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SYNTHESIS OF 2-FLUOROBENZO[RST]PENTAPHENE 

AND 2-FLUOROBENZO [RST]PENTAPHENE-5-13C 
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SUMMARY 

The s y n t h e s e s  of 2-f l uo robenzo[  r s t l p e n t a p h e n e  and 2-f l u o r o -  

benzo[  rs t ]pentaphene-5-13C (70% 1 3 C )  and t h e i r  p r e c u r s o r s  a r e  de- 

scribed, and r e l e v a n t  d i r e c t l y - b o n d e d  l 3 C - l H  c o u p l i n g s  r e p o r t e d .  

The l a b e l l e d  m a t e r i a l  was used  t o  d i f f e r e n t i a t e  t h e  NMR r e s o n a n c e s  

of t h e  5- and 8 -p ro tons ,  i n  c o n n e c t i o n  w i t h  o u r  s t u d i e s  of  t h e  re- 

mote e f f e c t  e x e r c i s e d  by f l u o r i n e  on t h e i r  r e a c t i v i t i e s  toward 

e l e c t r o p h i l i c  a r o m a t i c  s u b s t i t u t i o n ,  and on t h e  c a r c i n o g e n i c  a c t i v i t y  

of b e n z o [ r s t ] p e n t a p h e n e .  

Key Words: c a r c i n o g e n s ,  2-fluorobenzo[rst]pentaphene, 1 3 C  l a b e l l i n g ,  

1 3 C - l H  c o u p l i n g  c o n s t a n t s ,  

INTRODUCTION 

One of  t h e  g e n e r a l  and widely-used approaches t o  i d e n t i f y i n g  

molecu la r  s i t es  invo lved  i n  metabol ism i s  t h e  f l u o r i n e  s u b s t i t u t i o n  

methodology. T h i s  t e c h n i q u e ,  i n v o l v i n g  r ep lacemen t  of  hydrogen b y  

t h e  e s s e n t i a l l y  i s o s t e r i c  f l u o r i n e ,  h a s  been a p p l i e d  by t h e  Mi l l e r s  

and o t h e r s  t o  t h e  s t u d y  of c a r c i n o g e n s  s i n c e  t h e  n i n e t e e n - f i f t i e s  

( 1 , 2 ) %  I t  assumes t h a t ,  i f  a molecule  r e t a i n s  i t s  b i o l o g i c a l  ac- 

t i v i t y  upon f l u o r i n a t i o n ,  t h e  p o s i t i o n  occup ied  by  t h e  f l u o r i n e  
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atom i s  n o t  involved  d i r e c t l y  i n  t h e  a c t i v i t y  under  t e s t .  I f ,  on  

t h e  o t h e r  hand, a f l u o r i n a t e d  d e r i v a t i v e  i s  i n a c t i v e ,  t h e  p o s i t i o n  

b locked  by f l u o r i n e  may be assumed t o  p a r t i c i p a t e  i n  t h e  a c t i v i t y  of 

t h e  u n f l u o r i n a t e d  p a r e n t  molecule .  Thus, our  o b s e r v a t i o n  ( 3 )  t h a t  

t h e  p o t e n t  c a r c i n o g e n  d ibenzo[a ,  i l p y r e n e  ( b e n z o [ r s t ] p e n t a p h e n e ,  1) 
becomes t o t a l l y  noncarc inogenic  upon d i f l u o r i n a t i o n  a t  p o s i t i o n s  2 

and 1 0  (2) provided  t h e  f i r s t  ev idence  t h a t  m e t a b o l i c  a c t i v a t i o n  of 

Rl 
I 

K2 8 

- 1 o c c u r s  i n  t h e  a n g u l a r  ( “ b a y - r e g i o n “ )  benzo r i n g s ,  c o n s i s t e n t  w i t h  

t h e  r e c e n t l y  e n u n c i a t e d  “bay-region‘’  h y p o t h e s i s  ( 4 , s ) .  

