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Abst ract :  I r rad ia t ion o f  an oxygen- f rce pent : . tne suspcns ion of  d i - t t -ch loro-b is(crs .crs-  1 ,5-cyc loocrad iene)d icopper-
( l )  ( 4 )  a t  254 -ms  y i e l ds ,  i n  add i t i on  t o  t r i c yc lo [ ] . 1 .0 .0 : ' t , l oc t l nc  ( t ) .  s i g r r i f i c i l n r  quan t i t i c s  o f  i nso lub le  coppe r ( l )
comple. res o f  c is , t ra t rs-  and t ra t ts , t rons-1.5-cyc looct ld ienes.  Exuminat ion o f  the photocf tern ica l  behav ior  o f  these
dienes,  and of  the i r  y ie lds  re la t ive to  the y ie ld  o f  I  dur ing thc i r rad ia t ion o l  { .  ind icates that  a  r la jor  par t  o f  the I
formed hlts cls,trarrs-1,5-cyclooctadiene as x prccursor. These data furrher suggest that a signif icant part of the
photoconvers ion of  c is , t ra t rs-1 ,5-cyc looctad icne to  I  may take p lacc l rc r  the in termedi l rcy '  o f  t ra t ts , t ry t r rs-1 ,5-
cyclooctadiene.
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I ransition metals catalyze the thermal and photo-

I  chemica l  d imer iza t ion  o f  a  w ide  var ie ty  o f  o le f ins .3 -8
One of  the most interest ing of  the metal-catalyzed photo-
chemical  react ions is the conversion of  crs,c ls-  1,S-cyclo-
octadiene to t r icyclo[3.3.0.02'6]octane ( l )  by i r radiat ion
in the presence of  copper( l )  chlor ide,  or  by photosensi t i -
za t ion  w i th  mercury  (3P, )  a toms.s 'a  A l though the  bas ic
mechanism of the gas-phase, mercury-photosensi t ized
react ion has been establ ished,a nei ther the mechanism(s)
of  the condensed-phase, copper-catalyzed photochemical
react ion nor the nature of  any intermediates in th is
reaction have yet been clearly defined.

The copper ion in the lat ter  react ion might a pr ior i

( l )  Supported in part  by the U. S.  Army Research Off ice (Durham),
Gran t  ARO(D) -31 -12 .1 - .135 ,  and  by  the  Na t iona l  Sc ience  Founda t ion ,
Cran ts  GP-6222  and  CP-7266 .

(2 )  (a )  Na t iona l  Sc ience  Founda t ion  Predoc to ra l  Fe l l ow ,  196 l -1966 :
Nat ional  Inst i tutes of  Heal th Predoctoral  Fel low, 1966-1967. (b)
Deceased June 4,  1966.

(3 )  R .  S r in i vasan ,  J .  A rne r .  Chem.  Soc . ,  86 ,  33 lS  (1964) .
(4 )  I .  Ha l l e r  and  R .  S r in i vasan ,  i b id . ,88 ,5084  (1966) .
(5)  F.  D.  Mango and J.  H.  Schachtschneider,  ib id. ,  89,  2485 (1967).
(6)  J.  J .  iv l rowca and T.  J.  Katz,  ib id. ,88,4012 (1966),  and references

therein.
(7 )  W.  Merk  and  R .  Pe t t i r ,  i b id . ,89 ,4787 ,11 -BB (1967) .
(8)  D.J.  Trecker,  R.  S.  Foote,  J.  P.  Henry,  and J.  E.  McKeon, ib id. ,

88 ,  302r  0966) .

serve a var iety of  funct ions:  r ' i : . ,  as a photosensi t izer,  as
a " template" control l ing the stereochemistry of  react ion
of coordinated exci ted olef in ic l igands, or as a catalysr
faci l i tat ing carbon-carbon bond format ion through mix-
ing of  appropr iate metal  orbi ta ls wi th olef in ic molecular
orb i ta ls . t  On the  bas is  o f  quantum y ie ld  measurements .
Sr in ivasan has su_egested that the pr imary photochemical
step under the homogeneous react ion condi t ions of  h is
exper iments involves absorpt ion of  l ight  by uncomplexed
cis,c is- I ,5-cyclooctadiene. He further proposed that thc
copper( l )  atom exerted i ts inf luence in the react ion in the
subsequent  s tab i l i za t ion  o f  the  in i t ia l l y  to rmed exc i ted
state of  the olef in by format ion of  a complex of  un-
speci f ied structure (represented schematical ly by 3). l
However,  the appeal ing geometr ical  re lat ion between I
and the racemic conformat ion of  t rans, t rans-1,5-cyclo-
octadiene (2a),  and the compl icated and qui te di f ferent
mechanism suggested for the superf ic ia l ly  s imi lar  copper-
catalyzed photochemical  d imerizat ion of  norbornene.s
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actual ly consists of  a mixture of  several  species.  3f l t l
p robab ly  conta ins  apprec iab le  quant i t ies  o f  bo th  com-
plexed and uncomplexed crs,crs-  1,5-cyclooctadiene ;  horr ' -
ever,  accurate est imates of  the relat ive quant i t ies of
complexed and uncomplexed d iene cannot  be  ob ta ined
from the avai lable data.

In a typical  exper iment,  a st i r red,  degassed pentanc
suspens ion  o f  complex  . l  was  i r rad ia ted  fo r  ca .24  hr  a t
room temperature using low-pressure mercury lanrps,
and the sol id mater ia l  present at  the end of  the reacr ion
was separated by f i l t rat ion.  The f i l tered solut ion was
shown by glpc to contain c ls,crs-1,5-cyclooc'adiene tnd
tr icyclooctane I  as major components,  and cls,crs-  l . -1-
cyclooctadiene, . l -v inylcyclohexene, and three unident i -
f ied  components  as  minor  cons t i tuents . t2  The so l id
mater ia l  was composed of  a mixture of  copper( l )  chlor idc
and copper( l )  o lef in complexes. Trearment of  th is mix-
tu re  w i th  aqueous sod ium cyan ide  so lu t ion  l ibera ted  the
olef in ic components.  E.xtract ion and glpc analysis ot '
the f reed olef ins indicated the presence of  both crs.c is-
and c is , t rans- I .5 -cyc looc tad iene, t3  as  we l l  as  a  smal l
quant i t y  o f  another  component ,  to  wh ich  we have ass igned
the trans.t rans-I ,5-cyclooctadiene structure 2 on the basis
of  the chemical  and spectrcscopic evidence which fol low's.

Compound 2 could be isolated in pure form by glpc
under  c t re fu l l y  con t ro l led  cond i t ions .  Th is  compt>und
proved to be very sensi t ive to t races of  oxygen or aci t i .
and slorvly polymerized thermal ly even in the absencc t) i '
thcse agcnts.  I t  was indc-f in i re ly stable whi le t iozen rr
-  78" under an inert  atmosphere, and reasonably stablc
in  d i lu te  so lu t ion  in  degassed apro t ic  so lvents .  I t  po lv -
mer ized  exp los ive ly  on  the  add i t ion  o f  so lvent  tha t  ha t i
not  been deoxvgenated. I t  was character ized by un
odor  s imi la r  to  those o f  c is , t ra r rs -1 ,5 -cyc looc tad iene and
trans-cyclooctene.

The in f ra red  spec t rum o f  2  showed bands a t  l6 t5
(C-C s t re tch ing  v ib ra t ion)  and 985 cm 

-  L  ( t rans-o le l in
bend ing  v ib rar ion) .  No bands appeared in  the  650-
750-cm- t  reg ion . ra  The observed doub le-bond s t re tch-
ing f requency is lower than that of  c is, t rans-1,5-cvclo-
o c t a d i e n e  ( 1 6 3 0  c n t  

- t  
i n  t h e  i r  s p e c t r u m ;  p e a k s  o f  e q u a l

in tens i ty  a t  1622 and 1635 cm- t  in  the  Raman spec-
t rumr3 ; ,  wh ich  in  tu rn  i s  lo rver  than tha t  o f  c rs ,c rs -1 ,5 -
cyc looc tad iene (1655 cm-r  in  the  i r  spec t rum,  and l66J
c m - r  i n  t h e  R a m a n  s p e c t r u m r r ) .

The mass  spec t ra  o f  the  I ,3 - ,  1 ,4 - ,  and 1 ,5-cyc lo -
octadienes are str ik ingly s imi lar  in the regions corresoond-
ing to f ra*qments containing three, f ive,  s ix,  and seven
carbon a toms (F igure  l ) .  However ,  wh i le  the  1 ,3 -  and
1,4-cyc looc tad ienes  show on ly  smal l  peaks  in  the  reg ion
of m e 50-55, the base peak of  the 1,5-cyclooctadienes
occurs at  mle ,s4 (butadiene molecular ion).  The oc-
currence of  IVI*  a, t  mle 108 for 2 demonstrates that th is
compound has the same molecular formula as c ls.c is-
and cis, t rans-I ,5-cyclooctadienes. The observat ion ot '

(  l 2  )  One  o f  the  un iden t i f i ed  s ide  p roduc ts  i s  p robab ly  t r i c l , c lo -
11 .3 .0 .02 ' r ;oc tane :  c l .  J .  l v le inwa ld  and  B .  E .  Kap lan ,  i b id . ,89 ,  i 6 l  I
(  I  967 ) .

