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Th.  lab i le  cyc looc tad iene prepared by  Wi l l s t i i t te r  and
I  Veraguth  "  f rom N,N-d imethy l - - t -cyc looc teny lanr ine

("desdimethf  igranatanine")  u 'as shown by ozonolysis
t o  b e  a  1 . 5 - d i e n e . { ' 5

In later work th is dic-ne, prepi t red by Holnrann cle-
gradat ion of  N-rethyigranat i rn ine, wi ts found to di t ler
f rom the stable c ' i .s . r ' i .s-1.5-cy 'c lcoctacl iene obtained by
the  d imer iza t ion  o f  bu tac l iene;  o r  by  rec l t t c t ion  o f  1 .6 -
d ich lo ro-1 ,5-cyc looc tad iene (ch lo roprcne d imer )  rv i th
s o d i u m  i n  l i q u i d  a m m o n i a . 6

The compound had been par t i r l l y  hyc l rogeneted  to
c i . r -cyc looc tene and was shown to  ac lc l  on ly  I  mo le  c f
phen, ' - l  az ide  : ' ' 7  A l though th is  chenr ica l  ev ic lence
favr - l red  c ' i s , t runs-1 ,5-c ' , ' c looc t ld icne  i t s  the  s t ruc tL l re .
the  d i f l i cu l ty  encountered  in  cons t ruc t ing  molecu la r
nrodc ls  and an  in te rpre ta t ion  o f  the  Rami , tn  spec t r t ln t i
o f  the  d iene wcrc  cons idered as  c r idcncc  in  f r t ro r  o f  thc
t ru ts , t runs-1 .5-c1 'c loc tc tad ienr '  s t ruc tu re . ; '7  Reexam-
i n a t i o n  o f  t h e  p r e v i o u s  e v i d c n c e  i n  l i g h t  o i  t h e  w o r k  r e -
por ted  here  dentons t ra tes  tha t  the  c i iene  is  c is , t ro r ts -
I  ,5-cyclooctar l  iene.

N,N-Dimethy l -c i .s - - l -cyc lcoc teny lamine (2 ) ,  the  pre-
cursor  o t '  c is , t runs-1 .5-cyc looc tad ienc ,  w i . l s  p repared
by  th ree  d i f fe ren t  p roccdt i res  (F igure  l )  in  o rder  to
r L ' m o v e  a n y  d o u b t  t h a t  t h c  i n i t i a l  c i o u b l e  b o n d  h a d  t h e
c i . r  con f igLr ra t ion .  Hofmlnn dcgrac la t ion  t t f  N-nre thy l -
g ranat in ine  (  1 )  y ie ldcd  c ' r r -J -cvc looc tenv lanr inc  (2 :  87  T ; )
wh ich  was separa ted  f rom unchanged 1  by  t rea tnren t
o f  the  mix tu re  w i th  methy l  iod ide  fo l lowed by  f rac-
t i o n a l  c r y s t a l l i z a t i o n  o l  t h e  m e t h i o d i d e s . e  T h e  N . N . N -
tr imethyl-c ' i . r - - l -cyclooctenylermmoniurn iocl ide (3) pur i -
f ied  in  th is  manner  w i ts  reduced w i th  l i th ium i t luminum
hydr ide  to  the  des i rcd  te r t ia rv  i Im ine . r0

In  a  second syn thes is  o f  amine 2 .  c i . r ' . c i . l -1 ,5 -cyc lo -
oc tad iene (4 )  was  t reu te-d  w i th  hydrogen bromide
fo l lowed by  d imethy lanr ine . ;  The mix tu re  o f  i tm incs .
o b t a i n e d  i n  2 5 [  o r e r - a l l  y i e l d ,  w a s  s h o w n  t o  c o n t a i n
7 5 7, o i N. N -d i meth y l- cis--l-c,v"c I o octe n v la m i n e by \, 'a p o r
phase chromatography  (vpc) .

( l )  Suppor ted  in  pa r t  b - ' -  t hc  O fhce  o t 'Nava l  Resc r rch  undL ' r  Con t roc t
N5or i -07311, Pro jcct  N lL- l ) -s 5-96.

( l )  Jamcs  F l i t ck  Nor r i s  Fe l l o rv ,  1956-1957 .
( 3 )  R .  W i l l s t r i t t c r  r t n d  H .  V c r a g u t h .  8 e r . , 3 8 , 1 9 7 5  ( 1 9 0 5 ) ;  4 0 , 9 - s 7

(  1907) .
( - l )  C .  Har r i cs .  i b id . ,  41 .  671  (  1908) .
1 ,s )  I ( .  Z ieg lc r  and  H .  Wi l rns .  .1 t rn . .  567 ,  I  (1950) .
(6 )  A .  C .  Cope .  C .  L .  S tcvcns .  i t t t t l  F .  A .  Hochs te in ,  - / .  . 1 t r t .  Chur r .

S o c . .  7 2 ,  1 5 l 0  (  1 9 5 0 ) .
(7 )  I< .  Z i c 'g le r ,  H .  S luc r ' ,  L .  B runs ,  H .  F ro i t zhc i rn - l (uh lho rn ,  t rnd  J .

