . 0  6 . 8  2 6 1 ' 8 - + 0 5  2 5 2 ' 8 - i - 0 ' 5

D i o x a n e  9 ' 8  6 ' 9  l 1 ' 5  6 ' 0  2 6 3 ' 5 * 0 ' 6  2 5 6 ' 7 - - 0 ' 6

D i o x a n e  5 ' 0  6 ' 9  l l ' 5  6 ' 0  2 6 2 ' 9 - r - 0 ' 6  2 5 6 ' 0 * 0 6

T e t r a h y c l r o f u r a n  8 . 1  6 . i  l l . 5  6 . 2  2 6 3 " 1  - - 0 6  2 5 7 ' 2 - - 0 6

750 7 86. ti
262  0  83  . 7
263  .6  85 .0
2 7 0 . 5  8 7 . 8
2 ' t0 .6  87.  I
2 5 7  . 3  8 1 . 8
257 .3  80.  I
269  . 4  85 .9
2 6 t . 6
2 6 1  . 8
262.5
2 6 1  . 8
262.9 87 .2
266 .9  87 .5
2 7 r . 2  8 7 . 6
2 7 0 . 7  8 5 . 5
2 6 9 . 8  8 5 . 2
265.9 83 .2
269 . r  84.  6
2 7 2 . 1  8 5  .  2
264.1 83 .4
262.3 83 . 5
2 6 5 . 3  8 7 . 6
26'7 .2 85. I
260 .9  83 .4
267.6 82.7

The dependence of  2. .1 /s on subst i tut ion in each

o i  the  two pheny l  r ings  o f  l -pheny ' le thy t  benzy l  e ther

sheds  some i ign t  on  the  or ig in  o i  the  so lvent  dependence

ot '  th is quant i ty.  Thc ci ipole moments t ) f  several  ex-

treme cbnformat ions for the c i i l . r inateci  and un-

ch lo r ina ted  e thers  can be  ca lc t l la teCl  in  an  app l 'ox i l l i t te

fash ion  by  neg lec t ing  a l l  b t lnd  l l l on len ts  except  t l t6se

dr . re  to  c -o  una c - -c l  bonds  ( taken l rs  l . l  and  1 .7  D. .

respect ively) , to and t t re i tsur ing bond angles f ronr

Dreic l ing modeis.  The values obt i l ined t '6r  the molecu-

l r r r  c l ipole moments of  the paru-chlor inatecl  compouncis

i.tre

I
,,.,t-'

o
I

f-
Col{s

V I t

p r  -  1 .4  D .

The value for at l  conformat ions of  unsubst i tuted l -

pheny le thy l  benzy i  e ther  (v l l )  w i l l  be  the  s t tme in  th is

approx imat ion .
I f  the pr incipal  ef fect  of  soh'ent vanat lon were to

change the  equ i l ib r iunr  cons tan t  in  a  mix tu re  o f  con-

formers having the phenyl  groLrps,  respect ively,  t rat ts

and gattc l te to a carbon-oxygen bond ( i 'e ' ,  those con-

format ions represented schematical ly by vI I I  and [X),

then zn - zs in the para-chiorinated ethers would be

expected to responci  in a di f ferent manner to ehanges

in solvent c l ie leCtr ic constant than vs -  zs in l -phenyl-

ethyl  benzyl  erher.  Ti t is  is  because the change from

VIi l  to IX involves a change in c l ipole moment of

(10 )  E .  Cou lc l ,  " l v l cchan ism ; rnc l  s t ruc tu rc  i r r  Organ ic  Chemis t r y " '

Henry  Ho l t  and  Co . ,  Nc rv  York ,  N '  Y ' ,  1959 ,  p '  62 '

