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The s t r u c t u r a l  determinat ion o f  t h e  a c r i d i z i n i u m  adducts us ing the  

technique o f  nuc lea r  magnetic resonance has been discussed i n  d e t a i l .  

The c l a s s i c a l  4+2 Oie ls-Alder  r e a c t i o n  i nvo lves  the  the rma l l y  a l lowed c y c l o a d d i t ~ o n  

o f  an e l e c t r o n  r i c h  d iene w ~ t h  an e l e c t r o n - d e f i c i e n t  d ienaphi le .  I n  1962 Sauer and Wiestl 

demonstrated the  ex is tance o f  a  "Die ls-Alder  r e a c t i o n  w i t h  i nve rse  e l e c t r o n  demand", i n  

which the  e l e c t r o n i c  r o l e s  a r e  exchanged w i t h  the  former becoming t h e  e l e c t r o p h i l e  and the  

l a t t e r  t he  nuc leophi le .  However, t he  ex is tance o f  an ac tua l  p o s i t i v e  charge on t h e  e l e c t r o -  

p h i l i c  species i n  c a t i o m c  p o l a r  c j c l o a d d i t i o n  d i s t i ngu ishes  i t  f r a n  the  o the r  types o f  

cyc1oaC'dit ion and make i t  a t  best ,  a l i m i t i n g  case o f  t he  "Die ls-Alder  w i t h  i nve rse  

e l e c t r o n  demand. 

I n  p a r t i c u l a r ,  t he  formal + charge present  i n  po la r  cyc ioadd i t i on  would be 

expected t o  i n f l uence  the  formation and geometry of i n te rmed ia te  charge- t ransfer  complexes 

and the  e l e c t r a p h i l i c  character  o f  t he  r e a c t i o n  w i t h  alkenes. These e f f e c t s  would 

n a t u r a l l y  r e s u l t  i n  having an impor tan t  i n f l u e n c e  upon the  reg ion  and s tereochemist ry  as 

w e l l  as the  concertedness2 o f  p o l a r  cyc loadd i t i on .  

The a c r i d i z i n i u m  i o n  (1 )  used i n  the  f i r s t  po la r  c y c l o a d d i t i o n  reac t ion  o f  a 

quaternary s a l t 3  has been used i n  the  l a r g e s t  number o f  p o l a r  c y c l o a d d i t i o n  s tud ies .  

Th is  c a t i o n  i s  p a r t i c u l a r l y  s u i t a b l e  f o r  such a  s tudy s ince  i t  i s  e a s i l y  prepared, i s  

s tab le  and s u f f i c i e n t l y  r e a c t i v e  t o  r e a c t  w i t h  many poor l y  n u c l e o p h i l i c  alkenes. F i e l d s  

e t  a ~ . ~  have demonstrated t h a t  experiments c a r r i e d  o u t  a t  d i f f e r e n t  temperatures and i n  

d i f f e r e n t  so lvents  a r e  adequate t a  prove the  inverse e l e c t r o n  demand charac te r  o f  t he  

reac t i on .  Thus ketene d ~ e t h y l  a c e t a l ,  reac ted  i n  minutes a t  room temperature, w h i l e  

t h e  s t r o n g l y  e l e c t r o p h i l i c  alkene, tetracyanoethylene, f a i l e d  t o  r e a c t  under any 

cond i t i ons .  

F i e l d s  e t  have a l s o  s h w n  t h a t  a v a r i e t y  o f  unsymnetr ical alkenes (Table 1 )  

added r e g i o s p e c i f i c a l l y  t o  the  a c r i d i z i n i u m  nucleus, which was r a t i o n a l i s e d  by the  

assumption t h a t  t he  more nega t i ve l y  p o l a r i s e d  end of  t he  a lkene was p r e f e r e n t i a l l y  

5 a t t r a c t e d  towards p o s i t i o n  6, t h e  p rev ious l y  demonstrated cen te r  f o r  n u c l e o p h i l i c  a t t a c k  

on t h e  a c r i d i z i n i u m  r i n g .  A t  t he  same t ime, they  repor ted  the  a d d i t i o n  o f  a c r y l o n i t r i l e  

t o  y i e l d  a 12- r a t h e r  than a 13-cyano adduct i s  t he  reverse o f  what would be expected 



from the p o l a r i s a t i o n  o f  t h e  a c r y i o n i t r i l e  molecule 

ADDUCTS ?F ACRiDIZINIUM ION AND DIENOPHILES 

TABLE 1. 

Adduct R1 R2 R3 

3 H E t  H 

4 H CH = CH2 H 

5 H CH20H H 

6 H CN H 

7 H Ph N-morphol in0 6 

8 H Ph H 

9 H 2,; CH2 CH3 

10 I1 OEt OEt 

11 CH3 OEt OEt 

12 Br OEi OEt 

E luc ida t ion  of the s t r u c t u r e  of var ious cycloadducts by nuclear  magnetic 

resonance i s  s i m p l i f i e d  by the s t rong deshie ld ing e f f e c t  o f  t h e  p o s i t i v e l y  charged n i t r o -  

gen atom. I n  case of an adduct formed the d ienophi les (Table 1 ) t h e  d i s t i n g u i s h i n g  fea tu re  

of the nmr spectra o f  the adductr a r e  t h e  reasonances o f  the bridgehead protons ( a t  C-9 

and C-10) and of the proton t o  n i t rogen  on the p y r i d i n e  r i n g  ( a t  C-3). Considering the 

v a r i e t y  of bridgehead subs t i tuen ts ,  the chemical s h i f t  o f  these protons f a l l  i n  a f a i r l y  

narrow range: C-4H, 9.37 + 0.01 (range 9.27-9.64); C-SH, 5.49 t 0.21 (range 5.22 - 

5.86). C-lOH, 6.63 t 0.14 (range 6.40 -6.95).The r ; u l t i > l i c i t i e s  o f  these s i w d l s  a r e  



d iagnos t i c  i n  a s t r a i g h t  forward manner f o r  t he  occurrence of  both geometr ica l  and pas i -  

t i o n a l  isomerism. Expect f o r  a few cases where broadening obscured t h e  l i n e  s p l i t t i n g ,  

t he  mu l t1 : l i c i t i es ind i ca ted  the  presence o f  syn-ant i  lsomer w i t h  no evidence f o r  t h e  

p o n t i o n a l  isomers (eq. 1 ) .  Thus adducts 3-9 are be l i eved  t o  be s o l e l y  12-mano, o r  12, 

R' R '  R '  R' 

eq. I 

i Z - d i s u b s t i t u t e d  9 , l O - d i h ~ d r o - l a - a m n i a - 9 . 1 0 - e t h a n o a n t h r a e  s a l t s ,  whereas the  ketene 

ace ta l  adducts, 10-13 a r e  s o l e l y  1 2 , l Z - d i e t h o u  d e r i v a t ~ v r s .  

