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Alrntrnct 

A number of ex:,eri ments w0.re carrj ed out in 

an attempt to determine the course of bicyclic isornerization 

in cycloheptatriene and l,3-cyclo5ctadiene. Results, 

inconsistent with Ii tereture re::>orts hut showinc; 

dcf:i ni tc c onsist ency within the co,1rse of the experi rnents, 

led to the further examination of both the direct and 

benzor,henone-sensitized reaction of the above cor.-ipounds. 

Attempts ,rere nmde at fracti onat:i on by ~,rer,ara,ti ve vapor 

chronatoc;ra~, hy. The fract:i ons obtai nect were exa.,ni necl 

by :r--nm srectroscoyiy in the crse of l,3-c:yclooct1:,diene. 

A crystalline ~roduct obtajned from the sensitized 

renction of cycloheptntriene ,m s nJsn p~rtialJ~ 

char11,cteri zec~. 
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Historical 

Though fluorescent p½cnornena and li ght-induce~ 

chenical reactions (l.·.!::.• photosynthesis) have heen observed 

by man for many centuries, and reference to photochemical 

reactions may he f ound in the }jteraturc in the lnte 1800' s , 

( 1) 
it was the wor1, of Lewis, Li :pl;-i n, o.nd !.fo .::,;e l ' ' whjch mo.,r!, ed 

the era of orr,anic photochemjstry. With the furt1,er 

pos tulat ion of th e ph osrhoresc ent stnte by Lewis and Kasha, 

its definition as a triplet state phenomenon, a~d its 

eventunl recognition a s a uni~ue and unjversal nolecular 

(2 3) 
:woperty' ' , full-scrtle investigatjon was underway. Man:y 

classes of orsanic molecules, from the simplest to the 

( 4) 
most complex o.nc1 exotic, have since been stuc1icr1 ' by 

rhys icnl or~nnjc che□ists, but nechnni s tis studies huve 

pro ccedcc:1_ prino.ri ly hy stands.rd T:j neti c tcchni c:11.1cs , wl~ :i r,r, 

sho rt-lived and cnerGy-rich ~ystens 1~ich ~hor~r, tcrizc 

photochemical reacti ons. 

Terenin a nd Ermoln ev( 5 ), Yith the diRrovcry 

of intermolecular energy transfer and its as8ifn~tjon as 

invPstigative techni(}_ues o Their concln.c.;ions ,·rerc bo.sc,1 

on the study of the observed phenomenon of 5nducccl 

phosphorescence in naphthalene jn the ~resence of 

henzaldahyde at 1vnve]enzths of jrradi a tion which would not 

ordinarjly jnrluce luminescenr,e in naphtha lene alone . 
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R:r =1hotoe l ectri c me0 sure:,1ents it ~va s shown t J-on.t the mean 

li fe -time of the sensitizer (in thj~ ~nse, benz~ldehydc) 

was shortened under such conditions, presurrn hl:,r by the 

proces s of radi ation l ess trnnsfer to the acceptor 

(naphthalene). Simils.r studies were made with other 

compounds as sensitizers and accertors, with similBr 

results. One of these studies, usinc; benzil as the 

sensitizer and O<.-meth;:•l naphthalene as acceptor, irnulvertently 

provided the first direct data of relative triplet 

enerc;i es, when it was sho1m that o<.-methylnaphth1.tl ene 

did not affect the mean life-time of benzil but did 

reduce that of benzophenone. 

On the basis of singlet and trjp!et state 

1 i fetimes, it was postuln.te rt t ho. t the observed energy 

transfer ,ms inrteed a triplet proces s . The ~~opnsed 

mechanism ~nrl u sche□atic representation of the process 

are given below. 

D 

(The possibiUty of a DA complex is rul ed out since there 

is no change in the phosphorescent spectra of either Dor A; 

in addition, there is no shortenin~ of the mean life-time 

of the acceptoro) 

+ 
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vibrational 
deactivation 

A 

The fact that such sensitizers do indeed rea ct 

photochenicR)ly hy triplet state processes ,ms exarninect 

more closely for the pnrticular case of benzophenone hy 

Hammond ond t!oore ( 6 ) o They showed that in the reaction 

benzophenone + benzohydrol + light = benzopinacol 

the rate of the reaction is diffusion-controlled. Since 

the maximum diffusion constant is a,hout 5 x 10
7
/sec. and 

fluorescent rates are [reater than 10
8
/sec., it 1Vcl S 

conclude<l that the triplet state of benzophenone was the 

active moiety, especially since no fluorescence could be 

detected for benzophenone and there wns no isotope effect 

1rith deuterated benzohydrol. 

Diverse mechanistic investigations have since 

been aided by the use of "sensitizer technicrneso" Notable 
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examples have been the studies of the dimerization of 

isoprene and of butadiene(
7

,B) and the subsequent 

postulation of cis and trans triplets as stable, 

noninterconvertible, stereoisomeric states as reaction 

jnterrnediates~
9

) Others in the field have alRo demonstrated 

the remo.rkable effect of the ne,ture of the e~cited state 

. ( 10) 
upon the course of reaction, notably Zimmerman and 

Griffin(ll) in their studies of cis-dibensovlethvlene 
-- •J ,_,: 

d Sh I • h' t d f • d' • t· (l 2 ) an c enc, 1n 1s s u yo coumar1n 1mer1za 10n • 

Conjugated Large Ring Systems 

In the past few years photochemical studies 

of conjugated cycloheptyl and cyclooctyl compounds have 

been numerous. Due to the nature of these compoun<ls, 

investigations were nsmd Iv first bezun vri th naturally-

occurrinz representatives of the various series. Thus 

(13) 
eucarvone, examined by Buchi and Burress, seems to be 

the first cycloheptadiene to be investirrated. Their 

conclusions as to the type of reaction to be expected 

have essentially been sho,m to he the ca.s e in nearly 

all other related compounds. The reaction is sho,m below. 
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Many other examp les of a simil a r rinr; closure 

in the cycloheptadienes can be cited. 
' 14) 

Ri gaudy and Courtetl 

have examined I,4-diphenyl-1, 3-cycloheptadiene; 

<t> 
\ 

-7' 

cp 

) 

Chapman, Pasto, and coworkers(l 5 ) have examined a whole 

series of cycloheptadienes; 

o◊H 
0 

qj 

O~e. 

O~e 

while Fonken(I 5 ) has reported a sjmilri.r isomerizo, tjon 

in the rel a ted heterocyclic, muconic a nhydride. 

d 
0 

0 

[Qo 
0 
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One exception, reported by Chapman and Horden(I 7 ), 

CO + CH2 = CH - CH = CH - CH = CH - R 

R = CH
3

- , H-

has been explained by the fact that initjal excjtation is 

* an n ➔ 1f transi tj on of the carbonyl group with subsequent 

triplet carbonyl transfer to the diene system,. ra,ther than 

direct excitation of the diene system itself. Another 

exce~tion has been reported by Hurst and 

eucnrvone in acid solution. 

(J 

.51.Al"l\i;\~ 

H6f).c - 1-1,;i,,O 

or l"l., ~.;i.SO'i 

1v-. d 1oxcw,e 

0 

+ 

-l-

¥/h. th ( l8) .. 1 am , 

0 
j 

j nvo l vine: 

The necessity of the presence of H for the renction has 

led to its exrlonation ns a solvolytic rather thAn nhoto-

chenicel mechrinjsm Anr1 thus ren:ovec1 it fr0p, the reEdm of 

contrarliction also. 

Examination of the cycloheptatriene series 

ho.s I"'roduccr! on o.nalogous rj nz closure reaction- o.s the 

expected end product of photochemical excitution. Chnpman 

T ( J9' 20) h t ..:i t and cowor ,cers .. ave repor el, on a series of reac .ions 

studied in their laboratories. 

