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Abs t rac t -Reac t ions  of  naph tho [b l cyc lop ropene  with C,N-di- 

pheny ln i t r one  de r i va t i ve s  a f forded  d ihydronaphthoxaz ine  de r i va -  

t i v e s .  T h e  r e a c t i o n  i s  c o n s i d e r e d  t o  p r o c e e d  t h r o u g h  a  [ 4 x  + 

2 0  l - t y p e  cyc loadd i t i on  p r o c e s s  via a z w i t t e r  ionic i n t e r m e d i a t e  

genera ted  by a  rup ture  of t h e  C-C 0 -bond of t h e  th ree-membered  

r i ng  of naphtho[b]cyclopropene c a u s e d  hy a  nuc l eoph i l i c  a t t a c k  o f  

t h e  n i t rone .  

Much a t t e n t i o n  ha s  been focussed on  t h e  chemis t ry  of cyc lopropene  der iva t ives  fused 

with aromatic  systems such a s  benzocyclopropene o r  naphtho[blcyclopropene, which have 

considerable b o n d  l e n g t h  a l t e r n a t i o n  in t h e  a r o m a t i c  rings and consequently r e d u c e  

t he i r  a romt ic  s tabi l izat ion. '  

Cycloaddition react ions of  these  cyclopropene derivatives are  known to  proceed through 

two i ndependen t  pa th s ;  o n e  is a  [4n + 2 x  ]-type cycloaddi t ion p a t h  and  t h e  o the r  is 

a  [4n + 2 0  l - t y p e  cyc loadd i t i on  p a t h .  In t h e  fo rmer  c a s e ,  t h e  a r o m a t i c  r i ngs  mus t  

l o s e  t h e i r  a r o m a t i c  c h a r a c t e r s ,  a n d  in t h e  l a t t e r  c a s e ,  t h e  a -bond of t h e  t h r e e -  

m e m b e r e d  r i ng  m u s t  be  r u p t u r e d . '  T h e  a u t h o r s  h a v e  r e p o r t e d  t h e  f i r s t  examp le  

o f  t h e  [ 4 z  + 2 0  ] - t y p e  c y c l o a d d i t i o n  r e a c t i o n  o f  h e n z o c y c l o p r o p e n e  w i t h  

diphenylisobenzofuran o r  an thracene   derivative^.^ Recently,  i t  was made clear  t h a t  t h i s  

t y p e  of r e a c t i o n s  p r o c e e d  with h e t e r o c u m u l e n e s  s u c h  a s  i socyana t e s  o r  1 ,3-dipolar  

reagents.* However, t he  detailed reaction mechanism of the [4n + 2 o ]-type cycloaddition 

reac t ion  o r  t h e  fac tors  which de te rmine  t h e  cycloaddi t ion pa ths  remain unsolved. 

As a  s e r i e s  of  o u r  r e s ea r ch  on t h e  r eac t i v i t i e s  of cyc lopropene  der iva t ives  fused with 

aromatic  sys tems ,  we invest igated cycloadditon react ions of naphtho[blcyclopropene (1) 

w i th  s u b s t i t u t e d  C , N - d i p h e n y l n i t r o n e  d e r i v a t i v e s  ( 2 ) .  H e r e ,  t h e  r e s u l t s  a r e  

discussed.  
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Naphtho[b]cyclopropene (1) was heated with two molar equivalent of C,iV-diphenylnitrone (2a) 

in chloroform a t  60  OC for 40 h.  T h e  resu l t ing  mixture was chromatographed  on sil ica 

gel t o  afford colorless needles of dihydronaphthoxazine (3a) in 75 % yield. No recovery of 1 

was found a t  all. Analogous reactions of 1 with C-(p-methoxypheny1)-N-phenylnitrone (2b), 

C-(p-chloropheny1)-N-phenylnitrone (Zc), and C-(p-cyanopheny1)-N-phenylnitrone (Zd), 

gave the corresponding dihydronaphthoxazine derivatives (3b, 3c,  and  3d) ,  in 6 9 ,  53 ,  and 

59 % yields, respectively. 