However, s u b s t i t u t i o n  of  f l u o r i n e  f o r  hydrogen o n l y  a t  t h e  2- 

p o s i t i o n  (2) also l e a d s  t o  complete  loss  of c a r c i n o g e n i c i t y  (6), 

s u g g e s t i n g  f l u o r i n e  t o  be a f f e c t i n g  metabol ism a t  t h e  remote,  unsub- 

s t i t u t e d ,  benzo r i n g .  I n  s e a r c h  of  a chemica l  p r e c e d e n t  € o r  t h i s  

d i f f e r e n t i a l  and long-range e f f e c t  of f l u o r i n e ,  we s t u d i e d  t h e  re- 

l a t i v e  r e a c t i v i t i e s  of t h e  two “mesoanthracenic“  5- and 8 - p o s i t i o n s  

i n  2 toward e l e c t r o p h i l i c  a t t a c k ,  u s i n g  d e u t e r i o d e p r o t o n a t i o n  i n  

D2S04. 

benzo r i n g s  and may be involved  i n  some way i n  t h e  a c t i v a t i o n  of 

t h o s e  r i n g s  l e a d i n g  toward epoxide  f o r m a t i o n  ( 4 , 7 ) .  S ince  b o t h  

p r o t o n s  H-5 and H-8  g i v e  r i s e  t o  s i n g l e t s  i n  t h e  NMR spectrum, and 

c o u l d  n o t  be d i s t i n g u i s h e d  s p e c t r a l l y ,  w e  chose t o  e f f e c t  t h i s  d i f -  

f e r e n t i a t i o n  u s i n g  2- f luorodibenzo[a ,  i]pyrene-5-13C (2-5-13C), whose 

s y n t h e s i s  and s p e c t r a l  c h a r a c t e r i s t i c s  we r e p o r t  here .  

The 5- and 8 - p o s i t i o n s  a r e  p e r i  t o  t h e  a n g u l a r  (bay-region)  
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RESULTS 

The s y n t h e t i c  scheme employed (Chart  I ) ,  i s  a mod i f i ca t ion  of 

t h a t  used f o r  s y n t h e s i s  of t h e  u n l a b e l l e d  m a t e r i a l ,  involv ing  t h e  

condensa t ion  of E-fluorophenylacetonitrile-o( - 1 3 C  wi th  benzanthrone. 

The l a b e l l e d  E-fluorophenylacetonitrile was syn thes i zed  beginning 

w i t h  pf luorobromobenzene  and l a b e l l e d  CO (70% 1 3 C ) .  None of t h e  

l a b e l l e d  compounds has  been p rev ious ly  r epor t ed .  In t e rmed ia t e s  

were i d e n t i f i e d  by comparison of t h e i r  phys i ca l  c o n s t a n t s  and i n f r a -  

r e d  s p e c t r a  wi th  those  of a u t h e n t i c ,  un labe l l ed ,  samples. I n  addi-  

t i o n ,  p ro ton  and carbon NMR s p e c t r a  allowed bo th  i d e n t i f i c a t i o n  and 

conf i rmat ion  of t he  e x t e n t  and s i t e  of 13C-incorporation, owing t o  

the  presence of one-bond I 3 C - l H  coupl ings ,  whose magnitudes a r e  re- 

po r t ed  i n  t h e  Table .  A s  expected f o r  coupl ings  invo lv ing  SP - 
hybr id i zed  carbon,  compounds 2-g e x h i b i t e d  coupl ings  i n  the  range 

130-150 Hz, while  2-5-13C wi th  i t s  s p  -hybr id ized  carbon,  has  a 

coupl ing  cons t an t  of 160 Hz, a l lowing d e f i n i t i v e  assignment of t he  

2 

3 

2 

Table 1. 1 3 C - l H  coupl ings  

'J (Hz) 
CH 

compound 

- 5 142 Hz 

6 148 

- 7 135 
- 

- 8 133 

- 2-5-13c 160 

resonances of the  5- and 8-protons.  