) 



co,..R 

7 

h"1t qj 
co,._R 

(~S"-30io) 

+ o = C\.l - \-\-
I\ 3 .) 

Once a t·a in it is a so l v en t e ff ect whj ch see:". P. to ncc otmt 

for the excepti on re~o rted by Cl 
( 21) 

wpman • 

a o 
\iv R O 

- f1/ A --~----,~ LJJ 

The f e w eye ] oo c t y l compounr!s wl, i cl~ h 0 YC' heen 

t he f ew exanp l es cjterl below, 

> 

(<>9\ 
rc~or t erl hy B~chi and nur~ess~ --; 
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Results and Discussion 

The t,ro representatives of these large ring 

compounds which h0ve he,o. the most thorouc;h examinatjon 

seem to be 1,3-cyclo~ctadiene and 1,3,5-cycloheptatriene. 

The former has been studied extensively both by Dauben and 

(23) (24) 
Car~ill ' and Chappell and Clark . Both have concluded 

that the ring closure isomerization is the preferred 

photochemical path under normal conditjons. 

0 > 

The closure product, bicyclo (4.2.0) oct-7-ene, has been 

characterized thorouchly by both croups, by N~m spectroscopy 

in the case of Chappell and Clark, ahd by ~erjodete oxirlation 

to the diacidic cyclohexane in the case of Dauben and Car~ill. 

Dauhen and Cargill(
25

) have also exa~ined the 

photoreaction of cycloheptatriene and charact0rjzed its 

b ' t s , . ( 26) ring closure isomer y N:vffi spec rosco::y. . r1n1vasan 

has also studied the reaction closely, in both the li<J.nid 

and va:rior phase. 
c\.-\3 
I 

0 0 + CT) 
?-9 o/o O.~"lo 

0 CT) 
~~io 
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Quantum yields ancl kinetic studjes of the vapor 

phase reaction under varioui'l temperature and pressure con-

di ti ons, ftS wel I as in the presence of inert c;A-ses, have 

led Srinivasan to postulate that toluene is f ormed from 

a hi ch vibrational level of the electronic ground state, 

formed by the sinc;let decay of the excited electronic st~te. 

!Ie f1!rtl1er r,ostulates that rinc; closure isomerizati on must 

then be due to triplet state reRction at i round vihrational 

levels si nce toluene forr.:ia.tion is effectively halted in 

solution and the ground electronic state displays the 

followinc; equilibrium at increased temper atures or, in the 

vapor phase, it ~incrensed pressure. 

a) 0 
It was the ori g inal intention of this 

investic:s.tion to study the reactions of these two cor.1pounds 

in the presence of a triplet sensitizer to determine the 

validity of Srinivasan's ,ostulation f or the cycloheptntriene 

and to see if it could be extended to the somc,~ a t 

ana loc;ous cyclooctadiene system. However, thou~;h much 

eff ort has been exp ended to find a set of conditions 

thnt wil1 inr1eecl :yield a. sinc;le product in either the 

sensitized or the unsensiti.z ert reo.ction of eithe r co1:1poun0, 

no such reaction has ever been oh s erved in the course o f 

the s e e:x:,, eriments. Whether this is the effe ct of na,ive 
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experimental techni1ues or the ha,ncl of God rer.a,ins for the 

present an equally insoluhle 11rohlern. Nevertheles s results 

lmve been obtained, thour;h El,t best inconclusive f.l,nd. at 1\rvrorst 

feeble they may be; such r esults, e s pedcll:y such results, 

are most conducive to discussion and spec1llP.t:i on. :rn the 

light of bur~eoning knowledg e and belated wisdol:l I should 

li ke to attempt such a discussion in the followin~ pages. 

The diagram on the follo,ri.ng par;e in(h cates 

the first and perhaps most serious sin co~nitted during 

the experimental procedures described in a later section. 

Pyrex e,-lass -was used extensively throu~hout as a filter 

to prevent direct absorption by the acceptor compound. 

Vfuile it is readily observed that an e f ficient job was 

done by the pyrex in the case of the cyclo6ctadiene, it 

is just as obvious that it fell far short of expectation 

in the case of cyclohcptatriene. The emission lines of 

major concern, 3125-3131 .8 i, fall in an area where 

absorption by sensitizer, filter, and acceptor are 

nearly equal o This f act nmst be remembered e.nd seriously 

considered, e specially when discussing results with 

an initially high acceptor concentration. 

I, 3-Cycl o6ctadi ene 

Althou2;h the data is very qua litative, examination 

of the results of the various ~ctadiene experiments show 

/'leveral very important facts. Table I shows that the 
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Kffe ctiveness of Pyrex Gl as s as a "'ilterinc; Agent 
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( 28) 

\ 

........__ 
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diene system yields not one but several products upon 

irradi a tion. There is one major product in the direct 

reo,ction, o.s reported in the literature, but two minor 

products are also in evidence. It is these latter 

products, in almost equal amounts, which account for 

the bulk of the sensitized reaction, though still a fourth 

product is in evidence in large enou~h quantity to be 

considered of interest. The data of Table VI clearly 

supports this interpretation. The unsensitized reaction 

is clearlv hindered bv the filterinr- effects o f the nvrex .., .., u ... ,., 

tubes in ·which the reaction was run, a,nd only after 

prolonged photolysis was conversion eff ected, on the 

order of 10%. There ,ms little ef f ect on the sensitized 

reaction, however. All samples show a pproximately the 

same conversion, irregardless of exposure ti r,ie. It seems 

clear that two distinct processes are in evidence, 

a sensitized and a direct. If the former is indeed 

a sensitized reaction it is almost surely a triplet 

process. The direct reaction must be explained by some 

other means. 

The results of expt. #5 add further weight 

to these conclusions. There is no evidence of o, direct 

rea,ction, thonc:h exposure times were a.bout the same 

in this exp eri ment as in expt. # 4. This can on ly be 

expla,ined by the fa.ct that there wer e further barriers 

to irradiat:ion, na mely the 30-35 cm. between the li ght 
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source and the tubes. The intensity falls o ff as the 

square of the distance, which could easily account f or 

the results of Table IX; the 1 i [ ht was fi 1 tered twice 

by pyrex and its intensity was a fraction of its original 

450 1vatts. Taken as a whole, the results in Table X show 

once again that the sensitized reaction does exist, as 

evidenced by the rapid conversion even at low intensities 

and shoet periods of exposure. The same me.jor products 

are in evidence; the examination of the data on the 

basis of concentra tjon can g ive some idea as to the 

processes which control their production. 

It is evident that at very low concentrations, 

0.1%, conversion to nearly equal amounts of D
4 

and D
5 

is 

the major process. The consistency with which these 

products appear, only to~ether and in nearly equal amounts, 

would 1 ead one to speculate the,t they mizht be isomeric 

forms of the same product. The similnrity of retention 

times on the vapor chromatog raph also su~~ests thi s 

possil,i lity. 

At medium concentra tions, 1%, t he above 

conversion to the proposed isomeric substances is still 

of Fmj or il'Torto.nce, thouc h o. cor:peti:n2; rrocess, wh:id: 

has as its end pr oduct un insoluble crys tulline s~hsterce, 

also assumes consjaerahle stature. At hi ~her concentrations, 

IO%, there is evi d ence o f :inhihi tion of the a l,ove processes 

and the introduction of s till enother product, which was 
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first ohserve~ in ex~t. J1. At still higher concentrations 

this sane process is in evifence also. 

