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Abstract: 3,4-Didehydropyridine (21 generated from two 

precursors (6 and 21 of the diazonium carboxylate 2 reacts with 

cyclopentadiene to give the [4+21-cyclo-addition product 2 

rather than the C2+21-adduct 4 proposed in the literature. The 

structure of 2 was supported by complete proton and carbon WMR 

assignments made with 'the aid of decoupling and 2D experiments. 

Since its original recognition by Wittig2, the high dieneophilic reactivity 

of arynes in [4+21-cycloaddition (Diels-Alder) reactions teq. 1) has become the 

basis of the single most useful diagnostic method for the detection of these 

reactive intermadiates.3 Although arynes will also undergo [2+21-cycloadditions 

with themselves,4 simple alkenes,9 and even certain acyclic l,3-dfenes {eq. 2, 

K = no bond),6 this path is, aa expected,' usually avoided with cyclic, 

1,3-conjugated dienes. 

The two apparent exceptions to this generalization are the reactions of the 

hetarynese 2,3_didehydrothiophene (1) and 3,4-didehydropyridine (2) with various 

substituted thiophenea (eq. 319 and with cyclopentadiene leq. 4t,1° respectively. 
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Whereas the former exception appears to arise from that aryne's ring size and/or 

heteroatom proximity,ll no such structural features are present in the latter 

case. In fact, since the type of aryne precursor (an- o-diazonium carboxylate) 

and diene used are well-studied and known to generally Zead to [4+2f-cyclo- 

addition,3 the reported10 [2+21-cycloaddition reactivity of 3,4-didebydropyridine 

(eq. 41 remains anomalous. Although these older results have been questioned 

previously,Stl2 recent studies13 have also failed to yield the known14t15 

Diels-Alder adduct (21 expected from the f4+21-cycloaddition reaction (eq. 5). 

We now wish to report, however, that cyclopentadiene does in fact react with 

3,4_didehydropyridine (2) to give 5,8-dihydro+,&methanoisoquinoline (2) as the 

only basic product. 

COOH c COOH 

NHz N= NNMq 
I - 

6 5 

Instead of alsol@ using the isolated and explosive pyridine-3-diasonium- 

4-carboxylate (11, l6 this precursor of the hetaryne 2 was generated and reacted 

in situ by the aprotic diasotizationl7 I_- of 3-aminoisonicotinic acid (a118 or even 

more conveniently by the solution-phase thermolysis of the recently developed19 

masked diazoninm carboxylate, 3-(3,3-dimethyltriaxen-l-yl)-pyridine-4-carboxylic 

acid (11, a pyridine analogue of the Nakayama reagsnt.20 In the presence of 

cyclopentadiene either of the above methods gave a water insoluble basic oil in 

up to 16% yield tunoptimized) which according to SC/MS analysis is a single 

substance with M+=l43. Although the fragmentation pattern is very similar to 

that of bensnorbornadiene21r22 (Table If this similarity has been considered 

previously to be insufficient to distinguish a norbornene such as (3) from au 

isomeric bicyclo[3_2,01hept-2-ene such as (st.23 While the similarity of the 

pfcrate melting point and most, but not all, of the NWR parameters (Table II) to 

those previously published 15 for samples of 3 prepared by a route which could 

not conceivably lead to the [2+21-adduct r further suggested that the 

[4+21-adduct 2 bad indeed been formed (eq. 51, conclusive evidence in the form of 

the complete proton and carbon NMR assignments shown in Table II was obtained 

from 2-D COSY and lJ-HETCOR NMR spectraZ4 and decoupling studies. 
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Table I. Mass Spectral Parameters for 1 and Benzonorbornadienea 

Ion 

Mf 

M-H 

M-C2H2 

M-H-C2H2 

M-H-HCN 

M-H-2C2H2 

C7S5 

%S3 

%N2 

C4S3 

C4H2 

C3S3 

3b 

143 (100) 

142 (90) 

117 f2lf 

116 (201d 

115 (57) 

90 (14fe 

89 (27) 

63 (311 

62 (121 

51 (15) 

50 (14) 

39 (26) 

SenxonorbornadieneC 

142 (91) 

141 (100) 

116 (17) 

115 (37) 

89 (81 

89 (8) 

63 (16) 

62 (7) 

51 (9) 

50 (7) 

39 (13) 

aselected ions reported as m/e (rel. int.1 including all those between 39 and Mi 

with rel. int. > 10; btaken at 70 eV on a Finnegan 1020 OWA instrument: =taken 

from ref. 21; dmay also contain M-HCN; emay also contain M-HCN-C2H2. 

