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slurry of CuCN (5 mmol) in dry Et,O (5 mL) was cooled to -78 
"C, and RLi (MeLi or PhLi, 9.85 mmol) was added. The mixture 
was allowed to warm to 0 "C until it became a homogeneous light 
tan solution. The flask was then recooled to -78 "C, and 7 (2.5 
mmol) in Et20 was introduced. The reaction mixture was stirred 
to -50 "C for various times (15 min for R = Me, 1 h for R = Ph). 
Upon completion, the reaction was quenched at -78 O C  with a 
10% NH40H/90% saturated aqueous NH4Cl solution followed 
by filtration under pressure, extractions in EtzO, and drying on 
Na2S04. Chromatography on silica gel with EgO/hexane (20/80) 
gave 1 (88%) and 2 (85%), respectively. 

Compound 1 was also prepared as described above by using 
CUI in the place of CuCN and quenching with a NH4Cl saturated 
solution6 (method la )  giving the same results. 1: IR (film) vmax 
1700 cm-'; MS, (m/e )  for C13H,,0Se 264-270,111. 2: IR (film) 
urnax 1700 cm-'; MS, (rn/e)  for C18H180Se 326-332, 173. 
trans-2-(Phenylseleno)-3-phenylcyclohexanone (2t). 2- 

Cyclohexenone (5 mmol) in Et,O is added a t  -78 OC to the 
PhzCu(CN)Liz (10 mmol) prepared as above. After stirring for 
1 h at -60 "C, PhSeBr (21.67 mmol)s in THF is added, and stirring 
is continued for 30 min. After extractions and usual workup, the 
'H NMR spectrum of the crude product shows the presence of 
2t. Column chromatography on silica gel with Et,O/hexane 
(20/80) gives a mixture of 2c/2t (60/40) (65%). 

cis -2-(Phenylseleno)-3-[cyano(dimethylamino)phenyl- 
methyl]cyclohexanone (3c). n-BuLi (5.5 mmol) is added 
dropwise to a solution of dimethylaminophenylacetonitrile (5 
mmol) in THF, and the mixture was cooled a t  -78 OC.' After 
stirring for 10-15 min. the a-enone 7 (5 mmol) in THF is added, 
and the reaction mixture is stirred for 40 min a t  -78 "C and then 
quenched with a saturated aqueous NH4Cl solution. After usual 
workup and recrystallization from EtzO, 3c was obtained 
(65-70%): mp 111-112 "C; IR (CDCl,) v,, 1705 cm-'. Anal. 
Calcd for C2,H,N20Se: C, 64.23; H, 5.88; N, 6.81; 0, 3.89. Found: 
C, 64.04; H, 5.87; N, 6.78; 0, 3.62. 

trans -2- ( P h e n y l s e l e n o )  -3- [ c y a n o (  d i m e t  h y l a m i n o )  - 
phenylmethyl]cyclohexanone (3t). To the carbanion 12 (5 
mmol) prepared as above is added the 2-cyclohexenone (5 mmol) 
in THF at -78 "C. After stirring for 15 min, PhSeBr (5.77 m m ~ l ) ~  
in THF is added, and stirring is continued for 40 min at -60 "C. 
Extractions, workup, and recrystallization for 3c yielded 3t 
(60-65%): mp 91-92 "C; IR (CDCl,) vmaX 1705 cm-'. Anal. Calcd 
for Cz2H2,N20Se: C, 64.23; H, 5.88; N, 6.81; 0, 3.89. Found: C, 
64.22; H, 5.85; N, 7.08; 0, 3.77. 

2-(Phenylseleno)-3-benzoylcyclohexanone (4). Compound 
3 (0.28 mmol) is stirred for 40 rnin at room temperature with a 
solution of 0.5 N aqueous &NO, (0.5 mL), THF (1 mL), and Ego 
(0.5 mL). After usual workup, 4c is obtained as a mixture of 4c, 
4t ,  and 14 while crude 4t is purified by preparative TLC 
Et,O/hexane (55/45) to yield diketone 4t (95%): IR (film) urn= 
1715, 1680 cm-'; MS, (m/e )  for ClSH180Se: 354-360, 201. 

