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Thc c l i f fcrcncc in chcmical  shi f t  bet$ 'cen the methl , lenc protons of  a nuntber of  compounds re lated structural ly

to l -phen1. lcth1. l  bcnzy, l  ether has been rneasured.  correlat ions bct \veen structural  features of  these compounds

. ' rc l  t5c mag. i tuclc of  the magnet ic nrncquivalencc inclucecl  b1' the center  of  molecuiarasvl l lmetr l 'provide

ru.  lxrs is f ' r  c l .a l i t l r t i 'c  ic lent ihcat ion of  the most important  factors contr ibut ing to the chemical-shi f t  d i f ference'

. \ l though i t  is  c lear that  no s ingle factor  completel l '  c lc termincs t i re rnagni tude of  the meth-r ' ' lene proton non-

equivalcucc in thcse ethcrs,  i t  is  suggeste( l  that  t l ' , "  pro* i , r r i t -v  of  the as1'nrmetr ic  center  to the benz] ' l  group resul ts

in a prcfcrreci  conformlt ion of  thc phenl ' l  r ing rv i th rcspect  to the methl ' lene protons,  and that  the pr incipal

contr ibut ion to thc , r , r , r "q, , i tn lcnce or ig i r iates i i r  t i re magnct ic  anisotropy of  t i re phenl ' l  group'

Introduction

The protons of a methvlel le sroup or isoprol l ] ' l  group

removecl bv onc or more bonds from a center Of molecu-

lar asvmmetrv mav be magnetical lv nonequivalent ancl

cl ispla-v AB-t1'pe nuclear rnagnetic resonancc spectra.:

rne origln of this maqnetic nonequivalence has been a

subject of several investigations':-a Although the

exisience of preferred conformations of the methvlene

sroup or the isopropyl group with respect to the asym-

tiretri. centeri, has generally been considered necessary

for magnetic nonequivalence, several workers have

pointecl out that such preferlecl conformations are not a

iheoretical prerecluisi te for observable asvmmetrl ' .6

The problem of the possible importance of smail con-

tributions to magnetic nonequivalence arising from an

( l )  , suppor ted  in  par t  by  the  Of i i ce  o f  Nava l  Research  and the  Under -

graduate Research Part icipation Program of the National Science Founda-

t ion .
(2) For a cornpi l i r ' t ion of references to pert inent exampies' see E' I '

S n y d e r ,  J .  , l r t t .  C h e n .  9 o c . . 8 5 ,  2 6 2 {  ( 1 9 6 3 ) '

( 3 )  G . N I .  W h i t e s i d e s ,  F .  I { a p l a n ,  K '  N a g a r a j a n '  a n d  J '  D '  R o b e r t s '

Proc .  ) ia t ! .  Acad.  Sc i .  { / .  S . ,  48 ,  l l l 3  (1962) ,  and re fe rences  there in '

( . 1 )  H .  S .  c u t o l v s k y ,  J .  C l t e m '  P h y s . , 3 7 , 2 1 9 6  ( 1 9 6 2 ) ;  H .  S .  G u t o r v s k y ,

G.  G.  Be l fo rd ,  and P.  E .  t r l c t r Iahon,  ib id ' ,36 ,  3353 (1962) '

(5 )  I t  s t rou l r t  be  no tec l  tha t  the  c l i scuss ion  in  th is  paper  i s  equa l ly  app l i cab le

to  met t ry lene 8r ( ) t t [ )s  u t l jacent  to  a  d issymmet r ic  center :  see '  fo r  example '

W .  I - .  l t e y e r  a n < l  I { .  B .  l \ I e y e r ,  J .  A m '  C h e m '  S o c ' , 8 6 '  2 1 7 0  ( 1 9 6 3 ) '

( t i )  J .  S .  W a t r s h  a n d  I r .  l .  C o t t o n ,  J .  P h v s '  C h e m ' , 6 6 '  5 6 2  ( 1 9 6 1 ) ;  J '  A '

I ' o p l e ,  . l 1 o l .  I ' l t Y s . ,  ! , 3  ( 1 9 5 8 ) .

, , intr insic"  asVmmetry,  independent oi  rotat ional

conformer populations, has not yet been completelv

resoh'ecl; holvever, no convincing experiment has so

far been reported. which has clemonstrated significant

contributions from intrinsic asvmmetry to an obsen-ed

chernical shift. However, it shouid be emphasized

that in discussing the relative importance of confor-

mational prcference anci intrinsic asymmetry' the

question af issue is not whether the former or the latter

is alone responsible for magnetic nonequivalence, but

rather horv rnuch, if any, of an observed nonequivalence

should be ascribeci to intrinsic asymmetry' There

seems litt le cloubt that conformational preference

with respect to the asymmetric center must in general

be responsible for the major contributions to the mag-

netic nonequivalence.
The rvork reported in this paper is concerned with an

empirical study of the effect of structure on the magni-

tude of the magnetic nonequivalence of methylene and

isopropyl groups close to the center of molecular asym-

metry^ 
-in" 

relatively simple model compounds' As

such; its immediate purpose was to determine those

types of structural fe;tures which could be associated

wiih large values of magnetic nonequivalence. FIow-

ever, attempts to reconiile the results obtained with

an expianation of the manner in rvhich the asymmetric
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center exerts its infiuence on surrouncling nuclei sug-

gest that the study of AB-type methylene groups may

provicle a scnsitive methocl of examining problems

of conformation and solvation in solution.

Results

The Effect of the Structure of the Asymmetric Center

on the Magnetic Nonequivalence of an Adjacent

Methylene Group.-The experimental approach to

this part of the problern was chosen to be as simple as

possible, the iclea being to vary one structural feature of

ih. ory*metric center and to determine the effect of

the charge on the chemical-shift difference bettveen the

protons of an adjacent methylene group. The com-

pouncis chosen were benzyl ethers of structure I.

A
CH, H

R-C-O-C-CoHs

H H
B I

Thcse compounds have the advantage that analysis

of the i\B-type methylene proton spectra to obtain

the clesired spectral parameters is extremely simple.

They suffer from tlvo disadvantages: first, unresolved

coupling betrveen the benzyl methylene protons and

the acljacent ring protons results in a l ine width of

approxirnately 0.5 c.p.s. for the comPonents of the AB

spectrum. Consecluently, the separation of the two

central components of the AB cluartet becomes un-

certain for values of the clifference in chemical shift,

r/:\ - us, less than approxirnately l l  c.p.s', due to overlap'

Seconcl, introduction of an ether oxvgen atom betrveen

the asymmetric center and the methvlene group results

in a consicicrable increase in the number of possible

conforrnations of thcse tlvo centers relative to one

another, ancl consecptently complicates attempts to

ciiscuss cietails of their interaction.
The groults selecteci as R of I rvere alky'l groups of

varying size (ethr' l, isr4lropyl, cyclohexvl, and l-butyl)

ancl trvo unsaturatccl groups (phenvl ancl carbethoxyl).

The results oi analy'sis of the metiryiene proton spectra

of these compounds in benzene, acetone, and carbon

tetrachloricle solutions are summarized in Table I.

