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AN INPROPBD SXM'EESIS OF T P I B B H Z O [ a . o d . l r l ~  

Submitted b J. C. Fe tzer .  and W. B. Biggs iimm? 
Chevron Research Company 
Richmond, CA 94802 

The s t u d y  of t h e  adverse  e f f e c t s  on h e a l t h  and t h e  p re sence  of  

p o l y c y c l i c  a romat i c  hydrocarbons ( P u s )  i n  a v a r i e t y  of ma te r i a l s '  h a s  been 

hampered by t h e  l a c k  of p a r e  r e f e r e n c e  m a t e r i a l s .  Our p r e v i o u s  work 

d e s c r i b e d  a program of s y n t h e s i s  of l a r g e  PAHs t o  circumvent t h i s  

The z i n c  d u s t  condensa t ion  of  per inaphthenone  ( I )  w i t h  7H- 

benzo [del anthracen-7-one [benzanthrone (11)  1 y i e l d e d  t e n  major  PAEs o f  

I I I  111 I V  V 

seven  through n ine  r i n g s ,  f o u r  of which had n o t  been p r e v i o u s l y  r e p o r t e d .  

Three e i gh t - r ing  i somers ,  t r  ibenzo [a ,cd . lmlpery lene  (111) , benzo [ r s t l n a p h -  

t h o [ 2 , 1  , Icde lpentaphene  ( I V ) ,  and phenaleno[l,9ablperylene (V), were found. 

I s o l a t i o n  of each  PAH from t h e  p roduc t  mix tu re  was d i f f i c u l t .  P r e p a r a t i v e -  

s c a l e ,  reversed-phase HPLC ( a f t e r  i n i t i a l  p u r i f i c a t i o n  by e x t r a c t i o n  and 

a b s o r p t i o n  chromatography) was needed s i n c e  t h e  many PAHs were n o t  

s e p a r a t e d  i n  t h e  i n i t i a l  s t e p s .  We now d e s c r i b e  an improved s y n t h e s i s  of  

III. 

The z i n c  d u s t  f u s i o n  procedure  used i n i t i a l 1 2  was i d e n t i c a l  t o  C l a r ' s  

s y n t h e s i s  of  dibenzo [cd , lmlpe ry lene  (peropyrene  from per inaphthenone  j 4  an  

a l t e r n a t i v e ,  h ighe r  y i e l d  s y n t h e s i s  of t h i s  PAR which involved  p r e l i m i n a r y  
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format ion  of an in t e rmed ia t e  ketone y i e lded  about t h r e e  t imes  more 

d ibenzo[cd , l r lpe ry lene  than  tho  d i r e c t  c ~ n d e n s a t i o n . ~  We thought t h a t  a 

s i m i l a r  i n i t i a l  s t e p  i n  t h e  r e a c t i o n  of  I wi th  I1 would inc reaso  t h e  e i g h t  

r i n g  PAH y i e l d .  Bonzanthrone was found t o  be much l e s s  r e a c t i v e  t o  the  

b a s i c  methanolic t r ea tmen t  t han  perinaphthenone. A l a r g e  excoss  of 

benzanthrone over  perinaphthenone would r e s u l t  i n  condensat ion of 

perinaphthenone w i t h  t h e  l e s s  r e a c t i v e  benzanthrone r a t h e r  than  perinaph- 

thenone wi th  i t s e l f .  Also, benzanthrone y i e l d s  t h e  n ine- r ing  PAHs 

v io lan th rene  and i s o ~ i o l a n t h r e n e ~ ’ ~  when t h e  b a s i c  methanol s t e p  i s  usod. 

These two compounds a r e  produced a s  minor products  i n  t h e  d i r e c t  f u s i o n  

r e a c t i o n ;  benzanthrone has  d i f f e r i n g  favored  r e a c t i o n  s i t e s  f o r  each 

r e a c t i o n .  Four o t h e r  isomers a r e  t h e  major n ine- r ing  PAHs produced by 

d i r e c t  condensation. With an excess  of benzanthrone over  perinaphthenone 

and an i n i t i a l  b a s i c  methanol s t o p ,  t h e s e  f o u r  would n o t  be produced. The 

t w o  knovn nine-ring isomers a r e  much e a s i e r  t o  In a d d i t i o n ,  

tho  d i f f e r e n t  r e a c t i o n  s i t e s  of benzanthrone would r e s u l t  i n  t h e  formation 

of  g r e a t e r  amounts of I V  than  from d i r e c t  fu s ion .  