(13 )  A .  C .  Cope ,  C .  F .  Howe l l .  J .  Bowers ,  R .  C .  Lo rd ,  and  G.  IL
Whitesides.  ib id. ,  89,  .1024 (  1967).  This photochemical  reacr ion
prov ides  a  p rac r i ca l  syn thes is  fo r  sma l l  quan t i t i es  (50  mg o r  l ess )  o t '
c  i  s . t  ra ns-  1,5-cyclooctadiene.

( l " l )  Bel lamy reports the t tequency range for  c is-olef in bending v ibre-
t ions as 725-675 cm -  t  :  L.  J .  Bel lamy, "The Infrared Spectra o i
Comple.x lVlo lecules,"  2nd ed,  John Wi ley & Sons,  Inc. ,  New york.
N .  Y . ,  1 9 5 8 .  p p  3 4 - 5 6 .
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have led us to examine in detai l  several  aspects of  the
photochemistry of  crs,crs-1,5-cyclooctadiene in the pres-
ence of  copper( I )  chlor ide,  under react ion condi t ions
somewhat different from those described by Srinivasan.
ln th is paper we report  the isolat ion of  s igni f icant quan-
tit ies of cis,trans- and trans,trans- 1,5-cyclooctadiene from
this react ion,  and present evidence pert inent to an under-
standing of  the role of  these compounds in the conversion
of crs,c ls-  1,5-cyclooctadiene to l .e

Results
Isolation and Structure Proof of trans.trans-L,S-Cyclo-

octadiene. The starr ing mater ia l  tbr  the major i ty of  our
exper iments has been the crystal l ine and wel l -charac-
t e r i z e d  d i - p r - c h l o r o - b i s ( c r s , c r s -  1 . 5  - c y c l o o c t a d i e n e ) d i -
copper ( l )  ( .1 ) . to  Penrane ra ther  than d ie thy l  e ther  was
used as  the  med ium fo r  our  i r rad ia t ions .  in  o rder  to  avo id
the compl icat ing f ree-radical  s ide react ions encountered

-g\-. .J ' ' ,  7ql
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by o ther  worker_s  dur ing  the  i r rac j ia t ion  o f  copper ( l )
c h l o r i d e  i n  e t h e r . r " r ' r  I  r h e  u s e  o [ 4  a s  s t a r t i n g  m a t e r i a l
and pentane as  med ium tb r  the  i r rad ia t ion  un tbr runate ly
tn t roduces  severa l  po in ts  o f  uncer ta in ty  in  our  exper i -
ments .  In  par t i cu la r ,  i t  has  no t  been poss ib le  to  measure
rhe  so lub i l i t y  o f  {  in  pentane,  s ince  a  suspens ion  o f  4  in
this solvent dissociates in part  to t iee crs,c ls-1,5-cyclo-
oc tad iene and a  so l id  nons to ich iomet r ic  1 ,5 -cyc looc ta-
d iene copper ( t )  complex .  Fur ther ,  we do  no t  know
exact ly what f ract ion of  the total  c ls,c ls-1.5-cycloocta-
diene present in the react ion mixture remains complexed
wi th  copper ( l ) ,  e i ther  in  so lu t ion  or  as  suspended so l i c i .
washing 4 wi th moderate quant i t ies of  pentane resul ts in
essent ia l ly  quant i tat ive extract ion of  cyclooctadiene from
the complex (see the E.rper imental  Sect ion),  and suggests
that 4 should be appreciably dissociated under the
condi t ions of  these i r radiat ions.  Conversery the obser-
vation (t, ide if ia) that ca. 10,)( of the starting crs,cls-1,5-
cyclooctadiene can be recovered from the suspended
pentane- insoluble copper containing sol ids at  the con-
clusion of a typical irradiation, while ca. 50',,o is foun<t in
solut ion,  indicates that at  least  209. i  of  the crs,crs-diene
remains associated rv i th sol id copper( l ) .  Thus, i t  appears
l ikely that  a suspension of  rvhat is nominai ly 4 in pentane

(9)  Part  of  th is work has been communicated:  C.  M. Whitesides,
C .  L .  Goe ,  and  A .  C .  Cope ,  i b id . ,89 ,7136  (1967) .

(10 )  H .  L .  Ha igh t .  J .  R .  Doy te ,  N .  C .  Baenz ige r ,  and  G.  F .  R ichards ,
Ino rg .  Chem. ,2 ,  l 30 l  (1963) ;  X - ray  s t ruc tu re :  J .  H .  van  den  Hende
and W. C. Baird,  Jr . ,  J .  Amer.  Chem. Soc. ,  85.  1009 (1963).

( l  l )  J .  E .  Ba ldw in  and  R .  H .  Gree ley ,  i b id . ,8 j ,45 l . l  (1965) .
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i ts base peak at mf e 54 supports the assignment of 2
as a 1,5-cyclooctadieue isomer. The fact that the mass
spectra of 2 and cls,cls- and cls,rrans-\,5-cyclooctadienes
are distinguishable only by minor intensity differences is
consistent with the proposal that 2 is trans,trans-1,5-
cyclooctadiene, since the mass spectra of cls and trans
olefins are usually almost identical.r5

Chemical demonstration of the 1,5 arrangement of the
double bonds in 2 was provided when its ozonolysis
followed by oxidation with basic hydrogen peroxide
afforded succinic acid in approximately 85% yield.
Esterif ication of the crude acid with diazomethane
yielded dimethyl succinate. The observation that no
(< ca. 0.5%) dimethyl  g lutarate or adipate could be
detected by glpc in the esterif ied acids from the ozonolysis
reaction excludes a 1,4 or 1,3 arrangement of the double
bonds in 2.

The nmr spectrum of 2 showed resonances at E 4.88 and
2.43 with relative areas l:2. The low-field olefinic
resonance is at higher field than the corresponding peaks
of cri,cri-1,5-cyclooctadiene (6 5.47) and cis,trans'|,5'
cyclooctadiene (6 5.7),  and the high-f ie ld peak is somewhat
downfield from the corresponding peaks of these isomers
(S 2.?5 and 2.1,  respect ively) .  Al though the upf ie ld
shift of the low-field resonance o[ 2 relative to the cor-
responding peaks of crs,cls- and cis,rrans-1,5-cycloocta-
dienes is undoubtedly due to the shielding effect of the
opposing double bond, data concerning the magnitude
and anisotropy of  shielding ef fects in the v ic in i ty of
carbon-carbon double bonds are not sufficiently quanti-
tative to permit these shifts to be used in discussing the
conformat ion of  the compound.

In brief summary, these foregoing pieces of evidence
clearly establish the structure of 2 to be trans,trans-1,5-
cyclooctadiene: i ts mass spectrum shows i t  to be a
CrH,,  isomer and suggests that  i t  is  a 1,5-cyclooctadiene;
its infrared spectrum shows the presence of one or more
trans-disubstituted double bonds and demonstrates that
it is neither crs,crJ- nor cls,/rans-|,5-cyclooctadiene; and
i ts ozonolysis establ ishes the 1,5 posi t ion of  the double
bonds.

The low yield of trans,trans-1,S-cyclooctadiene obtained
in the photoreaction is a major practical impediment to
any proposed invest igat ion oi i ts chemistry.  Accordingly,
we briefly investigated the low-temperature modificationr6

Figure l. Mass spect*,,"",t,", voltage -80 eV; inlet system at
ambient temperature; source temp€rature -80o) of cls,cts-1,5-,
cis,trans-| ,5-, trans,trans-I ,5-, cis,cis-1 ,*, and cl's,cts-1,3-cyclo-
octadienes.

ment of this methiodide with potassium amide in l iquid
ammonia did in fact yield both cis,trans'and trans,trans-
1,5-cyclooctadienes in approximately 1.2 and 2.47; yields.

respectively. No cls,cis- 1 ,5-cyclooctadiene was observed.
Hence, although this reaction does not provide a practical
synthetic route to 2, it does at least provide further
confirming evidence for the assigned structure.

The ultraviolet spectrum of trans,trans'I,5-cycloocta-
diene is remarkable.  In both isooctane and diethyl  ether
solut ion the compound shows a peak at  I .o,  246 mp

(e - 1500). In addition, it exhibits normal end ab-
iorpt ion for  u disubst i tuted olef in (rrro - , .  -  !?00). t t
The oscil lator strength of the 246mp transitiontn (-f -

0.05) is sufficiently high that it seems unlikely that this
transition is an olefin "mystery band" of unusually

(18 )  P .  B ladon ,  H .  B .  Henbes t ,  and  G.  W.  Wood ,  J .  Chem.Soc . ,2737
( r952).
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of  the Hofmann degradat ion of  1,5-bis(N,N-dimethyl-
amino)cyclooctane dimethiodiderT (5) in an at tempt to
find a practical synthetic route to this compound. Treat-

(15) K.  Biemann. "Mass Spectrometry,"  McGraw-Hi l l  Book Co.,
Inc . ,  New York ,  N .  Y . ,  1962 ,  p  l 5 l .