The chenrical-shift differences were obtainecl for ap-

proximately 1O7o solutions; tetramethylsiiane was

usecl as an intern:rl stanclard. The chemical-shif t

cl ifference betlveen the methylene protons depends to a

smail extent on the concentration of the benzyl ether

ancl on the concentration of tetramethvlsilane; holv-

ever, the errors introduced by not extrapolating the

clifferences in chemical shift to infinite dilution of both

solute ancl tetramethylsilane are not large enough to

influence significantly the relative magnitudes of the

values reported in Table I.
The most important feature of these numbers is the

correlation betrveen the magnitude of the chemical

shift betrveen the methylene protons and the size of R,

when R is an alkyl group. As a measure of size, we use

here the -4 -values determined by \\rinstein and Holness.7
The I -values probably do not describe the size of each
group in more than a quaiitative manner because of

the major clifferences betlveen a cyclohexane ring and

compouncls of structure I. They do however lend

sr_rpport to the intuit ive orclering of the size of the alkyi

( 7 )  S .  \ \ ' i n s t e i t r : t t t t l  N .  J .  H o l n e s s ,  J . , 1  n t .  C l t e n "  S o c ' , 7 7 , 5 5 6 2  ( 1 9 5 5 ) '

2( i l9

groups in Table I as l-butvl )) cyclohexyl ) isopropvl

nonequivalences follorvs the same order.
The tlvo unsaturated groups in Table I, phenvl ancl

carbethoxyl, clearly do not f it the same pattern as do

the alkvl substituents. The -4-value of a phenvl group

suggests that it is slightly larger than an isopropvl

grorp; the magnitude of the magnetic nonequivalence

ior i-phenylethvl benzvl ether in carbon tetrachloride

and benzene solut ions (10.2 and 10.9 c.p.s. ,  respect ivelrr)

is correspondingly larger than the vaiues for benzyl iso-

propylmethylcarbinyl ether in the same solvettts (S'S

and 9.3 c.p.s.). In contrast, holvever, the value of the

magnetic nonequivalence for the phenyl-substituted

.o*ponttd is much smaller (2.5 c.p.s.) in acetone solu-

tion than that of its alkyl-substituted counterpart (S.{

c . p . s . ) .
The clegree of magnetic nonequivalence for carbeth-

oxvmethylcarbinvl benzyl ether is also greater than

rvoulcl be expected if the bulk of the substituent R rvere

the only factor inrportant in cletermining the relati 'e

rnagnitucles of the chemical-shift differences reportetl in

table t. carbethoxy'has an ,4-vaiue of approximatelv

Tan ln  I

] I acxs r t c  \oxEqurva lENcE oF  T I IE  Brxzv l t c  PRoross  r tp

BpxzYl  Mnr l rYl . l lKYlc. lRaINYI Ert t rns or  SrnucTuns I

-Z;1,.- r ' ' '  c 'P s" and solvcnt 'r-

R te t rach lo r i r ie  Benzene Acetone

E t h l ' l  5 . 3  6 . 6  5 ' 8

I s o p r o p y l  3 . S  I . : l  8 ' 6

C - v c l o h e x y l  9 . 7  1 0 . : 2  9 6

P h c n y l  1 0 . :  1 0  . 9  I  '  5

l - B u t y l  l + . S  1 5 . 7  l 4 ' 7

C a r b e t h o x y  i 6 . 5  : 0 . 7  1 l  ' 3

: l .  ( ) '

> 5 .  - l '
1  .  l '

N'IaCxBrrc NoxTqUIVALENcE DUE To IIOLECULAR AsvrtrtetRl '

..I

1  S ( i '

i . l ' '

o  solut ions rvere l ( )  - r -  l ' ' i  l l1 '  r 'o lurnc in solute;  the e\ l )cr l -

men ta l  e r ro r  i n  the  c f i cn r i ca l  s [ i f t  va lues  a re  no  g rca tc r  t i i l n

*0 .5  c .p .s .  b  \ .  L . . ' \ l l i nge r  an t i  S .  I {u ,  - / '  ' l n '  C l r cn t "  ' 5o r " '  84 '

; i ; 0  ( 1 9 i j 2 ) .  "  ) i .  l l l i n g e r  a n c i  S -  H u .  J .  O r e .  C h e n t ' , 2 7 , : ) 4 1 ;

(  1962) .  ' r  F .  W.  Gar l l i sc i r ,  J r ' ,  anc i  D '  B '  Pa t te rson '  J  '  
" t  

t t r  '

C l r c rn ' .  ̂Soc . ,  85 ,  : l : l s  (196 : i ) .  "  S '  \ \ ' i ns te in  and  N '  J '  I {o ln tss '

i b id . .77 ,5562  (1 t ]5 ; r ) .  ' r  E  L .  E l i e l  and  \ I '  G rann i ,  T t ! ro i t r t i ' ' ' t t

L e t t e r s , 9 T  (  1 9 6 2  ) .

1.1.  smal ler  e 'u 'en than mcthvl ;  yet  the values of  t i ic

magnet ic nonequivalence in benzene and carbon tetra-

chlJr idc solut ions are larqer for  th is compoun6 11t211 f , r

l -buty lnrethylcarbinvl  benzyl  ether in the salr le so1-

" tentS.The chemical shifts betrveen the meth,vlene protons

of four ethers of structure II are summarizecl in Tlble

A
CI {J  T

cuH,-9-O-C-l{

H " o t I

II. The results indicate that the clepenclence of the mag-

netic nonequivalence on the structure of the substituent

directly bonciecl to the methvlene group does not follorv

the pattern susgested bv Table I ' In carbon tetra-

chloiide ancl acetone solution, r/A - vB is close to zero

for the three aikvi groups examinecl. In benzene solu-

tion, the magnitude oi the chemical shift betrveen the

meth,vlene protons does increase rvith increasinq btrlk of

the substituent R. Ho\t'cver, in contast to the clata

gir.en in Table I, the Value of 2.1 - vB rvhen R is pherlvl
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N{ethyl b - 3 - b
Isopropy l  <0 .2 4 . I  1 . 4
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l -Buty l

Phenyl

Tanr-n II

Noxer2ulvALENcE or r i tp MetnvLnuB PRoroNs

or Etsnts or SrRucrune II

- Y l  -  ' 8 ,  c ' P ' s ' i  a n d  s o l v e n t a

C a r b o n

t e t r a c h l o r i r l e  B e n z e n e  A c e t o n e

alence arises from local or remote shielding of the pro-

tons. The observecl chemical shielding 6 of each

methylene proton can conveniently be divided into two

parts

O : 6c -i' 6rl

w h e r e o " i s t h e s h i e l c i i n g d u e t o t h e e l e c t r o n s i n t h e
carbon_liyclrogen bond ancl aa is the shielding due to

parts of ihe molecule clistant from the methylene car-

forr-nya.ogen bonds's The apparent electronegativity

o f t h e c a r b o n b o n c l i n g o r b i t a l d i r e c t e d t o w a r d e a c h
hydrogen is most impoitant- in cletermining o'; factors

contriLuting to oa irrclude the magnetic anisotropies of

nearby groups, van d'er \\'aals and reaction-field

"r".tr, 
oI *.it as shielcling originating in solvent moie-

cules.
I t w o u l d S e e l n u n i i k e l y t h a t t h e l o c a l c h e m i c a l

shielding term o. contributes in an important way to

the che;ical shiit betrveen the methylene protons of

the ethers being examinecl, because the two methylene

carbon_hydrogenbonclsshouic lhaveverysimi larbond
characters. We have not examined specifically the

b o n d i n g i n t h e s e e t h e r s ; h o l v e v e r , i n f o u r s i m i l a r c o m -
p o u n d s " t h e r e i s e v i c l e n c e t h a t t h e c a r b o n - h y d r o g e n
bonds to the magnetically nonecluivalent,gtgtPt are in

i*, ,r"ry similal. Dietiryl sulfoxide' diethyi sulfite'

isopropyi rnethyl sulfoxicle anci isopropvlmethylcarbinol

r , ' u " e q u a l ' ' , C - H c o u l l l i n g c o n s t a n t s b e t l v e e n t h e
methylene carbon atom ancl the trvo methylene pro-

tons 
'(in 

thc first trvo cotnpouncls) and between the

methyl carbon atoms ancl the methvl protons (in the

last t ivo); the magnitucies of the magnetic nonequiva-

l e n c e i n t h e s e . u - p o , , n c l s a r e c o m p a r a b l e t o t h o s e o b -
seru'eci in the etheri being ciiscussed' If tlie differences

i n t h e s h i e l c i i n g a t t h e n o n e q u i v a l e n t p r o t o n s o f t h e s e
compouncis ,u"-r" clue to a difference in the orbital

