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and biphenyls can be reduced in the O to — 3 V range, 
but trifluoroethoxy, phenoxy, o-dioxyphenyl, and 
methoxy units cannot. Benzene cannot be reduced in 
the 0 to — 3 V range but, when a phenyl group is bonded 
directly to phosphorus in I or II, the reduction poten
tial is lowered until it is comparable to that of free naph
thalene. This result is consistent with observations re
ported by Santhanam and Bard for triphenylphosphine 
and triphenylphosphine oxide reductions.15 Thus, it 
appears that the reducibility of the phenylcyclophos-
phazenes I and II results from derealization effects in
volving the phenyl groups and the skeleton. 

This interpretation is confirmed by the esr data. The 
spectra derived from III, IV, and V can be rationalized 
in terms of hyperflne splittings within each discrete side 
group unit only. For example, the spectra are similar 
to those of />-nitroanisole, or the appropriate disub-
stituted naphthalenes. Presumably the oxygen atoms 
effectively insulate the reduced organic aromatic com
ponent from the phosphazene ring. This is further 
confirmed by the nonreducibility of [NP(OC6H5)2]3 and 
[NP(OC6H6)2]„below-3V. 

However, the esr singlet obtained from I and II 
must indicate derealization of the unpaired electron 
either within a C6H5-P-C6H5 unit or into the phos
phazene skeleton as a whole. Interaction within a 
C8H5-P-C6H5 segment could give rise to as many as 150 
lines (648 lines if the phenyl groups are nonequivalent), 
and this is probably beyond the resolution limit for this 
system. Derealization involving the whole skeleton2-4 

is also possible, but the failure of the skeleton to reduce 
when aliphatic substituents are present, coupled with the 
almost identical results obtained from [NP(C6H6)2]3 and 
[NP(C6H5)2]4, and the inability of long-chain species such 
as [NP(OC6Hs)2],, and [NP(OCH2CF3)2]re to stabilize an 
unpaired electron, force us to the view that extensive 
skeletal derealization does not occur under these con
ditions. It appears more likely that in phenylphospha-
zenes an unpaired electron can be delocalized within a 
C6H5-P-C6H5 unit or, at the most, into a very short ad
jacent skeletal segment.1>8 

A more detailed discussion of these results and of 
additional work now in progress will be given in a sub
sequent publication. 
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Steric Effects in or/Ao-Substituted Triarylmethanes 

Sir: 

Triarylmethane derivatives in which all ortho posi
tions have bulky substituents reflect1-3 in their chemical 
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and physical properties the effects of the large non-
bonded interactions between ortho substituents. Com
pound 1 (Figure 1), mp 156-157°, was prepared from 
dimesitylcarbinol and 1,3,5-trimethoxybenzene by treat
ment with sulfuric acid in acetic acid. It shows un-
precedentedly large interactions of this sort (a) in nmr 
evidence for hindered rotation, (b) in JI .C-H for the 
methane proton, and (c) in a structure determined by 
X-ray crystallography. 

Below —30° compound 1 shows three peaks (with 
areas 3:6:3, separated by about 12 Hz at 60 MHz) 
for four nonequivalent o-methyls and two peaks (of 
area 3 and separated by 20 Hz) for two o-methoxyls. 
The methyl peaks coalesce to a single peak near —20°, 
but the methoxyl peaks require a much higher tempera
ture, near 145°. Line-shape analyses4 over the tem
perature range 118-—176° for the nmr signals for the 
o-methoxyl groups show AH* = 17.7 ± 0.4 kcal/mol 
and AS* = —9.8 ± 1.0 eu for the process intercon-
verting exo- and em/o-methoxyl groups. These data 
suggest the importance in solution of a distorted pro
peller conformation similar to that established by X-ray 
analysis for crystalline 1. The higher energy barrier 
for the position exchange of methoxyl groups than for 
methyl groups in 1 is in accord with the order of size 
(CH3 > OCH3) established from rate data for biphenyl 
racemization5 and from consideration of the relative 
van der Waals radii of oxygen and methyl groups6 if 
the detailed mechanism for rotation about the Ca-aryl 
bond is considered. Individual steps in this rotation 
must involve a reversal of the pitch of the propeller, 
with simultaneous 90° rotations of each ring about the 
Ca-aryl bond. 

The pictured process moves exo-methyl group Zx 

(in la) to an endo position (in lb) and moves Z2 endo 
to exo. No exo-endo interconversion of methoxyl 
groups is effected by this process. It involves a "gear-
meshing" correlation of the rotations of rings A and C 
and of rings B and C.7 The "gear-clashing" correlation 
of rotation of rings A and B which is necessary in this 
mechanism provides the largest steric interaction in the 
transition state, that between endo substituents X2 

(OCH3) and Y2 (CH3). 
The related processes which would interconvert exo-

and encfo-methoxyls in la would involve rings B and C in 
a "gear-clashing" counterrotation with a resulting 
large nonbonded transition-state interaction between 
juxtaposed ewcfo-methyls (e.g., Y2 and Z2) in the transi
tion state. This interaction would be expected to be 
less favorable than the methyl-methoxyl interaction 
in the pictured process (la -»• lb) which exchanges 
methyls. 