(16) C.  Wit t ig and R. Polster ,  Ann. Chem.,612,  lO2 (1958).
(17\ Z. Jacura. Ph.D. Thesis, Massachusetts Institute of Technology,

1962: A.  C.  Cope and Z.  Jacura,  unpubl ished.
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n igh intensi ty. :o Furrher.  c is, t rans-I .5-cyclooctadiene,
t r an s -cv clooctene. and 9,9':dehydrod ianthracene, 2 r whose
double bonds are aiso highly strained, show no abnormal
uv absorpt ion.  Hence, the anomaious absorpt ion ex-
hibi ted by 2 is apparent ly nor pecul iar  to the strained
trans double bond. Models suggesr that  the double
bonds in cis,trans- 1,5-cyclooctadiene are held rather far
apart ,  i  3 whi le those of  both the racemic and meso
contormations 2a and 2b of trans,trans- !,5-cyclooctadiene
are constrained to be in c lose proximity.  We bel ieve, in
the absence of  other obvious explanat ions for th is
phenomenon, that  the anomalous uv absorpt ion in 2 is
due to an interaction between the transannular double
b o n d s . : 2

Unfortunately, we are unable to determine unam-
biguously f rom ei ther the uv or other avai lable spectro-
sco pr c evi dence whe ther the t r ans,t rens-i, 5-cyc Iooctad iene
orepared by the copper-catalyzed photoreaction exists
rn contbrmat ion 2t  or  2b. The high opt icar stabir i t ies of
resolv'ed trans-cyciooctene23 and of cis,trars-1,5-cvclo-
octadiene:+ suggest that  the rate of  interconversion of  2t
end 2b should be slow. on the basis of  the r>bservat ion
( t ' ide irytia\ that 2 undergoes facile conversion to I rather
than to  t r i cyc lo [4 .2 .0 .02 .5 ]oc tane on  i r rad ia t ion ,  we pro-
pose that 2a is the conformat ion produced in the i r radia-
t ion : :5  horvever ,  th is  p roposa l  must  obv ious ly  be  con-
s rdered tenra t ive  a t  th is  junc ture .

Irradiation of 1,5-c.vclooctadiene Isomers. In consider-
rng  poss ib le  mechan isms fo r  the  copper -ca ta lyzed photo-
chemical  conversion oi  4 to t r icyclor>ctane l ,  i t  seemed
conce ivab le  tha t  I  m igh t  a r ise  t rom an in t ramolecu la r
:hermai cycloaddi t ion react ion of  the strainet i  and highly
rerct i 'e double boncis ot '  photochemical ly produced
irans.trans- or cis,trans-|,5-cyclooctadiene. This hy-
pothesis ivas examined and rejected on the basis oia br ie i
i xaminat ion  o f  the  thermal  behav io r  o f  these two d ienes .

r  l9)  Calcuiated f rom an expression modi f ied for  unsymmetr ical
l b s o r p t r o n  b a n d s

j ' :  (1 .62  x  l 0 -  8 ) r - " . ( v . . .  _  v , )
' , , , 'here \ ' . r ,  and v,  arc the f requencies ( in cm -  t )  of  the absorpt ion
: r l l x rmum and  thc  l ong -wave leng th  s ide  o f  the  peak  a t  ha l t ' - band  w id th .
ct  c B rrc g leb,  "  Elektro nen-Donator- . { .cceptor-Komplexe.  "  Spr in ger-
\  c r l r g ,  B e r l i n .  1 9 6 1 .  p  6 1 .

{ :01  L .  Lubczky  and  R .  Kope lman .  J .  Chem.  phvs . ,45 .2526  0966) ;
I l .  B .  Rob in .  R .  R .  Har t ,  and  N .  A .  Kueb le r ,  i b id . ,41 ,  1803  ( l 966 ) .

, l l )  N  ^ \ { .  We inshenker  and  F .  D .  Greene ,J .  Amer .  Chem.  Soc . .90 .
5 0 6  r  1 9 6 8 ) .

t l l )  A  t rans i t i on  occu r r ing  a t  ca .2 lO  mp ( log  e  -4 )  i n  a  number  o f
iesqulrerpene lactones (e.g. ,  balchanol ide ( i ) ,  germacrone, and costuno-
l rde) has been at t r ibuted to a s imi lar  t ransi innular  interact ion:  F.  Sorm

I

, rnd  L .  De lo5 ,  " cua iano l i des  and .  ce rmacrano l ides , "  Ho lden-Day ,  Inc . ,
San  F ranc isco ,  Ca l i f . .  1966 ;  F .  Sorm,  pu re  App l .  Chem. , l .  -<J l  i t qOt l .i 23 )  . . \ .  C .  Cope  and  8 . . { .  Pawson ,  J .  Amer .  Chem. . ioc . ,  37 ,3649
I  1 9 6 _ < ) .

(?+ )  A .  C .  Cope ,  J .  K .  Hech t .  H .  W.  Johnson ,  J r . .  i { .  Ke l l e r .  and
I { .  J .  S .  W i n k l e r ,  i b i d . . 8 8 , 7 6 l  f l 9 6 6 ) .

t25) This proposal ,  . i f  correct .  carr ies no impl icat ion that  2a or  i ts
:oDper(  I )  complex is  necessar i ly  more stable thermodynamical ly  than
! 'b,  but  s imply requires ei ther that  i t  be produced more raprt l ly  in the
rrraoiat ion or  that  i r  be lavored at  photoequi l ibr ium uncler  these
condi t ions.  l t  may be a tor tu i tous coincidence that  the sarne con-
fbrmar ional  isomer is  apparent ly  produced in the Hotfmann t legrada-
t :on  o i  5 .

i ^ -

hou is

Figure 2. Yields of I (o), crs,crs-1,5-cyclooctadiene (c), cis.rran.s-
l,-S-cyclooctadiene (A), and trans,trans-l,5-cyclooctadiene ( V),
during the irradiation of 4 in pentane. The insert gives yields or' I
and cis,trans-1,5-cyciooctadiene on an expanded scale during rhc
in i r ia l  srages of  the i r radiar ion.  The data of  the two sets o i ; l ( ) rs
were obtained in d i f ferent  exper iments,  rnd are not  d i rect lv  corn-
parable,  due to the ef fecls e. t  aging ot ' the lamps.

Samples of  t rans, t rans-I . , i -cyclooctadiene which hat i
been kept at  rocm temperature unt i i  compieteiy t lecorn-
posed thermal ly showed no trace of  I  or  of  other ot '  rhc
cyclooctadiene isomers:  onlv polymer was ibrmet i .
Simi lar ly,  no t race oi  I  cr>uld be detected on gipc t r t '
pur i f ied i rans, t rans-1,5-cvclooctadiene using an in ject i r .n
biock temperature of  30'  tnd cr>iumn temperature r) t '
60-65' .  The compounci  , .vas never exposeci  to highcr
temperatures.

.  .Pyr.glys. is of  samples of  c is, t rans-1,5-cyclooctadiene by
inject ion into a glpc instrumenr having an in ject ion p()rr
temperature of  275" resul ted in the product ion of  c is.c i . r -
1,5-cyclot>ctadiene ( l2|;,). 4-vin,l lcyclohe,rene (5 ,?;,), i.r
compound (poss ib ly  c rs -d iv iny lc ; rc lobutane)  wh ich  dc-
composed to c l r .crJ-1,5-. : l rc ioocta( l iene in the detecr,rr
( l \ f i ) , tu  and un ident i f ied  minor  componenrs ;  the  rc -
mainder r t f  the c is, t rans-I , -<-cvclooctadiene gave a s inrr lc
peak (84", ; )  and decomposeci  to crs,crs-  1,5-cyclooctadienc
and 4-vinylc;rc lohexene on passage through the detector
(300") .  Al though the minor components had retenr i ( )n
t imes simi lar  to I  on the column used. no trace of  I  corr id
be detected in the infrared spectrum of coi lected mater ia l r t

These data provide convincing evidence that I  is  not
produced by an uncatalyzed thermal react ion of  e i ther
cis, t rans- ot  t rans. t rans-\ .5-cyclooctadiene.2s The possi-
bil i ty that I mighr be produceci by a coDper-catalt ' :ei

(26) The retent ion t ime ot ' th is mater ia l  . ,vas appreciably shortcr  rhan
that  of  c is,c is-1. .<-cyclooctadiene:  however.  mater iar  col lected f rom thc
glpc had an i r  spectrum ident ical  wi th that  o i  c is .c is-1,S-cyclooctadiene

(27) z iegler  reporred that  heat ing a di lure solut ion oi  the compotrnr i
subsequen t l y  shownr3  to  be  c i s . r rans - | ,S -cyc looc tad iene  a t  I  l 0 '  y ie l t l e  d
d imer  (20 '11 ) ) ,  po lymer  G3o , /o ) ,  c i s , c i s -1 ,5 -cvc looc tad iene  (12 ' i , ) .  r rn , l
c i s , c i s -1 .3 -cyc looc tad iene  (25c ' , , ) .  Un to r tuna te l y ,  g lpc  techn iques  , . ve rc
no t  ava r lab le  fo r  ana lys i s  o f  t h i s  reac r ion  m ix tu re ,  and  the  ana lyses  l r c
consequen t l y  somewhut  suspec t :  c . / .  K .  Z ieg ie r .  H .  Sauer ,  L .  B runs .
I { .  F ro r t zhe im-K 'uh lho rn ,  and  J .  Schne iCer .  . l nn .  C i r cm. .589 .  l 2 l  ( l l r -1 , .