"t".,.orr"gativitv 
of the carbon boncling orbitals di-

rectecl torvarcl them (in other rvorcls' to a difference itr

the s-ciraracter of these orbitals) one rvouicl expect this

cliffcrence to be reflectecl in the t3C-H coupling cott-

stants betlveen these protons ancl their directly-boncleci

c a r b o n a t o m s ' g T h e o b s e n ' a t i o n o f i d e n t i c a l l 3 C _ H
coupiing constants between corresp(lndilS nolequiva-

t"ttt p.otons thus suggests that o" is not a ma3or con-

tributor to the clifrerence in chemical shift between thc

rnethvlene hvdrogens'
A pr'iori, 

- 
seviral clifrerent factors might appear

c"p"bie of making significant contributions to the

ciifference in od fo1 the magnetically nonequivalent

benzyl methylJne protons' Jnt 
most important of

these factors are the magnetic anisotropies of the o-

boncls in the molecule; the magnetic anisotropy asso-

ciatecl with unsaturatecl groups' both in tl" ether

molecule and in solvent *ol..ul.t; the reaction field

incluced in the medium by the solute; van der Waals

interactions between solute ancl solvent; and hydrogen

b o n d i n g o r s p e c i f i c c o m p l e x f o r m a t i o n b e t w e e n s o i u t e
and soivent.

Thes imples to f t t ree thers toc l i scuss in te rmsof these
interactions are those having oniy alkyl grou-ps in the

asymmetric center' The aata in Table IV provide

thl best availabie evid.ence that the solvent does not

(8 )  P .  T .  Naras imhan aod lv f '  T '  Rogers '  J '  Chcm'  Phvs"3 l '  1302 t1959) '

( 9 )  N .  M i i l l e r ,  i b ; d ' , 3 6 '  3 5 9  ( 1 9 6 2 ) ;  C  J u a r r  a n d  H '  S '  G u t o w s k v '  i b i i t "

3 ? ,  l l 9 8  ( 1 9 6 2 ) ;  J  N '  S h o o l e r v ' i b i d " 3 1 '  l - { 2 7  ( 1 9 5 9 ) ;  N '  A '  M a t w i v o 6  a n r l

R .  S .  D r a s o ,  i b i d ' , 3 8 , 2 5 3 2  ( 1 U t i 3 ) '

< 0 . 2  6 . 9
t o  . 2  1 0  . 9

< 0 . 2
2 . 5

o solutions rvere 10 * 2ok bv volume in solute' b These

spectra were not  
"* fL i " i , ty  

t " t ty i "a;  however '  an upper l imi t

o i  opp.o* i*ate ly 2 
" .p. t .  " tn 

be placecl  on /A -  's  by inspect ion '

is appreciably larger than that when R is l-butyl in all

three solvents.
The Effect of the Proximity to Asymmetric center on

theMagn i tudeofMagnet icNonequ iva lence. -The in-
fluence lf proxi-ity to the asvmmetric center on the

rnagnitucle r-rf the nonecluivalence has been investigated

for a series of compouncls containing an increasing

number of boncls bet.lveen a common asymmetric

center ancl an isopropyl group (Table III) '  An iso-

propyl f{roup nut, ,rr".i insteacl of a methYlene group for

iruo ,.urortt ' first, the methyl resonances were not

complicatecl by overlap lvith the resonance of other

groups in the molecule' as rvould have been the reso-

nance of a rnethvlene group' Second, as was mentioned

previously, the rnethvlene proton resonances of the

ire.,zyl 'iethvle'e sroups exarnined in this stucly were

apprlciably 
-broacleneci 

bv unresolved coupling to the

ptt",tyt rir it protons. Consequently, the rather small

.h.rrri."l-shift cl ifrererrces expectecl for compounds con-

taininq scveral boncls betlveetr a methvlene group and

the asvrnrnetric ccntcr rvrlulcl not. have lleen detectecl.

T,ret-r  I I  I

I )apExnnxcE oF  ISopnopYr -  Gnoup  NOXA2UTVALENCE ON

Pt tox l t t t ' L r '  
- ro  r l lE  . { sy r t t t p lR tc  Caxre  n

! A  -  v R ,  c . P . s . .  a n t l  s o l v e n t d

C a r b o n

B e n -  t e t r a -  P Y r i -

A c e t o t r e  z e n e  c h l o r i d e  d i n e
C o m l r o u n t l

C o I ' I r C I { ( C H r ) C I I ( C I { : ) :  l 1 ' 7  8 0  1 0 9  8 9

C T H T C H ( C H r ) O C I I ( C I I r ' ,  t t  0 3  4 0  3 0

C T H T C H ( C H r ) O C I - I : C H ( C I { : ) :  0 0  0 ' i r  0 3  0 0

C c F I s C I I ( C I h ) O C I - f u C F I : C I - I ( C H I ) :  2 2  I 3  2 5  I 8

C , ; I I s C H ( C I L )  O C I h C H T O C H ( C I I r ) r  0 0  0 3  0 0  0 0

C , ; I I T C I I ( C H a ) O C I L C F I : ( ) C I I : C I { ( C I I r ) :  0 0  0 ' 0  0 0  0 0

"  Scr lu t io r ts  rvc rc  10  i  2 ' , ' ,  l l v  vo lume in  so l t t te '

The chenrical shift betrveen the methyl groups of the

isopropyl sroup of each compouncl is reported in

,.,r"..1 sol'u'ents. It is interesting that significant

effects of asvmmretry have been detected for protons

rvhich are as many as sevell bonds alvay from an asym-

metric center in open-chain compounds'

It shoulcl be notecl that the nonequivalence does not

rlecrease monotonicallv as the number of bonds sepa-

rating the asyrnrnetric center from the isopropyl group

increases, but rather clecreases. increases, and then falls

t o z e r o ; i n e a c h o f t h e f o u r s o l v e n t s e x a m i n e d ' t h e
isopropyl nonequivalence increased on changing the

,"p^or"tion between the asvmmetric center and the

isopropyl group frotn three to four bonds'

Discussion

Before going into cletail about the factors responsible

for the diiierence in the magnitude of the shielding at

the benzyiic methylene protons of compounds of type I '

rve shall f irst consiticr whether the maqnetic nonecluiv-
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play an irnportant role in determining the magnitude
of the nonequivalence.r0 Thc variation in the cherni-
cal-shift values for each colnpound in this table is less
than 1.5 c.p.s. for a varietv of solvents. Particularly
notervorthv in the solvents listed in Table IV are
acetic acicl, benzene, ancl climethyl sulfoxicle.