As expected, the rotation of the methoxylated rings 
in 2, which involves only the much smaller methoxyl-
methoxyl interactions, is much faster, AH* = 8 ± 1 
kcal/mol and AS* = —10 ± 5 eu (over the range —69 
to — 81 °)8 as established by the line-shape analysis of the 
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Figure 1. A mechanism for the conformational change involving 
exo-endo exchange of groups Zi and Z2 for compounds 1 (X = 
OCH3; Y = Z=-- CH3) and 2 (Xi = X2 = Yi = Y2 = Zi = Z2 = 
OCH3; X3 = Y3 = Z3 = H). 

methoxyl signals (which are separated by 21 Hz at 
-90° ) . 

The expected opening out of the central C-C-C bond 
angles, to relieve these large nonbonded interactions, 
should reduce the s character in the methine C-H bond 
and hence reduce /UC-H-9 This is seen in values mea
sured on samples of triarylmethanes enriched (ca. 65 %) 
in carbon-13 at the central position: triphenylmethane, 
126 Hz; 2,126 Hz; and 1, 119.5 Hz. The less strained 
members of the series show the same /HC-H as does 
methane, but 1 has a value comparable with that seen9b 

for cyclodecane (119 Hz), where the average C-C-C 
bond angle is 116.5 °.10 

Crystals of 1 belong to the monoclinic system, with a 
= 15.72 (4), b = 8.36 (2), c = 20.25 (5) A, and /3 = 
116° 0' (20'), as determined on a. precession camera 
with Mo K a radiation (X 0.7107 A). The space group 
is P2i/c and there are four molecules of 1 in the unit 
cell. A total of 3445 independent structure amplitudes 
was obtained by visual estimates of equiinclination 
Weissenberg photographs at 4° (Cu Ka radiation). 
The structure was solved by the symbolic addition 
procedure11 and has been refined including hydrogen 
atoms to an R factor of 0.10 on all observed reflections 

give AG*-57° = 11.1 kcal/mol, in reasonable agreement with these re
sults. 
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(see Figure 2). The average esd in C-C bond lengths 
is ±0.007 A, and in C-C-C angles is 0.3°. 

Methyl groups C(17) and C(26) and methoxyl group 
0(3) are endo in Figure 2. The three C-C-C angles 
around the central carbon atom, while all being greater 
than tetrahedral, are substantially unequal: C(I)-
C(IO)C(Il) is 116.1, C(ll)C(10)C(20)is 117.8, and C(I)-
C(10)C(20) is 112.1°. The central carbon atom, C(IO), 
is 0.333 A from the plane defined by C(l),oC(ll), and 
C(20); this distance compares with 0.51 A to be ex
pected if the C-C-C angles^ were tetrahedral and the 
C-C distances were 1.53 A. The C(aromatic)-CH3 

(endo) intramolecular contacts bespeak of significant 
repulsions, with the C(I)-C(17) and C(ll)-C(26) dis

tances being 2.927 (7) and 2.966 (8) A, respectively, 
compared to the sum of the appropriate van der Waals 
radii of 3.70 A;« the C(20)-O(3) contact is 2.762 (6) A, 
which is 0.36 A less than the sum of the van der Waals 
radii. The greater steric interference involving the 
aromatic ring and the endo-methyl groups is responsible 
for the greater opening out of the C(I)C(IO)C(Il) and 
C(11)C(10)C(20) angles when compared to the C(I)-
C(10)C(20) angle which is forced apart by the somewhat 
lesser aromatic-e«fifo-methoxyl interaction. Another 
result of these steric interactions is the increase in endo-
C-C-C angles external to the ring (average 125.7°) 
involving C(IO) over the corresponding exo-C-C-C 
angles (average 117.4°). The latter distortions imply 
the action of a torque at C(I), C(Il), and C(20) which 
should accentuate bond bending in the C-C bonds 
about C(IO). While the X-ray data point up the in-
appropriateness of the various high-symmetry models93 

relating JUC-K to bond angles, if one simply takes the 
average of the three central C-C-C angles (115.3°) 
and applies Mislow's equations for C3v symmetry,93 

the calculated interorbital angle is 110° 17' correspond
ing to a /HC-H of 113.9 Hz. The inverse calculation, 
starting with the observed JUC-H (119.5 Hz), gives an 
interorbital angle of 109° 52' and an internuclear angle 
of 112° 14'. The amount of bond bending in this 
molecule appears to be substantially greater than pre
dicted93 by a correlation fitting numerous other data. 

