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Nonconjug&ted all ienes and polyalkylated a.romctic
compounds rre resistrnt  to reduct ion by dissolv ing
metals in l iquic l  ammonia.3-6 Solut ions of  l i th ium in
certein all iy' lamines reduce some nonconjugated mono-
olefins and all i l ' lbenzenes, but reaction is slorv a,nd
vields are var iable.T Dur ing the course of  other work,
we found that solutions of sodium hexamethylphos-
phoramide (HNIPA) containing f-butyi alcohol were
capable of effecting reduction of hexamethylbenzene
not only to L,2,3,4,5,6-he.xamethylcyclohexa-1,4diene,
but also to the corresponding hexamethylcyclohexene
and -hexane.8,e The observation of the latter products
suggested that Hl'IPA-sodium-c-butyl alcohol might
be effective in reducing other unactivated alkenes.
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Here rve wish to describe experiments indicating that
this reducing mixture provides & convenient and generar
method of saturating even tetraalkyl substituted car-
bon-carbon bonds.rr

Table I l ists the yields of products detected on re&c-
tion of several representative unsaturated compounds
with .-,2-4 equiv of sodium in Hi\IPA-l-butyl alcohol
at room temperature over periods of 6-24 hr. The
yieids of reduced product in these reactions &re gen-
erally high. The relatively lorv yields observed for the
reduc tio n of norbornene and 3, 3, 6, 6-cyclohexa- 1,4-diene
represent isolated yields, cnd should be considered
minimum values: wi th at tent ion to detai l  dur ing the
work-up procedures, it should be possible to increase
these numbers significantly. Similarly, the conversion
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of 3-hexyne to n-hexene could have been improved by
the use of additional sodium. Horvever, reduction of
the cycloprop-vl ring of norcarane does not appear to be
prect ic:r l  under these reect ion condi t ions.

The retios of products containing cis and trans nng
junctures obtained on redtrct ion of  Ae'ro-octal in and
-1,5,6,7-tetrehydroindan indicate th: . r t ,  at  least  in these
clses, the reductions are nonstereospecific. For com-
parison, the equii ibrium ratio of ces- to trans-decalin at
room tempereture is 5:95, tx and the corresponding
r:r t io for  hexehydroinden is 39:61.13 Hence, the prod-
uet mixtures formed in these trvo reductions l ie close to
equi l ibr ium mixtures.  I t  seems unl i l ie ly that  c is and
trans isomers of ciec:.rl in or hexahyclroindan intercon-
vert  under these condi t ions.  Thus, the carbanions or
organosodium compounds that i lre presumed to be
intermedi l , tes in the reduct ions relct ,  e i ther by v i r tue
of the stereochemistr l '  of  their  formet ion or of  their
subsequent eqtr i i ibrat ion,  to give direct ly a near ly
thermodl 'namic product distr ibut ion.

These reduct ions in HJII ' }A of fer  r  potent ia l ly  at-
t r lc t ive nrethod of  incorporat ing deuter ium into orgenic
molectr les.  The recluct ion of  o lef ins using e deuterated
r lcohol  ( r .g. ,  l -buty l  e lcohol-O-d) should permit  deu-
teret ion rv ibhout the i .somerizet ion end scnrmbl ing com-
mon to crr ta l l ' t ic  reduct ions or the expense of  deuterated
diborene and simi iar  r r 'ducing agert ts.  To test  the
prect icr i l i ty  of  deuter ium incorpor: . r t ion by reduct ion in
HIIPA. Ae'r0-octal in end 3, :1.6,6-tetr : , rmethylc l 'c lo-
hexadiene were al lorved to relct  rv i th sodium-HIIPA-
l-btrtyl alcohol-O-d (9:i7o dL, 7To rl i. The observed
deuter ium incorporet ion into the l rons-decal in and
1,1 , -1 ,4 - te t remethy lcyc lohexane were  l .7L  and 1 .30
deuter ium atoms per olef in ic bond, respect ively;  af ter
correct ion for  the isotopic pur i t . " -  of  the l -buty l  a lcohol-
O-d, these incorporn, t ions become 1.S4 and 1.94 deu-
ter ium atoms per oief in ie bond. Al though the hydrogen
incorponr, ted into these products mry'  indicete that  at-
tack of  carbanion or radic l l  on Hl [ [ 'A occurs to some
extent,  i t  seems more probable that  i t  ref lects isotopic
fract ionet ion resul t ing f rom a kinet ic isotope ef fect  in
protonat ion of  intermediate carbanions by alcohol . l {
Regardless, reduction by sodium-HIIPA-l-buty'l
alcohol-O-d holds ciear promise as a method of introduc-
inq deuter ium into certain c lasses of  molecules.