TanlB IV

Solvr i rur  DopexopxcE oF'rsp MacNnrrc NoNnQUTvALENcE

oF THE MBrrrvlBNp PRoross roR AI-t<vIMETHYLCARBINYL

BpNzvI- Ernrns op SrRucruRp I"

R : ethyl R - isopropyl R : l -butYl

5  .8  c .p . s .  8  . 8  c .p . s .  1 ' 1  . 8  c .p . s .
6 . 6  9 . 3  r 5 . 7
5  . 7  8 . 6

L + . 1

1 5 .  I

t + . 9
The experi-

o . t 8 . 6
Din re thy l  su l fox ide  + .9  8 .2

Ace t i c  ac id  5 .  +  8 .0

l -Buty l  a lcohol

"  Solut ions rvere 10 + 2Ta by '  volume in solute.

mental  error  in / {  -  vrJ is  approximately 0.5 c.p.s.

The observation that chernical shif ts in acetic acid

are no larger than those in carbon tetrachloride or

cyclohexane suggests strongly that specific interactions

involving the ether oxvgen atom are of minor im-

portance. The unexceptiorral value of the nonequiva-

lence in bettzene solut ions inci icates that magnetic

ir.nisotropy originating in the solvent rnolecule is not a

rnajclr contr ibutor to the magnetic nonecluivalence.rr

The values of the nonequivalence in dimethvl sulfoxide

and in c1'clohexane solut ions inci icate that the chernical

shif  t  is insensit ive to the dielectr ic constant of the

so lvent .  Thus,  a t  the s i rnp lest  leve l  o f  c l iscuss ion,  i t

seems just i f iecl to neglect the effect of solvent on the

degree of nonecltt ivalence of the methylene protons,

ancl consequentlv to cl iscarcl reactiorr-f ielcl  effects and

specif ic solvent-solute interactions as responsible for

the nonequiva lence.
I f  the so lvent  is  u t t i tnpor ta t r t  in  determin ing the

chemical shif  t  betrveen the methvlerre protons, the

origin of the rr iagnetic nonequivalence is most probablv

intramolecular. The trvo most reasonable sources of

the dif ference in shielcl ing at the methylene protons are

electrons circulat ing in the o-bonds of the molecule

and eiectronic circulat ions associated rvith the un-

saturatecl centers. In order to cl iscuss the magni-

tudes of these effects, i t  would be helpful to knorv the

cletai ls of the stereochemistry about an ether oKvgen

atom. In part icular, an estimate of the "size" of the

nonbonding electrons on the oxygen atorn rvould be

useful.  The C-O-C bond angle has been determined

for diethyl ether from electron-difrract ion data, and

founcl to be 1(lS + 3ott;  this angie suggests that the

hybridization at the ether oxygen atom is ciose to

tetraheclral. X-Ray crystallographic or electron-dif-

fraction clata pertaining to the configuration around

( 1 0 )  T h e  s u b j e c t  o f  t h e  s o l v e n t  d e p e n d e n c e  o f  t h e  m a g n e t i c  n o n e q u i v a -

l e n c e  i n  t h e s e  c o m p o u n d s  r v i l l  b e  t r e a t e d  i n  t l e t a i l  i n  a  f o l l o w i n g  p a p e r .  I n

b r i e f ,  h o r v e v e r ,  t h e  s p e c t r a  o f  e t h e r s  c o n t a i n i n g  u n s a t u r a t e d  g r o u p s  o n  b o t h

s i d e s  o f  t h e  e t h e r  o x y g e D  l i n k  a r e  v e r y  d e p e n d e n t  o n  s o l v e n t  d i e l e c t r i c  c o n -

s t a n t ;  t h e  s p e c t r a  o f  t h o s e  c o n t a i n i n g  o n l y  o n e  u n s a t u r a t e d  g r o u p  a r e  D o t .

( l l )  I t  s h o u l d  b e  p o i n t e d  o u t  h e r e  t h a t  t h e  v a l u e  o f  t h e  n o n e c l u i v a l e o c e

f o r  a  b e n z e n e  s o l u t i o n  o f  t h e  c o m p o u n d s  i n  T a b l e  I V  a n d  m o s t  o t h e r  c o m '

p o u n d s  e x a m i n e d  i s  a l r v a y s  0 . 5 - 5  c . p . s .  l a r g e r  t h a n  f o r  s o l u t i o n s  i n  o t h e r  s o l -

v e n t s .  I n  t h e  p r e s e n t  e x a m p l e s ,  t h i s  e f f e c t  i s  c l e a r l y  m i n o r ;  i t  d o e s  h o w e v e r

i n d i c a t e  t h a t  t h e  m . a g n e t i c  a n i s o t r o p y  o f  t h e  s o l v e n t  c a n  b e  a  s i g o i f i c a n t

c o n t r i b u t o r  t o  t h c  m e t h y l e n e  n o n e r l u i v a l e n c e .

( 1 2 )  " I n t e r a t o n r i c  D i s t a n c e s , "  s l r e c i r I  P u b l i c a t i o n  N o .  l l ,  T h e  C b e m i c a l

S , r c i e t y ,  i - o n t l , r n ,  l l l i $ .

l ( i ; i  I

an ether oxvgen unfortunatelv are not available.
Holvever, some structure lvork has dealt lvith the
related problem of configuration around the ether
oxygens of esters.

Kashima has carried out an electron-ciiffraction

study of chloromethyl chloroformate and has found
that the chlorine atom of the chloromethyl group is
trans to the carbonyl carbon atom across the oxvgen-
carbon single bond.13 The same stereochenrical re-
sult has been reported for the configuration about the
ether oxygen atom in diethyl terephthalatet{ and in
potassium ethyl sulfate.rt To the extent that the

stereochemistry about the ether oxygen atom of these
compounds can be considered a model for the stereo-
chemistry about the ether oxygen atom of a benzvl
ether in solution, these data suggest that a lone pair

of electrons on oxygen is smaller than an alkvl sub-
stituent attached to oxYgen.

These structure determinations and examination of
molecular models suggest that an ether of the t) 'pe
und.er discussiorr should exist predominantlv in a

conformation represented schematically by IIIa pro-

vicled that Rr is larger than methvl, and provideci that

steric interactions cornpletelv determine the relative
energies oI the cottformations. 16 Conformations 'rf

type IIIb shotrlcl probablv also be appreciablv p()l)u-

latecl .