The 270 MHz NMR spectrum of un labe l l ed  2 i s  e a s i l y  a s s ignab le ,  

excep t  f o r  t h e  resonances  of t he  " p e r i "  pro tons ,  5 and 8, which ex- 

h i b i t  s i n g l e t s  a t  % 
s p e c i f i c a l l y  a t  p o s i t i o n  5, t he  NMR spectrum was una f fec t ed  except  

f o r  t h e  s i n g l e t  a t  < 1.75,  which d isappeared  (except  f o r  a r e s i d u a l  

peak due t o  the  30% un labe l l ed  m a t e r i a l )  and was r ep laced  by a doub- 

l e t  (J = 160 Hz) symmetr ical ly  d isposed  about (c 1.75. Thus, t he  

assignments  a re :  H-5 ($ 1.75) and H-8 ($ 1 . 7 1 ) .  (F igure  1). 

1 . 7 1  and 1.75. Upon inco rpora t ion  of l 3 C  
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CHART I 
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The r e s u l t s  of our  deu te r iodepro tona t ion  experiments  ( t o  be 

r epor t ed  e l sewhere)  show t h a t ,  whi le  t he  5-pos i t ion  i n  2 i s  l e s s  r e -  

a c t i v e  than  the  8-pos i t ion ,  a s  a n t i c i p a t e d ,  - p o s i t i o n s  a r e  de- 

a c t i v a t e d  r e l a t i v e  t o  benzo[rs t ]pentaphene .  

EXPERIMENTAL 

Melt inq p o i n t s  and b o i l i n q  p o i n t s  a r e  uncorrec ted .  

I n f r a r e d  s p e c t r a  were ob ta ined  on a Perkin-Elmer 421-C spec t ro-  

photometer. 

Mass s p e c t r a  w e r e  measured on a H i t a c h i  Perkin-Elmer model RMS- 

4 medium r e s o l u t i o n  mass spec t rometer .  

Proton NMR s p e c t r a  were obta ined  a t  60 MHz on one of t h r e e  

cont inuous wave ins t ruments :  a Varian Assoc ia t e s  A-60A NMR spec t ro -  

m e t e r ;  a Varian Assoc ia t e s  Model T-60 NMR spec t rometer ;  o r  a 

H i t a c h i  Perkin-Elmer Model R-24 NMR spec t rometer .  Spec t r a  of 

- ~ - 5 - l ~ ~  a t  270 MHz w e r e  ob ta ined  on a Bruker HX-270 F o u r i e r  Trans- 

form spec t rometer .  I n  a l l  c a s e s ,  t he  s o l v e n t  was chloroform-d, 

wi th  t e t r a m e t h y l s i l a n e  s e r v i n g  a s  an i n t e r n a l  r e fe rence .  

Carbon NMR s p e c t r a  w e r e  ob ta ined  on a J E O L  Model FX-600 Four i e r  

Transform spec t rometer  w i th ,  and wi thout ,  p ro ton  noise  decoupl ing.  

p-Fluorobenzoic a c i d  carbonyl-13C (4) was prepared  by carbona- 

t i o n  of p-fluorophenylmagnesium bromide, us ing  a mod i f i ca t ion  of a 

l i t e r a t u r e  procedure ( 8 ) .  

A 500 m l  round bottom f l a s k  con ta in ing  0.094 moles of t he  

Grignard r eagen t  i n  200 m l s  of anhydrous e t h e r  was f i t t e d  wi th  a 

bubbler  con ta in ing  minera l  o i l ,  and connected t o  a carbon d ioxide  

gene ra to r  t o  form a c losed  system. The g a s  gene ra to r  ( c o n s i s t i n g  

of a 100 m l  2-neck round bottom f l a s k ,  a dropping funne l  con ta in ing  

50 m l  of concen t r a t ed  s u l f u r i c  a c i d ,  and a gas  o u t l e t  t e rmina t ing  

i n  a f r i t t e d  g l a s s  a e r a t o r  ex tending  bel.ow the  s u r f a c e  of t he  

Grignard r eagen t )  was charged wi th  20 g of barium carbonate  - C; 

S t o h l e r  I so tope  Chemicals) .  

