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INT RODUCT ION 

Althoug h ozone was d iscovered by Schonbe in in 184 0 (1), t he first 

i nvest igation of the me chanism of its for ma ti on from oxygen wa s that 

of Lind in 1 911 . In 1968 , Sea rs and Sut he rl a nd (2) of t he Brookhaven 

r~at iona l Labo r atory, revi ew ing Lind's \-JO rk, po int ou t that " it is thus 

one of the ol dest systems in r ad iati on chem istry11 • 

The first studies of the reactions of ozone with organi c compou nds 

l<e re made by Ha rries (3) at the beg i nn ing of the 20t h century . Ha rri e s 

wo rked exclusively in an hydrous nonpar ticipa ting (a pro tic) so lvents 

s uch a s chloroform. The products wh ich he obta i ned we re a l mos t i nva ri­

ab ly unstab le polyme ric ozonides havi ng unpred ictab le and viol e ntly 

exp losive properties. The ha zards of wo rking wi th ozone and ozona tion 

prod ucts d i scouraged a ll but a handful of sc i e nt i s ts from e ngag i ng in 

the study . Progress in the field, theref o re, did not kee p pace with 

tha t made in othe r a r eas of sc ience. 

Int e rest in ozone and ozo na ti o n p roduc ts wa s renewed about 20 

yea rs 290, sti mulated in part by the discovery t ha t the presence of 

ozone in the atmosphere and stratosphe re of the ea rth p l ays an i mpo rt­

an t and ever increas ing part in the hea lth and we lfa re of it s people . 

Paradox ically, the potent ox id i z ing prope rti e s of ozone have crea ted 

an i mportan t place for it in the fi e ld of a nti pol l utan ts. 

A great dea l r ema ins to be l ea r ned about ozone and its re ac ti ons. 

It ha s bee n the ob j ec t of this inves ti ga ti on to make a contr i bution 

t owa rds the complete understanding of t he comp l e x me chan ism of the 

react ions of ozone with pyrene , a tetr acyclic aroma t i c compound . Speci­

fica lly it is d irecte d to the ozon a ti on of pyrene with wa ter a s a 

pa rtic ipat ing so l ven t, a nove l f ea t u re introduced by Sturrock and 
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and co-wo rkers (4) in 1959 in a n attempt to br i ng abou t concurren t 

ozonation an d hydrolysis of the ozonation product with the prine objec t 

of removing the explos ion hazard. 



HISTOR IC/\L 

The st ructu re of the ozone mo l e cule ha s been stud i ed by a ser i e s o f 

i nves t i ga tors ( 5 ) who have de termi ned t ha t the o zone mo l e cu l e has 

a n ob tuse ang l e (11 6°45' ~ 30 ') and a bon d l en gth of 1. 278 + . 002 1\. 

Ozone has been ~roduced under va r ious condit ion s i ncluding t he pa s sage 

o f oxyge n throug h a s il en t e l ectr i c d i schorge , by pho tolysis , by the 

e l ectro lys i s of water and mo re re ce ntl y by i ts for mat ion unde r r ad i o-

ly tic cond i t ions . So fa r, t he mos t pract i ca l method of mak i ng ozone 

i s by s i l e nt e l ectr i c d i scha rge . 

In 1905 , Ho r r i es (3) pub li shed a r eport on t he ozone trea t men t of 

a · .. 1i de var i ety of compounds conta inin g do ub l e bonds . He showed tha t 

ozone is a spec i fi c rea gen t f o r doub l e bond s . lie v1a s no t, hm·1eve r, 

conce rne d wit h t he me chanism i nvo l ved. In 192 5 , St aud inge r p roposed 

tha t ozone reac t s wi t h a doub l e bond to form a n i nitia l unst ab l e "mo l -

ozonide" , 1·1h i ch then rea r r anges t o the mo re stable ozoni de . Mechon i sms 

fo r the forma tion of the ozon i de have been propos e d by Cri egee , Leff l e r 

an d ~'d l a s . Of these , the most ~'l i de l y accep t ed i s the Cri egee mechan-

i sm ( 6 ) • 

R 
' 

R R 0 3, R 0-0 0 , . 
" 

, . . c c. + 03 - l- c c -+ R C - CR 2 - l- R2C-0-0 
; , . 2 + 

R R R R 

II/ + IV 
II 

R2C=O 

. l v 
Rearrangeme nt ,0 - 0, 0-0. 
Products + R2c. ,CR 2 R2(, CR2 

0- 0 o" 

,OOH VII VI 
+ R2C, + Po l yme r ic 

OR Ozon i des 

VIII 



4 

Cri e gce propose d that i ntermediate (I I) of unce rt a in s tru c ture c l e a c d 

i nto two fr agme nts , a zw i t t e ri on (IV) and a ca r bony l conta inin g fr agme nt 

(V) t hrough the unst able i ntermed i ate (I I 1). The behavior of t he zw it-

t c r ion (IV) depe nded on its s t ructure , the struc ture o f t he c a r bony l 

conta inin g fr a gme nt , and on t he e nvironment. The norma l cou rse of the 

rea c ti o n wo ul d be recombinat ion with the ca r bony l conta i ning group to 

give the norma l ozon i de (VI) in i ne rt so l ve nts. In po l a r so l ve nt s such 

as a lipha t i c a lcoho ls, Cri egee proposed tha t the zw itterion comb i ned 

wit h the solve nt to g ive cyclic hydrope r oxides. 

In furthe r study, Ba il ey (?) de t e rmine d usi ng l ow t empe r a ture 

nu c l e a r magnet ic resonance spect roscopy , tha t t he i nte r med i a te (I I) 

wh ich wa s not des i gnated by Cri egee wa s structure (X) . Hu i sge n (8) 

pro posed tha t ozone adds via a 2 + 3 cyc l oadd iti o n as s hown in st ructu re 

(I X). A re verse 1,3 cycl oadd iti on could g i ve t he fragme nts s hown i n 

s t ructures (IV) a nd (V). 

0 o/ 
/ ' , ' 

0 0? 0 0 
:c \ c: -+ ;t~c~ -+ :c-o-o + :c=o 

IX X IV v 

Mil a s (9) proposed a mech ani s m wh i ch invo l ved the att ack of ozone 

on the olefi nic bond and a cleavage of t he unstable interme d i ate (XI) 

an d the~e fore r earrangement to the s t able ozon i de (VI) wh ich is in 

eq ui l ibr i um wi th the open zw itte ri onic fo r ms (VI) a nd (V). Accord ing 

to thi s mecha nism a n o zon i de is a n i nte rmed i a te in a ll ozono l yses a nd 

r eact i on wit h the carbonium ions and decompositi o n a re the processes 

which f orm d i me ri c and po l yme ric pe roxides. 
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Prio r to 1959, ozo na tlo~s we re inv a ri ab ly conducted unde r a nhydrou s 

cond itions rega r d less of the solveo;t. no ri ccr. i and co-1·1o r ker s (10) 

repo rted the ozona t;on of phen ant hrene in anh ydrous chloroform and 

ace t ic ac id in 1955 and claimed the prod uct ob t a i ned to be the f irst 

mon ome r ic monoozc ni de to have been :solated in the a rene se ri es . Su b-

seq ue nt wo rk by Ba il ey a nd Ma inthia (11) in 1956 showed the mate ri a l to 

be a po lyme r. In add iti on, Ba iley (12) ozon i zed phe nanthr ene in an hy-

dro us me thanol a:1d isol a t ed hydrope roxlde pro~ ucts which could be reduced 

with sod i um iodide in ace tic acid to 2, 2 1 - b i ph e ny l dicarboxa l dehyd e with 

a n 84 % yi e ld. Stur rock, Cli ne and ~ob i nson (13) ozon i zed phenan threne 

in mi xtu res of a li pha tic alcohol a ~d wa t e r in an att emp t t o b ri ng abou t 

ozonat ion and hydro lysis conc~rrentlv. Th ey f ound th a t w~te r ac t s as 

a part ici pat ing solvent ;n this reac tion. The cyc lic dihydroxype. rox ide 

(XIV), an alogous to t he cyclic al koxy hydroxy (XV I I I) a nd d i a l koxyperox ide 

