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Abstract-Aromaticity indices are reported for a 

range of phosphorus and arsenic containing 

heterocycles. Five and six-membered rings with 

phosphorin-type phosphorus have similar indices 

to their nitrogen counterparts. The arsenic 

analogues are less aromatic. IH-Phospholes show - 
less aromaticity than the corresponding oxygen 

heterocycles. 

Phosphorus and arsenic are relatively new additions to the traditional 

elements associated with heterocycles. While the relative abilities of 

oxygen, sulphur and selenium to contribute to the aromaticities of their 

respective hcterocycles are fairly well established, the situation with 

regard to nitrogen, phosphorus and arsenic is as yet unclear. To date two 

different theoretical treatments have deduced disparate resonance energies 

for phosphorin of 64' and109kJ/mo13,with the latter value being closely 

comparable to that of 107 kJ/mol obtained for pyridine by the same method. 

For the five-memberedhcterocyclesthiophene, pyrrole, furan and phosphole 

ab initio calculationshaveprovidedresonance energies of 149,124, 89 and -- 
54 kJ/mol respectively 4,5 . The current availability of molecular dimens- 

ions for a range of phosphacycles and some arsacycles permits an experi- 

mentally based assessment using the aromaticlty indices introduced in pre- 

ceding papers 
6,i,8 

in this series. These indices are based upon a statis- 

tical evaluation of the deviations in peripheral bond orders and are pro- 

vided by the equation I =lOO(l-V)/VK where V= IOOl~JCtK-~)2/n and ?? is 

the arithmetic mean of the n various ring bond orders, N. VK is the value 

of V for the corresponding non-delocalised Kekulg form with alternating 

single and double bonds. The especial value of these indices for provid- 

ing quantitative assessments of aromatic character has been indicated by 

a recent evaluation 9 of a range of physicochemical criteria commonly used 

for this purpose. 
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FIGURE 9 Aromaticity indices (16) for six-membered ring pbosphacycles. -- 
(The reierenccs are to the sourceofbond lengthsused for 

their calculation.) 
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FIGURE 2 Aromaticity indices (15) for five-membered ring phosphacycles. -- 
The figures in parentheses are the 15 values for the 

corresponding aza-analogues taken from reference 6. (The 

references are to the sources of molecular dimensions.) 

The I6 values calculated for six-membered phosphorus containig heter- 

ocycles are shown In Figure 1. The values of ca. 70 to 74 obtained for the - 
phosphorln ring may be compared to the I6 7 value of 86 for pyrldine . A 
particularly interesting feature is the moderating effect of P-substitu- 

ents on ring aromaticity in the A5-phosphorins. Z-Phenylbenzo[b]phosph- 

orinz4 yields an I6 6 value of 79 compared to 70 for quinoline. The un- 
9 

expectedly low value of 44 for the 3,4-diaza-h5-phosphorin, relative to 

86 for 1,2,4-triazine, is attributable to the former's adoption of a non- 

planar conformation described as a distorted boatI'. Thus replacement of 

a pyridine nitrogen in a six-membered ring by phosphorus does not result 

in much change in aromaticity. Similar conclusions may be deduced for the 

results of comparable modifications of five-membered ring heterocycles as 

shown in Figure 2. 
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FIGURE 3 Aromaticity indices for arsacycles. (The references are to -- 

the source of bond lengths used for their calculation.) 

Aromaticity indices for those arsenic containing heterocycles for 

which molecular dimensions are available are shown in Figure3. It is 

clear that introduction of an arsenin-type arsenic into a ring results 

in retention of a substantial level of aromaticity though less thanbe- 

stowed by nitrogen or phosphorus. 
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FIGURE 4 Aromaticity indices for IF-phospholes (Ig).(The references -_ 
are to the source of bond lengths used for their calculation.) 

A contrasting situation is encountered with the Is-phospholes, cf. 

Figure 4, wherethephosphorus rin g atomis signif icantlp displaced from 

the plane containing C(2) -C(5). Unlike the situation in pyrrole where 

the nitrogen substituent lies in the plane of the ring as a result of 

sp2 hybridisation of the nitrogen with the remaining 2p2 orbital ortho- 

gonal and able to overlap fully with the carbon 2p orbitals, the phosp- 

horus in lEJ!-phospholes retains pyramidal geometry. It has been shown4’ 

that comparable behaviour in the case of nitrogen would result in a 
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resonance interaction of only about 80% of that realised with sp2 hyb- 

ridised nitrogen, and a decrease of similar magnitude would be anticip- 

ated with phosphorus. The data in Figure 4 attest to the lowaromaticity 

of these phospholes which have I5 values lower than furan, I5 =43 ' l The 

low aromaticities displayed by the other heterocyclesinthisgroup are 

also attributable to these effects. It may be notedthatthe only phos- 

phindole for which partial dimensions are available 
42 
,isalsononplanar 

with apyramidal phosphorus thus predicating the possession of similar 

minimal aromaticity. 

REFERENCES 

1. The papers cited in references (6), (71 and (8) are considered as the 

preceding parts of this series. 

2. W.C. Herndon, Tetrahedron Lett., 1979, 3283. 

3. M.J.S. Dewar and A.J. Holder, Heterocycles, 1989, 28_, 1135. 

4. M.H. Palmer, R.H. Findlay and J.A. Gaskell, 2. Chem, z., Perkin 

Trans. 2, 1974, 420. 

5. &i.H. Palmer and R.H. Findlay,J.Chem. ,soC-, Perkin Trans 2, 1975, 974. 