I n  one o f  t h e  adduct (9) ,  t h e  nmr spectrum showed an absorpt ion a t 6  0.87 and 

0.98 ( s ,  o f  r e l a t i v e  area 1:Z) and a t  1.80 and 1.83 (s, o f  s i m i l a r  b u t  l e s s  e a s i l y  

measured r e l a t i v e  areas). These a r e  assigned t o  t h e  12-CH3 and t h e  a l l y l i c  CH3 re rpec t -  

i v e l y ,  t h e  m u l t i p l i c i t y  a r i s i n g  f rom syn, a n t i  isomerism. Two m u l t i p l e t s  cen t red  a t  

2.17 and 2.42 a r e  assigned as the  cen te r  s t rong  peaks af  t he  A 0  p a r t  o f  an ABX spectrum; 

t h e  o u t e r  weak l ~ n e s  a r e  obscured by the  a l l y l i c  CH3 peaks an the  one s ide  and the  res idua l  

DMSO-d5 peaks on the  o t h e r  side. The t o t a l  p a t t e r n  represents  t h e  absorp t i on  of t h e  b r idge  

methylene (C..l 1 )  and t h e  bridgehead proton a t  C-10. The v i n y l  = CH2 absorp t i on  i s  a p a i r  

o f  broad s i n g l e t s  a t  4.57 and 4.69. The C-9 bridgehead i s  a sharp s i n g l e t  a t  5.30. The 

aromatic nrc tons absorb i n  a complex m u l t i p l e t  extending from 7.2 t o  8.8, t h e  p y r i d y l  

p ro tond-  t o  n i t r c g e n  appears as a CMplex m l t i p l e t  cent red a t  9.3. 

Cycloadducts obta ined f rom 14-19 were produced from r a p i d  s t e r e o s p e c i f i c  cyc lo-  

addt ions o f  ketene d i e t h y l  acetal, each g i v i n g  an adduct hav ing the  ethoxy l  group, i n  a 

p o s i t i o n  nonadjacent t o  t h e  quaternary n i t rogen .  Nmr ana lys i s  of t he  adducts (20-25) 

a r e  g iven i n  Table 11. 



OEt 

2 c10; 

TABLE 11 

Compound nlrmber Bridgehead p m t o n  

A, ppn ( m u l t i p l i c i t y )  a 

&..The peaks described as m are ,  i n  most cases very  broad s i n g l e t  peaks, t h e  broadening 

being ascribed t o  unresolved m u l t i p l i c i t y .  b .Th is  s ignal  i s  bur ied i n  t h e  aromatic 

m u l t i p l e t  as ind ica ted  by area measurements. 
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The product i s o l a t e d  from 1,l-dimorpholinoethylene and a c r i d i r i n i u r n  i o n  proved t o  be 

n o t  a 1:) adduct, b u t  ra t t ler ,  the new 2-morpholino-I-(2-pyridy1)napthalene (26) .  I t s  nmr 

spectrum(COCI3) had a four proton A2B2 p a t t e r n  centred a t  6 3.13 (rnorpholino), a n ine  proton 

m u l t i p l e t  (aromat ic)  at67.0-8.0, and the proton t o  n i t r o g e n  as a doublet  of m u l t i p l e t  a t  8.73 

I n  an adduct (27) obta ined fmm ketene d i e t h y l a c e t a l a n d  a c r i d i r i n i u m  s a l t  (28). the 

stereochemistry of the a d d i t i o n  was confirmed by nmr spectroscopy, based on the m u l t i p l i c i t i e s  

of the bridgehead hydrogen i . e .  H-P, a s i n q l e t  a t d  6.05 and H-10 a b r o a d e n e d t r i p l e t  a t  

8 6.67 (OMSO- d 6 ) l 1 . ~ i l d  '!ydrolysis of the adduct 27 y i e l d e d  29. The s a l i e n t  features of 

i t s  nmr spectrum inc luded two AB quar te ts  (3.4 and 6,7-naphthalene protons)  i n  the aromatic 



reg ion superimposed on the p y r i d y l  p m t o n  absorptions and t h e  usua l l y  h igh  f i e l d  pos i t i ons  

f o r  the t e r t - b u t y l  and one o f  the two ace to~y -methy l  s ignals  (0.6 and 0.3 ppm) higher  f i e l d  

respec t i ve ly  than those o f  t h e  analogous model compound 30. 

61.59 
6 2 . 3 0  

(Or 2.37) 

I 
O A ~  6 2.37  ( o r  2.30) 

3 0 
Such u p f i e l d  s h i f t s  would r e s u l t  if the gross overcrowding i s  accomodated by bond angle 

deformations, so t h a t  the t e r t - b u t y l  and p y r i d y l  groups are bent  away from one another abave 

and below the naphthalene r i n g  w i t h  the p y r i d i n e  r o t a t e d  f u r t h e r  ou t  o f  t h e  p lane t o  a degree 

t h a t  helps t o  minimize i t s  i n t e r a c t i o n  w i t h  the t e r t - b u t y l  group as we l l  as the two acetoxy 

groups. I n  t h i s  confornat ion,  the t e r t - b u t y l  group would l i e  ou ts ide  the zone o f  maximum 

derh ie ld ing  o f  the naphthalene, and both l t  and the 2-acetoxy group would res ide  i n  t h e  

sh ie ld ing  zone o f  t h e  p y r i d i n e  r i n g  as we l l .  

LOW temperature nmr spectra o f  29 was examined i n  t h e  hope t h a t  t h e  h igh  degree of s t e r i c  

i n te r fe rence  would lead  t o  r e s t r i c t e d  r o t a t i o n  o f  the t e r t i a r y  b u t y l  groups, a  phenomenon 

which has been observed i n  considerably  l ess  s t e r i c e l l y  crowded molecules a t  -86O, t h e  

ahsorpt ion of t h e  t e r t - b u t y l  group o f  29 had broadened considerably  ( w  112 13 Hz compared t o  

w 117 0.8 Hz f o r  TMS a t  - loo0)  bu t  was s t i l l  symnetr ical.  That a t  l e a s t  p a r t  o f  t h e  broaden.ing 

Was due t o  r e s t r i c t e d  p o s i t i o n  of t h e  t e r t - h u t y l  group was ind ica ted  by the f a c t  t h a t  the 

acetate methyls were broadened o n l y  approximately one t h i r d  as much as t h e  t e r t - b u t y l  peak. 

On the o t h e r  hand, deacety?at ion w i thou t  accompanying loss  o f  t e r t - b u t y l  subs t i tuen t  

was e a s i l y  achieved under bas ic  cond i t i ons  and from a reac t ion  o f  29 w i t h  methanolic potassium 

hydroxide, a c r y s t i l l i n e  product 31 was i so la ted .  Host d e f i n i t i v e  evidence f o r  i t s  s t r u c t u r e  
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was the spec t ra l  evidence der ived from nmr veasurements. The t e r t - b u t y l  s igna l  was observed 

as a sharp s i n g l e t  a t  0.55 ppm, a f i e l d  n o s i t i o n  more i n  keeping w i t h  a t e r t - b u t y l  group 

2 attached t o  an sp3 than an sp carbon. The remaining absorptions completely cons is ten t  f o r  

3 1  were observed a t d  4.3(d, iH,J=5.5 Hz, He). 6.47(d,lH, J.10 Hz,H6). 7.03(d,ih,J=R.5Hz,H3), 

7.21 and 7.27(d o f  d, J = 5.5, 10 Hz, HI), p y r i d y l  proton m u l t i p l e t s  a t  7.50 and 7.85(2H,H3 

and H4 protons). The coupl ing assignment f o r  H6, H7 and H were confirmed by double i r r a d i -  8 

a t i o n  experiments. Coapling between H8 and H6 i s  r o  small as t o  be b a r e l y  observable. I t  

was t h i s  evidence which e l im ina ted  t h e  s t r u c t u r e  32 f o r  the i s o l a t e d  compound. 