Schnc ide r ,  . . 1nn . ,  589 ,  l l l  (  1954) .
(8)  J.  Goubetu,  ibk l . ,  567 ,  211 (  1950).
( 9 )  R .  W i l l s t r i t t e r  a n d  E .  W a s c r ;  8 e r . , 4 3 ,  I 1 7 6  ( 1 9 1 0 ) .
(10 )  (a )  G .  W.  I (ennc r  and  N [ .  A .  Mur rav ,  J .  Chenr .Soc . , ,106  (1950) :

(b)  A.  C.  Cope. E.  Ciganck.  L.  J.  F leckenstc in,  arrd l ! f .  A.  P.  Meis i r rger,
J .  Am.  Chem.  Soc . .  82 .  - l 6 , s l  (  1960) .
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Abstract: Hofmann degradarion of N.N-dimethyl-cis-4-cyclooctenyhmine atfordeC ci.r.cis-1,3-cyclooctadiene and

c is , r r tms-1,5-cyc looctad iene in  a  ra t io  o f  l :9 .  Chemica l  and spect ra l  cv idence for  the s t ructure o f  the la t ter  o le f in  is

discussed.

Amine 2  rvas  a lso  ob ta ined in  22% y ie ld  by  reac t ion
of c is-- l -cvclortctenyl  p-bromobenzenesul fonaterr  (5)

w i th  d imcth .v - lamine in  d io rxne i - r t  80o.  The s : rmp les
of  amine 2  prepared by  th is  mcthod and by  I {o fmann
clegraclat ion of  N-methy'rgr- l '  nat i tn ine had ident ic l r l
infr i r red Spcctra und refract ive indi , - -c 's and were chront: . t -
tograph icu l l r '  l t cmogeneoLts .  In  ac lc l i t ion .  the  mix t t t re
mel t ing  po in t  o f  the i r  p ic ra tes  w i ts  no t  depressed.

Pvro i l ' s i s  o f  N .N. l r l - t r imethy l -c is -4 'cyc locc teny lanr -
mon ium h1 'c l rox ide  g l l ve  i t  m ix tu re  o f  o le f ins  wh ich  g '1s

shor ' ;n by rpc t t t  consist  of  c ' i . l , l rcr t . r -1.5-cyclooctadicnc
( , . )0  " , , )  and c ' i  r ' . c ' i - r -  1 . - l -cyc looc tad iene (107) ; ' "  thc

la t tc r  p rcsL tnrab ly '  i s  fo rmed by  base-ca ta lyzed isomer-

iza t i6n  6 l -  l . - l - cvc lo t l c txc l iene  in i t ia l l y  fo rmed in  thc

l {o f 'n1rnn  c l in r ina t ion .  Wi t I in  the  l in r i t  o t '  , .1 .1sc1 i t r r r
(0.5,1.")  no othcr olcf ins \ , ! 'ere t 'orrnec!.  ancl  there wi IS I l t )

evic lence for thc f t ' l rnut t i t tn t l f  l tnv bicycl ic products xS

had pre l ' ious lv  bcen suggested . ] '5
The c is . t r t tn : ; -1 .5 -c1 'c looc tL tc l iene  was quant i ta t i ve l l '

removecl  f rom c' i .s.c, i .s-1.3-cy 'c lot lctacl iene by extract ior l
rv i th  ac lueous  s i l re r  n i t r i r te | i  i l nd  w{ . ts  recovered in  58 I ,
y ' ie ld  bv  t re l tment  t t f  the  s i l ver  n i t ra te  complex  w i th

.on . .n i r , r ted  umrnc t t i t t tn  h1 'c l rox ide .  I : ;omer iza t ion  o t '

thc c l icnc wi th ioci ine ef ' l 'ordcd ci . i .c is-  I .5-cyclooctadienc
(65 ' \ ,  y ' i c lc l ) .

Pyro lvs is  o f  c ' i . s -J -cvc looc teny ld in re thy lamine ox ide

gave ci . r ' .c ' i . i -  1.- l -c l 'c looctadicne as a major prodLlct

fq t  q t  in  ac lc l i t ion  to  c i . r . c i . s -1 .5 -cyc looc tad iene (6  i )
a n cl tw r'r tr n i ci c n t i fi ed h yd roc:.r r bo n s ( -1 %).

Thc  1 .5 -cyc lcoc tad iene s t ruc tu re  [o r  the  o le f in  ob-

ta ine t i  by  two succcss ive  Hofmanr t  degradat ions  o l  N-

methylgranat i tn ine Ias been clear l , r -  establ ished sincc

ozono lys is  fo l lowed by  or ida t ion  g lve  on ly  succ in ic

ac id . ; - ;  The fac i le  i somer iza t ion  o f  the  d iene to  c is .c i . r -

1 .5 -cyc l ( )oc tad ic -ne  suppor ts  th is  ass ignment  o f  thc

pos i t ions  o f  the  doub le  bonc ls  and a lso  shows tha t

ih "  * " t . r ia l  i s  nor  c ' i . r , r ' i . i -1 .5 -cyc logc tad iene.  Thus  thc

d i t fe rcnce nrus t  be  in  the  s tc reochemis t ry  about

the  doub le  bonc is  and the  molccu le  must  have e i ther  thc

c'  i  s . t  rut t  s o r  the I  rot l  s. t  rut l . t  str t lc t  t l re.