The  s t r u c t u r e  of 3 was determined on t h e  basis of i t s  spec t ra l ,  especially N M R  spec t ra l  

properties. A singlet peak at  about 5.8 ppm and two doublet peaks at  about 5.4 and 5.5 ppm 

with a large gerninal coupling cons t an t  (J=16 Hz) in ' H  N M R  a s  well a s  t h e  ex is tence  of 

only two aliphatic signals a t  about 68 and 70 ppm in I3C N M R  support the  s t ructure  3 .  The 

formation of a possible regional isomer (4) and a three-membered ring s t r uc tu r e  (5) were 

exc luded .  T h e  s t r u c t u r e  (3) was finally s u p p o r t e d  by t h e  good  a g r e e m e n t  o f  i t s  

spec t r a l  p rope r t i e s  with t hose  of t h e  analogous  compound^.^^^ 

1 

e r eac t i on  

Figure 1. 

Figure 2. 

of 1 a n d  C,N-d iphenyln i t rone  (2a) in benzene  was very  slow compare  

t o  t ha t  in chloroform. Thus,  af ter  heating a t  60 "C for 40 h (the same conditions as  t he  

c a s e  of c h l o r o f o r m ) ,  on ly  9 % of  3 a  was  y i e l d e d  a n d  70  % of  1 was r e c o v e r e d  

unchanged.  Consider ing t h e  larger  ion s tabi l iz ing capabili ty of chloroform compairing 

t o  b e n z e n e , '  t h i s  i s  t h o u g h t  t o  s u g g e s t  t h a t  t h e  r e a c t i o n  p r o c e e d e d  t h r o u g h  a n  

ionic in te rmedia te .  
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Figure 3.  Plot of Hammett's sigma values (a) versus 

logarithms of relative rate ratios (Iog(kx/k~)). 

The  re la t ive  r a t e  ra t ios  (k,/k,) of t h e  react ion of 1 with various ni trone derivatives 

(2a to 2d) were measured in a similar way to our previous r n e t h ~ d . ~  The ratios were 1.00 : 

1.60 : 0.88 : 0.56 for 2a  : 2h : 2c  : 2d.  A fairly good l inear  relat ion was observed 

between the  logarithms of t he  relat ive r a t e  ra t ios  (log (k,/k,)) and Hammett 's sigma 

values ( o  ).' The p value was calculated a s  -0.46, suggesting tha t  t h e  reaction was 

acce lera ted  by the  introduction of electron-donating subs t i tuents  in t he  phenyl g roup  

a t tached a t  t he  nitrone-carbon atom. 

Figure 4. 
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The analogous linearity between t he  relative ra te  ra t ios  and Hammett's sigma values ( a  ) 

was found in t h e  reac t ion  of 1 and an th r acene  der ivat ives  (7) with var ious subs t i t uen t s  

a t  9 posi t ion.  

A solution of 1 and two molar equivalents of 7 in chloroform were heated a t  70 "C for 50 h. 

Separat ion of t h e  react ion mixture with sil ica gel  column chromatography using hexane- 

ethyl acetate  9:l a s  a developing solvent gave 8 bields: 8a, 26 %; 8b, 63 %;&, 28 %;8d, 12 %), 

The  s t r u c t u r e  of 8 was determined by comparison of t he i r  spec t ra l ,  mainly N M R  spec t ra l  

p roper t ies  with t h o s e  of t h e  analogous  compound^.^ 

The relation between the  relative ra te  ratios (1.00 : 1.60 : 1.03 : 0.67 for 8a  : 8h : 8 c  : 8d) 

and Hammett's sigma values (a ) is a s  fol10ws.~ 

Figure 5. Plot of ~ a m m e t t ' s  sigma values (n) versus 

logarithms of relative rate  ratios (log ( k x / k ~ ) ) .  

F i g u r e  6.  
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C o n s i d e r i n g  t h e  a b o v e  m e n t i o n e d  p r o f i l e  of  t h e  r e a c t i o n s  t h a t  s o l v e n t  b e n z e n e  

r e t a r d s  t h e  r e a c t i o n  compar ing  t o  c h l ~ r o f o r m , ~  t h a t  t h e  ox igen  a tom of  n i t r o n e s  

charges  negatively, and t h a t  t he  charge of sp3-carbon atom on t he  three-membered ring 

is p ~ s i t i v e l y , ~  t h e  r e a c t i o n  i s  c o n s i d e r e d  t o  p r o c e e d  t h r o u g h  a n  ion ic  m u l t i s t e p  

mechanism. Finally t he  reac t ion  mechanism is proposed a s   follow^.'^ The  negatively 

c h a r g e d  o x y g e n  a t o m  o f  n i t r o n e  a t t a c k s  on  t h e  s p 3 - c a r b o n  a t o m  of  1 t o  form a 

zwi t te r  ionic in te rmedia te  (6), which t hen  cycl izes  t o  give 3." 