Chemical shif ts are measured rv i th respect  to internal  tetramethyls i iane' I  The uncerta iuty in these values is  no greater

obtained by extrapolat ing the values f rom
than !0. .1

mixed  so lu -
c .p .s .  'The  uncer t& ln tY  ln  r c

t ious rv i th carbon tct rachlor ide
is no greater  than *0.2 c.p.s.  d These values w'ere

to zero concentrat ion in carbon tetrachlor ide '
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appfox i r l la te ly  l . i  D . ,  wh i le  the  cor respond lng  con-

t-oirnat ional  change with i -phenylet i ry l  benzyl  ether

involves i , t  much smal ier  change in c i ipole .moment '
In fact .  a l though the actual  I 'a lues observed ln eeicn

solvenr [ 'or  l - -phenylethyt  benzyl  ether.  1-p-chloro-

phe'v lerhyl  ber iz l , i  ether,  and l -phenyl  p-chlorobenzy" l

eth.r 'are ; l ight ly c l i f ferent,  the change in z1 zs for

a - g i v c n c h a n g e i n s o l v e n t i s r e r y ' s i r l i l a r f o r e a c h o t .
these contpounc ls .  Th is  s in l i l l r i t . v -  in  so lvent  var ia t ion

sLlggesrs t l iat  c i rarges in a '  equi i ibr i r , rm involv ing con-

fcr i r i rar i . - , 's  ' f  tvpes VII I  and IX is prob.bly not involvccl

i n  d e t e r m i r r i n g  v . \  -  v n .  
o f  t h eSinr i lar  t rgur-nel t ts based tr l l  t I  c t ) l -npi l f lson i

so ivent  c iepenc ience o f  l -pher lv le th l l  benzy l  e ther  anc i

l  - (nr-chl t t rLphenf i )ethyl  benzl  l  ether suggest that

major  changes o l ' con io rn t i t t ion  arounc i  the  CH: -CaH;

bonct ( i l iustrateci  schematical l l  by struct t r res x and XI I

a re  a i io  t tn i tnpor tan t  in  c ie te rmin ing  v ,v

c i ranges  r r i  t l i i s  t ypc  shou l t l  aga in  invo lve  d ipo le

n1u,-,-,-.nt changes oi^ significantl-v difrerent magnitude

in  the  c6 lo r ina tec l  nna ur rch lo r ina ted  compound '

Horvever .  a  s t t ra i le r  change (e 'g ' '  X l  to  X l l )  i s  no t  p re-

clucled by'  rhe . r 'a i iable c iata.  t in. .  st tch i t  change woulcl

involve t tn lv a st l lLt i l  chirnge in dipoie nlonlent '

The c i l ta  p resent ly  ava i i lb le  do  no t  perml t  an

unanrb iguoLts  in te rprc ta t ion  o f  the  mechan ism bv

rvhich solvet t t  changes inf luence vq 23, al though

they clo tnake i t  seeir  h ighly probable that  changes in

the conforn-r i r r ion o[  the b.nru] l i .  phenyl  group relat ive

to the rnethylene protons are responsible for  the ob-

served var i i i t ion i , t  lu.-1 /u '  { '  I  t '  t :  Howet 'er '  the

(  I  I  )  T l te  gcmina I  coup l ing  co r l s tan t  ' / rn  i n  l -pheny lc thy l  benz l ' l

e ther a lso shorvs 
" ;  

; ; ; ; . ; - ; ly  s igrr incant  solvent  c lependence (Tabie

v);  ahhough rhe, . ; ; ; ; i in  the 'exp-er imenral  dara is  large,  i t  seems that

nigfr  , . r tues"ot- f  *  are associated iv i th lorv vaiues of  the solvent  d ie lec-

t r ic  consranr.  l t  mishr Le possib le ro rat iorra l ize rh is behavior  in terms

o f  cha r rges  in  thc  re l l t i ve  pos i r i ons  o f  rhe  methV lcne  p ro rons  re la t i ve  to