Chemica l  ev ic lence s t rong lv  SL lppor ts  the  c is , t ru r ts

s t ruc tu rc .  Par t ia l  hy 'c l rogenat ion  g f  the  mater ia l

y ie ldect c, is-cyclot ' rctene under condi t ions which do not

."r- , r .  isonrci iztr t ion t t f  / r r l r . r -cvclooctene to c is-cycio-
( )c tenc . ;  The rno lecu le  read i l v  added I  mo le  t ' r f '

( l l )  . { .  C .  C o p e  a n c l  P .  E .  P c t e r s o n ,  i b i t l ' .  8 l '  1 6 4 3  ( 1 9 5 9 ) '

(  I  l )  H l r r i cs  r  l rad  prcV ious l - " -  suggesrcc l  1 ,3 -cyc looc tad iene as  thc

un idcnr i f i cd  impur i ty  (  l0  7 ; )  in  h is  mix tu rc  s i t t ce  i t  fo rmed an unsatura te(1

monoozon ic ic :  th is  bch : rv i< . r r  hac l  bccr t  obscrved w i th  o ther  con jugatcd

d i c  n c s .
r l 3 )  A . C .  C o p c  r t n d  C .  L .  B u m g r l r c l n c r ,  " / '  ' 1 m '  C h e m '  S o c ' '  7 8 '  l S l i

(  1 9 5 6 ) .

l l ( e  t r l i n t e r l  f l r r r n  t h c  J , , r r l n a l  , r f  t h e  . \ r n t l i e r r t t  e  l t u m r c ' r l  S , , c i u t r ' ,  8 9 .  { l ) - . :  !  ( t 1 ) t i ; \ '  I

(  , , t r \  r r - r  i l t  l i l ( i ;  I r t '  t l : c  . \ t t t t ' t i c r t t  ( l l t t ' t n t c : t l  - s o c i t ' t v  t l t r l  t e  l , t t r : l  ' l  1 " .  I ' c r . l l l l  ' i " r l  ' r I  t l l c  e o l ) \  r r i l l t  " w l l e r
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Figure 2.  Possib le conf  ormat ions of  c is. t rctns-r ,S-cyclooctadiene

The existence of  two C:C stretching frequencics i r r
the spectrunt of  the unsta ble diene separaied bv I  -1
cm-r  suggests  s t rong ly t {  tha t  there  are  two o le t i r r i c
doub le  bonds in  the  molecu le .  one c rs  and one t r . t r . s .
Thus  the  new Raman data  a lso  s t rong ly  suppor r  rhc
cis, t  runs structure.

Thc ' re  i s  one f  ea ture  o f  the  Raman sDect rum o f  socc iu i
in te res t ,  nanre ly  tha t  the  center  o f  g rav i ty  o f  thc  t r r , r
doub lc -bond f reque ' rc ies ,  l618  c f f i - r ,  i s  much lower  th .n
thc'  expected range of  the me:rn ol  isolated cis ancl  t rut t . ;
d o u b l e  b o n d s  i n  o p c n  c h a i n  o l e f i n i c  c o m p o u n d s .
n a n r e l y  1 6 5 5 - l € 6 5  c n ' l - r .  T h e  e x p l a n a t i o n  o f  t h i s
d isc repancy  o f  about  30  cnr - r  i s  n . t  obv ious .  I t  m igh t
be  the  resu l t  o f  r ing  s t ra in  us  suggestec l  ear l ie r ,s  bu t  thc
cv idencc  is  .va i lab ie  me in lv  f rc ' 'm thc  spec t ra  o f  rnorc -
cu les  in  wh ich  the  four  a tonrs  a round the  doubre  b .nc i
a re  cop lanar .  I t  seems reasonab le  to  suppose thar
strained c ' i .s  and trats double bonds in which the four
carbon a toms are  no t  cop lanar  shou ld  show rowerc t l
C :C f requenc ies  bo th  because o f  weaken ing  o f  thc
doub le  bond and because the  cont r ibu t ion  o f  the  f 'o rce
cons tan ts  o f  the  C-C s ing le  bonc ls  to  the  doub le-bont . i
f requency should be lc-ss.  As can be inferred fronr
F ieure  l .  the  c is  doub le  bond in  c is , r rans-1 .5-cvcr ( loc r ' -
d icne  is  d is to r ted  very  l i t t lL ' .  bur  the  tans  cou-bre  bon i i
i s  s t ra ined cons iderab ly  by  hav ' ing  one C-C bond ro -
ta ted  ou t  o f  the  p lane fo rmed by  the  doub le  bond anc i
the  o ther  C-C bond.  We there fore  suggest  tha t  thc
o n e  R a m a n  l i n e  a t  1 6 3 5  c m - t  a r i s e s  f r o m  a  s l i g h t l v
s t ra ined c i .s  doub le  bond d isp laced by  l0 -15  cm-r
from i ts expected posi t ion at  1645-1650 cm-r.  Thc
other  r t  1622 cm-r  i s  then a t t r ibu ted  to  the  t rans  doub lc
bond whose frequency is much farther displaced fronr
an  expec ted  va lue  o f  about  l660-1655 cm-1.  Th is
po in t  cou ld  be  read i l y  checkec l  by  se lec t ive  iso top ic
subs t i tu t ion .

