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2~-Phenyl- and 1 ,2-diphenylbeazo[b]cyclopenta[e]pyrans  were  subjected to formyla t ion ,  n i t r a -  
tion, and phenylsufonylation.  It was  shown by PMR spec t roscopy  that 2-phenylbenzo[b]cy-  
c lopenta[e]pyran undergoes subst i tut ion exclus ively  in the 1 posit ion.  The effect  of the spa -  
t ial  o r ien ta t ion  and the degree  of e l e c t r o n - a c c e p t o r  c h a r a c t e r  of the introduced subst i tuents  
on the chemica l  shif t  of the 9-H proton was studied. 

I t  is known that  dibenzo[b,f]eyclopentapyran [1], like azulene [2], readi ly  undergoes formylat ion,  n i t r a -  
tion, and diazo coupling. We fee l  that reac t ions  of this type can be readi ly  accompl i shed  with both 2 -phenyl -  
benzo[b]cyclopenta[e]pyran (I) [3] and 1,2-diphenylbenzo[b]cyclopenta[e]pyran (HI) [4], but the si te of incor -  
pora t ion  of the f i r s t  subst i tuent  mus t  be accura te ly  es tabl i shed in the f i r s t  case ,  s ince the act ive t and 3 
posi t ions  in I a r e  nonequivalent  both s t ruc tu ra l ly  and, probably ,  reac t ive ly .  

The goal  of the p r e s en t  r e s e a r c h  was to es tab l i sh  the or ienta t ion of the incorporat ion of subst i tuents  
during e lec t rophi l ic  subst i tut ion in 2-phenylbenzo[b]cyclopenta[e]pyran I by PMR spec t roscopy ,  as well  as to 
study the effect  of the spat ia l  o r ien ta t ion  and the degree  of e l e c t r o n - a c c e p t o r  c h a r a c t e r  of the introduced 
subst i tuents  on the chemica l  shif t  of the 9-H pro ton  in 2 -phenyl -  and 1,2-diphenylbenzo[b]cyclopenta[e]py-  
rans .  The p r e f e r r e d  incorpora t ion  of a f o rm y l  group in the 1 posi t ion of the benzocyclopentapyran  s y s t e m  
was  indicated in [5] on the bas i s  of the change in the chemica l  shif t  of the signal  of the 9-H pro ton  in the 
PMR spec t r a .  The fac t  of the incorpora t ion  of the e lec t rophi l ic  pa r t i c l e  in the 1 posit ion of the 2 -phenyl -  
benzo[b]cyclopenta[e]pyran molecule  (19 is not obvious,  s ince it  is not in a g r e e m e n t  with the data on the 
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e lec t ron  densi t ies  ca lcula ted  f o r  unsubsti tuted cyc lopentapyran  [6]. Since the r igorous  es tab l i shment  of the 
s t r u c t u r a l  speci f ic i ty  of e l ec t roph i l i c  subst i tut ion reac t ions  in the benzocyclopentapyran  s y s t e m  is of funda-  
menta l  s ignif icance  fo r  an tmderstanding of the e lec t ronic  s t ruc tu re ,  the reac t iv i t i es ,  and the reac t ion  mech-  
a n i s m s  f o r  this c l a s s  of nonbenzenoid a r o m a t i c  compounds,  we obtained a number  of cor responding  der iva t ives  
of I and HI and invest igated the i r  PMR spec t ra ;  this conf i rmed  the c o r r e c t n e s s  of the initial a ssumpt ion  in a 
n u m b e r  of examples  [5]. 
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The fo rmyla t ion  of I and HI with the phosphorus  o x y c h l o r i d e - d i m e t h y l f o r m a m i d e  (DMF) complex at 20~ 
leads to the cor responding  aldehydes II and IV in a l m o s t  quanti tat ive yie ld  [5]. When I is heated with excess  
V i l s m e i e r  reagent ,  1 ,3 -d i fo rmyl  der iva t ive  V is obtained in high yield.  The fo rmat ion  of the 3 - f o r m y l  c o m -  
pound was not obse rved .  

