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A further analysis, including spectra taken at 35 GHz, 
seems to be needed before a complete model could 
be given of the anion radicals fixed to the resin by the 
carboxylic group. 

Further investigations are in progress with ion ex
changers with different exchange groups and with 
other nitroxide radicals in addition to that so far 
used. 
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Intermediacy of Metal-Olefin Complexes in 
Cycloaddition and Insertion Reactions at Transition 
Metal-?? '-AlIyI Bonds 

Sir: 

Synthetic aspects of cycloaddition and insertion 
reactions of transition metal-?? 1-allyl complexes have 
been the subject of a number of investigations. '•2 More 
recently, interest has developed in the mechanism of 
these processes.2-4 Although it is generally accepted2-4 

that they proceed through a dipolar metal-olefin inter
mediate, no direct evidence has been presented in sup
port of this hypothesis.5 Herein we wish to report 
spectroscopic detection and isolation as the cationic 
T?2-(allyl sulfone) complexes of such zwitterionic inter
mediates. 

Reactions of ^-C3H5Fe(CO)2(Tj'-allyl) (la-d) with 
SO2 are known to afford S-bonded sulfinato complexes 
(2a-d, respectively).7-9 We now find that freshly pre
pared (5-10-min old) solutions of la-d (~7 X 1O-3 M) 
in neat SO2 at —35 to —18° show two intense vc=o 
ir bands at 2085-2078 and 2050-2040 cm-1.10 These 
frequencies are much too high to be attributed to the 
parent r^-aHyl complex (2018-2005, 1962-1945 c m - 1 ) " 
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but are virtually identical with those of several cationic 
complexes containing ?75-C5H5Fe(CO)2(?72-olefin)+ or 

FeCH2C( R)=CR'R" \kJf-Fe— S( C3H2RR'R") 

1 2 

a, R = R' = R" = H 

b,R = R' = H ; R " = CH3 

c,R = H; R' = R " = CH3 

d,R = CH3;R' = R " = H 

7?6-C5H5Fe(CO)2C?72-allene)+.6'11 Storage of these solu
tions leads to the appearance and growth of the vc=0 

absorptions of 2a-d78 at 2066-2065 and 2022-2020 
cm""1, as the intensities of the original bands decrease. 
The two sets of the Pc=O absorptions attain comparable 
intensities as a function of the allyl fragment in the 
order: Ic (100 min, -35° ) ~ Id (110 min, -35° ) 
> lb (120 min, -18°) > la (~200 min, - 1 8 °). In the 
spectra of la in SO2 there also appear, and increase in 
intensity, a broad band at 1967-1960 cm - 1 and a shoul
der at ~2005 cm - 1 ; corresponding absorptions are not 
discernible for SO2 solutions of lb-d. 

Low-temperature nmr spectra of freshly prepared 
SO2 solutions of la-d in the C5H5 proton region (T 
4.0-5.5) show a strong resonance at r 4.30-4.40 which 
is assigned to the reaction intermediate. The position 
of this signal is compatible with the positive charge on 
the iron as, e.g., in ri5-C5H5Fe(CO)2(i7

2-olefin)+.6 Upon 
storage of the solutions of lb-d at —40 to —22°, the 
resonance at T 4.30-4.40 decreases and another reso
nance, due to 2b-d,7'8 respectively, appears and grows at 
T 4.75-4.78. The nmr spectrum of the SO2 solution of 
la undergoes the following changes with time at 
— 22°.12 The signal at r 4.36 decreases in intensity 
and resonances appear at r 4.78 (due to 2a) and 5.00. 
This is followed by a gradual appearance of yet another 
signal, at r 5.03, and diminution of intensity of the peak 
at T 5.00. After the signal at r 4.36 has virtually dis
appeared, the combined intensity of the resonances at 
T 5.00 and 5.03 remains constant, with the latter in
creasing and the former decreasing. The limiting 
spectrum (~5 days) shows only the peaks at T 4.78 and 
5.03. 

On the basis of the above spectroscopic data and 
virtual lack of conductivity of a freshly prepared SO2 

solution of la,13 the observed reaction intermediates 
are assigned zwitterionic structures 3a-d. This assign
ment is strengthened by the preparation and charac
terization of 4a via reaction of 3a (from 1.0 g, 4.7 mmol, 
of la) in neat SO2 (5 ml) with (CHa)3O+BFr (~6 
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mmol).15 4a16 was isolated in 70% yield as a yellow 
solid, mp 130° dec. Similarly prepared, by treatment 
of 3a with (C6H5)3CC1 and addition of NH4PF6, was 
5a,18 mp 135-136° dec. In contrast, treatment of 3a 
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with CH3OSO2F (or HCl gas) unexpectedly affords 
known6 6a. 