\{aCNnrtc NONpqUIvALENCn Dup TO NIOLECULAR ASr"rntstRv

S o l v e n t

Carbon tetrachlor ide

Benzene

Cyclohexane

Acetonc

c6LI5
I

H7--H
U

I
H7--CH)

Rr
IIIa

In  conformat ion I I Ia ,  one proton is  c lose to  i r  carbr l t t -

carbon boncl and one is close to a carbon-irvclro{et l

bonci. 
' fhe 

magnetic anisotropv oi carbon-cari l0n

anrl carbon-hycirogen o-boncls has been the subiect "f
ex tens i r .e  ( i f  inconc lus ive)  theoret ica l rT ar rc l  exper i -

menta l rs  s tuc lv .  A l though a l tprox i rnate ca lcu ia t i , r l l5

based on the equat ions c ler i t 'ec l  bv  \ IcConnel l i '  r ts i t t ' {

"exper imenta l "  va luesrs  o f  J1 inc i icate  that  o-bonr i

an isot ropy might  be a s ign i f icant  fac tor  in  cer ta i t t

cascs, r  there is  cor rv inc in ,g  ev idence that  i t  is  not  i ln -

l tor tant  in  the co lnPouncls  s tuc i ied here.  I f  t i re  i raq-

netic anisotropi, '  of the o-boncls lvere to deternrine thc

magni tuc le  o f  v \  -  vB,  rep lac ing e i ther  o f  the phenr ' l

gronlrt  of 1-phenylethvl benzvl ether lvi th an isopropr-i

g.ottp should make relat ively l i t t le change in the

chemical-shif t  di f ference because anv shieldi lg r-, f  the

methvlene protot ls arising from o-bond anisotropr-

wil l  clepend. primari l l '  on the conformation oi the

molecule in the region of the metht ' lene group' A

( 1 3 )  } I .  K r s h i m a ,  B t i l l .  C l r c n .  S o c '  J a p a n , 2 5 '  7 9  ( 1 9 ' r 2 ) '

(  l4 )  }1 .  Ba i lev ,  .4c ta  Crvs t ' .  2 '  120 (  l9 {9 ) '

( 1 5 )  J .  A .  J l r v i s ,  i b i d "  6 , 3 2 7  ( 1 9 5 3 ) '

(16)  For  a  genera l  d iscuss ion  o f  the  d i f l cu l t  p rob lem o f  de termin in (  c ( ,c -

fo rmat iona l  energ ies  in  s i rnp le  subs t i tu ted  hydrocarbons ,  see  S.  \ I i zush ima.
. ,s t ruc tu re  o f  N lo lecu les  an t l  In te rna l  Rota t ion , "  Academic  Press ,  Inc . ,  N t tv

York ,  N.  Y . ,  f95 ' t .
(17)  For  re fe rences  to  work  in  th is  a rea ,  see  D isc t tss io t ts  Faraday  .5oc . .31 .

6 {  ( l 9 t i 3 ) ;  I { .  F .  Z i i r c h e r ,  J .  C h e n .  P h v s ' ' 3 7 , 2 { 2 1  ( 1 9 6 2 ) '

t i 8 l  a .  G .  N l o r i t z  a n d  N .  S h e p p a r d ,  ) I o t '  P h v s ' , 5 ,  3 6 1  ( 1 9 6 : l i ;  G  S

R e d d y  a n d  J .  H .  G o l t l s t e i n  ,  J .  C h e m '  P h v s ' ,  3 8 , : 7 3 0  ( 1 9 6 3 ) '  a n d  r e f  e r e n c e s

there in .
( 1 9 )  H .  ) I c C o n n e l l ,  ; b i J . ,  2 7 ,  9 2 6  ( 1 9 5 7 ) '

(20)  For  a  poss ib le  example '  see  T '  J  l r lau t t  and \ \ t '  F '  Erman J  '1  r ' :

C h e n .  , 5 n c . , 8 6 ,  3 2 1 ?  ( 1 9 6 3 ) .
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phenyl sroup and an isopropyl group are sufficiently
similar in size that their interchange should not result
in major changes in the population of the conforma-
tions open to the molecule. Consequently, replacing
a phenyi group rvith an isopropyl group should have
litt le effect on the magnitude of the nonequivalence.
The data of Table I indicate that interchanging phenyl
and isopropyl at the asymmetric center does in fact
have but little effect on the methylene proton non-
equivalence in a low dielectric constant solvent. r0

However, rvhen the phenyl group bonded to the methyl-
ene group is replaced by an isopropyl group, the mag-
netic nonequivalence of the methylene protons is
reduced drast ical ly (Table I I ) .This observat ion
suggests that the chemical shift between the methylene
hydrogens cannot be due primarily to the magnetic
anisotropy associatecl rvith the a-bonds in the molecule.

Johnson ancl Bovey:r have calculated the shielding
of a proton in the vicinity of a phenvl ring by con-
sidering thc precession of the zr-electrons in two circu-
lar regions above and belorv the plane of the ring under
the influence of the component of the static magnetic
field perpendicular to the ring. )Ieasurements taken
from Dreiding moclels indicate that the average dis-
tance of the methylene protons of 1-phenylethyl benzyi
ether frorn the ccnter of the closer phenyl ring is
approximatelv :i..- l A.; rvhen one methvlene proton is
in the plane of the ring, the second is approximately
0.9 A. above i t .  With these distances, i t  is  possible to
estimate:t that the maximurn chernical shift between
the trvo n-rethvlene protons clue to the ring current of
the phenvl group bonclecl to the methvlene group lvil l
be approximately {)  c.p.s. .  arnd rv i l l  occur when one
proton l ies in the sanre plane as the benzene ring.

The chemical shift clue to the ring current of a
benzene ring attacirecl to the center oi asymmetry lvi l l
of course depencl uporl the conformation. In conforma-
t ion I I Ia,  the c l is tance betrveen the rnethylene protons
ancl  the center of  the r ing is approximatel-v 5.2 A.
and the maxinrurn value for the clift 'erence in chernical
shi f t  due to th is r ing rv i l l  be less than i  c.p.s.  (Tl ie
maximurn difrerence lgain occurs rvhen one proton is
closc to the piane of the rins anci the second is rela-
tivelv far irom this plane.) The effect of ring current
in the phenvl .groul) attached to the asvnrmetric center
on the chemir:al sirift betlveen the methvlene protons
rvil l  thus be srnall in conformation IIIa (Rr : phenyl).
In conformations o[ tvpe IVa, the difference in chemi-
cal shift due to the pirenvl ring can be estimated to be
approximatelv i3 c.p.s. ,  using appropr iate distances on a
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other less effective conformations is that the phenvl
ring in this conformation lies very close to one of the
methylene protons.

Although there is no indication that conformation
IVb is populated to a significant extent for l-phenvl-
ethyl benzyl ether, the anomalously large values of
vA - zs for carbethoxyethylcarbinyl benzyl ether can
be rationalized on the basis of a conformation of this
type. From both steric and eiectrostatic considera-
tions, the most favored conformation for this latter
compound should be one in lvhich the carbethoxy group
is gauche to the lone pairs on the ether oxygen atom as
in IVb. In this conformation the carbonyl group
should deshield the nearer proton strongly.

The foregoing discussion suggests that the factor
responsible for the major part of the methylene proton
nonequivalence in the benzyl ethers studies is a pre-
ferred conformation of the methylene group with
respect to the plane of the nearer phenyl ring, such
that one methylene proton l ies in the plane of the ring
and the second is situated appreciablir out of this plane'
The ring current of a phenyl ring located on the asym-
metric center contributes l itt le to this chemical shift.

\,Iodels of these ethers suggest that the phenvl
group in conformation IIIa should be able to rotate
freelv eround the CIf2-C6Hs bond. The conforma-
tions lvhich seem most l ikellz' to induce a conforma-
tional preference of the phenvl grolrp rvith respect to
the asymmetric center are those in which the benzvlic
phenvl ring is close to the asvmmetric center-in other
words, conformat ions oi  type I I Ib.