1 ,2,3-  Triphenylbenzo [b]cyclopenta [e]pyran (X), which we obtained by heating 2 ,3 ,4- t r iphenyl -A2-cyclo  - 
pentenone [7] with excess  sa l icyla ldehyde in the p r e s e n c e  of p iper id ine  ace ta te ,  is not fo rmyla ted  by the 
V i l s m e i e r  r eagen t  even a t  150% and this const i tu tes  evidence fo r  the ine r tness  of the 9 posi t ion o r  the benzene 
r ings  in this react ion.  

Elec t rophi t ic  subst i tut ion in I and IT[ by the act ion of cupr ic  benzenesulf inate  in ace tou i t r i l e  leads to the 
f o r m a t i o n  of the cor responding  phenylsulfones VII and IX. Ni t ra t ion of I and HI with t e t r an i t romethane  in p y r i -  
dine gives  the cor responding  nitro de r iva t ives  VI and VIII, which a r e  subst i tuted in the s a m e  posi t ions  as  the 
fo rmyla t ion  and phenylsulfonylat ion products .  

The data f r o m  the PMR s pec t r a  of the s ta r t ing  and final compounds conf i rm the s t r u c t u r e s  of the sub-  
st i tuted benzocyc lopentapyrans  obtained (Table 1) and show that 1 ,2-diphenyl  de r iva t ive  HI is a t tacked  exc lus ive -  
ly in the 3 posi t ion,  whe rea s  2-phenyl  der iva t ive  I f o r m s  1-subs t i tu ted  de r iva t ives  in the f i r s t  s tep but under 
m o r e  s e v e r e  conditions may a lso  give 1 ,3-disubst i tu t ion  products  [for example ,  2 - p h e n y l - l , 3 - d i f o r m y l b e n z o -  
[b]cyclopenta[e]pyran (V)]. 

Whereas  the introduction of a f o rm y l  group in the ] pos i t ion  of I leads to a shift  (AS) of ~ 1 . 0  ppm to weak 
f ield of the 9-H signal ,  the shif t  f o r  3 - f o r m y l  der iva t ive  IV is 0.4 ppm. In the f i r s t  ease  the shif t  of the 9-H 
signal  is explained by the powerful  deshielding effect  of the adjacent  (in the pe r i  position) e l e c t r o n - a c c e p t o r  
f o r m y l  group, whe reas  in IV (the amphi  position) the l a t t e r  shif ts  the 9-H signal to weak field only because  of 
the e l e c t r o n - a c c e p t o r  effect  on the 9-C a tom due to ~r-~r conjugation along the s y s t e m  of bonds, as  depicted 
below: 

C6H 3 CHO 

~ C s H s  ~ ~ - - C 6 H 5  

CHO 
IV II 

This so r t  of conjugation is also poss ib le  fo r  aldehyde II, but in this case  the deciding fac to r  is spat ia l  de-  
shielding. The p r e s e n c e  of two aldehyde groups  in V leads to a s t i l l  l a r g e r  (1.28 ppm) shif t  of the 9-H signal 
to weak field. 

The 9-H s ignals  in the s p e c t r a  of 1-phenylsulfonyl  de r iva t ives  VI and VII a r e  found at  8.95 ppm, i.e., they 
a r e  shifted by 1.15 ppm to weak field as com pa red  with s ta r t ing  I (7.80 ppm). 
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Tim 9-H s ignals  In the s p e c t r a  of VHI and IX, which have NO z and CeI~SO 2 groups  in the 3 posit ion,  a r e  
found at, respect ively ,  8:20 and 8.13 ppm, i .e. ,  they are shifted to weak f ield by only 0.50 and 0.4 p p m a s  com-  
pared with the s p e c t r u m  of ~tar t ing HI. 