**************t**************ttt***************************************************** 

Table XI. NKR Parametersa for 5,8-Dihydro-5,8-methanoiaoquinolfne 13). 

%ib 13$ 

Poaitiond 

1 

3 1 
4 

This Work Ref. 15 Position This work Ref. lSe 

8.395 8.35s 1 141.3 141.3 

8.21d(4.7) 8.158(5.01 3 146.5 146.5 

7.2Od(4.6) 7.106(5.0) 4 117.6 117.5 

4a 161.7 161.6 

3.92mf 3.79brs 5 50.2 50.2 

6.74ddd(5.4,3.2,1.2)g 6.70dq(5.4,3.0) 6 141.9 141.8 

6.81ddd(5.4,3.2,1.2)g 7 143.4 143.3 

3.97mf 3.81m 8 48.0 47.9 

8a 147.1 147.0 

2.24dmi 1.83dth(7.3,1.6) 9 70.2 70.2 

2.35dt(7.4,1.6)j 2.36dt(7.3,2.6) 

aIn CDC13, ppm relative to TMS-0; b300 WHZ~ observed splittings > 1.0 ?iz given in 

parentheses: =75 MHZ; dcarbon attachment of protons verified by 'J-HECTOR experi- 

ment: the twelve COSY correlations of proton shifts are designated by connecting 

brackets: eassignments from this work as described in text: fcollapses to a 

q(1.8) of an AE3X system on decoupling both H-6 and H-7; when the decoupling 

frequency favors H-6, only H-5 is decoupled: gcollapses to a d(5.4) on irradiat- 

ing the H-5 and S-8 signals: bthis value is probably a misprint since in several 

closely related derivatives (ref. 15) and benzonorbornadienes (L. Paquette, A. 

Varadarajan, and L-D. Burke, J. &a. &$& E, 8032) to the Ad of 

the bridge protons is never more than 0.25 and averaging only 0.10; icollapses 

to a dt(7.5, 1.6) on decoupling H-6 and H-7 and to a brd(7.5) on decoupling H-5 

and H-8; jcollapses to a sharp d(7.5) on decoupling R-5 and H-8 but unaffected 

when H-6 and H-7 are decoupled. 
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The pyridine carbons at positions 1, 3, and 4 were assigned by correlation 

(lJ-HETCOR) with the attached hydrogen atoms whose expected25-27 relative chemi- 

cal shifts (H-l and H-3 lower field than A-4) and multiplicities (~-1 singlet, 

H-3 and H-4 doublets) permitted their easy identification. This was supported by 

the COSY correlations (Table II) which, not surprisingly, lacked only the corre- 

lation between H-l and H-3 since J2,6 for pyridines is often at or near zero.20 

The quaternary carbons were easily recognized by their lower intensities and 

assigned to positions 4a and 8a as shown by analogy to several other 3,4-annelat- 

ed PYridines25c26 all of which also had the former carbon resonance at 13-14 ppm 

lower field than the latter. In contrast to many benzonorbornadienes2g it is 

possible to assign the bridgehead carbon resonances based on the generalization 

that the higher field one arises from the carbon attached to the /3-position of 

the pyridine ring.30 By means of the lJ-HETCOR this analysis leads to the indi- 

cated proton assignment which is not directly available by comparison with the 

'Ii-NMR spectra of 3,4-dialkylpyridines25r27 whose benzylic protons are usually 

unresolved. The bridge proton resonances were assigned as in the benzonorborna- 

diene series31r32 so that the one which appears at higher field, displays the 

most coupling, and correlates with the olefinic protons (COSY) is syn to the aro- 

matic ring. Also as in substituted benzornorbornadieneszg the assignment of the 

olefinic carbon resonances is difficult, but the COSY experiment shows that each 

bridgehead proton is correlated with only one of the olefinic protons as shown in - 
Table II. If it is reasonably assumed that this correlation is between protons 

which not only have the larger coupling constants as expected33 but also are 

separated by three (H-5 to H-6 and H-7 to H-8) rather than four (H-5 to H-7 and 

H-6 to H-8) bonds,34 then it is possible to assign the olefinic protons and, 

through the lJ-HETCOR, the attached carbons as shown in Table II. 

