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mixture of one ftcrns and two gauche conformers around

the C,-Ce bond ( I ,  I I ,  I I I ) '  The nmr spectra of  the

Abstract: The difference in cnergy between guuclrc and trans contbrmers o[ severat l-substituted 3,3-dimethyl-

butanes has been determined using nmr spectroscopy. The relat ive order of "size" of the substi tuent groups esti-

mated from these energy differences,r rignifi."ntty dlfferent from that obtained from previous studies oI the equilibria

berween axial and iqr- i" i i"r  conformeri of the corresponding substi tuted cyclohexanes'

, - r lhe cont 'ormat ional  analysis of  acycl ic organic mole-

I  .ut . r  has been explored less systemat ical ly than that

of  a l icycl ic compot,ndr,  in part  b-ecause the former isom-

erism 
-ho, 

proued the more diftcult to investigate ex-

per imenta l i y . ' ' '  In  consequence '  most  da ta  dea l ing

wi th  the  genera t  p rob lem Of  the  in f luence o f  subs t i tuents

o n c o n f o r n r i r t i o n a I e q u i l i b r a , a t n d w i t h t h e p a r t i c u l a r
problem of the prop.J,  re lut ive "s izes" to be assigned

to conlnlon organi i  groups. hi tve been obtained by

exanr in , r t iop  o f  the  in f luer rce  t l f  these groupS on the

cont 'o r t t r i t t io r rs  o f  cyc lohcxane r ings '  I t  i s  no t  p resent ly

c le i l r  to  w i ra t  . , * t .n t  these da t l r  a re  app l i cub le  to  o ther

types  o f  con forn la t ion l l  I  p rob lcms '

Nuc lear  r t tugnet ic  rcso l lance spcc t roscopV prov ides

i , rn  i l t t rL lc r i ve  a l t . - rna t ive  t t t  the  exper in ren ta l l y  d i fhcu l t

in f ra red  spcc t roscop ic  te  chn iq r res  wh ich  have been

.1o , . * rn ly  e rnp loyer l  in  l rcy 'c l i c  con t 'o rmar t iona l  a .a ly -

i s .  In  t ' r . rv ,o* ib l . ' . " r . t .  i t  has  proved poss ib le ' . to  de-

- ' r r t t inc  thc  rc la r ive  popu la t i t lns  o i  ro ta t ' iona l  con-

fo rnrers  in  so lu r ion  d i iec t l y ,  by  cxanr in ing  the  sarnp le

a t  ten tpcra [ures  su l l i c icn t ly  Iow to  s low the  ra te  o i

cont 'o rmat iona l  in te rconvers ion  to  l css  than the  v i t lue

r e q u i r e c l t o l r v e r a g e t h e r e s o n a t r c e s c l u e t o t h e s e p i t r a t e
confornrers .  t  However .  cven fo r  con tpounds w i th

wh ich  such low- tenrper l t tu re  s t t rc l ies  a re  imprac t ica l .

examinut ion  o f  the  n tagn i tudes  and ten lpera ture  de-

penc ience o t '  v ic inu l  sp i r r -sp in  coup l ing  cons tan ts  may
'p ro" iA .  

an  i r rd i rec t  method o f  examin ing  the  popu la-

i ion ,  o f  ro ta t ionr l  con l 'o rn te rs  in  so lu t ion .s '6  The work

r . .por t . , i  in  th is  p l rDcr  i s  concerned w i th  the  conforma-

t iona l  anr t l ys is  o f  
'  

der iva t ives  o f  3 .3 -d imethy lb t r tane '

us ing  these ind i rec t  techn iq t res '

Nlethods and Results

Der ivar iyes  o f  3 .3 -c i i rnc thy lbu tane subs t i tu ted  a t  the

I  p , rs i t ion  ex is t  in  so lu t ion  as  a  rap id ly  in te rconver t ing

( l ) T l r i s r c s c l l r c h \ V i t S s u p p o r t , - ' d b v t h e N l r t i o r r a l s c i c n c c F o t r r r t l a t i o n

t h r o u g h  c r a u t  N o .  G p - 1 0  l i J .  i r r r c i  t h r o u g h  i t s  u n d e r g f t r d u a t e  r c s e a r c h

p i t r t i c i p i r t t o r l p r o g r i l m . C a l c t r l a t i o n S w e r c c l r r i e d o u t i n p a r t l l t t h e
N{  assachusc t ts  I  n  s t r  tu tc  0  f  Techno lo  gy  compt r t l r  t io r r  cen ter ,  cam br id  ge ,

fvla ss.
( l )  S c c ,  [ b r  c x i l n r p l c .  S .  ] l i z u s h i n r a ,  " s t r u c t u r e  o t '  N l o l c c u l e s  a n d

I r r t e r n a l  R o t a t i o n . "  i c a , l c m i c  P r c s s  [ n c "  N c r v  Y o r k '  N '  Y ' '  1 9 5 4 :  N '

S h c t r ; ; i r . f .  A t l t u n .  S p c c t r t . ,  l .  1 8 8  (  l c ) 5 9 ) .  T h e  e x t i ' c t i o ^  c o e t i i c i e n t s

t . r  ' rb ra t rouat  absorpr rou  bar rds  in  i r t l ' r l t r cd  s tud ics  have provet i  par t i c -

u t e r l l  c i i r h c u l t  t o  r . i e  i c r m i n c  l t e c u r a t c l y  i r r  s o l u t i o n :  A '  W  B a k e r '  H '

o . I i e r l i r r g e r ' l t n d e . T ' S l r u l g i n . S p e c t r o c l t i t n . A c t a , 2 0 . l 4 6 T ( 1 9 6 . 1 t .
r l )  E .  L .  E l i e l '  N .  L .  A l l i i r g c r '  S '  J '  A n g y a l '  a n d  G '  A ' -  ) { o r r i s o r r '

' ' C c l r r t i l r t n l t t t o t t l t l  . \ t t a l y  > i s ' . '  l n t c r s c i e  t r c e  P u b l i s h e r s ,  I n c . ,  N c l v  Y o r k .

r .  Y . .  1 9 6 5 .
( - l )  R .  A .  i iovmark  and C '  H '  sederho lm '  J '  Chern '  P / r l s  '  43 '  602

( 1 9 6 5 ) ,  p r o v i d c  l t  c a r c f u l  c l c m o n s t r a t i o n  o f  t h i s  t e c h n i q u e '

i i i  i i .  s .  G u r o * s k y ,  c . c . B e l f o r d ,  a n d  P .  E .  l v l c M a h o n . i b i d . , 3 6 ,

3 3 - 5 1  { 1 9 6 1 ) .
(6 )  N .  Sheppar< j  and  J '  J '  Tu rne r '  P roc '  Ro t "  Soc '  (London) '  A252 '

5 0 6  (  l e 5 9 ) .

rne thy lene pro to t l s  in  these compounds is .no t  compl i '

ca ted  by  coup l ing  w i th  the  pro tons  o f  the  r -bu ty l  g roup '

In  the  absence o i  coup l ing  to  nuc le i  in  the  subs t i tuent '

g roup X,  the  methy iene pro tons  c l ln  be  t rea ted  as

ie ' lX '  o r  A :X1 sp in  sys tcnrs .  and the i r  spec t ra  de-

scr ibed us ing  a  max imun- r  o f  four  coup l ing  cons tan ts :

iwo v ic in l t l  c lup t ing  cons tan ts  ' /  anc l  J "  and two gemina l

coup l ing  cons tan ts  - / ^1  and /x ' t  Examinat ion  o f  the

v ic ina l  iup l ing  cons t i i r r t s  p rov ides  a  method o f  inves t i -

g a t i n q  t h e  p o p u l a t i o n s  o f  I .  l l .  a n d  I I [ '
"  Th .  r 'agn i iude o f  . /  o r  J ' in  a  l , l -d is 'bs t i tu ted  e thane

is  e le rer rn ined pr imar i l y  by  the  cor respond ing  HCCH

d i h e t l r u l a n g l e . a n c l i s i n c o n s e q u e n c e d e p e n d e n t o n t h e
r. ior* .  pop"ulat ions of  the l r r l r ls  an'J guttcf te conforma'

t i o n s . i  A b r a h a m  a n d  B e r n s t e i n  h a v e  s h o w n  t h a t  i f

QrCH, r ,  q (cHl ) "
|  -  v  I  r rHt1'\ ^)+a'

n/Y\u H'tY-'n
H H

I I M

J -  J ' ,  (  [2A2, , ( / . r  -  , /x) ] ' ' , ' ( l )

the  spec t run t  o f  the  methy lene pro tons  w i l l  appear  as

an A:X: spectrLrm (Av'  .  is  ihe wic l th at  hal f -height of  the

.o*p . 'n .n t  l ines) .9  I r  J  _ . . / ,  i s  g rea ter  than the  quan.

i i iy  g iu.n in eq l .  the spectrum of the methylene protons

*i i r "u.  an AA'XX' spectrum, i tnd analysis of  - the spec-

, ,ut  may yield values for each of  the coupl ing con-

stants.  Unfortunately,  the electronegat iv i ty and

p"irr l r "u i l i tv  of  subsr i tuents.  and structural  features of

the molecrr le other than the HCCH dihedral  angle '  in-

f luence these coupl ing constants in a manner which is

Jim.rr t  to predic i  qu"ant i tat iveiy.B As a resul t  of  th is

un..r , . inty,  the reiat ive magnitucies of  the v ic inal

coup l ing  ions tan ts  cannot  be  re l ied  on  in  the  absence

of othei  informat ion to provide an accurate measure

of  conformer  popu la t ions '  However '  examinat ion

( 7 ) T h e n o m e r r e l r r t u r e u s e d i s t h a t e m p l o y ' e d b y P - o p l e ' e t a l ' ' a n d b y
Robe ls :  J .  A .  f , oo ' i . - fV .  C .  Schne ide r ,  anc l  H '  J '  Be rns te in '  "H igh

Rcso lu t i on  Nuc le l l r  ! [ agner i c  Resonance" '  McGraw-H i l l  Book  Co ' '

l nc . .  Nerv  York '  N .  V ' ,  f  S>9 '  Chap te r  6 :  J '  D '  Rober ts " 'An  In t roduc -

t i on  to  the  A .a l ' s i s  u i ' sp in -sp i '  
' sp l r t r i ng  

in  H igh  Resoru t ion .Nuc lea r

Magnet ic Rcsoni t t tcc 'So' l ! i t " , ; ' rv  A'  Benlamin'  Inc" Nerv York '  N'  Y ' '

1962 ,  ChaPtc r  4 .
(8)  For a reccnt  lgv isr 'v '  sec:  Vl '  Barr ie ld and D'  M'  Crant '  Adcan'

tVagnet ic Resortat tce.  i '  f  i l  (1965);  ! l  Karplus '  ' / '  Am' Chem' Soc"

8 5 . 2 8 7 0 ( 1 9 6 3 ) . F o r . p r . . , t o n _ t l u o r i n e c o u p l i r r g s , t h e - i s s u e i s l e s s c l e a r :
n- . ' f .  f  Ut" f tam and L.  Caval l i '  'VIo l '  Ph' t 's"  9 '  671 (1965) '

( 9 )  R .  J .  A b r l h l m  i t r t d  H '  J '  B e r n s t e i n  '  C u n ' J '  C h e m " 3 9 ' 2 1 6  ( 1 9 6 1 ) '

l l i e t r r i n t e r l  f r ' o m  t t r e  J o r r r n a l  o f  t h e  . ' \ m e r r c a n  c h e n r t c e i  S o c t e t v  S g '  1 t : l i  i l 1 ) t i ; )  l

e  0 p y r r g h t  l g $ 7  b y  t h e  . \ m e r i c e n  C h e r n r c a l  S r x i e t ) ' a n < l  r c p r i n t e r i  l r v  J l e r t n i s s i ' r t l  ' r f  t h e  c o p y r i g h t  { r r v n e r

X
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Figure l. Temperature dependence of the vicinal coupling con-
stants of l-substituted derivatives ol' 3,3-dimethylbutane. The solid
curves are the theoretical temperature depcndences, calculated using
the parameters in Table I. The upper set of curves represent values
for./. the lower set ./ ' .

of the tcmpcreture dcpendence of the vicinal coupling
cons tan ts  does  prov ide  a  d i rec t  method o f  de termin ing
the  pos i t ion  o f  ro ta t iona l  con format iona l  equ i l ib r ia . ;  6

The coupl ing constants . /  and J '  are averages over
v ic ina [  coup l ings  in  each o f  the  ro ta t ionaI  con formers
I .  I I ,  and I I I .  In theory,  the gaucl te and trons coupl ing
constants in each of  these conformers might be di f ferent.
We wi l l  make the  approx imat ion  tha t  on ly  th ree  d i f -
ferent coupl ing constants are necessary to descr ibe al l
o f  the  sp in -sp in  in te rac t ions  in  the  th ree  conformers :
one trons coupl ing constant . / , ,  which is the same in
both gouche and tens conformers:  and two gauche
coup l ing  cons tan ts  J r r  and / * t  wh ich  descr ibe  the
coup l ing  be tween guuche pro tons  when the  subs t i tuent
X on Cr is gauche or t rans.  respect ively,  to the proton
on Cz ( lV,  V).  The just i f icat ion for  the use of  only

constants are needed to descr ibe the coupl ing in the
indiv idual  conformers.  The assumption that two
gauche and one tans coupl ing constants are suf f ic ient
to  descr ibe  these coup l ings  is  equ iva len t  to  say ing  tha t
the XCCII  d ihedral  angle is the most important param-
eter in determining the inf luence of  X on the magnitude
of  the  v ic ina l  coup l ing  cons tan ts .

