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SPECTRAL STUDIES ON AFOMATIC ESTERS OF ~-ANTKROIC ACID 

BY 

T. C. Werner 
Robert Fisch 

and 

G a i l  Goodman 

Cepartment of Chemistry 
Union College 

Schenectacty, New York 12308 

INTRODUCTION 

Subs t i tu t ion  of a carboxyl group onto t h e  9 pos i t i on  of anthracene, as 

i n  9-methyl anthroate (9-COOMe) , r e s u l t s  i n  some s i g n i f i c a n t  d i f fe rences  i n  

t h e  spec t r a l  p roper t ies  of t he  e s t e r  r e l a t i v e  t o  those of  the  anthracene 

parent  molecule. For example, the  fluorescence quantum y i e l d  (flf) and f luo-  

rescence maximum (vmax ) of 9-COOMe become qu i t e  solvent dependent due t o  an 

exc i ted  s t a t e  geometry change i n  which the  exc i ted  s i n g l e t  takes on s i g n i f i -  

cant charge t r a n s f e r  charac te r  (1, 2 ) .  

During our inves t iga t ion  of the  spec t r a l  behavior of g-COOMe, we syn- 

thes ized  severa l  aromatic esters of 9-anthroic ac id  (9-COOAR). We found 

t h a t  some of these  aromatic e s t e r s  had s i g n i f i c a n t l y  d i f f e r e n t  spec t r a l  

p roper t ies  than t h e  a l i p h a t i c  e s t e r  (9-COOMe). 

Stokes s h i f t ,  fl 
esters. We repor t  here the  r e s u l t s  of our inves t iga t ion .  

Rather l a r g e  va r i a t ions  in 

values and photoreac t iv i ty  were noted f o r  the aromatic f 

EXPERIMENTAL 

Matheson Coleman and B e l l  Spectroquality cyclohexme and methanol and 

U.S. Indus t r i a l  Chemicals' absolute ethanol were used as spectral. so lvents  
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WERNER, FISCH, AND GOODMAN 

The e s t e r s  of 9-anthroic acid were prepared by t h e  method of Parr ish and 

Stock ( 3 ) .  

points where available and by infrared spectroscopy. 

p-methoxyphenyl acetate  and p-naphthyl acetate  were synthesized f r o m  p-nitro- 

phenol , p-methoxyphenol o r  p-naphthol and ace t ic  mhydride (4). 

Proof of s t ruc ture  was obtained by comparison with known mel t ing  

p-Nitrophenyl acetate,  

Electronic absorption spectra were recorded on a Cary Model 14MS and 

emission spectra were recorded on a Perkin-Elmer-Hitachi-MFT-2A spectro- 

fluorometer. Ebission spectra  were corrected f o r  instnlment response as 

described previously (2). 

were made as described previously (2) using 9-methyl anthroate as the quan- 

tum yield reference ($f = 0.68). 

p-methoxy-phenyl (9-COO-p-MeOPh) anthroates proved t o  be qui te  photoreactive , 
solutions of these e s t e r s  were made up i n  the dark and used immediately. 

RESULTS 

Fluorescence quantum yield (#,) determinations 

Since the p-naphthyl (9-COO-p-Naph) and 

The absorption and fluorescence spectra of the aromatic e s t e r s  are 

qui te  s imilar  t o  those of 9-COOMe (1, 2). The absorption spectra f r o m  320- 

400 nm all possess a charac te r i s t ic  anthracene vibrational pat tern while the 

fluorescence spectra are s t ructureless  and highly Stokes sh i f ted  re la t ive  t o  

anthracene's emission. 

Data f o r  anthracene are included f o r  comparison purposes. 

( v a - v f )  l i s t e d  in  Table 1 are  from the 0-0 absorption band t o  the fluores- 

cence maximum since no 0-0 fluorescence band can be picked out fo r  the 

es te rs .  

Spectral  data f o r  t h e  es te rs  a re  tabulated i n  Table 1. 