(XIX) isoiated by Ba iley (17.), v1as t:J r e pe r ed a1 1u s hown to be conver ted 

quan tit a tively to diphenaldehyd~ (XV) and hydroge n perox i de by gen tle 

hea tin g in acidic aqueou s soluti on. Se ri e s of equ ili br i a were postu lat ed 

to ex p I a i n t h e ;, i g h y i e I d o 7 rl i Pile n a 1 J e h y d c:- v1 i t h c u t the ad d i t i on o f a 

redu cing age nt. 
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Anthracene has bee n shown to be anoth~ r examp l e of the i mpo rt ance 

of \va tc r in the ozona tion mix ture . Yie l ds of anth r aqu i none obta ine d 

d irect ly as a prec i pitate we re imp r oved fr om a pprox i ma te ly 35% in 

a nhydrous met hano l (111) to 73% in aqueous !_-but yl a l co~o l by Sturrock , 

Cli ne a nd Rob i nso n (15). In this i nst an ce t he d i ca r bony l compound is 

i nso l ub l e a nd t he refor·e no t ava i !ab l e fo r f ur the r ozone a tt a ck . Sub -

scque ntl y Ba tte rbee and Ba il ey (1 6 ) i solated 52% an thraqu i none in 90% 

ace tic aci d-wate r mi xt ures without the a id of r e ducing age nts. 

The fi rs t re port of the ozo nat i on of pyre ne wa s pub li shed in 1937 

by Vo ll ma n (17). The reacti on of ozone wit h pyre ne to g i ve 4- fo rmyl-5-

phenanthre ne ca r boxy lic acid ha s been i nves ti gat e d r epe a t ed ly (1 8- 21). 

In 1968 , Stu rrock and Du ncan (4) i sol ated an int e r med i a te from aq ueous 

so l ut i on s of a l coho ls and cha racte ri zed i t as a mo nome ric monoozonide 

of pyre ne . Th is was the f irs t of thi s spe c ies to be a uthenti ca lly 
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i den t ified in the a re ne series. They found th a t the monome ric mono-

ozonide cou l d be red uced with acidic po t as siu m iod ide to the 4,5-di-

formy1p he nan threne and furth er th a t th e ox i dat i ve f i ssi on cou ld be 

reve rsed to regene ra te pyr e ne by t he ap pl1ca ti on of t he Bacon and 

Lindsay (23 ) re ac ti on of hydr az ine in bo ili ng ace tic acid . The mo no-

me r le mon oozon i de of pyr ene re a rr an ged read ily upon ge nt l e wa r~ i n g to 

g ive the 4-formyl-5- phend nthrene ca r·boxylic acid a s shown be l ow. 

H H I , H 
.(- 0 ·C=O ·c=o 

----.. \ I ~~ .. ".~ • 
/ 

.c - 0 
-C=O -C-OH 

X II 

.C=O 
'H 

XX Ill 

' H 
'ori a 

XX XX I 

Further wo rk pres e nted in th e autho r's Maste r's The s is (Te xas 

. 
0 

XX II 

~oma n ' s Un iversity, August 1968 ) describ ed t he is o l a ti on o f 1 ,1 0-d i hydro-

xy-(4-tert-buty1oxy )-1 ,4,7,10-tetr ahydrob enzoxep i no -( 6 ,5, 4-efg ) benzod io­

xoc i n-8-one (XXX I I I a ), 1 . l1, 1 0-t r i hyd roxy-1 , 4, 8 , 10- te t r ahyd roben zoxe-

p ino(6,5,4 ·-efj_)b enzodioxocin-8-on e (XXX III b) a nd t he din itrophenyl-

hydrazon~ de rivative of 2,2' ,6-triformyl - 6'- bipheny lca r boxy lic ac id 

(XX XV I). (Th ese compou nds wi ll be refe rr ed to he rea ft e r by the ab rev-

i a t ed na mes butoxyhydroxyperoxide (XXX I I I a ) and d ihyd roxype rox i de (XXX I I I b) 

r e spective ly. 



EXPE R I ~ 1 EtH/\L 

The ozona tion of t he compounds des cri bed in t he su bs eque n t se c ti ons 

was ca r r i e d o ~ t using a We l sba ch T-40 8 ozone gen e rat o r hav i ng a reac ti on 

ve sse l of t he co lumn ty pe de scri bed i~ th e We l sba ch Ba s i c Ma nua l with 

the add i t ion of a dry ice conde ns e r. Be c a us ~ of the t e nde ncy o f the 

1~·/droca r bon t o se ttl e be l o1v the fritt ed a1e a of t he ga s inl e t tube , the 

2bs orpt !on appara tus v1as mounte d o n a ma gne tic s t i r r e r. A ''Te f lon"­

coa ted st irri ng ba r r evolving a t mode ra t e speed s e r ve d to i nsu re adequ ­

ate homoge ne ity. The qu a ntity of ozo ne abso r be d i n e ach expe ri me n t wa s 

de term ine d using a pot a ssium !od! de tra p an d titr a ti on wi th sod i um th io­

s u l fate . Unl es s othe rv.li se s t a t e d a 'll c>;.;p e r i me nt s l'lere ca rri e d ou t a t 

room t empera tur e a nd a t mos phe :-ic pr e ssure. The pyr e ne v~a s /\ Ju ri ch 

'' pu r i s s'! gr ade ( m.p. 147-JSh") ~ round to acce pt a nce by a !00 mes h s i eve. 

Al l othe r chemica ls empl oyed we re r Ea ye nt g r ade . ll!c r oana l ys e s we re 

ca rri e d out by t he in de pe nde nt t esti ng l e bo r a t o ry, Mi dwest Micro l a b, 

In c ., In d i anapolis, lndi<Jn a , or in th e TI-/U l aborato ry v1i t h a Pe r k in­

El me r-2 40 Eleme ntal Analy zer. 11. 11 ,ne iting po i n ts v1ere de t e r r.1 i ned \vith 

a Nalge Precise M8 lting Point ftp pa r 3tus or an El ectrothe rma l Ca pillary 

Me lting Po int Appara tus with 5 ta~ d~ i · di ze d th e r mome t e rs. 

A t o tal of r.1o :-e t han 20 0 indivi du a! ozo na ti on exper i me nts wa s made , 

!1c1>Je ver th e p rir.1a ry purpose of 1r e1ny 1..;a s t he prepa r a ti on of pur e mono­

me ric mo no:)Zonide of pyr e.ne 'J1hid• ca n only be pr e pa r ed f ree o f pyre ne 

by carrying t he re action ~o com~ 1etion. 

A. Ozon dti on of Py renc. 

Typic:al e xpe ri !ilen ts of t he ozo,l a ti o n of py rene i nvo lve d the 

us e of 5 gr ams of pyre ne, 140 ml. of ace t o .1 e Oi"' !='_butyl a lcoho l and 70 

ml. of wat e r. The soluticn was tr e a t e d with a stre2m of ozonize d oxyge n 
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contain ing 1.73 g . of ozone per c ubi c foo t at a r a t e of 0 . 006 c ub ic f ee t 

pe r min ute. (See c ha rt 6, page 23, f or stru c tures .) 

I. Ozon c'it ion of Py r e_0e in t- But y l Al co ho l- \Ja t e r . The ozonat i on o f 

pyrene in .!_- bu tyl alcoho l a ll ov1e d the is o l at i on of t he monome ric mono -· 

ozon ide a s des cr i bed by Sturrock and Dunc an ( 4) . The bu t oxy -hyd r oxy -

pe r ox ide (XX I I I) was pre c i p itated by t he addit i on of on e gra m of sod iu m 

ch l o ride a ft er di lu tion of th e aqueous filtr a te t o a vo l ume of 1000 ml. 

as des cribed by Cravy (23). El eme ntal An a l yses c o rr ·esponded t o a 

mixtu re of (X XX III) and ( XXX I V). 