(23 )  convers ions  o r '  cyc looc t r r r l i enes  to  tncvc locc tsnes  apoarenr l , .
do occur in re lated systems. For pert lucrc-1,S-cyclooctar l iene,  sce \1.
P rober  and  W.  T .  ! l i l l e r .  ! r . .  i .  . lmer .  Chem.  S r . r c . .  71 ,  59S (19 .19 )  r r .d
I .  L .  Ka r le .  i .  Ka r le ,  T .  B .  Owen .  R .  W.  t s roge ,  A .  H .  Fox .  l nd , ' .  r - .
Hoard.  ib id. ,  36.  752-t  (1964t:  ior  d ibenzoia,elcycloocradienes.  \ { .
S t i l es  a r r< j  t J .  Bu rckha :d t .  i b i . l . , 86 .  1396  (196 .1 ) ;  t b r  poss ih l y  re la tcc
reac t io l r s  i n  [9 [ -  and  I t ) l ann r r i ene  de r i va r rves .  see  R .  H .  M i t chc l l  . rn r l
F .  S r rndhc imer  i b id . ,90 .  -<30  (1968) :  Te t ruhedron  Lc t t . . :B?  j  (1968) .

*'.\ iteside.s. Cue. Cope , Irrc:.:iurton o,t L.is,c:s-,.5-C;,'c!oocictl ietr, '
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Table I. lrraciiarion of 1,5-Cyclooctaciienes"

Yietd. 7(

Substrate
Irradiatron

t imc.  hr
l i  l r  N /',J 'J 2 \_,,

/i

, l

v-/ Other

I

0
0 Poiyme:
0
I

7
0 Polymer
0 Polymer

1
0 Polymer

'Irradiatlons werc carried out in o-uartz vessels usilg low-pressure mercury lamps (:5374) in penrane solu on except wherc noted.b Benzene solutrot. d Detectable by gipc, cur yield < I ?;. Id;nlified by glpc retention rime and ir spectrum.

,:ls,crs-1,5-CCD
crs.crs-1.5-CODo
(t

/ '
1
cis,trans-1,5-COf)
cis,trans-1,5-COD'
cis,trans-|,5-COD +

exc€ss (JuCl)z
7

(t
0

< l
- i
- i

0
0

- l

0
3?

(l

'l .,

4t
2

2C

48
i

100
Major

93
62
28
l 9

Major

0
Trace'

+

l 3
l 7
0

Minor

-2O
0

0
0
J

l 9
43
0

Trace"

0
0
0
!
I

5
(l

0

4
0

l l
70

thermai cycioaidit ions :an be discarded on the grouncis
that both the ccpper([) compiexes cf these ciienes precareci
in th is wcr i ;  and the si iver( I )  cornDiex oi  c is. t rans- i .5-
cv3l()()otacjrene describeC previouslJ" r 3re stable ior ex-
lendei neriois oi t ime in the ahrsence of l ight. Hence I
must b: prcciuced in a photochemical reaction.

ln an effcrt to determine whetiler 3rJ.rts-, cis.trans-, or
t r (uE,trens-, .5-cvci( ,octaoiene was t i re immediats pre-
curs() :  tcr  1 in ' ,he phctoctrernr:s i  rsaci ion sequence, the
reiar ive v ie i is of  1 anC the thr:e i , : ' ' i -cvciooctaci ienes wers
examinec es a f  unci ion of  the iength or ' t ime of  i r radietron
oi 'a susnenstorr  o i  4 uncier typicai  photoivsis conci i t ions
(Figure 2. .  Tht l , ie ids reportec in th is f igure ars tctal
y ie lc is:  t i rev inciuie bottr  the hycirocarbons preseni  in
sclut ion anci  ;he olef in ic matenal  bound tc the insolrrble
coop3rt  [  )  chioqrcie. :e

Liniortunatel) ,  i t  was not possibie tc monitor the v ie ic
ri eit ire:,- ' is-trans- e: trans,trans-\.S-cyciouctaciiene witir
t r igh accuraJv a:  very low conversions.s0 Nonetheles:
:wo signifrcan; facts emerge from, the ciata in Figure 2.
First, it is ciear that ihe iate oi fcrmarron of tricyciooctane
I was in i t ia l l l ,  s low, but became f isrer al  h igher con-
versions. Se:ond, al ld more importani ,  the in i t ia l  rate
of forrnation oi cis,irans-cyclclociadiene rvas greater than
tha; cf  1;30 that rs,  ihe rate oi  fcrrmat ion of  I  appears
qualitatively to depend on the concentration of cis,trans-
1.5-c1'c looctaci iene. Despi te the exper imental  uncer-
iainties associateC with the points in Figure 2, the data
strongiv suggest that I is not formed directi lt from either
compiexec cr uncompiexed crJ.cr .s- i ,5-cyclooctadiene,
but rather thar" cis,trans-l,5-cyclooctadiene is an inter-
mediate in the react ion.

(29) I t  is  of  some importance in th is connect ion to note that  c is, l rans-
and trans,trans-1.5-cyclooctadienes were never detected free in the
solut ion.  The y ie lds of  these compounds summarized in Figure 2 are
composed ent i re ly of  d ienes bound to the insoluble copper( I )  chlor ide
suspended in the photolys is cel l .  That  these olef ins are found only in
the solid resiciues in the irradiation, rather than free in solution, is
consistent  wi th thc wel [ -known high stabi l i ty  of  complexes of  cycl ic
t rans olef ins wi th copper(  I )  and s i lver( l ) :  c f .  M. A.  Bennett ,  Chem. Rev. ,
62,611 (1962).  M. A.  lv luhs and F.  T.  Weiss,J.  Amer.  Chem..Soc. ,  M,
4697 (1962), have reported the equilibrium constants for complex
[ormation between cis-cyclcoctene, trans-cyclooctene, and cir,ci.r-1,5-
cyclooctadiene and s i lver  n i t rate in ethylene giycol  to be 14.4,  >1000,
and 75 l .  mol-  r ,  respect ively.

(30) The giass-column, low-temperature glpc used of necessity for the
isolation and analysis of the cis,trans- and trans,trans-|,5-cycloocta-
dienes was unsui table for  re l iable quant i rat ive determinat ions of  y ie lds
of  these compounds less than approximately 2oL.  However,  accurate
determinat ions of  the less sensi t ive I  were possib le using convent ional
glpc instruments (see Experimental Section).
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In order to have a firmer basis foi ciiscussing the roles
of these 1,5-cy 'c looctadienes as intermeci iates in the t rans-
fcrrmat ion oi4 to I  and of  the funct ion oi  cooper( I )  in th is
re?ct ion,  we have br ief ly examined the photochemical
behavior oi  each of  the dienes. The producrs obtained
in these exper iments,  a long with t1 'p icai  resul ts obtained
on i r radiat ion oi  c is,cu-1,5-cyciooctaci iene and oi  - i
undercomparabie condi t ions,  are summarized in Table I .

LInder the conci i t ions oi  these i r raci iar ions,  crs,c is-1.5-
cvclooctaoiene is inert  to photoivsis in the absence ol
copper or a ohotosensi t izer.  On cj i recl  i r raci iat ion,
cis,trans- l. j-cvcloociaciiene is converteci to cis.cfs-1,5-
cyciooctadiene in moderate v ie ld (  I  9" , ;  )  but  g ives no I  or  2.
As expectgd, cls.cls- and cis,trons- l.- i-cvclooctaciienes can
be interconverted even in the absence of  copper( I )  b:" '
benzene-sensi t izeci  photochemical  isomerizar ion ;3 t  how'-
ever,  benzene-sensi t ized isonrer izatron of  c is,c is-  to
cis. t rans-I ,5-cyclooctaci iene appears qual i tat ively to be e
much iess ef f ic ient  process than the conversio n of  c is. t rans-
to  c ls .c is -d iene.32 '33  Thus .  w, i rh  the  poss ib ie  exceDr ion
ol  the benzene-sensi t ized i r radrat i r tn of  c is, t rans-1,5-
cyciooctaci iene, nc '  i r radiat ion of  c is.c is-  <tr  c is. t rans-1.5-
cyc looc tad iene v ie lds  l  in  the  absence o [copper ( l ) .

in contrast ,  d i rect  i r radiat ion oi  r rcns, t rans-I ,5-cycio-
octadiene 2 y ie lds I  rv i th high et i ic iencl ' .  wi th no other
products detectable b1'  g ipc.  This observat ion ensures
that i f  2 had been produced in the direct  or  benzene-
sensitized irradiations of cls,crs- or ciJ,trans-I,5-cyclo-
octadiene, i t  would have been converted direct ly to the
stable and easi iy detectable l .  The fact  that  I  is  observed
as a significant product in the irracjiations of cls,crs- anci
cis,trans- 1,5-cyclooctadienes onlv in the presence of
copper( I )  indicates c iear ly that  copper( I )  is  a necessar) '
reaction component for the production of 2.

Discussion

Srinivasan's study of the homogeneous photochemical

(31) R.  B.  Cundal l  and T.  F.  Palmer,  Trans.  Faracia.v Soc. ,56,  l2 l l
(1960) ;  R .  B .  Cunda l l ,  P rog r .  Reac t ion  K ine t i cs ,2 ,  208  (1964) ;  R .  B .
Cundal l  and P.  A.  Gr i f f i ths,  Chem. Commun.,  19.1 (1966);  P.  J.  Kropp
and  H .  J .  K rauss .  J .  Amer .  Chem.  Soc . .89 .5199  (1967) .  and  re fe rences
the re in ;  J .  A .  Marsha l l  and  R .  D .  Car ro l l ,  i b id . ,88 ,4092  (1966) .

(32) For a re lated study of  the photochemical  isomerizat ion of
cis,trans,trans- to cis,cis,trans- and trens,rrans,trans-1,5,9-cyclodo-
decatr ienes,  see H. Nozaki ,  Y.  Nis ikawa. Y.  Kamatani ,  and R. Noyor i ,
Tetrahedron Letr., 216l (1965).