Wi th  these approx imat ions .  the  observed coup l ing
constants - /  and J '  can be expressed in terms of  the
coupl ing constants of  the indiv idual  rotat ional  con-
formers Jt, Jss, and /rt. l I

J : (l 2,l'r.)J, * nrt(Js* * J*')

J' : ( l 2n1)J*s I ns(J| f /r,)

nrr  :  exp(-  AEIRT)IU + 2 exp( -LEIRT)I

Here nrt is the mole fraction of one of the guuclrc
conformers, and AE is the difference in €nergy between
gouche and trons conformers.  Equat ion 4 assumes
thltl Eqourr,, ) Etro,,r,

Expl ic i t  values t 'or  each ot '  thc tour parameters in
these equat ions  can bc  ob ta ined f rom the  exper i -
menta l l y  de termined tempera ture  dependence o f  the
v ic ina l  coup l ing  cons tan ts  by  a  leas t -squares  procedure .
in  wh ich  the  func t ion  .p

e : L, t l - /."I., i)r

i s  min i rn ized  by  sys ten ta t i c  var ia t ion  o t '  the  parame[ers
AE. -/,, -/*s, and ,./rt. Here, J tnd J' are respectively
the  la rger  and smal le r  o t '  the  observed v ic ina l  coup l ing
constants at  cach measured temperature Tr,  and - / . r1. .1
and J ' ,^ t . ,1 are thc corresponding values calculated
us ing  eq  2 .  3 .  and - l  w i th  t r ia l  va lues  fo r  the  unknown
parameters.  Our calculat ions (carr ied out using i . l t . r
i te ra t i ve  FoRTRAN I I  p rogram) .  made the  assumpt ions
tha t  measurements  a t  each tempera ture  f ,  car r ied  equa l
we igh t .  and tha t  the  er ro rs  in  the  tempcra tures  cou lc l
be neglected. The values obtained for Jb Js ' ,  and . / . '
by  app ly ing  th is  p rocedure  to  the  tempera ture  depend-
ence o f  the  v ic ina l  coup l ing  cons tan ts  o f  n ine  der iva t ives
of  3 .3 -d imethy lbu tane are  shown in  Tab le  I .  For
comparison and for future ret 'erence. the resul ts of  a
simi lar  three-parameter analysis in which . / rs was as-
sumed equa l  to  / * 'a re  inc luded in  th is  tab le ;  the  s ing lc
gouche coup l ing  cons tan t  in  the  th ree 'parameter  ana ly -
s is was cal led - /n.  Equal  values were obtained for lE
using eirher the three- or the four-parameter procedures:
these values are l is ted in Table IV,  together wi th values

obtained by approximate methods descr ibed below.
Figure I  shows the agreement obtained between the
observed temperature dependence for the v ic inal

coup l ing  cons tan ts  fo r  severa l  o f  these compounds.
and tha t  ca lcu la ted  us ing  the  va lues  o f  AE and thc

coupl ing constants obtained from the four-parameter
ana lys is .

The probab le  e r ro r  in  the  parameters  f rom the  leas t -

squares  ana lys is  can be  es t imated us ing  a  p rocedure

suggested  by  Gutowsky . ;  In  th is  p rocedure ,  c  l s

expanded in  Tay lo r  ser ies  in  the  ne ighborhood o f  thc

min imum va lue  e t ' t  ob ta ined dur ing  the  leas t -squares
var ia t ion  on  the  Parameters .

( l  l )  Thcse equat ions  are  mod i f i car ions  o t ' s im i la r  cquat ions  used l . )

C  u to rvsky  ;111d s9 ' rvorkcrs .  i
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three l imi t ing coupl ing constants fo l lows from the
clear exper imental ' i '  r0 and theoret icalE evidence that
the inf luence of  the subst i tuent X on the magnitude of
the  v ic ina l  p ro ton-pro ton  coup l ing  cons tan t  in  an
XCHCH fragment also depends upon the XCCH
dihedra l  ang le .  S ince  th is  ang le  i s  approx imate ly  60 '
for  both i3 protons in the t rans conformer I  and for one
of  the  p  p ro tons  in  conformers  I I  and I I I ,  bu t  approx i -
mate ly  l80o fo r  the  remain ing  p  p ro ton  in  conformers
I I  and I I [ ,  at  least  two di f ferent l imi t ing gauche coupl ing

(10 )  K .  L .  W i l l i amson ,  J .  Am.  Chem.  Soc . .  85 ,516
Wil l iamson. C.  A.  Lanford.  and C, R.  Nicholson.  ibfd. .
and refcrences therc in.

( 1963 ) :  K .  L .
E6, 762 ( 196.1).

(H lC) rC

H
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Table I. Coupling Constants (cps) Obtained from Least-squares Analyses of the Temperature Dependence of the Methylene Proton
Spectra of l-Substituted Derivatives of 3,3-Dimethylbutane

Substi tuent

Three-parametcr
calculations

Jt Js

Huggins
Four-parameter calculations- electro-

J, J 
"" 

J 
"t  

negativi tyr rVD

l .  s i (CH,) ,
2. CoH'
3 .  t
4. SCoH;
5 .  B r
6. Ct
7. CO.:CHr
8. CO:H
9.  CN

Average

r 4 . 3
t 3  . 7
1 4 . 3
1 4 .  2
1 3 .  8
1 4 . 0
1 3 . 8
t 4 . l
r 3 . 6
l - 1 . 0

3 . 9
d " ,

4 . 1
3 . 7
4 . 2
4 . 0
t a+ . :

3 . 9
4 . 2
4 . 0

1 4 . 3  +  0 . 3
1 3 . 7  *  0 . 3
1 . 1 . 5  *  0 . 3
1 4 . 2  + -  0 . 4
1 4 .  1  r  0 . 3
1 4 . 5  r  0 . 4
1 3 . 8  *  0 . 4
1 4 . l  +  0 . . t
1 3 . 9  *  0 . . 1
1 . 1 . 1

3 . 9  - 1 -  0 . 3
4 . 2  *  0 . 3
4 . 3  *  0 . 3
3 . 7  +  0 . 4
4 . 5  *  0 . 3
4 . 4 : L 0 . 4
4 . 2  *  0 . 4
3 . 9  - f  0 .  4
, t . 5  *  0 . 4
4 )

4 . 7  *  5 . 6
4 . 1  *  2 . 2
1 . 6 * 2 . 1
3 . 7  * ,  |  . 6
1 . 8 : t 1 . 4
1 . 3  *  1 . 2
4 . 2 * 1 . 3
3 . 9  - ! -  t . l
2 . 8  +  0 . 9
3 . 1

l 9 0
2.  60
2 . 6 5
2.  60
2 . 9 5
3 . 1 5
2 . 6 0
2 . 6 0
2 . 6 0

9
l 1
20
8

l 8
l 9
l 3
1 8
l 5

' The valucs given are for lhe arom bonded directly to the methylene group. M. L. Huggins. "/. .{m. Chen. soc.,75, 1123 (1951). t lr' is
the number o[temperatures included irr the least-squares analysis.

and Table IV were est imated using this procedure.
Errors are l isted as, e.8'., /, * A/,. It is worthwhile to
point  out  expl ic i t ly  that  th is procedure makes no at tempt
to est imate the magnitudes of  s. t 's temat ic errors incor-
pora ted  in to  the  var iab le - tempera ture  ana lys is .

e -

for  l^ t .  - / -s,  end - / - t .  An upper l inr i r  on the values
a l lowed ca  can be  es t imated  f rom eq 5  and the  exper i -
mental  uncertaint ies 0-/  and 6-/ '  in the values of  the ob-
served coupl ing const: . ln ts

I

ln  cva lua t ing  eq  8  in  th is  work ,  we es t i rna ted  sornewhat
arb i t ra r i l y  tha t  the  exper imenta l  uncer ta in ty  in  each o f
the  observed v ic ina l  coup l ing  cons tan ts  was 0 .2  cps .

Since go is known. the probable error A"/ ,  in . / ,  can
then be  ob ta ined us ing  eq  7 .  The second der iva t ives
used in  es t imat ing  the  er ro r  in  each o [  the  parameters
in  the  four -parameter  ana lys is  can be  ob ta ined by  d i i -
f c ren t ia t ing  eq  2-5 .

The first derivatives in this equation, evaluated ar (p0, It is of interest that both "/t and./.s in Table i appear
are zero. Neglecring third- and higher order deriva- to be insensitive to the character of the substituent.
tives. and holding all parameters except "/t constant, The total variation observed in these constants is 0.8
one obtains eq 7. Analogous equations are obtained cps. and is of the same ordcr of magnitude as their un-

l / , :  l2(c  -  p i l (d ' !p ld"r , : ;1" (7 )
cer ta in ty .  Moreover ,  the  dev ia t ions  f rom the i r  aver -
age va lues  bear  no  obv ious  re la t ion  to  anv  proper ty  o f
the  s r . rbs t i tuent .  [n  cont ras t ,  / s '  appears  to  be  mod-
era tc ly  sens i t i ve  to  subs t i tuent  e lcc t ronegat iv i t y ,  a l -
though the  probab le  e r ro r  in  th is  cons t l ln t  i s  apprec iab ly
larger that  that  in J"s or - / r .  The total  var iat ion in the
magnitude of  . /gt  is  comparable wi th that  observed for
a  cor respond ing  range o f  subs t i tuents  in  subs t i tu ted
b icyc lo [2 .2 . l ]heptencs ,  r0  a l though lcss  than tha t  ob-
served fo r  subs t i tu ted  e thy lenes .  r l

Approximate NIethods. The least-squares analysis
o f  the  ten lpera ture  dependence o [  the  v ic ina l  coup l ing
constants is the nlost  i rccurute method present ly avai l -
ab le  fo r  ob ta in ing  the  : rxqnet ic  and thermodynamic
parameters  descr ib ins  the  ro t r l t iona l  con formers  o f
[ , ] -d isubs t i tu ted  e thanes f ronr  nmr  da ta .  Un[or -
tunate ly ,  co l lec t ion  and ana lys is  o f  accura te  var iab le -
tempera ture  da ta  i s  t ime consuming.  Consequent ly ,
two more  approx imate  methods  requ i r ing  on ly  ambien t
temperature spectra have been used to obtain approxi-
mate values for AE for other common organic subst i t -
uent  g roups .

The f i rst  of  these methods was proposed by Snyder
and is based on the assumption that the magnitude ol  a
vic inal  coupl ing constant can be related approximately
to the corresponding HCClldihedral  angle @ by eq 12.13

* J*' - 2Jr) *

(J'"^r"a - J)(J, i Jrt - U"r)tl *
/ , , i . : A + B c o s l @

J r ' -  2 J r ) ' *  ( J t *  J r ' - z-1,1}' ( l  la)

d ' 9  d ' p
;a 

: 
d?F 

: 
FQ 

- 8rr11 f lorr11:)

d ' p  s - ,
014,1 

:  l+ t t11-

(e)

(  l 0 )

( l l b )

( l  l c )

d t p

DAE:

expt - AflR?') - -t exp( - 3At/Rf)
R:r :U + Z exp(-  AEIRT)1l

exp( -  2AEl Rn
Rrf:[  + 2 exp(-4.6/Rn]' '

The uncertaint ies in the parameters obtained from the
var iab le - tempera ture  ana lys is  and g iven in  Tab le  I

The form of th is equat ion is that  or ig inal ly obtained

by  Karp lus . t {  w i th  the  add i t iona l  assumpt ion  tha t  on ly

one value of  the constant I  is  required over the range

o i  d ihedra l  ang les  encountered .  Wi th  th is  assumpt ion

(12 )  C .  N .  Banwc l land  N .  Sheppard ,  . \ t o l .  Ph . t ' s . ,3 .  l 5 l  (1960) :  D is '
c t rss ions Farqday Soc. ,  34.  115 (1961);  T.  Schaett r ,  Can. J.  Chem',40'
I  (  r 9 6 2 ) .