F i e l d  and ~egan"  have a lso  repor ted the format ion o f  an adduct 33 from ac r id i z in iu rn  

pe rch lo ra te  and ketene d i e t h y l  acetal. Treatment o f  t h e  adduct w i t h  6 N hydrochlor ic  a c i d  

resu l ted  i n  t h e  format ion o f  two products 34 and 35. The minor product p rove~ l  t o  be a 

naphthol (34). which i n  nrnr(COC13) consis ted of a n ine  proton m u l t i p l e t  a t67.17-8.35(aromat ic) ,  

one nroton doublet  of m u l t i p l e t s  centred a t  8 .70(pyr idy l  H t o  N) ,  and one exchangeable proton 

a t 6  11.91 (-OH). The chemical s h i f t  o f  the hydroxyl proton i s  independant o f  concentrat ion,  

i n d i c a t i v e  of molecular hydrogen bonding, which i s  cons is ten t  w i t h  t h e  1 .2 -subs t i tu t i on  p a t t e r n  

assigned t o  3P,. 

The nmr (0450-d6) of 35 d i s p l r y e d  methylene proton t o  the carbonyl group and adjacent 

t o  t h e  asymnetr ic center  PCHCH2COOH) as f o u r  oeaks centered a t  84.68 represent ing the center  

s t rong peaks of t h e  AB p o r t i o n  o f  an ABX pa t te rn .  The remainin? absorptions appeared as a 

two proton s i n g l e t  a t  6 4.77 ( a - p i c o l i n i u m  methylene, a poor l y  resolved one proton t r i p l e t  

centered a t d  6.50 ( >CHCH2C00H), X p a r t  of ABX, a seven proton m u l t i p l e t  a t  27.41 -8.80 
+ 

(aromatic),  and a one proton doublet  o f  m u l t i p l e t s  centred a t L 9 . 2 5  ( p y r i d y l  H t o  N). 

Adduct 36 on t h e  o the r  hand on treatment w i t h  sodium methoxide resu l ted  i n  t h e  formation 

of an anhydro base (37) .  which on a c i d i f i c a t i o n  w i t h  hydroch lo r i c  a c ~ d  produced py r id in ium 

s a l t  ('3). 



Nmr(CDC13) o f  37 d isp layed two methyl groups as s i n g l e t  a t 6 1 . 7 2  and 1.22, ea te r  methyl 

as s i n g l e t  a t  3.65, Ha and Hb s i n g l e t  a t  5.13 and 5.17, Hf as doublet  o f  m u l t i p l e t s  a t  6.50 

and 4 aromatic protons as m u l t i p l e t  a t  6.18-7.30. S i m i l a r l y ,  t h e  fo l lowing value o f  the nmr 

spectra establ ished t h e  s t r u c t u r e  o f  38. 

8 1.18 (r ,6,  aem-dimethyl), 3.63 ( r ,  3,erter methy l ) ,  4-70 (broadened s, 2.C-9-methylene), 
+ 

6.55 ( 5 ,  1, C-10 H), 7.38-8.79 (m, 7, aromatic H), and 9.25 (d,l, aromatic proton t o  N ) .  

Cleavage o f  39 w i t h  rnethanolic sodium methoxide a l s o  occurred r a p i d l y  a t  roam temper- 

a tu re  y i e l d i n ?  an anhydro base 40 and naphthol 41 i n  70 and 10% y e i l d s  respec t i ve ly .  

4 0 
15 The nmr(CDC13) o f  10 oave the fo l l ow ing  value . 

6 3.41 (s, 3, e s t e r  methy l ) ,  4.25 (d, 1, J = 10 Hz, Ha) 4.73-5.00 (m, 1, H ~ ) ,  5.20 

(broadened d, 1, J = 10 Hz, Hb), 5.35 (s, 1, tic), 5.69-6.25 (m, 3, Hd, He, H ) and 6.87- 
9 

7.57 (m, A ,  aromatic H). 

Add i t i on  o f  a c r i d i z i n i u m  i o n  t o  norbornene (42) y i e l d s  a m ix tu re  which, on t h e  bas is  

of nmr evidence,appears t o  con ta in  on ly  ex0 a d d i t i o n  products. I n  the spectra o f  both 

components (43, 44) o f  the mixture,  s ipna ls  a r i s i n g  from one proton (HA-18) o f  t h e  proton 

methylene b r idge  appear a t  a magnetic f i e l d  so h igh  (above 8.00)  as t o  be exp l i cab le  only, 

16 i f  the protons were s t r o n g l y  sh ie lded by d i a m a y e t i c  r i n g  cu r ren ts  o f  an aromatic r i n g  . 
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I n  care o f  an adduct w i t h  cyclopentadiene 17, t h e  HA-18 s igna l  a t  t h e  h ighest  f i e l d  

was a doublet  a t  6 0.85, which had approximately two- th i rd  of the area o f  the o the r  hA-18 

doublet  a t8 -0 .42 .  The assignment o f  the h igher  f i e l d  doublet  as a n t i  ( w i t h  respect t o  

the benzenoid r i n g )  was made by reducin? the m ix tu re  of syn and a n t i  (43, 44, R = Hz) 

c a t a l y t i c a l l y .  Th is  would reduce the py r id in ium r i n g  on ly  18' l9 w i t h  the r e s u l t  t h a t  

t h e  s t rong  s h i e l d i n g  ef fect  due t o  t h e  r i n g  cu r ren t  of t h e  py r id in ium r i n g  would d i s -  

appear, w h i l e  due t o  t h e  benzenoid r i n g  would remain. The crude reduc t ion  product had 

l o s t  t h e  resonance a t&-0 .85  (44, HA-113) as w e l l  as another a t  8 0.87(44, HB-18)  Th is  

made i t  poss ib le  t o  assign t h e  isomer g i v i n p  the s igna l  a t  the h ighest  f i e l d  as t h e  a n t i  

(44, R = H 2 )  I n  the syn isomer (43, R = HZ) protons on carbon 7 and 10 ove r  t h e  uncharged 

benzene r i n g  a re  so s i m i l a r  i n  t h e i r  environment t h a t  they have t h e  same resonance and 

because t h e  l a c k  of coup l ing  w i t h  protons 4 and 11 and w i t h  each other ,  appearto be magnet- 

i c a l l y  equiva lent .  On t h e  o t h e r  hand br idqeheal  protons a t  6a and 10a p r o j e c t  towards t h e  

py r id in ium r i n g  and appear as quar te ts  w i t h  d i f f e r e n t  resonances, because of the d i f f e r e n t  

d is tances of the two protons from t h e  p o s i t i v e  charge. 

The a n t i  isomer 44 has bridqehead proton H -10 and H-7 over  and a t  d i f f e r e n t  d is tances 

from t h e  quaternary n i t rogen ,  and hence have resonance a t  d i f f e r e n t  f i e l d s .  On t h e  o the r  

hand protons a i  !Oa and 6a bridgehead pos i t i ons  a re  d i r e c t e d  over the uncharged benzene . , 

r i n g  and appear as a s i n g l e  s i n g l e t .  



