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A NOVEL CARBON-PHOSPHORUS POLYCATION HETEROCYCLE 
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Carbon-phosphorus heterocycles with two quaternary phosphorus atoms in a ring have been 

invariably prepared by reaction of diphosphines with dihalides. 
1 

A majority of the systems 

reported by this method, however, fall into 1,4-diphosphoniacyclohexane type. 
1 

Only a feweight 

and ten-membered cyclic bisquaternary salts have been recorded in the literature. 233 Large- 

ring phosphorus heterocycles (10 atoms or greater) are rare. Presently, we wish to report the 

formation of novel macrocycles with four phosphonium groups in a single step in high yield. 

Treatment of 2,3,5,6-tetrachloro-p-xylyl dichloride (ka> with ethylenebis(diphenyl- 

phosphine) (2) in equal molar ratio in boiling toluene for 4 days (N2) furnished a singleadduct 

3a,4 m.p. 218-220" (from methanol and acetone) in high yield (98%), characterized also as the - 
PF - salt, m-p. 208-210" (from methylene chloride and ether). 4 

6 
Likewise, p-xylyldichloride (2) 

and diphosphine 2 afforded the adduct z, m.p. 328-330" (from large volume of methanol) in 

good yield (85%). This salt was converted to the corresponding PF6- salt, m.p. 310-312" (from 

methylene chloride and ether), 4 via metathesis of the anion. We propose a cyclic structure 3 

for these adducts from the following considerations. 
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a. X=Cl; b. X=H; c. X=CH 3 

Infrared analysis (KBr pellet) of both 2 and 3J showed prominent bands at 1110 and 

1430 cm 
-1 , characteristic of P-phenyl phosphonium salts. 3-5 The PMR spectrum (TFA) of 3a - 

exhibited signals centered at 6 3.44 (broad, PCH2CH2P), 4.84 (broad, benzylic), 7.68 (multiplet, 

P-Ar-H) and that of 3_b at 6 3.16 (broad, PCH2CH2P), 4.38 (broad, benzylic), 6.59 (singlet, Ar-H) 

P-Ar-H) in the required ratio. Sharp signals in the 
31 

and 7.64 (multiplet, PMR spectra (TFA) 

of 2 and Lb at -27.26 and -27.41 ppm (relative to 85% H3P04), respectively, established the 

presence of a phosphonium group. PMR and 31 PMR spectral evidence strongly disfavored a simple 

acylic structure 4 for the adducts. On the basis of spectral analysis as well as a sharp 
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structure. However, the alternative cyclic structure 5, although highly unlikely from an 

examination of courtland models, which suggested that the heterocyclic ring would likely 

require more than ten atoms to be stable, could not be rejected from considerations. Dimeric 

structure 3 was finally established vi& in@. 

Interestingly, when the reaction of la and 2 was prematurely terminated (3 hr), an acyclic - 
compouad ha, m.p. 240-242' (from isapropanal), was isolated (78%). A PMR spectrum (WA) of ka _- 

2 

, 2 Cl 

\ P(C6H5& (C6H5),P 
I 

6 

a. X = Cl; b. X = H; c. X = CH 3 

which had resonance signals centered at 6 3.40 (8H, m, PCH2CH2P), 4.85 (4H, d, PCH2, J = 

14 Hz_, $&& c&La_~eh -co a s'ir&& a 31 P +r' -n &?cW&&& ana 3.&B >k>R,- m. 91&-Y@ 

conclusively established its structure. Two signals at +12.40 and -27.14 ppm (relative to 

85% H3P04) were detected in the 31 PMR spectrum (methanol) of 6_a and supported the presence 

of a phosphine and a phosphonium group. On changing the solvent to TFA, the signals shifted to 

-26.E and -ZTzLti ppm.. ?&La 7:s ia aagrWzzGz& wLt$. t&e s.V§.+_, n P*&. *~&W&&a. S&S Sxd. 3 

protconareb $nar$n'lne. 'AlreYMriVe>y., s&z )a YES preD.3rPd 3,~ ~~YErf h'332~ng 0-f Lb &?&~a?~& 

@ with two equivalents of the diphosphine 2 in benzene (40 hr) in excellent yield (90%). 

However, all attempts to isolate E in the reaction of lb with 2 failed. Furthermore, the 
acyclic salt b'6 was not formed when the dihalide l_b was boiled in benzene with excess of - 
diph(os_riniae 2, in ronrrasl, s&r &, m.p, 27-S-23? ?J_z&m .w?.?&>~ .+WS is0&t& ,,zG,?> iLY czI+? 

reaction of 12 with g even at the end of a 4-day period along with the major product, the PMR 
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and 3h-fR spectral data supported cycfic salt 4c. Additionally, - 
boiling of the dihalide 12 with two equivalents of dipkosphine 2 -. 