13  

The r e a c t i o n  mixture  was precooled  t o  -3OOC and s t i r r e d  while  

l 3 C O 2 ,  genera ted  by slow dropwise a d d i t i o n  of s u l f u r i c  a c i d  t o  the  

barium carbonate ,  was bubbled s lowly  i n t o  the  mixture .  Addit ion of 
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l3CO 

was maintained between -15OC and -3OOC. The r e a c t i o n  f l a s k  was 

then  warmed t o  O°C i n  an ice ba th  and a mixture  of ice and 6 N 

s u l f u r i c  a c i d  added t o  decompose the  adduct. The aqueous l a y e r  was 

sepa ra t ed  and e x t r a c t e d  t w i c e  wi th  e t h e r .  Ex t r ac t ion  of t he  com- 

bined,  pa le  yellow, e t h e r  l a y e r  t h r e e  t i m e s  wi th  5% sodium hydroxide 

gave an aqueous s o l u t i o n  of t h e  sodium s a l t ,  which upon a c i d i f i c a -  

t i o n  (6 N HC1)  t o  pH 1-2 ,  a f fo rded  the  a c i d  (4) a s  a white  s o l i d  

which was f i l t e r e d  and d r i e d  i n  a vacuum oven. Yield: 7.33 g 

r equ i r ed  approximately 2 h ,  dur ing  which time t h e  temperature  2 

(54.6', based on p-fluorobromobenzene).  

(CDC13) was i d e n t i c a l  wi th  t h a t  of t he  un labe l l ed  acid.  

p-Fluorobenzyl a lcohol-  d - I 3 C  ( 5 ) .  

The 'H NMR spectrum of 4 

A s o l u t i o n  con ta in ing  7.5 

q of 4 i n  100 m l  of anhydrous e t h e r  was added s lowly (ca.  1 h)  t o  

a s o l u t i o n  of 2.5 g of l i t h i u m  aluminum hydride i n  60 m l  of e t h e r ,  

a f t e r  which the  mixture  was hea ted  under r e f l u x  (4  h )  and cooled t o  

room temperature .  Cautious a d d i t i o n  of water  (50  m l ) ,  fo l lowed by 

a c i d i f i c a t i o n  wi th  40% H2S04 (ca.  1 2 0  m l )  gave two l a y e r s .  

aqueous l a y e r  was e x t r a c t e d  wi th  e t h e r  (2x1 and the  combined e t h e r  

l a y e r s  d r i e d  (Na SO ) .  Removal of e t h e r  i n  vacuo af forded  crude 

a lcohol  2 (5.6 g )  which was d i s t i l l e d  under vacuum (b.p. 96-999' 

15  mm) t o  g ive  pure 5. Yield:  4.5 g (68%). 

The 

2 4  

J. 
The H NMR spectrum of _5. was i d e n t i c a l  t o  t h a t  of un labe l l ed  

- 5, except  f o r  t he  benzy l i c  pro ton  resonance a t  r 5 . 5 ,  which was 

s p l i t  i n t o  a double t  (J = 142 Hz) by coupl ing  t o  carbon-13. The 

coupled 1 3 C  spectrum showed only  a t r i p l e t  due t o  coupl ing wi th  

the  benzy l i c  protons.  

p-Fluorobenzyl ch lor ide-d-13C (5). To a s o l u t i o n  of 7.3 g 

of _5. i n  30 m l  of dichloromethane a t  O°C was added 2.3 m l  of phos- 

phorus t r i c h l o r i d e ,  wi th  s t i r r i n g ,  a t  a r a t e  slow enough t o  keep 

the  temperature  from r i s i n g .  Af t e r  a d d i t i o n  was complete,  the  mix- 

t u r e  was kep t  a t  O°C for h a l f  an hour ,  then hea ted  a t  5OoC f o r  1 h. 