I 062 Journal ol'tlrcAmerican Clrctnical societt, f 87:5 f March 5, 196-;
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observation that the magnetic nonequivalence is largely
independent of  solvent in those compounds containing
no unsaturated groups at  the asymmetr ic center sug-
gests that the solvent does not directly influence the
confonnat ion of  the phenyl  group with respect to the
methylene protons in l -phenylethyl  benzyl  ether.  A
possible explanat ion for  the solvent dependence of
the  spec t ra  o f  the  compounds repor ted  in  Tab le  I I  i s
tha t  the  so lv 'en t  may be  capab le  o t ' in f luenc ing  the  ap-
parent  "shape"  o f  the  asvmmet r ic  center  by  in f luenc ing
the  conformat ion  o f  the  pheny l  g roup a t tached to  the
asy lnmet r ic  center  and hence the  ex ten t  to  wh ich  con-
fo rmat ion  IV  is  p re fe r red  to  conformat ion  V.  I f
these two conformat ions  are  equa l ly  p t - rpu la ted ,  o r  i f  a
conformat ion analogoLls to VI is favorcd, then v, \  -  vB
wi l l  o f  course  be  s rua l l .  Th is  suggesr ion ,  a l though
ten ta t i ve ,  f inds  suppt t r t  in  the  observa t ion  tha t  l - indy l
benzy l  e ther ,  in  wh ich  the  conf igunr t ion  o f  the  phen; - l
g roup a t  the  asymnrc t r i c  cen ter  has  been f i xec l  by  in -
corpora t ion  in to  a  cvc l i c  s t ruc t r l rc .  [ ras  rnagnet ica l l v
equ iva len t  benzy l i c  p ro tons  in  n l l  so lver r ts  s tud ied .

Severa l  ques t ions  renra in  unanswered by '  th is  work .
I n  p a r t i c u l a r .  i t  i s  n o t  c l c a r  w h e t h e r  t h e  c t t n f o r n r u t i o n
tha t  i s  p r i rnar i l y  resp t rns ib le  fo r  induc ing  i i  con forn ta-
t iona l  p re fe rer rce  o f  the  l t le thv lene group w i th  respec t
to  the  p lane o t ' the  phen.v - l  r ing  is  one i r r  wh ich  the  CH: -
CuHr  bonc l  i s  t t ' on . \  to  the  bond be tween the  asyn l -
rne t r i c  cen ter  and thc  e ther  o , \ygen a ton t  ( fo r  example .
IV  ar rd  V)  o r  gauc l tc .  Fur ther ,  i r  i s  nor  cer ta in  tha t
t h e  s o i v e n t  d i e l e c t r i c  c o n s t a n t  i s  t h e  r i l o s t  i m p o r t a n t
fac to r  in  de ternr in ing  the  conf ' r - rnnat ion  o f  the  rno lec t r le
i n  s o l u t i o n .  C e r t a i n  o f  t h e  s o l v c n t s  ( f o r m i c  a c i d ,
ace t ic  ac id )  wh ich  f  a l i  ia r  f ro rn  the i r  e rpec ted  pos i t ions
in  F igure  I  can  be  ra t iona i i zed  on  rhe  bas is  o f  spec i f i c
so lvent -so lu te  in te rac t ions ;  o thers .  par t i cu la r ly  d i -
oxane.  a re  less  eas i l y  ra t iona l i zed .

Exper imental

Spect ra  were  taken a t  60  Mc.p .s .  on  a  Var ian  A-60
spectrometer at  arnbient temperature.  using samples
10 *  2%by vo lume in  so lu te .  Samples  were  ord inar i i y
degassed by  sweep ing  dry  n i t rogen th rough the  so lu te
and the  so lvenr  be fore  mix ing .