El emen t a l Ana l ys is: Ca lcul a t e d f or C2oH2o0 7: ( XXX I V) 

Carb o n 64 . 5 Hyd r oge n 5.3 Oxygen 30 . 1 

Cal culated f o r C H 0 : ( XX XI I I) 
2 0 2 0 6 

Carbon 67.5 Hyd r ogen 5 . 6 Oxy ge n 26 . 9 

Fou nd : 

Carbon 66 .11 Hyd r oge n 5 . 40 OxyC) e n 26 . 9 

a. Deco r.1pos iti o n of t he butoxy - hy d r oxype r ox i de ( XXX III and (XXX I V) . 

Bo iling t h i s c o mrou nd i n ac i d ic aqu eo us .!_- bu ty l a l coho l r r oduc c d a r ed 

syru p . Ex trac ti on of t he r ed ma t e ri a l v1it h c h l o r o f orm gave \/hi t e 

cry s t a l s \·.Jh ich me lt ed a t 17 0 -5° . ~luc l ea r magne tic r esonon c e s oe ctro-

me try e xar.d n a tion sh mved t he p r esen c e of 2,2 1 ,E-,6 1 - b i pheny l t e tr aca r box­

a 1 de hyde ( X X XV ) an d 2 , 2 1 , 6 - t r i f o r my 1 - 6 1 - b i r h en y 1 c a r boxy 1 i c a c i d ( X X X \f I ) . 

b. Aqu e ous filtr a t e . The ext r a cti on of t he aq ueous f i l tr ot e wit h 

chl oro f orm yi e lded s e ve r a l crops of crys t a l s wit h me lt i n g po i nts va r y i ng 

from 169 " to 192° . 11ass s pe ctrome t ri c exam in a t i on of t he ma t er i z.Jl shm1e d 

it t o be a mi xt u (e of 2 , 2 1 , 6 , 6 1 - b i pheny lt e t r aca r box;J l dehyde ( XXXV ) , 

2,2 1 ,6-trifo rmy l- 6 1 -b i pheny l c a r boxy lic ac i d ( XXXV I) and 2 , 2 1 , 6 , 6 1 - b i­

ph e,ly i t e tr<Jcarboxy l ic ac i d ( XXXV II). (S ec s ec ti on E and a ppe nd i x _) 
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2. Ozon a tion of Pyrene in Acet one- Wate r . 

a. Monomer ic monoozon i de of pyrcne (XXX ). The ozon i de was 

recove red af t e r ozona tion of pyrene in ace tone - wa t e r mi xture s by a ll ow­

ing the a ce tone t o evapo r a t e at roon1 t empe ra t u re . As t he concen t r a t ion 

of ace tone decreased, t he ozoni de precipitat ed sl m·t l y an d v:as r emoved 

from the aqueous solution r ema ini ng by f il trat ion wit h succ i on . Th is 

ozon i de has been shown to ha ve the s ame st ructu re as t he ozon i de iso l ated 

by Stu rrock and Duncan (4) frorn !_- butyl a lcoho l and wa t e r . I den t i f i ca t ion 

was by i nfrar ed spectra (see appe nd i x), act i ve oxyge n de t e rmin a ti ons 

us i ng potass i um i od i de and acet ic acid and conve r s ion t o lf- fo rmy l- 5-

phenan threnecarboxy l i c acid (:.:XXV Ill) in ~·ta:m d i I ut e base ~v i th s uhsequcn t 

acidif ica ti on . The ozonid e , wh i ch was r ead il y r ed uced wit h pot ass iu~ 

i od ide and ace t ic ac i d , cou l d not be r educe d ~l it h di me thy l su l fid e i n 

ace t one so l ut ion upon st ir r i ng for app roxi ma te l y t wo hou r s . On l y 4-formy l -

5-phe nan threnecarboxy l ic ac id (XXXV II I) \·tas found . 

b. Aqueous Filtra t e . The aqueous so l uti on ob t a i ned by t he f i I tr a­

ti on of the ozon i de gave a re d pas t e on dry i ng . Treatmen t o f t he r e d 

mater i a l with ch lo roform gave a I i gh t ye ll ow s o l ut ion . Wh it e crysta l s 

with a broad me lting po in t i n t he r ange of 16] 0 t o 202 ° were ob t a ined 

upon r emova l of the ch loroform by bo ili ng at atmosphe r i c p ress ur e and · 

add iti on of a s ma ll amoun t o f wat e r . The bes t yi e l d was 46% based on 

pyrene . Mass spectrome tric e xam i nat ion of t he crysta l s s hoi'IP-d a mi xture 

of t he 2 , 2 1, 6 ,61- b i pheny l t e t r aca r boxy li c ac id (XXXV I!), 2, 2 1, 6- triformy l-

61- b l phenylca r boxy l i c ac id (XXX VI) and 2 , 2 1 ,6 ,61-b i phe ny l tctracarbox­

aldehyde (X XXV ). Exhaust ive fr acti ona l re crys t a lli zat i on of t he mi x­

ture wit h wa t e r gave t he 2 , 2 1 ,6, 61- b i pheny l t e traca r boxa l dehyde in 9Z 

yi e l d . m. p . 163- 4° ; lit e rat ure 162- 3° (I S). 
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Ele me nta l Analysis: Cal cu l ated f0r sl6H!oo4: 

\. a r bon 72 .1 8 Hydro9en 3.76 Oxvge n 211. 06 

f ound : 

Ca r bo,, 72 .08 Hydrog en 3 . 8 1 

Carbcn 77. 02 Hydro ge n 3 . 77 O;(yge n 23 . 90 

Trea t me nt of t he pu re 2,2 ' , 6 , ~' - bipheny lt et r ac a r boxa l dehyd e with 

hydroge n perox i de i n aqueous soluti on i nc re ased t he me l tin g point fr om 

J6L1° to 18 1". 

Di methy l su l f ide r educ t ion ~f t he aqu eou s so luti on o bt a i ned fr om 

fi ltr-at ion of t he ozon i de sub s t c1 nti 3 ll y :ncr-eased t he ·1i e ld of t ile 

2 ,2 1 ,6,6 1 - b i ph eny l te t racd r box3 'i:Je r-.y-:Je . The yi e l d v1as 211 % est ima t ed by 

comp a ris on of th e results 0 f mass sp ectrome tr y . 

B. Ozonation of the 11onome ric /io noozo n i de i n Ace t one - 1,/a t e r. 

Ty p i ca l ex;:>eriments 0 f t he ozonat ion of t he monome ric mono ­

ozon ide of py r·ene us ed 0 . 5 g. of OL::>n i d~ , 70 m 1. of ace t one and 40 m 1. 

o f wa te r. A r ed sy r up for med when t il:~ a ce t o ne was r emove d by bo i 1 i ng 

at at mosphe ri c pres sure . Hh it e c r ys t a l s \·lith a me lti'l <J po int of 195° 

we re obta i ned by ext r act ion wi th ch l o roform and su bseq uent remov a l at 

a t mosphe ric pressure . Th ese c ryst a l s ga'; e an i mmed i a t e d in i tr-oph eny l ­

hydra zone de rivat i ve in aqueous s o l ut ion . Compa r·is o n of t he i nfr ared 

s pec t ru m of th e crys t als obtained by th e ozonat ion o f t he ozo ni de in 

ucetone -\'late r with th e spectrurr, of the c rys t a l s obt a i ne d by t he ozona ti on 

of t he ozonide in ~-buty l a ~ coho l sh 01·1ed t he s an:e mu lti ple absorpt ion i n 

t he 5. 7 t o 6 ~m r ange . 

Ozon.J ti on of the monome r i c mon oozonid e for extend ed pe r i ods of 

ti me ga ve on l y th e 2 , 2 1 , 6 , 6 1 - b i phcny l t et ra ca r boxy l i c acid. m. p . 390° 

(Deco"lp . ) ; 1 i t e ra ~u re 390 ° ( De comp . ) , ( 17) . (XXXV 11 ) 
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Carbon 58.1 8 Hydroge n 3.03 Oxygen 38 .7 9 

Fou nd: 

Carbon 58. 20 Hydrogen 2 . 96 

C •. Ozonation of the Monome ri c: :\onoozon i de wi th Redu c <: i vc 
Treatment of Dirr:ethy~ _:'u lfi de . ·-----~ 

Approx i mate ly cne -half gr2~ s ~mp l es o f mono me ric monoozon i de 

we re ozonized ih 70 ml. of ace to ne a~d 40 n1 l. of wate r. The entire 

ozonat i on produ ct 1.vas tre c. t ~d "1 1th 7 mi. of di me thyl sulfid e . The 

acetone c; nd di me thyl · sulfide 'tlere r emo ve d by vac uum ev aoor=:J ti o n and 

the r es ultant aqueous soluti on \·'as ~:nracted \•lith chlorofo r m. I . .Jhen t he 

chloroform 1•1as r emoved, 1:h it e crystn l s \ !e r e obtair. ed wh i ch v1cr e sh ~1·tn 

to be Z,2' ,6' ,6'- biphen"f l tet r ac;:. rbo xa l dehyde . Th e yie l rl v1as 65 . 8 7~ . 

m.p. 16'Z-4°; 1 :t e r at ure 16 2° (1 8 ). 