The results of expt. #6, run at merh um 

concentrcd,i on, once ago.in riror:1pt i,na ,c-es of an i,someri c 

process. Tube (Da) provides the only contradictory 

inforr'.lr:tion in the whole series, am~ rath er defies 

explnnation. Jt is possible that the loss of consiclerable 

solvent and the ~resence of oxyc;en had a marked effect 

n rrnn the course of the rea,c tj on, whi c1! Wl:'-S run in (pw.rtz. 

It is er1uctll:;r li\:-e]y that two solvent :, er k s could have 

been produced durin~ the injection of the sncp le into 

the vapor chroms,toc;raph. If that were the ca,se, all 

compoun<lR would then be desiGnated bT one lower numher 

nnc'l the faTI:i J io.r cJj rect reaction woulc! he i1, evidence once 

ac;ain, for the diene 1ras determined by its retention 

time to inc1.eed be diene while the other co;; 1pounds were 

assic;ned on the hc1.sis of pattern more than retention. 

The attempts at cliara,ctericcation o f the s e 

products b7 preparative vapor chrorm to~': rn r h:r a:lf' s11hs e r;uent 

trm an a lysjs have provert to he of ljmited but not ne~ative 

value. In all preparations, diene h a s heen recovererl in 

Sl~fficjent purity to identify it hy comparison wjth 

kno1m s:wctra and spectral vrlues. ?i2:ure I is an 1'P !R s;,ec­

trum of cyclo~ctofiene as nsed in the majority of these 

ex;,eriments. The simjlorjty to the s~ectrn of Ficures IV 

and VII are unr:Jista,kable. Thus a vn luable ref'Prer>.ce :roint 



15 

3 .37 

F'I GUR1': I 

l, 3- Cyc 1 oo cto,di ene 

Neat sc1,mp le 

Ext ernal s t a nda rd 

Filter ba ndwidth: 4 cps 

R. P . f iel d : 0.02 mG 

Sweep time : !~50 sec 

Sweep width: 500 -cps 

Sweep offset : 000 cps 

Spectrum amp : 0.8 

7.92 8.65 



16 

in the chromatocra~hic trace ha~ been estnh1ished in each 

case. Such a point is necessary since the lar~e nature 

of the prerarative samples usef have a tendency to overload 

the chroms.tor;raphic columns and substantially rlefcrm and 

lengthen characteristic peak contours and compound retention 

times. 

The analysis of the direct reaction in 

expt. 116 is c;reatly hindered by the difficulty in c1,ssicning 

the various fractions to those shovm in other e.,ri.s.lyses hy 

vc1,por chrol'1e,tcc;raphy. If this mntter is <h sre['·arded for 

a few moments, the s:itua,tion r1a.y hecm~e clearer. The oritjno,l 

molecule has heen analyzed and the various hydro[ens assi~ned 

the foJJowing 't' va,lues( 29 ): 

Ii Cc.') 

H 

1-\ 

H cc.) 

( J) 

'Y 

a) 8.18 

b) 
I 

7.80 

c) 1.17 

a) 4o23 

These vs,lncs o,c;ree ver:v well with our ass:i,n:ned values, 

heinc; about 0.1 r, . p.!'.1 . hi:c;her; this is prohahly dne to 

our use of an external standard, and shoulrl be a consistent 

statistical error in all t values civen . 

(24) 
The study of Chappell and Clark I has 

provided us wjth wm analy,ds of the ring closure isoner 

prerlicted as the najor ~rorluct of the direct rcoction. 
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--r 
(a) 8.58 

(b) 7 .'12 

(c) 4.52 

!nultiplet 

multiplet 

sin~let 

If we examine Fi c;ure III with this data in mjnd, and also 

rememherinz tha.t fractions one nr.d. two were not very well 

separated by the chroma.togre.phic column and that there wi 11 

be r emnants of the spectrum in Fi~ure II also, a little 

headvray ce.n be rm cte . The rnu,r I-:ed sini lari ty of the two 

spectra become even more evident upon closer e~nminntion, 

and if intensities are ignored. let us thus ignore the 

band at 7.85 in ?izure III on the b□ sis of intensjties 

betwePn the two spectra. In a si~ilnr no.nr.er ic;nore the 

bands at 3 . 80 ar.d 7 .1 0 jn ~"i.'.';ure TT . 'I'houc;h jt would. 

now see~ possible to analyze them successfully, that 

/ 901 
task de f ies my limit ed abilities, even with ,Ja,ckrnP'!l'_., 1 

in hand. All that l can say with some surety is tho.t 

neither is the ring closure isomer; the first f raction 

is also very probably saturated. As for the fifth fraction, 

while its s pectrum is of fOSi-,il,]y c;reat interest , t hat which 

is ~r0sented is of little use. 

Analysis o f the sensitized reaction's spectra 

will not be of much hi c her cs.l:ibre . Once a;}lin the 

first Yractjon as rerresenterl by ~"i 13:ure VI is of little 

more than curjosity value. The analysis of the third 

fraction can once more be simplified by elisinnting the 
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ban d a t 4.09 as an ohvious remnnnt from th e starting 

mRtPrial, ,~ich it matches v ery clo se ly in retention 

tjrne. T<raction :five is a lso little more t.ho,n n curiosity 

at t he }'re sent time. It i s sa,irl t lw,t i t i ,s the wise ma,n 

who knows his li mito,tions; this, un fo rt.uno,tel:,r, has 

hrourht me to mine. 

1, 3, 5--Cycl ohPptntri one 

The data f or cycloheptatri ene i s even more 

qualitative in nature, e specinlly due to the unfortunately 

direct ubsor:_,tion during a, secmin;t ly sensitized pll otolysi s. 

Nevertheless certain patterns of reacti on s till emerce, 

,vhich can provide us Tdth at least some basic idea,s 

about the nature of the triene reaction . 

The data in Tables II and III show t :m,t the 

direct reaction hRs one major product, hu t t hat i f the 

r eaction j s run thr01.1f:11 (lUnrtz, as done in the 1 it erature, 

sr.vercd other r roclucts s0cn to occur al so , r ossjh J~· flue 

to t11 0 increased l,hotons o:vailab l e thronr-:h r:11 ri,rtz . 

The rema ini ~c data on the direct reacti on, ta~cn mo~tl~ 

throu['_:h r,yr e'~ , i s cU f'f j cnl t to r-1a!:e an;r t ype o f CEJ, s0 -Por v 

In al] cases , co~versjon is nt best ve r y sli cht, usually 

indiscriminately, thouch Tahlcs V and VII su~~est the 

d~sirability of a pnth lea din~ to the forrn~tion of T3 • 

Concentration ranrres see~ to hav0 JittJe effect u~on the 

outcome of this reactjon. Table XI shown §bme decree of 
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consist ency with these results even throuzh que.rtz, thou~;h 

the major product is now T
4

• Such inconsistency mi~ht be 

explained on the basis of difficulty in assi~njng retention 

times to the various trace compounds which cive evir!ence 

of their existence only very unwillingly. In such casPs 

it is order of separation by the column more than retePtion 

time ,~ich provides the basis for classification. Any 

modffication, from contamination of the microsyrin,o:e 

with acetone during injection to a wanderinr; of the 

base line, could lead to the introduction or the suppression 

of an unexnected compound in the pattern. Thus, with such 

a 1 imi ted amount of conversion as was the case j_n most 

samples, such inaccuracy might be accountable and expected. 

In the sensitized reaction, however, yields 

are e:mch higher and straic:htforwD,rd, consistent evidence 

for such a sensitized path,my is obvious. Table TV 

shows two major products, of nearly equal amount, vrhich 

dominate the reaction and seem to apnear in greater 

quantity with increased photolysis. A similar result 

can be seen in the data of Table V. It is difficult to 

assess the possibility that T
3 

also is a product of the 

reaction, for this might just as easily be due to the 

direct reaction tak in~ yilnce sirnul taneousl;y. Relative 

rates of rear,tion would seem to indicete that th:i R 1·ros not 

the case, however, and that this third product dirl 

indeed play a role in the sensitized mechanism. 

