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The strain present in l-R-2,2-dimesitylethenols (R = H, Me, Et, i-Pr, t-Bu) is analyzed. The occupied volume 
( P) around a sphere centered on the mesityl o-methyl group closest to R is nearly linearly correlated with AGO 
values for the keto + enol equilibria, with AG* values for rotation around the Mes-C=C bonds, with the torsional 
angle 4 of the mesityl cis to R and with the bond angle R-C==C On increase in the bulk of R the effective 
methyl radii calculated for the closest Me(,%ring)-Me(F-ring) contact decrease below Charton's low value for 
the Me radius while the effective radii for the next to closest contact increase. The increase in the steric bulk 
is demonstrated by cuts through the "van der Waals body" of the molecule when R = H, t-Bu. 

Steric effects dominate the chemical behavior of 2,2- 
dimesitylethenol (la) and ita derivatives 1b-e.2 These 
stable simple enols owe part of their thermodynamic and 
kinetic stabilities to the presence of the two bulky mesityl 
groups. The AGO for the keto + enol equilibria (a ther- 
modynamic phenomenon)? the rotational barriers AG* for 
the correlated two-ring flip around the Mes-C==C bonds 
(a kinetic phenomenon): the Mes-C=C torsional angles, 
and the R-C=C bond angles (a structural phenomenon)'& 
are linearly correlated among themselves and with Taft's 
E, steric parameter of R. The association constants with 
a single DMSO molecule decrease with the increased bulk 
of Re8 

R 
Mes = mesityl Mes, / 

=c\o" 
la: R = H  
b: R = M e  
c: R=E1 

0: R=t-Bu 
d: R=i-Pr 

Hence, it is interesting to apply other representations 
of the steric effect to this system. A graphical repre- 
sentation of the van der Waals body of the molecule, which 
was developed by one of us7*8 recently, demonstrated the 
hindrance of approach of reagents to the double bond of 
1,2-dimesityl-3-methylbuten-l-ol, which results in kinetic 
stability to ketonization? Our success suggested a search 
for correlation between the "occupied volume parameter" 
in this approach and the E, values or the other experi- 
mental parameters mentioned above. 

Method and Terminology. We start by defining a 
measure of steric bulk, or crowdedness, a t  a point within 
the molecular domain. The point which constitutes the 
"anchor of measurement" is taken to be the center of a 
sphere (the "anchor sphere"). Spheres are demarked about 
all atoms in the molecule, at the appropriate van der Waals 
atomic radii. The union of these spheres is the "van der 
Waals molecular body". A portion of this body is circum- 
scribed by the anchor sphere, and ita volume Va, the 
"volume enclosed by the anchor sphere", measures the 
steric bulk about the anchor. It is reasonable to place the 
anchor a t  one of the atoms of the molecule, or a t  several 
atoms successively. A reasonable radius for the anchor 
sphere is 3 A. Smaller and larger radii are less discrimi- 
native because they contain too little or too much of the 
anchor environs, respectively. Va values for typical 
neighborhoods were tabulated,' and the stature of Va 
among other measures of steric bulk has been discussed?$ 

'Deceased, July 15, 1990. 
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Table I. V Values for &Mesityl Methyl Closest to R, AGO 
and AG: Values (kcal mol-l), and R-04 and 

@ - M e s a  Angles (deg) for Enols 1 
@-Mea- 

mole- (hexane, R-C=C torsional 
R cule-') 353.6 K) AGtb bond angleb angle? d 

Va (A3 AGOa C=C 

H 59.2 -2.12 14.2 118.1 50.2 
Me 62.2 0.32 12.6 126.0 55.7 
Et 63.2 0.83 11.95 127.4 58.3 
i-Pr 66.4 0.90 11.7 127.7 60.1 
t-Bu 67.2 3.63 10.4 133.2 63.7 

Reference 2. Reference 3. Reference 4. 

