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X-ray analyses of the 2,2/-dialkoxybenzpinacols have 
established that the previously tentative assignment 
of configuration is incorrect. For example, the dl- 
and meso-isomer of Z,Y-dimethoxy-, 2,2/-diethoxy-, 
and 2,2’-dibutoxybenzpinacols proved to have a 
rigid conformation (laa, lba,  l c a )  and (la/?, lb/?, 
lc/?) where hydroxy groups are always in an anti 
fashion, in the solid state, respectively. MM2 and 
semi-empirical molecular orbital calculations for 
possible conformations were performed, suggesting 
that the conformational stability of the present 
pinacols is controlled by repulsive gauche interac- 
tions between aryl groups associated with intramo- 
lecular hydrogen bondings. 

Ke!/ulords: Pinacol; X-ray analysis; Conformational analysis 
MO calculations 

INTRODUCTION 

Twenty years ago, with the object of studying 
the effect of ortho-substituent and configuration 
upon the mechanism of pinacol rearrangement, 
several 2,2‘-disubstituted benzpinacols were 
synthesized [l]. The 2,2’-dialkoxybenzpinacol, 
which is usually obtained as a mixture of meso- 
and &isomer in comparable proportion, was 
successfully separated into each isomer by 

means of column chromatography. Tentative 
assignment of configuration was made based 
upon the results obtained by the relative reaction 
rates with Pb(OAc)4, IR spectra, and classical 
NMR spectra 121. Assuming this configuration of 
dl- and meso-2,2’-dialkoxybenzpinacols, the ki- 
netics and mechanism of these pinacols were 
intensively studied [31. A recent report by Toda 
et al. on pinacol rearrangement in the solid state 
[4] has prompted us to reinvestigate pinacol 
rearrangement of the title compounds in the 
solid state. Before starting this project, it might 
be essential to learn the molecular and crystal 
structures and conformational properties of the 
title compounds. This is the subject of the 
present communication. 

RESULTS AND DISCUSSION 

There are an infinite number of conformations 
(around the Cl-C2 bond) in acyclic 1,2-diols 
such as ethylene glycol and 1,2-dimethox- 
yethane for which an ab iizitio molecular orbital 
conformational analysis has been reported [5]. 

~ 
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80 K. MATSUMOTO t? nl 

The 1,2-dihalogenoethanes, XCH?-CH?X, and a 
variety of other substituted etlianes are found as 
mixtures of rifiti and p i d t r  conformers in the 
liquid and gas phases, but only airti in the crystal 
[61. In contrast, both the pure gnirclze ,and 
mit i  conformers of 1,1,2,2-tetrachloro- and 

dl- 1 

laa, Iba, fca, Ida 

tetrabromoethane have been isolated in the solid 
171. This does not seem to be so in the present 
case even in solution, probably because 2,2'- 
dialkoxybenzpinacols are highly crowded based 
upon an inspection of their molecular models 
and their NMR and IR spectral analyses 121. 

1 R  
k' Me0 

c: BUO 
d: Me 

SCHEME 1 

TABLE I Crystal data for 111- and 1riro-2,2'-dimetIioxybenzpinacols laa, lap 

Formula 
Crvstal dimensions (mm) 
M(amu) 
Space group 
11 ( A ,  

1- (A, 
, , /dc.g. 
i i i l e g .  
- / J e g  
LJ (A') 
Z 
D, ig cm 7 
/i(cni ~ 9 
F (000) 
Radiation Mo-K(i graphite monochromatized 
Diffra tonieter 
Orienting reflections, range 
T ( K )  
Sran nwthod 
Data collection range 
Nc). unique reflections 
No. of observed rrflextions with 1 -- 2 d I )  
Ico. of parameters 
R" 

Largest shift/rsd, final cyclc 
Largest positive peak(e A ') 
I-argrst negative peak(e A ') 

[J ( A )  

R;,,'' 