The effect of cor,centration, sunr:;arj zed in 
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Table VITT, is clearly in evidence. At ap~roximately 

0.1°0 T4 and T
5 

are proc'luced in nParly eqmd amounts, 

thourrh at loncer exposures the production of T dominates. 
f> 

The difference over time m1c:ht be explained on the basis 

of contribution by the direct reaction of T
5

, which it 

preferentially produces. There is nlso a crystalline 

yirorluct which may be the mcdn product o:f the reaction at 

these concentrat1ons, since it is in evidence in macro­

scopic riuantities even at these low concentrations and 

after very short exposure t1rnes. 

At median concentrations, 1.0%, there is 

at f irst competition in the production of T
3 

at short 

exposure t1~es, but eventually the pattern of product 

distribution becomes the same as at lower concentrations, 

with evidence of the same 11recipi ta,te formation rnd 

nearly equimolar production of T
4 

and T
5

• 

At h • h t t • 1 0°,f 1g .. er concen ra Jons, ., or more, 

product distribution resembles that of the direct 

reaction very closely, T
3 

bein~ the main result 1rith 

T
5 

(but no T
4

) also being produced. 

Hesults consistent with ti ,ese -were also 

obtained from the last two exr) eri men ts dorn', both a.t 

medium concentrations. Table XT shows the row fauiliar 

distribution of products, even in the nreRPnce o~ 

oxyc;en. Fxpt. 118 ge,ve smr:dl convers:ion, :,robri.bly due to 

the reduction of henzopheneone concentratjon, to any 

volatile rroducts, but the cr~rstallin0 solid wns in 
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evidence to a l~r~e enou~h extent to nermit an attemnt 
,_. '- ;, ... .t 

at ch~racterization. 

The meltinr ~oint, or rather sublirnRtion 

noint of the solid nrecludes the nroducts ~1ich readilv 
.A. J.. _,_ •-' 

come to minrl, such as benzohyrlrol, m.p. 68-69°C., 

henzophenone itself, m.p. 49°C., or even benzopjnacol, 

~1ich decompoJes at 186°C., leaving a black, charry resirlue 

rathbr than c/eanly subliming. The infrared spectrum, 

·which is suEmlarizecl in Table XIII, seems to provide 

support for the following proposed structure,( 3o) 

thour:h a cr-:1.rbon-hydroc:en amdysis and ~nm ,m0ctrum -vn.ll 

be necessary for positive i den ti fj cation. Thour;h there 

was some initial trouble in findinc; a solvent f or the 

co1:1pound, it seems li f-: el:T that chloroform wi lJ ::,rove to 

be of use, hoth for pnri fication procerhires n,n c1 m.m 

s;_, ectroscopy. 
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Experimental 

Benzophenone 

Benzophenone - A~theson, Coleman, and Bell 

reagent grade - was recrystallized from diethyl ether; 

0 
m.p. 48-49 C. It was used in the fjrst four experjments. 

0 
The re8,Gent benzophenone, m.p. 1 8-49 C ., was used without 

further puri f ication for the remainder of the experiments. 

2-Acetonanhthone 

2-acetonaphthone, Eastman Yodak ,fuite Label, 

wa s recrysta llized from hot ligroin; m. p . 53°c. 

9-Fluorenone 

9-fluorenone - Matheson, Coleman, and Be l l 

reo.rrent c:rarle - was recrystallized from hot ligroin; 

rn.p, 83-84°Co 

Diethyl Ether 

Di ethyl ether, Mal 1 inkrodt anhydrous renc;ent , 

grade (to meet A.C.S. standards) was used without further 

purificatjon, always freshly opened. 

Isonentane 

Isopentane, Philli ps Petroleum Company reac; ent 

(99%) -was used without f urther purification. 

Pentane (normal) 

Norme,l pentane, Phillips Petroleum Compo.ny 

rea c;ent (9 D% ) was used without f urther purification. 

Carbon Tetrachloride 

Carbon tetrachloride - Matheson, Coleman, a nd 
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Bell s rec troqua lity r eagent - was used without fu rth er 

puri f j co,tj on; approxi□ately I % tetrc,meth:yl s j l 2ne ~m s 

disso lved jn this reagent for use as an interna l N~m 

s t a ndard (prepared hy Dr. Charles Stout) . 

1, 3-Cycl oo cta c~i ene 

1,3-cjclo~ctadiene, Aldrich Ch emica l Company 

rea,gent c r rJ,de , wns u1,ed with out further puri fi co,tion, 

a l ways freshly opened. For experiment /,i-5 the I, 3-cyclo­

octadiene ,ms further purjfjed by distill a tion at 

33-36° /40-42 nllllo Vapor chromatoGraphy [l t hi c;h sensj tivi ty 

showed one i.mpurity, less tlmn 0.3%, by volume. 

1,3,5-Cycloheptatriene 

1,3,5-cycloheptatri ene, Columbi a Or~nnic 

Che~icals or K & K Laborat orie s practical c rnde (08~), 

was used vri th out f urther yrnrj fj co,t:i on, a l wn:ys f reshly 

opene d. For experiment #5 Colmnbio Or ::;nnjc Chel"ljc n ls 

technical grnrle ( 8f.>%) was purified by di stj 1 lei ti on at 

23-28°/39-42 mm. Vapor chromatog raph:)' at hi gh sensitivity 

showedtwo impurities, o f les s than 0.1~0 tota l volume. 

Ultraviolet Spectra o f J,3-Cyclo5cta~ i ene a nd 1, 3 ,5-Cyclo­

hentatriene 

A 1.77mg . so,mpl e o f 1,3,5-cycloherita triene 

(tri ene) was diluted to volume in a ,S-ml. volumetric 

fle,sk with s:,e ctror;_ur lit:;" methanol, then examined on the 

Deckman DU Spectrophotometer to obt,:i,in npproxi mo te values 

for the absorption maximum a nd extinction coefficient at 
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thiR concentration ( l .92 x 10-3:M). 1'he solution was then 

( 
_/! 

diluted fjvefold with methanol ,3.84 x 10 "M) and the 

continuous ultraviolet absorption spectrum obtajned by 

i\ 2o70 i, nbsorbance 1.36. A sir1ilar procedure was ..iax 

followed in the analysjs of 1.76 me;. l,3-cyclo5ctadiene 

( ) <· + ' ' ( <") () -4~ f \ ,rliene. Analysis o , vhf' f1nal conccntro.t1on .,.,.5 x 10 !:, ; 

on the Carey t[odrd 14B vielded JI 28~0 X, nhsorbance 1.39. 
• max 

Ultraviolet Spectrum of Pyrex Glass Test Tubes 

'!'wo 13 x 100 mm. p:yrex test tubes were sealed 

containinc ajr. Ultraviolet spectra were taken on the 

Carey 14TI with air as a reference, yj el ding absorbonce > 2 

at JI~ 2830 ~ 70 i, absorbance >lat 71 ~ ~~P30 ~ 50 io 

Sensitized Reactions o~,.5-:gycloheptatriene and 1,3-Cyclo-

octadjene 

Exnerj ment /fl 

Sa.::,~'.?_.S.:.re-,,aration~ A 1.059 c;. so,mple of diene wc1s ndded 

with a• rn:irosyringe to each of two 10-ml. volumetric fln.,:;ks. 