Experimental S ection 15

General  Methods.-Al l  react ions were carr ied out  in f lame-
cl r ied gle- .swlre under en iner l  atmosphere of  prepur i f ied ni t ro-
gen r . rs ing standerd techniques for  handl ing oxvgen- and water-
sensi t ive compounds. t6 Tetruhydrofrr r rn was dr ied by dist i - lh-
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7 ? 0  i n s c r u m e n t  e ( l u i p p e d  r v i c h  a  t h e r m a l  c o n d u c t i v i t y  d e t e c t o r ,  o n d  c o m p a r -

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

c o r n p o u n d s .  I l i c r o a n a l y ' s r s  w a s  p e r f o r t n e d  b y  . \ l i d r v e s t  ) [ i c r o l a b ,  I n c . ,

I n d i a n a p o l i s ,  I n d .
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Norrs

t i on  f rom l i t h i t rm  ah rm in r rm hvdr ide  under  a  n i t rogen  a tmosphere .
Hexamethl ' lphosphor lmide rFisher - {c ient i f ic  Q,ompanv) wrt .J
prrr i f ied by st i r r inq wi th - .odium r t  room temperature unt i l  r r
dark b l r re color  pers i - . ted and dist i l l ing [65'  (0.2 Ton) l  throt tsh r
l0-em Vigrerrx coiumn. Relgent  grade t -buty l  a lcohol  was dr ic t i
by d ist i l l l t ion f rom calc ium hvdr ide.  Unless otherwise speci f iet i ,
a l l  reagents were obtr ined commerci l l l l '  lnd used wi thout  fur tht : r
p r r r i f i ca t i on .

Reduct ions.  General  Procedure.-Simi lar  procedures werc
used for  r l l  , r f  the smrl l - , .cale reduct ions descr ibed in Table I .

A represent. r t ive procedtt re is  that  for  l -he.xene. A mlxt t t re , r i

150  mg (6 .5  mg-a toms)  o f  - *o r i i t tm  cu t  i n to  sma l l  p ieces ,  lS  n r i
o f  H l t P A ,  r n d  0 . l 1 . l l  g  ( 1 . 4  m m o l )  o f  1 - h e . x e n e ,  c o n t a i n i n g  ( ) . 1 ' 1 \

g of  cyclohexlne as ln internl l  g lpc standerd,  was st i r red &t  ro()r l l
temper&[ure unt i i  a b l t re col , r r  eppeered.  To the blue soiut ion
wa.s added a () . l l - rn l  port ion of  l -buty ' l  e lcohol ;  two addi t ional  0. ; i -
m l  po r t i ons  were  ac lded  a t  1 . ' l  h r  i n te rvD ls .  A f te r  the  b lue  co i , r r
van ished ,  ( -6  h r )  t he  s t - r i t r t i o t )  was  po t r red  in to  80  m l  o f  w i l t e r
and  ex t rec ted  w i th  5  m i  o f  dec lne .  The  decane  was  washed  rv i th
50  m l  o f  wa te r  rnd  d r ied  ( \ t q . : t ) r ) .  Ana lys i s  by  g ipc  r t s i t rq : r
p ,B ' -ox id ip rop ion i t r i i e  r i n  C l t r romosorb  W co lumn shorved  ( ) .11 . - r

g  rgs ' i )  o f  hex rne  rnd  0 . t )0 i?  g  t1%)  o f  l -he . rene .
Reduct ion of  norbornene i l lustr l tes the procedure t tset- l  f  ,  r r

l a rge r  5sa lg  l sc ,g t i ons .  A  m ix t r t re  o f  5 .S  g  (0 .2 i  g -& tom)  o f  s r t t i i t t n t
lnd 100 nr l  , r i  HI IPA was st i r red t lnt i l  a b l t te color  appeared r i t r , i
2 0  g  t 0 . 2 7  n r o l )  o f  l - b r r t 1 ' l r l c o h o l w a s  a d d e d  i n  o t t e  p o r t i o n .  A i t e r
the  sod i t r rn -F I l tPA- r l coho l  so l t t I i on  had  been  a l l owed  to  s t t r