Upon cool ing ,  t he  s o l u t i o n  sepa ra t ed  i n t o  two l aye r s .  The (upper )  

h a l i d e  l a y e r  was taken  and so lven t  and excess  PC13 removed i n  vacuo 

t o  g i v e  6 (Yield: 6 g: 72%). 

The NMR spectrum of 6 was i d e n t i c a l  wi th  t h a t  of un labe l l ed  



m a t e r i a l ,  except  f o r  t he  benzy l i c  resonance a t  r 5 . 5  which appeared 

a s  a double t  (J  = 148 Hz). I t s  I 3 C  spectrum e x h i b i t e d  on ly  a t r i p -  

l e t ,  a s  expected.  

p-Fluorobenzyl cyanide-0(-l3C (1). S o l u t i o n s  of 6 (7 .5  g i n  

8 m l  of 95% e t h a n o l )  and potassium cyanide ( 4  g i n  20 m l  of H 0) 

were combined and t h e  inixture r e f l u x e d  4 h.  Upon coo l ing ,  t he  l i q u i d  

was decanted and t h e  s o l i d  washed wi th  50 m l  of dichloromethane.  

The s a l t ,  d i s s o l v e d  i n  water  was e x t r a c t e d  wi th  dichloromethane ( 2 X  

50 m l ) .  The combined o rgan ic  l a y e r s  w e r e  d r i e d  (Na S O  ) ,  and the  

s o l v e n t  removed i n  vacuo. The crude product  (6 .8  g )  was d i s t i l l e d  

(b.p. 119-12OoC/18 m m ) ,  g i v i n g  pure 2. Yield:  5.3 g (75%). 

2 

2 4  

The 'H s p e c t r a  of l a b e l l e d  and u n l a b e l l e d  2 w e r e  i d e n t i c a l  ex- 

c e p t  f o r  t he  s p l i t t i n g  of t he  benzy l i c  resonance (d ,  J = 135 Hz).  

The carbon spectrum was a t r i p l e t .  

, 10 and 2 have no t  been p rev ious ly  r epor t ed .  

Thus procedures  f o r  s y n t h e s i s  of u n l a b e l l e d  compounds a r e  desc r ibed  

below. Syn thes i s  of l a b e l l e d  compounds involved  i d e n t i c a l  condi-  

t i o n s .  

d- [ p-Fluorophenvl l -7-0x0- 7H-benz (de ) a n t h r  acene-4-ace t o n i  t r i l e  : 

(4-cyano[p-fluorobenzyl]-7H-benz(de)anthracene-7-0ne) 8. Isopro-  

panol (30 m l )  and 7.6 g of powdered potassium hydroxide were mixed 

wi th  good a g i t a t i o n  and cooled  t o  room temperature .  I n t o  t h i s  mix- 

t u r e ,  2.5 g of benzanthrone was added, fol lowed by 10 m l  of p- 

fluorophenylacetonitrile. The r e a c t i o n  mixture  was hea ted  t o  45OC 

and a i r  w a s  bubbled through f o r  5 hours ,  while  t h e  temperature  was 

kept  between 40 and 45OC. Afte r  t h e  r e a c t i o n  mixture  was cooled t o  

room temperature ,  7.2 m l  of g l a c i a l  a c e t i c  a c i d  was added wi th  

s t i r r i n g  and the  r e s idue  was d i s s o l v e d  t o  g i v e  an orange s o l u t i o n .  