Application to Enols 1. To appraise the steric en- 
cumbrance in enols 1, we calculated Va values a t  various 
atoms of these molecules. The most evident measure is 
the encumbrance about the methyl group closest to the 
substituent R (circled in Figure 1). The P values around 
these anchors were calculated from the crystallographic 
geometries for la-e.' They are listed in Table I, together 
with the AGO (353.6 K, hexaneI2 values for the corre- 
sponding keto enol equilibria, the AG* for the two-ring 
flip process of the Mes2C= moiety, the torsional angles 
4 of the 8-ring and the R-C=C bond angles. One may 
anticipate some geometric relaxation in solution, which 
would modify somewhat the P s .  Plots of AGO, AG*, and 
cos 4 w VB (Figure 2) or a plot of the R-C==C bond angle 
vs Va are nearly linear except for appreciable deviations 
of the isopropyl derivative ld.'O They clearly demonstrate 
that both the extent of enolization and the rotational 
barrier decrease and the appropriate angles increase with 
the increased crowdedness imposed at  the neighboring 
methyl group. 

AGO, AG*, and cos 4 were also linearly correlated with 
Taft's steric parameter E,.2 The two approaches are 

(1) Stable simple enols, part 28. Part 26: Hart, H.; Rappoport, 2.; 
Biali, S. E. In The Chemistry of Enols; Rappoport, Z., Ed.; Wiley: 
Chichester, 1990; Chapter 8, pp 481-589. Part 27: Nadler, E. B.; Rap 
poport, 2. Tetrahedron Lett. 1991,32, 1233. 
(2) Ny!el, D. A.; Rappoport, Z. J. Am. Chem. SOC. 1986, 107,3669. 
(3) Biali, S. E.; Nugiel, D. A.; Rappoport, 2. J. Am. Chem. Soc. 1989, 

111,846. 
(4) Kaftory, M.; Nugiel, D. A.; Biali, S. E.; Rappoport, 2. J. Am. Chem. 

SOC. 1989,111,8181. 
(5) Rappoport, 2.; Biali, S .  E. Acc. Chem. Res. 1988,21, 442. 
(6) Rappoport, 2.; Nugiel, D. A.; Biali, S. E. J. Org. Chem. 1988,53, 

4814. 
(7) Meyer, A. Y. J. Chem. SOC., Perkin Tram. 2 1986, 1567. 
(8) Meyer, A. Y. J. Comput. Chem. 1988, 9, 18. 
(9) Nadler, E. B.; Rappoport, 2. J. Org. Chem. 1990,55, 2673. 
(10) The reason for the large deviations in Figure 3 in not clear, al- 

though it may reflect different conformations of the i-Pr group in the eolid 
state and in solution. 
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Representation of the Strain in 2,2-Dimesitylethenol 
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Figure 1. Designations of methyl groups in enols 1 for which 
interactions were calculated: methyl closest to substituent R 
circled, and "colliding" 8- and 8'-mesityl methyls enclosed in a 
square. 

13 

12 

' 0  
I I I I I I I I  I O  

59 61 63 6 5  67 
V a  

Figure 2. Plots of (i) A G O  (kcal mol-', left-hand scale, 0)  for the 
carbonyl-enol equilibria in hexane; (ii) AG* (kcal mol-', right-hand 
scale, 0) for the correlated rotation of the mesityl rings in the 
Mes2C= moiety; (iii) cos 4 (deg left-hand scale, A), the p- 
Mes-C=C torsional angle vs P (A3 molecule-'). The points for 
i-Pr were excluded when drawing the slopes. 

complementary in the sense that EB measures the potential 
of a substituent R to inflict strain on its environment, 
whereas Va measures the strain that has indeed been in- 
flicted, manifested, e.g., by the higher cos $ and R-C=C 
angles for the bulkier R's. The approximate linearity of 
Va with En indicate that the two factors apparently evolve 
in parallel in 1, and both affect the AG* values by raising 
the ground state and contributing sterically to the rota- 
tional driving force. These results suggest that the skeleton 
is not sufficiently flexible to alleviate some of the strain 
that the substituent can and does bring in. 

Why cannot the mesityl group of 1 rotate without an 
appreciable barrier so as to remove the methyl group 
circled in Figure 1 from a close contact with the substituent 
R? Inspection of space-filling models (which have the 
limitation that the bond lengths and angles are fixed) 
shows that this is mainly due to steric interaction between 
the methyl groups on the two rings during the rotation. 
This observation is corroborated when the distance be- 
tween the Me@-ring) and Me(p-ring), which get into close 
contact, is calculated. For clarity, the close contact is 
enclosed in Figure 1 by a square, but since the MesfLC 
moiety has a propeller conformation, there are two close 
contacts: between the methyl on the @mesityl ring, and 
each one of the methyls on the p-mesityl ring. 