To one flo sk 1ms added O .:54/'i c;. bemrnphenone o Roth fl r sT-: s 

were then diluted to volume 1\'ith dieth:yl ether, sivinz 

solution (A) 0.1 Min diene and solution (B) 0.1 Min djene 

and 0.3 Min benzophenone. Photolysis samples were prepared 

in 13 x 100 mm. test tubes constricted at the neck, of 

approximately 2 ml. volume, from solution (A) in both 

pyrex (A) and quartz (A) and from solution (B) in 
p q 

pyrex only (B ). These tubes were then frozen at liquid 
p 
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-3 nitro .s: en temperatures, evacnn t e d to 10 nnn ., a nd sealed 

under this pressure. (A similar dec;Bssinz cycle ,ms 

used for a.I l succeed i n c; sc1mp l e tubes unl ess oth erwise 

sta ted.) A 0.1 M solution (C) of trjene was also prepa.n•d, 

usinc 0.tl87 c;. triene diluted with diethyl ether to volume 

in a 10-ml. volumetr:i c fl n s k . Photolysis sB.mples were 

prepared as above, one in f!Uartz (C ) n.nd two in pyrex, 
q 

( C l) and ( C 2 ) o 
p p 

Sample irradia,tion: 

as zero-time reference bls.nks. The remainj ng tubes were 

ta,!) ed to the surface of an Hanovia quartz irnmers j on 

a r, :,nr13.tus containinrr a 400-wa tt Ha.no vi a hi 2:h pre s sure 

mercury arc lamp and photolyzed for a!J :iroxima.tely ] 13 hrs. 

Samnle analvsis: Product distribution was det e n , inerl. 

by vapor chromato c;raphy on a Wjlliarn Instrument ron~nny 

Aero [:: rn ;ih a nrl a Lo enco P adel 15. A !') f t. by 1/ 4 in. 

C22 firebrick, 40-80 mesh, wn. s nsec1 fo r these c1.na lys es. 

'f he results a re surnrnarized in Tables I-IT. 

Exri eri ment ;1-'2 

To each o f two 5-r.il. vo]umetri c f l o.sks was 

adrled 0.443 g. triene with a microsyringe. To one flask, 

0 .545 r,; . b enzo ph enone wn.s a l s o n. dded. T:oth flas k s were 

] t ' ( ~.•,)) t h en diluted to volume with djethyl eth er, r:::i vinc; sou Jon 

0.1 Min triene and solution (E) 0.1 Min tri cne and 0.6 M 

in benzor,h enone. Approxima.tel y 2 ml. s 0.mples T:cre prepar e d 
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TABLE I 

Product Distribution, Diene; expt. #1 (Page 24) 

Product lf 

1 

2 

3 

4 

5 

6 

7 

Product 
desi gnation 

diene 

TABLE II 

(A ) * 
p 

(A) 
q 

trace 

trace 

major 

minor 

minor 

Product Distribution, Triene; expt. #1 (Pag e 24) 

Product # 

1 

2 

3 

4 

5 

6 

7 

8 

Product 
desi gnation 

T., 
u 

toluene 

triene 

trace 

major 

trace 

TABLJ_;; I II 

(cp2) 

major 

trace 

* Product Distribution, Triene; expt. / f2 (Pac;e25) 

(B) 
p 

trace 

minor 

minor 

major 

major 

tra,ce 

medium 

(c) 
q 

trace 

trace 

major 

medium 

medium 

trace 

minor 

trace 

Sample Toluene Triene 

trace major minor trace 
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degassed, then ta.pect to the outside of a 400-watt Hanovia 

immersion apparatus, quartz, for photolysis, R.pproximately 

68 hrs. Analyses were by vapor chromatography on column (z), 

as above. Table III is a summary of the results. 

Exneriment #3 

Solutions (F), 0.1 Min triene, and (G), 0.1 M 

in triene and 0.6 Min benzophenone were prepared as in 

ex:peri ment #2 above. 1 ml. aliquots were placed in 

13 x 100 mm. pyrex tubes - (F ) and ( G
1

_
4

) - and dega,ssed, 
1-3 

the freezinrr cycle being repeated twice before sealing. 

Tubes (F
1

) and (G
1

) were kept refrigerated as zero-time 

reference blanks. The rema,ining tubes were taped to the 

outside of a 200-imtt Hanovia, quartz irnrnersi on apparatus 

fitted with a pyrex filter and photolyzed. (F
2

) and (G
2

) 

were removed after approximately 14{· hrs.; the rema.ining 

tubes were exposed an additione,l 24 hrs. (38-} hrs. total). 

Vapor chromatography on colmnn (Z) was used for ana,lysis; 

the data is suu,rnarized in 'fable IV. 

Exneriment //4 

Samnle preparation: Solutions (H), 0.1 Min triene, and 

(J), 0.1 Hin triene and 0.6 Min benzophenone were also 

prepared as in experiment 1/-2 above. Solutions (K), 0.1 M 

in diene, and (L), 0.1 Min diene and 0.6 Min benzophenone, 

were prepared analogously, usinc; 0.530 g. diene. Photolysis 

samples of approximately 1.5 ml. volume were prepared in 



28 

'fABLE IV 

Product Distribution, Triene; expt. #3 (Page 27 ) 

Sample Tl T2 'I' TL! T Toluene Triene To 3 r 5 

(Fl) major 

( F ) medium minor minor trace very trace 
2 major 

( f' ) minor minor trace very 
3 major 

( Gl) major 

( G2) trac e trace major major trace 

( G3) trace minor minor very very trace minor trace 
major major 

( G4) medium minor minor very very trace minor trace 
major major 

( ),' ) • I and (GI) are zero-time references 

(CT,J A,nrl ( r, ) were prepe,red i r1enti cnlJy 
<.I 

' -· 4 , 



(L
1

_
3
). Tubes (H

1
) and (K

1
) were refrigerated as zero-time 

references. 'i'he remaining tubes vrere taped to a 400-watt 

pyrex Hanovia apparatus, which ,ms then submerged in 

a 3 liter beaker filled with water at room temperature. 

Samnle irradiation: Photolysis was co,rried out over 

a 42,& hr. :period; the water bath temperature was checked 

periodica,lly, rema,ining 
0 0 

at 27 + 1 C. ( L
1

) was removed 

afte~ 16 hrs. exposure; (K
2
), (L

2
), and (J

1
) were removed 

after 20 hrs.; the remaininG tubes were exposed the entire 

42½ hrs. 

Se,mple analysis: Ana,lyses were made on a Loence Model 70 

Hi-F'l ex IJrogramr.ier vapor chro□e. to.'.:_'raph. Ms,tchj nz 8 ft. 

by 1/8 in. columns (Y) were packed with 35% by weight 

Ca.rbo,va:x-20H on C22 firebrick, 40-80 mesh, approximately 

7 .4 ml. of ~a.cidnrr per column, then fllrnhed wjth 10-12 p.s .i. 

of nitrogen gas for 21 hrs. for use in the analyses. The 

Pro r;ramFJer was used isothermally at 6.s
0 c. with 25 p.s,j. 

heliur., flow. The injector tempere,ture i•ms 46°C .; the 

detector temperature ,ms ll0°c., the detector filament 

current 110 ma. Results are S'J.i"i'marized in Tables V-VI. 