CIRH 2 6 0 4  

0.060 * 0.280 x 0.420 0.200 x 0.440 x 0.620 
426.51 

Pi(no.Z), tricliiiic P 2 ,  / n  (no.14), monoclinic 
10.09 (2) 16.084 (2) 
18.92 (1) 8.445 (3)  
6.164 (4) 16.860 (3) 
96.88 (5) 90 
99.3 (1) 91.34 (1) 
75.9 ( 1 )  90 
2526 (3) 2289.3 (9) 
2 4 
1.262 1.237 
0.78 0.76 
154 904 

A -0.71069 A 
Rigaku AFC5S 

19.91 i 20 i 35.84' 24.95' < 78 < 35.24' 
293 

A' 2f1 
6.0. c 20 i 55.3- 

4462 4896 
1821 1769 
289 320 
8.9'5 6.7% 
9.3% 6.6%) 
0.05 0.00 
0.28 0.27 
-0.41 -0.27 
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DIALKOXYBENZPINACOLS IN SOLID STATE 

TABLE I1 Crystal data for dl- and meso-2,2'-dimethoxybenzpinacols lba, Ibj 

81 

Formula 
Crystal dimensions (mm) 
M(amu) 
Space group 

b (A) 

cu/deg. 
Pldeg. 
y/deg. 
u (A3) 
Z 
D,  (g ~ m - ~ )  
p(cm ~ 4, 

F (O@O) 
Radiation Mo-Kcu graphite monochromatized 
Diffratometer 
Orienting reflections, range 
T (K) 
Scan method 
Data collection range 
No. unique reflections 
No. of observed reflextions with I > 2dI) 
No. of parameters 
Ra 

Largest shift/esd, final cycle 
Largest positive peak(e A -3 )  

Largest negative peak(e 8, - 3 )  

n (A)  

c (A)  

R,P 

C30H 3004 
0.220 x 0.180 x 0.460 0.100 x 0.460 x 0.720 

454.56 
P2,/a (110.141, monoclinic P21 /c(no.l4), monoclinic 

15.106 (8) 16.284 (3) 
8.879 (8) 8.539 (4) 
18.599 (6) 19.234 (4) 
90 90 
94.02 ( 3 )  114.27 (1) 
90 
2489 (3) 2438 (1) 
4 4 
1.213 1.238 
0.74 0.76 
968 968 

X =0.71069 A 
Rigaku AFC5S 

297 
w-20 

6.0" < 28 < 55.3" 
5723 5986 
1514 1852 
307 340 
7.7% 7.2% 
7.6% 6.9% 
0.03 0.00 
0.26 0.38 
-0.26 -0.26 

22.47" < 20 < 34.73" 24.46" < 28 < 36.27" 

The X-ray analyses of the 2,2'-dialkoxybenz- 
pinacols la-c have established that they take 
only one conformation in each dl- and meso- 
isomer in the solid state, the previously tentative 
assignment of configuration being proven un- 
fortunately incorrecf 121. For example, the dl- and 
meso-isomer of 2,2'-dimethoxy-, 2,2'-diethoxy- 
and 2,2'-dibutoxybenzpinacols proved to have 
a rigid conformation (lam, lba, lca) and (lap, 
lbp, lcp), respectively (Scheme 1). In the case of 
2,2'-dimethylbenzpinacol Id, only the dl-isomer 
I d 0  was isolated in our hands, the reason being 
not yet clear. Their crystal data are summarized 
in Tables I-IV. Their molecular and crystal 
structures are depicted in Figure 1. It is inter- 
esting to note that the hydroxy group is always 
at the anti position in these isomers. This is not 

surprising because, in the isomers (dZ-1, d2-2, 
meso-1 and mesoP), there are severely repulsive 
gauche interactions [81 between four aromatic 
rings, whereas the isomers (dZ-3 and meso-3) 
have a pair of gauche interactions between two 
aromatic rings. An inspection of the ORTEP 
drawings (Fig. 1) shows that there exist intrarno- 
lecular hydrogen bondings between hydroxy 
hydrogen and ether oxygen at the 6 position 
(that is, the interacting Ar and OH groups are 
bonded in a geminal fashion) which forms a 
cyclic six-membered structure (Scheme 2). Alter- 
natively, there can exist a similar hydrogen 
bonding at the E position (that is, the interacting 
Ar and OH groups are connected in a vicinal 
fashion) that would form a seven-membered 
ring, being more unfavorable than those at the S 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
3
2
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