The Stokes shifts 

$f data f o r  the e s t e r s  a re  a lso included i n  Table 1. The p-naphthyl 

(9-COO-p-Naph) and p-methoyyphenyl (9-COO-p-MeOPh) e s t e r s  a re  qui te  photo- 

reactive.  

composition f o r  the l a t t e r  e s t e r  i s  so rapid tha t  only an estimate of $ 

can be made. 

preliminary evidence indicates t h a t  9-anthroic acid and p-naphthol o r  

The # f o r  the former e s t e r  i s  probably re l iab le  but photode- 

f 

f 

No detai led study of  the photodecomposition has been made but 
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AROMATIC ESTERS OF 9-ANTHROIC ACID 

TABLF: 1 

Spectral  Data f o r  Anthracene and Anthroic Acid Esters i n  Cyclohexane 

Compound 

Anthracene 

9-coOMe 
9- COOPh 

9-COO-p-BrPh 
~ - C O O - ~ - N O ~ P ~  

9-COO-p-Naph 

9-COO-p-MeOPh 

'a (a) 

2.66 

2.62 

2.62 

2.61 

2.61 

2.61 
2.61 

'f (b) 

2.45 

2.21 

2.17 

2.16 

2.11 

2.17 

2.17 

AV (c)  

2.1 

4.1 

4.5 
4.5 
5.0 

4.4 
4.4 

- @f 

0 . 3  

0.68 
0.72 

0.73 
0.17 

< 0.1 
0.07 

-4 -1 (a )  0-0 absorption band, x 10 cm 

(b) fluorescence maximum, x 10 cm 

( c )  AV = va-  v f ,  x 10 cm 

-4 -1 

-3 -1 

p-methoxyphenol a re  two of the break down products. 

Phosphorescence spectra  were recorded f o r  p-methoxyphenyl ace ta te  and 

p-naphthyl acetate  i n  methanol/ethanol (1:5). 

structured spectrum with a 0-0 band ca. 21,200 cm-' while the former's 

spectrum was st ructureless  With a maximum ca. 22,400 cm 

cence could be measured f o r  p-nitrophenyl acetate.  

The l a t t e r  e s t e r  had a 

-1 . No phosphores- 

DISCUSSION 

The anthracene-like s t ructure  observed in the absorption spectra  of the 

anthroate e s t e r s  i s  consistent with the near perpendicularity of the carboxyl 

group and anthracene ring i n  the ground and Franck-Condon excited s t a t e s  (1,2). 

The lack o f  coplanarity i s  a r e s u l t  of s t e r i c  interact ion between t h e  carboxyl 

group and the p e r i  hydrogens (1, 2). Thus, the  absorption i s  primarily the 

I ring localized, short  ax is  polarized A --f 'La t rans i t ion  (5). 

l ibrium excited s ingle t  s ta te ,  the carbowl group and anthracene ring become 

In t h e  equi- 
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WERNER. FISCH. AND GOODMAN 

more coplanar and considerable charge t r a n s f e r  (CT) charac te r  i s  introduced 

i n t o  t h e  exc i ted  s t a t e  due t o  e lec t ron  dens i ty  s h i f t s  toward the  carboxyl 

group @, 2) .  

of CT charac te r  i n to  t h e  exc i ted  state results i n  a broad and s t ruc tu re l e s s  

fluorescence.  Since a l l  of t h e  e s t e r s  show t h i s  difflme fluorescence the  

- s i z e  of t he  e s t e r  group must not  a f f ec t  the  exc i ted  s t a t e  ro t a t ion .  

subs tan t ia ted  by molecular models which ind ica t e  t h a t  most of t he  s t e r i c  

i n t e rac t ion  i s  between the  p e r i  hydrogens and the  carboxyl group oxygens. 

T h i s  exc i ted  s t a t e  geometry change with subsequent in t roduct ion  

This i s  

The da ta  i n  Table 1 show t h a t  t h e  Stokes s h i f t s  of t he  aromatic e s t e r s  

(9-COOAR) are s i g n i f i c a n t l y  l a r g e r  than t h a t  of t he  methyl ester (9-COOMe). 

It i s  c l e a r  f r o m  Table 1 t h a t  t h i s  Stokes s h i f t  d i f fe rence  a r i s e s  pr imar i ly  

from a lower exc i ted  s t a t e  energy f o r  the  aromatic e s t e r s .  

s t a t e  f o r  t he  aromatic anthroates has an e lec t ron  de loca l iza t ion  pathway 

no t  ava i lab le  t o  an a l i p h a t i c  e s t e r .  This pathway involves de loca l iza t ion  

of t he  e lec t rons  on t h e  carbolcyl group’s “e the r  type” olcygen in to  the  AR 

portion of t he  ester. Scheme I, on t h e  following page, i n  which the  e s t e r  

exc i ted  s i n g l e t  i s  represented by i ts  CT component, i l lus t ra tes  t h i s  po in t .  