It is interesting to speculate brieflv on the factors
responsible for the progression of values reported in

Table I I I .  Clear lv,  the explanat ion proposed for
the benzvlic methylene proton nonequivalence cannot
explain nonecluivalence in isoproJiyl groups. Horv-
e\rer, the observation that the chemical shift betlveen
the methvl groups is unexpectecllv large rvhen these
rnethvls are five bonds removeci frrlm the center cti

asymmetn' is in accord rvith the Nelvman "rule oi

Six, "22 and suegests that conformational preference
of the isopropyl group with respect to the asvmmetric
center mav again be important. in this case, coilecl
conformations oi the type \r mav be populated to a

significant extent. The observation that the chemical
shift betrveen the methyl groups is approximately the

same for pyridine solutions as for solutions in carbon

9H,
H;c.._^/

- - rru--.
H' 

'CH,

/H l
C^H._C-CH. CH.

\ 7
\ n /

\J

V

tetrachloride or acetone for these compounds suggests
that hydrogen bonding involving the ether oxygen is
again unimportant. It seems possible that the phenvl
group attached to the asymmetric center might shieid
the trvo isopropyl methyl groups in a conformation of
type V to a significantly different extent. We have
not examined compounds containing only saturated
groups at the asvmmetric center to test this possibil i t l ' '

( 2 2 )  ! I .  S .  N e r v m a n  i n  " s t e r i c  I l f l e c t s  i n  O r g a n i c  C h e m i s t r y , "  \ 1 .  S

N e w m a n ,  I ' ) d . ,  J o t r n  W i l e y  a n d  S o n s ,  I n c . ,  N e r v  Y o r k ,  N .  Y . ,  I 9 5 6 ,  C b a p t e r  ^ i .

Geoncp \I. \\:rrrrEsrDEs, Dnvro }lor-'rz, AND JorIN D. Roepnrs
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Dreiding model ancl the approach of Johnson and
Bovey.21 In contrast, the phenvl ring in conformation
IVb is estimatecl to produce a chemical-shift difference
betrveen the methvlene protons of approximately 30
c.p.s. Phy'sicallv the difference betrveen IVb and the

( 2 1 )  C .  I i .  J o h n s o n ,  J r . ,  r n d  F .  A .  B , r v e y ,  J .  C h e n .  P h y s . ,  2 9 ,  1 0 1 2  ( 1 9 5 8 ) ,
rn r l  re fe rences  there in .
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, \ l l  spcctra rvcre takcn at  60 Mc.p.s.  on a \ rar ian A-60 spec-
t rometer using samplcs I0 * .  2cia by volume in solute.

Benzyl  isobuty l  ether was prcpared by ref lux ing la.8 g.  (0.2
mole) of  isobuty l  a lcc,hol  and 18.9 g.  (0.15 rnole)  of  benzyl  chlo-
r ide rv i th an'excess of  potassium hydroxide pel lets for  2.1 hr .
Tire organic la-ver rvas separated, washed twice with 500-mi.
portions of rvater, and clried over calcium suifate. Disti l l:rt ion
through a 30-cm. rvire-spiral packed coltrmn yielded approxi-
mately 10 g.  of  product ,  b.p.  75-80'  (3 mm.).  The product
was ident i f ied by i ts  n.m.r .  spectrum. This ether (and the other
ethers describecl irr this section) rve:e easity iclentif ied by com-
par ison of  their  n.m.r .  spectra rv i th those of  the star t ing me-
ter ia ls.

Benzyl Isopropylmethylcarbinyl Ether.-Commercial silver
oxide,  (18.9 g. ,0.15 rnoie)  and a Tef lon-covered st i r r ing bar rvere
placed in a 100-rnl. rouncl-bottomed flask equipped rvith a reflux
condenser .  To  thc  f l ask ' t vas  added  13 .9  g .  (0 .15  mo le )o f  benzy l
bromide anci  12.0 g.  (0.1- l  mole)  of  3-rneth;- l - t -butanol ,  and the
resui t ing s lurry heated under ref lux rv i l l t  s t i r r ing for  2- l  hr .  The
mixture rvas cooled and the inorganic sol ids were rernoved by f i l t ra-
t ion.  The orgenic la1 'er  rvas rvasl ted once rv i th acid ic 5L,  aqueous
fcrrous sul fate solut i r , rn to r lestro l '  peroxir les,  once rv i th rvater ,
and thcn c l r icd over calc i run sul fate.  Dist i l la t ion through a 30-
cm. Holzmln!3 colr r rnn y ' ic lc leci  appror i i rnatel l '  10 g.  of  product ,
b .p .  35 - t l 7o  (6  rn rn . ; .  The  p ro r luc t  \ vas  iden t i l l ed  by  i t s  n .m. r .
spec t rum.

Benzyl  l -Buty lmethylcarbinyl  Ether. - In a 500-ml.  round-
bot tomed f l . rsk cquipped rv i th a ref lux conr lenser and a Tef lon-
covered  s t i r r i ng  ba r  u 'e re  m ixec l  12  g .  (0 .11  rno le  )  o f  3 ,3 -d ime thy l -
2 -bu tano l ,2 .6  g .  o f  soc l i u rn  h1 'd r ide  (as  a  50 { ,  d i spe rs ion  in
nr ineral  o i i ) ,  ancl  I l50 nr l .  of  anhl 'c l rous cthcr .  The s lurry rvas
ref luxeci  rv i th st i r r i r rg for  S i r r .  to for tn the sodium alkoxide.
Bcnzy l  b ron r i r i e  (  13 .3  g . ,  0 .11  rno lc )  w 'as  thcn  addcd  and  re f l ux ing
cont inrrccl  for  i2 hr .  The rcact ion mixturc rvas caut iousiy
washecl  rv i th t rvo 1()( ) - rn l .  port ions of  rvatcr ,  r l r ied over ca. lc iurn
sui fatc,  ant l  c l is t i l lec l  t rnr icr  rcduced pressurc to f  ie ld approxi-
rna te l y  7  g .  o f  p ro t l t r c t .  T l te  l ru res t  i rac t i on  had  b .p .  90 -92 '
(  7  mnr .  ) ,  l r nd  rvas  ch l r rac te r i ze  r l  b f  i t s  n . tn . r .  spec t rum.  T l re
l rn l l_vt ical  sa.nrplcs of  t l r is  ( lnr l  to i l t r rv i r rg)  ethers \vere obtainecl
b1'  prel ;er l l t ive I 'u1tor-p l i tse chromatogr l rptr r ' .

- - 1 n a l .  C r r l c c l .  f o r  C r : r I I : o O :  C , 3 ( ) . i 0 ;  I I ,  1 0 . + 8 .  F o u n d :
C . 3 0 . 2 1 ;  H ,  9 . 9 2 .

Cycloherylmethylcarbinol  rvas preparecl  b1'addi t ion of  80 g.  of
l r cc t l L l c l r l ' r i e  t r r  t l r c  Gr ig r ra r r l  r c l rg rn t  f r , rn t  l o  g .  o I  t n l rgncs iu r r r
t r r rn ings ,  15 t )  g .  o f  cvck rhcx l ' l  b romide ,  a t r c l  500  rn l .  o f  e the r ,
in the ustra l  ap[)r r r r r tus.  I { r ' r i r t ' i lvs is of  the reuct ion mir ture
rv i t i r  saturatecl  l r .qrreoLls rLnl ln()r t iut t t  chlor i t le  solut ion,  fo i lorvecl
b1'  rem<-rval  of  rvu. tcr  rv i t i r  calc iuru sul fate ent i  d ist i l la t ion,  y ie lc leci
a  cons ic le rab le  c l t ran t i t v  o I  co lo r less  l i q t r i d ,  b .p .  d i r -70o  (9  rnm. ) .
The infrared spectnl rn of  th is rnater ie l  shorvet l  verv strong rb-
so rp t ion  a t  170( )  c rn .  - I  end  rveak  hy -d ro r l ' l  abso rp t ion .