Using pure syn isomer, a  doublet  a t 6 0 . 4 2  on i r r a d i a t i o n  resu l ted  i n  t h e  co l l apse  o f  

a doublet  a t  6 0.60 i n t o  a  s i n g l e t .  A  s i m i l a r  co l l apse  o f  the d 0.42 doublet  w a r  observed 

when the s iqnal  a t 6 0 . 6 0  was i r r a d i a t e d ,  i n d i c a t i n g  qerninal coupl ing (JAB=lZHz) o f  t h e  laA 

and lBB protons of the rnethylene y o u p .  Due t o  Strong deshie ld inq o f  bridgehead proton 

11-6, ad jacent  t o  n i t rogen  maker i t  easy t o  i h t i f y .  l l i t h  t h e  syn isover ,  i r r a d i a t i o n  o f  

t h e  s ignal  a t 6  6.30 due t o  H-6 caused the co l l apse  o f  t h e  quar te t  a t  6 2.30 t o  a  doublet  

i d e n t i f y i n g  the s ignal  f o r  t h e  proton a t  6a. I r r a d i a t i o n  of t h e  o the r  e a s i l y  i d e n t i f i a b l e  

proton a t  p o s i t i o n  11 caused a co l lapase of the quar te t  a t  5 2.18 t o  a doublet  and i d e n t i -  

f i e d  the s ignal  due t o  the proton a t  10a 

S i m i l a r  i r r a d i a t i o n  experiments w i t h  the a n t i  isomer (44, R = HZ) revealed s igna ls  

from H-6A and 10-HA as one s i n g l e t  and those from H-7 and H-10 as s i n g l e t s .  It i s  s i g n i -  

f i c a n t  t h a t  protons H-6 and H-11 a r e  n o t  coupled. 

Add i t i on  o f  1.4-dihydronaphthalene 14-endo-oxide (45) t o  t h e  a c r i d i z i n i u m  nucleos 

resu l ted  i n  the formation of an a n t i  stereoisomer (46) .  S t r u c t u r a l  ass igment  o f  46 

was based ali the observat ion t h a t  the protons a t  ha and 12a a r e  equiva lent  (hence over 

t h e  benzenoid r i n q )  wh i le  those a t  C-7 and C-12 were not ,  i n d i c a t i n g  t h a t  one of t h e  two 

was s i g n i f i c a n t l y  c l o s e r  t o  t h e  p o s i t i v e  charge on n i t rogen  and hence deshielded then the 

other .  NllR r e s u l t s  o f  the adducts a r e  g iven i n  Table 111. 

I n  t h e  cyc loadd i t i on  product (47) obtained fmp. N-arylmaleimides and the a c r i d i z i n i u m  

ion,  t h e  nmr o f  the adduct (47) shcwed an expected doublet a t  approximately 65.7 f o r  t h e  

bridgehead proton a t  C-11 and 7.0 f c r  t h e  more s t r o n g l y  deshielded proton a t  C-6. Homo- 

nuclear  sp in  decoupling s tudies w i t h  the N - ( 5 - t o l y l )  de r i va t i ves  (48) showed t h a t  i r r a d i -  

a t i o n  o f  the s igna l  a t  6 7.0 caused the q u a r t e t  a t  6'4.6 t o  co l l apse  t o  a  doublet.  
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coupled t o  C-' 

Th is  al lowed the assignment of t h e  s ignal  a t a 4 . 2  t o  be t h a t  o f  the proton a t  C - 1 2  spin 

a1 a t  & 4.6 must arise from 

47, Y = H 

48, Y = CH3 

.5 Hz) and t o  C-16 (J = 7 Hz). The s ign  

the C-16 protons, sp in  coupled t o  t h e  proton, a t  C-6 and C-12 

Se lec t i ve  hydrogenation o f  48 resu l ted  i n  the format ion o f  49. The s igna l  due t o  the 

Ph 

' 49 'O 

hydrogen a t  C-12 and C-16 remained v i r t u a l l y  unchanged suggesting t h a t  they were over t h e  i n -  

t a c t  benzene r i n g  as represented i n  49 r a t h e r  than over the reduced py r id in ium r i n g .  

The nmr value o f  various such adducts a re  recorded i n  Table I V .  

TABLE I V  
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Y N m r ( r n u 1 t i p l i ~ i t ~ ) ~  

C-6 C-11 C-12 C-16 Others 

H 7.75 ( d )  5.75 ( d )  4.27 (4) 4.73 ( 4 )  

CH3 7.00 ( d )  5.77 (d) 4.20 (4) 4.60 (q) 2.34 ( s )  

C i  7.oOb(d) 5.77 (d) 4.22 (4) 4.60 (q) 

0CH3 7 . 0 0 ~  5.74 (d)  4.18 (q)  4.55 ( q )  3.88 

N(Me), 7.00 5.74 ( d )  4.20 (4) 4.60 ( q )  3.66 
b 

a. S ignals  due t o  aromatic protons have been omitted. b. Overlapped s ignals .  

Bradsher e t  a l .  have repor ted t h a t  a d d i t i o n  o f  cyclopentadiene t o  ac r id i z in iu rn  i o n  

gave a s i n g l e  isomer (50) as against  t h e  f ind ings of F i e l d  e t  a l .  4, who were unaware t h a t  

t h e  product  50 was a s i n g l e  geometrical isomer. The s t r u c t u r e  o f  t h e  adduct was establ ished 

by i t s  nmr and by comparing t h e  values of t h e  protons t o  an adduct of d i rnethy l isoquinol in ium 

cyclopentadiene (51). Assignment of the resonance t o  t h e  s p e c i f i c  protons were made by sp in 

d e c o u p l  i n 9  experiments. Having c lose  s i m i l a r i t y  i n  t h e  coupl ing p a t t e r n  and the chemical 

S h i f t  i n  50 and 51, 50 was considered t o  be syn w i t h  respect  t o  t h e  phenylene r i n g  (Table V ) .  

S i m i l a r l y ,  nmr spectra o f  the u n c r y s t a l l i s e d  adduct revealed t h e  presence o f  on ly  a 

s i n g l e  geometrical isomer. Comparison o f  t h e  nmr spectra (Table V I )  of 52 w i t h  t h a t  of t h e  

adduct 53 of t h e  known s t r u c t u r e  22 obtained by reac t ion  o f  methyl v i n y l  e t h e r  w i t h  2, 3- 

d imethy l isoquinol in ium iod ide,  s h o w  a remarkable s i m i l a r i t y  i n  the m u l t i p l i c i t y  and sequence 

of the s iana ls  cons is ten t  o n l y  w i t h  t h e  assumption t h a t  t h e  two compounds have s i m i l a r  

stereochemistry. 



Teble Y 

Comparison o f  Chemical S h i f t s  ( d ) o f  Related Protons i n  Adduct o f  Cyclopentadiene 

w i t h  the Ac r id i z in ium I o n  and the 2.3-~imethyliroquinolinium Ion. 