Ethylene ke ta l s  of 2-(phenylseleno)-3-methylcyclo- 
hexanone (5) and  2-(phenylseleno)-3-phenylcyclohexanone 
(6) were prepared according to the method described in the 
l i t e ra t~re .~  Preparative TLC with Et,O/hexane (40/60) gave the 
ketal selenides (90%) 5: MS, m/e  for C15Hzo0,Se 308-314, 155. 
6: MS, m/e  for CzoH,,OzSe 370-377, 217. 
3-Methyl-2-cyclohexenone (15), 3-phenyl-2-cyclohexenone 

(16), 3-[cyano(dimethylamino)phenylmethyl]-2-cyclo- 
hexenone (13), and  3-benzoyl-2-cyclohexenone (14) were 
prepared after oxidation with H20z  according to ref 3. 13: mp 
88-89 "C; IR (CDCl,) umax 1660, 1610 cm-'; 'H NMR 90 MHz 
(CDCl,) 6 7.7-7.35 (m, 5 H), 6.7 (d, 1 H) H,, 2.7-1.5 (m, 6 H), 2.3 
(9, 6 H) N(CH,),. Anal. Calcd for C16H18NO: C, 75.56; H, 7.14; 
N, 11.01; 0, 6.29. Found C, 75.59; H, 7.22; N, 11.27; 0,6.31. 14: 
IR (film) v,, 1680-1660 cm-l; 'H NMR 90 MHz (CDCl,) 6 
7.65-7.15 (m, 5 H), 6.1 (m, 1 H) Hz, 2.6-1.9 (m, 6 H). 15: IR (film) 
v- 1660,1615 cm-'; 'H NMR 90 MHz (CDC1,) 6 5.9 (s, 1 H) H,, 
2.45-1.8 (m, 6 H), 1.95 (s, 3 H) CH3 16: mp 53-54 "C; IR (CDCl,) 
v,,, 1660, 1610 cm-'; 'H NMR 90 MHz (CDC13) 6 7.7-7.35 (m. 
5 H),  6.15 (m, 1 H) H,, 2.95-2.2 (m, 6 H). 
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The results of molecular mechanics calculations using the MM2 force field on 1,2-ethanediol, 1,2-propanediol, 
and the 2,3-butanediols are reported; results on 1,3-propanediol and 1,2-dimethoxyethane are included for 
comparison. The preference of the 1,2-dioh for gauche 0-C-C-O forms is evoked by the torsional energy function 
in the force field and is strengthened by electrostatic interactions between the hydroxyl groups a t  low dielectric 
constant. The effects of solvation are discussed. Calculations show that the gauche 0-C-C-0 forms of the diols 
are stabilized in protic media by specific solvation. A cyclic structure composed of the diol and a hydroxyl group 
of the solvent molecule is proposed. Energy increments for gauche Me/Me, Me/OH, and OH/OH interactions 
are calculated; those involving hydroxyl groups are dependent on the dielectric constant. 

Dihydroxy compounds react with boric acid and borate 
in aqueous medium with formation of boric acid esters, 
borate monoesters, and borate  diester^.^^^ These were of 

~ 
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imDortance in the confieurational analvsis of carbohv- 
drates2 and are applied i i  various separakon techniques4 
and in the sequestration of cations by mixtures of borate 
and sugar  acid^.^,^ An experimental study of the relative 

(2) Boeseken, J. Adu. Carbohydr. Chem. 1949, 4, 189. 
(3) Duin, M. v.; Peters, J. A.; Kieboom, A. P. G.; Bekkum, H. v. Tet- 

rahedron 1984, 40, 2901. 
(4) Ferrier, R. J. Adu. Carbohydr. Chem. Biochem. 1978, 35, 31. 
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stabilities of the borate esters in a series of polyhydroxy 
compounds is presented in a previous paper? In addition, 
a molecular mechanics study was carried out to elucidate 
the steric and electrostatic interactions in the diols and 
in the borate monoesters. 1,3-Dioxolanes were studied as 
model compounds for the borate monoesters. 

In this paper we present the results of our calculations 
on a series of diols: 172-ethanediol, 1,2- and 1,3- 
propanediol, and meso and racemic 2,3-butanediol. We 
also present some results on 1,Zdimethoxyethane to illu- 
minate the so-called gauche effect. The results of the 
calculations are compared with data from the literature. 