(13 )  E .  I .  Snyc ic r ,  I .  ' 4m.  Chem.  Soc . .  88 ,  l l 65  (1966) .  We w ish  to

thank Dr.  Snydcr for  sending us a copy of  th is paper pr ior  to i ts  publ ica '

t i on .
(  l 4 )  I v t .  Ka rp tus ,  t .  Chem.  Ph . t ' s . ,30 '  I  I  (  1959) ,

s-  J 'd ! ) " "
+ \ tDtEi  [ ( rcar"d -  J)(Jsc

(39':

'(#J'r(r*'*
(r2)

where

D - r r r 1

dat:

gVhitesides, Secenair, Goet: I Isonterism in Dericcttires of 3.3'Dimethvlbutane
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Table I I .  Chemical  Shi f ts  (cps;  and
3,3-Dimethy lbuty l  Dcr ivat ives at  60.0

Coupling Constants (cps) Cbtained from the Ethylene Proton Spectra of
lvlc, 'sec and J] '

Subst r tu tent J ' NJ t J{ Jsn Jv" Solvent
Solvent

concn.  T

l .  A IR : . r r (E t rO) "
2.  N lgR.r r (Et . :O)"
3 .  S i (CHr ) r
.1 .  ZnR.r (Et , :O)"
5 .  I
6. P(CoH;),:
7 .  CsH ,
8.  NH(CHr) :+SO,rH-
9.  NHr*SO,rH-

IO. CD:OH
I  I .  SCH3
12.  SCN
13 .  SCoHo
l:1. Br
15 .  coNHr
16 .  HgR '
17.  Phtha l imide
18 .  HgC l
19. CO,,-11+
20. cl
21,  CO.H
22.  NH,
13 .  cocH ,
2J. CO.:CH,I
25.  COCI
26,  NHCHO
27  N(CH , ) :
: 8 .  CN
29.  OH
30 .  oC ;H ,
3 1 .  F

l A  1
t i . -

l ; 1 .  2
r 3  9
I J . J

1 3 . 0
t 3 . 0
t 2 . 9
1 2 .  9
t 2 . 7
1 2  3
1 2 .  3
1 2 . 2
1 2 .  r
1 2 .  I
l l . 9
i l . 8
r 1  6
l l . 6
1 l  . 6
n . 3
l l . 2
l l . l
l l .  I
I I . 0
l 0 9
l 0 .  I
t 0 .  7
1 0 .  l
9 . _ i
7 . 2
6 5

3 . 9
t 1

* . t

4 0
+ .  t
.l 8
"1. 3
' t 1

t 1

4 . 8
4 6
.1.  8
t 1

4 . 7
5 . 1
5 . 1

1 3 . 4
1 3 . . t
r 3  9
l ] 6
r 3  6
I J .  J

1 3 . 6
( 1 3  . 1
( l 3 3
1 4 . 0
1 3 . 6
1 3 .  4
I  3 . . 1
1 4 . 0
1 3 . 6
l 3  6
1 3 . . r

( 1 2 . 8
1 3 .  9
1 3  6
1 3 . 8
l 3  I
I  3 . 9
t J .  I

1 3 7
( l : . 6
0 3  0
1 3 . 8
r 3 . 5

c

e

1 3 . 4
1 2 . 5
1 3 . 9
1 2 . 1
9 . 2

1 3 . 3
1 3 . 3
t 3 . t 1 a
1 3 .  3 ) , r
1 4 0
12 .  . l
t 2 .2
1 2 . 3
9 . 9

1.1 6
1 2 . 5
1 3 . 3
1 0 .  4 ) /
1 3 . 9
r 0 .  5
1 5  6
t t . 7
1 6 .  . l
l 5  l
1 6 .  5
1 2 . 6 ) /
l l . 6 ) l
l 7  0
r 0  l
e

e

5

5
5

- 8 7  0
-  l 2 +

r t  t- . H .  /

8 0 2
7 2 . 2
.10.9
6 1 . 0
8 8 . 5
8 2 .  I
1 5 .  5
5 + .  6
6 7  . 2
7 6 0
8 6 7
3 8 6
J + .  i

r 2 2 . I
r ' l  .6
3 9 . 7

l 0 l . I
r ' t  I

7 8 .  7
5 5 0
-10 3
70 .  5

1 0 1 . 5
9 0 7
J{). I

l ] 8 . 7
I 3-l
t72

(CH,CHzhO
(CHrCHr)2O
ccl4
(cHscHr)ro
ccl{
CuHt
ccl.,
DtO
D:O
ccl r
ccl{
ccl.,
ccl{
ccl{
CDCI I

(CHrCH,r):O
CDCIa
CDCI3
D..rO
ccl{
cc l l
CuHo
ccl l
ccl{
ccl{
cc l ,
CoH, r
ccl ,
CCI I
cc l ,
cct{

I
l - 6
20'|

I

20
20
20
20
20
20
20
20
20
20
l 0

5 - 1 5
l 0
l 0
20
20
20
20
20
20
20
l0
20
l0
20
l0
20

J . 1

5 . 1
5 2
5 6
5 . 1
5 . 1
5 0
5 . r i
5 8
7 . 2
6 . 5

. The gcminal and vicinal couplin! consranrs rverc issumed to have opposite signs. The uncertai ty in the vicinalcoupling is est imalcd t,)
benolargcrthan +().2cps: the unccfl{ inry r[ lhe gcmlnrl  coupling constants is l i ] rgcr. 'A posir ive sign lbr l /  implies lhat lhe{CH.).-
CCHr resonancc occurred a! higher t ield than lhc CtrX resonancc. " M. Witanolvsky ond J. D. Robcrls. J. , l  nr. Chem. 5d€.,88' 731 l1966t.
R is 1.3-dimErhylbut) l .  I  Obtaincd using rss(nlpt ions described in rhe Experimental Section. Jr - 

"/rr is mearringl l l  for these: the lbsolutt
magnitudes are only pprorimate. .  Ccminalcoupling conslants ca.nnot be obtained by dir l |ct analysis ofA,Xlspectra.

l l r
O . 5 r ' [ c o s r ( 1 2 0 -  d )  *  c o s : ( l ] 0  +  A )  -  c o s r g l

l - c o s : O - l ' 1 0 . 1 5 -
0. -5[cos ' r  (120 -  O)+ cos r  (120  +  d ) l l

A ( r  l )

B ( l  -  c o s r O  -  1 1 0 . 2 5  -
0 . 5 [ c o s ] ( l l 0  -  6 )  * c o s : ( l l 0  +  d ) l l )

i t  i s  eas i l y  shown tha t  L r

A t  :  R f  l n  ! t 1 , 1 ( l  t t r )

where

t h e s e  c o n r p o u n d s  w c r e  o f  t h c  A A ' X X '  t y p . ,  a n d  a n a l r  -

s is  y ie lded a l l  four  coup l ing  cons tan ts .  These coup l in r :
cons tan ts  appear  to  be  re la t i ve ly  insens i t i ve  to  so lv 'e  r t t
and concent ra t ion .  For  example ,  the  resu l ts  o f  an l i - r  -

s is  o f  the  spec t rL lm t ) f  l . i -d imethy lbu ty l  iod ide  in  sevet ' l i
so lvents  a re  g iven in  Tab le  I I I .  The var ia t ion  in  t i rc
coup l ing  cons tan ts  repor ted  in  th is  tab le  i s  typ ic l  I
o f  tha t  observed fo r  o ther  o f  the  compounds in  Tub lc
I I  on  chang ing  so lvent  and concent ra t ion ,  and ser ! 'es
to  ind ica te  the  reproduc ib i l i t y  o f  the  spec t ra .  In  a l l
o f  these spec t ra .  the  gemina l  coup l ing  cons tan t  J  \
i s  ass igned to  the  methy lene group d i rec t l y  bonded
to  the  l -bu ty l  g roup,  s ince  i t s  magn i tude is  essent ia i l r '
i ndependent  o f  the  subs t i tuent .

' fhe 
values obtained for lE by set t ing t '  in eq i+

equa l  to  65"  and us ing  the  coup l ing  cons tan ts  in  Tab lc
I I  a re  l i s ted  in  Tab le  IV .  t ;  The agreement  be twecn
the  va lues  o f  JE ob ta ined by  th is  approx imate  methot t
and the  va lues  ob ta ined by  the  leas t -squares  ana lyses  r i
good.

The probab le  e r ro rs  in  thc  parameters  ob ta ined us ing
th is  method have been d iscussed in  de ta i l  by  Snyder . '  '

(  t 5 )  T h e  d i h e d r a l  a n g l e .  O ,  i n  c o r r t b r m c r s  I I  a n d  I I I  s h o u l d  p r o t r i t t r l  '

b e  g r e a t e r  t h a 6  6 0 o ,  s i r t c e  t t o n b o p d e d  r e p u l s i o n s  b c t w e e n  t h c  t - f i t r t  . I

g r o u p  a n d  t h c  s u b s t i t u c n t  i n  t h c  g u u c h e  c o n t b r m a t i o r r s  s h o u l d  d t s t t r r  i

th is  contbrmat ion  f rom a  per t 'ec t  s taggered gcomet ry .  Howelc r '  the

p r o p c r  v a l u e  f o r  d  s h o u l d  a l m o s r  c e r t a i n l y  v a r y  w i t h  t h e  b u l k  o t ' l i r :

s u h s t i t u e n t .  T h e  v a l u e  a  :  6 5 "  r l a s  c h o s e n  s o m e w h a t  a r b i t r a r i l y  s r r t c ' :

i t  scemec l  to  g ive  va lues  fo r  l6  in  good agreement  w i th  those ob t l r r r l c . :

f r o m  t h e  r c m p c r a t u r e - d c p c n d c n c e  s t u d i c s .  S e e  a l s o  r e f  l 3  f o r  a  d i s c u  ' -

s i o r r  o f  t h i s  p o i n t .

( 1 3 )

+

(  l - l )

and r  :  JIJ ' .  Here @ is def ined i ls  the dihedral  angle
between the  / -bu ty I  g roup and the  subs t i tuent  in  a
gauche conformat ion,  and n1 is the mole f ract ion of  the
trans conformer [ .

The va l r . re  o f  A IB used in  eq  l4  in  th is  work  was 0 .05 ,
and was es t imated by  inser t ing  the  a t 'e rase  va lues  o f
Jt  and JE obtained fronr the three-parameter least-
squares  da ta  in  Tab le  I  in to  eq  12 .  w i th  appropr ia te
va lues  fo r  the  d ihedra l  ang le .

J t :  A  +  B  c o s :  1 8 0  :  1 4 . 0

J * :  A  + B c o s r 6 0 o : - 1 . 0

The value for r  was obtained for each subst i t t rent  by
ana lys is  o f  the  anrb ien t - tempera ture  spec t ra  us ing  con-
vent iona l  methods :  chemica l  sh i f t s  and coup l ing  con-
s tan ts  fo r  the  de  r i va t i ves  o f  3 ,3 -d imethy lbu tane exam-
ined are  l i s ted  in  Tab le  I I .  Thc  soec t ra  o f  most  o f

.lourrutl ttf the ,ltrtcrit'ttn Clrcmical Stx'ietv I 89 5 ,t ,\'furch I, 1967
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For r  -  2.0 and d -  60o, AEis est imated to change by

0.01 kcal  per degree of  change in @' Simi lar ly,  for  S ' -

65o and r  -  2.5,  a change in r  o[  0.05 (corresponding

approximately to a var iat ion of  J '  by 0.1 cps) changes
' t re est imated magnitude o[  AE by 0.03 kcal /mole.

hese est imates suggest that  the magnitude of  the un-

certainty in the values oi  AE obtained using eq l3 and

l4  (Tab le  tV)  i s  approx imate ly  20%.
Despi te the agreement between the values of  AE de-

rived flrom the least-squares analysis and those obtained

from eq 13 and. 1'4, it seemed advisable to have an al-

ternat ive method of  est imat ing AE from the room

temperature coupl ing constants,  which avoided some

of the assumptions made by the lat ter  procedure.16

The approach used was an empir ical  one which took

advaniCge of  the previously demonstrated insensi t iv i ty

of  - / , ,  , / rq,  and., /* t  to the nature of  the subst i tuent.  The

assump"tion wai made that the acerage values of these

l im i t ing  coup l ing  cons tan ts  (Tab le  I )  wou ld  p rov ide

sat is fac to ry  approx imat ions  to  the  coup l ing  cons tan ts

in incl iv idual  rotamers for  a l l  of  the subst i tuents l is ted

in  Tab le  I I .  Th is  assr . rmpt ion  is  cer ta in ly  reasonab le  fo r

. / ,  and . / -s,  both of  which secm to be essent ia l ly  inde-

pendent  
-o f  

the  subs t i tue  n t :  a  snra l l  e r ro r  (es t imated

bc low;  i s  p robab ly  in t roduced in to  AE by  mak ing  th is

assumpt ion  fo r  J - ' .  Wi th  th is  assu l l lp t ion .  a  curve

r i l l t i ng  AE to  . l  ana  - / '  cou ld  bc  ca lcu l i t t r - 'd  eas i l v  us ing

cq 1- - t  (F igure  2 .  c r r rve  B) .  Es t i rna tes  o iJ .E  cou ld  then

bc  ob ta inec l  fo r  each o l ' the  conrpounds i r l  Tab le  I I  by

contpar ing  the  observed va lues  o i  - /  i rnd  - / '  sepura te ly

w i th  rh is  curve .  Usua l ly  the  va lue  o i  JE es t im i t ted

frorrr  , /  cJi f lereci  f ronr that  est inrated fronr - / '  by 0.1

r  0 .5  kca l /mo le :  each va lue  o t ' lE  l i s ted  in  the  Sc-co f ld

-o lumn o f  Tab le  IV  is  an  averasc  o f  the  es t imates  f ron t

the  inc i i v idua l  coup l ing  cons tan ts .  These es t imates

xgree we l l  w i th  those ob ta ined us ing  t fue  two methods

descr ibed prev ious lY .
In order to est int i l tc  the inf luence of  - /* t  on the value

o i  lE  de termined us ing  F igure  l .  curves  s imi la r  to

that calculated for the ucer( tga values of  , . / , ,  . /os.  and ' /* t

were calculated using the e.r t ra ine values obtained for

J  r '  f rom the  leas t -squares  ana lys is  (F igure  2 ,  -  curves

n and C).  These curves indicate that  for  values of

JE rang ing  f rom approx imate ly  0 .7  kca l /mo le  to  2 '0

kcal /mo1e. a change of  3.4 cps in the value of  ' / r t  l t tq
in  cons t ruc t ing  curve  B wou ld  change the  va lues  o f  AE

est imated us ing  th is  p rocedure  by  approx imate ly  0 '2

kca l /mo ie .

