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BQ+-* + S — BQ + S+-* (1) 

It is also feasible, however, that polarization of the sulfur radical 
cation derives directly from a primary photochemical charge-
transfer reaction: 

BQ + S - ^* BQ--* + S+-* (2) 

Indeed, much of our previous effort in CIDEP studies of qui-
none/organometal systems11'12 involves such a primary charge-
transfer mechanism. Nevertheless, in the present model sulfur 
system BQ-- and the semiquinone radical have not been observed 
in all the experiments. Furthermore, in a majority of the ex­
periments, both BQ+-* and S+-* radical cations are clearly ob­
servable simultaneously, since their g factors are substantially 
different. Both BQ+-* and S+-* exhibit the totally emissive po­
larization, consistent with the photochemical triplet mechanism 
and the secondary polarization transfer in (1). 

All experiments were performed at room temperature except 
in cases in which T1 of the organosulfur cation radicals are too 
short for CIDEP measurements. Samples were contained in Pyrex 
tubings and sealed off under high vacuum. ESR observations were 
made on a Varian E3 X-band spectrometer with 100-kHz field 
modulation for cw experiments. Time-resolved CIDEP experi­
ments were carried out by using a megawatt nitrogen laser and 
direct ESR detection, as previously described.16 The transient 
polarization was analyzed to obtain Tx. The detailed analysis 
reported earlier16'17 showed that the ESR signal h(i) at time t from 
a CIDEP spectrometer with a unique exponential response is 

h(t) = 6, + V x " + bie'h' + V~' / T 

where constants bh b2, b}, and 64 are related to the initial po­
larization, the equilibrium polarization, the amplitude B1 of the 
microwave magnetic field, the instrument response time T, and 
the parameters X1 and X2. The X1 and X2 respectively approach 
Tf1 and T2

-1 as the microwave power approaches zero. In our 
experiments when T1 is significantly longer than T2 and r, an 
estimate of T1 can be reliably obtained by extrapolating measured 
decay times for a sequence of low microwave powers to zero power. 

The organosulfur compounds studied in this report include 
thianthrene, phenothiazine, thioxanthen-9-one, dibenzothiophene, 
4,4'-thiodiphenol, and thianaphthene. With the exception of the 
last compound, all of these radical cations exhibit totally emissive 
polarization and their 7Ys are reported in Table I. For thia­
naphthene, although no transient CIDEP could be detected, it 
was clear that reaction 1 took place in cw experiments. The lack 
of observable polarization in this case could be due to the much 
shorter T1 for this sulfur radical cation and/or the slower 
charge-transfer reaction between BQ+-* and thianaphthene. It 
is worth pointing out that in the same system, the polarization 
from BQ+-* was indeed observable. T{& of the other organosulfur 
cation radicals are also relatively short, as compared to the 
"smaller" BQ+- radical cation in the same system. Our earlier 
theoretical analyses17,18 showed that T1 is sensitive to both the 
molecular size and the number of rings in the semiquinone radicals. 
This may have some bearing on the difference between the 
"three-ring" and the "two-ring" sulfur compounds. The com­
parison between the thianthrene and benzoquinone probably will 
have to take into account the large spin-orbit coupling of the S 
atom(s), which could contribute to a shorter T1. 

The ESR and CIDEP results presented here clearly define a 
useful model reaction using the simple charge-transfer process 
of a benzoquinone cation radical to organosulfur compounds. The 
charge-transfer reaction studied here can obviously be applied to 
other classes of organic donors. In systems where the specific 
charge-transfer mechanism is complicted by other thermal elec­
tron-transfer processes, application of the time-resolved CIDEP 
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technique should be of great help in delineating the mechanism. 
Current studies include further exploration of the use of related 
solvents other than trifluoroacetic acid as well as other organic 
donors including the sulfoxides. 
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In solution nucleophiles that contain a heteroatom adjacent to 
the reaction center (HOO", ClO-, HONH2, etc.) are found to be 
more reactive toward carbon electrophiles than would be expected 
from their basicity (the a-effect2). For example, in a recent study 
HOO - was shown to undergo SN2 displacement on a methyl group 
10 times faster than does CH3O", despite the greater basicity of 
the latter anion.3 Even larger effects are found for reactions at 
unsaturated carbons.4 The origin of this phenomenon remains 
a subject of active discussion. Some explanations invoke special 
solvation effects such as reduced solvation of the a-nucleophile.5 

More commonly, it is proposed that electronic repulsions between 
the lone pair on the heteroatom and those on the nucleophilic 
center lead to an increase in reactivity for a-nucleophiles,6 and 
a number of workers have advanced quantum mechanical ex­
planations based on this model.7 However, these explanations 
have recently been challenged by Wolfe.8 If the a-effect is an 
intrinsic property of the anion, as these latter explanations suggest, 
it should manifest itself in the gas phase, while if it is due to 
differential solvation, it should not. We report that in the gas 
phase HOO - shows no evidence of an enhanced nucleophilicity, 
as compared to HO - , toward either saturated or unsaturated 
carbon. 