(31) The rapid format ion of  polymer in the benzene sensi t ized
reactions may in part reflect photoaddition of the cyclooctadienes ro
benzene: cf. D. Bryce-Smith and A. Cilbert, Chem. Commun., 613
( r  e66).



conversion of  c ls,crs-1,5-cyclooctadiene to I  on i r radiat ion
in the presence o[  coppei( l )  chlor ide establ ished, among
other th ings, that  only a very smal l  f ract ion of  the diene
present in the ether solut ion was complexed with copper
ion. using arguments based on the opt ical  densi t ies of
the var ious components of  the i r radiated sorut ion.  and on
est imates of  the quantum yields which wourd be required
to descr ibe the photochemical  t ransformat ion of  the
complexed and uncomplexed forms of  1,5-cyclooctadiene
into l, srinivasan was able to demonstrate that uncom-
ple-ved diene was the primary l ight-absorbing species in
solut ion under the condi t ions of  h is i r radiat ions.

A choice of  the pr imary l ight-absorbing species in the
heterogeneous pentane suspension of  4 used in our
exper iments is unfortunately much more di f f icul t ,  due
both to the impract icabi l i ty  of  meaningful  quanrum yield
measurements under these condi t ions and to our inabi l i ty
to est imate ei ther the solubi l i ty  or  d issociat ion constant of
{  in pentane. The last  of  these problems is part icular ly
'e.r ing,  s ince 4,  i f  anything, appears to be /ess dissociated
in heterogeneous pentane suspension than in homo-
geneous ether solut ion,  and consequent ly appears rela-
t ively more l ikely to be rhe pr imary l ight-absorbing species
rn  pentane than in  e ther .  Nonethe less .  bo th  on  the  bas is
of  the qual i tat ive observat ion that a s igni f icant t iact ion
of the crs,crs-1,5-cyclooctadiene present in a pentane
suspens ion  o f  . f  i s  f ree  in  so lu r ion ,  and on  the  bas is  o f  the
obvious analogy between the system studieci  by Sr in ivasan
and tha t  inves t iga ted  in  th is  work ,  we rv i l l  assume tha t
uncomplexed cl i ,crs-  1,5-cyclooctadienc is the pr imary
l igh t -absorb ing  spec ies  in  i r rad ia t ion  o f  a  pentane sus-
pens ion  o f  4 .

Accept ing  th is  assumpt ion ,  an  uncomplexed e lec t ron i -
cal ly exci ted 1,5-cyclooctadiene is necessar i ly  the f i rst
spec ies  to rmed on i r rad ia t ion .  Th is  e . rc i ted  s ta te ,  what -
ever i ts geometry,  is  certainly energet ical ly capable of
conversion to l .  However,  several  observat ions suggest
tha t  the  in i t ia l l y  fo rmed exc i ted  1 ,5 -cycroocrad iene,  *hen
genera ted  under  the  cond i t ions  o f  our  exper iment ,  i s
converted to I  in large measure by way of  one or more
s tab le  in te rmed ia tes .

First ,  nei ther direct  nor benzene-sensi t ized i r radiat ion
oI crs,c ls-1,5-cyclooctadiene, in the absence ol  copper( l )
chlor ide but under condi t ions otherwise comparable to
those of  the copper-catalyzed photoreact ion,  y ie lds de-
tec tab le  quant i t ies  o f  l .3a  Sr in ivasan has  in te rpre ted  a
s imi la r  observa t ion  under  homogeneous cond i t ions  to
mean that copper( t )  funct ions in the photoreact ion by
coordinat ion wi th the exci ted diene, and has suggested
that I  is  obtained direct ly f iom this exci ted complex
without a subsequent photochemical  step. Al though we
cannot exclude a contr ibut ion l rom a pathway o[  th is
type in the i r radiat ion of  4 in pentane, the isolat ion of
cis,trans- and trans,trans- 1 ,5-cyclooctadiene from this
photoreact ion,  and the demonstrat ion that these olef ins
are converted to I  under the condi t ions of  the react ion,
suggest that  i t  may be more prof i table to rat ional ize the
in f luence o f  the  copper ( l )  on  the  bas is  o f  i t s  ab i l i t y  to
complex strongiy wi th the ground-state t rans double
bonds of  these dienes. Second, the reiat ive y ie lds of
c is, t rons- 1,5-cyclooctadiene and of  I  observed at  low

(3.1)  However Professor Harold Ward (Brown Univers i ty)  has
obtained I  on benzene-photosensi t ized i r radiat ion of  c is.c ls-1,5-cyclo-
octadiene in the vapor phase:  H.  R.  Ward,  pr ivate communicarron.
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conversions of  4 (Figure 2) show that the rate of  formet ion
of I  depends on the concentrat ion of  th is diene in the
irradiation mixture, and suggests that at least part of the I
observed as a reaction product is derived from a photo-
reaction of cis,trans-diene. The high steady-state con-
centration of cis,trans- 1,5-cyclooctadiene observed durin g
the lat ter  stages of  the i r radiat ion (Figure 2),  and the
relatively high efficiency with.which it is converted to I
on irradiation in the presence of copper(l) chloride
(Table I) indicate that a major portion of I has the
cis,trans-diene as a precursor. Finally, the facile trans-
formation of trans,trans-\,5-cyclooctadiene to I on irradi-
at ion,  together wi th the observat ion that i r radiat ion of
cis,trans-I,5-cyclooctadiene in the presence of copperll)
chloride yields trans,trans-1,5-cyclooctadiene, raises thc
interesting possibil i ty that the trans,trens-diene itself,
despi te i ts consistent ly low concentrat ion,  might give r ise
to a s igni f icant quanr i ty of  l .

Thus, we cannot rigorously exclude contributions ro
the conversion of  4 to I  f rom ei ther a direct  photochemical
reaction or from a less direct pathway involving con-
version of uncomplexed cls,crs- 1,5-cyclooctadiene to I
u la some undetected copper-complexed intermediate,  but
not involving cis,trans- or trans,trans- 1,5-cyclooctadiene,
on the basis of  the relat ively qual i tat ive data avai labl t - - ;
however,  i t  is  c lear t rom the accumulated data that  an
appreciable f ract ion of  the I  isolated at  the conciusion ot '
the react ion must hav'e come in some fashion t iom
c is. t  rons-1,5-cyclooctad iene.

On the basis of  these data,  we propose that the con-
version of  . {  to 1 should be descr ibed by some var iant  of
the mechanism out l ined in Scheme [ .  The most inrercst-

Scheme I

' \ /
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Q1.,., 
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t l
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t l
t l
I Y I
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\_i
-> + Q=z-.".,

ing problem posed by this scheme concerns the role ot'
trans,trans- 1,5-cyclooctadiene in the formation of l.
Under the condi t ions of  the i r radiat ions,  both c is, t rans-
and trans,trans-1,5-cvclooctadienes are present in xp-
preciable concentrat ions only as their  copper( l )  com-
plexes. The major part  of  I  might then be formed direct ly
by i r radiat ion of  the c is, t rans-I ,5-cyclooctadiene copper(  l )
comple,x,  or  i t  might resul t  f rom photochemical  conver-
sion of this comple.x to trans,trans-1,-<-cyclooctadienc
and subsequent photolysis of  th is lat ter  compound.
Ideal ly,  examinat ion of  the rates of  format ion of  1 and or '

lVhi tes ides, G oe, Cope, I rrudiut ion of c is,cis- !,5 -Cyclooc tutlia n t:
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trans,trans- l,-<-cyclooctadiene at conversions well below
the levels of Figure 2 would p.rovide data which could be
used to answer this question. Unfortunately the low
steady-state concentration of thc trans,trans-diene reached
dur ing the i r radiat ion,  and the appreciable exper imental
di f f icul t ies involved in analyzing smal l  quant i t ies of  th is
compound, make a detai led quant i tat ive y ie ld study at
very low concentratigns impractical.

Alternativeiy, a knowledge of the absorption charac-
teristics of the copper(I) complexes with cis,trans- and
trens,trans- 1,5-cyclooctaciienes, and of the quantum yields
O1, @2, and @, (Scheme I)  descr ib ing the conversion of
these complexes to I on irradiation, would permit an
estimation of the relative rates of formation of I from
each diene. Under the approximately steady-state con-
ditions reached in the later stages of the photoreaction,
the concentration of cis,trans-1,5-cyclooctadiene is ap-
proximately twenty times that of trans,trans-1,5-cyclo-
octadiene. On the other hand, the extinction coefficient
of the 246-mp transition of trans,trens- 1,5-cyclooctadiene
is sufficiently large that, if the extinction coeticients of the
copp€r complexes of  these dienes in the region of  the
emission maximum of the lamps are in the same rat io as
the ext inct ion coeff ic ients of  the uncomplexed dienes in
this region, the t rens,t rans-1,5-cyclooctadiene complex
should absorb a.  Iarger t ract ion of  the incident l ight  than
the cis, t rans complex.  The quantum yield,  Or,  charac-
ter iz ing the internal  cycloaddi t ion of  the t rens,t rens-1,5-
cyclooctadiene copper( l )  complex would be expected to
be h igh .35  Hence,  w i th  these assumpt ions ,  a t  one
extreme of  interpretat ion the rates of  tormat ion of  I
from cis,!rans- and trans.trans- I ,5-cyclooctadiene pre-
cursors shouid be approximately equal ;  at  the other
extreme, the major fraction of I might be tormed from the
trans.trans-diene. Unfortunately,  carry ing th is approach
through in  a  conv inc ing  quant i ta t i ve  manner  requ i res  a
knowledge of  the ext inct ion coel tc ients oi  the diene-
copper ( l )  complexes ,  and o f  the  quantum y ie lds  o f  the
indiv idual  steps in the presence of  copper,  and i t  is  less
than obv ious  how these numbers  migh t  be  ob ta ined
pract ical ly in the heterogeneous react ion system of th is
s tudy .