The preparzr t ions  o f  compounds rnent ioned in  th is
paper and not given beiow have been reported pre-
v ious ly .2

l-p-Chlot 'opl tenv' lethr l  Alcohol .  In a c lean, dry,
300-ml.  round-bottomed. three-necked f lask f i t ted

t h e  p l a n c  o f  t h e  d i r c c t l y  b o n d e d  p h e n l ' l  g r o u p r : :  h o r v e v e r ,  s e v e r a l  w e l l -
e s t a b l i s h e d  e x a m p l e s  o f  a  s o l v e n t  v a r i a r i o n  o f  g e m i n a l  c o u p l i n g  c o n -
s tan ts  in  mo lecu les  o f  f i xcd  geomet ry  suggcs t  thar  o ther  facrors  may be
at  leas t  o f  equa l  impor tance.  Cf .  V .  S .  Wat ts ,  G.  S .  Reddy,  and J .  H .
G o l d s t e i n ,  t V o l .  S p e c t r , r ' . ,  1 1 , 3 2 5  ( 1 9 6 3 ) ;  E .  I .  S n y d e r ,  J .  A m .  C h e m .
S o c . ,  8 5 ,  2 6 2 4  ( 1 9 6 3 ) .

(12)  For  anothcr  poss ib le  example ,  see  T .  Takahash i ,  Te t rahedro t t
L e t t e r s , 5 6 5  ( 1 9 6 - l ) .

with a st i r rer  equipped with a Tef lon blade, dropping
funne l .  and condenser  w 'e re  p l i t ced  8 .1  g .  (0 .33  g . -a ton t )
o f  rnagnes iunr  and approx imate ly  50  ml .  o t 'anhydr t tus
e ther .  A  so lu t ion  o i  47 .1  g .  (0 .33  rno le )  o f  r r re thy l
iod ide  in  25  ml .  o f  anhvdrous  e ther  was added over  a
per iod of  30 min.  The react ion mixture was heated
under ref lux unt i l  the react ion was complete.  A
mixture oi  46.8 g.  (0.33 rnole) of  p-chlorobenzaldehyde
dissolved in approximately 50 ml.  of  anhydrous ether
was added then over a per iod of  I  hr .  The react ion
mixture was refluxed for -10 min. and hydrolyzed rvith
saturated aqueous ammonium chlor ide solut io l r .  The
ether layer was separated and dr ied over calc iurn sul fate:
the ether was removed. The crude alcohol  so obtained
was est imated to be approximately 95f pure by i ts
n . ln . r .  spec t rL ln t  and was used immedia te ly  w i thout
further pur i f icat ion.  The yieid was .10 g.  (85 %).

I  -p-Chlorohen:ylcth.r l  Benz.r l  Et l ter .  In l -1.  three-
necked.  rcund-bot tomed f lask  f i t ted  w i th  i r  s t i r rc r
equ ipped w i th  a  Tef lon  b lade.  c t tndenser .  c i ropp ing
I 'unne l .  and heat ing  nran t ie  was p laced a  rn ix tu re  o f
8 . i  g .  (0 .19  rno le  based on  soc l iunr  hydr ide)  o f  55 ' l
sod ium hydr ide- rn inera l  t r i i  susper ts ion  w i t l ' r  100  ml .
o f  i rnhvdroLrs  e ther ,  To  the  s iu r ry  was z idded 30 .0  -s .
(0 .  l9  n lo le ;  r t i  l -p -ch lo ropheny le thy l  a lcoho l .  d isso lved
i n  a p p r o r i r n a t e l y  l 5  r n l .  t r i  a n h v d r o u s  e t h e r .  T h e
rn ix tu re  was heatec l  unc le r  re f lux  t i r r  - l  h r .  A  so lu t i t tn
< l f  - i 2 . 4  g . ( 0 . 1 9  n r o l e )  r r t ' b c n z y l  b r o r n i d e  i n  5 0  m l .  o i
anhvc l ro r rs  c lher  w i . r )  thcn  ur ldec l  cau t ious ly .  The
nr ix tu re  was re f luxc i i  l i r r  l0  h r ' . ,  hydro ly 'zed  w i t l t
sa tL l r i r tec l  aqueoLts  lunn l r )n rL ln r  eh lo r ide  so l r " r t ion .  and
f i l te red .  The c ther  laver  w ' i t s  t l r ied  over  cer lc i l tn r  s l t l -
fa te .  and the  e ther  w i lS  fenroved t tn  a  ro t i t ry  evapor i l te r .
The c lear  o r i rnge l iqu id  so  ob ta ined w 'as  d is t i l l ec i  th r t rugh
r r  l 0 - c r r t .  P o d b i e l n i a k  c o l u n r n .  T h e  y i e l d  w i l S  l 0  g .
( 7 3 T Z )  o f '  l i q u i d  c t h e r .  b . p .  l l 5  - l 1 6 '  ( 1 . 0  m n r . ) .  T h e
irr f rarcd spectr tu ' r1 t t f  th is ct-rr t111,1r 'nd shorved a carbt tn-
c h l o r i n e  s t r e t c h  a t  6 - l - 5  c n r .  - r .  u n c l  t h e  n . m . r .  s p e c t r L l r t l
was  cor ls is ten t  rv i th  the  ass isnec i  s t rL lc tu re .

