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This is ruled out, however, because ionic addition to 
2,4-dehydroadamantane has been studied and is known 
to give not 4 but 7.9 Alternatively, an unprecedented 
heterolytic photocleavage could have occurred in the 
polar solvent methanol giving an adamantyl cation 
which could have added methanol to form ether 4. 
This explanation is satisfactory for ester 2 but not for 
ester 3. The latter would give the 2-adamantyl cation 
which is known not to rearrange10 but to give ether 7 
which was not observed. 

The evidence leaves little doubt that adamantene was 
formed. It is interesting to note that similar but un
successful attempts to generate this alkene from ketone 
precursors have been reported during this study.4 Pos
sibly the higher singlet excitation energy of esters ac
counts for this diflferent behavior. Further studies are 
now in progress to increase the alkene yield6 and to 
detail the properties of adamantene. 
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Phosphoranes as Nonobligatory Intermediates 
in Reactions of Alkoxyphosphonium Salts 

Sir: 
A number of reactions exist in the field of organo-

phosphorus chemistry which involve the formation of an 
alkoxyphosphonium salt intermediate followed by de-
alkylation to the corresponding phosphoryl compound.1 

A few well-known examples of these reactions would 
include the Arbusov reaction,2 the Perkow reaction,3 as 
well as the acid-catalyzed hydrolysis of phosphorus 
esters.4 In general, the dealkylation step involves a 
nucleophilic displacement at carbon of the alkyl group, 
with C-O bond cleavage. 

In other reactions of alkoxyphosphonium salts such 
as alkaline hydrolysis,66 the nucleophile attacks at 
phosphorus rather than at carbon resulting in P-O bond 
cleavage. The possibility exists that many nucleo-

(1) For recent reviews which include many examples, see R. F. 
Hudson, "Structure and Mechanism in Organophosphorus Chemistry," 
Academic Press, New York, N. Y., 1965; A. J. Kirby and S. G. Warren, 
"The Organic Chemistry of Phosphorus," Elsevier, New York, N. Y., 
1967; "Organophosphorus Chemistry," S. Trippett, Ed., The Chemical 
Society, London: Vol. I, 1970; Vol. II, 1971; Vol. Ill, 1972. 

(2) A. Michaelis and R. Kaehne, Chem. Ber., 31, 1048 (1898); 
A. E. Arbusov, J. Russ. Phys. Chem. Soc., 38, 687 (1906). 

(3) W. Perkow, K. Ollerich, and F. Meyer, Naturwissenschaften, 39, 
353 (1952). 

(4) W. Gerrard, W. J. Green, and R. A. Nutkins, / . Chem. Soc., 
4076 (1952); L. Keay, J. Org. Chem., 28, 1426 (1963). 

(5) G. Zon, K. E. DeBruin, K. Naumann, and K. Mislow, / . Amer. 
Chem. Soc., 91, 7023 (1969); R. A. Lewis, K. Naumann, K. E. DeBruin, 
and K. Mislow, Chem. Commun., 1010 (1969). 

(6) K. E. DeBruin and K. Mislow, J. Amer. Chem. Soc., 91, 7393 
(1969). 

philes, which ultimately react at carbon with C-O bond 
cleavage, may prefer attack at phosphorus to form a 
pentacoordinate intermediate but are prevented ener
getically from displacing the relatively poor alkoxy 
leaving group. Instead, return to phosphonium salt 
with subsequent attack at carbon would be the overall 
lower energy pathway. Thus, a pentacoordinate phos
phorus intermediate may be involved only as a non-
obligatory intermediate in the reaction of nucleophiles 
with alkoxyphosphonium salts. 

We decided to test the possibility of a reversible 
phosphorane formation in competition with nucleo
philic attack at carbon by investigating the stereo
chemistry of the reaction of various nucleophiles with a 
chiral phosphonium salt. Formation of the stereo-
chemically nonrigid phosphorane7 could lead to loss of 
stereospecificity in the overall reaction, rendering the 
phosphorane operationally detectable. Our results 
indicate that the reaction of nucleophiles with an acyclic 
dialkoxyphosphonium salt, menthoxymethoxymethyl-
phenylphosphonium tetrafiuoroborate (1), resulting in 
eventual C-O bond cleavage may proceed with either 
complete retention of configuration at phosphorus or 
loss of stereospecificity, depending on the nature of the 
nucleophile. 