( XXXV ) 

Carb r.n 7'-. 18 Hydrogen 3.7 6 Oxyg e n 24 . 0 6 

Fi.)und: 

Carbon 72.05 Hyd ro ge n 3.66 

Tihe mas s s pec tra and nu c l ea r m~ Q~e tic r esonance s pec tra des cribed un der 

s e ctron E co nfirm t he identifica t! on . 

D. Ozonat ion of 4-For my l-5- ph e nan t h r eneuj r boxy lic Acid Redu ction 
- --Wlt·h Di methyl Sulf ide . 

Th e c orrpo und 2,2' ,6-tri for my l- 6 '- biphenylcarboxy l ic a ci d \·laS 

is o lat ed fr om th e ozonat !on of 0.3 g. of 4-formy l - 5-p he nanth r enecarbox -

ylic ac i~ in 70 m l~ o f ac etone and 40 ml. of water when r educe d with 

di me thyl sulfi de . The 2,2' ,6-trifor nly l- 0 '- b i ph e ny l car boxy l ic ac i J vias 

s epa r a ted h em t he unrec. ct ed st<:lr·tin g mater i a l by chloroform ext r a ction . 



13 

This compound has not been previously repo rt ed in th e 1 it e rature . 

m. p. 199-200°. 

Eleme nta l Analys is: Calcul ated for C16 H10 0 5 : (XXXV I) 

Carbon 68.08 Hydrogen 3.54 

Found: 

Car bon 67. 90 Hy d rogen 3. 45 

The 2,2' ,6-triformy;-6'-biphenylcarboxy 1 ic ac i d obta in ed by t he ozonat i on 

of 4-fo rmy l-5 -ph e nant hre necarboxy l ic acid v1as shmm t o be i den tica l to 

tha t obtai Red fr om the ozona tion of py rene by i nf r ared s pect rome t r y , 

mass spectrome try and nucl ea r magn e tic resonance spec t rome tr y . 

E. Spe ctros cop i c Stu d i es on Ozonat ion Products of Pyren e and 

Pyren e Monoozon i de . 

The f o ll owi ng in st ru men t s we re used unde r t he cond ition s out li ned 

in exami na tion of th e produc t s obta i ned by t he ozon a tion of pyre ne and 

pyrene monoozon i de . 

1. Infrared Spec tr a 

Th e i nfr a r ed s pe ctra we re r e co r ded on a Beckman IR- 5 spec tra-

photome t 8 r. Th e s ampl es we re pre pa re d as po t ass i um b romi de pe ll e ts by 

a Carver Labo r a t o r y Press ~-1ode l K. No effo r t 1·1a s r.1ade to ma i nt a in 

anhy d r ous conditi ons in th e s amp l e compa rt me nt . Concen trat ions o f samp l e 

were va ri ed i n t he pe l l et t o obt a in t he bes t overa l 1 s pectra . ~ep r es e n t-

ative spectr a are p resented in th e append i x . 

2 . Uitr av io l et Spe ctra 

Th e ultr av io l e t spe ctr a \•Jere ob t a i ned on a Cary \ode l 15 

s pec t rophotomete r us i ng cyl i nd ric a l on e -cen ti me ter s ili ca ce ll s . Con -

3 5 
ce nt rat ions e mp l oyed var i ed between 3. 2 x 10 an d 6 x 10 mo l a r i n a ll 

so lve nts used . Pl ots of t he s pectra a re presented in t he append i x . 



3. Nuclear Magnetic Resonance Spectra 

The nucle a r magnetic reson ance spect r a were obt a ined fro m 

a Var ian A-60-A spectrome ter. Te trame thylsi l ane \'las us ed as an intern a l 

reference for the determin a tion of chem ical shifts. Operating cond iti ons 

and so lvent employed are recorde d on th e indivi dua l spectra in t he 

append ix. 

4 . ~1ass Spectra 

The mass spectra were record ed on a Cons o li dated El e ctro­

dynami cs Corpora tion (CEC) single-focus mass s pe ctrome ter mode l 21-10 4 

with the following operating condi tions. 

Inlet system tempe rature: 170° 

Source tempe ratur~: 250° 

Ionizing voltage: 70 ev 

Anode current: 10 microar.1ps 

Accelerating volta ge : 3400 volts-nom in a l 

Magnet current: 7.3 amp s 

S 1 i t \'I i d t h ; 4 m i I 

Electrostati c scanning r a t e : Position 9 

Recording char t rate: 1/4 in/sec . 

Detector: electron multiplier 

Sample introductio n \'las through th e CEC Direct Inl e t Probe 

(No. 285700). The tempe rature of the probe rose slovily from ar.1b i en t to 

about 100° if th e source temperature \•las initi al ly at 2)0° , From this 

point, additional heat was su pplied t o th e prob e heater t o raise t he 

sample temperatu re to as high as 300°. The obj ect of t he t empe rat ure 

incre.Js e l'i as to provide a for m of t empe r atu re- programme d " d istillation'' 

of compounds of differing volatility. The s pectra was scann ed pe rio d ic­

a 11 y. 



Tabl e 1 

Ultrav iol e t Abso rption of Mon omer ic Monoozonid e 

of Pyre ne (XXX ) 

ma x max 

354 nm 

336 

320 

299 

262 

2 
J .52 X J 0 

3 
9.'J.7 X 10 

3 
6. 8 1 X 10 

.. 
1.0 2 X 10 

.. 
9.27. X JO 

Varying the solve nt by tl ·,e •;s e of e!:h a no l, c h loroform, aceton itril e , 

15 

cyclohexa ne and a q ueou s :.od ium hvdrox i de did no t c a us e t he pos iti on of 

.Amax nc r th e VcJ I ues of Ernax to c:l a 'l ge . S i nee no effec t vias obs e r ved 

with ch a nge in solven t po l a rit y , exact tr ans iti o na l a ss i qnmen ts were 

no t pass ible . It is probab l e t hat t he bands at 299 and 262 nr., ar e 

aroma tic ab s orp ti ons o : th e ~he n a nt h r e n e sy s t em . Some l oss of r eso l ution 

did occur in th e aqueous sodium hy d r ox i de s o l ut i on but it i s be l i cved 

t ha t this is a f ea ture of t he med iu m r at~ e r t han th e stnrcture in vo l ved . 