A r r u / .  C t r l c d .  f t ) t ' C r ; , 1 { r , O C l :  C .  7 3 . 0 t 1 :  H .  6 . 0 9 :
C l .  l - 1 . - t l .  F o u r t r l  .  C . 7 - : . i 0 :  H . 6 . 0 1 :  C l .  1 4 . 1 E .

p-C l t l r t ro l te r t : ) ' l  l l c 'oho l .  , \  : iu r r ' \ '  o [ '  i .9  g .  t t ) . ( ) - i
n r o l e  )  t r t -  l i t h i u n r  a i u n r i n u n r  h v t l r i c i e  a r r d  2 0 0  r r t i .  o i
anhydrous  e ther  was p lacec i  in  a  l -1 .  th ree-neckecr .
round-bot tomed f lask  f i t teo  w i th  a  s t i r t ' e r  equ ippeo w i th
er  Te f lon  b lade.  condenser .  and dropp ing  funne i .
To  th is  s lu r rv  rvas  ac lc led  t i roprv ise  a  so lu t ion  o i  13 .  i
g .  (0  I  mo le)  o f  p -ch lo rc 'benza ldeh l 'de  in  50  ml .  o i
anhydrous  e ther ' .  The resu i t ing  rn ix tu re  was a l lowec i
to  s tand fo r  I  i t r . ,  hvdro i l zed  rv i th  a  sa tura ted  aqueot ts
so lu t ion  o f  ammonium ch lo r ide .  f i l te red .  and c i r ieu
over calc ium sul fate.  The ether was removeci  on i . I
ro ta r ) '  eVapor i l to r .  a r t r l  thc  wh i te  c r t ' s ta ls  sc l  ob ta inec i
were recrystal l izecl  f ronr ethanr-r l -w'ater.  The v ie ld
was 20  g .  (71  7) .  n t .p .  69-70" .

l -Phenylet l t r l  p-Chlorohen:r ' l  Erher.  A mixture of
13 .0  g .  (0 .07  mole)  o [  p -ch lo robenzy l  a lcoho l ,  13 .0  g .
(0 .07  mole)  o f  l -pheny le thy l  b romide,  and 15 .0
g .  (0 .1 -1  mole)  o f  sod iun t  carbonate  wus heated  a t  130-
l40o fo r  l4  h r .  in  i r .  250-ml .  r t tund-bot tomed f lask
f i t ted wi th a Tef lon-covered maqnet ic st i r r ing bar and
a condenser.  The crude product wtts washed f i r 'e
t imes with 25-nr l .  port ions of  water,  dr ied over calc ium
su l fa te .  and d is t i l l ed  th rough a  10-cm.  Podb ie ln iak
co lumn.  About  I  n r i .  o f  p roduc t .  b .p .  79-80"  (0 .3 -0 .1
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mm.),  was obtained. The infrared and n.m.r .  spectra
of th is compound were consistent wi th the postulated
structure