Discussion

Observa t ion  o f  an  AA 'XX '  type  spec t rum fo r  the

methy lene pro tons  o f  the  subs t i tu ted  3 .3 -d imethy lbu-

ranes  l i s ted  in  Tab le  I I  es tab l i shes  immedia te ly  tha t

the i r  mosr  s tab le  conformat ion  is  t fue  one hav ing  the

r-butyl  group and the subst i tuent t ran' \ .  A favored

gur , r i rc  conformat ion  wou ld  necessar i l y  resu l t  e i ther  in

in  ArX. ,  spec t rum ( i f  con format iona l  in te rconvers ion

were  rap id  on  the  nmr  t ime sca le )  o r  i t  more  compl ica ted

ABXY spec t rum ( i f  in te rconvers ion  were  s low) .

A  number  o f  f lac to rs  have s ign i f i can t  bear ing  on  the

.rccurnc/  of  the energy di f ferences between the trans

and gat ic l re conformat ions est imated using the methods

r l 6 )  In  pa r t i cu la r .  cq  l 2  i s  p ro l - rab ly  i n t c r i o r  to  / ' i "  =  I  cos  d  *

B cosr o as thc furrct ior iaI  re l i l t ion l ]c l rveert . /  nnd O. See M'  Barf ic ld '

J .  C h e m .  P l r r ' 5 . , 4 4 .  l l ' 1 3 6  ( 1 9 6 6 ) .  a n d  r c f ' l l '

o . o  l 0  2 0  3 . 0  4 0

A E  ( K C A L / M O L E )

Figure 2. The dependence ot'"/ (upper curves) and -/ '( lower curves)
orJE. calculated gsing eq 2-.1. The values used lor./, and "/*r were
l-1.1 and 4.2 cps,  respecttvely.  The values for/u 'were curve A, 4.7
cps: curve B. 3.1 cps:  ct t r l 'e C. 1.3 cps'

discussecl  above. Of these methods, analysis of  the

tempera ture  dependence o f  the  v ic ina l  coup l ing  con-

s tan ts  i s  undoubtcd lv  the  n tos t  accura te .  Th is  rne thod

requ i res  no  in rpor tan t  assumpt ions  concern ing  the  e f rec t

o f  subs t i tuent  e lec t ronegat iv i t y  on  coup l ing  cons tan ts ,

o r  concern ing  the  fo rn t  o l  the  func t ion  re la t ing  the

coup l ing  cons tan ts  in  the  inc l i v ' idua I  ro ta t iona l  con-

fo rmcrs  t r t  the  observed aver i tged coup l ipg  cons tan ts .

However .  i t  does  assun le  th l t  the  cont r ibu t ions  o f

tempcra ture-dcpendent  anrp l i tudcs  o f  v ib re t ion  to

the observecl  ternperat ,ure dcpendcnce of  the v ic inal

coup l ing  cons tan ts  c t l l l  bc  pcg lec ted ,  and tha t  the

bond ang lc 's  and bonc l  leng ths  in  the  ind iv idua l  con-

fo rmers  do  no t  change s ign i f i c i ln t l y  w i th  tempera ture .

Fur ther .  i t  c leper rdS up( )n  the  accura tc  me l tsuren ten t  o f

smal l  chan les  in  the  observcd  coup l ing  cons tan ts '

In  o rc le r  to  es t imate  the  re l iab i l i t y  o i  th is  method,  i t  i s

i r lpor tnn t  to  cons ic ic r  the  nragn i tudes  o f  some o f  the

other  e f fec ts  wh ich  migh t  con t r ibu te  to  the  tempera ture

d e p e n d e n c e  o f  t h e  v i c i n a l  c o u p l i n g  c o n s t a n t s .

bu towsky  and co- rvorkers  have es t in ra ted  theore t i -

ca l l y  the  magn i tudes  to  be  expec tcd  f rom tempera ture-

d e p t n d e n t  v i b r a t i o n a l  c o n t r i b L r t i o n s  t o  b o t h  v i c i n a l ' 7

anc l  gemina l t8  p ro ton-pro ton  coup l ing  cons tan ts '

Wi th  severa l  assunrp t ions  concern ing  the  fo rm o f  the

tors iona l  po ten t ia l  func t ion  V(Ol ,  these workers  con-

c luded tha t  the  v ic ina l  coup l ing  cons tan t  " / ,  in  an  a l i -

phat ic molecule would increase by approximately 0 '3

cps on increasing the ternper l ture f rom 200 to 400"K

o i  a  resu l t  o f  inc reas ing  anrp l i tude  o f  the  to rs iona l

mot ion.  i rnd that - / -  would Cecreese over th is tempera-

tu re  range by  a  cor respond ing  amount '  These con-

t r ibu t ions  to  the  ohserccc l  coup l inu  cons tan ts  a re  eX-

pected to cancel  exzrct ly when V(q) has threefold sym-

met ry ,  and exper i rnenta l  measurementS o [  to rs iona l

cont ; ibu t ions  to  p ro ton-pro ton  co t rp l ing  cons tan ts  in

severa l  subs t i tu ted  e thanes have conf i rmed th is  expec-

ta t ion . rT . te  In  the  less  symmet r ic l l  mo lecu les  d iscussed

( 1 7 ) i . C . S c h u g ' P . E ' N l c N { r t h o n . r t t t d H ' S G u t o r v s k y , / ' C h e m '
Ph tvs . ' , 33 .  8 . l l  (  196 ( ) ) .  The  HCCH d ihcd re l  rng lc  dependence  o f  . /  * ' , as

assumed to tb l lorv e q 12.
( 1 8 ) H . S . G u t o r v s k v , V . D . \ l o c h c l , a n d B ' G ' s o m e r s , i b i d ' ' 3 6 '

I  t  5 l  i l 961 ) .
( lg)  J.  G. Porvlcs anci  J.  H.  Strangc,  Disctrss ions Faraday soc. ,34,

30 (1961).  A smal l  tors iorra l  tempcr i l ture dependence has been ob-

scrvct l  [or  f luor i r re-Huor i r rc coupl i r rgs '  W S'  Brey,  Jr"  and K'  C'

Rr rmcy ,  J .  C l ten r .  Ph ts . ,39 ,  844  (1963) .  Sce  a l so  J .  Jon i i s  and  H .  s .

Cutowsky,  ib id. ,  42.  l '10 (  1965).
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in th is paper,  cancel lat ion of  the tors ional  contr ibut ions
to . / ,  and - /*  is  expected io be incomplete.  Nonethe-
less,  the calculated dependence o[  " I .  and J,  on tem-
perature is suf t ic ient ly smal l  that  tors ional  contr ibut ions
to the temperature dependence of  the v ic inal  coupl ing
constants can probably be ignored.

I t  is  d i f f icul t  to est imate the importance o[  changes
with temperature of  mean bond lengths or angles other
than the tors ional  angle @. However,  i t  is  interest ing
to note in th is connect ion that for  each of  the com-
pounds l is ted in Table I I ,  the magnitude of  the ob-
served geminal  coupl ing constants increased by 0.0 to
0 .4  cps  on  inc reas ing  the  tempera ture  100o.  A  tem-
perature dependence of  th is magnitude is larger that
that predicted from esr imares of  the corresponding in-
crease in the ampl i tude of  the H-C-H bending vibra-
t ions,r8 and might ref lect  changes in molecular geometry
which would also inf luence the vic inal  coupl ing con-
stants.  However,  the observed var iat ion may also be
connected with ar di f ference in the ef fect  of  the subst i t -
uents on the geminal  coupl ing constanrs in the gauche
and trons conformers, :0 or wi th temperature-depend-
ent  changes in  bu lk  p roper t ies  o [  the  so lu t ion .  The
data  in  Tab le  I I I  suggest  a  s in r i la r  and probab ly  rea l

.  sens i t i v i t y  o f  - / . ,  to  changes in  the  so lvent :2 r  the  so l -
vent  var ia t ion  o f  th is  coup l ing  cons tan t  i s  no t  accom-
pan ied  by  s imi la r  var ia t ion  in  - /s ,  J ,  o r  , l '  .

Tab le  I I I .  So lven t  Dependence  o f  the  Coup l ing  Consranrs
(cps )  and  Chemica l  Sh i [ t  ( cps )  l b r  3 .3 -D imerhy lbu ty l  l od ide , ,

Solvent  Jt '

known geometry, predict values for "/, and Jr in good
agreement wi th those observed.2? These observa-
t ions suggest that  the geometry of  the carbon frame-
work of  3,3-dimethylbutane is not appreciably distorteci
by the introduct ion of  large subst i tuent groups such as
phenyl  and tr imethyls i ly l  at  Cr.  Second, the relat ion
observed between . /* t  and the electronegat iv i ty of  the
subst i tuent is in qual i tat ive accord wirh that  which
has been thoroughly establ ished in molecules of  known
geomet ry .E '  r2 ' ! { ' :5  I f  chang ing  the  subs t i tuent  a t -
tached to the 3,3-dimethylbutyl  grouping resul ted in
important changes in the molecular geometry of  the
individual gauche and lrans conformers, these changes
nr ight have been expected to produce more pronounced
deviat ions in the relat ion between . / r t  and electrone*qa-
t iv i ty than those observed.

On the  bas is  o f  these cons idera t ions ,  i t  seems reason-
ab le  to  accept  the  va lues  o f  JE ob ta ined us ing  the  leasr -
squares  ana lyses  as  mean ing fu l  es t imates  o f  the  energy
di{Ierence between truts 'a,nd gauche conformations oi
subs t i tu ted  3 ,3 -d imethy lbu tanes .  Moreover ,  bo th  the
s imi l i i r i t y  be tween the  va lues  o f  . / ,  and . / rs  ob ta ined w i th
d i f fe ren t  subs t i tuents ,  and the  recogn izab le  dependence
of  J r '  on  e lec t ronegat iv i t y ,  ind ica te  tha t  the  four -
puran le te r  ana ly 's is  p rov ides  an  accura te  es t imate  o f
the coupl ing constants in the gaucl tc ancl  t rons confornlr-
t ions  o f  these molecu les .  The remarkab le  insens i t i v i rv
o f  these coup l ing  cons t i ln ts  to  subs t i tuent  e f fec ts  lenc is
suppor t  to  the  use fu lness  o f  the  two approx i rn ; . r tc
procedures  used to  ob ta in  es t in ra tcs  o i  lE  fo r  thosc
conrpounds whose spec t ra l  tL -mpera ture  dependcnce
was no t  exp l i c i t l y  exunr incd .  s incc  in rpor tan t  a rssLrmp-
t ions  in  bo th  o f  these procedures  requ i red  the  neg lc 'c r
o f  subs t i tuent  e f l cc ts  o f  th is  type .  The agreement  be-
tween these approx imate  va lues  o i  AE and those f ronr
the  leas t -squares  ana lys is  fu r ther  s l rppor ts  the  re l iab i l i t y
o f  the  lppro ,x imate  va lues .

I t  i s  o f  some impor tance to  the  s tudy  o f  con forma-
t iona l  ana lys is  in  acyc l i c  mo lecu les  tha t  the  order  o t '
"s ize"  o f  the  -q roups  es tab l i shed by  these methods  sh t tws
s ignr f i can t  d i f fe rences  f rom tha t  de termined by  examina-
t ion  o f  the i r  re la t i ve  o rder  o [  p re fe rence fo r  the  equa-
to r ia l  pos i t ion  on  a  cvc lohexane r ing .  F igure  3  ind i -

( 2 1 )  F o r  e x a m p l e ,  B o t h n e r - B y  h a s  s u g g e s t c r l  t h e  e q u a t i o n  " / . . , , .  
( c p s r

:  7  -  c o s  d  +  5  c o s  l d  a s  d c s c r i b i n g  t h e  a n g u l n r  d e p e n d e n c e  o f  v i c i n . r i
c o u p l i n g  c o n s t i l r r t s . : 3  T h i s  e q u a r i o n  p r e d i c r s  J t  :  1 3  t 4  :  1 8 0 ' )  a r r t l
J s ,  :  4  c p s  ( d  :  6 0 " ) ,  i n  r c a s o n a b l e  a s r e e m e n t  r v i t h  t h e  a v c r i l g c  v a l u c s
o b s e r v e d  i n  T a b l e  I .

( l l )  A .  A .  B o t h n c r - B y  i n  r e f  8 a .
( l - t )  I u  t h i s  s e r i e s  o f  c o m p o u n d s  a s  r v e l l  a s  o t h e r s . r . t :  i t  a p p e u r s

t h a t  t h c  c l e c t r o r r e g a t i v i t y  o f  t h c  a t o m  b o n d e d  d i r c c t l v  t o  t h e  c t h - ' - [ c n i c
g r o u p  i s  m o s t  i m p o r r a u t  i n  d e t c r m i n g  t h e  m a g n i t u d e  o f  . / " t " .  S e c .  l i r r
examplc .  R.  J .  Abraham and I ( .  G.  R.  Pach ler ,  : \ Io l .  Ph . t ' s . ,  7 ,  l6 - i
{  1 9 6 4 ) .