One can explain the s t ruc tu r a l  speci f ic i ty  of e lec t rophi l ic  a t tack in the 1 posi t ion of I ff its molecule  is 
depicted in the f o r m  of d ipo la r  ion XI, which can ex is t  f o rma l ly  in the f o r m  of l imiting m e s o m e r i c  s t a t e s  A 
and B. State B is the rmodynamica l ly  m o r e  favorab le ,  s ince the phemj1 res idue  in this s t ruc tu re  is conjugated 
through the double bond with the ~ pos i t ion  of the benzopyryl ium cation, which has  cons iderable  pos i t ive  charge;  
the s a m e  cannot be  s ta ted  with r ega rd  to s t ruc tu re  A, f o r  a sma l l  negat ive  cha rge  should  be concent ra ted  in 
the fl posi t ion of the benzopyry l inm sys tem.  The e lec t rophi l ic  pa r t i c l e  the re fo re  a t tacks  p r i m a r i l y  the 1 pos i -  
t ion of the d ipolar  ion XL 

A xl B 

E X P E R I M E N T A L  

The PMR s p e c t r a  of "~ 7 mole  % solutions of the compounds in dioxane were  r eco rded  with a BS-487B 
s p e c t r o m e t e r  (operating f requency 80 MHz) a t  41 ~ Dioxane and hexamethyldis i loxane were  used as  the in- 
t e rna l  s tandards .  The a c c u r a c y  in the m e a s u r e m e n t s  was ~-0.02 ppm. The e lec t ronic  spec t r a  we re  recorded  
with an  SF-14 spec t ropho tomete r .  

1 ,2 -Diphenyl -3- formylbenzo[b]cyc lopenta [e ]pyran  (IV). A 2 . 5 -ml  sample  of phosphorus  oxychlor ide was 
added  dropwise  with s t i r r ing  and cooling to a solution of 0.64 g (2 mmole)  of 1 ,2-diphenylbenzo[b]cyclopenta[e]-  
p y r a n  (HI) in 75 ml  of DMF. After  10 rain, the mix tu re  was t r ea ted  with 400 ml  of wa t e r  containing 3 g of 
NaOH and ex t rac ted  with 80 ml  of benzene. The benzene ex t r ac t  was ch romatographed  on s i l ica  gel, the da rk -  
red eluate was evapora ted ,  and the res idue  was r e c r y s t a l l i z e d  f r o m  propyl  alcohol to give 0.59 g (84.4%) of 
r ed -b rown  c r y s t a l s  of aldehyde IV with mp 245-246 ~ UV s p e c t r u m  (THF): k m a  x 490 am (log ~ 3.1). Found: 
C 86.2; H 4.7%. C25H1602. Calculated:  C 86.1; H 4.6%. 

2 -Pheny l - l , 3 -d i fo rmylbenzo[b ]cyc lopen ta [e ]pyraa  {V). A 2.3-g sample  of POC13 was added to a solution 
of 1.22 g (5 mmole)  of I in 150 ml  of DMF, and the mix tu re  was heated to 100 ~ and s t i r r e d  a t  this t e m p e r a t u r e  
f o r  15 rain. The r e d  solution was then cooled and poured into w a t e r  containing 8 g of sodium ace ta te .  The r e -  
ac t ion  p roduc t s  we re  ex t rac ted  with benzene,  and the ex t r ac t  was  ch romatographed  on s i l ica  gel.  The b r igh t -  
red  zone of d f fo rmyl  compound V was col lected and worked up to give 1.05 g (70~ of b r i g h t - r e d  pla tes  with 
mp 238-239 ~ (from benzene).  UV s p e c t r u m  (THF): k m a  x 460 nm Clog ~ 3.4). Found: C 80.1; H 3.9%. C20H1203. 
Calculated:  C 80.0; H 4.0%. 

1-Ni t ro-2-phenylbenzo[b]cyc lopenta[e]pyran  {VI). A 0.4-g sample  of t e t r an i t romethane  was added to a 
solution of 0.24 g of I in 20 ml  of pyr idine,  and the mix tu re  was s t i r r e d  for  10 min, a f t e r  which it was poured  
into 100 ml  of wate r .  The resul t ing c r y s t a l s  we re  r emoved  by f i l t ra t ion  to give 0.26 g (91%) of ni tro compound 
V I w i t h  mp 246-248 ~ (from benzene).  UV s p e c t r u m  (dioxane): k m a  x 500 nm (log ~ 3.6). Found: C 74.7; H 4.0; 
N 4.6%. CIsHllNO3. Calculated:  C 74.7; H 3.8; N 4.8%. 