Acr id i z in ium Adduct 50 Oimethy l isoquinol in ium Adduct 51 

Protons Chemical S h i f t  N u l t i p l i c i t y  Cbem.cal S h i f t  W l l l i t p l l c i t y  

( 6  ) ,  ( 6 )  

a. A l l  spect ra were determined i n  t r i f l u o r o a c e t i c  acid. . 
Table VI 

Comparison o f  Chemical S h i f t s  ( 5 )  o f  Related Protons i n  Adducts o f  Vethyl 

V iny l  Ether w i t h  t h e  Ac r id i z in ium I o n  and the 2.3-Dimethylisoquinolinium Ion 
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Protons Chemical S h i f t  6. a M u l t i p l i c i t y  Chemical S h i f t  

a 7.64 m 7.58 

b 6.49 m 5.75 

c 5.63 d 5.38 

d 4.48 rn 4.57 

e 3.72 s 3.60 

f 3.00 m 3.00 

o 2.22 m 1.78 

( a )  A l l  spectra were determined i n  t r i f l u o r o a c e t a i c  a c i d  

M u l t i p l i c i t y  

m 

rn 

d 

rn 

S 

m 

m 

Cycloaddi t ion o f  t h e  a c r i d i z i n i u m  i o n  w i t h  cyclopropene r e s u l t e d  i n  the fonnation 

23 of an adduct 54 and i t s  nmr ind ica ted  t h a t  i t  consis ted of on ly  a s i n g l e  racemate . For 

1 each of t h e  nonaromatic protons i n  t h e  adduct 54, t h e  H NMR gives a c l e a r  s igna l  which 

can be i d e n t i f i e d  by decoupling experiments. O f  the C-14 methylene protans t h e  f a r t h e s t  

u 
54,  R '  = R =H 

55 ,  R = Me; R '  = H 

56, R = R = Me 

u p f i e l d  (HA) appears as a m u l t i p l e t  a t  b 0.13, a chemical s h i f t  comparable t o  t h a t  shown 

by t h e  methylene protons o f  norcaraneZ4. The o the r  C-14 proton (HB) appears as a q u a r t e t  

25 a t  b 0.96 suggesting a more s t rong ly  deshielded environment . Se lec t i ve  reduc t ion  of 

adduct (54) moved the rnethylene s ~ q n a l s  (C-14 HA and C-14 HB t o  h igher  f i e l d  appearing a t  

6 -0.88 ( m u l t i p l e t )  and 0.45 (quar te t ) .  Th is  observat ion confirms t h e  conf igurat ion o f  

the adduct, h a v ~ n g  a cyclopmpene r i n g  i n  syn w i t h  respect t o  the phenylene r i n g .  The 

adducts 55 and 56 a lso  gave t h e  evidence o f  on ly  a n n g l e  s tereoisoners.  I n  case of 55, 

s e l e c t i v e  reduc t ion  resu l ted  i n  a s h i f t  o f  t h e  HA m u l t i p l e t  from 6 0.19 to 0.47 and the 

HB q u a r t e t  f r a n  b 1.02 t o  0.53, again g i v ing  the evidence t h a t  t h e  nethy lene protons 

Were over  the phenylene r i n g .  

The bridgehead protons a t  C-6 and C-11 a c r i d i z i n i u m  cycloadducts a re  e a s i l y  d i s -  

1 t inguished by HNNR and the reg iochemi r t r y  of cyc loadd i t i on  i s  usua l l y  d i s c e r n i b l e  from 

the mu1 t i p l i c i t i e s  of these protons4. Using 1-methylcyclopropene ac r id i z in ium adduct, 

the nmr revealed t h a t  i t  was a m ix tu re  o f  both regioisomers, t h e  predominant product 



(88%) being the 12-methyl d e r i v a t i v e  (57) and the minor (12%) being the 13-methyl 

isomer (58). The sharpness of t h e  nnlr s ignals ,  p a r t i c u l a r l y  those fo r  the C-14 protons, 

again gave evidence fo r  the presence of on ly  a s i n g l e  stereochemical conf igurat ion.  By 

analogy t o  the cyclopropene adducts, t h i s  product i s  l i k e w i s e  be l ieved  t o  have cyc lo-  

propane r i n g  syn w i t h  respect  t o  the phenylene r ing .  

NMR r e s u l t s  o f  various adducts a r e  g iven i n  Table V11 

Table V I I  

Compound R R' R" X 'HNMR (TFA) o f  the Cycloadducts 

54 H H H BF4 0.13 (m,l,C-14), 0.96 (q,l.C-14).1.95(m,l,C-12), 2.2O(m,l, 

C-13), 5.14(d, l  ,C-11). 6.45(d,l,C-6), 7.52(bs,4,C-7 ,-8, 

-9,10), 7.86 (t,l.Py-H), 8.14(d,l,Py-H),8.46(t,l,Py-H). 

55 CH3 H H BF4 0.19 (rn,l,C-14), l.OZ(q,l.C-11). 1.99(m,l,C-12), 2.33(m,l, 

C-13). 2.57(~,3,7-CH3), 5.16(d, l  ,C - l l ) ,  6.79(d.l,C-6), 

7,91(t,l,Py-H), 8.20(d,l,C-I), 8.53(t,l,Py-H),9.13(d,l,C-4). 

56 CH3 CH3 H SF4 0.26(m,l,C-141, 0.96(q,l,C-14),1,63(m,l,C-12),2.33(m,l,C-13), 

2.54.2.65(singlets, incomplete ly  resolved, 9-,7-,lo-,11-Me), 

6.77(d,l,C-6), 7.28(bs,Z,C-8,9), 7.99(t,l,C-4). 

57,58 H H CH3 PF6 0.25(m,l,C-14), 0.83(t,l,C-14), 1.28(bs,3,l2,13-CH3), 1.85 

(m,l,C-12,13), 4.88(s,0.88,C-11). 5.15(d, .0.12,C-ll), 

6.19(s,O.l2,Py-H), 8.25(d,l,Py-H),9.19(d,l ,C-4). 
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59 ,60 CH3 H CH3 SF4 0.33(m,l ,C-la), 0 .89( t , l  ,C-la), 1.33(bs.3,12,13-CH3), 2.00 

(m,l,C-12,-13). 2.59(5,3,7-CH3), 5.OZ(s,0.9.C-11). 5.26(d, 

0.1 , C - l l ) ,  6.57(s,O.l.C-6), 6.91(d,0.9,C-6), 7.49(bs,3,C-8, 

-9,-lo), 8.08(t,l,Py-H), 8.43(d,l,Py-H),9.36(d.l,C-4). 

6 1 6 2  CH3 CH3 CH3 BF4 0.57(m,l,C-14). 0.82(t,l,C-14). 1.12(s,2.4,12-CH3) 1.34(s, 

0.6.13-CH3), l.gZ(rn.1 ,C-12,13), 2.50, 2.65(Zs, unresolved, 

9,7,10,11-CH3), 6.41(s,0.2,C-6), 6.74(dV0.8,C-6). 7.22(m.2, 

C-8,9), 7 .99( t , l  ,Py-H), 8.30(d,l,Py-H),8.64(t,l ,Py-H), 

g.ZO(d,l ,C-4). 