12 ,s ;  l t though scvera l  d i f l t rcn t  e lec t roneget iv i t y  sca lcs  havc  hecn
u s e d  i n  d i s c u s s i n g  s u b s t i t u e n t  e f f c c t s  o n  v i c i n a l  c o u p l i n g  c o n s t a r : t s .  t h c
m o s t  g c n c r a l l y  u s e f u l  a r e  t h o s e  o f  H u g g i n s  a n d  C a l a n a u g h  a n d  D a i l e  y . 1 5
These sca les  bo th  d i f fe r  in  somc rcspec ts  f rom o ther  we l l -know'n  mcasurcs
o f  i n d u c t i v ' e  s u b s t i t u c n t  e t J c c t s  s u c h  a s  o ' r : ;  ( ) r  o ? r . : !  A l t h o u g h  t h c  r c l a -
t i o n  b e t r v e e n  t h c s e  s c a l e s  i s  p r e s c r r t l v  u n c e r t a i n . : e  i t  s e e m s  c l c a r  t h a t
l ' i c i n a l  c o u p l i n g  c o n s t u n [ s  i n  e  v a r i e t v  o f  m o l c c u l e s  s h o w  q u a l i t a t i r  e l r
s i m i l a r  s e n s i t i v i t y  t o  s u b s t i t u e n t  e t l e c t s .

( 2 6 )  J .  R .  C u v a n a u g h  a n d  B .  P .  D a i l c y ,  J .  C h e m .  P h . t ' s . , 3 4 .  t 0 9 e
(  l 9 6 l  ) .

( 2 7 )  R .  W .  T a f t ,  J r . ,  i n  " S t e r i c  E l f e c t s  i n  O r g a n i c  C h e m i s t r l , "  \ l
N e r v m a n ,  E d . ,  J o h n  W i l e y  a n d  S o n s ,  [ n c . ,  N e r v  Y o r k ,  N .  Y . ,  l 9 5 r r ,
C h a p t e r  1 3 .

(28)  R.  W.  Taf t ,  J r . ,  and I .  C .  Lerv is ,  J .  Am.  C l rcm.  Soc . ,  80 .  l -116
(  1 9 5 8 ) .

( 1 9 )  F o r  d i s c u s s i o n s  o f  t h e  g e n c r a I  p r o b l e m  o f  e l c c t r o n c g a t i v i t y ,  s c e
J .  H i r r z e ,  r \ t .  A .  w h i r e h c a d ,  a n d  H .  H .  J a r t ' 6 ,  i b i d . , 8 5 , l 1 8  f l 9 6 3 ) :  H .  A
B e  n t ,  C / r c , n r .  R e c . ,  6 l ,  2 7 5  (  l 9 6 l ) .

Js'

l .  Cyclohe,xane
2. Carbon tetra-

ch lor ide
3.  3 .3-Dimethy lbuty l

iodide
4. Carbon disulf idc
5. Chlorolbrm
6. Benzene
7. Acetic acid
8.  Acetone
9. Nitrobenzene

1 3 . 0 9  1 . 7 6
1 2 9 9  I 8 O

1 3 . 0 5  1  7 g

1 2 .  9 5  4  7 r S
1 3 . 0 3  1 . 7 9
1 3  0 1  4  7 t
12.92 . l  8O
1 2 9 9  ' l  8 r
|  2 . 9 3  1  7 l

1 3 . 6 3  9  l S
I 3 . 6 9  9 . l t

1 3  5 5  9 . t Z

l 3  5 2
l 3  5 9
1 3 . 5 0
I _1. -17
I  3 .  J , l
l 3  3 a

9 l +
9 l l
9  l z
9  l s
9 2 0
9 l - r

7 6  . 6
7 2 . 2

7 3

' t l  r
t : . +
1 1  )

4 9 . 1
7 6 3
7 8 8
7 6  . 1

'  A l l  so lu t i ons  were  approx ima te l y  l 0 ] i  3 ,3 -d ime thy tbu ty l  i od ide
by volume. b Geminal  and v ic inal  coupl ing constants are assumed
to  have  oppos i te  s ign .

Two observat ions concerning the magnitudes of  . / , ,
- /*s,  and - /* t  obtained from the least-squares procedure
indicate that  the geometry and bonding in the der iva-
t i ves  o f  3 ,3 -d imethy lbu tane examined in  th is  s tudy  is
unexcept iona l .  and consequent ly  tha t  coup l ing  con-
s tan ts  and conformat iona l  energ ies  ob ta ined in  these
compounds can leg i t imate ly  be  compared w i th  those
obta ined in  o ther  subs t i tu ted  e thanes.  F i rs t .  the  va lues
obtained f  or  J,  and - / rs appear to be approximately the
same for each of ,  the compounds examined (Table I ) .
Moreover ,  empi r i ca l  func t ions  descr ib ing  the  re la t ion
between the  magn icude o f  a  v ic ina l  coup l ing  cons tan t
and i t s  cor respond ing  d ihedra l  ang lc ,  in  mo lecu les  o f

(20 )  J .  A .  Pop lc  and  d .  A .  Bo thnc r -By ,  " / .  Chem.  ph .y .s . ,42 ,  l 33g
t  t965),  provide a gencral  d iscussion of  subst i tuent  cf fects on geminal
coup l ing  cons tan ts .

(21 )  Gcmina l  coup l i ng  cons tan ts  have  been  observed  to  va ry  w i th
solvent  even in molcculcs of  r ig id geomctry.  See, for  example,  V.  S.
Wat ts ,  C .  S .  Reddy ,  and  J .  H .  Go lds te in , . / .  , l l o l .  Specny . ,  l l , 325
(1963) ;  K .  A .  Mc lauch lan ,  L .  W.  Reeves .  and  T .  Schae l t r ,  Can .  J .
Chem.,  14,  1473 (  1966).
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Table IV. Energy Ditference AE (kcallmole) between guuche

ancl r ru.rns Con tbrmers of I -Su bstituted'3, 3- Dimet hylbutanes

Substi tuent AE., LEt, .\E" . t l

d r " t

.  ^ _  
N H ( C t l r ) l  

i
" " 2 0  v

N(cH3)9 
BHJ 

i

-co.ou I
C O . H  N H .' q D  4

C OzCHre 
lCrH, 

-- ' r

1 t l

l .

2.
J .

.1.
5 .
6 .
7 .
8 .

9 .
10.
t l

t2.
l J .

I + .

r5 .
16.

1 8 .
1 9 .
20.
2 1 .
22.
23 .
1 l

15.
26.
27.
t3.
29.
i0.

i2 .
J _r .

. 7

. 6 1

. 9 9

. 6 5
L 6 s

1 . 5 s
1 . 5 2
|  . 1 1
I  . 5 0
I  . 4 8
t . J l

I  . 2 9
r . 2s
l . l g

. 1 6

. 1 6

. 0 9
t -

.  r )

. 0 1

1 . 8
1 . 6

t . 7
t . 7

1 . 6
1 . 6
1 . 5
1 . 5
1 . 5

AlR2 ' r (Et rO) ' l
lv lgR'r(.EtzO)' '
S i (CHr) r
ZnR. r (E t :O )d
I

P(CqH;) ' :
CcH t
NH(CHr):t-

SOsH-
NHr+SOrH-
CD.OH
SCHr
SCN
SCrH;
Br
CONH:
HsR'
Phthal inride
HgCl
cor-K-
CI
NH:
CO,,H
COCH.I
(Q1CH,r

COCI
NHCHO
N(CH,) :
C N
O H
oc,iH''
OSO:CoHrp-Br
F
H

(2 .4 ) '
( 2 . 2 ) "
( 3 . 7 ) "

2E
2 . 3 3  *  0 . 9

I  .  60 -+- 0.07

1 . 7 0  *  0 . 0 9

1 . 3 0  *  0 . 0 8
1 . 3 0 f 0 . 0 7

0 . 9 9  *  0 . 0 6

0 . 9 9  *  0 . 0 8

0 . 9 9  *  0 . 0 7

0 . 7 5  +  0 . 0 7

t_

;)
o
2  2 o
J

oHo "o,  8s cr , .
cr6[o or

C:ruO i'qCr

l o r
l o t
I  l z
o 8 l
{ ) .  73

< 0 . 6
< 0 . 6
< 0 6

0 . 0 i

' '  F rom eq  l3  and  t l re  coup l ing  cons tan ts  i n  Tab le  t l .  t  F rom

Figure I  ancl  Table I I .  '  From var iable- temperature studies.  Prob-

ab le  c r ro i s  were  es t ima ted  us ing  eq  7 .  d  R  i s  3 .3 -d imerhy lbu ty [ .
'Equa t ion  8  d id  no t  g i ve  a  so lu t i on  in  these  cascs .  The  va lues

reported are l rom a value ot ' r r r  obtainect  by t runcat ing eq l : l  tb l low-

ing the t i rs t  term. and are very approximate (see re l '  l3) .  i  This

value was assumed.

cates  the  low cor re la t ion  oJserved be tween the  va lues  o f

lE  in  Tab le  [V  and the  cor respond ing  I  va lues . ' i ' )
Two features of  th is plot  suggest possible reasons for

the di f ference in the relat ive s izes of  groups in the en-
vironments provided by the 3,3-dimethylbutyl  and cy-
clohexyl  moiet ies.  First ,  iodine, bromine, and mercury-
( l l )  a toms appear  anomalous ly  smal l  when a t tached to

cyclohexane: their  apparent relat ive s izes when at-

tached to a 3, i -d imethylbutyl  group are more near ly

conrmensura te  w i th  the i r  la rge  van der  Waals  rad i i '
The former observat ion is bel ieved to be a consequence
o[ the fact  that  these groups form bonds to carbon of

su f l i c ien t  leng th  tha t  the  1 ,3 -d iax ia l  in te rac t ions .  wh ich
are normal ly responsible for  producing a preference
for the equator ia l  conformat ion,  are less than those en-
countered with groups forming shorter bonds. ' t  The

r -bu ty ' l  g roup in  der iva t ives  o f  3 ,3 'd imethy lbu tane ex-

tends  apprec iab ly  fu r ther  para l le l  to  the  d i rec t ion  o f  a
guuche C-X bond (V I Ib )  then does  the  3-ax ia l  C-H
bond in  the  ax ia l  con format ion  o f  the  subs t i tu ted  cyc lo -
hexane (V Ib) :  in  consequence,  the  in te rac t ion  be tween
the  subs t i tuent  X  and the  t -bu ty l  g roup is  no t  s ign i f i -

( 3 0 )  F o r  t h c  s a k c  o f  c o m p a r i s o n  $ i t h  t h e  c o r r e s p o n d i n g , {  v a l u c s ,  J E

i s  a s s u m e d  c q u a l  f o r  C D : O H  a n d  C H r  g r o u p s ,  a n d  f o r  H g C l  a n d  H g B r

sroups .  Othcr  v l r lues  i , t rc  the  " rccon lmcnded"  va lues  g iven by  E l i c l ,

c r  u l . ,  re l3 ,  pp  l l  i rnd  '13( r l f .

o . 0  - H / - \  n g u r  
;\-/

r l , 1
l l l l

o .o 1 . 0  2 . o
. : f  ( K C A L / M O L E )

Figure 3. Plot of . l  us. lE. Fi l led circles indicate that AE was
obtained from temperature-dependence studies.

cant ly  re l ieved fo r  subs t i tuents  w i th  long C-X bonds in

l  -subs t i tu ted  der iv : l t i ves  o i  3 .3 -d imethy lbu tane.