For la, the two close H3C--CH3 contacts are at  3.655 and 
4.273 A. When these numbers are halved, effective methyl 
radii at  the contact of 1.83 and 2.14 A, respectively, are 
obtained. These numbers come into perspective on re- 
calling that the usually quoted van der Waals radius of 
CH3 is 2.0 A, that Charton's range for the methyl radius 
is 1.72-2.23 A,11J2 and that Sternhell's effective methyl 

(11) Charton, M .  J. Am. Chem. SOC. 1969,92,615; 1975,97,1552; Prog. 
Phys. Org. Chem. 1971,8,235. 
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Table 11. Effective Methyl Radius (A)'' at the Two Closer 
Methyl-Methyl Contacts 

R closest contact next to closest contact 
H 
Me 
Et 
i-Pr 
t-Bu 

1.827 
1.782 
1.762 
1.692 
1.644 

2.137 
2.241 
2.328 
2.387 
2.493 

a Half of the crystallographically observed distances.' 

U N I T :  0 . 1  NM 

Figure 3. Cut through the van der Waals body of 2,2-dimesi- 
tylethenol la. 

radius is 1.80 A.13 Consequently, the closer of the close 
contacts is quite close, and even the other contact is still 
closer than the upper limit for a methyl radius. In other 
words, the circled o-Me-H(l) contact in la brings the two 
squared mesityl methyls into a very tight contact. 

The effective methyl radii, as derived from crystal ge- 
ometries: for the two close methyl-methyl contacts in la-e 
(Table 11) show that as R becomes bulkier, the strain a t  
the closer contact increases, while that at  the other close 
contact decreases. We are not aware of antecedents. This 
is not a computational result or a "theoretical prediction", 
since the numbers in Table I1 are simply half of the 
measured C - 4  distances. 

Where are these numbers placed with respect to the 
range? The tightest close contact (1.644 A for le) is well 
below Charton's lower bound (1.72 A)" whereas the least 
tight (2.493 A for le) is well above the upper bound (2.23 
A); the average of the closest sequence 1.827-1.644 A is 1.74 
A, very close to the lower bound while the average of the 
other sequence 2.137-2.493 A is 2.32 A, very close to the 
upper bound. The average of all 10 numbers is 2.03 A, 
virtually identical with Bondi's van der Waals radius of 
the methyl group.14 

We thus conclude (a) that the molecules are inflexible 
because the substituent thrusts the methyls into the closest 
contacts conceivable, and (b) that the strain is partitioned 
among the two contacts in a way determined by the sub- 
stituent R. 

Finally, some of the points made above are demon- 
strated by cuts through the van der Waals bodies of the 

(12) Note that Charton's radii are appropriate values for discussion 
due to the linear relationship between them, and E, values (Galb, R. Prog. 
Phys. Org. Chem. 1983, 14, 115). 

(13) Bott, G.; Field, L. D.; Sternhell, S. J. Am. Chem. SOC. 1980,202, 
5618. 

(14) Bondi, A. J. Phys. Chem. 1964,68,441. 
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tom, right in Figure 4). In addition, circles indicate the 
position of carbons within 0.4 A of the plane of cut. Hy- 
drogens (apart from the hydroxylic) and other carbons are 
not marked. The plane of cut is parallel to the fmt inertial 
plane of the molecule, and passes through an assigned 
anchor atom. The external circle is the anchor sphere and 
to aid in visualization, the figures include an internal 
sphere, of radius r equal to the volume of a sphere of 
volume Va (i.e. r = 3Va/47r)lI3). The more encumbered is 
the anchor, the narrower becomes the intercircle ring. 