fo r  i  m in  r t .  roon l  ten rpen l t t t re ,  I  so lu t i on  o f  9 .4  g  (0 .10  * ,11 )  r r f

r ro rb ( ) r r )e t l t t  i n  l ( )  m l  o i  I I ] [PA  * ' as  l dded  s l l r v l - r ' ove r  &  pe l ' i t r t l  ' , i
( i  h r : r t  su r :h  e  ra te  th l t  t he  b l t re  r : r t l , r r  o f  t he  l I l tPA  so i t t t i on  nev ( f  r

comp le te l y '  d i s : rpper r red . tT  A i te r  comp le t io r t  o f  t he  add i t i on ,  th r r
n r i . x tu re  wzrs  s t i r re t l  f o r  l 2  h r ,  p , t r t red  in to  4 ( ) t )  m l  o i  i ce  r v r t te r '
an r l  ex t r r c ted  rv i th  t r vo  20 -m l  p r l r t i t t ns  o f  pe t r t i rne .  The  ( ) r {a l l l t l ( :

ph r rse  rv l r s  then  d i s t i l l ed  th roug l i  I  l ( ) - r tn t  vac t t t tm- j  : r cke ted  t :o l t t n t t r

t o  f  i e ld  7 . ( )  g  t7? ,c '1 . )  o f  t ro rbo rnene  hav inq  bp  105 . . ' r -106 .5o  r tn , l

mp  S t i . j - 57 .  j  " ,  i r nc l  i r  spec t r t t n r  i den t i ce l  r v i t h  the t  o f  an  au thcn t  i c

s lmp le .  G lp r :  l na l , v ' s i s  o f  t hc  pen tane  ex t rxc t ,  r r s ing  UC- !V$ t '  r r r l

Chromosorb  W co l t tn rn ,  showed  t to  t r l ce  o f  un reac ted  no rbo rne r re .
2 ,2 ,5 ,5 -Te t ramethy lcyc lohera -1 ,3 -d ione . -A  m i . x tu re  o f  6 ( )  g

(0 . . l i J  rno l )  o f  5 , . i - r l ime thy ' l c1 ' c lohe .xa -1 ,3 -c l i one  (d imedone) ,  l 1 ) l )
g  10 .72  m, r l )  o f  po tass i t tm  c l rb r tna te ,  and , ' r00  m l  o f  me thon( l i  * ' r t . *

hee ted  t I  re f l ux  temper t tu re  t tn t i l  t : a rb , rn  d iox ide  evo lu t i on  h r r , i

ceused  (ca .  i jO  n r in ) .  The  mr . r t r t re  was  coo led  to  0o  and  l - t t t  q
(0 .99  mo l )  o f  i odomethane  wes  rdded  s low l -v  ove r  I  h r .  

' f he

n r l r t r r re  wr rs  he r ted  a [  re f l r t x  remper& tu re  io r  I  h r ,  coo led ,  l l t t , i
po r r red  in r r t  I  l .  o f  r v l t e r .  The  wr l te r  wa^J  ex t , r l c ted  th ree  t l l l t t r
r v i t h  i ( X ) - r n i  p o r t i o n . s , ; f  e t h e r  e n d  t h e  e t h e r  s o l t t t i o n  6 r i s d  t l l x -

SO, t  and  r :oncen t r l t ed  under  vse t t t lm .  The  res idue  w&s  ( l r vs -

ta l i i zed  f rom hexane  to  y ie ld  a tJ  g  (55%)  o f  2 ,2 , i r , 5 - te t ramethv i -
c1 ' c iohexa- l , i l - d ione  hav ing  rnp  t ) t i - 97 ' ,  l i t . tE  mp 98" .

2 ,2 ,5 ,5 -Te t ramethy lcyc lohexa-1 ,3 -d io l . -Tc r  r  s lu r ry  o f  16  g
(0 . - {2  mo l )  o f  i i t h i t rn r  a lumin t tm hy 'd r ide  in  i r00  m i  o f  d ry  te t r t -
h1 'd ro fu ran  rva -s  ac lded  : )3  g  1 { ) . : J  mo i )  o f  ? ,2 ,5 , i - t e t ramethy lcvc l , i -
he.xa-1,3-dione in 2. i0 mi  of  tetrah- ' -c i rofurar l  over aper iod of  I  hr .
A f  te r  the  add i t i r - rn  w&s  comp le te ,  the  so lu t i on  was  hea ted  to  re t i r r x
for  I  hr ,  coolet l  ,  and excess LAII  wus decomposed by catr t i t - ' r rs
ar id i t ion rr f  eth l ' l  &ceta, te.  The mixt t r re w&s made acid ic rv i t i r