Calculations 
The calculations were performed by using Allinger's 

MM2 empirical force fieldE and DELPHI, the Delft molecular 
mechanics computer p r ~ g r a m . ~  As dielectric constants 
(e) 1.5 and 80 were used. The former is the standard value 
used in the force field; the latter is more relevant to the 
aqueous medium of the studies on borate ester stabilities. 
The calculations for 1,2-propanediol and for meso and 
racemic 2,3-butanediol were carried out for the (S)-1,2- 
propanediol and the (R,S)- and (S,S)-2,3-butanediol con- 
figurations. The various conformers were found by starting 
from the corresponding staggered conformations. In some 
cases torsion angle driving with the Lagrange multiplier 
methodlo was used to locate a particular conformer. Be- 
cause of symmetry it is not necessary to perform calcula- 
tions for all rotational isomers around the C-C and C-0 
bonds. 

Depending on the 0-C-C-0 backbone three forms are 
distinguished? viz., the anti (a), the right handed gauche 
(g+), and the left handed gauche (g-) forms; each form * OH ?RH HoJk 

an t i  gauche gauche - 

includes the various conformers resulting from all possible 
C-C-0-H torsion angles. Note that the designations g+ 
and g- interchange when R and S configurations are in- 
terchanged. 

The steric energies and the characteristic torsion angles 
of all relevant conformers are compiled in Tables SI to SVI 
(supplementary material). The mean steric energies of the 
anti and gauche forms, E, and E,, were calculated at  25 
OC with the Boltzmann equation. In the same way the 

(5) Peters, H. Neth. Appl. 99202,1961; Chem. Abstr. l961,56,12682c. 
(6) Heesen, J. G. Neth. Appl. 721 5 180,1972; Chem. Abstr. 1974,81, 

176040~. - . . . . . . . 
(7) Duin, M. v.; Peters, J. A.; Kieboom, A. P. G.; Bekkum, H. 

(8) Allinger, N. L.; Yuh, Y. H. QCPE 1981, 13, 395. 
(9) Graaf, B. v. d.; Baas, J. M. A.; Veen, A. v. Reel. Trau. 

(10) Graaf, B. v. d.; Baas, J. M. A. J. Comput. Chem. 1984, 

rahedron 1985,41,3411. 
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Figure 1. Effect of n higher energy minima (E = Ei) upon E. 

mean steric energy E was calculated for each compound. 
AI? is defined as E, - E,; AI? values are given in Table I 
along with the heats of formation (A",") calculated from 
the increments of the MM2 force field.E In Table 111 
energy increments for gauche vs. anti Me/Me, Me/OH, 
and OH/OH interactions are presented. These were ob- 
tained from a least-squares fit on all @ values at t = 1.5 
and 80. 

Discussion 
Before dealing with each compound in detail we want 

to discuss the effect of higher energy conformers upon the 
mean energy (E)  of a set of conformers. In the case of n 
higher energy conformers (E = Ei) besides the conformer 
of lowest energy (E = 0) we obtain eq 1. Figure 1 shows 

E = nEi exp(-Ei/R!l')/(n exp(-Ei/RT) +1) (1) 

E as a function of Ei for n = 1-3,5, and 10 at  25 "C. For 
n = 1 the maximum value of E is only 0.16 kcal/mol for 
Ei = 0.87 kcal/mol. With other Ei values the contribution 
of higher energy conformers diminishes rapidly. For n > 
1 the maximum value of E shifts to higher values of Ei. 

1,2-Ethanediol. The gauche forms are calculated to be 
more stable than the anti form at  t = 1.5 (@ = -0.91 
kcal/mol). The conformer of lowest energy of the two 
gauche forms has one C-C-0-H torsion angle of nearly 
180°, while the other angle is about +60° or -60". These 
conformers are stabilized by large dipole-dipole interac- 
tions (-1.28 kcal/mol) between the hydroxyl groups which 
can be regarded as intramolecular hydrogen bonds (Table 
11). Energetically, hydrogen bonds can be seen as the sum 
of both electrostatic and charge transfer effects.ll Only 
the former ones are included in the MM2 force field. 

uo 
The dipole-dipole attraction term becomes very small 

at t = 80 and the intramolecular hydrogen bonds vanish. 