VIb

C H '
(- tl { _ n

X
VI Ia

H
VIIb

A second po in t  o f  in te resr  in  compar ing  the  va lues  o f

lE f rom Table IV wi th the corresponding A values is

tha t  fo r  most  subs t i tuents  the  va lues  o f  AE are  smal le r

than might  have been an t ic ipa ted  f rom examinat ion

of the relat ive geomerry of  3,3-dimethylbutyl  and cyclo-

hexy l  g roups .  I f  one assumes as  a  f i rs t  approx imat ion

thai  the bonci  lengrhs and bond angles in the acycl ic

nrolecule VII  are the same as those for the correspond-

ing  par t  o f  the  cyc lohexane r ing  VI ,  the  most  impor tan t

in ie iac t ions  in  de termin ing  the  magn i tudes  o f  AE and

,1 are respect ively the repuls ion between the subst i t -

uent anci  the c losest methyl  groups of  the r 'buty l  group

o f  V I I b  a n d  t h e  1 . 3 - d i a x i a l  i n t e r a c t i o n s  i n  V I b '  r  '

The van der Waals raci i t ts of  a methyl  group is approxi-

mate ly  2 .0  A :  tha t  o i  a  hydrogen a tom is  1 .2  A ' ' ' : '

( 3 t )  A  b e t t e r  s t a n t j l r d  o f  c o m p a r i s o n  l o r  v a l u e s  o f  A E  i n  T a b l e  I ! '

* .ou lc l  be  prov i t led  by  the  1 .3 - t i iax la l  in tc r l t c t io r r  o f  a  methy l  g roup and

the  subs t i tucn t  o l l  a l  c1 'c lohe xane r ing .  U l r tb r tunate ly ,  too  fc rv  o f  thesc

i r r te rac t iops  have been inves t iga tcc i  to  make contpar ison  wor th rvh i ie '

S c e  r e f 3 ,  p  5 2 .
( 3 2 )  ( a i  A .  B o n d i .  J .  P h . v s .  C h e n t . , 6 8 '  + ' l l  ( 1 9 6 4 1 '  T h e  r a d i i  o f  C D r -

o H ,  N H r - ,  a n d  N H ( C H r ) r -  a r c  u n d o u b t e d l y  i t n i s o t r o p i c :  i n  F i g u r c  I

a l l  a re  assumcd to  h lve  t  m i r t in tu tn  rad ius  equa l  to  tha t  o f  1  methy lene

g r o u p .  T h c  o r g a n o m e t a l l i c  c o m p o u r r d s  l i s t e d  i n  T a b t e  I V  a r e  n o t  i n -

. tu , t . , t  in  rh is  p lo t ,  becausu thc i r  apparcn t  s izes  are  probab ly  due to  one

or  morc  t igh t ly  bound so lvent  mo lecu lcs ,  o r  to  aggregat ion .  (b )  Th is

d i f fe rencc  is  par t ia l l y  ccmpcnseteo  fo r  bv  the  fac t  tha t  thc reare two 1 .3-

d i a x i a t  i n t c r l c t i o t t s ' i n  V I t l b  a r t c i  o n l v  o r t e  m e t h y l ' s u b s t i t u e n t  i n t e r -

a c t i o n  i n  V I I b .
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Figr-r re -1.  I ' lor  ot '  lE cs.  thc van c jer  Waals radius of  the arom in
rhe  subs t i t uen t  r v i r i ch  i s  d i rec t l y  bondec l  to  the  3 .3 -d ime thy lbu ty l
g roup .  C(Ar t  i s  the  van  de r  Waa ls  rad ius  o f  a  ca rbon  a tom in  an
aromat ic r ing.  The numbers re l 'er  to Table IV.  Fi l led c i rc les indi-
cate that  , fE rvas obtatued l rom temperature-deDendence studies.

Since the  rcpu ls ive  par t  o t '  the  v i r t  dc r  Waa ls  curve
r ises very steepl-v for  short  d istanccs between atoms,
rhe  ga tc ' l rc  con f  o rnrer  V I Ib  w ' i th  i t s  shor t  methy l -sub-
s t iLucnt  d is tance nr igh t  have bce n  expec ted  to  hav 'e
l r igher  cncrgy  re lu t i vc  t r r  the  t ron . t  con former  V I Ia  than
t h c  c o r r e s p o n d i n g  l r i a l  c t t n f ' o r m e r  V I b  r e l a t i v e  o f  t h e
eqL l i l to r i l l  t ' o rm \ ' I i . r . ' : r '  I t  i s  c lcar  f r t tn r  F igure  3  tha t
th is  s i tuu t ion  does  no t  ho ld .  In  I : . rc t ,  la rge  subs t i tuents
( c.g. ,  phe ny l .  t  r i  nre t  h y ls i  l . ' "  l .  d i  mc t  hv I  u m m on i  u m )  ap pea r
to  bc  re lu t i ve ly  s r r ra l l c r  a t tachcd to  L l  3 ,3 -d imethy l -
bu tv l  g roup than to  a  cyc lohexy l  g roup.  I t  seems pos-
s i b l e  t o  r a t i o n u l i z c  t h i s  o b s e r v a t i o n  q u a l i t a t i v e l y  b y
I rssuming tha t  thc  a lkane represents  a  less  r ig id  en-
v i r o n m c n t  t h a n  t h e  c y c l o h e x a n e  r i n g ,  a n d  t h a t  c e r t a i n
d i s t o r t i o n s  o f  b o n d  a n g l c s  L r r e  p o s s i b l e  i n  V I I b  w h i c h
l r e  n o t  p o s s i b l e  i n  V I b .  I n  p a r t i c u l a r ,  t h e  a c y c l i c
r n o l c c u i c s  c a n  r c l i c v c  n o n b o n d e d  i n t e r u c t i o n s  b y  r o -
t a t i o n  a r o u n d  c a r b o n - c u r b o n  b o n d s :  c o r r e s p o n c i i n g
tors iona l  n ro t rons  in - the  cyc iohexane are  o f  re la t i ve ly
h igher  energ) ' .  Par t ia l  ro ta t ion  around the  C, -C, . ,
b o n d  o i  V I l b  w o u l d  r c l i e v e  a  p a r t  o f  t h e  i n t e r a c t i o n  b e -
t w e e n  s u b s t i t u e n t  a n d  t h e  r - b u t y l  , s r o u p ;  s i m i l a r l y  i t
n r ieh t  be  poss ib le  to  decrease th is  in te rac t ion  fu r ther
by '  ad jus t ing  the  to rs iona l  ang le  a round the  Cr -C,
bond.  Cor respond ing  mot ions  in  cyc lohexane can be  ac-
compl ished on ly  a t  the  expense o f  ma jor  de format ion
of  the  nro lecu la r  geomet ry .  j ]3

The idea tha t  the  acyc l i c  con lpounds are  su f f i c ien t ly
f lex ib le  to  min i rn ize  the  in te rac t ion  be tween the  t -
bu ty l  g roup and the  subs t i tuent  by  low-energy  de forma-
t ions f ronr the staggered ethane geometry,  wi thout
hev ing  these d is to r t ions  produce more  impor tan t
s t ra ins  in  o ther  pxr ts  o f  the  molecu le ,  i s  suppor ted  by
F igure  -1 .  Th is  F ig t r re  i s  a  p lo t  o i  AE r .s .  the  van der
\ \ ' a l l s  r a d i u s ' j  f o r  t h e  s u b s t i t u e n t  a t o m  b o n d e d  d i -
rec t l . v  to  the  -1 .3 -d imethy ibu ty l  g roup.  I t  i s  o f  in te res t
here  tha t  the  s ize  o t '  each group appears  to  be  de-
te rnr ined a l rnos t  en t i re ly  by  th is  d i rec t l y  bonded a tom;
atoms further renrovecl  seem to have l i t t le inf luence on

(33 )  The  to rs ion i r I  l l c r i b ' i l i r y  o f  acyc l i c  mo lccu lcs  has  been  suggesred
prev ious ly  !o  ( ) t l e r  un  cxp iana t ion  tb r  thc  r c la t i ve  energ ies  o f  gauche  and
l rans  con tb rmar ious  in  scve r l l  s imp lc  a l i pha r i c  ha l i c l cs .  See  re l ' 3 ,  p  17 ,
. rnd  re t ' l 3  tb r  c r rmp lcs .

the  s ize  o f  the  group.  For  example .  amine,  d imethr . l -
amine,  and ph tha l im ide  subs t i tuents  a l l  appear  to  be
approximately the sarrre s ize.  These observat ions sus-
gest that  the smal lesl  d imension of  the sobst i tuent in
these molecu les  de termines  the  magn i tude o f  i t s  in te r -
act ion wi th the r-butyl  groLrp.  A s imi lar  but less
conspicuous ef fcct  hers been observed in conformat ional
analysis of  subst i tuted * 'c lohexane r ings,  where. ,  for
example ,  the  I  va lue  [o r  a  d i rne thy lamine group is  ap-
prox imate ly  0 .9  kca l /mo le  g rea ter  than tha t  fo r  aminc
group.

Exper imental  Sect ion

Spectra were taken at  60 i ! [c , 'sec on a Var ian .4-60 spectromcrcr .
equipped rv i th a v-604o var iable- temperarure probe and contro i ler .
srveep rv idths were cal ibrated lor  each spectrum using a Krohn-
Hi te NIodel  -150 push-burton osci l la tor .  The f requency outpur or '
th is osci l laror  was checked perrodical ly  using a Hewlet t -packarr i
r l lodel  52- l  e lectronic counter.  Deurer ium decoupl ing exper i rnenrs
were carr ied our using an NNIR Special r ies Model  HD-60A dc-
coupler .  Cal ibrat ion of  the rempcrature contro l ler  was acconr-
pl ished using a methanol  or  eth ' lene glycol  theimometer.  Thcsc
cal ibrat ions rvere checked occasional l r  usrng a copper-constanr i r r . l
t he rmocoup ie  i nse r red  d i rec t l y  rn ro  a  so lu t i on  in  an  nmr  tube  co r -
rec t l ; -  pos i t i oned  in  the  p robe :  ren rpe la ru rcs  measured  us ing  e  i t hc r
t e c h n i q u e  d i f l c r e d  b y ' a  m a x i n r u m  o l ' * J '  a r  r h e  e x t r e m e s  o f  r c n r -
pc ra tu re  emp lo l ' ed .  . . .  , '

\ l e l t i ng  po in ts  anc l  bo i l i ng  po rn rs  a re  uncor rec td .  In f ra rcd
spec t ra  were  oL r ra ined  w i th  Perk rn -E lmer  N lodc [  ]37  o r  337  g ra t r r rg
spec t ropho tomcre rs .  i \ l i c roana l rscs  l ve re  pe r lb rmed  by  Dr .  S .
\1 .  Nag l  and  assoc ia res  o r  by '  rhc  \ l i d rvcs r  t l r c ro lab .  Inc .

Ana lyscs  o t '  spec t ra  to  ob ta in  coup l ing  cons tan ts  and  chenr i c r r r
sh i f t s  v r ' c re  ca r r i cd  ou t  us lng  t l i c  l t c ra t r vc  p rog ram l taR tp . r
fb l l o rv ing  in i r i a I  ana lys i s  us ing  rpp rox l rnu rc  p rocedures .  r i  L ine
lrcquencics uscd for  analysis \ r 'crc nonr.r l l l '  those obtained by avcr-
aglng corresporrding l requencrcs l iom rhrec upt ic ld and three dor, , ,n-
t ie ld sweeps.  No et for t  rvas madc to corrccr  lbr  the et lect  of  over lan
on the apparent  scparat ion t l l '  pcaks c l t lsc to oue another.  Oc-
c a s i o n a l [ y ,  t h e  i n r e n s i t t , o t ' t h e  r v e a k  i r r n c r  l i n c s  o t ' t h e  s y m m c r r r c
quar tc t s  o l ' t he  AA 'XX 'spcc t ra  cxa r l i ncd  wcre  o f  such  low  ln rcns r r )
that  these l ines could not  l te detccred.  In these cases.  anal 'scs
were carr ied out  e i ther by thc xpproxlmi l re procedure descr ibed t r , i
serv is and Roberts. '16 or  by a proccdure rvhich corrs isted of  mcas-
u r ing  the  quan t i t y  J ,  -  J t  d i rec t l r  l ' r o rn  t l re  spcc t rum,3s  assurn rng
tha t  - I  .  :  13 .5  cps .  and  ass rg r r l rq  ca l cu la ted  t reque-nc ies  to  t l r c
lS - r  *  3S , "  and  3S , ) /  -  lS r  t rans r t i ons .  \ rARrp  was  then  use t i
t o  ob ta in  va lues  fo r  a l l  t he  coup i rng  cons tan ts .  I n  genera l .  t hc
va lues  o f  " /and  J '  we te  no t  ve r ! ' sens r t i ve  to  the  va lues  assumec i  l i r r
- / . '  and - /H.  Values of  . I t  and. / r .  obtarned using ei rher of  these ap-
proximate procedures are enclosed rn parentheses in Table I I .

3.3-Dimethl ' lbut1 ' l t r imethy ls i l lne.  Trr  mer hylc h lorosi lane (  I  0. . !
C.  0.1 mole,)  rvas heated wi th a solut ion oi '  3.3-dimethylbuty lmag-
nes ium ch lo r ide  (p repared  t tom l2  g  o t ' 3 .3 -d ime thy lbu ry t  ch lo r rdc
and 2. . {  g of  magnesium in 50 mi o l ' l ' reshly d ist i l led tetrahydroturarr  r
in a sealed tube at  80" lbr  l2 hr .  The tube rvas cooled,  opened. and
the contents were poured onto ice.  The resul t ing mixture was cx-
t racted t rv ice rv i th 100-ml porr torrs ot '  penrane. The combrncd
organlc layer rvas rvashed once r ' , ' r th l0 ml  o l  concentrated sul furrc
ac id .  once  w i th  wa te r .  d r ied  l \ l gSOr t .  concenr ra ted ,  and  d i s t i l l ed .
g i v i n g  9  g  ( 5 5 9 i )  o t ' p r o d u c t .  b p  l J 0 - l J 5 ' :  i n l r a r e d  a b s o r p r r o n
( l l l m )  a t  8 2 5  a n d  8 5 5  c m - ' [ S i ( C H ; ) r ) .

Ano l .  Ca lcd  tb r  C , ,H : . :S i :  C .  68 .16 :  H .  14 .00 .  Found :  C .
6 8 . 1 0 :  H .  1 4 . 0 5 .