6. C.W. Bird, Tetrahedron, 1985, 4l_, 1409. 

7. C.W. Bird, Tetrahedro_n, 1986, 42, 89. 

8. C.W. Bird, Tetrahedron, 1987, 43, 4725. 

9. A.R. Katritzky, P. Barczynski, C, Musumarra, D. Pisano and M. Szafran, 

2. -- Amer. Chem. &., 1989, 111, 7. 

10. A.J. Ashe III, Act. Chem. E,, 1978, ll_, 153. -- 
11. J.C.J. Bart and J.J. Daly, 2. Chem. Sot.(A), 1970, 567. --- 
12. W. Fischer, E. Heflner, A. Chatzidakis and K, Dimroth, Tetrahedron 

Lett., 1968, 6227. 

13. C, Maas, J. Fink, H. Wingert, K. Blatter and'-%. Regitz, Chem. Ber., 
1_1- 

1987, _tzo, 819, 

14. J.J. Daly, 2. Chem, e. (61, 1970, 1832. 

15. U. Thewalt, C.E. Bupg and A. Hettche, Angew. Chem., Int, Edn, English, --- 
1970, 2, 898. 

16. U. Thewalt, Aqew. Chem., Int. Edn. English, 1969, fl, 769. --- 
17. A.??. Chekhlov, V.X. Galishev, T.S. Dolgushina, V-K. Brel, A.A. Petrov, 

and l,V, Martynov, Zhur. Obshch. Khim., 1988, 58, 526. -- 

18. T. Facklam, 0. Wagner, H. Heydt and M. Regitz, Angew. Chem., Int. Edn, --- 
English, 1990, 29, 314. - 

19. M. Meyer, U. Klingebiel, J. kukl and H. Oberhammer, 5. Naturforsch.g, 

Chem. S&., 1388, gb, 1010. 



5702 
C.W.BIRD 

20. J.C. Williams, J.A. Kuczkowski, N.A. Portnoy, K.S. Yong, J.D. Wander 

and A.N. Aguiar, Tetrahedron Lett., 1971, 4749. 

21. J. Guilheim, Cryst. Struct. Commun., 1974, 3, 227. 

23. A.&', Cordes, H. Koenig and R.T. Oakley, 2. Chem. Sot., Chem. Commun., -- 

1989, 710. 

23. E. Fluck, G. Heckmann, W. Plass, M. Spahn and H. Borrmann, J* Cbem. 

s., Perkin Trans.l, 1990, 1223. I___- 
24. J.J. Daly andF. Sanz, 2. Chem. Sot., Dalton Trans., 1974, 2388. ---__I_ 
25. K.H. Dotz, A. Tiriliomis and K. Harms, 2. Chem. Sot., Chem. CO~Un., -- -_ 

1989, 788. 
26. G. Markl, E. Eckl, U. Jacobs, M.L. Ziegler and B. Nuber, Tetrahedron 

Lett., 1987, 28, 2119. - 
27, A. Schmidpeter, I(. Karaghrosoff, C. Cleve and D. Schomburg, Angew. 

--- English, - Chem., Int. Edn. 1985, 24, 123. 

28. V.G. Andrianov, Y.T. Struchkov, N.I. Shvetsov-Shilovskii, N.P. Ignatov, 

R.G. Bobkova and N.N. Melnikov, Zhur. Strukt. Khim., 1974, 15, 1127. --- 
29. P. Friedrich, G. Huttner, J. Luber and A. Schmidpeter, Chem. Ber., -- 

1978, 111, 1558. 

33. L.S. Khaikin, L.V. Vilkov and J.E. Boggs, 6. Mol. Struct., 1988, 142, -- 
241. 

31. J.H. Weinmaier, J. Luber, 8. Schmidpeter and S. Pohl, Angew. Chem., 

-- 18, Int. Edn. English, 1979, 412. 

32. J.-P. Legros, Y. Charbonnel, J. Barrans and J. Galy, Compt. Rend.Acad. -- 

-- 286, Sci. Paris, 1978, 319. 

33. J.-P. Legros, Y. Charbonnel and J. Barrans, Compt. Rend. Acad. Sci. -- 
Paris, 1980, 291, 271. 

34. B.A. Arbuzov, E.N. Danova, E.Y. Zabotina, 1.A. Litvlnov and V.A. Naumov, 

Izv. Akad. Nauk SSSR, Ser. Khim., ------ 1988, 150. Unfortunately there are 

numerical errors in the data reported for the phosphorus analogue which 

prevent calculation of its 15 value. 

35. G. !larkl and S. Dietl, Tetrahedron Lett., 1988, 29, 535. 

36. P. Coggon and A.?'. McPhail, 2. Chem. +., Dalton Trans., 1973, 1888. -- 
37. K.P. Ozbirn, R.A. Jacobson and J.C. Clardy, 2, Chem. s., Chem. 

Commun., 1971, 1062. 

36. A.H. Cowley, S.W. Hall, R.A. Jones and C.Y. ?iunn, J. Chem. Sot., Chem. - --- 

Common., 1988, 867. 

39. M. Drager and K.G. Walter, Chem. Ber., 1976, 109, 877. -- 
4u. H. Grutzmacher and H. Pritzkow, Chem. Ber., 1989, 122, 1411. -- 
41. M.J.S. Dewar and P. Rona, J. Amer. Chem. z., 1969, 91, 2259. - I_ 
42. H'. Winter, Chem. K., 1977, 110, 2168. 