(11) Umeyama, H.; Morokuma, K. J. Am. Chem. SOC. 1977,99,1316. 
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Table I. Energetic Dataa Obtained with the MM2 Force Field 

comDd 

~ 

e = 80 e = 1.5 
formb AI3 AH," AE 

1,2-ethanediol a 0.00 0.00 
-91.65 

g+,g- -0.91 -0.42 

g+ -0.74 
g- -0.40 

(S)-l,2-propanediol a 0.00 

(R,S)-2,3-butanediol a 0.00' 0.00' 
-109.73 

g+,g- -0.79 -0.07 

g+ -2.12 -110.16 -0.94 
g- -1.56 -1.16 

(S,S)-2,3-butanediol a 0.ooc 0.ooc 

1,3-propanediold a,a 0.00 
a/g+, a/g-, g+/a, g-/a 0.30 
g+/g+, g-lg- 0.60 
g+/g-,g-/g+ 0.86 

1,2-dimethoxyethane a 0.00 
g+,g- -0.59 

' Al? ( E ,  - E , )  and A&" are given in kcal/mol. *Each form includes the various C-C-0-H conformers; a and g refer to the 0-C-C-0 
backbone. 'E,[(R,S)-2,3-butanediol]-Ea [(S,S)-2,3-butanediol] is -0.78 (c  = 1.5) and -0.69 kcal/mol ( e  = 80), respectively. d a  and g refer to 
the 0-C-C-C backbone. 

Table 11. Characteristic Dimensions (A, deg) of the 
Intramolecular Hydrogen Bonds Stabilizing the Gauche 

Conformation of Diols at e = 1.5 
(R,S)-2,3-b~- (S,S)-2,3-b~- 

1,2-ethanediol tanediol tanediol 
O-.O 2.84 2.83 2.78 
0.-H 2.48 2.45 2.41 
0.-H-0 102 104 103 

However, the gauche forms remain preponderant (a = 
-0.42 kcal/mol) due to the stabilizing V, term of the 
0-C-C-0 torsion angle energy function. The difference 
between the torsion energies of the most stable gauche and 
anti conformers a t  E = 80 is -0.47 kcal/mol and almost 
equals G. The V, term is incorporated in the MM2 force 
fielda to cope with the gauche effect.12 This will be dis- 
cussed below in connection with the results for 1,2-di- 
methoxyethane. The gauche conformer of lowest energy 
at t = 80 has two C-C-0-H torsion angles of about 180' 
thereby reducing the van der Waals interactions. 

The results calculated for E = 1.5 agree well with ex- 
perimental data. In the gas phase13 the gauche forms are 
known to be predominant, and for solutions in apolar 
solvents a is -0.4 to -0.6 kcal/mol.14 The existence of 
intramolecular hydrogen bonds has been demonstrated for 
both phases.15-17 The small difference between the cal- 
culated and the experimentalla values of AHfo, -91.7 and 
-93.9 f 1.5 kcal/mol, respectively, can be explained with 
the tendency of 1,Zethanediol to dimerize to some extent 
in the gas phase.lg AI? values for 1,Pethanediol in aqueous 
solution and as pure liquid are almost equal, viz., -0.8 and 
nearly -0.7 k c a l / m 0 1 . ' ~ , ~ ~ ~ ~ ~  The calculations are in 
agreement with experimental results which show that in- 
tramolecular hydrogen bonds are absent for 1,2- 

(12) Kirby, A. J. "Concepts in Organic Chemistry"; Springer Verlag: 

(13) Bastiansen, 0. Acta Chen. Scand. 1949, 3, 415. 
(14) Pachler, K. G. R.; Wessels, P. C. J .  Mol. Struct. 1970, 6, 471. 
(15) Buckley, H.; Giguere, P. A. Can. J .  Chem. 1967, 45, 397. 
(16) Frei, H.; Ha, T.; Meyer, R.; Gunthard, H. H. Chem. Phys. 1977, 

(17) Kuhn, L. P. J .  Am. Chem. Soc. 1958, 80, 5950. 
(18) Cox, J. D.; Pilcher, G. "Thermochemistry of Organic and Or- 

(19) Allinger, N. L.; Chang, S. H.; Glaser, D. H.; Honig, H. Isr. J .  

(20) Maleknia, S.; Friedman, B. R.; Abedi, N.; Schwartz, M. Spectrosc. 

(21) Schwartz, M. Spectrochim. Acta Part A 1977, 33A, 1025. 