The s pec t ra obta ined i n a ll solven ts sho1·1ed unusu a l de t a i l and r eso l u-

tion. It was t herefore ::: onc l uded t hnt t he mo l ecu l e ha s <l ve r y ri ~ i d 

structure and a s ma ll numbe r of vibrat i o na l st ates ross ibl e . Gent l e 

heat i ng of t he basic s o lu t i o n of t he ozo nid e fo11 o·,-/ .:!d by c oo li ng to 

room t empe r ature g ave a s o luti on 1·1hose s pec tr um \·ias i den tic a l t o th at 

of t he Lf--formy l- 5 · phenanth renc carboxy l i c ac i d . (;;xxv 1 1 1) 
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Tabl e 2 

Ultraviol e t Ab sorpt ions of 4- Formyl-5 - rhenanthr e ne -

carboxyl ic Ac id (XXXVIII) 

A E 

max · max 

Ethanol 

3 
362 nm 1. 05 X 10 

3 
346 1. 03 X 10 

5 
269 L60 X 10 

Aqueous 
Sodium Hydroxid e 

.. 
278 nm 2.7 X 10 

.. 
229 2 . 7 X 10 

The 4-formy l- 5-phenanthreneca rbo xy lic ac i d di d not show the 

reso luti on found in the s pectrum of t he monoozon i de of pyre nc but 1 i ke 

the ozonide , it did no t show chan ges i n t he A with change i n solvent . 
max 

The solven ts used we re et hano l, chlorofo r m and acc t on itri l e . Howeve r , 

t he s pectrum of the 4-formy l -5- phc nan threneca r boxy l i c ac i d i n aqueo us 

sod i um hydroxide s o luti on s hmted drastic cha nges. The abso rpt ions at 

362 and 34C n1<1 d i d no t ap pea r i n the s , ec tra at al l and a broad r l a t ea u 

was obtained from 242 to 222 nm. Increas i ng the sens itivit y and powe r 

a ll owed the det ect ion of two Amax at 278 nm and 229 nm. I t i s pro posed 

that an equi li br i um exist s bc t vtec n the fo ll o1·ting s t ruc t ures a ll of 

\·Jhich vtou l d be expecte d t o have s li ghtly d i ffer en t abso r ptions . Mu l t i p l P 

ab sor pt i ons of tl1i s type not reso l ved by th e i nstrune nt cou l d g i ve the 
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the broad p l atea u observed i n the s pec trum. 

~/0 0 
' -c =~ ' 

-+ 0 -+ 0 
-c' / 

+ + =C ,. \ 

0 OH 
0 

OH 
/ 

=-=C, 
0 

=C 
/ 
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Ta b 1 e 3 

Par tia l 1\a ss Spec trum of 2, 2 1 , 6 ,6'-Bi pheny l te tr ac" rb oxa l deh yde : 

-------- - ---

m/e Perce nt To t a l Re l a ti ve 
iuni zat i cn ~bun dan c c 

i 51 2.23 44. 22 

152 5.04 100 .00 

180 G. 77 15. 20 

181 3-3 1: 66. 23 

209 1. 30 25 .51 

237 3. 13 66. 26 

266 ' P) \ . 0 .39 7. 82 

The ap pe~ ra nce o f t he pa r en t peGk (P) co r· r esponde d to the ca l cu l ated 

mo l ec tll a r \'Ie i ght of cl6 Hl (Jo .. . The C.Jrlp l ete s pe ctr a i s p r·esen t cd i n t he 

append i x and a p roposed pathway of t he produ ction o f t hese i ons i s 

inclu de rl in t he d i scus s i0n . 
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Tab 1 e 4 

Part ia l Mass Spectrum of 2,2' , 6-T ri for my l-6 ' -b i pheny l carboxy l ic Ac i d : 

H H ... ~ 

0 = C· .c 0 

0 = c. .c 0 
H/ H 

--------

m/ e Perce nt To t a l Re 1 a t i v e 
Ion i za ti on Abundance 

152 8. 24 100 . 00 

197 4. 22 50 . 28 

225 1.02 42 . 30 

253 6.01 53. 62 

282 (P) 0. 8 1 3. 3 1 

·- - ----

The obse rved pa ren t peak (P) co rr espond e d ~t it h t he ca lcu l a t e d 

mo l ecu l a r we i ght o f C16 H1 0 0 5 • The comp l ete s pec t ra i s ores e ntcd i n 

the append i x and a di ag ra m of t he poss i b l e fr agme nt a tion pu th \·tay f o r 

the ions obs e rved i s p resen t ed i n t he d i scu s s i on . 
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Ta b 1 e 5 

Par tia l tlas s Spectrum of 2,2 1 ,6,6'- Bi ph eny lt etraca r boxy lic Aci d : 

HO OH 
' " o c- .c 0 

0 -C 0 
/ 

HO ' OH 

m/ e Pe rc ent To ta l Re l a tive 
Ionization Abundance 

150 15. 0 1 90.00 

178 5.Sl 51.76 

197 50 . 12 100.00 

206 10.53 61. 17 

22lf 13.5 5 79 .41 

241 13. 55 8 1. 17 

26 8 4. 51• 25.2 9 

286 4 .0 1 2 1.7 6 

330 (P) 11. 21 6.35 

The obse rved pa rent peak (P) co rr esponded t o t he cal cu l a t e d 

r.lolccu 1a r \-Ie i gh t for cl6 HlO 08. The comr l ete s pec tr um i s pre se nt ed i n 

th e append ix <Jnd a dia g r am of t he prooosed fr ag me n t a ti on pa t hv1ay f o r 

th e f o rmation of t he ions obse rv ed is pres en t ed in t he d is cuss ion . 
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Ta b l e 6 

Par tia l Mass Spectrum of 4-F.-Jr r.!yl-5--phen ar;th reneca rboxy l ic Aci d : 

m/e Percen t Tot a l Relati ve 
1-:>ni t. ation Abund an ce 

88 )6.31 100.00 

176 5.88 42.85 

189 3. 65 13. 67 

204 5).34 97. 95 

218 3. 80 14. 28 

232 1. 88 5.71 

234 3.02 9. I 8 

250 (P) 0.30 1 .63 

The obs e r ved pa rent peak (P) corr e s ponded wit h t he ca lcul a t ed 

mo l ecu lar we i ght f or C 1 ~ 1 p r Th e co~plcte s pect r a is p r e sented i n t he 

appe ndix and a prc posed fr cJg me nt ati or, pa th1;1CJY f o r· t he i ons obse ;ved i s 

pres e nted in th e discussion . 



DIS CUSSION 

Although ther e ar e s eve ral me ch an is ms proposed for ozona t ion 

react ions as describ ed in the hist o ric a l s ec ti on , t he re is stilI no 

complete agreement on which is correct. The th eo ri es pro posed ap pea r 

to have only one po int in common which is th a t an initi a l add uct is 

formed whe n a mo l ecu l e of ozone attache s itse lf to a dou b l e bon d . Of 

these the molozonid e of Staudin9e r (Formul a XX IX) is th e most ge ne rally 

accep ted . The var ious th eori e s a l so s eem t o ag ree t ha t wh e n th e initi a l 

adduc t r ear r a nge s t o for m a si mp le ozon i de , t he fiv e - mem be r ri ng 

(Formu l a XX X) of Rieche (5) r e sults. Hm-1e ver t here i s cons i de r ab le 

disa g reeme nt with re spect t o th e manne r in wh ic h t he r earrangeme nt 

occurs. The Cri egee mechan i sm (6 ), which has 9a in ed wi de s t ac cep t ance , 

cont en ds th a t th e initi a l adduc t i mme d iate ly cl eaves t o d i scret e fr ag ­

men ts, a 11 Z ~v itt erion " (Fo rmula IV) and a ca r bo ny l compou nd. Alt houg h 

it is n01vhere cl ea rly stated , it ~·10 u l d se em t ha t t he Cri egee fr agmen t a­

ti on mechan i sm may have deve loped becaus e at th e ti me it wa s co nce iv ed 

no monome ric monoozonid e had bee n i so l at ed . Wh il e Cri egee hi mse lf was 

th e first to isolate a monomer ic monoozon ide in t he alkene s e r i es (5) , 

it was prepa red in i nert s o lven t s . Since hi s t heo ry pred ict s t he for m­

ation of an ozon id e in an in e rt so lve nt , it pr obab l y s eemed t o h im t hat 

the r e was no need to mod ify his origin a l t hes is. In any ev e nt, t he 

Cri egee mechan i sm docs no t prov i de f o r t he f o r ma ti on of an ozon i de i n 

prot ic solve nts. 

Th e Mila s me chan i sm (9) postu l a t es t ha t th e ozon i de i s f orme d by 

r earrangeme nt of t he mo l ozon i de and t ha t t he ozon i de ~ay be i n equ il ­

ibri um wi th t he zwitteri on . Thus t he Mil as me ch an i sm p roposes t ha t a ll 

ozonation react i ons proceed t h rough t he ozon i de . Since t he first prod uc t 
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iso l ated from the ozonat ion of pyr ene in both aqu eous and i ne rt s o l ve nts 

is an ozon id e (4), it is appa ren t t ha t th e r eact ion of ozon e wit h pyr e ne 

g ives suppo rt to the Milas mechanism . Th e foll ow ing cha rt di a g r ams t he 

proposed mechanism for the ozonation of pyr e ne in aqu eo us s o luti ons . 