The conversion o f  rnaleic anhydride adduct (63) i n t o  the d i a c i d  (64) and d ies te rs  (65,66) 

26 has been shown t o  occur w i thou t  rearrangement . l i m r  spect ra of t h e  d imethy l  e s t e r  (65)  i n  

t r i f l u o r o a c e t i c  a c i d  showed two th ree  proton s i n g l e t s  a t T  5.80 and 5.84. This  s l i g h t  bu t  

s i g n i f i c a n t  d i f f e rence  i n  deshie ld ing can bes t  be explained by assuming t h a t  a methyl group i s  

over t h e  quaternary n i t rogen  atom and i s  more s t rong ly  deshielded than t h e  methyl of adjacent 

es te r  group. paquettez7 on t h e  other  hand has pointed ou t  t h a t  the methyl protons a re  s t r o n g l y  

deshielded by p ro tona t ion  o f  t h e  e s t e r  group i n  the t r i f l u o r a a c e t i c  acid. His c la im has been 

re jec ted  by Bradsher e t  a1.26 by showing t h a t  nmr measurements of 65 indeu tenurnox ide  l i k e -  

wise show a small b u t  s i g n i f i c a n t  d i f f e r e n c e  i n  s h i f t  (r5.96 and 5.98). Previous c la im by 

Bradsher e t  a ~ . ~  o f  i s o l a t i n g  a t rans adduct ( 6 9 )  frm the reac t ion  of e t h y l  maleate o r  e t h y l  

fumarate w i t h  a c n d i z i n i u m  bromide has naw been shown by nmr spectra t o  be a n t i ,  syn. 12,13- 

dicarbamethoxy-6,11-dihydro-6,11-ethanoacridirinium s a l t .  The methyl e s t e r  (68) showed an 

e i g h t  proton s i n g l e t  a t 7  6.15 a r i s i n g  frm an over lap o f  t h e  two methyls by protons a t  carbon 

ROOC 



atoms 12 and 13. Also t h e  f a c t  t h a t  n e i t h e r  e s t e r  group gave any evidence of  being aver  

the quaternary n i t r o g e n  atan. 

I t  was a l so  claimed t h a t  t h e  product  frm t h e  r e a c t i o n  o f  methyl maleate and a c r i d i -  

ziniurn bromide war trans3. N n r  spect ra  has shown i t  t o  be syn,syn-12.13-dicarbomethoxy- 

6,ll-dihydro-6,ll-ethanoacridizinium (70) perch lorate.  I t s  rrrir s.,ecl-!-un showed an e i g h t  

proton s i n g l e t  a t  6.17 from ove r lap  o f  two methy ls  w i t h  protons of  carbon atoms 12 and 13. 

Nmr data o f  t he  compounds are g iven i n  Table V I I I .  

TABLE V I I I  

12,13-dicarboxyd.11-dihydro-6.11 -e thanoacr id iz in iurn pe rch lo ra tes  and d e r i v a t i v e s  
COOR 

c OOR 
Compound R Nmr (CF3COOH) , 

Es te r  a l  k y l  6-H 11-H 12.13-H Aromatic 

64 H 3.23 4.50 6.00(5,2) 0.70-2.48(8) 

5.73(t,4,J 7Hz) 3 .75 js . l )  4.55(s,1) 6.18(s.2) 0.67-2.60(8) 

a. 8 5.80-6.15(~,8) ,  b. I n  the range 8 5.40-6.25 
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I t  was shown t h a t  t h e  r a t e  of cyc loadd i t i on  of t h e  9 -subs t i tu ted  a c r i d i r i n i u m  i o n  w i t h  

styreneZ8 and a c r y l o n i t r i l e Z g  was r e l a t e d  t o  t h e  e l e c t m n  de f i c iency  a t  p o s i t i o n  6. L l k e  

the nmr spectrum o f  the o the r  aromatic quaternary c a t i o o ~ ~ ~ - ~ ~  t h a t  o f  t h e  a c r i d i r i n i u m  i o n  

shows the protons f l ank ing  t h e  quaternary n i t rogen  t o  be s t r o n g l y  deshielded. Of these two 

s t r o n g l y  deshielded protons, t h a t  a t  p o s i t l o n  6  g ives resonance a t  the lower f i e l d ,  the 

chenica l  s h i f t  (10.6-11.0 ppn) vary ing  w i t h  t h e  na tu re  o f  the 9-subst i tuent .  Measuring t h e  

nmr spectra a t  39 t lo, chemical s h i f t s  of the proton a t  6  were obtained a t  f o u r  concentrat ions 

33 
i n  the range o f  2.0-3.5 mol %. The standard dev ia t ion  i n  8 var ied  from 0.08 t o  0.26 Hz . 
The data i s  recorded i n  Table IX. 

Table IX 

comparison o f  chemical s h i f t  data w i t h  d and w i t h  the r a t e  of 
P  

a d d i t i o n  of styrene t o  9 -subs t i tu ted  ac r id i z in iu rn  perchlorates 

Br  

COOH 

a. D.H. McDaniel and H.C. Brown, J.Org.Chen., 23, 420, 1958. 

b. H. Yen Bekkum, P.E. Verkade and B.U. Wepster, Recl.  Ch~m. Pays-Bar, 3, 815, 1959. 

A l e a s t  squares p l a t  o f  l o g  K/kO f o r  the a d d i t i o n  o f  s tyrene t o  9 -subs t i tu ted  a c r i d i z i -  

nium d e r i v a t i v e  vs ~ g ( c h a n g e  i n  chemical s h ~ f t  R=H) i s  shown i n  F igure 1. The c o r e l a t i o n  

f a c t c r  of 0.98 i s  c, i i i te sa t i s fac to ry .  F r m  the data, a s i g n i f ~ c a n t  c o r e l a t i o n  has been found 

w i t h  Hamnett q, a  p l o t  (F igu re  2)  o f  A d  v s  d gave a  s i g n i f i c a n t  c o r e l a t i o n  of 0.97. 
k P 

This  c o r e l a t i o n  o f  proton chenical s h i f t s  w i t h  t i a m e t t  subs t i tuen t  constants can be i n t e r p r e t e d  

as a r i s i n g  f r a n  the p o l a r i s a t i o n  o f  the C-H band a t  p o s i t i o n  6, which must i n  t u r n  a r i s e  from 

t h e  d e n n t y  o f  e l e c t m n s  a t  the The s lope of the l i n e  (F igu re  2)  i s  

15.8 t 1.3 Hz sigma. 

While the re  has been an increasing number o f  attempts t a  r e l a t e  the nmr of aromatic r i n g  

hydrogens t o  e l e c t r o n  dens i t y  a t  t h e  carbon t o  which they are attached 
36,37-41 



no one p rev ious ly  appears t o  have r e l a t e d  the r a t e  o f  cyc loadd i t i on  o f  such systems t o  the 

Fig. 1. Least square p l o t  o f  Fig.2. Least square p l o t  of 

l o g  k/kO vs e J" A be vs Hamet  bp 

pmr o f  a  proton a t  a  carbon atom which would be invo lved  i n  t h e  c r e a t i o n  o f  a  nei., bond. 

This c o r e l a t i o n  o f  chemical s h i f t  and cyc loadd i t i on  ra tes  w i l l  d e f i n i t e l y  prove impor tant  

42 i n  the study o f  s t e r i c  vs e l e c t r o n i c  e f f e c t s  i n  po la r  cyc loadd i t i on  . 