82 K. MATSUMOTO et al 

TABLE I11 Crystal data for dl- and meso-2,2'-dirnethoxybenzpinacols lca, lcb 

Formula 
Crystal dimensions (mm) 
M(amu) 
Space group 

h (A) 
r\/deg. 
.j/deg. 
-,/deg. 

rl (A) 
c (A) 

u (A3) 
-7 

L 

D,. (g cm ~ 3, 

p(cm ') 
F (000) 
Radiation Mo-Ka graphite monochromatized 
Diffratometer 
Orienting reflections, range 
T ( K )  
Scan method 
Data collection range 
No. unique reflections 
No. of observed reflextions with I 
No. of parameters 
R" 

Largest shift/esd, final cycle 
Largest positive peak(e A -3) 
Laraest negative peakfe A - 3 )  

2dI)  

Rnh 

C34H3804 

510.67 
0.320 x 0.740 x 1.000 0.440 x 0.660 x 1.000 

Pi(no.2), triclinic Pi(no.2), triclinic 
12.180 (5) 11.268 (3) 
13.602 (6)  13.495 (8) 

9.818 (2) 9.592 (2) 
94.16 (2) 99.93 (3) 
103.91 (2) 104.84 (2) 
87.60 (2) 69.39 (3) 
1444.8 (6) 1431.9 (9) 
2 2 
1.174 1.184 
0.70 0.71 
548 548 

Rigaku AFC5S 

293 
d-28 

6.0" < 28 < 55.0" 

X = 0.71069 A 

38.08' < 28 < 39.76" 38.21" < 28 < 40.00" 

6646 (RInt = 0.016) 6604 (Rjnt = 0.024) 
3899 41 16 
343 343 
6.89~ 7.4% 
8.1% 8.9% 
0.01 3.16 
0.23 0.64 
-0.29 -0.62 

position, and consequently this was not the case 
(Scheme 2) .  In the case of meso-3,2-akoxyphenyl 
groups are at an anti conformation, thus redu- 
cing steric hindrance, through the hydrogen 
bonding between alkoxy oxygen and hydroxy 
hydrogen atoms described above, due to alkyl 
moieties of alkoxy substituents, whereas this is 
not the case for meso-1 and meso-2. From an 
inspection of the crystal structures in Figures 1 - 
3, no iizfermuleczilar hydrogen bondings seem to 
be important. 

Finally, MM2 and semi-empirical molecular 
orbital calculations (91 were carried out. For dl-3 
and meso-3, geometry optimizations were per- 
formed for the conformations obtained by X-ray 
analyses, while, in other isomers (dl-1, dl-2, 
meso-1, meso-21, the calculations were done for a 

variety of possible conformations (for each of the 
rigid staggered conformations shown in Scheme 
1, taking into account such hydrogen bondings 
as OH-OH,RO-HO, et nl.) and the values of 
heat of formation were taken from the most 
stable geometries. Some of the results are 
summarized in Tables V - IX. 

The results of MM2 calculations are always in 
agreement with the experimentally obtained 
conformations (dl-3, and meso-3), confirming 
that gniiche interactions between aryl groups are 
most important in impeding the conformational 
stability of the present pinacols; dihedral energy 
contributions were larger than those of hydro- 
gen bonding. Semi-empirical MO calculations 
were also, in most cases but not at7unys, in 
agreement with the experimentally obtained 
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DIALKOXYBENZPINACOLS IN SOLID STATE 83 

TABLE IV Crystal data for dl-2,2'-dimethoxybenzpinacol Ida 

Formula C28H2602 
Crystal dimensions (mm) 
M(amu) 394.51 
Space group Pi (no.2) triclinic 