From the above results it can therefore be concluded that 3,4-didehydro- 

pyridine (2) does in fact react with cyclopentadiene to give the t4+21-adduct, 

5,8-dihydro-5,8+ethanoisoquinoline (2). The relatively low yield may simply 

indicate that optimum reaction conditions have not yet been achieved since other 

[4+21-cycloadditions of the hetaryne 2 generated from the diazonium carboxylate 2 

have been shown to be very sensitive to reaction conditions.16 Alternatively, 

the low yield may reflect a competitive unimolecular decompositon of the hetaryne 

2 as has been demonstrated in the gas phase35 or more recently in inert gas 

matrices. 36 This question warrants examination because of the synthetic 

potential of the hetaryne 2 as a source of interesting molecules.14r15,37 

EXPERIMENTAL 

5,8-Dihydro-5,8-methanoisoquinoline (3). An evacuated sealed tube contain- 

ing 1.9g(29.4mmol) of freshly cracked cyclopentadiene, 120mg(0.62mmol) of the 

triazine l,lg and 5ml of acetonitrile was heated at 130' for 4hr. GC/US analysis 

of the resulting black solution using naphthalene as an internal standard indi- 

cated the formation of the product 2 in 16% yield. In a preparative scale exper- 

iment carried out with 1.59g of z in refluxing acetonitrile in the presence of 

trichloracetic acid according to the general procedure described for the Nakayama 

reagent, 2o this same product was isolated by adding 5% HCl to the reaction 

mixture, washing with ether, basifying with 5% NaOIi, reextracting with ether, and 

drying the latter ether extracts over anhydrous MgSO4. Evaporation of the 

solvent left a dark oil which was passed through a short silica gel column with 

hexane/CHC13 gradient elution to give 1 as a colorless oil in 6% yield after 

evaporation of the solvent. This oil gave a single peak on GC-analysis and had 

the same retention time and mass spectrum (Table I) as the previous sample. The 

NMR parameters are shown in Table II. Addition of picric acid in ethanol gave a 

picrate, mp.136-137O (lit.14 135-137O). 



3,~Didehydropy~dinepluscyclo~ntadiene 5679 

Acknowledgement. We are grateful for the hospitality of the Department of 

Chemistry of the University of British Columbia and expecially Professor James P. 

Kutney during the preparation of this manuscript. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21, 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

References 

undergraduate research participants: taken in part from the thesis of B.P.C. 

submitted in partial fulfillment of the requirements for a Bachelor Of 

Science Degree with Departmental Honors from Texas Christian University, 

1987. 

G. Wittig and L. Pohmer, -. E., m, 89, 1334. 

R.w. Hoffmann, Dehydrobensene and Cycloalkynes, Academic Press, New York, 

1967, Chapter 3: T.L. Gilchrist in Supplement C: m chemistry _ of Triple- 

Bonded Functional Groups, Part 1, (Eda. S. Patai and 2. Rappoport), John 

Wiley and Sons, New York, 1983, Chap. 11. 

C.D. Campbell and C.W. Rees, 2. E. Soc.(C),m 742. 

P. Crews and 3. Beard, 2. Org. e., 1973, 38, 522. 

E.W. Waali, 2. Org. Chem., ml 48, 1355; W.R. DeCamp, R.H. Levin, and N. 

Jones, Jr. Tetrahedron s., 3,954, 3575. 
R.B. Woodward and R. Hoffmann, Angew. Chem. E. Ea., 1869, i, 781. 

A recent review of hetarynes is: H.G. Reinecke, Tetrahedron, a2, 38, 428. 