The exc i ted  

0 0- 0- 
I .. + I +  I I  hV 

( I )  AN-  c -GAR .. + A N = c - f i - A R e +  A N = c -  o = A R -  .. 
AN = anthracene AR = aromatic subs t i tuent  

The ne t  e f f e c t  of t h i s  e lec t ron  de loca l iza t ion  i s  t o  produce a lower energy 

and more polar  aromatic e s t e r  exc i ted  state than t h a t  of 9-COOMe. 

e f f e c t  should be g r e a t e s t  f o r  t he  p-nitrophenyl ester (9-COO-p-NO Ph) where 

the  s t rongly  e l ec t ron  withdrawing NO 

delocalization. 

9-C00-p-No2Ph t o  have the  lowest exc i ted  s t a t e  energy and the  g r e a t e s t  

Stokes s h i f t .  

The 

2 

group i n  the p pos i t i on  should enhance 2 

This i s  confirmed by the  da ta  i n  Table 1 which show 

Also, t h e  increase  i n  the  Stokes s h i f t  f o r  t he  nitrophenyl 
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AROMATIC ESTERS OF 9-ANTHROIC ACID 

e s t e r  on going f r o m  cyclohexane t o  ethanol i s  ca. 600 cm-I greater  than f o r  

any other es te r .  

Based on !d f values and photostabil i ty,  the  aromatic anthroates can be 

grouped in to  three categories.  

p-bromophenyl e s t e r s  whose 16 
mental e r ror  of $r for 9-COOMe. 

from the spectrofluorometer's xenod lamp a t  t h e  exci ta t ion maximum (362 nm), 

no evidence f o r  photodecomposition of e i t h e r  e s t e r  was found. 

c lass i fy  these es te rs  as photostable. 

$ fTs  f o r  the methyl, phenyl and p-bromophenyl e s t e r s  implies t h a t  the e s t e r  

portion (-OAR) has no s ignif icant  e f f e c t  on the photophysical processes 

deactivating the lowest excited s inglet  of these es te rs .  The lowest excited 

s ingle t  and t r i p l e t  l eve ls  associated with the e s t e r  portion of these e s t e r s  

are  expected t o  be a t  quite higher energies than the lowest excited s ingle t  

of the anthroate 

decay i s  therefore not influenced by electronic  s t a t e s  on the e s t e r  portion. 

In  the f i r s t  category are the  phenyi and 

values a re  high (ca. 0.7) and within experi- 
f 

When exposed for 9 minutes t o  radiation 

We therefore 

The high and v i r t u a l l y  ident ica l  

0 
II 

portion (AN - C - ) .  Thus t h e  anthroate excited s ingle t  

A most important implication f r o m  the s imi la r i ty  of gf values f o r  the 

phenyl and p-bromophenyl e s t e r  i s  the f a i l u r e  of the heavy bromine atom t o  

induce s igni f icant  spin o r b i t  coupling i n  the l a t t e r  es te r .  

induce spin-orbit coupling, the portion of the mlecule  i n  which the 

exci ta t ion energy i s  localized must have o r b i t a l  overlap with the bromine 

p o r b i t a l  (6).  

means tha t  the exci ta t ion i s  localized primarily on the AN - ! - "half" of 

the ester .  This can be crudely rationalized b -the valence bond s t ructure  

i n  Scheme I. In  the excited s t a t e ,  the AN = C - and - 0 - AR par t s  of the  

molecule a re  "insulated" by the C - 0 bond and consequently are  not i n  d i rec t  

conjugation. Electron density from the AN = C p a r t  can not be delocalized 

i n t o  the -OAR p a r t  and the  bromine atom i s  unable t o  induce s igni f icant  

In order t o  

The lack of  a heavy atom ef fec t  f o r  the  p-bromophenyl e s t e r  
0 

8 + I 

0- + I 
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WERNER, FISCH. AM) GOODMAN 

spin-orbit coupling. 

atom effect  may arise from the s i z e  of the energy gap between the es te r  

excited s inglet  and the*next  lower t r i p l e t .  Several workers have suggested 

i s  tha t  heavy atom ef fec ts  are  most pronounced when the energy gap aE 

small (7). Werner and Hoff'man have explained the large gf values f o r  these 

A second contributing factor  t o  the absence of a heavy 

s1- Tx 

esters  i n  cyclohexane (-0.7) on the basis of a large 4 - T, energy gap 

with subsequent ineff ic ient  intersystem crossing (2). 
L 

The second category includes only the p-nitrophenyl e s t e r  (9-COO-p-N02Ph). 