H 
H H 

c ' / 

03 - 0 ·C = 0 c-o 
-+ -+ 

~o I 
-+ 

0 
_c - o -o-6 ~-

c - c.-o 
H H H 

..J 

XXV Ill XX/ XXX XX X I 

/ H 

RO H H OR H H , , 
' '. C=O 

H 0-C C=O 0-C c'=o I I 
0-C C=O 0 -C C=O ""· ' , , C-0- 0H HO H H OH H 'oH ..... 

H OR 

~: XX II I XX XI V 
-t -t + XXX I i 

H H H 
o=·c ·C=O O='c. 

\ 

O=C· C=O O= C· 0 . . 
-C=O H H H H 

XXXV XX XVI XX II 

-t 0 H 

HO OH H ' 
-C=O O=C- - C=O 

O=C- ·C=O 
-C =O , ' HO OH ' OH 

XXX V II XXXV Ill 

Struct ure s enclosed i n s qua r e br ac ke ts we re no t i s o l at ed. 
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Upon read i ng the v10 r k o f St ur ooc:.: a.1d D1:nca n (!.: ), Cr i e r;ee (23) r e s ;;onded 

that the monorner i r:: mo•wozon i de of py r ::!rJe i s f ormed fr orn t he zvt itt c ri on 

and a ld ehyde g roup s l n t he r~s i ciu a l f i xed phenanthrene syst em . Th us 

Cr i egee r ega rds tt~e f o r ma t i on o f pyre nc a s an anoma l y res !Jlt i ng fr or1 

ste ric effects . fi l s int e r pre t at i on i s ope n to c r iti c i sm on t he b road 

bas is t hat t he use of s t e ric a ll y h i r.cierec! mo lecu l es i s a cor1mon t ech ­

n ique in me chan i s tic or gC!rlic ch em i stry t o oe rmit the i solation of i nt e r­

me diates non-iso l ab l e in unh i ncie red mo l e~J l es . The equa ll y p l aus i b l e 

poss ib il it y t ha t the o zon i de actu3 1 l y nrec eeds t he zwitt e r i on i n accord­

ance wi th t he 1\il as me chan i sm ~us t a l so be con s i de r ed . This o~d c r of 

form a t i on prov i des a n ex;J l anati o'l "o r t he qu an tit a tive conv e r s i on o f 

the r.1onone r i c monoozorr i de :o t:1 e L:-fo r my l -5-n henClnthre ncca r boxy l i c: ac i d 

by gen tl e wa rming . It i s sus9es ceci ~ l ·at t he ozon i de for med t he z1·1i t t-

er i on but be cause o f t he prox i mity of zw i t t e r i on and ~ l dehyde g r ou ps , 

i t e it he r· doe s no t r ea ct vti t h ti v:- cllc oho ~ or v1 a t e r t o fo r m t he s e ri es 

of pe rox i de s i so l ab l e in t he case of ~he nanth r ene ( 15) or t he r ea c ti on 

p ro ceeds l·t it h s uch r a!J i d i t y th o t t:1 ey ~ anno t be det ec t ed as i n t he ca se 

o f an t h racene (13). 

Since t he monoozonice i s t ile so l e source of t he 4- for my l -) - pher.a n­

t hren e ca rboxy l ic ac i d (4) , i t wou l d appea r f rom t he re s ult s of a q r ea t 

many expe ri r::ents car ri ed out i n t h i s ar.d ea r l i e r ~·1o r k (if) and (23) t ha t 

v·Jh e n t he monoozonide conce nt rat i on has rea ch ed a po ro x i ,,a t e ly 3 0 ~; , t he r e 

i s a compe ti t ion for the ozo ne be i n£ Stlo p l i ed an d t he re acti on of t he 

ozoni de and py r ene p roceed at appro x i Mate l y t he s ame r a te. Th i s exp l a i ns 

why ~any i nve st i ga to r s have bee n baf f l ed in t he ir att en, t s t o i mp rove 

t he y i e l d of 4- f o r my l-5 - phenan t h rene ca r boxy l ic a c i d (1 8 ) . I t a l so 

exp l a in s \•lhy pure mo no::non i de ca n only be pr epa r ed by t he i nt roduct ion 
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o f 2.2 mo l a r equi va lents o f o zone wh i ch is s uff i ~ i ent to react a ll t he 

pyrenc (4). 

When t he s econd mo l e cu l e of ozone r e acts wi t h t he pyrene monoozon i de 

the fate of the ozon i de ri ng be come s i mpo rt ant . The o r g i na l ozon i de 

r ing (XXX ) cou l d r e ma i n i nt~ct dur i ng a tt ack of t he 9 , 10-bond on t he 

re sidua l phenanthrene system or ope n t o f o rm t he Z\·litt e rion . In the 

la rge numbe r of expe ri me nts pe r fo rmed , t he r e i s no i ns t an ce i n wh i ch 

ac tive oxygen de t e rmi nat i ons by t he us e of po t a ss i um i od ide an d ace tic 

ac id cor r esponded t o a do ub l e ozonide . Fu rt he r mo r e t he st e ro- mo l c cu l a r 

mode l of the d iozon i de ca nno t be cons t r uct ed . I t i s t he r e f o re p rcrosed 

that the at t ack o f the s e cond mo l ecu le of ozone des troyed t he or0 i n~ l 

ozonide ri ng and t he i nte r me d i at e i s struct ur e (XXX IX) . 

H H H H 
' 0 -c- 0 0 c- ·C 0 

I( -~ - c- - . + 
0 - C· -c - 0 - 0 0 - 0 C- -C 0 0 , 

' " II H H H 

XXX Ill XXX IV 

An a l ogous wit h the r e act i on of o zone v-1 i t h phenan t h rene , t he Z\-J i t t-

er i on r eacts \·li t h t he sol ve nt t o form a s e ri es of equ i 1 i b r i a be tv1ee n 

t he a l koxype rox ide a nd t he di hyd roxy~c rox i d e a s s ho1·:n i n s tructu r e s 

(XXX IX) , (XXXXI ) , (XXXXI I ), (XXX I I I <J) an d (XXX III u) . 
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Cha r t 8 

H H 9C~tO ..... ~ B ~I ... .O C ~tH9 HO H H OC~;H 9 
' , . ,/ 

O= C , -C=O o - c - -c - o 0 - c- ·C - 0 
+ L c-@Jc - ~ 

+ I I - * .;. 

0-0- C- -C-0 - 0 ~ ~- 0 - c c - 0 , 
HO _,.H 0 'H oH HO / f'l · '-

H H H OH 

XXX I X XX XX I XXX X I I 

H H OC" H9 H H OH H H 
(-( 0 ' • / ' .c'=o Q:= C· O=C· c - 0 O=C 

+ I +- I + + H2Cl2 
+- O=C. c - 0 + O=C· c - 0 +- O= C. .C=O 

............ ' 
. ...... ' H H OH H H OH H H 

XXX Ill a XXX I l l b XXXX I II 

H ~ ..... oc., H9 H H OH H H 
o.:c- O=C 

...... ' c - 0 c - 0 O= C- -C =O 
XXXX II -~ I + I + + H202 

O=C c - 0 +- O=C c - 0 -+· O=C· -C==O , 
f~'oH ' 

,, 
' 