The infrared spectrum of pure c is.r  rans-I ,5-cycloocta-
d i e n e  h a d  s t r o n g  b a n d s  a t  9 8 0  a n d  7 1 0  c m - r r t  w h i c h
were also present in c is, t rqns- 1.3-cyclooctadienc. i , r
Our  spec t rum o l  c is , t run . r -1 .5 -cy 'c looc tad iene is  in  agrcc-
rnent  w i th  the  pub l ished onet  . - ' xcept  fo r  a  s t rong bun. l
a t  a b o u t  6 7 5  c m - t a n d  w e a k e r  o n e s  a t a b o u t  7 6 5 .  B l i .
and 915 cnr - t  in  the  la t te r  specr rum:  the ;c  bands  ma. " -  bc
a t t r ibu ted  to  the  presence o [  c i . s .c is -1 ,3 -cyc looc tad icnc .

( l - l )  S c c  r c f  8 :  a l s o  s e c  J .  H .  H i b b e r r ,  " T h e  R a m a n  E f f e c t  a n d  t i s
C h e n  i c a l  A p p l i c a t i o n s , "  R c i n h o l d  p u b l i s h i n g  C o r p . ,  N e w  y o r k ,  N .  \ ' . ,
1 9 3 9 ,  C h a p r e r  I  l .

( l - s )  T h e s e  a b s o r p t i o n  b a n d s  a r e  w i t h i n  t h c  r a n g e s  9 9 0 - 9 6 5  a n d  7 l S
675 cm-r  ascr ibed to  t rans  and c ls  -HC:CH- ,  rcspec t ive ly :  L .  J
Be l lam." - ,  "The In f ra red  Specr ra  o f  Cr>mplex  Molecu les , "  John Wi lc ,
a n d  S o n s ,  I n c . ,  N e r v  Y o r k ,  N .  Y . ,  1 9 5 8 ,  p p  - 1 5 - 1 9 .
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Figure l .  syntheses of  N.N-cimethy' l -c . is- tcyclooctenylamine.

phenyl azide,T as does trans-cyclooctene; the rrens,rrens
structure would be expected to react wi th 2 moles of
pheny l  az ide .  The fo rmat ion  o f  a  s i l ver  n i t ra te  con l -
plex is also indicat ive of  a (cycr ic)  r rans-olef in ic bond.
The start ing amine hers been shou'n to be N,N-dimethyl-
c i . r - ' l -cy 'c looctenylanr ine (2) and there is no evic ience to
ind ica te  tha t  th is  i s  i somer ized to  the  thermoc lynamica l l v
less stable t r rns olef in dur ing the Hofmunn d.grada'-
t i o n .

S ince  the  on ly  subs tan t ia l  ev ic lence in  favor  o f  the
truns.tr Ins structure was the interpretat ion of  the Ra-
man spec t rum o f  the  uns tab le  d iene by  Goubeau.B
we have redetermined this spectrum as wel l  as the
Raman spectra of  c ' is ,c ' is-  1,5-cyclooctadiene and cl . r ,c is-
1.3-cyclooctadiene. The spcctra rvere recorded on i r
Cary  Mode l  8 l  photoe lec t r i c  Raman spec t romerer
and agreed very  we l l  w i th  those repor ted  ear l ie rs  w i th
the  fo l low ing  except ions .  f i )  There  v /e re  minor  d i f le r -
ences  in  f requency  and in tcns i ty ,  as  wou id  be  expec ted
in  compar ing  pho:oe lec t r i c  w i th  photograph ic  in iens i ty
measurements .  (2 )  In  the  spec t rum o f  the  uns tab le
diene, we were un'ble to ver i fy f ive l ines of  weak but
s isn i f i can t  in tens i ty  (n ros t ry  o t ' leve l  l )  repor ted  in  the
ear l ie r  work .  wh i le  these l ines  are  presumabiy  due
to  a  smal l  amount  o f  one or  mcre  impur i t ies ,  they  do  no t
appear to ar ise f - rom contaminat ion by othei  cyclo-
octadienes and we do not wish to specuiate fur ther on
the nature of  the impuri t ies.  (3)  Most importanrry,  the
l ine .  in  the  spec t rum o f  the  uns tab le  d iene repor ted
ear i ie . r  as  a  s ing ie t  a t  I622 cm-rhas  been reso lved in to
two l ines  . r t  1622 anc l  1635 cm-ro f  equa l  peak  in tens i ty
and hal f -width.  when the spectral  s l i t  width of  the
spec t rometer  was approx imate ly  3  cm-r ,  the  in tens i ty
min imum between the  two pe .ks  a t  l62g  cm-r  was less
than 40  % o f  the  peak  in tens i ty .  In  the  spec t rum o f
crr .crs ' -1.5-cyclooctadiene a scan with the same spectral
s l i t  w id th  p roduced no  ev idence o f ,  doub le t  s t ruc tu re  a t
1662 cm- ' .  I f  th is  r ine  is  doubre .  the  separa t ion  o f  the
components  must  be  3  cm-r  o r  less  in  v iew o f  the  spec-
t ra l  s l i t  w id th  and the  observed ha l f -w id th  o f  7  cm-r .
The ' Joub le-bond l ine  in  the  1 ,3 -cyc looc tad iene spec-
tr^unl  a lso appears to be singre,  but i ts larger harf-width
o f  about  l4  cm-r .suggesrs  the  poss ib i l i t !  o f  an  over -
lapp ing  doub le t :  i t s  f requency  o f  r630 . r - '  i s  cons is -
ten t  w i th  the  con jugated  doub le-bond s t ruc tu re .