EXPERIMENTAL 

IR s p e c t r a  were t aken  with a JASCO FT/IR 5300 spec t ropho tome te r .  MS spec t r a  were 

m e a s u r e d  with a H i t a c h i  M-2000 s p e c t r o m e t e r .  NMR s p e c t r a  we re  m e a s u r e d  with 

Hitachi R-90, Varian XL-200, o r  Varian GEMINI 2000 spectrometers with tetramethylsilane 

as  an internal standard. Melting points were recorded on a Yanagimoto Micro Melting Point 

A p p a r a t u s  a n d  a r e  u n c o r r e c t e d .  Wakoge l  C-200  a n d  Wakoge l  B5-F  we re  u sed  f o r  

column and thin layerchromatography, respectively. The solvents  were purified according 

t o  t h e  s tandard  procedures .  Naphtho[b]cyclopropene and s eve ra l  n i t rone  d e r i v a t i v e s  

were p r epa red  by a method descr ibed  in t h e  l i t e ra tures . '  

Only typical  reac t ions  a r e  ment ioned below. 

React ion of Naphtho[h]cyclopropene ( I )  with C, N-Diphenylnitrone (Za). A solution of 

1 (144.4 mg, 1.03 mmol) and 2a (403.3 mg, 2.04 mmol) in chloroform (12 ml) was heated at  60 "C 

for 40 h. After evaporation of the  solvent, the residue was column chromatographed on silica 

gel and recrystallized from ethyl acetate-chloroform to give colorless crystals (3a) (250 mg, 75 %). 

3a: Colorless needles. mp 197-198 "C. MS m/z Gel intensity): 337.2 (M', 6), 319.2 (loo), 302.2 (9 ,  

289.0 (8), 240.1 (221, 189.1 (5). IR (KBr): 3061, 2920, 1597, 1493, 1323, 750 cm-I. 'H NMR 

(CDCIJ 6 ppm: 5.40 (d, lH, J=16 Hz), 5.46 (d, lH,  J=16 Hz), 5.84 (s, IH), 6.96 (t, lH,  J=8.0 Hz), 7.07 

(d, 2H, Jz8.0 Hz), 7.12-7.18 (m, 5H), 7.21 (dd, 2H, J=8.0, 8.0 Hz), 7.40 (dd, lH,  5 4 . 0 ,  8.0 Hz), 

7.45 (t, lH ,  J=8.0 Hz), 7.51 (s, lH), 7.65 (s, lH), 7.69 (d, lH,  J=8.0 Hz), 7.81 (d, IH, J=8.0 Hz). 

I3C NMR (CDC13) 6 ppm: 68.6, 70.8, 118.7, 122.5, 123.2, 125.7, 126.0, 127.2, 127.3, 127.5, 

127.7, 127.8, 128.5, 128.5, 130.0, 130.0, 132.0, 132.3, 134.6, 139.9, 148.7. Anal. Calcd 

for C,,H,,NO: C ,  85.43; H, 5.68; N , 4.15. Found: C ,  85.44: H, 5.21; N, 4.09. 

3b: Colorless needles. mp 188-189 "C. MS m/z (re1 intensity): 367.3 (M', 4), 349.5 (loo), 

304.2 (15). IR (KBr): 3059, 2951, 1597,  1493,  1259, 1028, 748 cm-'. 'H NMR (CDCI,) 

6 ppm: 3.72 (s, OCH,), 5.41 (d, l H ,  J=16 Hz), 5.43 (d, lH,  J=16 Hz), 5.79 (s, IH), 6.68 (d, 2H, 

J=9.3 Hz), 6.97 ( t ,  l H ,  J=8.0 Hz) ,  7 .03  (d, 2H,  J=9.3 Hz),  7.07 (d, 2H, 5 4 . 0  Hz),  7 .23 

(dd, 2H, J=8.0, 8.0 Hz), 7.40 (dd, lH ,  J=8.0, 8.0 Hz), 7.45 (dd, l H ,  J=8.0, 8.0 Hz), 7.50 (s, IH), 

7.64 (s, lH), 7.69 (d, IH, J=8.0 Hz), 7.81 (d, lH,  J=8.0 Hz). I3C NMR (CDClJ 6 ppm: 55.1, 68.2, 

70.8, 113.1, 118.8, 122.4, 122.5, 123.1, 125.6, 125.9, 127.1,  127.3,  127.7, 128.5, 131.1, 
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132.1, 132.2, 132.3, 135.1, 148.8, 158.9. 