Table 1. Camparison of Yields of the lk~ Reactions 

D i r e c t  Me OH/ KOH 
Product PAHs React ion  Re a c t  i on  

T o t a l  PAHs 
DibenzoIcd ,Imlperylene 
I11 
I V  
V 
T o t a l  Nine-Ring PAHs 
Violanthrene  and I sov io lan th rene  
Larger  PAHs 

725 mg 
155 
140 

( 0 . 5  
95 

330 
20 

5 

855 mg 
450 
315 

35 
<0.5 
45 
40 

5 

Two r e a c t i o n  y i e l d s  a r e  shown i n  Table 1 and t h e  amount of each 

component i s  given i n  mi l l ig rams.  The mixture from t h e  z inc  d u s t  r educ t ion  

wi th  a b a s i c  methanol s t e p  d i d  n o t  con ta in  l a r g e  amounts of t h e  n ine- r ing  

PAHs t h a t  were d i f f i c u l t  t o  s e p a r a t e ,  no r  was the  t h i r d  e igh t - r ing  isomer V 
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formed. By contrast, IV was produced in sufficient quantities for a W 

spectrum and a melting range to be determine (not possible in our earlier 

work). Its spectrum is shown in Fig. 1; the molar absorbtivity of the 438 

nm maximum is approximately 78,000. A melting range of 279-283' was 

observed, which compares to 297-301' for compound I1 and 353-356' for 

compound V.3 The wide melting ranges are most likely due to inaccuracy 

inherent to the apparatus at elevated temperatures. The W spectral 

absorbance bands of IV are broad with shallow minima, indicating that the 

molecule probably assumes a slightly nonplanar conf iguration in solution, 

also suggested by its earlier-than-expected chromatographic elution. 

Proton and CI3 NMR spectra could not be obtained because the solubilities 

of the PAHs were too lor. 

The structural assignments vere based on Clar's annellation principles 

for the Wlvisible spectra of PAHS,~ a set of 'rules" that predicts the 
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wavelength of t h e  absorbance maxima of a PAE of p a r t i c u l a r  s t r u c t u r e .  The 

assignments were a l s o  based on t h e  reported'  a b i l i t y  of t h i s  type of HPU: 

column t o  s e p a r a t e  i somer ic  PAEs by t h e i r  three-dimensional shape. The 

va r ious  isomers d i scussed  h e r e  a l so  fo l low t h e  s p e c t r a l  t r e n d s  seen  f o r  

n ine- r ing  isomers r e s u l t i n g  from benzanthrone condensation. X-ray 

d i f f r a c t i o n  and pho toe lec t ron  spec t roscopy s t u d i e s  of t he  isomers d i scussed  

he re  produce s t r u c t u r a l  assignments c o n s i s t e n t  wi th  those  found f o r  t h e  

known nine-ring systems. Pro ton  and CI3 NMR s p e c t r a  a r e  n o t  d e f i n i t i v e ,  

even wi th  ve ry  long s p e c t r a l  a c q u i s i t i o n  t imes (days)  because of low 

s o l u b i l i t  i e s .  - sEcl-foN 

In o r d e r  t o  compare t h e  y i e l d s  of each  r e a c t i o n ,  2.1 g of perinaphthenone 
( I )  and 8.2 g of benzanthrone (11) were d i s so lved  i n  50 m l  of 1:l 
acetone/methylene c h l o r i d e ,  s p l i t  i n t o  t w o  equal  p o r t i o n s ,  d r i e d  a t  50' i n  
a 10-torr vacuum. and used i n  each r e a c t i o n .  

Procedure.- The d i r e c t  z i n c  d u s t  f u s i o n  used a melted mixture  of 5.15 g of 

ke tones .  15.7 g z i n c ,  19.4 g of sodium c h l o r i d e  and 32.8 g of z inc  

ch lo r ide .  The mixture was hea ted  a t  250' f o r  5 min. t o  a c t i v a t e  t h e  z i n c  

d u s t ,  and then  the  temperature was r a i s e d  t o  and kept  a t  330-340' f o r  30 

min. 