Cttpe,  Ht tv ' ( l / .  Bt) \ ' ( rs .  [ . r t r r l  lVhi ter i r l , ' r
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Figure ,. 'o r..ou.ncy-sweep nmr spectr a of cis,rralls-1,5-cy'clo-
octadiene at 60 iVf Hz. The two peaks in the decoupled specrrum
of the olefinic protons are separated by 9.O Hz.

The nmr spectrum of c is, t rans-1,5-cyclooctadiene is
ent i re ly consistent wi th i ts assigned structure.  In par-
t icular,  the undecoupled frequcncy-sweep spectrum of
the  o le f in ic  p ro tons  cons is ts  o f  a  complex  pa t te rn ,  due
in part  to spin-spin coupl ing between the olef in ic and
al iphat ic protons (Figure 3).  When the ef fects of  these
sp in-sp in  coup l ings  are  removed by  s t rong i r rad ia t ion
at  the  f requency  o f  the  a l iphat ic  absorp t ion ,  the  o le f in ic
resonirnce is s impl i f ied to two sharp l ines.  Examina-
t ion- of  Courtauld or Fieser models suggests that  the
most tavorable conformi.r t ion of  c is, t  runs-1,5-cycloocta-
diene can be represented by structurc A of  Figure 2.
The olef in ic protons of  both the c is rnd trans double
bonds in th is conformer are geometr ical ly nonequiva-
lent ;  consequent ly,  the decoupled nmr spectrum of
the olef in ic protons might be expected to consist  of  two
super imposed AB spectra.  However ,  c is, t rens- 1.5-
cyclooctadiene has avir i lable a low-energy f l ipping
process (represented by A = C) which i lverages the
magnet ic  env i ronments  o f  the  pro tons  on  each type o f
doub le  bond.  A l though these da ta  do  no t  permi t  a
dec is ion  as  to  whether  a  rap id  contormat iona l  equ i -
l ibrat ion between these conformers is responsible for  the
observed spectrum or whether th is compound actual ly
exists in solut ion in the symmetr ical  conformat ion B,
the observat ion of  two dist inct  types of  uncoupled
olef in ic protons clear ly supports the assignment of  the
cis, tans structure.16 Because of  the r ig id i ty of  the
molecule.  the t rans double bond is unable to rotate
with respect to the rest  of  the r ing and the molecule
should exist  as two opt ical ly act ive enant iomers.  This
has been confrrmed by stereoselect ive synthesis of  the
d iene f rom opt ica l l y  ac t i ve  ( f  o r  - )  N ,N-d imethy l -
c is-4-cyclooctenylaminerT and by resolut ion of  c i . r , -
t rons-I ,5-cyclooctadiene cia a plat inum complex con-
ta in ing  an  op t ica l l y  ac t i ve  amine. rE

Exper imental  Sect ionte

N,N-Dimethyl-cis-4-cyclooctenylamine Q). .\. By Hofmann
Degradation of N-Nlethl,lgranatanine. Pseudopelletierinem was

(16) The undecouplcd spcctrum shorvcd no important  change rv i th
tcmpcraturc betrvecn *  30 and -  90' .  Hcncc,  i f  an cqui l ibr ium be tween
A and C is involved in averaging the olef in ic chcmical  shrf ts ,  the rate of
th is equi l ibrat iorr  must  bc vcry rapid.

(17 )  A .  C .  Copc ,  C .  F .  Howe l l ,  and  A .  Know lcs ,J .  Am.  Chem.  Soc . ,
8 4 . 3 t 9 0  ( l 9 6 2 ) .

(18 )  A .  C .  Copc ,  J .  I ( .  Hcch t .  H .  W,  Johnson ,  J r . ,  H .  Ke l l e r ,  and  H .
J .  S .  Wink le r ,  i b id . ,88 ,  761  (  1966) .

Jtturnul ol' rlrc . ' lmcrican Clrcntlc'ul Socicty' I ,99:16 I Ausust 2.