I t  i s  wor thwh i le  po in t ing  ou t  exp l i c i t l y  tha t  the  con-
clusions reached in th is paper are intended to apply only
to the part icular heterogeneous react ion system studied
here.  The vapor phase studies of  Sr in ivasan3'n and
Wardsa have demonstrated clear ly that  the presence of
copper( l )  is  not  a prerequis i te for  the photochemical
conversion of  1,5-cyclooctadiene to l ,  and i t  seems
ent i re ly possible that  the homogeneous copper-catalyzed
photoreact ion studied by Sr in ivasan* may proceed by
st i l l  another mechanism. Thus, i t  appears probable
that a number of  react ion pathwavs connect 1,5-cyclo-
octadiene and 1,  and that mechanist ic conclusions drawn
from studies of one system need necessarily have verv
l i t t le pert inence to other systems.

(35 )  The  quan tum y ie ld  o f  f o rmat ion  o f  oxe tane  t rom benza ldehydc
in 4 , l /  2,1-dimethvl-2-butene nas been found to be 0.527 (N. C.  Yang,
R. Loeschen, and D. Mi tchel l ,  J .  Amer.  Chem.Soc. ,  89,  5465 (196i)) .
The photocycloaddi t ion of  r rans-sr i lbene and 2,3-dimethy[-2-butene
(4  ' l {  i n  hexane)  p roceeds  w i lh  a  quan tum y ie ld  o f  0 .538  (O .  L .  Chapman
pr i va re  commun ica t ion  ) .  A l though  ihese  quan tum y ie lds  desc r ibe
cycloaddi t ion react ions proceeding f rom n *  r t r  lnd aromat ic I t  -  t l r
exci ted states.  respect ively,  and as such are not  necessar i ly  d i rect ly
comparable to that  descrrbing the olef in ic ; t  -  r r '  c ; ;c loaddi t ion
presumed to be invoived in the conversion of  2 to l .  their  h igh values
do suggest  that  a low value lor  the last  process is  unl ikely.
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The correct description of the detailed function of the
copper(I) in the reaction sequence of Scheme I remains a
topic of  speculat ion.  The exper iments reported here are
not helpful  in judging the correctness of  Sr in ivasan's
suggestion that the copper(l) serves to stabil ize an
electronic exci ted state of  1,5-cyclooctadiene.3 How-
ever,  an al ternat ive and at t ract ive possibi l i ty  ra ised by the
isolation and examination of cis,trans- and trans,trens-
1,5-cyclooctadienes is that  the abi l i ty  of  copper( I )  to
form strong coordinate bonds with the ground-state trans
double bonds of  these dienes serves both to protect  them
from polymerizat ion,  and to shi f t  the posi t ion of  the
photoequi l ibr ia between the three 1,5-cyclooctadiene
isomers toward the ster ical ly strained but strongly com-
plexing cis,trans- and trans,trans-I,5-cyclooctadienes at
the expense of  the relat ively unstrained but weakly
coordinat ing crs,c ls-  1,5-cyclooctad iene.

Experimental Section

General .  Mel t ing points were determined on a Reichert  hot-
stage microscope and are uncorrected.  Al l  i r radiat ions were con-
ducted in quartz vessels using a Rayonet Photochemical  Reactor
equipped wi th RPR 2537A lamps. Solut ions were concentrated
at  0-5 '  (50*100 mm) wi th the aid of  a rotary evaporator ,  except as
noted.  Infrared spectra were taken on a Perkin-Elmer Model
2378 spectrometer.  Mass spectra were taken on a Hi tachi  Perkin-
Elmer Model  RMU-6D mass spectrometer.  Nmr spectra were
obtained using Var ian A-60 and HA-60 spectrometers.  Ul t ra-
v io let  spectra were taken on a Cary lv lodel  l4 recording spectro-
photometer.  Clpc analyses were carr ied out  using the fo l lowing
co lumns  and  ins t rumen ts :  co lumn A .8  f t  x  0 .25  in .25 ) (4 -n i t ro -
4 -methy lp ime lon i t r i l e  (NMPN)  on  Chromosorb  P ,  g lass  co lumn
opera ted  i so the rma l l y  a t  65 " ; r6  co lumn B ,  8  f t  x  0 .5  i n .  10 " ;
1,2.3- t r is(2{yanoethoxy)propane (TCEOPt on Chromosorb P,
g lass  co lumn opera ted  i so the rma l l y  a t  65 ' ; rn  co lumn C,  l 2  f t  x
0 .2 -s  i n .57 ;  XF  l l 50  (n i t r i l e  s i l i cone  t l u id ) ,40 -65"  (F  &  l v t  Mode l
810 gas chromatograph. thermal  conduct iv i ty  or  f lame ionizat ion
detector  as noted);  column D, 2 f t  x  0.25 in.  ?0)(  s i l icone rubber
SE 30,  temperature as noted (F & M Model  720 gas chromato-
graph).  The areas of  g lpc peaks were dctermined by planimeter
(columns A and B) or  by Disc integrator  (column C).  Elemental
analyses were perlbrmed by Dr. S. ivl. Nagy and associates.
Pentane was pur i f ied by st i r r ing wi th sul fur ic  acid,  and dist i l led
from bar ium oxide.  Al l  g lassware was r insed wi th concentratcd
amnronium hydro,r ide and dist i l led , , 'vater .  and dr ied before use.

Di-u-chloro-bis(crs,crs-  1,S-cyclooctadiene)dicopper( I )  (4)  was pre-
pared using publ ished procedures.  I  o

A n a l .  C a l c d  t b r  C , 6 H 2 n C u z C l . :  C .  4 6 . 3 8 ;  H , 4 . 5 7 ;  C l ,  l 7 . l l .
F o u n d :  C ,  - 1 5 . 6 7 ,  4 5 . 4 8 ;  H ,  5 . 8 4 ,  5 . 9 0 :  C I ,  1 7 . 1 8 ,  1 7 . 2 1 .

Pentane Washing of  Complex .1.  A 0.1-g sample of  complex -1

was washed wi th f ive 5-ml port ions of  pentane and dr ied at  100 mm
and room temperature tor  2 hr .

A n a l .  C a l c d  f o r  C r o F I z n C u z C l 2 :  C ,  4 6 . 3 8 :  H , 4 . 5 7 ;  C l ,  l 7 . l l .
Found :  C ,  32 .96 ;  H ,  4 .57 ;  C I ,  21 .57  ( -297 ' ,  l ow  in  1 ,5 -cyc lo -
octadiene).

The procedure was repeated wi th l -s  5-ml port ions of  pentane.
Ana l .  Found :  C ,  1 .42 ;  H ,  0 .31 ;  C l ,  34 .04  ( -977 ,  l o rv  i n

1,5-cyc looctadiene).
I r radiat ion of  Complex 4.  Complex 4 (0.5 g,  L2 mmol)  and 70 ml

of  pentane were placed in a 100-ml quartz vessel  equipped wi th a
nitrogen inlet and condenser, and irradiated for 24 hr with magnetic
stirring. A stream of prepurified nitrogen previously saturated
with pentane was bubbled through the suspension vra a Tef lon
syringe needle; the agitation provided by this gas stream stirred
the rni.rture and prevented caking of the solid on the walls of the
vessel. The mi.rture was fi ltered and the solid was washed several
t imes wi th pentane.  Analysis o i  the concentrated f i l t rate by glpc

(36) in;ect ion port  and detector  b lock tempcratures were maintained
at 80' .  The glpc instrument used wrs oi  lv lassachusetts Inst i tute of '
Technoiogy Chemistry Department design.  At tempts to use any ot '
the avar lable commercia l  instruments wi th metal  columns for  analysis
or separat ion of  mixtures contain ing 2 resul ted in compiete destruct ion
o f  th i s  compound .



usrng c. , . : ( \ t \ l r i ' lc  as an inrernal  stanciard (column A) indicateC the
p r c s c n - ! , r :  - ; , . - ' r s - i . 5 r l c l o o c t a d i e n e  ( 5 2 i ; ) ,  t r i c y c l o [ 3 . 3 . 0 . 0 t ' 6 ] -
( ) c t f , nc  I  ,  l , i  . , .  c r r . c l r -1 ,4+yc lc loc tad iene  (1 .3 ' , ' " ) ,  and  4 -v iny i -
; , , , : 1 , , - g a . - " c ,  1 . " ' . , . l '

T : ' c  , , . , : . i  : : : . t r c . r ra l rE  f rom the  i r rad ia t i on  was  s l raken  w i th  a
: ' \ : r : .  . ' i ' l - < ; ' n i  t r i  p e n t a n e  a n d  l 5  m l  o f  1 5 ) j  a q u c o u s  s o d i u m
j; . i :  J . ; . r i ' . ; : : . rn at  0- ,  and the hycirocarbcln phase was separated.
l : ' c . r . : - . r c , )u )  i . r r c r  was  aga in  ex t rac ted  w i th  25  m l  o f  co ld  pen tane .
.1.r . :  : : :c  : - 'n- l l rncd i )cntane soiut ions were washcci  wi th coic i  water
I i  : : . , .  : l : e rcc i  qu r : : k l y  t i r roughou t  Mo icu la r  S ieves  (L inde  44 , t .