10.642 (2) n (A)  
12.028 (2) b (A) 

f (A, 9.935 (4) 
cr/deg. 106.88 (2) 
Pldeg. 102.71 (3) 
y/deg. 110.68 (2) 
u (A3) 1062.1 (6) 
Z 2 
D, (g ~ m - ~ )  1.234 
~ ( c m - ~ )  0.71 
F (000) 420 

Diffratometer Rigaku AFC5S 
Orienting reflections, range 
T (K) 293 

0.340 x 0.660 x 0.800 

Radiation Mo-Kcu graphite monochromatized X=0.71069 A 

39.6" < 28 < 40.0" 

Scan method W-28 
Data collection range 6.0" < 20 < 55.0" 

No. of observed reflextions with I > 2dI) 3230 
No. of parameters 271 
R" 6.1% 

Largest shift/esd, final c cle 0.03 
Largest positive peak(e I-') 0.35 

No. unique reflections 4863 (Rkk = 0.019) 

Rmb 7.4% 

Largest negative peak(e A -3) -0.39 

conformations. This may not be strange because 
there are a variety of conformations associated 
with intramolecular hydrogen bonding in the 
hypothetical conformations (dl-1, dl-2, mesa-1, 
meso-2) that would contribute the stabilization 
energy term in MO calculations. 2,2'-Dimethyl- 
benzpinacol Id, which cannot participate in 
RO-HO hydrogen bonding, takes exclusively 
Ida conformation, although no meso-isomer 
was isolated in our hands. Thus, semi-empirical 
MO calculations of Id predicted the dl-3 isomer 
(and meso-3 isomer) to be most unstable, in 
contrast with the results of the MM2 calcula- 
tions, presumably because gauche hydrogen 
bondings are important in the conformations 
dl-1 and dl-2 (meso-1 and meso-2). For 
comparison, the results of semi-empirical MO 

calculations of 4,4'-dimethoxybenzpinacol, 
which cannot participate in RO-HO hydro- 
gen-bonding, are shown in Table IX, again 
suggesting that repulsive gauche interactions 
are most important since the dl-3 and meso-3 
isomers are estimated to be most stable even if 
hydroxy groups are constrained in an anti 
manner; no intramolecular hydrogen bond is 
contributed in calculations. Furthermore, in 
agreement with this, M€ND0/3 and MNDO 
calculations in which no hydrogen-bonding con- 
tributions are believed to be reproduced, quali- 
tatively better predict, in irony but naturally, the 
experimental results shown in Tables V-VII. 

Further studies on pinacol rearrangement of 
the title compounds in the solid state under 
Toda conditions [4,101, along with their 
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FIGURE 1 Molecular and crystal structure of dl-  and rr1es~-2,2'-dirniethoxybenzpinacols laa, lap; above: laa, below: lap. 
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DIALKOXYBENZPINACOLS IN SOLID STATE 85 

FIGURE 2 Molecular and crystal structure of dl- and meso-2,2’-dimethoxybenzpinacols lba, lbj;  above: Iba, below: lbj .  

inclusion properties I l l 1  and packing motifs 
1121, are in progress and will be reported in due 
course. 

EXPERIMENTAL SECTION 

Preparation and separation, along with their 
physical data, of the 2,2’-dialkoxybenzpinacols 
la-c into each dE- and rneso-isomer by means of 
column chromatography, have been described 
previously [21. 

Crystal Structure Determination 

Summaries of the crystal data and structure 
refinement details are given in Tables I - IV. The 
structure was solved by a direct method [l31, 
and refined by full-matrix least squares. The 
atoms other than hydrogen were refined aniso- 
tropically. The atomic scattering factors for all 
atoms and the anomalous dispersion correction 
factors for atoms other than hydrogen were 
taken from the literature [14- 161. All calcula- 
tions were performed using the TEXSAN I171 
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FIGURE 3 Molecular and crystal structure of dl- and meso-2,2’-dibutoxybenzpinacols lca, lcb; above: lca, below: lcb. 

C 

FIGURE 4 Molecular and crystal structure of dL2,2’-dirnethylbenzpinacol Ida. 
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crystallographic software package from the 
Molecular Structure Corporation. 
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