I n  t h e  cyc loadd i t i on  of s tyrene t o  the a c r i d i z i n i u m  ion,  t h e  d i s t r i b u t i o n  o f  the syn 

and a n t i  forns i n  the product had n o t  been determined and n e i t h e r  o f  t h e  diastereomers has 

been obtained as a pure reacemate, Bradsher and Westermen L?3 have separated t h e  two race- 

mates by f rac t iona l  c r y s t a l l i s a t i o n .  However, separat ion of the syn and t h e  a n t i  forms by 

t h i s  method i s  n o t  usua l l y  a  usefu l  a n a l y t i c a l  method f o r  t h e  es t ima t ion  o f  t h e  p ropor t i on  

o f  each recemate present i n  the o r i g i n a l  mixture.  Some of t h e  d i f fe rences  i n  t h e  nmr pat-  

t e r n  o f  t h e  two isomers have been u t i l i z e d i n d e t e r m i n i n g  the syn and the a n t i  r a t i o  i n  t h e  

various adducts. Thus i n  t h e  nmr spectra o f  the twc o w e  recemates (70, 71) obta ined from 

styrene and a c r i d i z i n i u m  ion,  s igna ls  f o r  t h e  aromatic protons appeared a t  an unusual ly  

h igh  f ield.sf5.5-6.8. I n  agreement w i t h  t h e  assignment by F i e l d  and Regan 44, these sh ie lded 

aromatic protons were  a t t r i b u t e d  t o  t h e  phenyl group a t  p o s i t i o n  12 aton t h e  b r idge  and 

r e s u l t  from the two o r tho  hydrogens sweeping through t h e 7  c loud  o f  the phenylene o r  p y r i -  

d i n i m  r i n g .  Se lec t i ve  hydrogenation o f  t h e  adduct mixture, the a n t i  isomer (71) can be 

deprived o f  t h i s  type o f  s h i e l d i n g  w i t h  the r e s u l t  t h a t  t h e  o r tho  hydrogens g i v e  s igna ls  
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i n  t h e  usual aromatic range. I n  contrast ,  s e l e c t i v e  hydrogenation of t h e  syn isomer (70). 

ha rd ly  any e f f e c t  war n o t i c e d  i n  t h e  nmr s igna ls  generated by t h e  o r t h o  hydrogens, forming 

a bas is  f o r  t h e  a s s i g m e n t  of t h i s  isomer as t h e  syn isomer (70). 

c1 o-. c10; 

70, syn i saner  71, a n t i  isomer 

The assignment made f o r  the two isomers were a l s o  cons is ten t  w i t h  those made, using 

1 o t h e r  p ropor t i ons  o f  t h e  H NMR spectra. Although i n  each case the nonarona t~c  protons 

comprised an ABMXY sp in  system, several d i s t i n c t  d i f f e rences  were e x h i b i t e d  i n  the spectra 

o f  the two isomers. As may be seen i n  F igu re  3 and 4, t h e  syn adduct possessed a greater  

1  F igure 3. The ABMX p o r t i o n  of t h e  H NMR 

spectrum o f  t h e  syn isomer 

1 F igu re  4. The ABNX p o r t i o n  o f  t h e  H NPR 

spectrum of t h e  a n t i  isomer 

l i n e  separat ion i n  t h e  AB p o r t i o n  than d i d  t h e  a n t i  isomer. 

The respec t i ve  pa t te rns  o f  t h e  isomers may be explained i n  terms o f  through-space 

p rox im i t y  e f fec ts  o f  the py r id in ium r i n g  as w e l l  as the phenyl group loca ted  a t  C-12. In 

the syn isomer (70) a small s h i e l d i n g  c o n t r i b u t i o n  from the phenyl gmup a t  C-12 i s  d i r c e t e d  

on 13a, the b r idge  hydrogen c i s  t o  the r i n g .  At  t h e  same t ime b r idge  proton 13b. nearest 



the pyr id in ium r i n g ,  i s  being deshielded by the charge of the quaternary n i t rogen  r e s u l t -  

i n g  i n  a wide spacing of the AB protons (F igure 31). I n  the a n t i  isomer, however, the  

opposite e f f e c t s  o f  the  sh ie ld ing  by the br idge phenyl group and deshie ld ing by the ca t io -  

n i c  charqe operate on the same protonof 13b. The r e s u l t  o f  these o f f  s e t t i n g  ef fects i s  

a c lose spacing of the AB protons (F igure 4 ) .  The deshielding of the  quaternary n i t rogen  

i s  s i g n i f i c a n t  i n  the  adduct obtained from the  reac t ion  of 1, l-diphenylethylene w i t h  the  

ac r id i z in ium ion, the  pat terns f o r  protons 13a and 13b a r e  separated by & 0.43 i n  the  

NMR spectrum. 

Likewise the  near equivalence of the 1% and 13b protons i n  the  a n t i  adduct o f  styrene 

i s  r e f l e c t e d  i n  the  m u l t i p l i c i t y  o f  the C-12 proton, which appears (F igure 4)  e s s e n t i a l l y  

a5 a t r i p l e t  w i t h  minor s p l i t t i n g  from the C-11 bridgehead proton, I n  the  syn isomer 

(F igure 3), the C-12 s ignal  appears as a complex m u l t i p l e t .  

Another s ignal  useful for  d i s t ingu ish ing  between the stereoisomers i s  the C-4 s i n g l e t  

which occurs f a r t h e s t  dawnfield and i s  e a s i l y  i d e n t i f i e d  and measured. When the  C-12 phenyl 

group i s  posi t ioned c o r r e c t l y  t o  sh ie ld  the  13b proton as i n  the a n t i  isomer (71) the  desh- 

i e l d ~ n g  edge of the phenyl group i s  d i rec ted  towards the ~ y r i d i n i u m  r i n g .  This  c o n t r i b u t i o n  

i s  s i g n i f i c a n t  i n  tha t ,  the  C-4 proton i n  the  a n t i  isomer i s  centred a t  9.20. llhereas the  

corresponding syn absorbance occurs a t S  9.07. Since the values f o r  the  C-4 proton o f  the 

syn isomer agrees c l o s e l y  w i t h  t h a t  found i n  adducts lack ing  a br idge phenyl group, i t  

appears reasonable t o  conclude t h a t  syn phenyl a t  p o s i t i o n  12 does n o t  per tu rb  the  C-4 

resonance. 

1 These d i f fe rences  i n  the  H NPR spectra have been u t i l i s e d  i n  the  i d e n t i f i c a t i o n  o f  

syn and a n t i  forms o f  p-methoxyrtyreneac~idizinium adducts. I n  nrnr, the  nethoxyl s ignals 

o f  the stereoisomers occur a t  s l i g h t l y  d i f f e r e n t  f i e l d  values. By comparison w i t h  the 

known styrene adducts these syn and a n t i  adducts have been i d e n t i f i e d  e a s i l y  on the basis  

o f  t h e i r  ABMYX sp in  "at terns making i t  Dossible t o  assign t o  the a n t i  isomer the  methoxyl 

s ignal  occur r inga t  the lower f i e l d .  A s i m i l a r  analys is  o f  the  stereomeric products obta in-  

ed from p-methylstyrene and the  ac r id i z in ium i o n  revealed t h a t  the methyl group a t  lower 

f i e l d  was t h a t  o f  the a n t i  isomer. 

