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Abstract - Decarboxylative dimerlration of 1-(2'-pyridy1)-2-carboxy-4.6- - 
diphenylpyridinium retrafluoroborate monohydrate yields a novel cage 

coumpound. The structure is elucidated by X-ray and nmr spectroecopic 

methods. 

1-Substituted Wridlnlum-2-carboxy betaines are known to undergo decarboxylarian on heaflng and we 

have studied such reactions in a number of cases.'-' The present paper describes a novel 

dimerizetion reaction Induced by the pyrolysis of such a betaine.We have previously described1 the 

preparation of 1-(2'-pyridyll-2-carboxy-4,6-diphenylpyridinium tetrafluaroborate and the 

hydrolysis of the enter (1) vnder mild cond~tions to yield the corresponding betalne 121 whlch was 

isolated as the monohydrate. This betame on reflvxlng in methanol or ethanol underwent1 easy 

decarboxylation to yield the colresponding 2-methoxy- ( 3 )  and 2-ethoxy-1,2-dlhydrowridines ( 4 1 .  

However, reflvxlng the betaine monohydrate in dry benzene (attempts to obtain the anhydrous 

beraine by arestropic removal of water failed) gave a colourless bolld vhlch analysed for 

C44Hj4N40 (corresponding to twice the betaine less 2CO2 plus H201. 

'~ddress correspondence to this author at university of Florida. 
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(31 R = OMe 
(11 (2) (4)  R = E M  ( 5 )  

X-~ay crystallographic analysis shoved the product to possess structure ( 5 1 .  A possible mechanism 

of formation of 151 is shorn in Scheme 1. It Involves an vnvrual cycloaddltion reaction of the 

2.5-positions of one ~ r i d i n e  ring to the 3,4-positions of another. 1t appears likely that the 

ring which reacts at the 3,4-positions is in the form of the pseudo-base, whereas the other ring 

reacts in the form of the pyridinium cation. me cycloaddition is then followed by addition of 

the hydroxy group of the pseudo-bass to the 6-paltion of the other pyridine ring. cycloadditions 

of the 2,5-positions of one pyrldine ring to the 1,4-poaitlans of another have apparently 

previously not been reported. Cage compounds have been formed from pyridine rings in several 

instances rncluding the reaction of 1-vinylpyridmium catLon with hydroxide6 and by dimerization 

of 1-oxidopyridinlums.' 

p'oduc t 

Scheme 1: Hechanlan of Dimer Formation 
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=he chemlcal ion iza t ion  mesa epectrvm of the produot supports the  s t r uc tu r e  shown. =he pr inc ipa l  

fragmentation pathway is outl ined i n  Scheme 2. Elimination of H20 from t h s  malecvlar ion (1) at 

o l z  634 gave a peak of s trong i n t ens i t y  a t  47. 616, represented as l i i i l .  Uiminat ion  of an 

oxygen atom from (11 gave moderately intense fragment ion l i i l ,  which on loss of benzene gave the 

in tense  ion peak lv l  a t  d z  540. Fission of l i i l  y i e l d s  the strong ion peak I i v l  a r  4. 309 which 

loses a phenyl r a d i c a l  t o  give the base peak l v i l  a t  232 which can a l s o  be obtained f r o m  l v i i l  by 

eucoeeaive loes of C6H5 and of the  C16HllN2 moiety. Ragmentation of l v i l  g ives  r i s e  t o  the 

spec ies  l v i i i )  a t  m/r 155 by l o s s  of C6H5. species ( v i i i l  l o s e s  hydrogen t o  g ive  11x1 a t  m/z 154 

vhich i n  turn l o s e s  C5H2N t o  form the  strong pyridine ion peak 1x1 a t  m/z 78. 

Scheme 2: Mass Spectral mamen ta t i on  



me 1% NMR spectrum shows the presence of a t o t a l  of 34 s i gna l s  of which 28 i l e  i n  the region 

expected f o r  sp2 hybridized carbon atoms and 6 i n  the region expected f o r  sp3 hybridized. =he J- 

modulated spin echo experlmentn indica te  t h a t  of  the 6 a l i p h a t i c  carbon atome, 2 are quaternary 

and 4 are methlnes. Of the  sp2 hybridized carbon s i gna l s .  8 are quaternary end 20 are methinee. 

me numbera of s q n a l s  of each type correspond t o  those expected for  s t r uc tu r e  ( 5 ) .   he 

assignments have been made as shown in  the  Table. Those for the sp2 hybridized carbons are f a i r l y  

~Lra ight forvard :  see above and a l s o  Table 1 .  