Notable features in Figures 3 and 4 are that the mesityl 
groups are locked into positions that are very far from 
coplanar and that the substituent affects the spatial re- 
lationship of the mesityls. In la (Figure 3) the rings are 
at an appreciable angle whereas for le (Figure 4) they are 
nearly parallel. In both cuts, the substituent head serves 
as anchor. In Figure 3, the anchor is H, Va is quite small, 
58.2 A3, and the ring between the circles is relatively wide. 
In Figure 4, the anchor is the tertiary carbon, the ring is 
thin, and Va is enormous, 92.7 Hi3. This constitutes 82% 
of the conceivable maximum of 113.1 A3 for a sphere with 
a radius of 3 A. 
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Figure 4. Cut through the van der Waals body of 1,l-dimesi- 
ty1-3,3-dimethyl-l-buten-2-01, le. 

least hindered a-H enol la (Figure 3) and of the most 
hindered a-t-Bu enol le  (Figure 4). Hatching represents 
the section through the molecular body; sparse hatching 
pinpoints the hydroxyl group (up, right in Figure 3; bot- 
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A new class of nitrogen-centered free radicals, N'~-bis(arylthio)-2,4-diphenyl-1,3,5-triazapenta-l,3-dienyl 
radicals 1 have been generated by hydrogen atom abstraction from N'fl-bis(arylthio)-2,4-diphenyl-1,3,5-tria- 
zapenta-1,3-dienes 2 or by photolysis of 2 or N'~~-tris(arylthio)-2,4-diphenyl-1,3,5-triazapenta-1,3-dienes 3 
using a UV or xenon lamp. Radicals 1 persist in solution and can be isolated as a diamagnetic dimer which, 
in solution, dissociates in part into 1 at room temperature. The thermodynamic parameters for the 4 z 2( 1) 
equilibrium are 87.5 kJ mol-' (AH") and 153 J K-' mol-' (AS"), respectively. Radicals 1 have afforded the ESR 
spectra that show aN1 (and aN6) 0 .400 .431 ,  aN3 0.278-0.312, a% 0.48, and aH (due to the protons of the arylthiyl 
groups) 0.022-0.076 mT. On the basis of these ESR results, it is concluded that in 1 the unpaired electron resides 
mainly on the three nitrogen and two sulfur atoms. 

Recent interest in the chemistry of free radicals has been 
stimulated by the suggestion that polyradicals might be 
possible organic ferromagnets2 For the realization of such 
materials, the electron spins in the toporegulated 7r-net- 
works of polyradicals should be appropriately arranged so 
as to induce ferromagnetic interactions among the spins. 
However, advances in this field have been seriously limited 
by the difficulties in the syntheses of such polyradicals 
because free radicals suitable for the syntheses of such 
polyradicals are rare.3 

(1) ESR Studies of Nitrogen-Centered Free Radicals. 39. Part 38: 
Miura, Y.; Shibata, Y. Chem. Express 1990,5573. 

(2) (a) Mataga, N. Theor. Chim. Acta 1968,10,372. (b) Ovchinnikov, 
A. A. Ibid. 1978,47,297. ( c )  Itoh, K. Pure Appl. Chem. 1978,50, 1251. 
(d) Iwamura, H. Ibid. 1986,58,187. (e) Miller, J. S.; Epstein, A. J.; Reiff, 
W. M. Chem. Rev. 1988,88, 201. 

For the past 10 years, we have studied thioaminyl rad- 
icals (RNSR') and their analogues by ESR spectroscopy. 
In previous papers, we reported that some thioaminyls 
persist in solution for a long period, even in the presence 
of the atmospheric oxygen, and can be isolated as pure 
radical crystals4v5 or diamagnetic dimers having a very low 
N-N bond ~ t r e n g t h . ~ ? ~  As part of a program directed 

(3) (a) Forrester, A. R.; Hay, J. M.; Thomson, R, H. In Organic 
Chemistry of Stable Free Radicals; Academic Press: New York, 1968. 
(b) Rozantsef, E. G. In Free Nitroxide Radicals; Plenum Press: New 
York, 1970 (translated from Russian by Hazzard, B. J.). (c) Neugebauer, 
F. A. Angew. Chem., Int. Ed. Engl. 1973,12,455. 

(4) Miura, Y.; Yamamoto, A.; Katsura, Y.; Kinoshita, M.; Sato, S.; 
Tamura, C. J.  Org. Chem. 1982,47, 2618. 

(5) Miura, Y.; Tanaka, A. J .  Chem. SOC., Chem. Commun. 1990,441. 
(6) Miura, Y.; Yamamoto, A.; Katsura, Y.; Kinoshita, M. J.  Org. Chem. 

1980, 45, 3875. 
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