Whereas rapid removal of the SO2 from freshly pre
pared (or aged) solutions of lb-d yields only 2b-d, 
respectively, similar treatment of the SO2 solution of 
la affords some (5 %) 2a and another 1:1 adduct of 
la and SO2, 7a. 7a, a yellow solid, mp 62-65°, is 
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monomeric19 and the suggested structure receives sup
port from the ir and nmr data.20 Surprisingly, 7a 
polymerizes on storage in SO2, CHCl3, or CH2Cl2. 
Initially, soluble dimeric and/or trimeric species can 
be isolated,21 mp 150-160° dec. They show a new 
C5H5

 1H nmr signal,22 a richer vso ir region,23 but vir-

(15) The same synthesis of 4a was mentioned in a recent review.2d 

(16) Anal. Calcd for CuH13FeO4SBFi: C, 34.42; H, 3.41; S, 
8.34. Found: C, 34.17; H, 3.31; S, 8.22. AM = Hl ohm-' cm' 
(~5 X 10-i M, acetone)," ir cr .o 2072, 2041, eSo 1302, 1139 cm"1 

(Nujol); 1H nmr (PF6" derivative of 4a) C5H6 r 4.00 s, CH3 6.95 s 
(deuterioacetone). 

(17) Molar conductivities of ~ 1 X 1O-3 M solutions of 1:1 electro
lytes in acetone fall in the range of 100-150 ohm - 1 cm2; see M. B. 
Reynolds and C. A. Kraus, J. Amer. Chem. Soc, 70, 1709 (1948). 
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Found: C, 51.80; H, 3.76; S, 4.57. AM = 134 ohm"1 cm2 (~5 X 
10~4 M, acetone), ir KC=O 2081, 2039, vso 1296, 1127 cm"1 (Nujol); iH 
nmr CsH6 r 4.10 s (deuterioacetone). 

(19) Calcd molecular weight for CioHioFeOjS: 282. Found: 285-
288 (CHCl3, osmometric). The compound is hygroscopic and was 
handled accordingly in a drybox for this and other measurements. 

(20) Ir yC,o 2012, 1957, xso 1302, 1109 cm"' (KBr), ' H n m r r 5.03 s 
(5 H), 6.5 complex (4 H), 7.8 complex (~1 H) (CDCl3), T 5.00 s (5 H) 
(SO2). 

(21) Anal. Calcd for (GoHioFe04S)2 0r 3: C, 42.58; H, 3.57; O, 
22.69; mol wt, 564 (dimer), 846 (trimer). Found: C, 42.33, 42.41; H, 
3.63, 3.76; O, 22.65; mol wt, 571-577, 604-660 (CHCl3, osmometric). 
The closely agreeing oxygen analysis is particularly important as it 
mitigates the possibility of a sulfonate formulation, (CioHioFeOsS)„ 
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(22) At T 5.03 (SO2) or 5.08 (CDCl3). The rest of the nmr spectrum is 
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tually unchanged ir vc=o band positions. The mass 
spectra (70 eV, 100°) of these associated species con
tain peaks at m/e 190 (C5H6Fe(CO)2CH+ and/or C5H5-
Fe(CO)C3H5

+, intensity 11.7), 162 (C6H5Fe(CO)CH+ 

and/or C5H5FeC3H5
+, intensity 30.2), and 134 (C5H5-

FeCH+, intensity 10.8),24 thus suggesting the presence 
of an Fe-C cr-bond therein. However, the structure of 
the (C3H5S02)2 or 3 sulfone moiety is not evident from 
these data.25 Prolonged storage of 7a in solution 
yields insoluble, presumably more highly associated 
species. It is not obvious to us why 7a should undergo 
this unusual behavior.26 

Two important conclusions emerge from this work. 
(1) It has been demonstrated unequivocally for the first 
time that reactions of TjS-C5H6Fe(CO)2(J? ^aIIyI) with 
SO2, and very likely also with other electrophilic mole
cules such as (CN)2C=C(CN)2, ClSO2NCO, and CF3-
COCF3, inter alia,6 proceed via zwitterionic iron-olefin 
intermediates. Our observation that TJ5-C5H6MO(CO)3-
CH2CH=CH2 interacts similarly to la with SO2 sug
gests that such behavior is general of transition metal-
771-allyl complexes. (2) It is noteworthy that the rates 
of the rearrangement of the iron-olefin intermediates 
(3a-d) to the S-sulfinato products (2a-d, respectively) 
tend to increase with the increasing extent of alkyl 
substitution in the olefin fragment. This trend is con
sistent with transition metal-olefin bonding being de
stabilized by such alkyl substitution,27 thus rendering 
the olefin more labile toward SNI or SN2 displacement. 
Significantly, the least alkyl-substituted zwitterionic 
iron-olefin intermediate, 3a, is the slowest to dissociate 
to yield 2a. It is also the only intermediate which 
rearranges via cycloaddition, very likely because the 
iron binds this olefin most strongly and hence activates 
it best toward nucleophilic attack by the sulfinate oxygen 
or sulfur. 
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(24) Intensity of C5H6Fe+ = 100. The m/e 134 peak may alterna
tively be assigned to CeHsFe+, as suggested by a referee. However, we 
consider the presence of such an ion very improbable, especially since 
CeH6- is not observed in the spectrum. 

(25) Attempts are now being made to elucidate the structures of 7a 
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On the Problem of Assigning Values to Energy Changes 
of Electrode Reactions 

Sir: 

Unlike ionization potential or electron affinity mea
surements, the energy change during an electrode reac
tion is never assigned a real value but rather it is always 
necessary to refer the potential to that of a reference 
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