
15.4. 1976 Specialia 417 

a tax ia  t e s t  is well d o c u m e n t e d  ~, s and is known  to provide  
the  bes t  corre la t ion wi th  ac t iv i ty  in m a n  ~. This  t e s t  has  
been fu r the r  ref ined and s e m i q u a n t i t a t e d  b y  one of u s9  
Af te r  drug admin i s t r a t i on  (i.v. in e thanol  and  Emulphor )  
i n d e p e n d e n t  observers  ra te  the  effect  of each dose on 

6[~Z5~OH O o ~ 
: [ ' ~ O ~ 0 5  H1, 05H,1 OH 1 A~-THC 

every  dog using a behaviora l  r a t ing  scale of zero (no 
effect) to  6 (dog lies p ros t r a t e  on the  floor) and the  mean  
of the i r  scores a t  peak  ac t iv i ty  is calculated.  A compar i -  
son of c o m p o u n d  1 wi th  A ~- and  z]l(6)-Tt-IC's ~b in th is  tes t  
is shown below. The mean  scores are given wi th  t he  num-  
ber  of dogs t e s t ed  in parenthes is .  In  addi t ion,  compo u n d  
1 showed a m i n i m u m  effect ive dose (MED) for a tax ia  and  
'popcorn  effect '  ~0 at  1.0 mg/kg  (i.v.) in mice. In  t he  same 

Relative effect on the overt behavior of dogs 

Dose (mg/kg) Compound 1 zJ~-THC Alt~)-THC 

0.1 I + (2) 0 (1) 0 (1) 
0.2 3 (2) 3 +  (2) 0 (1) 
0.4 4 (1) 4 (2) 2 (2) 

tes ts  A ~- and dl(6)-THC's were act ive a t  0.5 mg/kg.  In  the  
spon taneous  moto r  ac t iv i ty  t e s t  in mice a t  10 mg/kg  
(i.p.), the  ac t iv i ty  was decreased 36.6 i 4 .5% 11 b y  com- 
pound  l ,  41.2% 11 b y  A1-THC and 69.3% it by  AI(*)-THC. 
Compound  1 was inact ive  ill the  ho t -p la t e  procedure  up to  
10 mg/kg  (i.p.). These pharmacologica l  t es t s  were carr ied 
ou t  according to  procedures  descr ibed b y  us earlier ~~ 

I t  is thus  clearly seen t h a t  the  subs t i tu t ion  of a me t h y l  
by  a h y d r o x y m e t h y l  group in the  8/~-position in A~-THC 
results  in a co mp o u n d  as act ive as A~-THC. 
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S u m m a r y .  X e n o n  dif luoride reacts  w i th  benzo[a]pyrene(BaP)  in d ich lo romethane  solut ion in an open sys t em to give 
6-f luorobenzo[a]pyrene.  This  m e t h o d  cons t i tu tes  a d i rect  rou te  to f luorine subs t i t u t ed  carcinogenic polycyclic a romat ic  
hydroca rbons .  

Polyeycl ic  a romat ic  hyd roca rbons  (PAH) are p resen t  
in tobacco  smoke and are common  c o n t a m i n a n t s  of the  
u rban  env i ronmen t .  T h e y  are suspec ted  of con t r ibu t ing  
to the  increasing incidence of cancer  of the  h u m a n  
resp i ra to ry  t rac t .  One of the  mos t  in t r iguing p rob lems  in 
cancer  research  concerns  the  mechan i sm by  which  the  
re la t ive ly  iner t  P A H  ini t ia te  t umors  ~. Fluor ine  subs t i t u t ed  
carcinogenic  P A H  have  been p r o m i n e n t  in the  s t u d y  of 
s t ruc tu re - ac t i v i t y  re la t ionships  of chemical  carcinogens 
in th is  series 3-5. H i the r to ,  t he  syn theses  of such fluorine 
der iva t ives  were based on the  following 2 general  m e t h o d s  : 
a) A ' t a i lo rmade '  sequence analogous to  the  one appl ied 
in a wel l -es tabl ished syn thes i s  of t he  cor responding  poly-  
cyclic h y d r o c a r b o n  b u t  w i th  a f luor ine -subs t i tu ted  s t a r t -  
ing mate r ia l  (e.g., t he  syn thes i s  of 3-Iluorobenzo [ rs t ]penta-  
phene  6). b) A direct  electrophil ic  subs t i tu t ion  of the  P A H  
followed b y  appropr i a t e  t r an s fo rma t ions  of the  sub- 
s t i t uen t  to fluorine. Ne i ther  m e t h o d  is sa t is factory ,  
especial ly in the  h igher  member s  of the  P A H  series. We 
r epor t  a s t r a igh t fo rward  syn thes i s  of 6-fluorobenzo[a]-  
pyrene  (I) b y  a d i rect  f luor ina t ion  of benzo[a ]pyrene  