Table 1 Proton and Carbon-thirteen W r  oata 5 

lH nmr I" -2 

J - Atom Delta m -- - 
4.54 C1 87.115 d 

4.54,3.60 C3 144.890 s 

C4 123.653 d 

- C5 51.254 s 

- C7 126.07 d 

- C8 140.666 e 

- Cg 56.807 d 

- Cl0 44.233 d 

- Cll  93.87 s 

- 
- 

5 Numberzng as i n  X-ray s t ruc ture .  b Wosr prominent 13c resonances: 13c chem~ca l  s h l f t s  of 

basic r l ng  skeletone (assignments is besed on 13c .- ' H  two dimensional nmr experiment and chemical 

sh i f t  cons idera t ionl .  

The high reso lu t ion  proton nmr analys is  a t  200, 300 and 360 UJIz was not s t r a i g h t  forward. =his rs 

due to extensive overlap of the phenyl protons v i t h  those of the pyridyl  and mutual overlap of the 

a l lpha t lc  proton signals.  However, s a l i e n t  f e a tu r e s  due t o  the pyrrdyl  r ing  protons are 

evident. Thus the alpha-protons appeared at ca. d e l t a  7.8 and 8.3 ppm.   heir assignment  able 

1) was based on electronic and a t e r i c  cons idera tmns  and aupported by two dimentmnai Casey (H-H 

conectrvity)  experiments a t  360 and 500 MHZ. ~ a s e d  on the above data ,  t q e t h e r  v i t h  homo spin- 

decoupling experiments, the high f i e l d  region of the H-1 nmr was unambigioualy assigned. n u s  H- 

10 appeared as a t r i p l e t  a t  d e l t a  3.264 ppm v i t h  J - 4.5 Hz. t h i s  i e  coupled to H-9, which i t s e l f  

resonated a t  de l ra  3.785 as a AB double dovblet  with J - 4.54 and 3.60 HZ. =he s q n a l  due t o  the 

H-4 resonance appeared. a8 expgcted, as a s m g l e  l i n e  a t  delta 5.648. ~ s s ignmen t  of the remaining 

protons w a r  ambiguous. The ir spectrum shoved a band cha rac t e r i s t i c  for dihydropyridines at 1645 

em-'. 



HETEROCYCLES, Yo1 24, No 2, 1986 

compound 5 crystallizes in the space group P ~ ~ / c  wlth a-i7.176(1), b-17.214(3), c-11.597(2) a0 and 

a-lo3.72r llo. with four molecules per cell, D~ is 1.264 g cm? vereus 1.27 g ~ r n - ~  measured. m e  

structure was solved and reflned using the SHELXTL system. The R and Rw were 0.068 and 0.064 for 

the 2890 reflections used in the analysis. 

A drawing of the molecule with the atomic numbering is given in the Figure.  he average bond 

dietencea in the molecule are close to the expected values. The distances C13)-C(41 of 1.315 A' 

and C(7)-C(B) of 1.329 A" establish the locatlon of the double bonds. The OIl~-CL1~-CLlO~-c191- 

~ 1 1 1 )  ring has an envelope conformatmn vith ~ ( 9 1  the flap. The six-membered rings C(5)-C(6)- 

N(12l-C11l)-C(9)-C(lOl, C(6)-C17)-C(8)-Cl9)-C(ll)-N(121, and C(5)-C(6)-C(7)-C(8)-C(9)-C(lO) are in 

the boat conformation wlth the C(6) and C(9) atoms up. The rlng C ~ 1 ~ - N ~ 2 ~ - C ~ 3 ~ - C ~ 4 l - C ~ 5 l - C ~ 1 0 ~  is 

in a half-boat conformation vith C(1) the up atom. 

EXPERIMENTAL 

UT spectra vere recorded on a verisn HA-100 IBM 200 SY, Nlcolet 300 NT and 360 NB 

spectrometers using tertramethylsllane as an internal standard. 13c ~r epectra vere obtained on 

a Jeol JNM-FX 100 and a Nicolet 300 NT spectrometers, and chemical shifts vere determinad relatrve 

to delta CDC13. Ir spectra were obtained on a Perkin Elmer 283 B gratlng spectrophotometer for 

samples in C H B ~ )  solutions. n g h  resolution mass spectra ware obralned on a ~itachi ~ e r k l n - ~ u e r  

RYH-2 and a VG 70-70 Mxcromars double £musing spectrometer interfaced vith a matoe DS-50-S data 

system. Meltmg p i n t s  were measured on a ~szchert hot-stage microscope and are uncorrected. 