HO H H OH H OH 

XX X I V a XXXIJ b XXXX I V 

I t i s be li eve d t ha t st e ric i nte rfe r en c es proh i b it th e i so l a ti on o f 

th e di butoxyhydroxyperox i de ( XXX I ) i n a(ju eou s !_- buty l a l coho l . The fir st 

iso l ub l e p r oduc t i s a cyc l ic butoxyhyd roxype r ox i de of a sub s t i tuted 

b i ph eny l ( XXX III ) and ( XXXV I ) . Th e r esults of a ser i es of e l e r;1 2n t <1 l 

ana l yses of th i s p r oduct d i d no t c o rrespon d to eithe r t he bu t oxypcrox i de 

o f b i phena l dehycle ( XXX II I ) no r t o t he butoxyre rox i de o f b i rh en2 l dehyde 

ac i d (XXX I V) . ~est ag r eeme n t was f o und t o be with t he c a l cu l a te d va l ues 

o i' th e hto . The zvt i tt e r i on mi:ly have r eac t ed 1·1ith \·JCJtc r, t hen r e r1 rr angcd 

t o f om t he a l dehyde aci d or sp l it out hydroQ e n ocrox i dc t o c:1 i v e t he 
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dia l dehyde . The 2,2 1 ,6, 6 1 - biph e nyltc tr~c a r boxa l~ehyde i s for med fr om 

the d ihyd ro xype rox id e of th e biphe na ld e hyde (XXX I li b) vt i t ho ut t he 

add iti on of r ecluc i ng agents l'lh i ch i s f urth e r ana 1 O:JOUS vt i t il phenanthrene 

(15). It is proposed th a t t he add iti on of d ime t hyl sulfi de des troys t he 

hydrogen pe roxid e f ormed t herefore shifiting th e e~u i 1 i brium t o a l l ovt 

the iso l a tion of an increased yield o f 2,2 1 , 6 , 6 1 - bi pheny lt c tr acarbox-

a 1 de hyde ( X X X X I I I ) • The 2 , 2 1 , 6- t r i f o r fllY l - 6 1 - b i ph e n y 1 c a r boxy 1 i c a c i d 

(XXXXIV ) is forn1ed from (XXX IVb ) in th e same mann e r. Di me th y l sulfi de 

is spe c ific f or active oxyg en in hyd roperox i des (2 4), does no t atta ck 

the ozon i de and certainly wou l d not br i ng a bout th e r edu cti on of t he 

2,2 1 ,6-triformy l- 6 1 -bi phenylcarboxy lic ac id t o i ncrease t he yi e l d o f 

2,2' , 6 , 6 1 - b ip heny lt etracarooxa l dchyd e . 

The for ego in g postulat ; ons may r ep resen t an overs imp li fic a ti on 

of the actual mechan i s m ~·t h ic ll cou l d i nvo l ve t he r e<J rr an~eme nt of t he 

cyclic dihydroxype rox id e t o th e ope n cha in hyd r ope rox ides be fore r ed uc­

ti on I'Iith di me thyl sulfi de . The appea r an ce of t he a ccompany i ng a ci d i c 

p rod u c t i n th e c a s e o f p y r e ne ( 2 , 2 1 , 6 , 6 ' - b i r !J e n~, 1 t e t r a c a r boxy 1 i c a c i c ) 

i s r e ad ily exp l a in ed by t he fact th a t biphena l dehyde i s unusua ll y 

r es i stan t t o oxidati on (17) wher eas 4,5-phenan thr enerl ic a rboxa l dehyde 

is eas il y oxidi zed (4). The ox ida ti on of phenan thr ene and b i pheny l 

polyald ehyd e de riva tive s by ozone has bee n demons tr a t ed by othe r wo r ke rs 

(1 8 , 19) , 1·1ho obtaine d 2 , 2 1 , 6,6 ' -b i ph eny l t e tr acar bo,y l ic ac i d (XXXV II) 

in 6l Z yield by t he exh a ustive oz ona ti on of py r ene . 

On t he bca sis of t he ev i dence pre s en ted , i t i s , t l1 e refore poss i b l e 

t o ar gue log ica lly that t he is o l a t i on of t he monome ric mono0zo n i de fr om 

the products of ozonation of py rene i n aqueous med i a i s no t an anoma lo us 

reac ti on resu ltin g fr om st e ric effects . Rather i t appc<:Jrs t ha t t he 
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ste ric hi ndrance in pyrene has pe rmitted th e is o l at i on of i nt ermediate 

products \•lhich indicate th e actual mechan i sm of t he ove ra ll r eac tion 

and supports the ~~ i 1 as mc ch an i sm . 

The use of mass spec trome try for identificati on o f the produc ts 

des cribed above permits examinat ion of spect r a of compound ty pes wh ich 

have not been ch a racterized previous ly by t he i nstrument . Compo unds 

capab l e of unde r go i ng successive l osses of a l dehyde and ac id fu nct i ona l 

g roups i n the 2,2', 6 and 6 ' positions of a biphe ny l s ys t em l end th em­

s e lve s to the for ma tion of inte rme d i a t e rin ~s i n t he fr agme nt at i o n 

process . A su ggested fr agmen t a ti on pa tt e r n f or t he fo rma ti on of t he 

ion s obse rve d i s present ed i n Charts 9 , 10 , 11 and 12 f o r 2 , 2', 6 ,(,'-bi­

pheny ltet r aca rboxa l de hyde , 2 , 2' ,6 - trifo my l-G'- b i ph eny l ca r boxy l ic ac i d , 

2,2' ,6,6'-biphe nylte traca r boxy l i c ac i d and 4-formy l- 5- ph c nanth re ne ­

ca rboxy l ic ac id. The pa t hways i nd ic a t ed for t he forma ti on of t he va ri ous 

ions should be r ega r de d as poss i b l e pa t iMays a nd no t as de fi ned pa th­

ways . Emphasis mus t also be p l aced on t he f ac t t hat obs e rvat ion o f t he 

pres e nce of a given m/e doe s no t a ll ow struc t u r e ass i gnnen t . Fragme n t ­

at i on patterns are proposed on ly f o r the l os s of t he f unct iona l g roups 

s i nee t he b i pheny 1 sy s t ern fl- agme n t a t i on has be e n es tafd i shed by ~l a t 1 i s 

and Frank lin (2$). Exam i na t ion o f th e s pe ctra i nd i ca t e d a~ recmcn t \'lit h 

the ir work in th a t t he ma i n fr agme nt ions corre s pon ded t o t he l os s of 

one or ti•IO H a t o;ns 01- t o t he loss of C 2ll ~ C3 f13 a nd C4f1 4 g r ou ~ s . The 

s pect ra a l so s fi OVJed a numL>e r of dou b l e ch a r c;e cl 1ons i n ag recr.lent 1·1 i th 

the ir dat a . 

The pa tll\'lays 1·1hich a r e p res e nted r c pc ,l t ed l y i nvo l ve 1\cLaffe rty 

rea rr a n ~cme n ts , t ha t i s the forma t i on o f si x membe r trans iti on st a t e s . 

Loss of s or;1e a•l dehyde and ~ c i J fu nct iona l g r oups 0rpca r t o f o l l o·.-1 t he 

fr agme ntati on pa thways p roposed f or benza l dehyde and be nzo i c! ac i d (26 ) . 
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Char t 9 

Propose d ~agmen t a ti on Parhway f or 2,2 1 , 6 , 6 '- Bi pheny lt e tr acarboxa !dchyde : 

i;l ~~ 
H H ·H H 
' r~ 0 c- ~ - 0 

~ 
0 = C- c = 0 

/ \. 
H H 

H 
' 

H 

~ I+ H -
!1,"(0H ~ 

' c = r - -C ::. 0 0 = c- + ~ . t; -
- C() ~ t H 

0 • C-0-C, 0 
.. 

0 = C- ·C 
~( 0 'H ' ~ 

H 
I{ H w 

H y H 
m/e 2&6 m/e 265 1 -co 

H 

Ch a rt 10 

Propose d Fr a~Jr;~2n tation Pat h1·1-~'/ f o r 2,2', 6·-Tri f onny l- 6 '- b i phc ny l ca r bllx ­
yl i c Ac id. 

H ·~ i-l 
I ,. 

H H- -H 
HO H ~.. 0 H 

' "'4 
0 = c- -C = 0 :) =c- ~= o 0 = c- + 

t.. H 
/ 

0 

H~l <' 

_::l.i:~ ..=..C.Q-+ 
0 = C· c = 0 0 = c-l -c = o 0 = (· -c 0 ,. 0 .... \3 / ' HO'W H 'H H Hc H' ._,.,/' H H 

H ' 1-J H 

I -co 
• 

H , 
H 

0 'H 
Cl zfl& 

+ 
~-C OOH -co 

·C = 0 ~ .c 0 
' ·H OH ·HOH 

H 
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Cha r t 11 

Fragme ntation Path1·1ay for 2,2' ,6 , 6 ' - Bi phe ny1 t e tr acarboxy 1 i c Aci d : 

H If 
H. ' .H 

HO 
/ 

OH 
' 0 = c- ·c = 0 -C 02 :v ~ 

H·o - c!l c = 0 v ~- ' 0 H· ·H OH 
A 

m/ e 330 / 
H -C OOH . 