The r e a c t i o n  mixture  was s t i r r e d  a t  30-35OC f o r  f i v e  hours .  The 

yel low s t i c k y  p r e c i p i t a t e  was f i l t e r e d  by s u c t i o n ,  b o i l e d  wi th  

methanol and f i l t e r e d .  I t  was then  e x t r a c t e d  wi th  h o t  benzene, and 

the  benzene s o l u t i o n  evapora ted  t o  g ive  yellowish-brown p r e c i p i t a t e .  

R e c r y s t a l l i z a t i o n  from dimethylformamidebenzene gave 8, m.p. 208OC. 

- Anal. Calcd: C, 82.63; H,  3.88; F, 5.22: N,  3.86. 

Found: C, 8 2 . 3 1 ;  H ,  4.02; F, 5.34; N ,  4.09. 



d- [ p-Fluor ophenvl1-7 -oxo- 7H-be nz ( de ) a n t h r  ace ne -4- ace t on i  t r  i l e  - 
13  13  

o(- ~ ( 8 -  C )  was syn thes i zed  a s  desc r ibed  above us ing  p-f luoro-  

benzyl  c y a n i d e - d -  C (1). 
- 

13  

I t s  'H NMR spectrum was i d e n t i c a l  t o  t h a t  of u n l a b e l l e d  8 ex- 

c e p t  f o r  t h e  methine resonance ( T  3.9, 1 H )  which was s p l i t  i n t o  a 
' 3  

double t  (J = 133 Hz) due t o  coupl ing  wi th  C. The carbon spectrum 

l ikewise  showed on ly  a double t .  

4- [p-f luorobenzoyl]-7H-benz (de)  anthracene-7-one (2). A mix- 

t u r e  of 3.1 g sodium a c e t a t e ,  2.75 g sodium dichromate,  1.85 g 

4-[p-fluorocyanobenzyl]benzanthr0ne and 14 m l  g l a c i a l  a c e t i c  a c i d  

was hea ted  on a b o i l i n g  water  b a t h  f o r  t h r e e  hours .  Af t e r  coo l ing ,  

7 m l  of water  w e r e  added s lowly  ( t o  avoid p r e c i p i t a t i o n  of l a r g e  

p a r t i c l e s ) .  The p r e c i p i t a t e  formed was f i l t e r e d  and washed wi th  

h o t  water  u n t i l  a c o l o r l e s s  f i l t r a t e  was obta ined .  R e c r y s t a l l i z a -  

t i o n  (benzene-petroleum e t h e r )  y i e l d e d  1.5 g (84%) of 2. M.p. 2 1 2 -  

214OC. 

Anal. Calcd. f o r  C24H13F02: C, 81.81; H,  3.72; 

Found: C ,  82.20: H,  3.89. 
1 3  4- [ p-Fluorobenzoyl ] -7H-benz (de)  an th racene -7 -0ne+-~~C (2- 

Synthesized from g - 1 3 C  a s  desc r ibed  above, was obta ined  i n  81% 

y i e l d .  M.p. 215-217'C. 

C)  

2-Fluorobenzo[ r s t  Ipentaphene-5.8-dione (10). A mixture  of 

potassium c h l o r i d e  (0.9 g ) ,  sodium c h l o r i d e  (0.9 9) and t e c h n i c a l  

grade aluminum c h l o r i d e  (10.2 g ;  i f  Pure aluminum c h l o r i d e  i s  used, 

no r e a c t i o n  occur s )  was hea ted  t o  125OC i n  an Erlenmeyer f l a s k .  

When the  mixture  had melted 1.5 g of 2 was added, fol lowed by 0.6 g 

m-nitrobenzoic ac id .  Heat ing was cont inued  f o r  

which the  mixture  was b o i l e d  wi th  a s o l u t i o n  of 

50 m l  water  and f i l t e r e d .  1.4 g (93% y i e l d )  of 

t a ined .  R e c r y s t a l l i z a t i o n  from xylene gave r e d  

A n a l .  Calcd. f o r  C H FO C, 82.28; H,  l l 6 ;  24 11 2:  
Found: C,  81.45; H ,  3.29. 

f o u r  hours ,  a f t e r  

5 m l  conc. H C 1  and 

the  dione were ob- 

c r y s t a l s ,  m.p. 380OC. 