Pure (S)p-1
89 (mp 67-69°), prepared by O-methyla-

tion10 of (S)p-menthyl methylphenylphosphinate, (S)p-
2 , u was mixed with an equal molar amount (1 mmol) of 
the various nucleophiles in the solvents (10 ml) listed 
in Table I. After ca. 10 min, work-up by diluting 
with dichloromethane (100 ml), extracting with water,12 

drying, and reconcentrating under vacuum resulted in 
the quantitative formation of 2. Thus cleavage of the 
0-CH3 bond is the exclusive mode of reaction. The 
product stereochemistry was identified by 1H nmr11 

and the results are indicated in Table I. The product 

Table I. Stereochemistry of the Products from the 
Reaction of (S)p-1 with Various Nucleophiles 

Nucleophile 

I- (Li+) 
Br- (Li+) 
Cl- (Li+) 
F- (Li+) 
PhNH2 
/-PrNH2 
Pyridine 
Et3N 

° Acetone. 

Sol
vent 

a 
a 
a 
b 
b 
b 
b 
b 

-—Products—• 
(S)P-2 

100 
100 
100 
60 

100 
60 

100 
60 

b Dichloromethane. 

(*)p-2 

0 
0 
0 

40 
0 

40 
0 

40 

Stereochemistry 

Retention 
Retention 
Retention 
Epimerization 
Retention 
Epimerization 
Retention 
Epimerization 

phosphinate, 2, was stereochemically stable to the 
reaction conditions, indicating that any loss in stereo-
specificity at phosphorus must have occurred prior to 
product formation.13 

(7) E. L. Muetterties, Accounts Chem. Res., 3, 266 (1970); K. 
Mislow, ibid., 3, 321 (1970). 

(8) The configuration notations (S)p and (R)p refer to the stereo
chemistry at phosphorus. 

(9) The 1H nmr spectrum (CH2Cl2) of (S)p-1 featured PCH3 (d, 
S 2.5, /HCP = 14 Hz) and POCZf3 (d, 8 4.2, /HCOP = 12 Hz). 

(10) K. E. DeBruin and J. R. Petersen, / . Org. Chem., 37, 2272 
(1972). 

(11) O. Korpiun, R. A, Lewis, J. Chickos, and K. Mislow, J. Amer. 
Chem. Soc, 90, 4842 (1968); R. A. Lewis, O. Korpiun, and K. Mislow, 
ibid., 90, 4847 (1968). 

(12) (S)p-l in the absence of a nucleophile is stable to these work-up 
conditions. 
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A common feature of any reasonable mechanism 
which can explain epimerization at phosphorus in the 
presence of a nucleophile involves bond formation be
tween the nucleophile and the phosphorus atom. Two 
mechanisms can be advanced involving the formation 
of a pentacoordinate intermediate (phosphorane). 
This intermediate, by virtue of its stereochemical non-
rigidity, can isomerize14 prior to re-formation of the 
phosphonium salt, resulting in epimerization. Alter
natively, this phosphorane can react with a second mole 
of nucleophile to form a hexacoordinate species which 
may be achiral at phosphorus (trans arrangement of the 
two nucleophiles). This latter mechanism is difficult to 
rule out; however, it is important to point out that in 
one case17 where nucleophilic substitution at penta
coordinate phosphorus has been observed and postu
lated to proceed through a hexacoordinate intermediate 
or transition state, displacement of the equatorial 
ligands was the preferred pathway. Thus, if the as
sumption is made that the first addition of a nucleophile 
to the phosphonium salt occurs in the axial position,18 

the second nucleophile would add to form the octahe
dral intermediate or transition state of the cis configura
tion. This species is chiral and would not lead to epi
merization at phosphorus without further rearrange
ments. 