Adci i t ion of  sevcrel  smal l  p icces of  soci iunt  to the mater ia l  at
roonr ternper i r t r r re resul tct l  in  an erothermic pol lmer izat ion of
the  bu lk  o i  t he  l i q r r i d .  ' \ f t c r  12  h r . ,  t he  po i - r 'mer  was  ren rovec i
b1 ' f i l t r e t i on ,  the  l l l t r e te  be i r rg  essen t i . r l l ] - pu te  cy ' c lohex l ' l t nc th l ' l -
carbinol ,  c i raracter izecl  bf  i ts  st rong infrarecl  absorpt ion at  3350
c r n . - r ,  b - u -  i t s  n . m . r .  s p e c t r u m , l n c i  b f  i t s  b . p . 7 7 - 3 3 ' ( 1 1  r n m . ) ,
l i t . : J  b .p .  37 "  (  11  mm.  ) .  The  in i ra red  ca rbon l ' l  abso rp t ion
of  the c l is t i l ied product  rvas almost  unnot icetble.

Benzyl  Cyclohexylmethylcarbinyl  Ether. -Si lver  oxide (16 g. ,

0 .07  mo le ) ,  benz l ' l  b ron r ide  (10  s . .0 . ( )57  tno le ) ,  and  cyc lohex l - l -
rneth-v lcarbinol  (8 9. ,  0.057 mol t - ' )  rvere l teated together rv i th
s t i r r i ng  fo r  {8  h r .  a t  approx in ra te i l ' 150o .  A t  the  end  o f  th i s
t ime, the s lurry rvas cooiet l ,  taken up in f ive t imes i ts  volume of
ether,  f i l tered,  ancl  d ist i l lcd,  y ie lc l ing epproximetel l '  !  g.  of  proci-

uc t ,  b .p .  126- l : l : l ' ( - l  rn rn . ) ,  con tan r ina ted  rv i th  approx ima te i y
20c/s of  benzyl  a lcohoi .  Ttre procluct  \vas character ized by i ts
n .m. r .  spec t rum.

Ana l .  Ca lcc i .  f o r  Cr rH . rO :  C ,  32 .51 ;  F I ,  10 .16 .  Founc l :
C ,  8 2 . 8 8 ;  H ,  9 . 6 + .

l -Phenylethyl  Benzyl  Ether. -Benz1' l  a lcoi to l  and 1-phen1' l -
ethyl  bromicie (mole rat io 1:1)  rvere heated on a steam bath for  6
hr. The solutit)n \vas coolecl , the inorganic salts were removed by

filtration, and the <-rrganic fi ltrate rvas 'rvashecl with rvater and dried

over excess pc.rivticred calciunr chloride. The organic layer lvas

( 2 3 )  C .  W .  G o t r l r l  ,
(  1 9 . 1 8 ) .

( ? 4 )  A .  B o t t v e i r t t l t ,

G .  I l r r l z m a n ,  a n t l  C .  \ i e m a n n ,  . ' ! n a l .  C h e n . , 2 0 ,  3 6 1

I J t t l l .  s o c .  c h i n .  F r a n t t ,  [ 3 ] 2 9 ,  1 0 { 9  ( 1 9 0 3 ) .
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then dist i l lec l  to y ic ld -15( l  of  t i re desirer l  ether,  b.p.  i?3-12-1"
(0. i1 mrn.  ) .  The infrarccl  spectrum shorved a strong band at  1 l0t)
cm. - r  and  no  absorp t ion  in  the  3500  cm. - r  reg ion .  The  n . rn . r .
spectrurn of  the eompound rvas consistent  wi th the assignecl
structure.  The high boi l ing point  of  th is mater ia l  preventecl  i ts
pur i f icat ion by preparat ive v.p.c. ;  the analyt ical  sample used
rvas therefore obtained by orc i inary d ist i l la t ion.

, l na l .  C : r l cd .  fo r  Cr ;HroO:  C ,  84 .87 ;  H ,  7 .60 .  Found :
C ,  8 4 . 7 8 ;  H ,  7 . 6 4 .

Carbethorymethylcarbinyl Benzyl Ether.-Sodiunr benzylete
rvas prepared by the react ion of  22 C. (0.2 mole)  of  benz-v- l  a lcohol
rv i th 5.6 c.  (0.22 mole)  of  sodium hydr ide (50% suspension in
mineral  o i l )  in  j l00 ml.  of  ether in a 1-1. ,  three-necked, round-
bottonred flask equipped rvith reilux condenser, mechanical
st i r rer ,  dropping funnel ,  and heat ing mant le.  When fornrat ion
of  the alkoxide rvas complete (as judged by cessat ion of  evolut ion
of  hydrogen),  36.2 g.  of  ethyl  a-bromopropionate rvas added.
The rnixture was stirred overnight, then fi ltered to remove in-
organic sal ts.  The ether rvas removed on a rotar) '  evaporator
and  the  res idue  d i s t i l l ed  to  f  i e id  approx ima te l l ' 5  g .  o f  p roduc t .
b .p .  33 -92o  (2  mm. ) .  The  n .m. r .  spec t rum o f  the  compound
rves consistent  rv i th the essigned structure.

. Jna l .  C . r l cd .  fo r  Cr :HmOi :  C ,  69 .21 ;  H ,  7 .71 .  Founc l :
C ,  6 9 . 0 6 ;  H ,  7 . 7 - 1 .

l -Phenyl  isopropyl  ether rvas prepared by ref lux ing a misture
o f  20  m i .  o f  1 -pheny le th l ' l  b romide  and  60  m l .  o f  i sop rop l - l  a l coho l
for  -18 hr .  The resul t ing turbic l  solut ion rvas cooled,  neutra l izecl
rv i th sodiurn carbonate,  rvashed rv i th t rvo 500-ml.  port ions of
rvater ,  end dr iecl  ovcr calc iurn sul fate.  Dist i i la t ion at  recluced
pressure  y ' i e lded  ap l l rox in ta te l y  25  m l .  o f  p roduc t ,  b .p .  9 -1 -97 '
( i i 5  mnr . ) ,  r vhose  n . rn . r .  spec t run r  w 'as  cons is ten t  r v i t h  t l t e  as -
s igned  s t ruc tu re .

. - t n t t l .  C a l c c l .  f o r  C 1 1 I ' I 1 1 0 :  C , 8 0 . 4 0 ;  H , 9 . & 3 .  I i o u n c l :
C ,  3 0 . 0 3 ;  H ,  9 . 9 7 .

l -Phenylethyl  2-methylpropyl  ether rvas prepared b1'  an ic lcnt i -
cal  procedtrre,  sta- ' t ing rv i t i r  93 ml.  of  2-methyl-1-prrrpanol  and
{ 5  g .  o f  1 - p l i c n l ' l c t l r y ' l  b r , r r n i d e .  T I t e  p r o d u c t  h a d  b . p . 5 3 - t ) 3 "
( l l  r nm.  ) .  I t s  n . rn . r .  spec t ru rn  \ vas  cons is ten t  r v i t h  the  ass ig r t r< l
s t ruc tu re .