The second p o r t i o n  of mixed ke tones  (5.15 g) was added t o  100 m l  of a 

65' s a t u r a t e d  metbanolic potassium hydroxide s o l u t i o n .  The aquamarine 

c o l o r  which r e s u l t e d  r a p i d l y  changed t o  brownish pu rp le .  The s o l u t i o n  was 

hea ted  a t  125' f o r  10 min. (w i th  most of t h e  methanol b o i l i n g  o f f ) ,  cooled ,  

n e u t r a l i z e d  wi th  1.0 N hydroch lo r i c  a c i d  (pheno lph tha le in  end p o i n t )  and 

d r i e d  i n  a n i t r o g e n  s t ream a t  75'. This  product  was then  reduced wi th  

z i n c ,  sodium c h l o r i d e ,  and z i n c  c h l o r i d e  a s  i n  t h e  d i r e c t  procedure.  

Each s o l i d i f i e d  melt  was ground i n t o  a powder and was e x h a u s t i v e l y  

e x t r a c t e d  i n  a Soxhle t  appara tus  wi th  500 m l  b o i l i n g  2-xylene. The 

completeness of e x t r a c t i o n  was determined by observ ing  t h e  decrease  i n  

293 
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green i sh  f luo rescence  when the  th imble  c o n t e n t s  were exposed t o  W l i g h t .  

The e x t r a c t s  were concen t r a t ed  by  b o i l i n g  away t h e  2-xylene. PABs were 

then  chromatographica l ly  s e p a r a t e d  (Davidson Grade 81 s i l i c a ,  a c t i v a t e d  

ove rn igh t  a t  150°/10 t o r r  vacuuu. 100 g i n  2-cm I.D. x 50-cm collumn) from 

bo th  the  unreac ted  and in t e rmed ia t e  ke tones .  One l i t e r  of t o luene  e l u t e d  

t h e  smal l  PAHs r e s u l t i n g  from r e d u c t i o n  of t h e  s t a r t i n g  ke tones  wi thou t  

condensa t ion .  A l i t e r  of a 1:l mixture  of methylene c h l o r i d e  and e t h y l  

a c e t a t e  e l u t e d  t h e  l a r g e r  PAHs, and f i n a l l y  500 m l  methanol was used t o  

e l u t e  the  unreduced ke tones .  The f r a c t i o n  con ta in ing  t h e  l a r g e r  PAHs was 

d r i e d ,  r e d i s s o l v e d  i n  50 m l  of t o luene  and sepa ra t ed  on b a s i c  alumina (150  

g ,  Brockman a c t i v i t y  Grade 1) on an i d e n t i c a l  column a s  t h e  s i l i c a  

s e p a r a t i o n .  Compounds I11 and I V  were e l u t e d  wi th  methylene c h l o r i d e .  

Dibenzo[cd,lmlperylene and V were ob ta ined  wi th  e t h y l  a c e t a t e  a s  t h e  

e l u e n t .  Each one l i t e r  f r a c t i o n  was d r i e d ,  r e d i s s o l v e d  i n  methylene 

c h l o r i d e ,  and analyzed by reversed-phase HPLC a s  desc r ibed  i n  o u r  e a r l i e r  

Each PAH was c h a r a c t e r i z e d  by i t s  r e t e n t i o n  time and unique UV 

spectrum. Chromatographic peaks were c o l l e c t e d  and d i r e c t - i n s e r t i o n  probe 

mass spec t romet ry  was used t o  de te rmine  molecular  weights .  

Acknowledgments.- We thank D r .  R. Y.  T e e t e r  f o r  mass s p e c t r a  of t h e  

compounds and Chevron Research Company f o r  pe rmis s ion  t o  p u b l i s h  t h i s  work. 
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3-METHYLSUCCINIMIDE AND 3-METHYLPYRROLIDINE 

Submitted by R. S. Budhram, N. Pourahmady, A.-S. Syed, and E. J. Eisenbraun* 
( 1 / 1 6/86) 

Department of Chemistry 
Oklahoma State University 
Stillwater, OK 74078 

3-Methylpyrrolidine (3) which serves as a model coal liquid constituent is not 

commercially available and a substantial sized sample of pure material was needed for the 

study of its thermochemical and thermophysical properties.' We have developed 

procedures for the preparation of 2 and 3 from methylsuccinic anhydride (1). The 

preparation of 3 has been reported but the experimental details were meager.2~3 

& pseudocumene NH39A -Jfr A" 
3 1 2 

The use of anhydrous ammonia in refluxing hydrocarbon is superior to ammonium 

hydroxide4 in converting 1 to 2 in that tarry residue and decomposition products are 

avoided and a higher yield (95% vs. 85% reported for succinimide) is obtained. The 

295 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
1
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1