3367 

salt 6c was produced by direct - 
in benzene (40 hr) in high 

yield (93%). Slow addition of 6a to a boiling solution of the dichloride la in isopropanol 1 - 
(6 hr) under high dilution followed by further heating (40 hr) afforded the mscrocycle or 

systeimatically 6 ^r,l^ui~,Z^u~i,~~,~~,~~-o~fa~*~oro-~,~,~,h,l3,13,3A,lh-nrra~~~~y~-~,6,19,16- 
tetra-phosphoniatricyclotetracosa-8,10,18,20,21,23-hexa~ne tetrachloride (z) (75%). On 

admixture of this material with the original adduct, the mixed melting point was undepressed. 

Spectral data of the two compounds also compared in every detail (IR, FMR, '$MR). 

AL&Line hydrolysis af the cyclic salt 'la by boll- with excess of la% sod&m hydroxide 

(1 hr) furnished a mixture of products from which were isolated ethylenebis(diphenylphosphine)- 

dioxide Q, 70%) and 2,3,5,6-tetrachloro-p-xylene (@, SO%> as the major products. likewise, 

treatment of salt b gave t'ne oxide 2 16%) and p-aylene (E, identiPled by glcj. 

7 8 

a. X = Cl; b. X = H 

There is considerable evidence that alkaline hydrolysis of an acyclic phosphonium salt 

occurs by apical introduction of hydroxide to form a pentavalent intermediate from which the 

most electronegative group is expelled as an anion. 7 However, when the phosphorus atom forms a 

part of a ring, the nature of the products may depend largely on the electronic and steric 

factors of substituents on phosphorus as well as the strain present in the pentavalent 

intercet&rstce.3'7 eeuec!c'ra'i&t-'rn'r a&'u-~e&rer~~~qecew..s. "er.@meeac'rans -dr -t;rre-feqze-irug. 

cyclic salts g and z closely parallel that of an acyclic phosphonium salt which might imply 

that the ring is flexible enough to permit preferential loss of the more stable benzylic anion 

presumably from an apical position. 

It may be mentioned that a similar dimeric product containing sulfur as the heteroatom in 

the ring ban bmzn rnpn-r'i& <n the rnacttm of -iJ--qlyL dlh-inm<& -&t+, n-w171 rZ"Lbi01. 8,9,10 

REFERENCES 

1. (a) D. M. Hellwege and K. D. Berlin, "Topics in Phosphorus Chemistry," Vol. 6, M. Grayson 

6%. 5. Q?~~~~~>h,, Rd&... ?.n~~~=&!_enL?&, Nsz+. v&Y&._, N., Y .~, Y??;;. /,Q> r? , r&t&., "ozmr# 

phosphorus Compounds," Vol. 2, G. M. Kosalapoff and L. Maier, Eds., Wiley Interscience, 

New York, N. Y., 1972; (c) S. Trippett, Senior Reporter, 

Vol. l-5, The Chemical Society, London, 1970-74; and (d) 

$. 3Yzz jY+h&_. 

2. (a) D. W. Allen, F. G. Mann, and I. T. Millar, Ckem. nnd 

Allen, I. T. Millar, and F. G. Mann, J. Chem. Sot. (Cl., 

3. A. M. Aguiar and M. G. Ragkanan Nair, J. org. aem., 33, 

"Organophosphorus Chemistry," 

G. Markl, Anggew. Chm. Int. Ed., 

Ina., 196 (1966); and (b) D. W. 

1869 (1967). 

579 (1968). 



No. 38 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

All new compounds reported herein gave satisfactory elemental analysis. 

L. C. Thomas, "Interpretation of the Infrared Spectra of Organophosphorus Compounds," 

Heydon, New York, N. Y., 1974. 

We thank Dr. K. L. Loening, Director of Nomenclature, Chemical Abstracts Service. 

(a) W. E. McEwen, "Topics in Phosphorus Chemistry," Vol. 2, M. Grayson and E. J. Griffith, 

Eds., Interscience, New York, N. Y., 1965; (b) W. E. McEwen and K. D. Berlin, "Organo- 

phosphorus Stereochemistry, v Parts I and II, Dowden, Hutchinson, and Ross, Stroudsburg, 

Pennsylvania, 1975; (c) F. H. Westheimer, Acct. Chem. Res., 1, 70 (1968); (d) S. E. 

Fishwick, .J. Flint, W. Hawes, and S. Trippett, Chem. Comnw?., 1113 (1967); (e) K. L. Marsi, 

Chem. Conunw., 846 (1968); (f) K. L. Marsi, J. Am. C&m. Sot., 92, 6341 (1971) and K. L. 

Marsi and J. E. Oberlander, J. Am. Chem. Sot., 95, 200 (1973); and (g) J. J. Brophy and 

M. J. Gallagher, Au-s. J. Chem., 2_2, 1385 (1969). 
D. W. Allen, P. N. Braunton, I. T. Millar, and J. C. Tebby, J. Chem. Sot. (Cl., 3454 (1971). 

We gratefully acknowledge support of this work by the U.S.P.H.S., National Cancer 

Institute, CA 11967. 

The toxicity of polycations ,3 and 6 are unknown but have caused swelling of tissue and 

should be treated with extreme caution. Both compounds have a great propensity to 

pick up anions and polar organic solvents like HCC13, alcohols, ethers, etc. 