The following compounds were made using literature methods: 2-ethoxycarbonyl-1-[2~-pyridy11-4.6- 

diPhenYl~yrldlnium tetrafluoroborate ( 11, mp 193 OC (lit. .l mp 192-193 OC) : 

~ - ( 2 n - p y r i d y ~ ) - 2 - c a r b o x y - 4 , 6 - d i p h e n y l ~ d i n i  betaine 121. mP 131 OC (lit.,' mp OC)' 



qrrolysis Of 1-(2'-Pyridy1)-2-carboxy-4,6-diphenylpyridmium Betaine (2) in Benzene.- 1-(2a- 

Pyrldyl)-2-carboiy-4,6-diphenylpvidini( betaine 12) (1.0 9, 0.08 mol) was refluxed in dry 

benzene (20 mll for 5 h. me solvent was evaporated, and the residue triturated with E ~ O H  to give 

3.5,8,1l-tetraphen~1-2,12-di-12-p~idyll tatracycl0[7.2.1.~' lo5.101-1, ll-oxa-2,12-dlazatrideca- 

3,7-diene (5) 10.8 91 , o.P. 204-206 OC (Pound: C, 82.52; H, 5.48; N, 8.55. C44H34N40 rewires C, 

83.28; H, 5.36; N, 8.831 IR (CHBr3) 1650. 1590. 1570. 1495. 1475, 1435(d1. 1370(d), 1330. 

l26O(d). 1060, 1030, 1020, 970, 930, 860, 840, 765, 720 cm-l. mr delta ( C ~ 2 1 ~ )  3.264 (18, t, 

5-4.5413 3.785 (lH, dd, 5-4.54, 3.601, 5.648 (lH, sl, 6.163 - 6.224 (2R, m), 6.493 - 6.545 (28, 

m), 6.665 - 6.699 IlH.m), 6.742 - 6.774 (2H,m), 6.838 - 6.997 12H,mI, 7.001 - 7.416 (20H. ml, 

8.311 - 8.337 (lH, ml, 7.877 - 7.903 (In, ml, 13c m r  delta (CDCl31: 44.23161, 51.25(s), 

55.201d1, 87.12Ld), 93.87(s1, 112.19(dI, 113.061d1, 114.80Ld1, 116.06(d), 123.65(d), 125.19(61, 

126.07ld1, 126.32(61, 126.48(6), 127.00(d), 127.37(dl, 127.51 Id), 127.65(61, 127.741d1, 128.33161 

129.561d), 135.59(d), 135.82(d) 136.54(dI, 137.91(nI, 138.04(sl, 138.15(r), 140.67(nI, 144.89(s), 

146.401d). 148.061d1, 155.62(sI, 155.73(=). us (cr) : m/e 634.2762 (relative intensity); M+ 634 

(0.21. 617 (151, 616 (251. 542 (81, 541 (18). 540 1301, 539 (15), 538 1101, 525 (181, 524 (33). 

463 (16), 462 115), 448 1151, 445 (171. 442 191, 311 (33), 310 1681, 309 (881, 296 (20), 233 (681, 

ACINOWLEOGEHENTS 

We thank Dr. M.A. Battiste for discussion, Dr. &Roy Johnson for preliminary 20 spectre. Or. m r s t  

and Dr. Hewer at the un&ereity of Pennsylvania and Emory University respectively for nmr 

facilities, M.R. Davis and Dr. R.W. King for mesa spectra, and NSF for financial support of the 

Nicolet 300 NT instrument and the Nicolet X-ray diffractoometer ICHE-8316675). 

REFERENCES 

1. A.R. Mtritzky, B.J. -ha, R.A. Awartani and R.C. Patel, J- Chem. Soc. Perkin Trans. 1 2617 

(1983). 

2. A.R. Katriteky and H. M. mid-Allah, Synthesis. 149 11983). 

3 A.R. Katritzky, C. Patel and J. Cozens, Recl. h a " .  Chlm. Pays-Bas.101, 51 119831. 

4 A.R. Katritzky, R. Avnrtani and R.C. Patel, J. (bg. k m . ,  7, 498 (19821. 

5. A.J. Cozens, M.Sc. Thesis, University of East mglie, Nonrich, hgland, 1980. 

6. G. Palenik, D. Plralska, H. 1VJhabolorg, 0. m b i o  and A.R. Katritzky, Heterocycles, 2 717 

119841. 

7. A.R. Mtritzky, I. B a w k .  N. Dennis. G. Mlsumarra and E. mrthvein, J.Chem. Soc. Perkin I, 

2535 (19791. 

Received, 1st October. 1985 