A third mechanism, which has been postulated in 
similar reactions,5'19 involving multiple displacements at 
phosphorus (eq 1), is less likely from our results. It 

(i) 

has been observed in the alkaline hydrolysis of (S)P-1 
(displacement at phosphorus) that appreciable (26%) 
loss of the menthoxy group occurs. Thus in the above 
system, one would expect crossover to occur in re
formation of the dialkoxyphosphonium salt, leading to 
dimethoxymethylphenylphosphonium tetrafluoroborate 
(3). The formation of methyl methylphenylphos-
phinate (4) by eventual C-O cleavage of 3 was not de
tected. 

Our results above have indicated that certain nucleo
philes in fact prefer to react at phosphorus rather than 
at carbon in the dialkoxyphosphonium salt 1 and that 
this attack is, in certain cases, stereochemically de
tectable. There appears to be a close analogy between 
the ability of a nucleophile to induce epimerization at 
phosphorus and its classification according to the 
empirical concept of hard and soft acids and bases.20 

(13) We have not been able to purify (R)p-1 to the degree necessary 
to establish that the 60:40 ratio of (5)p-2 :(i?)p-2 reflects complete loss 
of stereospecificity. 

(14) Two popular mechanisms for this process are Berry pseudo-
rotation15 and turnstile rotation.16 

(15) R. S. Berry, / . Chem. Phys., 32, 933 (1960). 
06) I. Ugi, D. Marquarding, H. Klusacek, G. Gokel, and P. Gil

lespie, Angew. Chem., Int. Ed. Engl, 9, 702 (1970); P. Gillespie, P. 
Hoffman, H. Klusacek, D. Marquarding, S. Pfohl, F. Ramirez, E. A. 
Tsolis, and I. Ugi, Ibid., 10, 687 (1971); I. Ugi, F. Ramirez, D. Mar
quarding, H. Klusacek, and P. Gillespie, Accounts Chem. Res., 4, 288 
0971). 

(17) F. Ramirez, G. V. Loewengart, E. A. Tsolis, and K. Tasaka, 
J. Amer. Chem. Soc, 94, 3531 (1972). 

(18) F. H. Westheimer, Accounts Chem. Res., 1, 70 (1968). 
(19) D. B. Denney, A. K. Tsolis, and K. Mislow, / . Amer. Chem. 

Soc, 86, 4486 (1964). 
(20) R. G. Pearson and J. Songstad, ibid., 89, 1827 (1967). 

Scheme I demonstrates this analogy. Apparently, in 

Scheme I 

Me., + .OR 

P h ^ V OR' 

-.N- Me.^ + ^ N 

^' ?\f X0R *~ 

N 
Me. I 

^ j P - O R 

N 

Nucleophile 

I 
Br" 

cr 
Pyridine 

PhNH2 

F" 

J-PrNH2 

Et5N 

HO" 

RO" 

Mod e of 
reaction 

_ 

C-O 
cleavage 

" 
+ 

P-O 
cleavage 

_ 1 

Stereochemistry 
_ „ _ _ 

Retention 

~ 

Epimerization 

Hard-soft 
designation 

Soft 
• 
i 

I 
Borderline 

L 

Hard 

• 

the terminology of the HSAB concept, the phosphorus 
acts as a "hard" acid while the carbon is "soft" or 
"borderline" in this system. It should be pointed out 
that our stereochemical probe is not able to detect 
phosphorane formation of insufficient lifetime to under
go the further transformation necessary to yield epi-
merized phosphonium salt. Thus, the change in 
stereochemistry of the displacement reaction as a func
tion of the nucleophile may not directly reflect the 
change in mode of addition of a nucleophile to the 
phosphonium salt. We are presently undertaking 
studies to test the validity of this doubt. 
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Evidence for a Steric Effect on Directly Bonded 
Carbon-Fluorine and Carbon-Proton Nuclear 
Magnetic Resonance Couplings1 

Sir: 

Systematic investigations of the proton nmr spectra 
of a number of alkenes, cycloalkenes, and aromatic 
hydrocarbons have demonstrated that various types of 
steric distortions affect the magnitudes of proton-
proton coupling constants.2-6 In the case of the cis-
vicinal vinylic coupling, VHH, both experimental results 
and approximate theoretical treatments46 of all the 
reasonable types of strain-induced molecular distortions 
suggest that in-plane C=C—H bond angle changes 

(1) Presented in part at the 162nd National Meeting of the American 
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