3.3-Dimeth5r lbutr ' lmercur ic chlor ide was prepared by reacr iorr
betrveen 60 g (0. :Z mole)  of  mercur ic chlor ide and 0.2 mole ot '  j ._1-
d ime thy lbu ty lmagnes ium ch lo r rde  rn  150  m l  o f  e rhe r .  A f te r  j  l r r
at  ref lux.  the solut ion tvas cooied arrd the ether removed under
rcduced pressure.  The residual  soi id rvas t r i turated wi th-warer r ( )
remove magnesiunr sal ts.  and the resrdue recr l ,s ta l l ized f rorn ethant t l ,
y ie ld ing  -17 .3  g  (68? ; )  o f  p roduc t .  mp  132 . t ) -132 . - l " l l i t . r 7  mp  I i - r -
I  3 3 . 5  ' ) .

(34 )  1 .  p .  g rva len  and  C .  A .  Re i l l r ' ,  J .  C i ten r .  Ph1 , . s . ,37 ,21  (1962) .
( 3 5 )  B .  D i s c h l e r  a n d  G .  E n g l e r r .  2 . . \ ' u t u r f o r s c h . ,  l 6 a ,  l l 8 ,  ( 1 9 6 1 ) ;

B .  D i s c h l c r l r r d  W .  l l a i e r ,  i b k l . , l 6 a , l l 8  r l 9 6 l ) ;  R .  C .  H i r s t . a n d  D .  . \ 1 .
Cran t ,  J .  Chem.  Ph t  s . ,40 ,  t909  (  196 .1 ) .

( 3 6 )  I ( .  L .  S e r v i s  a n d  J .  D .  R o r : ' c r r s .  J .  P l t v s .  C h e n t . , 6 7 . 2 8 8 5  ( l 9 6 l r .

Jtutrndl oJ' tltc ,-hncricrttt Clrcnticetl Soc'iet.y' i ,99:5 I lV[urch I, 1967



33-Dimethylhutyl Bromide. A vigorously stirred suspension ot'

l 2 . l  g  (0 .1  mo le )  o f  3 .3 -d ime thy lbu ty lmercu r i c  ch lo r ide  in  100  m l

of  *ater  was t reatecl  at  room temperature wi th a solut ion of  l7 g of

bromine and 25 g of  potassir rm bromide in 100 ml of  water '

Af ter  2 hr  of  st i rnng,  the suspended sol id had been replaced by a

heavy oi l .  This o i l  was separated f rom inorganic sal ts by steam dis-

t i i l a t ron  and  red is t i l l cd .  y ie ld ing  I2 .3  g (71%)  o f  p roduc t .  bp  60 -61  '

(51 .8  mm)  i l i t . s  bp  58 .5 -59 .0 "  (51  mm) l ;  i n t i a red  absorp t ion  ( t i lm)

650  cm_ r  1C_Br ) .
3J-Dimethylbuty l  iodide was prepared using an analogous pro-

cedure ,  l rom a  suspens ion  o f  l 5 . l  g  o i  3 .3 -d imerhy lbu ty lmercu r i c

ch lo r ide  in  100  m l  o t 'wa te r  and  a  so lu t i on  o i  l l . 5  g  o f  i od ine  and

20.0 g of  potassium ioci ide in 50 mt o[  water .  Betbre steam dis-

t i l lar ion.  excess iodine was recluced by addi t ion of  sodium th io-

sul fare.  Redist i l la t iorr  ot '  the oi l  col lected on steam dist i l la t ion

y ic ided  5 .5  g (55 ' i i )  o t ' p roduc t .  bp  7 l '  (38  mm) ;  i n f ra red  absorp t ion

( f i lm t  a t  605  cm- ' (C- t ) .
A n a l .  C a l c d  f o r  C r H u l :  C . 3 3 . 9 8 :  H . 6 . 1 8 .  F o u n d :  C .

3 - 1 . 2 1 :  H . 6 . 0 5 .
3.3-Dimethytbutyl phenl' l ether wats prepared by refluxing 25

g  o f  85 [  aqueous  pheno l .  l 6  g  o i  sod ium h .vd rox ide .  and  2 l ' 6  g

of  3.3-dimethytbuty l  chlor ide tbr  .10 hr .  The react ion mixture rvas

cooted.  the organic layer separated.  and the aqueous layer extracted

tw' ice rv i th d iet [y l  ether.  The combined organic layers rvere washed

consecut ively rv i th 100-mt port ions of  rvater .  5[  aqueous f 'errous

sul late solut ion,  and rvater .  and therr  dr ied (CaSOr).  conccntrated.

an t l  c l i s t i l l ed  t r vo  t imes .  y ie ld i r rg  10 .6  g  (3 -11 ;1  o l ' p roduc t .  bp  125-

l3 l ' ( 3+ .6  mm) ._  Thc  nmr  Spcc t rum c l t ' t he  p roc luc t  r vas  cons is te t r I

rv i th the assigned structure.
3.3-Dimethy' l t rut l ' l  mcth! ' l  sul t ide was prcpared by ref lux ing -- '15

g oi  potassiunr hydroxrde.  15 g ot '  methy l  mercaptan.  and 35 g ol '
j . _ l - , t ime t f r t , t bu ty l  ch lo r i c le  i n  100  rn l  o f  l 0n ;  aqueous  e thano l  l b r
- l  c lays.  The react ion mixt t t re was poured into rvater  and extractct l

three t i r t res wi th [ ]cntane.  Tl te cotn[r i t tet l  organic layerS \ r 'ere

dncci  ( \ lgSOr) ant i  cor lcentratcd.  arrd thc prodLrct  rvas isolated t l r

c l is t r l la t t ion.  'Thc y ic ld was i lpproxir r tatc l l '  25 g '  bp I  56- I  58 ' .

3.3-Dimethl ' lbut l ' l  phenvl  sul f ide was l ) repared by an analogt lLts

p rocedure .  s ra i l i ng  r v i th  50  g  (0 .5  mo le )  t> l ' t l r i op l reno l .  36  g  (0 .1

mo ie )  o t ' 3 ,3 -d imerhv ' l t ' r t r t y l  ch lo r tde .  anc i  35  g  (0 .5  mo le )  o f  po tas -

s iur l  f tydroxide in 300 rn l  t t l '  l0 ' ' ; ,  aqueous ctharto l .  The product

rvas  ob ta ined  in  approx ima te l v  i tO" ,  y ie ld  a r rc l  l t ad  bp  95 -96 '  ( l ' 5

r n m ) .
A t ru l .  Ca lcd  tb r  C , ,H , .S :  C .  74 .17  H .  9 .3 '1 .  Found :  C '

7 3 . 8 3 :  H . 9 . 5 0 .
3.3-Dimethylbutr ' l  th ioclanate wi ts prepared using the "Organrc

Syn theses"  p rocedure  t ' o r  i sop ropy ' l  t l t i t l cyana te . ' r r  The  p roduc t

had  bp  76 -  (8 .0  mnr ) .  r v i t l t  i n l ' r a red  absorp t ion  ( t i lm)  a t  2155  cm- r

I R S C - N ) . ' "
, l nu l .  Ca lcc l  f o r  C 'Hr , ,NS:  C .  -58 .70 ;  H .  9 .  l 5 l  N ,  9 .  r -7 .

F o u n d :  C .  5 8 . 9 1 :  H . 9 . 1 7 :  N .  9 ' 9 7 .

3 .3 -D imeth l ' l bu t ] -  l d  i phen  v  l phosph ine .  L  i t  h iu  rn  d ip  heny  lphos -

ph ide  was  p repare t l  unc le r  he l i um by  s t i r r i l g  t r i pheny lphosph ine

i :o  g ,  0 .1  mo le )  and  l i t h ium t l . - l  g .  0 .2  g -a ton r l  i n  2 f f )  m l  o f  anhy ' -

d rous  te r rahy 'd ro fu ran  i rn t i I  t he  l i t h ium l rad  d i sso lved . {1  To  the

resul t ing dark ret l  sol r . r t ion rvas added 12 g (0 ' l  mole)  of  3.3-di -

rnerhylbuty l  chlor ide.  Tl ie react ion mixture rvas re l luxed for  4 hr .

t l ren hy-drotyzed by caut ioLrs addi t ion oi  50 ml o[  water .  Organic

solv 'ents tvere removed under reduced pressure:  the residue rvas

taken  up  in  e i the r .  c l r red  (  MgSOr ) .  concen t ra ted .  and  d i s t i l l ed .  y ie ld -

i n s  - 1 0  g  o f  p r c d u c t .  b p  I  l 0 ' ( 0 . 3  m m ) .

Ana l .  Ca lcd  fo r  Cr ,H : , ,P :  C .  79 . t )7 :  H ,  8 .58 .  Found :  C .

7 9 . E 0 :  H .  8 . 3 0 .
. t . .$-Dimethylpentanoic acid was prepared by pour ing approxi-

marely I  mole ot '  3.3-dimethylbuty lmagnesium chlor ide in ether

onto a s lurry '  o i  2f i )  ml  of  ether and 700 g of  crushed Dry lce.

Conven t iona l  r vo rk -up  y ie lded  102  g  (78  9 i )  o f  ac id :  bp  205-2 l l  '

( l i r . , :  bp  2 l l -21 - l ' ) ;  i r r t ' r a red  absorp t ion  (CCI r )  a t  2500-3500
( O - H )  a n d  1 7 0 5  c m - 1 ( C : O ) .

r jT t  F .  C .  Wh i tmorc  r t t t c l  H .  I Jc rns tc t r . r ,  J .  . 1 r t t .  C l ten t .  Soc . ,  60 '  1616

r l 9 l l l ) .
r l S )  L .  S c h m c r l i r t g ,  t b k l . , 6 7 , l 1 5 l  ( 1 9 4 5 ) .
(39 )  R .  L .  Shr i r te r ,  "Organ ic  S ln thcscs , "  Co l l .  Vo l '  I I ,  John  Wi le r

r r r rd  So t rs ,  I nc . .  Nc rv  Y t l r k ,  N .  Y . ,  1943 ,  p  366 .
rJ0) E.  L ieber,  C.  N.  R.  Rao, i t r td J.  Ramachi tndran.  Spectrochim'

. { c ra ,  13 .  196  (1958) .  The  in t ' ra rcd  absorp r ion  o t '  J ,3 -d imc thy tbu ty l
i so th iocyan l t c  r vh i ch  w . l s  p rcse t r !  as  r t r t  impur i t y  occu r red  a t  1095  and

I  l S 0  c m  - ' . .

r l l )  J .  Cha t t  a r t c l  F .  ,A .  Hr r t ,  J .  Chen t .  Soc . ,  l 37S  (1960) ;  G .  P '

Sch jemcnz .  Ber . .  99 ,  5 l  +  (  1966) .

{ .4-Dimethr ' lpentanol ' l  chlor idc \vas prepared f rom 26 g (0. :

mole)  of  rhe corresprondrng acid by s lorv addi t ion of  65 g of  th ionyl

chlorrde wi th st i r r rng,  ' . rs ing 0.5 : r r l  c f  p1 ' r id ine as catalyst .  The

react ion mixture rvas ret luxed for  2 hr .  excess th ionyI  chlor ide re-

movct i  by i l is t i l rat ron.  and t l re restdue dist i l led.  y ie ld ing-18 g (60' i )

o f  p roduc t .  bp . l ( } -51 ' ( -17  *  5  tnml .  T l re  samp le  was  no t  pu r i f i cd

I 'ur ther.  but  rvas used di rect ly  i r r  the tb l lowing react lon.

4.4-Dimethl ' lpentanamit le was prepared b1'  s lorv addi t ion of  18.- '10

g  (0 .  |  2 l  mo le )  o t '  . 1 . .1 -d ime thy ' l pen tanoy l  ch lo r ide  to  125  m l  o f  con -

centrared (29,-)  ammonia at  0 '  rv i th st i r r ing,  in three-neckecl .

round-bot tomecl .  500-rnl  f lask equipped rv i t fu a mechanical  st i r rer

and  a  d ropp ing  l ' unne l .  Fo l l ow ing  comp le t ion  o f  the  add i t i on .

the react ion mixture was st i r red for  l0 mtt t ,  and the resul t ing pre-

c ip i tate isolateci  t ry  t i l t rat ion rv i th suct ion.  The precip i tate was

di iecl  at  80'  tbr  I  hr .  then t r i turated rv i th 400 mi of  boi l ing eth! l

ace ra te .  T [e  e thy l  l ce tc te  so lu t i on  y ie lded  the  amide  as  wh i te

cr l ,s ta ls on cool ing.  Recrystal l izat ior-r  (eth."- [  acetate)  gave 10.6

S  {67 i ;  o f  p roduc t .  rnp  l { } - l ' 13 '  ( l i t . t 1  mp  l ' 10 - l - l l  " ) ;  i n f ra red

absorp t ion  (CH, ,C I , )  a t  3500 .  - r+ {n .  3170  (N-H) .  and  1670  cm- '
(  C :O) .

Anc t ! .  Ca lcd  fo r  C 'H , ,NO:  C .  65 .07 :  H .  11 .70 ;  N '  l 0 '81 '

F o u n d :  C . 6 5 . 0 9 :  H .  1 1 . 8 3 ;  N .  1 0 . 6 1 .