(BaP) w i th  xenon  difluoride. The notor ious  B a P  has  
p layed  a leading role in th is  area of cancer  research and  
still ranks  among  the  m o s t  powerful  all a round  carcino- 
genic subs tances  3-~. 

The reac t ion  of xenon  dif luoride and  B a P  was carr ied 
ou t  in d i ch lo romethane  solut ion in a Ke l -F  tube  in an 
open sys tem,  unde r  anhydrous  condi t ions .  In i t i a t ion  was 
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effected a t  --45~ Subsequen t ly ,  t he  r eac t ion  m i x t u r e  
was k e p t  a t  - -78~ f o r 2 4  h. The  d a r k  b r o w n  complex  
was decomposed  w i t h  aqueous  sod ium b i ca r bona t e .  
Careful  co lumn  c h r o m a t o g r a p h y  of t he  c rude  p r o d u c t  on  
silica gel, p e t r o l e u m  e the r  (40-60 ~ se rv ing  as e luent ,  
a f forded I as yel low needles,  m.p.  156 ~ (from 1-butanol)  
in  26% yield.  The  s t r u c t u r e  of I ( including t he  s i te  of 
f luor ina t ion)  was e s t ab l i shed  b y  t he  e l emen ta l  analyses ,  
t he  molecu la r  ion a t  m/e 270 in t he  mass  s p e c t r u m  a n d  t he  

11 ~ " ~  2 

8 ~ 4  F 
BaP l 

chemica l  sh i f t  a n d  p a t t e r n  Of the  *~F N MR- s peC t rum 
(~ = 132.0 ppm,  singlet)  s. C o m p o u n d  1 is the  on ly  f luoro- 
benzo[a~pyrene  i somer  wh ich  should  give rise to  a ~"F 
N M R  singlet .  The  *"F chemica l  sh i f t  of I closely resembles  
t h a t  of 9 - f luo roan th racene  (d = 131.8 ppm)  S. I t  shou ld  
be  n o t e d  t h a t  t he  ~"F N M R - s p e c t r u m  of the  c rude  reac-  
t ion  m i x t u r e  did  n o t  c o n t a i n  a n y  abs o r p t i ons  wh ich  
could be  a t t r i b u t e d  to  o t h e r  f luo robenzo[aJpyrene  
i somers  or to  add i t i on  p roduc t s .  The  *H N M R - s p e c t r u m  
of I lacked  t h e  cha rac t e r i s t i c  s ing le t  a t  8.42 p p m  in the  
co r r e spond ing  s p e c t r u m  of BaP ,  a t t r i b u t e d  to  H-69. 
The  U V - s p e c t r u m  of I ($eydohexane = 226 n m  (log e 4.45), 

~--max 
255 (4.60), 266 (4.62), 275s (4.45), 286 (4.61), 296 (4.74), 

336s (3.68), 356 (4.05), 372 (4.29), 383s (4.22), 387 (4.25), 
393 (4.28) a n d  408 (4.60)) is v e r y  s imi la r  to  t h a t  of B a P  
a n d  4- f luorobenzo~a]pyrene  ~~ The  f o r m a t i o n  of I as t he  
p r e d o m i n a n t  p r o d u c t  of t he  f l uo r ina t i on  is n o t  surpr iz iug,  
in v iew of t he  e n h a n c e d  r e a c t i v i t y  of pos i t ion  6 of B a P  
t owards  e lec t rophi l ic  r eagen t s  n.  