3c: Colorless needles.  mp 182-183 "C.  MS m/z (re1 intensity): 371.1 (M', 3), 353.4 ( loo) ,  

317.0(9). IR (KBr): 3057,  2942,  1595, 1491,  1091, 750 cm-'. 'H NMR (CDCI,) 6 pprn: 

5.38 (d, I H ,  J=16  H z ) ,  5.44 (d,  I H ,  J=16  Hz) ,  5.80 (s,  1H),6.98 ( t ,  l H ,  5 4 . 0  Hz),  7 .05  

(d, 2H, J=8.0 HZ), 7.06 (d, 2H, 553.9 Hz), 7.12 (d, 2H, J=8.9 Hz), 7.23 (dd, 2H, J=8.0, 8.0 Hz), 

7.41 (dd, lH ,  J=8.0, 8.0 Hz), 7.46 (dd, 1H, J=8.0, 8.0 Hz), 7.48 ( s ,  lH),  7.65 (s, lH),  7.69 (d, 1H, 

J = 8 . 0 H z ) ,  7.81 (d, 1 H , J = 8 . 0 H z ) .  1 3 C N M R ( C D C I , )  6 ppm:67 .9 ,  70.8,  118.6,  118.6,  

122.7, 123.3, 125.8 ,  126.2, 127.1, 127.3,  127.7 ,  128.0, 128.6, 131.3, 131.9, 132.3, 1 3 2 . 3 ,  

133.5, 134.1,  138.3 ,  148.5. 

3d: Colorless needles. mp 183-185 "C. MS m/z (re1 intensity): 362.1 (M', 7), 345.4 ( loo) ,  

314.1 (8). IR (KBr): 3056, 2959, 2226, 1597, 1491,  750 cm-'. 'H NMR (CDCI,) 6 ppm: 

5.38 (d, l H ,  J=16  H z ) ,  5 .48 (d,  1H,  J=16 Hz) ,  5 .88 (s,  l H ) ,  6.99 ( t ,  l H ,  J=8.0  Hz) ,  7 .04  

(d, 2H, J=8.0 Hz), 7.23 (dd, 2H, 5 3 . 0 ,  8.0 Hz), 7.24 (d, 2H, J=8.6 Hz), 7.43 (d, 2H, J=8.6 Hz), 

7.44 (dd, lH ,  J=8.0, 8.0 Hz z), 7.48 (dd, 1H, 5 4 . 0 ,  8.0 Hz), 7.48 (s, lH), 7.67 (s, IH), 7.70 (d, lH, 

J=8.0 Hz), 7.82 (d, 1H, J=8.0 Hz). 13C NMR (CDCI,) 6 ppm: 67.8, 70.6, 11 1.3, 118.2, 118.6, 

122.9, 123.4, 125.9, 126.3, 127.1, 127.3, 127.5, 128.7, 130.5, 131 .5 ,  132.2 ,  132 .4 ,  1 3 2 . 9 ,  

144.8, 148.0.  

Reac t ion  o f  Naphtho[b]cyclopropene (1) with Anthracene (7a). A solution of 1 (280 mg, 2.00 

mmol) and 7 a  (712 mg, 4.00 mmol) in chloroform (20 ml) was heated a t  70 "C for 40 h. After 

evaporation of t h e  solvent,  t h e  residue was c o l u m n  c h r o m a t o g r a p h e d  on s i l i c a  ge l  using 

hexane-ethyl ace ta te  (9:l)  a s  a developing solvent t o  give yellow crystals 8a  (163mg, 26 %). 

8a: Yellow needles. mp 225-226 "C. MS m/z (re1 intensity): 318 (M', loo), 302 (12). IR (KBr): 

3023, 2916, 762, 747 cmP. 'H NMR (CDCU S ppm: 3.47 (d, IH, J=4.5 Hz), 4.32 (t, l H ,  J=4.5 Hz), 

5 .03 (s, l H ) ,  6.5-7.8 (m, 14H). I3C NMR (CDCI,) 6 ppm: 37.2, 45.6, 55.3, 124.8, 125.2, 

125.3, 125.8,  126.4,  126.6, 126.7, 126.9, 130.8, 132.0, 132.6, 133.1, 139.1,  140.5,  143.3. 

