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Ah&met: A cation radlcal generated from a trivalent phosphor compound through single-electron 
transrfcr to an arenedlazonlton salt an&goes both ionic and mild texzctlons. Relative eaw of these reuctlo~ 
depend9 mainly on the number of phenyl llgands on the phoqohorus atom. 

A trivalent-phosphorus cation radical. when assumed as a transient intermediate in the oxidative 

conversion of a ttivalent phosphorus compcund into pentavalent one. is usually described as a cation, since its 

icmic reactiat with a ntbophile well accoun tsfcrtheobsetvedpmduct.l) However,thefactthatsuchacation 

radical is not simply a ktion” but also a “radical” in natun gives us questions: can a cation radical fmm a 

trivalent phosphorue compound behave as a radical species as well? If so. what factor determines relative ease 

of an “ionic” and a “mdical” textions? To answer the queatiats is crucial and urgent in the li@ of synthetic 

applicability of the teaction of such a cation radical, which was recently suggested for the sterecmpecific 

synthesis of a phosphorus compound related to cyclic nucleotide.2) We have found that trialkyl phcaphk (2a 

and 2d) as well as triphenylphc@ine initiates ticakhain dedi m ofamnediazonium salts in alcoholic 

solvent through single-electron transfer to the diazmtium salt, during which cation radical 2+’ and atyl radical 

(e.g.. 4methylphenyl radical Tol* when 4methyl~arxmium fluombaam (l)wasreaaed)ateBe=ated 

(Scheme Q3) In this reacti~ two Qpes of products were formed fmm 2. i.e., the oxidation prodwt 3 and 

the arylated product 4. This result seems to answer the first question; cation radical 2+’ thus genemkd does 

undergo both an “ionic” and a “mdical” reactions to give 3 and 4. respectively (Scheme 2). This me&a&m, 

however, should be teated mote carefully because these products could result from some other macticns. We 

then investigated the reactions of dbmium salt 1 with trimethyl phcsphite @a). dimethyl pbenylpha3phcnite 

(2b). and methyl diphenylphcaphinite (2e). anticipating that cation radicals 2a-e+*. when form4 might exert 

different reactivity depending at the number of phatyl ligands. Survey d the results from these reactions will 

help to figure out the mechanism. 
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The reactions of 1 with 2a-c were carried out in methanol at 20 “C in the dark under an argon 

atmosphere for 15 min. Product analysis based on CC and CCMS showed the formation of toluene Q, the 

dediazoniation product from 1, as well as 38-c and 4a-c (Table 1). In analogy with the reaction with 

triphenylphosphine or phosphites 3a and 2d?) there is no doubt that the Boar of 1 with phoephitc 

2b ar phaqhbitc k is also initiated by singlaelectton transfer from the latter to the former, genera@ cation 

radical 2+’ (Scheme 1). Radical-chain character of the reaction of 1 with 38 was again amfinned here by the 

formation of 5 in more than a stoichiometric amount (entries 2 and 3) and inhibitory effect of oxygen on the 

formation of 5 (entry 4). 

Thereactionofphosphitc~whichtrasnophenylgrouponthe~satom,~~sthelsrgest 

value as the ratio of the yield of 4 to that of 3 (= 4%) (entry 1). This olxumation supports the proposed 

mechanism. Thus, the unpaired electron on cation radical zCr+’ (the number of phenyl substituent n = 0) is 

centered on the pho@orus atom, which facilitates mdicai coupling of 2aV with ToI*. On the other hand, the 

unpaired electrons of 2b+’ (n = 1) and 2e+’ (n = 2) are delocalized into adjacent phenyl groups to lower the 

radical &uxter of the central phosphorus atom (entries 5 and 6). It has indeed been argued that phosphorany 

radicals with and without aryl ligand(s) exhibit small and large values for phosphorus coupling constant ap. 

respectively, on ESR spectra indicating that unpaired electrons on the former and the latter phosphomnyl 
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Table 1. Thedediazoniationaf1with2.a) 

tIiV&lt- yield, sbb) 

em phosphorus (9 3 4 5 4l3 apdue, 0”) 