The Effect of Accentor Concentration in the Sensitized 

Reaction; Exneriment #5 

Sa.mnle nrepa.ration: }.!eat samr,les of diene o,nd trj ene 

,rere prepared in capill ary tubes, pyrex, sealerl off at one 

end. The tubes were filled with a micros:yrjn,ee, inserting 

88.8 mg. and 88.2 mg. of triene and diene respectively into 

each of two tubes. One tube of ee,ch compound was then 



30 

'r .~ HI,E V 

Product 1)j stri hutj on, Triene; expt" ;(t'-4 (Pa.'.::e 27) 

SJample Tl 'I' T3 'I' 'I' Toluene Triene 'l' - 2 -- 4 -5 ~6 

(I\) !olD,jor trace 

(H2) * 22 3 70 tra ce 1780 trace 

(Jl) 300 300 300 800 800 200 12000+ 1000+ 

(J 2) 300 300 1600 2000 2000 trace 1560 1000+ 

TABLE VI 

Product Distribution, Di en(q expt. ;¥4 (Ai.g e 27 ) 

Sam::,le Dl D 
2 D3 D4 l\ Diene D6 

0\) ma,j or trc1.ce 

(K2) trace trace trace trace very tro.ce 
major 

(K3) 90 30 3000+ 20 10 30000+ 300 

(Ll) 100 250 2,SO 2600 3000 7:"'iO 

(L2) 40 100 tro.ce 2375 2;300 3000+ 

(L3) 120 250 trace 2425 2375 1700+ 

* Values C1.re mec>,ninrcful for com;::>f1rison only within the 

same sampleo 
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sature,ted with henzophenone. The neat tri ene tube (A), 

the saturated triene tube (A), the neat diene tube (F), 
s 

and t i:e s a tnrn.ted diene tuhe (F ) were de,:,:n,ssed anf- ses.l0rl. s ~-

10-ml. volumetric flasks, each containin0 1.090 ~ 0.003 ~• 

benzophenone (0.6 M), were used in the preparation of the 

remaindef of the sensitized solutions; the flasks were 

filled to volume with diethyl ether after addition of 

the acceptor. Measurement and addition were accomr,lished 

by use of micro- syrinzes ond yiiyiettes. By weizht, 

solution (B) contained 11.1 mz. (0.15~~) triene, solution (C) 

111.0 mg. (1.51%), and solution(~) 1.110 g. (14.7%); 

solution (G) contained 9.3 rag. (0.12%) diene, solution (H) 

93.5 mg. (1.?6%), and solution (cJ) 935.0 mr. (12.4%). 

Four 1.5-ml. samples of ee,ch solution were tro,ns:ferred 

t t • t d l ') 100 t b ( P ,... .., (' TT J \ o cons r1 c e . •> x mm. ryrex u es - -•, \, , :., , : , "" , 
1

_
4

; 

clega,ssed, anc1 serded. The f ourth sar:rr,le of er,ch solut:ion 

,ms refr:ie;erated for fntnre referer..ce. =•'in::-lly, comparison 

solutions of di ene and triene w0re rreri0,r0<l directly, 

mensurerl hy □i crosyr:i n;_,:e in.to constricted pyrex tubes 

contnininc l ml. diethyl ether. 

ronta1·ned O <) mrr (0 14d) c1 iene ~g~•1 le (v' Q 3 l'lIT (I ~s~' 
.J , _ · ... ~·u• • .1 o :.. __ _ # _1# , t-'.., c -, !.~~}. \ _! ' '), ~#• 'c:i • #•-t / OJ, 

,:,.. 

and sample (K,) 93.5 mg. (11.6~/2). These tuh0s were 0.lso 
u 

degassed and sealed. 

Se.mnl e j rro,diatj on: The tubes were photo lyzed by 
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TA!3LE VII 

Product Distributjon, Unsensitjz0d Triene; expt . ;l,15 (Pa,g/~ 29) 

So nr l e Tl T2 T3 'T' 'T' Toluene Triene T6 - 4 - 5 

0\) trace t race trace trace trace major t:n,,ce 

(:82 ) tr c1 ce 50 .so tra ce trac0 trac0 10000+ trac e 

(E3) t r ace 40 225 50 trace t r ace 1.5000+ trace 

(A) trace 950 t race 260 110 80000+ trace 

TABLE VIII 

Product Distribution, Sensitjzecl Tr iene; expt . l/5 ( Pac;e 29) 

Sample Tl T2 'I' T4 T5 To l uene Tr iene T6 - 3 

* (BL) 200 115 trace 6-50 R50 1000 t r s.ce 

(C l ) 200 75 300 .30 ~rn 60 18000+ trace 

(D l) 180 20 2100 30 580 360 60000+ trace 

( '* B2 ' 850 20.50 trace 280 460 ·· trace tro.c e trs,ce 

( c2) 250 340 56 0 r,50 900 140 3220 tra c e 

(D2) trace trac e 2000 trace 600 400 60000+ trace 

* (B3) 100 450 100 1900 2400 

* (c 3) 7 5 100 100 1250 1-550 100 ll00 trace 

(D3) trace 580 100 75 50000+ t rn c~ 

(A) t r ace 93 0 s trace 200 125 100000+ 

* Denotes ye 11 ovi s h- whj_ te preci_;;itate, crysta lline, among 

products at this concentratjon 
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TABLE IX 

Product Distribution, Unsensitized Diene; expt. ,#5 (Pac;e 29) 

SaT.ple 

(Kl) 

( J<:2) 

(IC3) 

( P) 

D 
1 D 

4 

trace trace trace 

trace trace trace 

trace trace 

TAHLE X 

Diene 

mc1,j or 

major 

mo,jor 

nmjor trace 
(90000+) 

Proctuct Distribution, Sensitized Diene; expt. #5 (Pac;e 29} 

Sa,mple 

( Gl) 

( )* 
Hl ' 

(J 1) 

(G'->) .. 
(H2) 

(J 2) 

(G3) 

(H3) 

(J3) 

(F) 
s 

* 

* 

* 

D 
1 

100 

130 

100 

trace 

200 

400 

trace 

100 

230 

500 

350 

550 

D 
4 

trace 1400 

90 

130 

trace 

trace 

trace 

290 

l,'3 0 

2400 

lHOO 

3000 

2300 

320 

trace 

1350 

2RO 

trctce 

2175 

2100 

29 50 

2600 

Diene 

1470 

27000 

4800 

12000+ 

5000 0+ 

200 

6100 

2000 

fi000 

8000 

Denotes yellowish-,~ite precipitate, cry sta lline, a~ong 

products at t h is concentra,tion 

900 

400 

R!' O 

300 

680 

800 
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a 450-wntt !13,novj a pyrex i mmer.c; j on Rppnni,tus pJ aced. o,t the 

center of th0 m0rry-c o-roun~, n douhlA concentric circle 

bath and rotated by an electric motor. The ten ;">C rr>ture 

,ms kept it 27°+ 0 . 5°C. throughout the entire 36 hrs. of 

th e photolysis . Tubes (B,c, n,n,H ,J1) were remo ved after 

13 h~s • t•,re; (n f' ·,- , G. T' J \ 
l - ..! • J \, !J ~ ,~ ~ '' V ' .I. ' . , ' , • ..l' () / were remo ved after 25 hrs.; ... 

removed a f ter the full 36 hrs o 

Sample analysis : Ana l yses were done on t 1w Loenco 

Proc;rammer varo r chro;nato c;r arih, u s i n.13 colmnn.s (Y). '!'he 

Programner wn,s nsed i so t !,cn::::U:,- nt fH°C. rith ~,') p . s .i. 

h e lium f low. 

current ]JO na. '!'he re~ults are su~nar ized jn T~hles VJI - X. 

Le.r!"e Volume Pre-- 2 ro ti ve Procedures 

~olnhons of hoth diene and triene were pr epared 

on a larre scale, to provide product y ields suitable for 

isolatjon anrt characterization. Com~onents were ~i~ef in 

100-ml . i::; re<luc,ted cylinders. A solutio::1 of tri ene and 

an analogous solution of r.iene were yirepa red jn quartz 

tubes in a manner ,c:; imi l::tr to that of Schenk( Bl) 0 10- ml. 

r;radm:i,te<l cylinderE' were use d for solute measnrement and 

addition . Solution (Ta) contained 1 C)() 
o;...., ; io ( 1.5 ml.) triene 

in 100 ml • diethyl ether ; solution (Da) contn ine d 1.52 ['; . 