2 -Fluorobenzo [ r s t 1 pent  aphene-SI8-dione-5-' 3C ( S - l 3 C )  was 

syn thes i zed  a s  desc r ibed  above, us ing  9 - I 3 C .  

2-Fluorobenzorrs t  Ipentaphene (2 ) .  Aluminum t u r n i n g s  ( 2  g )  

were hea ted  under r e f l u x  wi th  cyclohexanol  (40 m l )  a f t e r  a d d i t i o n  
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of a few mi l l ig rams of mercuric  c h l o r i d e  a s  c a t a l y s t .  2-Fluoro- 

benzo[rst]pentaphene-5,8-dione (10) (1 g )  was added t o  t h e  opales-  

cen t  s o l u t i o n  and the  mixture  hea ted  under r e f l u x  f o r  48 h. Cyclo- 

hexanol was removed by vacuum d i s t i l l a t i o n  and t h e  remaining pas ty  

mass was s t i r r e d  i n t o  5% sodium hydroxide s o l u t i o n  (400 m l ) .  The 

l a s t  t r a c e s  of cyclohexanol were removed by steam d i s t i l l a t i o n ,  and 

the  s o l u t i o n  was then  t r e a t e d  wi th  sodium h y d r o s u l f i t e  ( 2  g )  t o  

d i s so lve  any unconverted quinone. The mixture  was f i l t e r e d  and the  

r e s i d u a l  dark brown powder was d i s so lved  i n  warm chloroform and 

chromatographed on alumina wi th  50% hexane-anhydrous e t h y l  e t h e r  a s  

e luen t .  The yel low f l u o r e s c e n t  m a t e r i a l  was c o l l e c t e d .  Af te r  sol-  

vent removal, pa l e  yel low p l a t e s  of t he  hydrocarbon w e r e  ob ta ined  

(0.44 g ,  46%). Af t e r  r e c r y s t a l l i z a t i o n  from xylene,  f l u o r e s c e n t  

yel low needles ,  m.p. 241-2OC were obtained.  

Anal. Calcd: C,  89.97: H I  4.10; F, 5.93; 

Found: C, 89.47: H I  4.06; F, 5.91. 

The mass spectrum of 2 e x h i b i t e d  a pa ren t  i o n  peak a t  320. I t s  UV 

spectrum i s  very s i m i l a r  t o  t h a t  of benzo[rs t ]pentaphene .  

The 'H NMR spectrum of 2 (270 MHz, C D C l  ) e x h i b i t e d  a q u a l i t a -  3 
t i v e  s i m i l a r i t y  t o  t h a t  of benzo[rs t ]pentaphene ,  t h e  major d i f f e r -  

ences  being a )  s h i f t i n g  of t he  resonances of p ro tons  o r t h o  t o  

f l u o r i n e  ( H - 1  and H-3) u p f i e l d  by ca.  0.3-0.4 ppm t o  2 1 . 4 3  (d )  

and 2.47 ( m )  , r e s p e c t i v e l y ,  and b)  the  nonequivalence of pro tons  

H-13 and H-14 (AB, J = 9.6 Hz) and H-5 and H-8 (s) .  
1 3  

2-Fluorobenzo[rst]pentaphene-5- C (2-13C)  , synthes ized  a s  

descr ibed  above from g - 1 3 C ,  was i d e n t i c a l  i n  a l l  r e s p e c t s  wi th  

un labe l l ed  ma te r i a l .  

t h a t  o f  2, except  f o r  t h e  resonance of H-5 ( 2 1 . 7 5 ) ,  which was 

s p l i t  i n t o  a double t  (J = 160 Hz) by coupl ing  t o  C. 

I t s  'H NMR spectrum was a l s o  i d e n t i c a l  wi th  

13  
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