Berlin, 1983; Vol. 15, p 75. 

25, 271. 

ganometallic Compounds"; Academic Press: New York, 1970. 

Chem. 1980,20, 51. 

Lett. 1980, 13, 777. 

ethanediolZ0 and polyols22 in polar protic environments. 
The shift of the calculated values of A,?? from -0.91 at  E 

= 1.5 to -0.42 kcal/mol at t = 80 is opposite to the shift 
of the experimental values of AHconf from about -0.5 for 
apolar solvents to about -0.75 kcal/mol for polar protic 
solvents. This gives evidence for a solvent effect in polar 
protic solvents of about 0.75 kcal/mol stabilizing the 
gauche forms. 

Part of this effect can be explained by the stabilization 
of the forms with the largest dipole moment, i.e., the 
gauche forms of 1,2-ethanediol, through intermolecular 
dipole-dipole interactions with polar solvents. Experi- 
mentally this effect only amounts to 0.08 kcal/mol for 
1,2-dimethoxyethane when E is changed from 2 to 8.23,24 
Therefore a specific solvent effect is probable. We suggest 
a cyclic structure containing two hydrogen bonds. Pre- 

O!' 
\ 

liminary calculations have demonstrated that such a 
structure is energetically favored.25 Finally it should be 
noted that the anti form is predominant in a diluted so- 
lution of 1,2-ethanediol in Me2S0, a solvent forming hy- 
drogen bonds only by accepting protons.21 

(22) Dale, J. "Stereochemistry and Conformational Analysis"; Univ- 

(23) Viti, V.; Indovina, P. L.; Podo, F.; Radics, L.; Nemethy, G. Mol. 
ersitet Forlaget: Oslo, 1978; p 111. 

Phys. 1974, 27, 521. 
(24) Podo, F.; Nemethy, G.; Indovina, P. L.; Radics, L.; Viti, V. Mol. 

Phys. 1974,27, 541. 
(25) Calculations yielded energy minima for one molecule of 1,2- 

ethanediol with one molecule of methanol. At c = 1.5 a cyclic structure 
with 1,2-ethanediol in a gauche conformation is favored by 0.65 kcal/mol 
over a 1,2-ethanediol in an anti conformation with only one hydrogen 
bond to methanol. The MM2 force field does not contain explicit func- 
tions for hydrogen bonding. Therefore, this energy difference must be 
considered to be a lower limit. 
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To study the effect of the negative V ,  torsional term, 
we have performed calculations on 1,2-dimethoxyethane. 
A comparison of Ai? for 1,2-ethanediol and its dimethyl 
ether at E = 80, -0.42 and -0.59 kcalfmol, respectively, 
shows that substitution of the hydroxyl groups with methyl 
groups has little effect upon the gauche /anti preference. 
The explanation is that the energetically preferred gauche 
and anti conformers of both compounds have C-C-O-H/C 
torsion angles of about MOO, thus keeping the differences 
in steric energy to a minimum. Experimentally, the gauche 
preference of 1,2-dimetho~yethane~~,~'  as well as that of 
polyethylene g l y c 0 1 ~ ~ ~ ~ ~  is well established. For 1,2-di- 
methoxyethaneZ6 conformers decrease in stability in the 
series a/g/a, a/a/a, a/g/g, and afafg, which is in excellent 
agreement with our calculations (supplementary material). 
Thus the gauche effect can be a determining factor in the 
absence of other stronger effects and is justly incorporated 
in Allinger's force field for the present corn pound^.^^. 

(S)-1,2-Propanediol. For this compound the g+ and 
the g- forms are different. Only calculations at  E = 80 were 
carried out. Both the g+ and the g- forms are preferred 
over the a form (Ai? = -0.74 and -0.40 kcalfmol), due to 
the negative V ,  torsional term. The energy difference 
between the g+ and the g- forms is caused by unfavorable 
Me/OH interactions (Table 111) in the g- form. 

Me+ eH Ho+ 

anti gauche+ gauche - 
A comparison with experimental data is not possible 

because these concern the gas phase and apolar solvents. 
Intramolecular hydrogen bonds were proved to exist in 
both  phase^^^%^ stabilizing the g+ and g- forms. As dis- 
cussed for 1,2-ethanediol, the preference for the gauche 
forms will be enhanced in polar protic environments by 
specific solvation. 