2()c|  aqueous hvdrochlor ic  ecid,  the lavers were sep&rated,  tnr i

the solvent  l l ' rs  removed rutder v i rct l t lm. The residue was r l is-

so l ved  in  I  I .  o f  e the r ,  wa .shed  w i th  500  m l  o f  wa te r ,  d r ied  ( ] l q -

SOr l ,  end  the  e the r  r ves  re rn , t vec i  t t nde r  vec t t t tm  to  y ie id : i { )  q
(9 ( )%)  o f  2 . : l , i , i - t e t ran re th l ' l c1 ' c iohexa-1 ,3 - r i i o i  hav ing  mp l ,S . i -
190 ' ;  l i l . t e  mp  fo r  the  l rans  i . . r tmer  105-107 ' ;  f o r  the  c i s  i son rc r
? 0  1 - 2 0 6 " .

3 ,3 ,6 ,6 -Te t ramethy lcyc lohexad iene . -A  so lu t i on  o f  25  g  r t ) . f  i

mo l )  o f  ? ,2 , , - r ,5 - te t remethv l t ' r ' c l , rhe . re -1 , i J -d io i  and  150  g  (0 .71 )

mo l )  o f  p - to luenes r t l f onv l  ch l , rnde  i r t ' l ' i 0  m i  o f  py r id ine  w&s  r { r -

f l u -xed  fo r . l 0  h r ,  pu r t red  ove r  i ce .  l nc i  ex t rac ted  w i th  th ree  10 ( ) - rn i

r l 7 )  I f  t l r e  n o r i r o r n e n e  \ v e r e  a r l r l e , i : o o  r a p i d l l ' t o  t h e  r e d u c i n g  m i . r t u r e .  
" : . "

b l u e  c o l o r  r v o u l t l  v a n i s h  t e m p o r a n i r ' .  b u t  r v o u l d  r e t u r n  s h o r t l y  a f t e r  c h e  r l ' 1 -

d i t i o n  o f  n o r b o r o e n e  \ v a , s  s c o p p e ( 1 .  I f  t h e  a d d i t i o n  o f  n o r b o r n e n e  \ v e r e , l ( ) r r -

t i n u e d  a f t e r  c h e  b l u e  c o l o c  h a , i  r - a n r r n e r l ,  t h e  s o l r r t i o n  r v o u l d  e v e n t u a i l y  t r r r n

y e l l o r v  a n t l  t h e  b l u e  c o i o r  r v o u l d  n o !  r e t u r n ,  e v e n  u p o n  s t i r r i n g  f o r  s e r - e r , r ^

d a y ' s .  S o d i u m  d i d  n o t  d i s s o l v e  r p p r e c i a b l y  i n  t h i s  1 ' e l l o r v  s o l u t i o n  8 n { l  ! : r e

r e t l u c L i o n  p r o c e e d e d  l ' e r y  s l o r v l ' - ,  i f  a t  a i l .  T h e  s a n r e  p h e n o m e n a  w e r e  n ( ) [ e r l

r v h e o  t i i g  r e a c t i o n  r v a s  c a r r i e d  o u t  b y ' r h e  a d d i c i o n  o f  t - b u t y l  a l c o l t o l  t o  s , . r -

d i u m  i n  u  s o l u t r o n  o f  n o r b o r n e n e  i n  H I I P . \ .

( l S )  T .  G .  I l a l s a l l  a n , i  I ) .  I J .  T h o r n a s ,  J .  C h e m .  S o c . ,  l { 3 1  ( l 9 5 t j ) .

{ 1 9 )  F .  \ V .  ( l r a n t ,  I l .  \ l ' .  ( i l r , r s o n .  r n ( l  L .  I I .  E u s i r r v e l l e n ,  . . / .  ( ) r g .  C h e n t

3 0 .  l , j o  (  l 9 r i 5  )  .
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portions of ether. The ether was washed with 150 ml'ot l\fp

"q,r"o,r. 
hydrochloric acid, dried (IIgSO,), and concentrated by

aiitittation through a 50-cm Vigreux column. The residue wa{r
then distilled thiough a 50-cm Teflon annular spinning-band
column to yield 5.0 S Q7 To) of 3,3,6,6-tetramethylcyclohexadiene'
The ir splctrum was in agreement with that of an authentic
sample;m nmr (CDCI; )  6  5 .38 (s ,  4 ,  v iny l  CH) and 1.01 ppm (s ,