converted to N-methylgranatanine in 77% y ' ie ld by Wolf f -Kishner
reduc t ion .2 t  N - l \ t e t l r y lg rana tan ine  meth iod ide22  (28 .1  g )  was
st i r red overnight  rvt th 2 equiv of  s i lver  oxide in 500 ml of  water .
and the suspension rvas hl tered.  The sol id quaternary_hydroxide
obtained on concentratron o[  the aqueous solut ion was decom-
posed at  3-5 mm; to a mi. r ture ol 'amincs.  A solut ion of  the mixturc
in 50 ml of  methanol  was heated under ref lux lbr  2 hr  wi th 7.8 ml o i
me thy l  i od ide .  A l i e r  coo l i ng  a t  5 "  ove rn igh t .  2 .1  e  (7 .6%)  o f  N-
methylgranatanine methiodide.  mp 379-3E0'  t lec.  was obtained.e
The f i l t rate rvas evaporated to dryness and redissolved in 25 ml o i
absolute ethanol .  Al ' ter  gradual  addi t iorr  ot '  6f i )  ml  of  anhydrous
ether,  25.6 E (877) ot '  N.N,N-tr imethyl-c is-*cyclooctenylam-
monium iodide (3)  rvas obtained.  mp 26.1. .1-264.8 '  dec ( l i t . ;  26.1 '
dec ) ,  and  rec rys ta l l i zed  l i om d ioxane- l -bu tano l  (2 :  l ) .  A  so lu t i on
of  iodide 3 (19.4 g1 in d ioxane (400 ml)  rvas st i r red and heatet l
under ref lu. r  tbr  2- l  hr  rv i th 9.( r  g of  l i th ium aluminum hydr ide. '0
Al ier  addi t ion of  25 ml of  ethyl  acetate.  the dioxane was removed
by adding water and dist i l l ing rv i th steam. Sodium hydroxide
(a0 g)  rvas added. and dist i l la t ion rvas cont intred unt i l  the dist i l la te
was neutra l .  The c l is t i l la te rvas acid i f ied and the acid- insoluble
mater ia l  was extracted rv i th ether.  The aqucous solut ion was then
made alkal ine and extracted rv i th ethcr :  the ether extracts were
dr ied  (sod ium su l l a te )  and  d i s t i l l ed  th rough  a  semimic ro  co lumn,
g iv ing  9 .06  g  t90 [ ;  o f  N .N-d ime thy l - t ' i . r - - l - c l c looc teny lamine  (2 ) .
b p  6 9 - 7 0 ' ( 4  m m ) ,  l r s D  1 . 4 8 0 1 - 1 . . { 8 0 5  f l i t . "  b p  f 1 9 . 5 - 9 2 ' ( 1 4 . 5  m m ) 1 .
The  p i c ra te  had  mp 172 .1 -173 .0 '  ( l i t . i  m11  171 .0 -171 .5 " ) .  Vapor
phase chromatography on s i l icone oi l  and bis-J-ethylhe.ry l  sebecate
showecl  the l r resence ot 'only onc component.

Hydrogenat ion ol '  the amine at lorded N.N-dimethylcycloocty l -
amine .23  the  p i c ra te  o f  u 'h i ch  had  mp 197 .6 -198 .0 ' ( l i t . : 3  mp  197 .4 -
1 9 8 . 2 ' ) .

l l. From c'i.r-.l-C)'clooctenl' l Bromide. Trearment of cis.ci.r '-
1.5-cyclooctadiene (4)  wi th hydrogen t r rorrr ic le in g lacia l  acet ic  aci r l
at forded impr.r rc c i . r -4-c1'c looctenl l  brornidc.  which rvhen heated
rv i th d imethl  lanr inc t 'or  72 hr  rvas conve r ted to impure amine 2
in  25 ' ,1  l i e ld  Ibp  63 .0 -65 .5  '  (3 .6  mm) .  r r r5D l .+750-1 .4809 ] .5  Vapor
phase  ch ro rna !og raphy  (s i l i cone  o r l )  sho rvcc l  i n  add i t i on  to  2  (75%)
t l re prcsence ot '  f ivc minor componcnts.  Three ot '  the lat ter ,  on
the  bas is  o l ' t he  r r  re ten t lon  t imes  on  a  - l -mc thy l - tn i t rop ime lon i t r i l e
(N iv l l )N )  co lumn a t  l f i ) ' .  were  iden t i t i cd  as  1 .3 - .  l . + ,  and  1 .5 -
cyc looc tad iene . r i  The  rema in ing  componen ts  were  two  un -
identr t ied bic l 'c l ic  hydrocarbons.

C. From ci.r-4-Cyclooctcn.'-l p-llromobenzcncsulfon:tte (5). A
n l i x tu re  o l ' 2 . l l . l  g  o f ' t r rosy la te  5 . r r  1 .5  g  o t ' d rmc thy lamine .  and  I  I  m l
ol 'd ioxane rvas agi tated in a 50-ml autoclave at  80'  for  24 hr .  Af ter
coo l i ng ,  the  m ix tu re  i n  the  au toc lave  was  ex t rac ted  w i th  e the r .
The ethcr laye r  rvas w'ashed wi th wate r  and extracted wi th two 50-ml
port ions ot '  I  r \  l r - " - r l rochlor ic  acid.  Tl re acrd cxtract  rvas t reated
rv r th  5  m l  o t ' 10 " ,1  sod ium h - r ' d rox i c l c  and  ex t rac ted  w i th  e the r .
Tl re dr ied ether extract  \ !as cvi l l rorated.  and the residue was dis-
t i l led.  g iv ing 0.276 g Q2%) oi  N.N-dimeth-v l -c is- .1-cyclooctenyl-
amine.  l :3D 1.1803. This mater ia l  and amine 2 prepared f rom N-
methy lg rana tan ine  (me thod  A)  had  ide  n t i ca l  i n l ra red  spec t ra .