M.G. Reinecke, J.G. Newsom, and K.A. Almqvist, Tetrahedron, wLsI zr 43.51. 

T. Kauffmann, J. Hansen, K. Udluft, and R. Wirthwein, Angew. Chem. Int. Ed. --- 
_1964, 2, 650; T. Kauffmann, Angew Chem. Int. Ea., 1962, 2, 543. -- 
The other suggested9 possibilities , the nature of the trap (thiophenes) or 

the method of aryne generation (PVT of anhydrides), have now been eliminated 

based on studies to be published with D. Del Mazza and R.A. Murphy, 

respectively. 

C, Kaneko and T. Naito, Heterocycles, Us 2, 2183. 

c. Way and C.J. Woody, 2. Chem. e. Perkin Trans. I, 1988, 247. _ -- 
H. Tanida, T. Irie, and Y. Rayashi, 2. Org. e., c, 49, 2527. 

L.A. Paquette, W.J. Coghlan, C.E. Cottrell, T. Irie, and H. Tanida, 2. Org. 

-., 1986, 5& 696. 

T. Kauffmann and F.P. Boettcher, Chem. g., z, 95, 949. 

L. Friedman and F.M. Logullo, 2. ofg. e., s, 2, 3089. 

J.D. Crum and C.H. Fuchsman, J. Reterocycl. E., 1966, 2, 252. 

C. May and C.J. Moody, Tetrahedron e., 1985, 26, 2123; we thank Professor 

Woody for making a preprint of this publication available. 

J. Nakayama, 0. Simamura, and M. YoShida, them. Commun., 

T, Goto, A. Tatematsu, Y, Rata, R. Muneyuki, H. Tanida, and K. Tori, 

Tetrahedron, 1966, 22, 2213. 

S.J. Cristol and G.W. Nachtigall, 2. a. ., 1_967, 12, 3738. 

W.J. Leigh and R. Srinivasan, J. Org. e., ue *, 3970. 

R. Senn and H. Gunther, Angew. Chem. x. Ea., a, 22, 350; J.N. Shoolery, 

J* Nat. Prod., m, a;l, 226. -- 
R.P. Thummel and D.K. Kohli, g. Org. Chem., m 42, 2742. 

R.P. Thummel and D.K. Kohli, J. Org. Chem., w, 2, 4882. 

F.R. MacDonald, A.W. Decora, and G.L. Cook, U.S. Bureau of Wines Bull.., _- 
g&~,l. 

J.W. Fmsley, J. Feeney, and L.H. Sutcliffe, High Resolution Nuclear Magnetic 

Resonance Spectroscopy, Pergamon Press, Oxford, 1966, 794-798. 
T.J. Reitz and G.L. Grunewald, Org. Msg. Rx., m, 2l, 596. 

R.D. Lapper, H.H. Mantsch, and I.C.P. Smith, Can. J. - ., _1975, 53, 2406; 

L.F. Johnson and W.C. Jankowski, Carbon-13 NHR Spectroscopy, 

Wiley-fnterscience New York, 1972. 



5680 M. G. REINECKE et al. 

31. 

32. 

K. Tori, K. Aono, Y. Hata, R. Muneyuki, J. Tsuji, and 8. Tanida, Tetrahedron 

&gg., 1966, 9. 

N. Inamoto, S. Nasuda, K. Tori, K. Aono, and 8. Tanida, Can. 2. 

45, 1185. 

33. 

34. 

K. Tori, R. Muneyuki, and H. Tanida, Can. J. Chem., 1963, 4l, 3142. 

This assumption has been verified for a series of 1,2-dihydroquinolines in 

which three-but not four-bond allylic correlations are routinely observed 

35. 

36. 

37. 

in the COSY experiment. 

J. Kramer and R.S. Berry, J. Am. Chem. Sot. 1972, 94, 

H.H. Nam and G.E. Leroi, J. Am. Chem. Sot., 1988, 

Professor Leroi for a preprint of this publication. 

F. Marsais, F. Trecourt, P. Breant, and G. Queguiner, 

1988, 25, 81. 
- 

8336. 

110, xxxx. We thank 

J. Heterocycl. Chem., 