Anal. Calcd for C,,H,,: C ,  94.30; H, 5.70. Found: C ,  94.26; H ,  5.70. 

8b: Yellow needles. rnp 263-264 "C. MS m/z (re1 intensity): 332 (M', loo), 317 (97). IR (KBr): 

3024, 2917, 770, 747 cm-'. 'H NMR (CDCIJ 6 ppm: 2.50(s, Me), 3.52 (d, 1H, J=4.3 Hz), 4.31 

(1, l H ,  J=4.3 Hz), 7.0-7.9 (m, 14H). I3C NMR (CDCI3) 6 ppm: 21.2, 38.8, 45.2, 46.0, 121.5, 1 

22.8, 125.1, 125.4, 125.6, 126.0, 126.4, 126.6, 127.5, 130.6, 131.7, 132.3, 134.2, 141.2, 141.6, 

145.5. Anal. Calcd for C,,H,,: C, 93.94; H, 6.06. Found: C, 93.68; H, 5.94. 

8c: Orange oil. MS m/z (re1 intensity): 394 (M', loo), 344 (22). 'H NMR (CDCQ 6 ppm: 3.52 

(d, 2H, J=3.0 Hz), 4.42 (t, l H ,  JZ4.8 Hz), 6.95-8.48 (m, 19H). I3C NMR (CDCI,) 6 ppm: 38.8, 

44.6, 45.7, 125.1, 125.3, 125.6, 126.0, 126.6, 126.8, 127.3, 127.4, 127.5, 127.7, 128.0, 128.6, 

134.6, 137.0, 138.4, 139.1, 140.2, 140.7, 145.1. 

8d: Orange oil. IR (KBr): 3057, 2920, 1454, 667 cm-'. 'H NMR (CDCIJ 6 ppm: 3.4 (d, 2H,  

Jz4.0 Hz), 4.3 (t, 1H, J=4.0 Hz), 7.2-8.0 (m, 17H). I3C NMR (CDCI,) 6 ppm: 39.0, 45.3, 48.9, 

122.4, 124.4, 124.4, 124.6, 124.9, 125.2, 125.5, 125.6, 125.7, 125.9, 126.0, 126.4, 126.7, 127.1, 

127.2, 127.5, 127.8, 127.9, 128.0, 129.0, 130.9, 138.2, 142.9. 
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9.  The electron densi t ies  of 1 and 2 were calculated as  follows. 

The sp2 and the sp3 carbons of the three-membered ring part of 1 are charged to negative 

and positive, respectively. The charges on the carbon, nitrogen, and oxygen atoms of the 

nitrones a re  summarized in t h e  Table 2.  

1 2 

Figure 8. 

Table 2. Electron density of 2 (Calcd. by PM3 method). 

X= OMe X= H X= C1 X= CN 

C -0.525 -0.529 -0.531 -0.538 
N +1.059 +1.063 +1.066 +1.072 
0 -0.635 -0.635 -0.635 -0.632 

The MO calculat ions were carr ied out  using an NEC PC-9801 RA 32-bit personal 

Computer with "PASOCON MOPAC/386" program which is based on the MOPAC (Ver. 

4 .0 ,  QCPA No. 455) by Toray System Center .  

10. A referee sugges ted  a react ion mechanism to form 3 through the three-membered 

primary cycloadduct (5) ,  which might be expected t o  be isolated. In sp i te  of many 

ef for t s ,  isolation of 5 has never succeed .  An invest igat ion t o  make the  react ion 

mechnism clear  in detail is now in progress.  
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H.  Wuster ,  Tetrahedron Le t t . ,  1991, 32,  593. 

11. Table  2 t e l l s  t h a t  t h e  magnitudes of t he  negat ive  charge on t h e  oxygen atom of 

the nitrone seem not to be effected s o  much by the  subst i tuents  "X" on the  phenyl 

group.  This  means t h a t  i t  is hard t o  explain t h e  s u b s t i t u e n t  effects  on t h e  r a t e  

ratios by the  terms of electron densities. The heat  of formation of the zwitter ionic 

intermediates (6) was calculated. The order of t he  magnitude was 6a < 6b < 6c < 6d, 

which showed that  the relative rate ratio was roughly r e f l e c t e d  by t h e  s t a b i l i t y  o f  

t he  intermediates .  
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