- ' l n t t l .  C r r l c t l .  f o r  C r : I I n O :  C ,  3 0 . 3 5 ;  H ,  1 0 . 1 S .  I ; r i t t t t r l :
C . 3 0 . + 5 ;  I { , 9 . 3 7 .

l -Phenylethyl  3-methylbuty l  ether rvas also preparer l  us i r rg
th i s  p rocec l r r re ,  s ta r t i ng  rv i th  36 .6  m l .  o f  3 -meth f  i -1 - l t u tan r . , l
anc l  - l l  g .  o f  1 -p l renv lc th f  i  b romic le .  The  p roduc t  l i a t i  b .p .
1 0 6 - 1 0 S ' ( 2  r n r n . ) .

- ' ! nu l .  Ca lcd .  fo r  Cr rH : -O :  C ,  l l l . 20 ;  H ,  i 0 . .1 ,S .  Foun t l :
C ,  S ( ) . t j 2 ;  H ,  ! 1 . 9 7 .

2- Isopropor-vethanol  rvas preparet i  b1 '  ref lux ing l t  t i  I  i : r1.  cr f
e th f  i cne  g l1 -co l  und  1 {J t l  l n i .  o i  i sop ropv l  b ro rn ide  o r -c r  r i r )  g .  o f
sor l i t r rn carbonate for  - lS hr .  The nr ix ture was cclo leci .  at t t l  the
inorgenic sai ts rvere rctnoved br-  h l t rat ion.  Dist i l la . t ion tnr()ugl t  l
j l 0 -cn r .  Ho lz rnan  co lu rnn  gave  -15  m l .  o f  p r rx luc t ,  b .p .  12S- l : J . l o
( r ve t ) ,  l i t . ! s  b .p .  1 { -1  " .  T i re  p roduc t  r vas  no t  pu r i f rec i  f u r t l t e r ,
but  rvas user l  c l i rcct lv  in the fo i lorv ing step.

1- Isopropo:ry-2-(  l -phenylethory)ethane.- In a 100-n1.  rot tncl -
bot tomed f lask f i t ted u ' i t l t  a heet ing mant le rvere placeci  a f  e l lon-
covered st i r r ing bar,  i ;  rn i .  of  1-pi ien-v lethJ ' l  bromicie,  ancl  i ( )
rn l .  of  2- isopropoxyethanol ,  and the s lurry rvas heateci  i r r  l tpprrr r i -
ma te l1 '  150o .  S i l ve r  ox ide  t5  g . )  r vas  added .  A f te r  an  i ; r r - i uc t i r . , , n
per ic. 'c i  cr f  epproximatei l '  j l t )  n i r r . ,  a v igorous exotherr : : ic  r t ' ; ic t i " : r
occurred.  When th is had subsic led,  7 g.  more of  s i lver  r . , : i ide anr- i
15 m1. more of  l -phen1' lethvi  bromicle rvere added in prrr t i r . , t rs '
F inal l l ' ,  t l re s lurry rvas al lon 'ecl  to st i r  at  150o overnig i t t .  T l re
mixture rvas then cooled,  taken up in 25 ml.  o i  ethcr .  f r l ; -ereci  ,
rvashed once rv i th 20 rn l .  of  1"0[  aqueous acid ic ferr . - ,us sul fate
solut ion,  once rv i th rvater ,  and dr ied over caic ium sui tate.  The

ether \vas removed on a rotar ] '  evaporator  and the rcsidue f rac-

t ionated through a l0-cm. \ - igreux column at  reducer i  pres-

s u r e .  T h e  y i e l d  o f  p r o d u c t ,  b . p . 9 5 - 1 0 5 o  ( 1 n r m . ) ,  r v a s  1 r )  r n l .
t l na l .  Ca lcd .  fo r  CnH: rO: :  C ,  74 .96 ;  H ,  9 .68 .  Fo t t t t r i :

C ,  T 1 . T T ;  H ,  9 . 7 3 .
2- Isobutoryethanol  \vas prepared f rom 130 ml.  of  cth l ' lene

giycol ,  S0 ml.  of  isobut l - l  bromide,  and 50 g.  of  sodiunt  carbonatc
as described previousll ' for l-isopropoxyethanol. The i ' ielci of
p roduc t ,  b .p .  138-1 -15o  ( r ve t  ) ,  l i t . ?s  b .p .  15 - lo ,  was  17  n : i .

l - Isobutoxy-2-( l -phenylethoxy)ethane was prepared f rorn

17 ml.  of  crude 2- isobutoxl 'ethanol ,  12 g.  of  s i lver  oxice,  anci  ' rJ

( 2 5 )  L .  I I .  C r e t c h e r  a n d  \ \ ' .  H .  P .  H e n g e r ,  J . ; l n .  C h e n .  S " c .  4 6 '  l l t ) i

(  192- r  )  .
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nr l .  of  1-phenylet l r l ' l  bromicle es descr ibed above for  1- isopropoxy-

2-( l -phenylethoxylethane. The product  was obtained in ap-

p r l x ima te l y  10  rn l .  f  i e ld  and  had t ' p '  100 -108 '  (1  mm' ) '

^ r l na l .  Ca lcd .  fo r  Cr lH r :O : :  C ,  75 '63 ;  H ,  9 '97 '  Found :

C ,  7 5 . 0 1 ;  H ,  9 . 8 1 .
l-Phenylethyl neopentyl ether lvas prepared in approximately

30' [  f  ie l i  by mix ing-S.S g.  (0.1 mole)  of  neopenty l  a lcohol '  20 s '

(O . i  i no le t  o f  i -p t reny le thy l  b romic le ,  and  13  c '  (0 '1  mo le )  o f

ii l\r", oxide. After the initial exothermic reaction had subsided,

3 g.  -or .  of  s i lver  oxide and 5 ml '  more of  l -phenylethyl  bromide

rvere adcled ancl the reaction mixture rvaS heated on the steam bath

for 2-1 hr. The mixture was cooled and the product isolated as de-

scribcd for 1-isopropoxy-2-(l-phenylethoxy)ethane. The crude

ether had b.p.  s6--91'  (16 mm.) and was contaminatcd wi th

appreciable quantities of l-phenylethyl bromide. .Purification
was effected ty dissolving the mixture of halide and ether in di-

ethyl  ether,  and al lowing the solut ion to stand over sodium for

2a 
-hr. 

The solution lvas decanted from the unreacted sodiurn

and. redist i l led.  The n.m.r .  spectrum of  th is mater ia l  was

consistent rvith the assigned structure'

l-Phenylethyl ethyl ether rvas prepared in these laboratorics

by Dr.  F.  Kaplan.
2-Methyl-2-phenylbutane \vas prepared in poor yieid by re-

action of approxi-ot"ly 0.2 moie of isopropylmagnesium-bromide

rvi th an equivalent  amount of  l -phenylethyl  bromide_ in ether.

The reaction mixture was hydrolyzed rvith saturated aqueous

ammonium chloride solution, and the ether layer from the hydrol-

ysis rvas dried and disti l led in the usual manner to yield approx-

i .nr t " ty  2 ml.  of  the desired hydrocarbon, b 'p '85-105" (18 mm') '

The principal product of this reaction is 2,3-diphenylbutane,

appaiently' arii ing from a metal-halogen exchange reaction

ULi*".r, i iopropyl Grignard reagent and 1-phenylethyl bromide.
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