.1."1 :  - - , 'n :snt  retet j .  The solut ions were stored unoer n i t rogen at  0"  ;

. : , . .  r : l ' l i lc l 's  anJ manipulat ions were carr ied out  rapid lv wi thour
t i , ' l i *J l r r ro l ' rc)m atmospher ic oxygen. Analysis of  the concentrate
: .  g: lJ  ( , -o iunrn B) using cyciooctane as internal  standard shclwed
:.-.c i: i icn!c oi c'rs',crs-, cis,lrans-, and Irans,trans-l ,5<ycloocta-
i  cn i s  rn  10 ,  13 ,  anC I  7 ' l  y ie lds ,  respec t i ve r ) ' .

: r , rns. t runs-I .S-Cyciomtadiene (2) .  The comcineci  sol id mare-
: : . r , . rq r rom l l  i r raci iat ions carr ied out  as descr ibed above was
s r r : - red  wr th  l 0C  rn l  c f  l J9 i  aqueous  sod ium cyan ic ie  so lu t i on  a t  0 ' ,
J , : '1 . :  i i )c  mlxturc was extracted rv i th tw,o 50-ml port ions of  colc i
: rn:rnc.  The pentane solut ion was washeci  rv i tn 50 ml of  coid
\ \ r :cr- .  t i l tcre i l  through lv lo lecuiar  Sieves (L inde 4.A).  and con-
ccn r r : r re i j .  

' f hc  
concen t ra te  was  kcn t  a t  0 ' i n  a  n l t rogen  a tn tospherc :

. :u : rng  the  t ime  requ i red  io r  p repara t i ve  g rp : .  The  fo l l ow ing
c.)mpuncnts ( retent i t - rn t inres)  wcrc found ln th is concentrate
,  : t ' r i r r r r rn ts,  hel iurn f lou 200 cc, , rn in ) :  c is , t rans-1, : ' -cyclc loctadieni j
,  10 .1  r r rn  ) ,  t runs . t ru l s -1 .5 -cyc iooc tac i i enc  (13 .5  m in r .  and  c rs ,c i s -
i  . , i - ; r 'c looctadicne (  I  5.3 min r .  The t  runs. t  rans-1.5-cvclooctadiene
' . i r . rs  rst r lated by 'preparat ivc g ipc and was kept  in a [ ) rv lce-acetone
u th  un t i l  usc .  Compound  2  has  i r  (CC l . , t  2990  (s ) ,2940  (vs l ,
t . ) l _ 5  r s h ) . 2 8 5 0  ( s ) ,  t 6 i 5  ( r n ) ,  l 4 - 1 0  ( s ) ,  l l 5 5  t s r ,  q 8 5  ( s ) . 9 4 0  r m t ,
' ) 1 0  r n r ) .  8 7 0  t w ) ,  a n d  8 - 1 0  ( w )  c r n - i ;  / C S z l  7 8 0  r m l  a n d  7 6 5  r m ;
- l T l - '  , ! ' s :  v c r v  s l r o n g ,  s :  s t r ( ) n g ,  t T t :  m c d i u m ,  w :  w e a l : .
s i r  :  sh r ru l Jc r t .  Thc  ca rbon  t c t rech lo r ioe  so l t r t i on  was  a l l owe l
r . )  s t rnr j  at  roorn tcmpcr&ture l i r r  I  hr  and thc spcctrum was run
Jgr rn .  Thc  oanc ts  a t  f 990 ,  1615 .  I  l i 5 .  985 ,  ! ) . 10 ,  920 .  and  8 .10cm-  I

; reJ ui : ;appcarcd.  thc ban. l  at  i .150 cm- '  had broaJcncd,  the banc,
i i i  S-0 cm-t  rvas nruch stronger.  and ncw bands i raci  aopearcd at
l : 9 0 .  l : l - s ,  i 1 8 0 .  1 0 6 0 ,  i 0 1 5 , 9 0 0 . 7 1 0 .  a n c i  6 6 0 i : m - ' .  T h e  n m :
s rcc t rum o f  7  (  t : l  CC in ,  TMS a t  -10 ' )  s i rowcc  b road  (ca .  10 -15
H : )  s t r u c t u r e i c s s  p e a k s  a t  i  1 . . 1 3  ( 8 ,  C H : ) a n d . l . E t l  / 4 ,  C H ) .  L I v "
. rnd rnass spectra were obt : r ined on sanrpics f rcs i r ly  col lccted f rorn
, ' i n , -

I r radiet ion of  Compiex . l  and Analysis at  Lon Conversion.  The
dare  p rcscn ted  in  F igu re  2  were  ob ta incd  us ing  the  fo l l ow ing
p r o c c d u r e .  A  s u s p e n s i o n  o f  0 . 5 0 0  g  ( l . l  m r n o l )  o l ' c o r n p r e x  4  i n
l0  n r t  o f ' pen tane  con ta in ing  a  we ighec i  am( )un t  o t ' cyc looc tane  was
i r rad ia tcd ,  i n  the  usua l  manner .  Per iod ica l l y , thc  i amps  were
cx t rngu ished  anc l  t he  n i t rogcn  t i ow  was  s ropped .  A  l -m l  samp le
c r i '  t hc  supc rna tan t  so lu t i on  was  w i thd rawn.  conccn t ra teC in  a
strearn of-  n i t rogcn,  and analyzed fcrr  t r icycloocranc I  and cycio-
()ctane by glpc (column C, f lanre ionizat ion detecrorr .

At ie r  the dcsrred number of  a l iquots had been taKen, the react ion
mixture was f i l tercd and the sol id washed wrth pcntane unt i l  f ree
of  cvclooctanc.  The olef ins were isolated t ' rom the sol id in the
usual  manner,  cvclooctane internal  standarcl  was addcd,  anci  the
mixture was analyzecl  by glpc (column B) tbr  c is, t rans-1,5<yclo-
octai j iene and cyclooctanc.

Ozonolysis of  2.  A sample iest imatedro to be l5 mg, 0.1.1 mmol)
ot '2.  prcparct l  and col lected f rom glpc as descr ibed abovc,  was
d isso ived  in  l 0  m l  o f  me thy lcne  ch lo r idc .  l n to  th i s  so lu t i on ,
which was kept  in a Dry Ice- isopropyl  a lcohol  bath before and
dur ing czonolysis,  was bubbled ozonized oxygen unt i l  the blue
color  pers isted (ca.  0.5 rn in) ,  and the blue solut ion was al lowed to

(17)  Components  were  ident i f ied  by  compar ison o f  g lpc  re ten t ion
t imcs  and i r  spec t ra  o f  samples  co l lec ted  f rom g ipc  w i th  those o f
a u t h c n t i c  s a m p l e s .

( 3 8 )  T h i s  i r r a d i a t c d  s o l i d  c o u l d  b e  s t o r e d  f o r  m o r e  t h a n  a  m o n t h  i n
a n  a t m o s p h e r e  o f  d r y  n i t r o g e n  a t  a m b i e n t  t e m p e r a t u r e  w i t h o u t  a p -
p r e c i a b l e  d e c o m p o s i r i o n .

( 3 ' ) 1  1 1 ' t .  w c i g h t  o f  t h e  s a m p l e  o f  2  u s e d  f b r  t h i s  d e t e r m i n a t i o n  w a s  a n
e s t r m a t e  b a s e d  o n  t h e  k n o w n  r e s p o n s e  t a c t o r  t o r  c i s , c i s - 1 , 5 - c y c l o -
o c t a d r c n e  o n  t h e  g l p c  i n s t r u m e n t  u s e d  l b r  c o l l e c t i o n ,  a n d  o n  t h e  r e p r o -
duc ib le  e thc iency  o t '  co l lec t ion  fo r  the  c i . r , c is -d iene.  The thermal
sensr t i v i t y  o f  concent ra red  2  was un for tunate ly  such tha t  more  accura te
measures  o f  sampte  we igh ts  wou ld  have been d i f f i cu l t  in  p rac t ice .
T h e  e s t i m a t e d  q u a n t i t y  o f  d i e n e  u s e d  i n  t h i s  e x p e r i m e n t ,  a n d  l n  c o n -
sequence the  ca lcu la ted  ex t rnc t ion  coet ic ien t ,  m igh t  be  in  e r ro r  by  as
much as  ?0 ' l ' o .