1 p(oMe)3 (W 

2e) 

3g) 

4i) 

5 php(OMe)t (a) 

6 ph2WMe) (W 

7 P(ouh (M) 

t3m) 

9 wp(ow2 (W 

ldn> 

11”) 

80.5 

12sf> 

N.D. h, 

52.3 

79.9 

52.0 

88.21) 

71.3) 

85.21) 

71.21) 

79.3’) 

17.2 

9.lf) 

5.6) 

6.9 

1.7 

1.7 

9.4’) 

8.3’) 

5.31) 

5.71) 

1.6’) 

30.3 

34.6 

33.3 

12.9 

_j) 

_j) 

37.8 

32.2 

_j) 

_j) 

53.30) 

0.214 890 (sa)d) 

0.728 - 

0.132 - 

0.0212 9.25 (6b)k) 

0.0327 23.0 (6c)k) 

0.107 - 

0.116 - 

0.0622 - 

o.a3OO - 

0.0202 - 

a)initial amounts of 1 and 2. both 1.00 x 10-l mmol; in 1.0 ml of MeoH, reaction time, 15 min; 

in the dark at 20 ‘C under an argon atmosphere unless otherwise noted. b)Based on 1 used 

orbcmk indicated; determined by GC. c)Valufs for the related pho@onmyl radicals dcs@aW 

in parentheses. d)From ref.% e)Initial amount of 28,2.00 x 10m2 mmd. %ascd on 28 used. 

g)Initid 8mouIlt Of a, 1.00 X 10m2 mmd. h)NOt detected. ‘)under 811 Oxygen atmosphere. j)Not 

determined. k)From refSb. ‘)Total yield of the ethyl ester and the esters in which one or more 

ethyl gnqs have been replaced by methyl group(s) from the solvent. m)In 1.0 ml af MeOH- 

MeCN (1: 1). +he reaction of 4-nitrobenzenediazonium flwrobon@ (7) in MeOH. O)Yield of 

nitmbawne. 

6r;n=O 
6b; n = 1 
6c;n=2 



tadiads, mqectively, are mainly located on the aryl ligand and on the central phosphorua4~ Table 1 lists the 

reported ap-values for phosphoranyl radicals 6n-c, the structures of which are related to those of 2a-c+‘, 

respectively.6) Obviously. the product ratios 4/3 observed in the reactions of 2a-c correlate with these ap 

values, which clearly demons&a&s that higher spin density on the phosphorus atom of cation radical 2+’ test&s 

in mote facile radical coupling. 7) Certainly, the pos&lity that the reaction of 2 with Tde eventually affords 4 

is ruled out; upon the reaction with Tol*, trivalent phosphorus compound with higher number of phenyl ligands 

would give more stable phosphoranyl radical, *) favouring the formation of arylated product 4, which is entirely 

against the results obtained here. 

When the reaction of 1 with triethyl phosphite (2d) or diethyl phenylphosphonite (2e) was canied out in 

a methanol-acetonitrile mixture (1: 1). slightly larger product ratio 40 than in the corresponding reaction in 

methanol was observed (compare entries 7 with 8. and 9 with 10). This result is also evidence for the 

mechanism proposed here; thus, lower concentrations of methanol as a nucleophile make the nucleophilic 

pathway unfavorable. In addition, when 4nitrobenzenediazonium fluoroborate (7) was used in place of 4- 

methyl derivative 1, yield of the aryIated product 4 decmased (entry 11). 4-Nitrophenyl radical generated 

during the reaction may be stable enough to behave as a free-mdicd. more easily abstracting a hydrogen from 

the solvent In fact, it hss been shown that tadical-chain is longer in the dediaroniation of diazonium salt 7 thsn 

of methyl derivative 1.3) 

In amclusion. a cation radical generated ftom a trivalent phosphorus compound acts as a cation, whereas 

the cation radical also acts as a radical species when another radical to be coupled with exists in the system; 

relative ease of ionic and radical reactions is determined mainly by spin density on the centml phosphorus atcm 

ofthecationradical. 
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