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The Mass Soec t r a l  Behavior of Kydroxyaryldiarylacetic 

Acid Lactones 

Thomas N. Oeltmann, David N .  Kramer, Joseph Webber, Lester  Daasch 

Research Laboratories 
Edgewood Arsenal, Vaq land  21010 

and 

Francis H. H i l l e r  

Northern I l l i n o i s  University 
DeKalb, I l l i n o i s  60115 

During t h e  inves t iga t ion  of t h e  photochemical decarbonylation of aryl 

Eactones’ a s  a sinrgEe synthesis  of o-fuchsones of R e n e r d  t v e  2, both 

the  s t a r t i n g  lactones L and the  photoproducts gwere examined by mass 

spectrometry. 8 / 

R 

R 0 
2 - 1 - 

Two common features  of the fragmentation p a t t e n  o f  all the  lactones 

invest igated (Table I) were the i n i t i a l  loss of CO t o  r i v e  a s t a b l e  (M-28) 
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T.N. OELTMANN ET AL. 

ion, followed e i t h e r  by loss of hydrogen to give t h e  base (Y-29) i on ,  

o r  t h e  production of  an  (M-105) ion as i l l u s t r a t e d  i n  Table I1 f o r  lactone 

Table I 

0 

8 0 

0 

OH 

- 13 mp 1.67~ 

ion,  followed e i t h e r  by l o s s  of  hydrogen t o  give t h e  base (M-29) ion,  

o r  t h e  production of an (M-105) ion as i l l u s t r a t e d  i n  Table 11 f o r  lactone 

- 3. 
Table I1 
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M+, 336 I-.. 
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MASS SPECTRAL BEHAVIOR OR ARYL LACTONES 
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T.N '. O E L T M A "  EX AL 

CH q 
CH3 I 

B -1onone 9 

H 

+ 

+ CH3' 

3 CB 

m / e  177, 100% 

The parent ion of 2 loses  CO i n  a manner s imi la r  t o  i t s  photochemical 

decar3onylation. While the  photochemical react ion s tops a t  the  fuchsone 

- 4 stage,  the  corresponding ion 2. from t h e  loss of CO by e lec t ron  bomSardment, 

fragments f u r t h e r  by e i t h e r  loss of phenyl t o  give t h e  m / e  231 ion 6 o r  by 

loss  of hydrogen t o  give a m/e 307 ion 7. 

The la t ter  path is Dictured as involviny an e l e c t r o o h i l i c  a t tack  of 

the oxygen r a d i c a l  5 on one of  t h e  phenvl r ings o r i o r  t o  the  loss of a 

hydrogen atom t o  form the  s t a b l e  pyrylium ion 1, similar t o  t h e  oathway 

leading t o  t h e  analogous ion 2 , or  the  cycl izat ion of 2 L -:anone 9 . 
In  support of the  above fragmentation p a t t e r n ,  ne tss tab ie  ions were 

observed f o r  t h e  t r a n s i t i o n  336 t o  308 (M* 282.1), 308 t o  231 (M* 173.2) 

and 308 t o  307 (M* 306.0). 
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MASS SPECTRAL BEXAVIOR OF ARYL LACTONEF 

me mss spectrum of the  fuchsone 4, prepared from the  lactone 1%' 

photolysis,  was i d e n t i c a l  t o  t h a t  of 2 at  mass numbers lower than (M-28) i n  

t h e  l a t t e r  spectrum. 

An indicat ion t h a t  t h e  loss  of hydrogen from 5 occurs from one of t h e  

two phenyl groups ra ther  than elsewhere i n  t h e  molecule was in fer red  bv 

examining t h e  mass spectrum of the  simpler lactone 2. 
(M-28) ion fragmented further by losing a second molecule of carbon monoxide 

similar t o  the  loss of t h i s  mass uni t  from phenols . 

In  t h i s  case,  t h e  

3 

The m a s s  spec t ra  of the lactones 11 and (Table I] contained intense 

peaks at (M-29) and (M-105). Pathways analogous t o  those suggested f o r  

lactone zmay be envisioned f o r  t h e  formation of these two fragments. 