1 ,2-Diphenyl -3-n i t robenzo[b]cyclopenta[e]pyran  (VIII). The p rocedu re  of the p reced ing  expe r imen t  was 
used to obtain this compound, with mp 275-276 ~ (from propyl  alcohol),  in 89% yield.  UV spec t rum (TI-IF): 
X max 460 nm (log ~ 2.8). Found: C78 .7 ;  H4.3 ;  N4.0%. C24H15NO 3. Calculated:  C78 .9 ;  H4.1 ;  N3.8%. 

1-Phenylsu l fonyl -2-phenylbenzo[b]eyclopenta[e]pyran  {VII). A mix tu re  of 0.49 g (2 mmole)  of I, 1.5 g of 
cupr ic  benzenesulf inate ,  and 150 ml  of ace toni t r i le  was ref luxed with s t i r r ing ,  a f t e r  which the solvent  was 
evapora ted ,  and the r e s i d u e  was ch romatographed  on s i l ica  gel (elution with benzene) to give b r i g h t - r e d  su l -  
fone VII, which was obtained as  fine red needles  with mp 164-165 ~ (from heptane). The yie ld  was 0.51 g (66%). 
UV s p e c t r u m  (THF): Xmax 470 nm ( loge  3.4}. Found: C 75.1; H 4.4; S 8.1%. C24H1603S. Calculated:  C 75.0; 
H 4.2; S 8.3%. 

1,2-Diphenyl-3-phenylsul fonylbenzo[b]cyclopenta[e]pyran (IX). The method of the p reced ing  expe r imen t  
was used to obtain this compound, with mp 197-198 ~ (from propyl  alcohol),  in 77% yield.  UV spec t rum (THF): 
Xmax 470 nm ( logs  2.8). Found: C 78.4; H4 .6 ;  S 6.9%. Ca0H2003S. Calculated:  C 78.2; H 4.4; S 7.0%. 

1,2,3-  Triphenylbenz o [b] cyclopenta [e]pyran (X). A 3.1-g (10 mmole)  s ample  of 2 ,3 ,4- t r iphenylcyc  lopen- 
t en -2 -one  was ref luxed in 2 ml  of sa l icyla ldehyde in the p r e s e n c e  of 1 g of p iper id ine  ace ta te  fo r  5 rain, a f t e r  
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which the mix tu re  was cooled and dissolved in 50 ml  of benzene.  The benzene solution was washed with 5% 
aqueous KOH solution and water ,  dr ied  with Na2SO4, and chromatographed  on s i l i c a  gel.  The violet  zone of 
X w a s  eluted with benzene- .hexane  {1:1), and the eluate was evapora ted  to give 0.83 g (21%) of X in the f o r m  
of v io le t -b lack  needles  with mp 178-179 ~ (from benzene).  UV spec t rum (dioxane): k m a  x 540 nm (log ~ 3.2). 
Found: C 90.5; H 5.0%. C30H200. Calculated:  C 90.9; H 5.1%. 
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Different  degrees  of conductivity of e lec t ron ic  effects  through the az i r id ine  ring in the d i r e c -  
tion of the C - C ,  C - N ,  and N - C  bonds were  obse rved  fo r  1 ,2 -d ia ry laz i r id ines  by 1H and 19F 
NMR spec t roscopy .  

Var ious  r e s e a r c h e r s  have shown [1-3] that a pronounced d e c r e a s e  in the a lgebra ic  value of the g e m i -  
hal s p i n - s p i n  coupling constant  (SSCC) occu r s  in az i r id ines  as  the e lec t ronegat iv i ty  of the subst i tuent  in 
the 1 posi t ion i nc r ea se s .  In o r d e r  to study the re la t ive  effect  of subst i tuents  in the 1 and 2 posi t ions on 
2JHH we synthes ized  two s e r i e s  of 1 ,2-disubst i tu ted  az i r id ines  and studied the i r  PMR spec t ra  (Table 1). 

The signs of the SSCC between the protons  of the he te ror ing  were  de te rmined  by the INDOR method [4] 
(Fig. 1). The s igns were  found to be identical  fo r  the gemina l  and both vicinal  SSCC, and they should t h e r e -  
fo re  be cons idered  to be pos i t ive  (~JHH > 0 [5]). 

1234 
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Fig. 1. INDOR spec t r a  of the protons  
of the az i r id ine  ring of 1 ,2-diphenyl-  
az iridine.  
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