The  b lock ing  of t he  mos t  r eac t ive  pos i t ion  of B a P  b y  a 
f luor ine  a tom,  t o g e t h e r  w i t h  t he  i n t r o d u c t i o n  of a f luor ine  
in t he  n e i g h b o u r h o o d  of the  K-reg ion  (Ca-Cs) (bu t  n o t  a t  
t he  K-reg ion  itself) is p a r t i c u l a r l y  a t t r a c t i v e  to s t r u c t u r e -  
a c t i v i t y  r e l a t i o n s h i p s  s tud ies  of chemica l  carc inogenesis  
in the  B a P  series a. The  d i rec t  f l uo r ina t i on  of B a P  w i t h  
X e F  2 i l lus t ra tes  the  app l i cab i l i t y  of t he  rou te  to  t h e  
syn thes i s  of f luor ine  s u b s t i t u t e d  carc inogenic  polycycl ic  
a r o m a t i c  h y d r o c a r b o n s  ~2. 
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Summary. The  odorous  and  physio logica l ly  ac t ive  subs t ances  of t he  secre t ions  of J a p a n e s e  s t i n k  bugs  (Cydnidae)  
were inves t iga ted .  The  m a i n  c o m p o n e n t s  of t he  secre t ions  of M. ]aponensis a n d  A. nigritus are n - t r i decane  and  n - p e n -  
t a d e c a n e  t o g e t h e r  w i th  2-octenal  and  2-decenal,  while  2 -hexena l  is t he  m a i n  c o m p o n e n t s  in t h e  secre t ion  of A. magna. 

I n  r ecen t  years ,  t he  n a t u r e  of p h e r o m o n e  a n d  o t h e r  
cons iderab le  chemica l  release used b y  insec ts  has  a roused  
cons iderable  in te res t .  Some inves t iga t ions  h a v e  been  
pub l i shed  on  t h e  chemica l  s t ruc tu re s  or phys io logica l  
func t ions  of t h e  s t i n k  bags :  BLU•E e t  al. ~ r epo r t ed  t he  
presence  of 2 -hep tena l  a n d  n - t r i decane  f rom rice s t i n k  
bugs,  Oebalus pugnax. ROTH 3 ident i f ied  p e n t a n a l ,  h e p t a -  
hal ,  a n d  oc tena l  f rom Scaptocoris divergens (Cydnidae).  
WATt~RHOUSE 4 r epo r t ed  t he  presence  of 2-hexenal ,  2- 
decena l  f rom Nezara viridula. 2-hexena l  and  2-octenal  
f rom Rhoecocaris sulciventris a n d  n - h e x e n a l  f rom Mictis 
pro/aria. SCHILDKNECHT5 iden t i f i ed  as 2-hexenal ,  2-octe- 
hal ,  2 -decanal  f rom D. baccarum L. 2-hexenal ,  2-octenal  
f rom Eurogaster sp. a n d  2-hexenal ,  2-octenal ,  2 -decana l  
f rom P.  viridissima. TsuYvKI  e t  al. 6 r epo r t ed  t he  follow- 
ing c o n s t i t u e n t s  f rom t he  s t i nk  bugs  in J a p a n :  Nezara 
viridula (L.), trans-decenal. Graphosoma rubrolimatum 
(Westw.),  trans-2-decenal, n-hexena l .  Aelia fieberi Scot t ,  
trans-2-decenal. Scotinophara lurida Burmei s t e r ,  trans-2- 
decenal .  A canthocoris sordidus (Thunberg) ,  n -hexena l ,  
trans-2-hexenal. Hygica opaca F., n-hexena l .  ]~linachtus 
bicoloripes Scott ,  n -hexena l ,  oc tanal .  GILBY e t  alY, N.  

viridula var .  smaregdula, trans-2-propenal, trans-2-butenal, 
m e t h y l e t h y l  ketone,  e t h y l p r o p y l  ke tone ,  4-ke to-2-hexene ,  
trans-2-hexenal, 4-keto-trans-2-hexenal, trans-2-hexenyl 
ace ta te ,  trans-2-octeual, m e t h y l h e p t y l  ke tone ,  n -un -  
decane,  4-keto-2-octenal ,  trans-2-octenyl ace ta te ,  n-  
ufldecane,  trans-2-decenal, cis-2-decenal,  n - t r idecane ,  
trans-2-decenyl ace ta te .  CALAM et  al. s, Dysderus inter- 
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