This e s t e r  has a low af (0.17) but i s  photostable under the photolysis 

condition mentioned above. 

on the anthroate gf value. 
portion is  s t i l l  expected t o  be much higher i n  energy than the anthroate 

s inglet .  

a t r i p l e t  l eve l  below tha t  o f  the anthroate excited s inglet .  

p-nitrophenyl acetate was synthesized as a mdel  compound f o r  the es te r  

portion and attempts were made t o  measure the  phosphorescence spectrum of 

this compound at  77" in methanol/ethanol (1:5). 

measured but, by analogy to,nitrobenzene, the t r i p l e t  l eve l  should be 

ca. 21,000 cm-l (8). 

lower i n  energy than the equilibrium excited s inglet  energy of 9-COO-p-NO Ph 

i n  cyclohexane (21,100 cm-') . 
lead to  enhanced intersystem crossing rates  and reduced gf values (9). 

the p-nitrophenyl es ter ,  the intersystem crossing process would therefore 

couple a s inglet  state located primarily on the anthroate portion with a 

t r i r J le t  l eve l  of the p-nitrophenyl par t .  In l i e u  of the discussion above on 

the ab i l i t y  of the C - 0 bond t o  "insulate" the two "halves" of these es te rs ,  

Thus the  nitrophenyl group has a dramatic e f fec t  

The lowest s inglet  s t a t e  of the p-nitrophenyl 

However, it was thought tha t  the p-nitrophenyl portion might have 

To th i s  end, 

No phosphorescence could be 

This would place a t r i p l e t  l eve l  nearby and s l igh t ly  

2 

Generally, small s ingle t - t r ip le t  energy gaps 

For 

one might expect t h i s  process to  be considered energy t ransfer  ra ther  than 

intersystem crossing. 

( I D  + 'A - t l D  + A) i s  forbidden by both the exchange and dipole-dipole 

However the required energy t ransfer  process 

3 
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AROMATIC ESTERS OF 9-ANTHROIC ACID 

mechanisms since spin is  not conserved (10). 

t rue  energy t ransfer ,  the donor and acceptor m i t i e s  must be completely 

non-interacting. 

effect ively insulates  t h e  two halves of the e s t e r  molecule, it would be 

naive t o  expect complete i so la t ion  of the  two parts. 

interact ion between two chromophores has been observed even when the linkage 

between the chromophores i s  a methylene group (11). Therefore, we conclude 

t h a t  any quenching which occurs by t h i s  process should be considered in te r -  

Moreover, t o  be considered 

Although our data do suggest tha t  the carbowl group 

Indeed, e lectronic  

system crossing. 

A second p o s s i b i l i t y  f o r  the low 6, of 9-C00-p-N02F'h involves formation 

of a non-radiative intrannlecular exciplex. Although we can not completely 

rule  out this mechanism, we f e e l  it i s  l e s s  l i k e l y  than the previous one. 

Space f i l l i n g  m d e l s  of the planar  ester excited s t a t e  indicate  t h a t  the 

p-nitrophenyl ring i s  nearly perpendicular t o  and o f f s e t  f r o m  the anthracene 

ring. Such a re la t ive  geometry of the ring systems makes intramolecular 

exciplex formation unlikely. 

The t h i r d  category includes the p-methoyyphenyl (9-COO-p-MeOPh) and 

B-naphthyl (9-COO-p-Naph) es te rs .  

are  c lass i f ied  as photochemically unstable by the  c r i t e r i a  mentioned above. 