(lo7 ml.) diene in 100 ml . ether . The solutions were 
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poured into (J_Uo,rtz tubes, bubbled with ni trozen c_:as for 

approximately 10 minutes, then corked. Double volumes 

of (Ta) and (Da) were then preriared, and poured into 

250-ml. quartz tubes to which constricted pyrex necks 

had been added. The triene tube ( Ta2) was st0Pl1ered; the 

diene tube (Da2V) was dec;assed und seRled. Double volume 

solutions were a c;ain prepared, two of triene, one of diene, 

with 10.90 r;. benzophenone added to each. The solutions 

were :roured into 250--ml. pyrex tubes; this technique in 

all cases led to substantial ether loss by eva poration. 

Tube ( TsO) was stop1_)ered, tubes ( TsV) a.nd (DsV) de 2:assed 

and sealed.. All tubes were photolysed on a 450-wc1.tt <Jna rtz 

He,novia immersion apparatus ir:inersect in a water both 

which ,ms kept at approximately 27°c. (TsO) was exposed 

for 113 hrs.; (TsV) -was exposed for 22fi hrs.; all other 

tubes were exposed for 245 hrs. During the photolysis 

stoppered tubes lost substantial amounts of ether, as 

much as 1/2 by volume in some cases. Qualitative yields 

and product distribution were obtained by analysis on the 

Pror;ramn:er vapor chromator:raph fitted with coJur.ms (Y). 

The detector tenrpera,ture was 130°C., the detector fj lament 

0 
current 110 ma.; the injector temy>era ture was 110 C o 

Results of the analyses o.re srnrn;1nrized in Tables XI-XII. 

The products were then concentrated and 

purified in the following manner: ether was stripped off, 

first at atmospheric pressure and room t emperature, finally 
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TA.BL!.'~ XI 

Pro dnc t ;)iR tribution, Tri enc; ex;1t . /16 1)'a'.=c:e34) 

Sam:, I e Tl T2 T3 '1' T5 Toluene '!'ri ene T6 • '1 

(Ta) trace mi nor minor ' . rnecnum tra ce trace major 

(Ta2) t race minor trace ?nechum tre,ce ?najor 

(TsO) trace 180 ?25 2150 '.J,300 100 1 ~lCO 

(TsV) 100 100 800 7000 7000 500 9000 tre.c e 

TADLE XII 

Product ·;)i stri buti on, Diene; expt . #6 (Page 34) 

Se,G::' 1 e D D2 D3 l) D~ D;iene D6 T) 

1 '1 u - 7 

(Da) majo r trrice trace minor trace me r1:i um tr0. c e 

(Do,2V~ 75 35 900 tre.c e 1500 tra.ce 

(Us VI tr c. ce 100 trace 1600 1600 
\ , I 
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at ~.50 m,'11. and pot temperature of 40°C. till copious 

precipitate formed. The nmterial ,vas then fi 1 tererl flnd 

the solution examined by v.p.c., which showe<i product 

di stri but ions to be unchanged. The r:1n,terial was then 

chromatographed on an alumina column, 5 in. x 3/4 in., 

and eluted with three 10-rnl. washing-s of 30-60° Ucroin; 

the 1 igroin was then removed under rerluce1i riressure. 

Mixed samples of the der;assNl fl,nei stop1:ered unsensitized 

reaction tubes i ndics,ted that there was 1 i ttl e effect on 

products or distrj huti on flue to the introduction of 

o:x:;,c;en; therefore tubes (Ts,) c>nd ('I'a2) were col"lb:inecl into 

(Tu) and (Da) anrl (Da2V) were combined into (Du). 

Pre:1c1rat i ve va:ror c1·1romfl toc;ra~hy wns attempted 

uy,on the tube cont0nts (Du), using the Loenco r1odel 15 

2.nd column (z). An 0.1 ml. snmyile v,,;as injected into the 

machine and the various fraction::, were c0}lected in 

corillsr::r tuhes a.t :isoy,roponol-dry ice slurry temperatures. 

These fractions were then s,nclyzed on a Varien A-60 

spectrometer used without rnodificatjon. Standard Varian 

A11nlytical Sample Tubes (4.28 mm. I .nt) were used for all 

spectra to,bm. Each capillar:y tube ,\'cts we,sh c d idth 0.1 ml. 

spectroqualit:y carbon tetrachloride, transferred by micro-

s:-yrinc:e to an mm tube~ nj luted with t wo nore ivn.sh:in_,-,-:, of 

the canjllarv tube (0.05 ml.'i, then d:iluterl +'urthPr wjth ; v I 

cc1
4 

till the NMlt tube was filled to at least 32 nun. with 

solution. Tetn1,methylsil0ne wcis used as s,n externnl 

reference. Magnetic shieldin13 va,lues s,re expres::,e<l hy 



l◄'IGUP.F. II 

First fractjon, 

expt . #6 ( Pac;e 34) 

Retention time 34 minutes 

Solvent CC1 4 

External standard 

Filter l-rn.ndwi dth: 1 cps 

H.F. f ield: 0.06 mG 

Sweep time: 250 sec 

Sweep wj dth: f)00 cps 

Sween offset: 000 cps 

Spectrum r.mp: 10 

A 
3.80 

38 

3 

10 

7 .87 8.46 8 .72 9.08 
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FIGURE III 

Second fraction, experiment #6 ( Page 34) 

Retention time 48 minutes 

Solvent CC1
4 

External standard 

Filter bandwidth: 1 cps 

Sweep time: 250 sec 

Sweep offset: 000 cps 

3 

3. 76 

R.F. field: 0.06 mG 

Sweep width: 500 cps 

Spectrllli: amp: 10 

1.5 

'7 .06 

1.5 

8.38 



40 

PIGUR2 IV 

Third fraction, expt. #6 ( Parre 34) 

Retention time 80 minutes 

Solvent CC1
4 

External standord 

~'i 1 ter ba ndwidth: 1 cps 

R. P . f ield: 0.06 mG 

Sweep time: 2.50 sec 

Sweep width: .500 cps 

Swe ep offset: 000 cps 

Spectrum amp: 10 

Intet ral amp: 40 

8.37 



t 
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FIGUilE V 

Fifth frftction, expt . #6 (Pa? e 34) 

Retention time 144 minutes 

Solvent CC1
4 

External standard 

Filter bandwidth: 0.2 cps 

R. F. field: 0.1 mG 

Sweep time: f?.50 sec 

S weep wirlth: 500 cps 

Sweep offset: 000 cps 

Spectrum amp: 80 

4 .34 5.17 7.68 8 .52 
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( 29) 
~ values as defined hy Tjers • Spectra are 

re:-ires entecl in Fi~ure8 I J -V. 

Prenarative Procedure in Neat !J jene; f".xneri,;ient Ill 

Usjnc; a 10-ml. syrinc;e, a -S-ml. sample of 

diene WRS inserterl into a constrictec'l 13 x 100 rrm. pyrex 

test tube. The di ene ,ms then so tura ted Tri th bemrnrihenone 

at room temperature. The tuhe was degassed, the cycle 

beinc repeatef t1rice before sealinz, then taped to the 

outside of a nvrex Ha,novio, L.!50-we,tt frm1ersion c>,rw,o,re tus 
... u ... J 

ani:1 photoly8erl apriroxima,tel :y JOO hrs., irmnersed in a water 

bath at 27° + 1°c. 