12 ,  CHr ) .
i-nntyt Alcohol-O-d.-To 33 s (0.25 mol) of potassium t-

butoxide under nitrogen was added very carefully 7.0 ml (0.35

mol) of deuterium oxide (Columbia Organic Chemicals, gg'87o

d). The crude l-butyl alcohol-O-d was removed by bulb to bulb
distillation under vacuum and was then distilled from calcium
hydride to yield 15 S 82Vo) of l-butyl alcohol, having isotopic
composit ion2t 93'07o dr and 7.0% do.t0' '2

1,i ,4,4-Tetramethylcycloherane-2,3,5,6-dr.-A mixture of 1.0
g (44 mg-atom) of sodium and 25 ml of HNIPA were stirred at

room temperature until a deep blue color appeargd' - To the

solu t ion was then added 0.55 ml  (co.  0 .5  g ,3 .7  mmol)  o f  3 ,3 ,6 ,6-
tetramethylcyclohexadiene and 4 ml of t-butyl alcohol-o-d.
The mixture was st irred overnight and poured into 100 ml of an

ice water slush. The aqueous phase was immediately extracted
with 2,:r ml of f luorotr ichlorome[hane and the organic layer was
seplrated, dried (NIgSO,), tnd concentrated by dist i l lat ion of the
soivent through a 20-cm Vigreux column. The 1,1,4,4-tetra-
methylcyclohexane in the residue was col lected using glpc (UC-

wg,3bn-chronrosorb w) to yield 0.21 ml of ptrre product having
mass spectral isotopic composit ion ( l '0 eV) 66'2% dl, 28'670
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dr, a,nd 
-c.2Ts dt.

Characterlzation wLs accomplished by preparation of undeuter-
ated 1,1,4,4-tetramethylcyclohexane using (C-Hr)reoH -as the

p ro ton  sou rce :  nmr  (CFCI , )  61 .25  ( s ,8 ,  CHt )  and  0 ' 88  ppm
( s ,  1 2 ,  C H r ) .'  'Anal .  

Calcd for  CroHro:  C,  85.63;  H,  14 '37 '  Found:

C ,  8 5 . 6 8 ;  H  , 1 4 . 3 7  .

Registry No.-Hexamethylphosphoramide, 680-3 1-9 ;
f-butyl alcohol, 75-65-0; sodium, 7440-23-5'

Acknowledgments.-We are indebted to Dr. H' O'

House for a sample of Aqro-octalin, and Drs' Jon

Engstrom and F. D. Greene for a sample of tetrahydro-

indan.
( 2 0 )  S a d t l e r  C a t a l o g u e ,  s p e c t r u m  n o  3 0 7 5 7 '

( 2 1 )  B e n z e n e - f r e e  p h e n y l m a g n e s i u m  b r o m i d e  r v a s  p r e p a r e d  b y  t h e  a d d i -

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

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

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

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

d e t e r m i n e d  b y  r e g c t i o n  o f  t h e  G r i g n a r d  r e a g e n !  r v i t h  l - b u t y l  c l c o h o l - O - d ,

i s o l a t i o n  o f  a  s a m p l e  o f  t h e  r e s u l t i n g  b e n z e n e  b y  d i s t i l l a t i o n ,  f u r t h e r  p u r i -

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

t h e n  I  e < 1 u i v  o f  . ! - b u r y l  a l c o h o l - o - d  p e r  e q u i v a l e n t  o f  p h e n y l  G r i g n a r d  r e -

a g e n !  w a s  u s e r l  t o  m i o i m i z e  t h e  i n f l u e n c e  o f  a n y  d e u t e r i u m  k i n e t i c  i s o t o p e

e f f e c t  i n  t h e  h y d r o l y ' s i s  o n  t h e  s c c u r a c y  o f  t h e  e n a l y s i s .

( 2 2 )  A  s u p e r i o r  p r e p a r a r i o n  o f  , - b u t y l  a l c o h o l - o - d  h a s  b e e n  p u b l i s h e d  r e -

c e n t l y :  . { .  T .  Y o u n g  a n d  R .  D .  G u t h r i o ,  J .  O r o .  C h c n . ,  t 6 '  8 5 2  ( 1 9 7 0 ) '
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