The bending of the central C-H bond may also be 
important in reducing /UC-H- The C(IO)-H(IO) vector 
is not perpendicular to the C(I), C(Il), C(20) plane. 
The C(I)C(IO)H(IO) angle is 92 (3)°, indicating that 

Figure 2. Stereoscopic drawing of 1 viewed along the b axis. The spheres depicting the atoms in the molecule are of uniform size and do 
not represent the magnitude of the thermal vibrations of the various atoms. 
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the hydrogen is forced away from the C(19) and C(28) 
methyl groups toward the 0(1) methoxyl group; 
the 0(I)-H(IO) contact is 2.10o(6) A, while the sum of 
the van der Waalsradiiis2.60A.6 '12 
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Solvolysis of 
l-Hydroxymethylcyclopropanemethanesulfonic Acid 
Sultone, a Cyclopropylcarbinyl Derivative 
with an Oriented Leaving Group 

Sir: 

Despite the extensive investigations on the carbo-
nium ion reactions and rearrangements of cyclopropyl
carbinyl compounds,1 it has not been possible to define 
precisely the character of the solvolytic transition 
state(s) or the structure of the product-forming inter
mediate^). 2 Recent studies have been concerned with 
structurally rigid precursors of various designs10'3 and 
the mechanism of the cyclopropylcarbinyl to cyclo
propylcarbinyl rearrangement.4,6 

Although the 1,2 bond of the cyclopropane ring 
clearly participates in rearrangements leading to cy-
clobutyl and allylcarbinyl products, the 2,3 bond be
comes involved in the overall cyclopropylcarbinyl-
cyclopropylcarbinyl isomerization process. In order 
to examine the possibility of direct participation by the 
2,3 bond,6 we have prepared the cyclopropylcarbinyl 
sultone 1. In this structure, the sulfonate leaving 
group is fixed in an orientation which would seem most 
favorable for involvement of the electron pair of the 
2,3 bond in the ionization process. The 1,2 bond is, 
however, considerably skewed from the apparently 
optimal geometry for concerted participation. For ex
ample, ionization of 1 without bond rotation would 
give an "in-plane" cyclopropylmethyl cation7 (or pos
sibly a tricyclonium ion8). In order to attain the "bi-

(1) For references to the earlier literature see (a) P. von R. Schleyer 
and G. W. Van Dine, / . Amer. Chem. Soc, 88, 2321 (1966); (b) J. E. 
Baldwin and W. D. Foglesong, ibid,, 90, 4303, 4311 (1968). 
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(8) R. H. Mazur, W. N. White, D. A. Semenow, C. C. Lee, M. S. 

sected"9 (out of plane7) conformation, the 1,1' bond 
must rotate through an angle of 90 °.10 
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1-Hydroxymethylmethanesulfonic acid sultone (1) 
was synthesized by the route outlined below. The 
tosylate 2 1 2 was converted to the thiocyanate 3 (82%, 
''max 2140 c m - 1 ) 1 3 by reaction with sodium thiocyanate 
in refluxing 9 0 % ethanol. Reduction with lithium 
aluminum hydride (or deuteride) in ether affords 1-
mercaptomethylcyclopropanemethanol (4 or 4-^2) in 
73 % yield. The sultone 1 or Vd2 is obtained by direct 
oxidation with 4 equiv of m-chloroperbenzoic acid in 
methylene chloride [yield 5 6 % ; mp 36.5-38°; vm^ 1340, 
1160 c m - 1 ; 5 C D C l j 0.90 and 0.97 (2 m, 4 H), 3.26 (s, 2 H), 
4.28 (s, 2 H)].1 4 

CH.OTs 

CO,Et 

CH,SCN 

CO, Et 

CH2SH 

CH2(D2)OH 

4 (4-rf2) 

1 OW2) 

Hydrolysis of sultone 1 (ca. 1 M) in 7:3 v/v acetone
s-deuterium oxide at 50° produces a mixture of two 
sulfonic acids, 5 [40%; S 0.62 and 0.70(2 t,J = 1.5 Hz; 
4 H), 2.93 (s, 2 H), 3.57 (s, 2 H)] and 6 [60%; 5 1.5-2.5 
(m, 6 H), 3.16 (s, 2 H)], which could be isolated as a 
mixed phenylhydrazine salt (80 %; mp 156-163 °). The 
ratio 5:6 remains constant throughout the hydrolysis 
and is unchanged by the presence of an equivalent 
amount of urea. Hydrolysis in the presence of 1.1-1.2 
equiv of sodium hydroxide affords the cyclopropyl prod
uct exclusively (phenylhydrazine salt, 66%; mp 147-
148°). 

DO 
CH2SO3D 

A ^ CH..OD 

CH2SO3D 

OD 

The deuterated sultone l-d2 hydrolyzes to 60% 6-d2 

(not possible to locate the deuterium) and 5-d2 with the 
label in both the carbinyl position (29 %) and in the cy-
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predicting that both the in-plane and pyramidal configurations for the 
cyclopropylmethyl cation should be less stable than the out-of-plane 
conformation. 
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