The fluorescence spectrum of a f resh  solution of 9-COO-p-Naph i n  cyclohexane 

had both a p-naphthyl ( -OAR) and an anthroate (AN- C -  ) component when 

exci ta t ion was a t  280 nm. The r a t i o  of the former t o  the l a t t e r  was 0.6 

using uncorrected fluorescence maxima f o r  comparison. 

exposure t o  280 nm exci ta t ion i n  the spectrofluorometer c e l l  compartment, 

the r a t i o  increased t o  2.7. The increased r a t i o  indicates a reduction i n  

the quenching of B-naphthyl fluorescence via s inglet-s inglet  energy t ransfer  

t o  the anthroate portion. 

composition of the e s t e r  had occurred. 

fluorescence spectrum (EX. 362 nm) were both qui te  diffuse,  but the l a t t e r  

Both of these e s t e r s  have low gf's and 

s 

After 25 minutes 

This i s  exactly what i s  expected i f  photode- 

The i n i t i a l  and f i n a l  anthroate 
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WERNER, FISCH. AND GOODMAN 

had sh i f ted  s l i g h t l y  t o  shorter  wavelength. 

be a good match t o  the spectrum of 9-anthroic acid. 9-Anthroic acid was 

confirmed as  a photodecomposition product by running the photolysis i n  

dioxane and then di lut ing the final. dioxane solution 1:lO with water. The 

fluorescence o f  the water di luted dioxane solution showed the highly 

s t ructured and quite charac te r i s t ic  spectrum of the 9-anthroate anion (1). 

Thus it appears t h a t  9-COO-@-Naph must decompose under U.V. exci ta t ion t o  

give 9-anthmic acid and probably @-naphthol. 

radiation, where only the  AN - C - 
photodecomposition. 

react  with t races  of water i n  the cyclohexane t o  give the f i n a l  products. 

Some decomposition (ca. 40%) of 9-COO-p-Naph occurs even on standing on the 

lab  bench overnight. 

ground s t a t e  pathways but  the reaction i s  s igni f icant ly  f a s t e r  when U.V. 

exci ta t ion i s  used. The other e s t e r  i n  t h i s  category, 9-COO-p-MeOPh, was 

even more photoreactive. The #f value l i s t e d  i n  the tab le  f o r  t h i s  e s t e r  

can only be considered as an estimation of the t rue  @ 

photoreactivity. 

The final. spectrum appeared t o  

It should be noted t h a t  362 nm 

portion i s  i n i t i a l l y  excited, also causes 

The i n i t i a l l y  formed fragments of the photoreaction must 

0 
It 

Conceivably, some of the  reaction may therefore involve 

due t o  the great  f 

We do not know what e s t e r  e lectronic  s t a t e ( s )  a re  responsible f o r  the 

photoreactions. 

ref lect ion of competitive photoreactions from t h e i r  lowest excited s ingle t s .  

It is  also conceivable t h a t  the lower Plf's a re  due t o  intersystem crossing 

t o  t r i p l e t  l eve ls  on the  -Om portion as discussed f o r  9-C00-p-N02Ph. For 

t h i s  reason we measured the phosphorescence spectra of p-naphthyl acetate  

and p-methoxyphenyl acetate as model compounds f o r  the - O A R  portions. 

spectrum f o r  the former e s t e r  has a 0-0 band ca. 21,200 cm-I which i s  s l igh t ly  

below the room temperature fluorescence maxima of 9-030-p-Naph (21,700 cm-l). 

Thus a fawrable  arrangement does appear t o  ex is t  f o r  intersystem crossing 

i n  9-COO-@-Naph. The phosphorescence spectrum f o r  p-methoyyphenyl acetate  

Certainly the lower $ff 's fo r  these two e s t e r s  could be a 

The 
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AROMATIC ESTERS OF 9-ANTHROIC A C I D  

has a m a x i m  ca. 22,400 cm-l which i s  s l i g h t l y  above t h e  fluorescence 

muximum f o r  9-COO-p-hleOPh (21,700 cm ).  However both spectra  a re  very broad 

and it i s  qui te  possible t h a t  the zero point energy difference f o r  the two 

s t a t e s  i s  even smaller. In  addition, the phosphorescence was measured a t  77°K 

and the energy of the p-methoxyphenyl acetate  t r i p l e t  a t  mom temperature 

would probably be lower i n  energy than a t  77°K. Thus it does appear t h a t  a 

t r i p l e t  1 ve l  on -Om would also be available f o r  intersystem crossing from 

the AN - C -  excited s ing le t .  We are  current ly  invest igat ing the non-radiative 

decay modes and the photoreactive excited s t a t e ( s )  

-1 
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of these esters. 
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