2 6 1 5

stanC for  iC min.  Ni t rogen was buhbled tnrough the solut iorr  ro
remove excess ozone. Iv lethanol  / - l t l  ml)  was added and thc
soiutron was al i t rwed to warm to ice-bath lernperature.  To t i rc
st i r reci  solu l ion was addcci  5 mi of  20' f  u aeueous sodium hvdroxi t ic
soiutron.  then 5 ml of  309j  hycirogen peroxic ie wa^radded c i ropwrsc
over  l 0  n t i r r .  Wate r  (10  m l )  was  addcc i .  and  the  resu l t i ng  n r i x ru r r
was st i r rcd,  in the ice bath for  I  hr .  l 'he mixture was warrncd
gent lv on the sream bath.  and mcthylene chlondc was removcd bv
d is t i l l a t i on .  T l r c  resu l t i ng  so tu t i on  rvas  i rea ted  under  re f l ux  t i r r
I  i r r .  Mosr  o f  t hc  me thano i  was  removed  by  d i s t i l l a t i on ,  and  thu
resic i r re u 'as cooled and made acid ic rv i th concentrated hydrochionc
acic i .  fh is solut ion was extracted cont inuouslv wi th ethcr  l i r r
l5 hr .  The ethcr cxtract  was dr ied and evanorated tc y ie id 2E rng
(85 ' ) (  o f  0 .23  mmol )  o f  c ruc ie  succ in rc  ac rC ,  mp  169-176 ' ( l i t . ao  n rp
l6 l ' ) .  The crude diacic i  was ester i f ied wi th ethereal  d iazomethan:.
The rnass and i r  spectra o i  a samDlc o[  the resul t ing drmctnvl
succrnate.  cc l iected f rom glpc,  corrcsponded to those of  authcnt i ;
mater ia l .

Holmann El iminat ion on 1.S-Bis(dimethvlamino)cyclooctane Di-
mc th i rd ide  (5 ) . ' 7  ' f o  

80  n r l  o f  l i qu id  an rmonra  (d i s t i l l cc i  f ro rn
soc i i um,  \ ! c re  addec i  a  c r ; - s ta l  o f  t e r r i c  n i t ra te  and  0 .5  g  (12 .8  n rg -
a t ( ) rns )  o l ' nc tass ium.  and  the  n r i x tu rc  was  s t i r red  un t i l  i hc  b l r r c
cc io r  c i sappcarcC.  The  aminc  meth iod ic ie  ( l . ( ' l  g ,  2 .08  mmLr l i
was  addcJ  and  tne  resu l t i ng  m lx t l t r c  r vas  s t i r reC fo r  2  h r  unc ic r -
rer lu: : .  . { rnr l r ( )n iunr sul fate l3 gt  and -5(}  rn l  c f  e lher were ad. lc i .
and  thc  a rnmon ia  r v 'as  evaD( ) ra ted  qu rck l r  i n  a  s t ream o f  n i t rogc r : .
\ \ / i r tc :  u 'as adcicci  to thc resic iu, ; .  ani  t t rc  nr ix ture was f i l tercd an,- .
separatco.  The aoueous laver \ \ 'as extracted rv i th ether.  anC the
como incc i  c ' t hc r  so lu t i ons  rve re  u 'ashed  rv i t [ r  ua te r  ond  aquc r . r r r s
copnc r ( I I  t  su l i a te .  t hen  f i l t c rec i  l l r rough  mo iecu la r  s ievcs  Anr :
con ;cn t ra tcJ .  C lpc  o f  the  conccn t r -a tcC  so iu t i on  w i th  t t r c  adc i i r i ' . r r .
c r l  cvc i c r r r l rane  in te rna l  s tandaro  show 'c r l  t ne  p rgsence  o i  t t s . t ru t t : -
(2 . f J  rng ,  I  l  " ; )  and  t rans . t r t t n . s - i . 5 -cyc iuoc tac j i cncs ' r  , 5 .d  mg .  l . - l  " , , r
as  t r r c  on r r  vo la : i l c  p ro t i uc ts .

I )vrolvsrs <t [  c is . t runs-1.5-Cvctrxrctadicn. : .  A pentane solu l t ron r l t '
t hc  c i renc ,  l r csn l l  p re  pe rcd  l r ( )n . l  r t J  s i i r c r  n i t : -a te  c t - lmp ic : : . r  j  r r i , l : ,
i n l c c l c d  l r ) t J  a  g l n :  l c o l u r r r r t  r - ' r :  t r r c  l n r c , ' t l o n  p o r t  l e m p j r a t l l r  - '
u ' as  175  an i j  t l r e  thc rma i  con t r r r c t i v r t r  dc rcc to r  tempera iu rc  \ ! i . t ,
300  . r  7

Ir radi l t ion of  crs.cr . r -1.5-C1'c iooctadicne in Benzel te.  A c iegasscr-
s o l u t r o n  o t ' 1 . 0  g  o f  t h e  d i c n c  i n  5 0  m l  o t ' b e n z c n e  w a s  i r r a d i a r e o  r ( ) :
7?  n r . .  A  r v i r i t e  p rcc ip i (a tc  fo rmec l  ano  \ \ ; r s  r cn roved  by  f i l t r a t i o r : .
C Ipc  i co run rn  .A )  o t ' t hc  f i l t r a rc  shorvcd  thc  p resence  o f  c r . l ,< ' i . r -1 . . -
cyclc ' roctadicne,  a t racc r  < 'a.  l '1  , ,1 oI  ct . \ . t ren. \ -  l . - ; - :yctooctadienc.  an. t
nc r  t r i c l ' c l r )oc tane  I  ( l i r n i t  o l '  dc tcc t i on  ' ,  i i , t .  Ex t rac t i on  o f  l i r c
s o l u r i o n  r r r t n  I  n , ,  a q u c o u s  s i i r c r  n r t r a t c  s o i u t i o n .  i r e a t m . J n t  c t - t i r c
aquc ( r r . l s  ux t rac t  r v i t l r  amrn i rn rum hvdrox idc .  ex t rac t i cn  r ' ,  r t i .
pen tanc . r r '  and  g lpc  con f i rmsd  tnc  p resen . -c  o ' .  : i s , t rans -1 ,5 - ; r : t , , -
oc iad icnc .  r  -

D i r cc t  I r rada t ion  o f  c l s , t rons -1 .S-Cy 'c iooc tad iene .  A  so iu r io r r  , .
l 2 l  mg  o f  thc  d i , : nc  i n  75  m l  o f  pen tanL-  u ,as  i r rad ia ted  a t  I - l -<
A l ' t c r  2  i r r  g ipc  ana lvs i s  ( co lumn A)  us ing  cyc iooc tane  as  in rc rn l i i
s tanciard shorved the presencc of  19i , ,  c ' is ,c is- I .5-cyclooctaci ie nc ' .
anci  t race amounts of  othe:-  components.  No dimer of  c is, t rur t r -
cyc iooc tad iene '2  was  p resen t  bv  g ipc  ( co iumn C.  170" ) .

I r radiat ion of  c i t ' , t rans-1.5-Cy'c looctadiene wi th Excess Cuprous
Chfor ide.  .J .  pentane solur ion ot '  c is , t rans- i ,S-cyclooctacl icnc
(ca .  l 20  rng ,  l . l  mmo l )  was  added  to  copper ( [ )  ch lo r ide { r  (249  n rq .
2.5 mmol)  and thc mixturc w'as i r radiated for  48 hr .  then t l l terc. .
and  concen t ra ted .  The  f i l t e red  so lu t i< - rn .  and  the  m ix tu re  o f  o l c t l n .
l iberated l rom thc sol id residue rv i lh aqueous sodium cyanide r , ,cr- . '
ana [1 ' ze r1  $v  g lpc  ( co lumn A) .

Irradiation of cis.trans-1.5-Ct'clooctadiene rn Benzene. A benzcnc
so lu t i on  (70  m l )  o f  t he  d ienc  (abou t  0 .1  g t  was  p repared  f ron r  thc
s i l v ' e r  n r t ra te  comp lex . l s  The  so iu t i on  \ r v 'as  i r rad ia ted  fo r  l 0  l r r  a t
l 0 -15 ' .  t hcn  conccn t ra tcd .  Pen tane  u 'as  added  to  p rec ip i te t :
most  of  the polymer.  and the mixture w'as f i l tered,  concentratc( l  .
and  ana iyzedsT  by  g lpc  ( co lu rnn  B) .

I r radiat ion of  t  rans,  t  rars-  1,5-C_r 'c looctadiene.  A pentane solutron
of  the diene and 19.4 mg ot-  c1 'c looctane internal  standard ' , r r r ;
p repared .  G lpc  (co lumn B)  showcd  thc  so lu t i on  to  conra rn
16 .7  mg o f  d iene .  The  so lu t i on  (10  m l )  w 'as  i r rad ia ted  fo r  I  h r .
f i l tered,  and concentrated b.""  d ist i l la t ion.  Glpc oi  the resul t ing

( .10 )  "Handbook  o i  Chemis t r l '  and  Phvs ics , "  -16 th  ed ,  Chcmrc l .
Rubber  Co . ,  C lcve land ,  Ohro ,  196 .1 ,  p  C-5 -13 .

( ,4  1 )  The  g lpc  re ten t ion  t ime .  i r  and  uv  spec t ra  o f  2  p repared  by ' th r '
mcthod were ident ical  wi th those of  2 l - rorn the i r radiat ion.

(42 )  R .  Wi l l s t i t t e r  and  H .  Ver rgu th .  Chenr .  9e r . ,38 ,1975  (1905) .
( . t l )  R.  N.  Kel ler  and H. D.  \ { 'ycof f ,  Inorg.  5.vn. ,2,2 (1946).

lVhites ides. G oe, C,Lpe,' Irrudiut ion of c ls,t ' is- !,5 -Cyclooctudt'( n (
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solurion showed the presercc of cfcloocrane .nd ll.? m8-(70i,) appreciation tc Dr. A. S. Mehta for preliminary expert-

of t c-vclooctane (2).r' and no othcr components (limit ol dctcc' ments, to Mr. H' L. Mitchell for running mass spectra. rnd
tion lbout 2i1). to Professor John Baldwin (University of Oregon) for
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