Ane i l .  Ca lcd .  t 'o r  Cr iHr iOCl :  C ,  73 .04 ;  H,  6 .09 ;
C l .  I  4 .41  .  Founr - l  :  C .  72 .95  ;  H ,  6 .20 :  C l ,  14 .45 .

l -Bromoindane. Dry hydrogen bronr ide gas wi ls
bubbled through reagent.  grade indene in an opcn 250-
ml.  er lenmeyer f lask unt i l  absorpt ion of  gas no longer
took place. The n.m.r .  spectrunl  indicated that the
product was at  least  95% pure ( i t  was not pur i f ied
further).

l-Indyl Benz.t ' l  Erher. A mixture oi 65 g. (0.36
mole)  o f  c rude 1-bromoindane,  3 ,2  g . (0 .30  mole)  o f
benzyl  a lcohol .  -15 g.  (0.37 mole) of  potassium bi-
carbonate,  and 60 rnl .  of  anhydrous ether was placed
in a 500-rnl .  round-bottorned f lask f i t ted wi th a Tef lon-
covered magnet ic  s t i r r ing  bar  and a  condenser .  Th is
mixture was st i r rer l  at  roont temperature for  l5 hr. ,
d i luted with ether and f i l tered: the ether was rerr loved on
a ro ta ry  evapora tor .  The res idue (conta in ing  approx i -
mate ly  60% o f  the  des i red  produc t )  was  used in  a l l  o f  the
n . m . r .  s t u d i e s  o f  t h i s  c o m p o u n d ,  b u t  a n  a n a l y t i c a l
sample  o f  the  nra ter iu l  rvas  ob ta ined by  chron ta tography
on bas ic  a lu rn in : . t .  The c r t tde  mater ia l  (2  g . )  was
app l ied  to  60  g .  o f  a luur ina .  anc l  e lu tec l  rv i th  I  l .  o i
l ig ro in  (b  p .  60-70" ) ,  fo l lowed by  150 rn t .  o f  20%
benzene-80% l ig ro in .  The las t  50  r t t l .  o f  benzene-
l ig ro in  conta inec l  appr t tx imate ly  0 .1  g  o f  p rodr - rc t
wh ich  hac l  in f ru red  anc i  n .n1 . r .  spec t r i . t  cons is ten t  w i th
the  pos tu la ted  s t ruc tu re .

Ana l .  Ca lcd .  fo l  CroHr , ;O:
F o r . r n d :  C .  8 5 . 5 4 :  H .  7 . 0 7 .

C ,  8 5 . 6 5 ;  H .  7 . 1 4 .

l -Phen) ' lerh) ' l  tn-chlorobenz) ' l  ether wi , IS plepared
by  heat ing  a  n r ix tu re  o f  0 .3  n ro le  o i  l -pheny le thano l
and 0 .3  rno le  o f  n r -ch lo robenzy l  ch lo r ide  under  re f lux
over excess sodir-rrn carbonate for  2"1 hr.  The resul t ing
so lu t ion  was coo le t i .  the  inor -uan ic  sa l ts  were  removed
by f r l t rz r t ion .  anc l  the  organ ic  f i l t ra te  was w i rshed once
wi th  water .  tw ice  w i th  2  l /  hydroch io r ic  ac id .  and
aga in  w i th  water .  The organ ic  la , " -e r  

"vas  
dr ied  and

c l i s t i l l ed  to  y ie ld  approx imate ly  l0  g .  o f  c rude produc t .
b . p .  I  l 0 - l 1 5 "  ( 0 . - l  n i m . ) .  T h e  c o r n p o u n d  w a s  c h a r a c -
te r ized  by  i t s  n .m. r .  spec t run t :  spec t ra  were  ob ta ined

on samples containing approxirnately l0/"  of  an un-

ident i f ied impuri ty,  whose resonances did not interfere
with the region of  interest .