1,3-Propanediol. Calculations at E = 80 demonstrate 
that the conformational energy decreases when the number 
of anti C-C-C-0 and C-C-0-H torsion angles increases. 
This is reflected in the average conformational energies 
of the four forms, viz., 0.0, 0.30, 0.86, and 0.60 kcalfmol 
for ala, a/g+, g+/g+, and g+/g-, respectively. The pre- 
ferred conformer is that with all four torsion angles equal 
to 180°, i.e., a fully extended conformation. Studies on 
the conformation of 1,3-propanediol only concern solutions 
in CC4 and show the presence of intramolecular hydrogen 
 bond^.^^!^^ 

(R,S)-2,3-Butanediol. Calculations at E = 1.5 show the 
gauche forms to be favored (d = -0.79 kcalfmol). The 
somewhat smaller stabilization of the gauche forms relative 
to 1,Zethanediol is due to unfavorable steric interactions 
caused by methyl substitution (Table 111). The two gauche 
conformers of lowest energy are stabilized with intramo- 
lecular hydrogen bonds (Table 11). At  E = 80 the strong 

Me 
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because the influence of the gauche effect in energetical terms might only 
be in the order of 0.03 kcal/mol. 
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391. 

Ho*oH Ho* OH 

c / o  c /g+ 

HO OH HO HO 

g+/g+ g * / g -  

dipole-dipole interactions disappear, and steric interac- 
tions are the determining factors. Due to the negative V, 
torsional term the gauche forms remain slightly favored 
(Ai? = -0.07 kcalfmol). 

&e : : q H  ;:$ 
OH M e  

anti gauche. gauche- 

Me 

Quantitative data on conformational equilibria of this 
compound are not available. In diluted CC14 solutions the 
presence of both free and intramolecularly hydrogen- 
bonded hydroxyl groups is demon~trated.~'*~' The latter 
give evidence for the presence of gauche forms. Levy et 
al.34 interpreted the change in the 13C chemical shift of the 
methyl groups, going from apolar solvents (CC14, CHC1,) 
to nonprotic polar solvents (Me2S0, HMPO, DMF, pyri- 
dine), as a shift of the conformational equilibrium from 
gauche to anti. This is comparable with the results for 
1,2-ethanedi01.~~ For water as solvent such a change is not 
observed.34 We conclude that an appreciable amount of 
gauche forms will be present in aqueous solution. Just as 
in the case of 1,2-ethanediol we rationalize this by specific 
solvation. Finally, Grenier-Loustalot et al.35 also published 
a paper on the changes of the 13C chemical shifts. We 
object to their analysis of the data and conclude that the 
conformational equilibria for this compound in both CDC1, 
and D20 are comparable because the 13C chemical shifts 
do not differ significantly. 

(S,S)-2,3-Butanediol. Calculations at E = 1.5 show a 
stabilization of the g+ and g- forms due to intramolecular 
hydrogen bonding (Table 11), Ai? = -2.11 and -1.56 
kcalfmol, respectively. Apparently the gauche Me/Me 
interaction is less than twice the gauche MefOH interac- 
tion (Table 111). AH," is smaller than that of the R,S 
compound (-110.2 vs. -109.7 kcalfmol) due to decreased 
steric interactions. At E = 80, all intramolecular hydrogen 
bonds disappear, and the three forms have conformers of 
lowest energy with C-C-0-H torsion angles of about 180". 
The g+ and g- forms remain preponderant (AE = -0.94 and 
-1.16 kcall mol). 

Me$H ;;$e 

Me 
OH Me 

anti  gauche. gauche - 

These results agree with experimental data in apolar 
solvents so far that an appreciable amount of intramo- 

(34) Levy, G. C.; Pehk, T.; Lippmaa, E. Org. Magn. Reson. 1980,14, 
214. 

(35) Grenier-Loustalot, M. F.; Bonastre, J.; Grenier, P. J.  Mol. S t r u t .  
1980, 65, 249. 
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Table 111. Energy Increments (kcal/mol) for Various 
Gauche Interactions 

c MeiMe Me/OH OH/OH 
1.5 0.69 0.61 -0.88 

80 0.68 0.25 -0.50 

lecularly hydrogen-bonded species is p re~en t . ' ~ ,~ '  Ac- 
cording to Levy et al.34 the change from apolar to polar 
nonprotic solvents has a shielding effect upon the I3C 
chemical shifts of the methyl groups, which was interpreted 
as a change in the equilibrium from g- to a. For an aqueous 
solution the shielding effect is larger, and we explain this 
with a conformational change from g- to g+. These two 
equilibrium shifts both agree with the different intermo- 
lecular hydrogen bonding in both nonprotic and protic 
polar solvents. 