0 == c-
/ 

HO H 
H 

m/ e 24 1 l - C02 

H 

H .~.H 

H" 'X)<oH 

+ r::l OH 

H·0·H 
H 

m/ e 197 

H 

HO 

HO 

0 

)I 
.,.OH 

-c = o 

·C = 0 
·H 'oH 

- H 0 2 ~ 0 

m/e 286 / 
H 1-t 

• 
H 

·H Ofl 
/ 

.c = 0 
• u · ·. -co~ 

- OH 0 
" t:) 0 

m/e 26'3 

H 

0 

H 

l 

H 

m/ e 268 

m/e224 

I -H c 
~~ 2 

0 

m/ e 206 

-co 

+ 
c l3 f16 · 

l -co 

c l 2H 6t 
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Propos ed ~agmen tation Pathway f o r 4 - Forny l -5- phen~n t h rcnc c a r boxy l i c 

Aci d: 

~0 
2 

m/ c 232 

l 

0 

m/c 204 

1 -co 

m/ e 176 

9 /1 
-C - OH 

" , C - II 
0 

m/ e 250 m/ e 250 

1 - - ' 0 

II 
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The ap~ea r an ce o f me tas ta b l E pe a k s at m/ e 151.1 , 236. 8 a nd 208 . 8 

are us ed as evi de nce t o s upport the p r opos e d p a t hway i n t he 2 , 2 ' , 6 , G' -

b i ph e nylt e trCJ c <Jrboxa l ciE:hyde . T~ese p <:> aks a r e th e re su lt of de co mpos iti on 

aft e r ne a r c omp l e t e accelerat i o~r frnr.1 t he i on s o urce , but be fo r e c or1p l c t e 

mas s separa tion . The ~rodu~ t ion fro m such a de co mpos iti o n g ive s ri se 

to a sor,l~ ';lha t d iffuse pe ak h t he spe ctrum bc l 0\·1 i t s ac tu a l m/ e . I n 

t he convent i on a l, sing l e- f o cu s i n tJ ma ss sp2 ctromcte r , th e p r o d uct i o n , 

m1, from the decompos iti on of t he ;:>r := c u r s o r i o n :712 , i s mos t li ke l y to 

be f ou nd at mass m:': , ~vh e re rn>'' = ~"' (26 ). Exa mi n a t 1 on o f t h!2 s r e c t rum of 
rr.~ 

fluore no~l c al l o1·1s c o rre l at i on c1 t h12 f ragmc~ n t a t i on p c-1 th1·t<1Y fr orn m/ e 

178 in the 2,2',6,6'-bi phcny~': etr<Jc a r boxy li c ac i d s re ctr ur11 . 

The syn thes i s of l a be l ed r.lu l e c l..i : ~s \·Jc u l d be ne c ess .:Jry f o r c on1p l e t c 

e 1 u c i d a t i on o f t he me c h n , li s :r1 p r u p o ~ ~ ti . 



SU ~\~\ARY 

The wide ly accept e d Cri egee me ch a nis m f or t he r ea ct ion of ozone 

with doub l e bonds post ul a t es th at no rma l ozon i des a r c f ormed fr om a 

zi,Jitte rion in in e rt s o l ve nt s an d t ha t t hey are not fo rmed <Jt a ll in 

polar ('' par ticip a tin g" ) solven t s . Th e Hil as me ch <J n i sm , on th e other 

hand , proposes th a t no rma l ozon i des are for med i n a ll ozon a t i on react ­

ions , th a t the ozo n i de is in equ ili brium 1·1ith t he z ~rlitt e r i on and t ha t 

in po l a r s o lve nts the equi li br i um i s shift ed away fr om t he o zo n i de as 

a r esu lt of r eac tion of t he zwitte ri on wit h t he s o l ven t . 

It is propos e d t hat t h i s study of t he ozonat i on of py r ene i n 

aqueous solutions su ppo rt s t he Hil as me chan i sm s i nce t he fir st p roduc t 

is o l a t e d is a monome ric monoozon i de of py r ene in part i c i pa tin 9 s o l ven t s 

a nd s ub s eque nt p roducts is o l a t ed are for med fr om t he zw it ter i on . 

The r es ult s of t he p rese nt study o f t he me ch an i sm o f t he ozo~a­

ti on of pyrene do no t r ep resen t t he fir st ch a ll enge t o t he gen e r a l 

a pp li cab ili ty o f t he Crie gee me chan i s m t o oz ona ti on reac ti ons . It i s, 

howeve r, the fir st e xamp le of t he i nadeq uacy of t he Cri ege c pos tul a­

tions wh e n ap p li ed t o t he ozona t i on of po l ycyc li c hy droca r bons . 
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Mixture of 2,2' ,6,6'-biphenyltetracarboxaldehyde, 2,2' ,6~triformyl-6'-biphenylcar~oxylic 
acid and 2,2' ,6,6'-biphenyltetracarboxylic acid. 
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AB ST RACT 

Cravy , Ge tty Dozier 

The 11e chan ism of th e Ozona ti on o f Py r ene - Ozon i de-Z\-Iit t e ri on 

ye 1 a t i onsh i p~-

Dire cted by Dr. Hurray G. Sturrock 

Subm itte d f o r t he Docto r of Ph il os ophy Deg r ee , Decembe r, 1970 

The \-J i de 1 y a ccep t e d Cr i egee mechan i sm fo r the rea c ti on of ozone 

wi t h doub l e bonds pos t u l a t e s t ha t nor ma l ozoni des are formed fr om a 

zw itt c rion in i ne rt so l ve nts and that t hey are no t for me d i n po l a r 

("pa rt ici pat in g") so l ven ts . The 1·1il as me cha n i sr:1 , on t he othe r ha nd , 

pro pos e s tha t no rma l ozon i des a re fo r me d in a ll ozon t ion r ea c ti on s , 

t ha t the ozon i de is in eq uili bri um \·lith t he Z\-J i t ter io n and tha t in 

po l a r solvents the equ ili b rium is sh i f t ed awa y from t he ozoni de a s a 

r e s ult of react ion of the Z\·litte ri o n \-J ith t he so l ve nt. 

The i so l a t ion of pyre ne monoozon i de fr om ozona t i ons cond uct ed in 

po l a r so lve nts wa s not in acco rd wit h t he Cr i egce mecha ni sm . In 

r espons e to Cri egee ' s exp l ana ti on that the fo ,·mation o f rv r ene mono-

ozon ide i s a n anoma l y r es u l ting from s ter i c e ff ects , evi dence ha s 

been add uce d to show th a t sub seque nt reac ti ons of t he monoozon ide with 

ozcne must pr oceed through t he zw itte ri on, a pa t hway tha t i s aga in 

con tr a ry to the Cri egee me chan i sm . 

Spe c troscop i c stud i es have been conduc t ed on many o f the ozonat ion 

produc ts. 



Be tt y J ean Doz i e r Cr avv vias born ll a rch 11, 194 1, i n Ca nt on , 

Texas . She graduated f1 ·om Cantor' Hi gh Schoo l, Can t on , Texas i n 1958 

and fr om Tyl er Jr. C o 1l e~J e in Ty l e r Texas i n 1960 . She r ece i ve d a 

Bache l or of Sc i en c e fr om St~phe n F. A~st i n St ate Co ll ege in Naco gdo ch e s, 

Texas i n 19G 3 \·lith a ma j o r i n .:: hr; r , i ~i:r 'l · In 1968 the Mas t e r of Sc i ence 

deg r ee v1as g r ant ed by Texas 1,/o1nan 1 s Un i versity . 

Th e a u t ho r ma rri ed i-\i c hac ~ G. >Ct- avy , J un e 15 , 19(,3 an d t hey 

ha ve o ne daughte r Ca r o l Cr avy , whrJ i s t ~o yea r s o l d . 
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