I -Phenvlethyl  o-Chlorobenz-v ' l  Ether.  Sodium l-

phcnylethoxide (0.2 mole) was prcpared by f ract ional

d is t i l l a t ion  o f '  n re thano l  f rom a  suspens ion  o f  sod iunr

methox ide  (27  g . ,  0 .2  mo le)  and l -pheny le thano l  (25

g. ,  0 .2  mo ie)  in  anhydrous  benzene.  o -Ch lorobenzy l
chlor ide (32 g. ,  0.2 mole) was added to the benzene

suspension of  the alkoxide and the tnixture was heated

under ref lux for  24 hr.  The inorganic sol ids were re-

moved by f i l t rat ion and the product was obtained by

dist i l lat ion at  reduced pressure:  the y ie ld was about

1 5  g . ,  b . p .  1 0 5 - l l 0 ' ( 0 . 1  n - r n r . ) .
Ana l .  Ca lcd .  fo r  Cr ;Hr ;C lOr  C,  73 .041 H,  6 .08 .

F o u n d :  C .  7 3 .  l 8 :  H .  6 . i 5 .

l -Phen1' leth1' l  o-Bromobenz) ' l  Erher.  Sodium l-phen-

ylethoxide wits prepared by'  evaporat ing an ethanol

so lu t ion  conta in ing  sod i r r rn  e thor ide  (0 .3  mole)  and

l -pheny le thano l  (0 .4  mole)  to  d f ) 'ness  under  asp i ra to r
vercuum a t  80o us ing  a  ro t r t l ' v  evapora tor .  The res idue
was d isso lv 'ed  in  150 mi .  o l  f resh lv  d is t i l l ed  N,N-d i -

rneth-v- l forntaur ide.  and to t l le resul t ing solut ion \ \ 'as

erddeiJ approxinrately 0.-1 nlole of  o-bromobenzr ' l

bronr ic le (crucie niater ia l  preprtred by brorninat ion oi

o -bronro to luene w i th  N-bro t t ros t tcc in imide) .  The so lu -

t ion  in r r led ia te ly  becar l le  ver ) '  h t l t  and  a  wh i te  so l id
precipi tatecl .  Tl ie react i r )1 t t r i r t t t re wtIS al lorved t t )

cool .  pr t r - t red int t l  2 L of '  wlr ter .  extractet l  wi th pentane.

c l r ied .  and c i i s t i i l ed  to  y ie ld  approx imate ly  30  g .  t . r i

e t h e r .  b . p .  l i l - 1 3 3 '  ( < 0 . 1  t t r r l . ) .
, 4 n u l .  C a l c d .  f o r  C r r H r ; , B r O l  C ,  6 1 . 8 8 ;  H ,  5 . 1 9 '

F o u n d :  C ,  6 1 . 8 7 ,  6 1 . 6 0 :  H .  - i . 1 0 .  5 . 2 6 .

l -Phenyletht ' l  2.6-dic l t loroben:) ' l  athet '  was prepared

us ing  t i re  sarne  procedure  as  tha t  t iescr ibed fo r  l -phenr  i -

e thy l  o -ch lo robenzy l  e ther .  eKcept  tha t  2 .6 -d ich lo ro-

benzy' l  bromicle (preparecl  b i '  a l lVl ic brominat ion t ) l

2 .6 -d ich l6 ro tg luene r .v i th  N-bronrosycc in imide)  \ \ ' as

subs t i tu tec i  fo r  the  o-c i r lo rc rbenzy ' l  ch lo r ide  o f  tha t

p r e p a r a t i o n .  T h e  p r o d u c t  h r r d  b . p .  1 3 0 - 1 3 4 "  ( < 0 ' i

m m . ) .  T h e  a n a i y s i s  o i  t h e  m a t c r i z i l  w a s  a b o u t  l ' ;

h igh  on  c : . t rbon:  however .  the  n .m. r .  spec t rum \e 'as

who l lv  cons is ten t  w i th  the  ass iened s t ruc tu re .
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