\ lethr ' l  4.4-dimethl ' lpentanonte \ ! 'as prepared by ref lux ing a mir-

tu re  o f  13 .02  g  l 0 . l  mo ie )  o t '  t he  co r respond ing  ac id .  10  g  o f  me th -

anol .  terr  c l rops ot 'concel t t rated sui fur ic  acid.  and 30 ml of  methylene

ch lo r ide  t ' o r  50  h r .  The  f  i e td  o l ' cs te r  r . r ' as  12 .9  g  (89%)  hav ing  bp

77-8 .1 '  ( J0  mnr t .  Thc  p roc lL tc t  had  in l ' r a red  absorp t ion  (CC l , t

a t  l 7 l ( )  cn l - r .  and  r r r t s  cha rac tc r i zcd  L rv  l t s  n l l l r  spec t r l tm .

3.3-Dimethvlbu$ |  . \ lcohol .  A rapid s l rcam ol 'dr .v-  a i r  was passed

through 1 soir - r t r t l r t  ot '  0.5 nt t ) lc  r - r l '  - l . l -d imcthr- lbuty lmagnesiutn

ch lo r ide  in  500  rn i  o t ' e t l t e r  l ' o r  I  h r .  The  resu l t i ng  v i scous  pas te

was hy,drolyzcr i  at  0 rv i t l r  100 rn l  o l '5atLtrate( i  aqueous ammol l iu l l l

chlonr le soir . t t ion t 'o l lorrct i  t l ,v-  (n) t )  t t t l  o l '  rvater  contain ing sut f ic ient

:u l t ' u r i c  t c rd  to  l r r i ng  t l t c  r c i . l c l i o l l  t t r i x tu rc  to  pH 5 .  The  o rgan ic

la1 cr ' , ras scl ) i l I 'a tC(1.  end t l rC l t ( lL lc() t l .  l l l t l tsc wi ts CXtracted wi th t rvt - l

I  5( l - rn l  I tor t l ( ) t ls  ot 'c t [er .  T l tc  ct l r t t [ ' r t t lcd orqanic phase was rvasht t l

t r v rcc  11 i ( [ r  sa tL l ra tcd  s i t [ [  : o l t t t t g r l .  J r i cd  tNa . :SO ' ) .  and  d i s t i l l c t l .

T l r e  l t r o r l u c r  ( 3 ( r  g .  7 0 ' ' , , )  l r a d  b p  l J t ) - l J 5  ( l i t . t r  b p  l J l - 1 4 3 " ) .

{ . { - t ) imethy lpent : rnol- l . l - r / ,  rv ; . ts  1;repered by reduct ion of  methl  I
- 1 . . l - t l i r r r c t I r l t ) c p t a r l o 1 t t c  ( 7 . ]  g )  w i r h  L i A l D r  ( l . l  g t  i n  c t h e r .  C o t r -

\ ' en t i on i l l  r vo rk -u1 l  and  d i s t i l l i t ( i ( ) r1  gove  ' 1  g  o l ' p roduc t '  bp  157-

l ( r { )  '  i l i t .  u t rp I  58 (  t 'or  .1.J-r l i rncth l  ipcntr t r ro l )1.  The nmr spectrum

ot '  the alcohol  i t t t i tcated th i t t  i ts  rsotol ) lc  l ) t l r l t !  wi ls  greater  t l ' la l l
q i  ) '

l - l rhcnr. l -3.3- t t imethl- lbutune.  l ]cnzr l  l t ror i l rde {70 g.  0.- l  mole I

\ \ '1s addcd dr t t l r rv ise to 1 ret lur t t tg ' ;o lut lon ot '  2.2 'd imethy l -

l r ropy l rnagncs ium ch lo r t c l c .  p reparec i  l ' r om 10 .7  g  (0 .1  mo le )  o t '

2 . l -d rmerh_r - l l t ropv l  c i r l o r i de  and  l . l  g  o l  magnesrum tu rn lngs

in  150  m l  o l '  c t l re r .  . \ t i e r  t he  rcac t l ( ) r - r  mrx tu re  had  been  re -

l ' luxed t 'or  I  l r r .  cxccss l ter tzy l  l t r t l t r t t ic  \va\  convcrted tO bibenzyi

b_u-  ac id i t ron  o l ' 5  g  o t 'magncs iL ln r  tL l rn lngs .  the  so lu t l on  was  l t y -

d ro l y , zed  rv i rh  ac lueous  ammol ' l l u r t r  ch io r tde  so lu t i on .  and  thc

organic layer rvas separatecl  and dncd ( . \ lgSOr).  Ether rvas re-

moved f rom thc organic lay,er  urrder vacuLlrn.  and bibenzyl  sep-

a ra ted  by  c rys ta i l i za t i on  f rom the  resu i t i ng  o i l  b i  coo l i ng  to  0

D is t i l l a t ro r r  o t ' t he  res idue  l ' r o t r t  t h t s  p rec i l l t t l t i o r r  l i e lded  3 .1  g  o l '

l - pheny l -3 .3 -d ime thy l l ' r u tane .  b1 ;  3 l  I  .  ( l i t .  ' ;  bp  2 l  I  . 6 -212" ) '

3.3-Dimethl' lbutll p-bromoltenzenesulfonate was prepared L')'

s to rv  ac id i t i on  o t ' -11 .6  g  o f  p -v - r i d ine  to  a  s lu r ry  o i , s [ . ]  g  o f  2b ro rno -
benzenesu l lbny t  ch londe  i r r  10 . - l  t I  (0 .1  mo ie )  o f  i . 3 -d ime thy lbu t f  i

a l coho l  a r  0 ' .  l b l t owed  b1 ,  add i t ron  o t ' 50  m l  o f  concen t ra ted  hyCro -

chlor ic  acic l  and 50 mt o l  w'ater .  The resul t ing s lurry was extracted

rv i rh three 200-rnl  port ions of  cthcr .  The cther la1 'ers were conl-

b ineci .  l ,vashed rv i th 150 ml of  saturated aclueous sodium chlor ide

so lu t i on .  d r ied  (Na ,SOr ) .  anc [  conccn t r i l t e t t  t o  a  vo lume o f  appro r -

ima te l .u '  75  mt .  On  coo l i ng  to  -  l 0 - .  t he  p roduc t  p rec ip i ta ted  as

, . rh i te  c r l s ta l s .  Rec r l s ta l l i za t i o r r  y re ided  J9 . - l  g  07 ' i l )  o f  p roduc t .

n rp  5 f55 ' .  The  p roc iuc t  had  in r ' re red  absorp t ion  (cc l . r )  a t  137 , \

an i l  l l 85  cm- r  (SO, -O) ;  i t s  nmr  spec t rum rvas  cons is ten t  w i th  the
' . rssrgned structurc.

\ - (3.3-Dimethy' lbutv l )phthal imide was prepared by ret luxtng a

mix tu re  o t ' 14 .1  g  t0 . l  mo le )  o t ' 1 . - r -d i rne thv ibu ty ' l  ch lo r ide .  z l l ' l  g

ol 'Dotassium pht t ra l imic ie.  anci  l (10 ml ot 'd imethy ' l tbrmamide for  50

(- l l )  C.  lor . r re u arrd R. Dclarrgc.  Bul l .  Soc.  Cl t inr '  France,  (3)  29

6 6 5  (  l 9 ( ) 3 ) .
( . l l )  R .  C .  H u s t o n  a n c i  A .  H . . { g c t t .  J .  O r g .  C h e m ' , 6 .  1 2 3  ( 1 9 4 1 ) '

( .1- l )  F.  C.  'vVhi tmorc ; . tnd A.  H.  Homcler .  J .  '1m'  Chem' Soc' ,  55 '
- t5 , i _ i  (  1933) .

( . 1 5 )  E .  B e r l i n e r  a r r d  F .  B e r l i r r c r .  t b t t l . . 1 2 . : l l  (  l 9 i 0 ) '

LVhitesitles, SeL'enrtir, (irtet: , Isornerisnt in [)cri '- 'LttiL'(s ttl , i. i-DimethvlbttlQtl(



l tu

hr. The mirrure was 6[tered while hot and al l  components boi l ing
belor ' ,  l&l '  \rere removed {:y dist i i lat ion. U;;;"; ; ; l ing, the
resrdue iormed a sol id which was recrystal l ized trom ethanol to
mp 3: -3S' .  The l ie ld  o f  producr  was 30.5 g(6671.

1,:al.  Calcd for CrrHrrNO.:: C. 72.70: A, j .11. Found:
C .  - 1 .  - 7 :  

H .  7 .12 .
3J-Dimethvtbutytaming w1s prepared by dissolving g4 g (0.36

moie r oi N-(3.3-dimethylbutyl)phthal imide in 400 ml oi hot ethanol
and cool ing the solut ion rapidry witrr st irr ing to form a f ine suspen-
sron. To this suspension, 2r g (0.42 more) of hydrazine hydrate
rnd 100 ml o[ etharrol were added slowly. the adoition or ioo n.,toi 6 .\' hy'drochloric acid to the resulting ,lurry proJu..J nrsr a crear
soturron and then a granurar precipitate. ihe precipitate was
removed by filtration. and ethanol removed rtom the filtrate by dis-r i l lar ion. The aqueous residue was adjustea to pi i i  * irh .on-cenrrated potassium hydroxide solut ion and extracted with tr,voJ{X)'ml portions of erher. Trre combined eth.r exira.rs were
dr ied and d is t i l ted.  y ie l l ing t0  Se2%) of  amine,  Uf  f  rS_ i ' i0 . .

Arn l .  Calcd fo1 C6H1;N:  C,  7 t .22;  H:  iq .gq:  N.  1 j .84.Found :  C ,  71 .25 ;  H .  l { . 58 ;  N ,  13 .g9 .
_ N'(3.3-Dimethylbutl'r)formamide. A mixture of ethyl formate(7.8  g ,  0 . l l  mole)  and.3,3-d imerhy lbuty tamine (9 .5  g ,  O.OqS mote)rvas ref luxed under 

l .nir lgg.n_armosphlre for 3'hr. 
"Th; 

producr.
rsolated as a viscous l iquid in g0f yiet,r uydist i [at ion airecrty tromthe reaction mixrure, had bp 7Gjg,, (0.4 mm) and was used rvirh-
out l 'urther puri f icatron.

3'3-Dimethy' lbutyrdimethl 'ramine. A mi.xture of g.5 mr oi 37[aqueous tormaldehyde, 8..1 g ot tbrmic acid. and 3.g g oi 3.3_di-methylbutylamine rvas ref luxed lbr . lg hr. The reacri in n., ,*,ur.
rvas cooled. treated wirh r- l  mr of -r ,v HCr, ano euujorared todryness under reduced pressure. The resicrue ,,vas dissolved in 30

ml of water. extracted once rvith ether. made strongry basrc. err. iextracted trvice witr ' r  ether. Trre ether extracts from the rrasrcsorution were dried (KoH). concentrated. and drst i i led yreldrnu- I  g of producr. bp 123-l 2.1 ' .
Atn l .  Calcd for  CqHr, ,N:  C.  7J.35:  H.  l {g2;  N.  t0 .8_1.Found:  C.7.1 .02:  H.  1 .1 .53:  N.  10.4g.

_ - 3J-Dimethy'rbutl't c1'anide was prepared by refruxing a sorurion (rt.2l .6 g of 3.3-dimeth-vrburyl chroride and 35.2'9 or poiGiu, i  cy,anrt lern 400 ml ot 'ethanor tbr r week. The reacrion mlxture was coorccr.poured into I l .  o[warer. and extracred rvirh 500 ml oioi. ,nvr ether.The ethcr layer r,vas exrracred with trrree Sco-ml poni*r-or \varcr.dried ( i \ lgSOr), concenrrared. and dist i l led, t , ielarng SIS'g i : ,r  , , ,r  , , ,ni tr i le as a colorress r iquid. bp 165- r 70' ;  inf iar.d ; i ; ;p;on t cct ,  ra t  2250.*_r  16:N) .
Anal .  Calcd.  tbr  CrHr ;N:  C.  I5 .62;  H,  l l .7g;  N.  l l .6 ( ) .Found :  C .75 .76 :  H .  12 .00 ;  N .  12 .g0 .

^ _3.3-Di-mcthr 'rbutl ' r  f luoride rvas prepared by heating a mixrure .t30.1 g of 3, j-dimethvrbutvr chroride. r00 g oiunhtJ;; , i r 'po,orr,r, , . '
f luor ide.  and 150 mr o f  e thy ' rene gty ,cor  a t  r00o inahood.16 At - rcr6 days, the components of the reri i ion mixrure uoir ing-uerorv r()()were separated by disr i l lat ion. dried (CaSOr), and realt i teO. Theproduct (top 75-77 ' .  l i r .{ ;  bp 75-77,) obtainid ,rrntrd; ' ; ioc.du..
was 70' l  pure as estimated from its nmr spectrum; howe'cr. rhcspectra of the impurit ies did not inrerr 'ere with the rp..*uL or.r irct iuoride. and no l 'Lrrther puri f icat ion was attempted.

( ' t 6 )  Sec  F '  L .  . ' r .  pa t r i so ' i r . d  J .  J .  Norn ren ,  J .  An t .  Chem.  ioc . ,  19 .:31  (  1957) ,  t b r  u  t i i scuss i . '  o t ' t hc  ro r i c i r v  o f  mono f luo . " ; i [ , ; ; , . r .( . 17 )  C .  B .  L i . '  a r1 t i . L . . .Schmc, r i i . g ,  U .  S .  p " r .n i  : .+S i } l  ( re r \ i :
Chen t .  , t bs t r . , 43 ,  16 :B  (  l 9 -19 ) .
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