A column (W) 1ms prepa,red for the purpose of 

se::,arntint7 the comronents nfter photolyzatinn, 20 ft. x 1/4 ino, 

packeil with 3-5% by wej ,cr,h t Carbowax-2m.! on C2~ fjrebrick, 

40-80 mesh. Five samples, rancing from 0.035-0.045 ml., 

were injected with a micros~1Tinc;e and the four fractions 

collected from each in cap i1Jary tnbes a t dry ice-iso r ro:,o,nol 

tempe ro,tures. The co)u,;m temneratn.::e wa s l04°C. aPd the 

helium flow 25 p.s .i. 

The corresponrlinc; fractions f rorn eo,ch run were 

combined by rinsinc the contents o f each with 0.1 ml. of CCl~, 

contnj nine; n::1proxirrm,tely 1% tetramethylsi l2me, into D common 

Vnrian Ntf.11 tube. 1,\/her0 ne cessary, the tubes were f'urther 

di ]utef1 ti Jl th,\y cont rcii ned over 3:~ mm. solutiono These 

fractions were then analyzed on the Varjan A-60, using the 

tetramethylsilane included in the solvent as an internal 

standard. Spectra are represented in Fiv1res VI-I X . 



43 

F'IGUHE VI 
. 

First fraction, expt. --#7 (Pa6e 42) 

Retention time 29! mjnutes 

Solvent CC1
4 

Tetramethylsilane internal stnndard 

Sweep ti me: 2.50 cps 

Sweep wi ct.th: -500 cps 

Sweep of f s et: 000 C!)S 

Spe ctrum nr.-rr: 20 

R. F . fiel<l: 0 . 16 mG 

~ilter bandwidth: 4 cps 

3 .70 6. 25 8.42 8.96 
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F'I GU){F, vrr 

Second fraction, expt. //'i (Pase 42) 

Retention time 1s; minutes 

Solvent CC1
4 

'I'etn1.rnethyl si lune interm!.l stande rrl 

Sweep time: 250 sec 

Sweep off set: 000 cps 

H. F'. f:i e 1 d : 0 .14 mG 

7. 067 

Sweep width: .500 cps 

Spectrum amp: 25 

F'jJ ter br.nd1ti dth: 1 cps 
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Fl GURE VI I I 

'fhird fraction, expt o /1:7 (Pa,ge 42) 

Retention time 54 minutes 

Solvent CC1
4 

Tetramethylsilane internal standRrd 

Svreep time: 250 sec Sweep width: 500 cps 

Sweep offset: 000 cps Spectrum am:r: 50 

R. F . field: Oo20 mG Filter bandwidth: 1 cps 

4.09 6.20 8.48 
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FIGUllE I X 

Fourth fraction, expt. #1 ( Pn c: e 42) 

Ret ention time 73½ minutes 

Solvent CC1
4 

Tetramethylsil a ne interna l sta ndard 

Swe e p time: 250 sec 

Swe e;:1 o f fset: 000 cps 

R.F. f ield: 0.16 mG 

2.68 4.30 

Sweep width: 500 cps 

Spectrum amp: 80 

F'ilter bandwidth: 0.2 

6 . 20 

c p s 

7 .56 
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Prenarat:ive Triene Procedure; Experiment #8 

To a 100-r.il. volumetric fl ask was added I g. 

benzophenone and 5 ml. (3.550 g.) triene; the f L:1s!: wns 

then filled to volume with isopentane, g iving a solution 

0.055 Min benzophenone and 0.039 Min triene. Seven tubes 

were prepD.red from 13 mm. 0 .D . pyrex tubing by rounding 

the bottoms and constricting the nec T:s, g ivinc; a total 

length of arrroxii:,ately 40 cm. to each. 10-15 ml. of 

the solubon wD.s tronsfcrred to ea.ch tube ( T 
1

_
7

) by 

10-ml. syringe. The saF;:,Ies ,rere then deG2ssed and sealed . 

They were photolyzed on a 450-wntt s.uc1.rtz Hanovio, i 1tr'.lersion 

0 
apparatus, immers ed in a 1va ter ba th at ~4-28 C ., for 182 hrs; 

an o~aque yellow ~aterial f ornerl on th e inside o f the tubes, 

closest to the lamp, so the tubes wer e rota.ted with res ::,ec t 

to th0 lanp after a pproxima tel:;-· 100 hr s . In adtUtion, larc; e 

colorless crystals f or~e d throughout the tubes. 

The contents of (T
1

) were separated by decantinc , 

the solution poured off, leavin~ both the yellow s olid 

a.nd the clen.r crystals behind. The yellow solid WP S 

scre.ped fo rm the side of the tube, o.nd attempt s :r:m.cle a.t 

dissolvinr; it; it 1ms insoluble in pentane, acetone, 

dioxane, a nd dirnethy sulfoxide, thouc h the latt e r solvent 

removed th e ye11owish color ancl left the crys tals white. 

0 
The solid 1va.s stnhle above 200 C. and insoluble in concen-

trated nitric acid. 

( T 
0

) wa s s j milarl:y cl.ecanted. The colorless 
c. 

crystals we r e wn.sJ10.d in isopentane, then d.rj ed ~•.r j th a.ir. 
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A sin;_;le cr~.rst[d was f u rther r:frjed 1\y crushjnc: on f ilter 

paprr; a meltin~ point 1ms taken on n Bausch & Laurn 

,olarizin: ra icroscope equipperl with a Variac-controlled 

electric hcatin~ stace and a Thn7ns 'f'empera ture Thprmistnr. 

'f'here was a rr:e,rked chan~e in crystal I ine form to lonrr, thin 

needles beginning at 150°C. and continuin: till 185-195°C., 

at which point th e crystn.l .s s'.lblimecl. 

Severo,! more crystals wer e ·.nshed. y,j th i sopentane 

anrl rdr dried. 1.5 mg . were then c:round to a fine powder 

in a mortar an d pestle. Several hundred mi lli c r ams of 

anhydrous potassium bromide were then adned, and the powders 

mixed thoroughly. A stiff cnr rlhoar~ s lide with a 1.5 cm. 

hole in it s center ,ms placed on a polished dje, nnd the 

center cavity jus t f j 11 ed with the -,,owdcr ,~i x ture. The 

sli de nnc': r.o,·:r!c r were covered wj t,h the otlwr hnlf of the ' 

die and compressed jn rm hydranlic press fl,t ~10,000 :p.s.i. 

f or n.::,:,roxir-mtely one minute. This formed the powder into 

a transluscent ~l ass suitable f or infra red examination. 

A s rle ctrum was t aken on the Beckrrm.n J.foclel Il17 s pectro­

photometer, usin.'.'.; a ir n.s reference with the double beam. 

Results of the analysis are summarized in Table XTII. 

The solution from ( '1'
1

) ,ms analysed on the 

Pro c ra~ner wjth columns (Y); conversion to volatile 

products was nec h [:: ible - estinn.tes f rom th e rena ininc; 

trj ene showed it to be much les s than 5%o 



49 

TABLE XITJ 

Infrared Amdys i s of CrystcdJ:ine Product from r:xpt . #8 (Paze 47) 

. . -1 
i•'requency 1n cm. 

650 

680 

fi93 

7fi8 

f-)57 

1005 

1028 

1045 

llR."S 

1270 

1340 

1448 

1497 

1600 

8060 

,3590 

Tntens:ity 

% n.bsor:1tion 

30 

13 

47 

77 

,59 

57 

19 

12 

18 

28 

57 

'18 

-32 

27 

80 

58 

~fi 

18 

27 

45 

Character of 

pf;ak 

sharp 

shoulder 

shoulder 

very sharp 

very shar;,} 

shnrp doublet very 

blunt 

hrood 

sharp 

shonldcr 

:::;ho rp I sharn 
dou},l et 

broa,rl 

bJ1.1nt 

broo,cl, s1cewect 

very sharr, 

very sh:irp 

sharp 

sharp 

blunt 
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