The picrate ot '  amine 2 prepared f ' rom the brosylate 5 had mp
171 .3 -172 .1 ' '  and  on  admix tu re  r v i th  the  1 ; i c ra te  o f  the  amine  p re -
pa red  f rom N-methy lg rana tan ine  had  mp I  7 l  . 2 -  171 .4 ' .

c ' is . t runs-L.5-Cyclooctadiene.  c ' is . t rat t .s- l  .5-Cyclooctadiene was
prepared t rom N.N.N-tr imethy ' l -c is-J-c1'c loocteny larnmonium io-
dide (7.37 g)  according to the procedure descr ibed for  c is, t rat ts-
i .3-c l 'c looctadiene.rr  except that  the decomlrosi t ion was carr ied
ou t  a t  3  mm.  Gas  ch romatograp l r i c  ana ly ' s i s  (NNIPN.98" )  o f  t he
crude product shorved the presence ol' 90\, ci.s.trarrs-1,5-cyclo-
octadiene and l0 ' [  c is .c is-1,3-cyclooctadiene and the absence of
any  o the r  cy ' c looc tad ienes  ( r v i t h in  the  l im i t  o f  r l e tec t i on ,  0 .5%) .
The product  was dissolved in 25 m[ o i  cold pentane and washed

( 1 9 )  N l c t t i n g  p o i r r t s  i l r e  c o r r c c t e d  a n d  t ' o i l i r r g  p o i n t s  a r c  u n c o r r c c t e d .
Ar ra lyses  rverc  pcr tb rme c l  b ; '  Dr .  S .  . \ I .  Nag l ' .  I r r f ra rcd  spec t ra  wcre

r e c o r d e d  o n  a  P e r k i r r - E l t n e r  N f t i d c l  l l  s p e c t r o p h o t o m c t c r  b y  N I r s .

N i r r r c y  A l v o r d ,  \ [ r s .  L .  T l v l o r ,  a n d  ] I r s .  ] [ .  G .  H o r v c l l .  G a s c h r o m a t o -
graph ic  ana ly 'scs  rve  rc  car r ied  t tu t  us ing  l t j0  X  ( ) .8  cm Pvre 'x  tubes  packcd

r v i t h  . 1 8 - 1 0 0  m c s h  F i r e  b r i c k  c o a t e d  r r  i t h  t h c  a p p r o p r i a t e  s t a t i o n a r v
p  h  asc .

( 1 0 )  A .  C .  C o p e ,  H .  L .  D r v d c n ,  i t r r d  C .  F .  H o r v e l l .  " O r g a n i c  S y n -

t h c s c s . "  C o t l .  V o l .  I V ,  J o h n  W i l e v  a n d  S o t r s .  I r r c . .  N e r v  Y o r k ,  N .  Y . ,

1 9 6 3 ,  p  8 1 6 .
( 2 1 )  D .  T o d d .  O r s .  R e a c t i o n s ,  4 ,  1 7 3  ( l 9 l u ) .

( 2 1 )  A .  C .  C o p c  . r r t d  C .  C .  O v e r b e r g c r . J . . l n t .  C h e m .  S o c . , 7 0 '  1 4 3 3
(  1 9 4 8 ) .

( 2 3 )  A .  C .  C o p c  l n d  L .  L .  E s t e s ,  i b i d . , ' 7 2 . l l l l ' i  ( 1 9 5 0 ) .
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rapid ly in succession wi th cokj  25-ml port ions of  l0/"  hydrochlor ic
acid.  5 "o sodium bicarbonate.  and water.  The pentane solut ion
was exrracred successively wi th 24 g of  20[  s i lver  n i t rate d i luted
w'rth 75 ml of warer, 25 ml of water, 24 g of 20fi silver nitrate. and
agarn  wr rh  25  m l  o f  wa te r .

The remaining pentane solut ion,  contain ing only c l i ,cr t - r .3-
c l  c looctadiene according to.  vpc,  was dr ied over magnesium sul fate,
concenrrared.  an( d ist i l led giv ing l l0 mg @171 of  crs,cr i -1.3-
cy 'c looctadicne.  t t25D 1.487.1 ( l i t .  ' r  n25D 1.491l) .  The int iared
spectrum oi  a sample col lected by vpc was ident ical  wi th that  of
authent ic  mater ia l .  r  l

Trearmenr of the hydrochloric acid extract with base afforded 77
mg (2 .0%)  o t ' am ine  2 .  t t 23D 1 .4792 .

The silver nitrate extracrs were treated rvith excess cold con-
centrated ammonium hy.droxide.rr  Dist i l la t ion:{  at  42.0_43.5.
(20 mm) gave 1.58 g (58.5%) of  c is, t rurrs- I ,5-cyclooctadiene,  n25D
1.4891  ( l i t . 5  n ra  1 .4894 ; . : s  The  in l i a red  spec t rum o f  th i s  ma te r ia l .
unchanged af ter  col lect ion by gas chromatography,  was near ly
ident ical  wi th rhe pubt ished spectrumr (see Discussion).  I ts  u l t ra-
v io let  spectrum shorved only end absorpr ion.

s i fver  Ni t rate . \dduct  of  c is, t runs-1.S-cyclooctadiene.  A mixture
of  625 mg ot 'c is , / rnrrs-  1.5-c-v-c looctadiene,  980 mg of  s i lver  n i t rate,  and
2 ml of  warer was sr i r red for  J0 min wi t r r  coot ing ancl  f i l tered.  g iv ing
523  mg (35%)  o l '  t he  adduc t ,  rnp  l7 . l -17g ,  r l ec .  An  ana ly t i ca l
sample,  recrystal l ized l ' rom methanol-erher,  melred at  lgG-l t i l .
dec  a f te r  d ry ing  a r  25 '  (0 .1  mm)  tb r  1 .5  h r .