C a t a l y t i c  reduct ion o f  the pyr id in ium r i n g  deprives the a n t i  isomer, but  n o t  the syn 

isomer of two shie lded aromatic (o r tho)  protons. Calculat ions o f  the  isomer r a t i o  from 
1 

the r e l a t i v e  areas o f  the  shielded vs the normal aromatic HNMR resonances. can g ive  the 

syn, a n t i  r a t i o ,  b u t  the  method i s  appl icable on ly  t o  those adducts, which con ta in  a phenyl 

group having a t  l e a s t  one or tho hydrogen a t  p o s i t i o n  12 and tha t .  the  system not  be sub- 
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s t i t u t e d  i n  such a way t h a t  t h e  s igna ls  from t h e  o r t h o  hydrogens a re  no longer  c l e a r l y  

separated from those of the o the r  aromatic hydrogens. 

I n  case o f  acenaphthylene adducts (72,73) assignment o f  t h e  a n t i  isomer (73) was made 

by t h e  observat ion t h a t  t h e  C-4 proton s igna l  appeared a t  bR.35 i n d i c a t i n g  t h a t  i t  was 

s t r o n g l y  deshielded ( v i s  72), whereas t h e  syn isomer had an almost unperturbed value f o r  the 

C-4 proton,b9.13. The v a l i d i t y  o f  these assignments has been reenforced by t h e  observat ion 

t h a t  t h e  b r idge  protons a t  C-12 and C-13 a r e  more n e a r l y  equiva lent  i n  the a n t i  isomer than 

45 i n  t h e  syn, s ince t h i s  i s  i n  agreement w i t h  an e a r l i e r  observat ion . 

When t h e  adduct o f  s tyrene w i t h  9 - m e t h y l a c r i d i z i n i m  i o n  was examined by nmr spectrocopy 

two d i s t i n c t  methyl resonances were observed. The one of h igher  i n t e n s i t y ,  a l s o  found a t  the 

h igher  f i e l d ,  was due t o  syn isomer (74). s ince t h i s  isomer can produce t h e  maximum sh ie ld ing .  

74, R = H; R = CH3 

75, R = CH3; R'  = H 

The use o f  a c r i d i z i n i u m  d e r i v a t i v e s  w i t h  methyl groups i n  r i n q  C has proved a ccnv in ien t  means 

f o r  the determinat ion o f  t h e  o r i e n t a t i o n  of an a r y l  group a t  p o s i t i o n  12 o f  an adduct ( t a b l e  X ) .  

I n  t h e  a n t i  isomer, t h e  e f f e c t  of s h i e l d i n p  by the a r y l  group a t  p o s i t ~ o n  12 would be 

minimired, t h e  s igna ls  frcm t h e  ?-methyl group a re  a l l  n e a r l y  the same. I n  marked con t ras t ,  

t h e  SYn methyl resonances varied. The evidence o f  s h i e l d i n g  increases w i t h  t h e  s i z e  and 



e lec t ron  r ichness o f  the system. The s h i e l d i n g  i s  magnif ied, when t h e  a r y l  group i s  

constrained i n  a r i g i d  con f igu ra t ion  as i n  t h e  case o f  acenaphtylene adduct which must 

focus cloud cont inuously  on the methyl subs t i tuen ts .  

Table X 

1 the H nmr chemical s h i f t s a  fo r  the 9-methyl group i n  a c r i d i z i n i u m  

adducts and the isomeric composit ions der ived from the data 

A1 kene Addend Anti-9-Me Syn-9-Me % Syn 

9-Vinylcarbazole 2.06 100 

Indene 2.45 2.10 80 

Styrene 2.46 2.32 72 

2 -V iny lpy r id ine  2.52 2.45 50 

Acenaphthylene 2.42 1 .98 48 

a .  Chemical s h i f t s  are expressed i n  S u n i t s  and were taken i n  TFA. 

I n  an adduct o f  9-methy lacr id iz in ium i o n  w i t h  ~4 --methoxystyrene the r e a c t i o n  m ix tu re  

consis ted o f  almost equal pa r t s ,  ?yn and a n t i  products ,hhichare con t ra ry  t o  t h e  f a c t  t h a t  

a methoxyl group should predominate i n  syn o r ien ta t ion .  A poss ib le  c l u e  t o  the l a c k  o f  

methoxyl group i s  prov ided by 13c NMR s tudies c a r r i e d  ou t  by Hatade e t  a1 .", which showed 

t h a t  i n t r o d u c t i o n  o f  an M - a l k y l  group i n t o  v i n y l  e thers r e s u l t e d  i n  s tereo i n h i b i t i o n  o f  

resonance. It seems l i k e l y  t h a t  an&-phenyl group would have a s i m i l a r  e f f e c t  on resonance 

i n v o l v i n g  the methyl group o f  M-rnethoxystyrene (75). 

A methyl group a t  pos i ton  7 o f  the a c r i d i z i n i u m  i o n  has a l s o  been used as a d i g o n s t i c  

t o o l  i n  t h e  study of adducts having an a r y l  group on t h e  ethano b r idge  a t  p o s i t i o n  13(76,77). 
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An a r y l  group a t  p o s i t i o n  13, if i n  t h e  syn con f igu ra t ion  (76) would s h i e l d  the 

methyl group a t  p o s i t i o n  7, w h i l e  i n  t h e  a n t i  p o s i t i o n  (771, s h i e l d i n g  e f f e c t  would be 

minimal. An adduct O f  c is..p-methoxystyrene w i t h  7-methy lacr id iz in ium te t ra f luo robora te  

revealed i n  NMR, t h a t  93% of t h e  adduct had t h e  syn c o n f i g u r a t i o n  (76, X = OMe; Y =Z - H) 

Table X I ) .  

The 7-methy lacr id iz in ium i o n  pmved a useful subs t ra te  f o r  s tudy ing ' the s tereochmist ry  

of t r a n s - s t i l h e n e  adducts. Resul ts  obta ined w i t h  two t rans -s t i l bene  suggest t h a t  t h e  ten-  

dency t o  add on the 12-anti-13-syn mode i s  prednminant r e f l e c t i n g  an unexplained p a t t e r n  

observed e a r l i e r  47' i n  t h e  a d d i t i o n  o f  d i e t h y l  f u n r a t e  t o  t h e  a c r i d i z i n i u m  ion.  

Table XI 

THE NW CHEMICAL SHIFTS FOR THE 7-METHYL GROUP IN SEVERAL ACRIDIZINIUM 

ADDUCTS AND THE ISOVERIC COMPOSITIONS ESTIMATE0 FROM THE DATA 

Chemical S h i f t s  "ppm 

k l  kene Addend Anti--7-Me Syn-7flc % Syn 

c i s -  8 -rnethoxystyretie 2.62 2.19 93 

t rans -s t i l bene  2.68 1.96 64 

trans-4,4'dimethoxystilbene 2.6P 2.13 55 

a. Chemical S h i f t s  were measured i n  CF3COOH. 

When t h e  adduct of 7.10-dimethylacridizinium i o n  was examined by NMR t h e  two methyl 

s igna ls  a t  2.52 and 2.46 were t o o  c lose  together  f o r  t h e  phenyl group t o  have been syn 

78  7 9 

and therefore the c o r r e c t  assignment i s  as the ant i -phenyl  isomer (73). I n  o rde r  t o  

demonstrate t h a t  t h e  10-methyl group w i l l  respond t o  a r y l  sh ie ld ing,  the anethol 

adduct (79)  showed o h i g h l y  sh ie lded methyl s igna ls  a t  1.85 whereas the stereoisomer 

showed an "un&rturbedU methyl s igna l  a t 6  2.63. 
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