Experiment a 1  

General: A l l  melting points  were taken on "mi-melt" capi l la ry  

melting point apparatus and are  uucorrected. Infrared spec t ra  were 

recorded on a Beckman IR5A spectrophotometer. Ultraviolet  soectra  

were recorded on a Beckman DB spectrophotometer. NM9 spectra  were taken 

on a Varian A-60 spectrometer employing approximately 50 mg of  sample i n  

0.5 ml CDCl  solut ions using 1% TMS aa an i n t e r n a l  standard.  Photolysis w e r '  

ca r r ied  out using a long wave length photochemical quartz lamp # SCT-1 

supplied by Ultra Violet  Products, San Gabriel ,  Cal i fornia .  The k i n e t i c s  

w e r e  calculated using a TR 48 Analog Computer, Zlectronics Associates, Long 

Brsllch, New Jersey, using a rout ine simulation method i n  which the  c i r c u i t  

was wired f o r  a first order equation and the  simulated curves f i t t e d  t o  t h e  

rate data. The mass spec t ra  were obtained on a CEC 2 1 l l O  mass spectrometer. 

3 

Preparation of Lactone 3: To a cooled solut ion of 0.05 moles of benz i l i  

acid and 0.05 moles of p n a p h t h o l  i n  100 m l  a c e t i c  acid w a s  added dropvise 

with s t i r r i n g  30 m l  conc. sulfur ic  acid. The react ion mixture  w a s  s t i r r e d  a t  

room temperature f o r  30 minutes then poured i n t o  500 m l  ice-water. The crude 

lactone 3 which prec ip i ta ted  w a s  f i l t e r e d ,  washed f r e e  of acid with w a t e r ,  an 
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c r y s t a l l i z e d  from ethanol.  A r e c w s t a l l i z e d  sample melted at 183' (lit. 18: 

The above q e n e r a l n e t h o d  w a s  used fo r  the  nreaarat ion of a l l  o the r  

lactones reported i n  t h e  text.  

a n a l y t i c a l  da t a  and t h e  I.B., U.V. and NMR s p e c t r a  were consis tent  with the  

s t r u c t u r e s  shown, 

All lactones reported gave t h e  p r o p e r .  

Photolysis of Lactone 2: I r radiatLon of a lo-* M so lu t ion  of 

lactone 1 i n  acetone for  t h i r t y  minutes y i e l d s  o-naphthofuchsone 4 i n  

20% y i e l d  a f t e r  c r y s t a l l i z a t i o n  from a c e t i c  acid.  

- 
A r e c r r s t a l l i z e d  

samde melted a t  194O, lit. mp 194 06 . 
A s e r i e s  of photochemical k i n e t i c  runs (at  constant lanp i n t e n s i t y )  

i n  acetone7 w a s  performed on lactone 3 and a r a t e  constant ,  k = 2.93 x 

min-l, waz  obtained. The rate was followed bv measwinq the  

fo raa t ion  of fuchsone spectrophotometrically a t  400 m9and 360 m y ,  

Prolonged i r r a d i a t i o n  revealed a = 2,900 and 9,800 respect ively.  

diminution i n  both the  4LO mp and 360 mp absorptions ind ica t ive  of f u r t h e r  

photochemical r eac t ions .  

The rates of decaxbonylation of a nmber  o f  lactones i s  reoorte2. i n  

Table 111. 

Table 111 

Lact one Decarbonylation Rates* 

1- (diphenylacet ic  acid)-2- 
naphthol lactone,  2 

2.93 x mi*-' 

1,5-di( diphenylacetlc a ~ i d I - 2 ~ 4 -  7.6 x min-l 
dihydroxgr benzene di lacetone,  12 
1-( diohenylacetic acid)-2,5- 
dihydroxy benzene l ac t cne ,  13 
6- (diphenylacet ic  acid)- l -hydrozp v e r j  slow 
3-methyl benzene l ac tone ,  & 

7 
* A l l  decarbonylations were ca r r i ed  out i n  acetone . 
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