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Abstract: Alkoxyphosphonium triflates have been prepared and reacted with a number of nucleo- 

philes. Only negatively charged nucleophiles initiate substitution reactions. Nucleophile asso- 

ciation with the phosphorus entity, prior to nucleophilic displacement, is implied. 

The preparation of oxyphosphonium salts has been known for some time.' Unlike tetracarbo- 

phosphonium salts, monoxy-tricarbo-phosphonium salts are much less stable. Recently, Hendrickson 

and Schwartzman have shown that triphenylalkoxyphosphonium triflate salts can be prepared from 

the corresponding alcohol by reaction with a mixture of triphenyl phosphine oxide (PhaPO) and 

triflic anhydride (Tf20).2 Once formed, these salts tended to eliminate in the presence of base 

at elevated temperatures. 

Triphenylalkoxyphosphonium salts have recently been shown to be important intermediates in 

several synthetically useful reactions. For example, when triphenyl phosphine (Ph3P) and an al- 

cohol are reacted in carbon tetrachloride, alkyl chlorides are obtained. 3 Similarly, diethyl- 

azodicarboxylate, Ph3P and alcohols lead to a variety of products depending upon the conditions. 4 

In both cases, the mechanism appears to involve formation of the alkoxy-phosphonium salt with re- 

tention of configuration at carbon, followed by SN2 displacement of PhBPO by an active nucleo- 

phile to produce the inverted product.3'4 

In the course of another investigation, we had need to prepare_some &-phosphonium salts 

such as ,Jg. Attempts to prepare these from standard precursors of l were not successful because 

of the facile conrotatory opening of the cyclobutene ring when temperatures were raised above 

60-7O'C. As a consequence, we searched for a low temperature preparative method for these phos- 

phonium ions. Since it is known that the triflate ion is an extremely good leaving group,5 we 

decided to prepare the G-triflate of ,la, i.e. ,J,f, and then convert it to the desired ditriflate 

salt, ,Jg. It was during this phase of our study that we gained access, unexpectedly, to the bis- - 
triphenylalkoxyphosphonium salt ,Ib. Subsequent inquiry into the reactivity of lb led to some 

unusual observations about these types of systems and thus we present our preliminary results 

here. 

Reaction of la with Tf20 and a nine mole excess of PhaP in CH2C12 at -2O'C produced the &- 

triphenylalkoxyphosphonium ditriflate Lb in 70% yield.6y7 The only other isolable products were 

the excess PhJP and some Ph3P0. When the above reaction was carried out in the solvent pyridine, 

the only cyclobutenyl product isolated in good yield was &h.8 Originally, suspecting that the 

)&-triflate lf was intervening in these reactions, we prepared it from ,la, Tf20 and 2,6-di-E- 

butylpyridine in CH2C12 at -2O'C. Isolation of if was possible,8 but, because of its instabil- 

ity, cleaner subsequent reactions were obtained when its isolation was avoided. Reaction of ,J,f 

with an excess of Ph,P yielded PhaPO as the only readily identifiable product. Reaction of ,J,f 

directly with PhlPO yielded Lb albeit in very poor yield. In contrast, reaction of ,J,a with a 
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mixture of PhePO and TfnO produced ,J,b as the only cyclobutenyl product in moderate yield.' Fi- 

nally, reaction of Ph,P with Tf20 in CH2C12 at -20°C produced Ph3P0 in nearly quantitative 

yield. These data indicate, but do not conclusively prove, that ,J,b is derived from a reaction 

sequence that does not involve if. Our best guess is that these reaction sequences can be nmd- 

eled after those alluded to previously 3,4 and thus we propose the scheme shown in Figure I. 

Reaction of lb with nucleophiles provided an unusual and interesting reaction pattern. Neg- 

ative nucleophiles, such as hydroxide, chloride, bromide and iodide, reacted rapidly at 25'C 

with ib to produce $a, &, ,I#, and e, 10 respectively. This reaction was a very fast one, occur- 

ring instantaneously upon mixing, whether the reactants were present in the same phase or not. 11 

Neutral nucleophiles, on the other hand, were kinetically unreactive towards ,J,b at 25'C. Pyri- 

dine, PhsP, (CH3)z.S and CH,OH all returned Lb in unchanged form , even with prolonged, intimate 

contact at 25'C in CH2C12. This dichotomy of reactivity is unusual and implies that association 

of a negatively charged entity with the positive phosphonium ion prior to nucleophilic displace- 

ment is necessary. 3 

In order to verify that the cyclobutenyl ring system was not contributing to the above noted 

reactivity patterns, we prepared and examined two other bis-triphenylalkoxyphosphonium salts, 
12 
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5 and $.13 The dihydro derivative of Lb, 5, reacted in complete analogy to the above. Reac- 

tions of 2, however , were much more sluggish with negative nucleophiles such as bromide ion. 

Upon ion exchange with bromide ion in acetone only the normal, primary position was substituted 

by the nucleophile. At elevated temperatures in acetone, however, both the normal and neo-pen- - 
tyl primary carbons reacted with bromide ion to produce (lR,3S)-1,2,2-trimethyl-1,3-bis(bromo- 

methyl)-cycle-pentane, which is of some interest as a precursor of natural products. 14 

The reaction of negative nucleophiles with the prepared alkoxyphosphonium salts proceeds 

rapidly in most cases, and with apparent inversion of configuration at carbon. Utilizing (-)- 

menthol, we could easily prepare the optically active triphenyl-(-)-menthoxyphosphonium tri- 

flate.2 The previously noted susceptibility to decomposition of this secondary system prevented 

complete purification but partially purified samples could be conveniently subjected to nucleo- 

philic substitution conditions. In all cases, negative nucleophiles yielded the (+)-neomenthyl 

derivative15 while neutral nucleophiles produced many different products. The most interesting 

example from this set of experiments, was that where hydroxide ion was the nucleophile. One 

could argue that coordination of the hydroxide ion should have yielded a five coordinate phos- 

phorus complex that could then lead to retention of configuration by the mechanism shown below. 

9-H 

PhJP 

LO-menthyl 

> PhsPO + (-)-menthol 

Instead, we observed only (+)-neomenthol which implied that a mechanism involving ion-pairs was 

operative or the five coordinate complex reacted via a a2s + 02a pericyclic reaction. Since 

this latter alternative has been discounted, it would appear that an ion-pair mechanism must be 

given serious consideration.3 
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Figure I 

@ 
PhJP + Tf20 - PhsP-OTf + TfG 

PhJPO + TfzO - Phj-OTf + OTf8 

ROH + Ph,!-OTf ___, Ph&OR + OTf8 + H@ 

CH2X CH O!Ph OTfG 2 3 

CH2X CH O!Ph 2 3 OTfG 

aa X = -OH 

lb X = -O!PhlOTf' 

Lc x = -Cl 

ld X = -Br 

&e X = -1 

Lf X = -0Tf 

ig X = -!PhrOTf@ 

j,h X = -"D OTf8 
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