Anu l .  Ca tcd  to r  CrHr : .AgNOr :  C ,  3 .1 .55 ;  H , .1 .35 ;  Ag ,  3g .79 .
F o u n d :  C . 3 4 . 6 0 ;  H ,  - 1 . 3 0 :  A g , 3 8 . 7 5 .

c is, r rat t .s-1.5-Cyclooctadiene,  regenerated by t reatment wi th
concentrated ammonium hydroxide of  a sample of  the s i lver  n i t rare
adducr which had been storcd ar  -  r0o for  5 weeks.  had an int iared
spcctrum ident ical  wi th thar ot ' thc l ieshly prepared diene.

(21 )  D is r i l l a r i on  musr  bc  ca r r i cd  ou r  ca re fu i l y  s incc  rhc  Iab i l c  d i cnc
po lvmcr i zed  cxp los i ve l y  upon  rva rm ing  ro  135-150 'andrap ic l l y  fo rmcc i  a
c rys tu l l i ne  d imcr  a t  room tcmpcra tu rc .  s , r

(15 )  Z i cg l c r  and  w i lms ;  repor rcc l  t he  fo l l o rv ing  phys ica l  p ropc rucs
fo r  c i s , t rans - [ ,5 -c . " - c looc rac l i cnc :  mp  -  62 . ;  d ro ,  0 .g735 ,  n :oF ie  1 , .1933 ;
and  lb r  c i s . c i s -1 . - \ - cyc looc tac l i cnc :  mp  -  70 .  I  " ,  r / : 0 r  0 .gg l  l ,  n :oHc
l . ' 1936 .  Thcsc  compounds  had  d i f r c rcn t  RamarE  and  in f ra rcd  spcc r ra . l

-10:7

Isomerization of cis.rrarrs- I s-cl,clooctadiene to cis,cls- l.s-cr clo-
octadiene.  A solut ion of  650 mg ol '  c i .s . t rans-I ,5-cycloocraclrcrrc
in  8 .5  m l  o f  ca rbon  te t rach lo r ide  con ta in ing  8  mg o f  i od ine  r r . s
stored in t l re dark at  room temperature tbr  48 Ei . r r  Shorr_1.11111
dist i l la t ion y ie lded 421 mg (659i)  ot '  c . r . r .crs-1,S-cycloocradrene.
, : 5 D  l . 4 9 l 0 1 l i t . r  r r s H e  1 . 4 9 3 6 ) .  I t  w a s  s h o r v n  t o  b e  9 5 f  p u r e  r r r
vpc and had an in l rared spectrum ident ical  wi th that  of  an authenrrc
samp le .

c is, r ' i . r - [ ,4-Cyclooctadiene.  Amine Z ( l . tS g)  was oxidrzcd
with 301' l  hy 'drogen peroxide according to a procedure descnbed
previously.r r  An al iquot  of  the solut ion contain ing 0.49 mmoic ot '
amine oxide was added to l l5  mg of  p icr ic  acid in warer.  The
amine oxide picrare (18.1 mg, 95%) had mp 162.4-163.g, ;  at ier
recrystal l izat ion t iom ethyl  acetate,  mp |  63.4-164.4".

Anal .  Calcd lor  CroH::NrOa: C, 43.2: l ;  H,  5.57:  N.  1"1.07.
F o u n d :  C . . 1 8 . 1 5 ;  H . 5 . 6 2 :  N .  1 4 . 1 0 .

Decomposi t ion of  the remaining amide oxide at  90-105'  ga'c u
mi.r ture rvhich was shown by vpc (  NNt pN. 98' )  to consist  of  c is.cr . r -
I . {-cyc I ooctadiene (9 | %\ crs.cis- I . 5-cyc looctadiene (6 %), and rr,,, o
unknown compounds (2.4 and 0.6%).  The mixture wai  d issohcd
in 25 ml of  penrane, rapid ly washecl  successively wi th hydrochlonc
acid.  sodium bicarbonare.  and water.  dr ied.  and dist i l led througlr  a
semrmic ro  co lumn.  P repara r i ve  vpc  (NrV lpN,  99" )  o f  t he  d i s r r l l l t c
(2.173 g,  8.1%) yrelded 610 mg of  c. is .c is-1.4-cyclooctadiene.  r r , , ,o
1.4862 ( l i t .5 r r0He 1.4859),  32 mg of  c is.c is-r ,5-cycroocraci iene.  ant i
l3 mg ol '  an unidenr i f ied compound. The int iared spectrum or
c is.c is-  1,4-cyclooctadiene prepared in th is manner was idcnt ical
rv i th that  of  the diene prepared by the reacr ion of  c i . r -4-cycloocre nr  I
bromide;  wi th d imcthylamine and pur i f ied by gas chromaroq-
raphy .  t t
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