The a-effect is most pronounced for HOO", and the most 
extensive theoretical work has been reported for this anion.7c We 
have been interested for some time in the chemistry9 of HOO" 
and recently reported measurements of its basicity and electron 
binding energy.10 In order to test its nucleophilicity we first 
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Table I. Reaction Pathways with Methyl Formate0 

proton carbonyl SN2 
abstraction, % addition, % displacement, % 

H18O" 61 34 5 
HOO- 64 28 8 

° Both nucleophiles react at the collision rate k = 2.0 X ICT9 cm3 

molecule"1 s"1 for HO" and 1.9 X IfJ"9 cm3 molecule"1 s"1 for HOO". 
The initial product distributions were obtained by extrapolating 
product percentages to zero neutral flow. 

measured the rate of its reaction with methyl fluoride and found 
it to be somewhat less reactive than either HO" or CH3O", as 
would be predicted from its lesser basicity; it therefore displays 
no detectable a-effect in this SN2 reaction. However the rate 
differences are small, and the results could hardly be considered 
as conclusive, particularly since the energy available for reaction 
in each case (the ion-dipole binding energy in the reaction complex 
between the anion and methyl fluoride) will not necessarily be 
the same for each nucleophile. 

A more stringent test would involve a comparison of relative 
rates among competing reaction channels within a single reaction 
complex. For this purpose methyl formate is the ideal neutral 
substrate, for it reacts with bases in three competitive ways, by 
proton abstraction (eq 1), by BAC2 addition to the carbonyl (eq 

HX" + HC(O)OCH3 -* [HXH C(O)OCH3] -* 

HXH-OCH3" + C O (1) 

— HC(O)X" + CH3OH (2) 

— HC(O)O" + CH3XH (3) 

2), and by SN2 displacement on methyl (eq 3).u The first of 
these reactions should not be influenced by the a-effect, while the 
latter two reactions should be. We have therefore compared the 
branching ratios for the reactions12 of H18O" and HOO - with 
methyl formate in the gas phase by using both a flowing afterglow 
apparatus and a recently constructed selected ion flow tube 
(SIFT).13 The results are collected in Table I.14 

The rate-determining step in both of these processes is the 
collision between the ion and the neutral; once the reaction complex 
is formed, both reactions proceed to completion. However, the 
relative rates of proton abstraction, nucleophilic addition to the 
carbonyl group and SN2 displacement on the methyl group, are 
the same for the two anions. Thus HOO" shows no enhanced 
nucleophilic reactivity compared to HO - in the gas phase, and 
we conclude that the a-effect is most likely a manifestation of 
solvent effects. 
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The C = C bond of an olefinic ligand in square-planar, d8 

metal-olefin complexes has generally been accepted,1,2 except for 
(5-methylenecycloheptene)platinum dichloride,3 to lie perpendi­
cular to the coordination plane. The reason for the perpendicular 
or "upright" coordination was ascribed2 primarily to unfavorable 
steric interactions with the cis ligands in the parallel or "in-plane" 
one. Such steric interactions also constitute a major portion of 
the olefin rotation barrier.2 We have recently found that such 
barriers in [Pt(^-CH2CMeCH2)(PPh3)(olefin)]PF6 (l4a olefin 
= CH2=CH2 , la; (£>MeCH=CHMe, lb) are remarkably low 
for a Pt(II)-olefin complex,4b suggesting very small steric re­
quirements arpund the olefin. In addition to this, 1H NMR aspects 
of Ic (olefin = CH2=CHPh; see later) greatly different from those 
of [Pd(^-C5H5)(PPh3)(CH2=CHPh)]PF6 (2),5 of which the 
crystallographic study had revealed6 the upright coordination of 
styrene, prompted us to undertake X-ray structural studies of the 
complexes of type 1. We describe here the molecular structure 
of Ic, which shows the first in-plane coordination of simple mo-
noolefins in square-planar complexes. 

The crystals of Ic belong to the monoclinic system, space group 
PlxIn with unit cell dimensions a = 15.560 (3) A, b = 11.342 
(3) A, c = 17.594 (3) A, and 0 = 110.91 (2)°; dc = 1.744 g cm"3 

for Z = 4.7 This crystal is isomorphous with that of 26 although 
the metal and the ancillary ligand are different in these two. The 
structure was solved8 by the use of that of 2 and refined aniso-
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(8) Because of isomorphism of crystals of Ic with 2, the structure of Ic 
including the PF6 anion was at first assumed essentially similar to that of 2 
except for the methallyl moiety. The atomic coordinates of 2 except for the 
Cp group were employed for the initial atomic positional parameters of Ic. 
By the isotropic refinement, parameters of these atoms were reasonably 
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