Steric Interactions in the Series of Vicinal Diols. 
AE values in the present series of diols can be seen as the 
sum of gauche interactions between the substituents on 
the ethane backbone (Table 111). For example, AI3 for 
1,2-ethanediol is explained by a gauche OH/OH interac- 
tion. As can be expected the Me/Me interaction is inde- 
pendent of t and is close to the experimental Me/Me in- 
teraction in rz-butane.% The Me/OH interaction decreases 
upon increase of t because the C-C-0-H torsion angles 
in the conformations of lowest energy change from +60° 
or -60' to 180'. Finally the OH/OH interaction becomes 
less favorable when E is increased due to breaking of the 
intramolecular hydrogen bonds; this interaction remains 
stabilizing due to the gauche effect. The data in Table I11 
can be used to predict AI7 values for other alcohols in the 
gas phase and in apolar solvents ( e  = 1.5) or polar nonin- 
teractive solvents (t = 80). 

Conclusions 
Summarizing the experimental data for the vicinal diols 

we can distinguish several types of environments, each with 

(36) Burkert, U.; Allinger, N. L. "Molecular Mechanics"; American 
Chemical Society: Washington, DC, 1982; ACS Monogr. No. 177, p 47. 

characteristic influences upon the conformational prefer- 
ences. Diols in the gas phase or dissolved in apolar solvents 
are able to form intramolecular hydrogen bonds. These 
hydrogen bonds stabilize the gauche forms relative to the 
anti form. Intermolecular hydrogen bonds exist in polar 
solvents. In polar nonprotic solvents this results in sta- 
bilization of the anti form, in polar protic environments 
in stabilization of the gauche forms. 

Our calculations at t = 1.5 for 1,2-ethanediol and the 
2,3-butanediols show stabilization of gauche forms due to 
large dipole-dipole interactions and a negative V2 torsional 
term. The results are generally in good agreement with 
the experimental data. Increasing t diminishes the di- 
pole-dipole interactions. Going from apolar to polar 
solvents not only does t increase but intermolecular hy- 
drogen bonds can be formed. These are not incorporated 
in the MM2 force field. Therefore, our calculations at t 
= 80 cannot result in a good description of compounds 
dissolved in polar interactive solvents. The difference 
between the calculated results and the available experi- 
mental data points to a specific solvation of gauche forms 
in polar protic environments. 

Energy increments for gauche Me/Me, Me/OH, and 
OH/OH interactions rationalize the AI3 values in the series 
of the vicinal diols and may be used to predict AI3 for other 
alcohols. 
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Reaction of trans-2,3-dichlorooxirane (1) with dimethyl sulfide afforded in high yield dimethyl(l-chloro-2- 
hydroxyetheny1)sulfonium chloride (2a). The latter was converted into l-chloro-2-methoxy-l-(methylthio)ethene 
(3b) and into 2-acetoxy-l-chloro-l-(methylthio)ethene (3c) by reaction with diazomethane and with ketene, 
respectively. Pyrolysis of 2a gave chloro(methy1thio)acetaldehyde (4a) and dichloroacetaldehyde (6), along with 
a series of minor byproducts. 

Introduction 
In previous work we have exmined oxidation reactions 

of unsubstituted and of alkyl-substituted 1,2-&chloro- 
ethylenes with oxygen in the liquid phase.2 one of 

several means to detect products containing hydroperoxide 
groups, we have treated the crude reaction mixtures with 
dimethyl sulfide (Me2S) and determined the amount of 
dimethyl sulfoxide formed. When this method was applied 
to the crude reaction product obtained from the oxidation 

(1) Previous paper in this series: Spraul, M.; Ked, H.; Pfeffer, B.; 
Hahnle, J.; Griesbaum, K. Magn. Reson. Chem. 1985, 23, 324. (2) Hayes, M. P. Dissertation, University of Karlsruhe, 1979. 
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