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Properties and Reactions of I ,3-Oxathiolans. Part 6.1d3 Chemical Equi- 
libration and lH Nuclear Magnetic Resonance Conformational Study of 
4,5-Dimethyl-, 2,4,5=Trimethyl-, and 2,2,4,5- and 2,4,4,5-Tetramethyl- 
1,3-Oxathiolans 
By Raimo Keskinen. Alpo Nikkila, and Kalevi Pihlaja,' Department of Chemistry, University of Turku, 

The 60 MHz l H  n.m.r. spectra of nine differently substituted 4.5-dimethyl-I ,3-oxathiolans have been recorded and 
analysed. The n.m.r. data are compared with those previously reported for the 4-methyl- and 5-methyl-l.3-oxa- 
thiolans. Epimeric derivatives were chemically equilibrated to determine the energy differences between the 
diastereoisomers in question. The thermodynamic quantities obtained were used to clarify different spatial inter- 
actions in these compounds. 

SF-20500 Turku 50, Finland 

IN previous reports we assigned configurations to num- 
erous r-2,c- and 4-4-methyl- and -5-methyl-l,3-oxa- 
thiolan derivatives and the preferred conformations 
were inferred from the lH n.m.r. data and results of 
chemical equilibration. To test our conformational 
deductions on 1,3-0xathiolans and the energy contribu- 
tions of pseudoaxial 4- and 5-methyl substituents, 
numerous 4,6dimethyl-l,3-oxathiolans (Table 1) were 
synthesized, their IH 60 MHz n.m.r. spectra recorded, and 

1 Part 5, I<. Pihlaja, R. Keskinen, and A. Nikkila, Bull. Soc. 

* Part 4, R. Keskinen, A. Nikkila, K. Pihlaja, and F. G. 
chim. belges, 1976, 85, 435. 

Riddell, J.C.S .  Perkin I l ,  1974, 466. 

the chemical equilibrations of epimeric diastereoisomers 
carried out. 

EXPERIMENTAL 

3-Mercaptobutan-2-oZ.-Butane-2,3-diol was converted to 
chloroacetate (6074),4 b.p. 338-343 K at 3.3 kPa, which 
was methanolysed to 3-chlorobutan-2-01 (80%) , b.p. 323- 
324 K at 3.3 kPa, and then added dropwise to a concentrated 
KOH solution at 343 K to obtain 2,3-epoxybutane (70%), 
b.p. 328 K. 3-Mercaptobutan-8-01 (30-35% ; 23.5% 

Part 3, R. Keskinen, A. Nikkila, and K. Pihlaja, Tetrahedron, 
1972, 28, 3943. 

R. J .  Meltzer and J .  A. King, J .  Amer. Cham. Soc., 1953, 75, 
1355. 
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racemate, 76.5% meso-form) b.p. 338-339 K at  2.5 kPa, 
~ z ~ z ~ 3  1.479 2, 4;; 1.008 9, was then obtained from the latter 
and thiourea.s 

3-Mercapto-3-methy2butan-2-ol.-t-Amy~ alcohol was first 
converted into 3-methylbut-2-ene (80%) b.p. 31 1 K, and 
then oxidized 6 to 3-methylb~tane-2~3-diol (40%), b.p. 
352-353 K at 1.6 kPa, which gave the chloroacetates 
(21%), b.p. 332-336 K a t  2.0 kPa, which were then con- 
verted into a mixture of 3-chloro-3-methyl- and 3-chloro-2- 
methyl-butan-2-01 (52%), b.p. 315 K at 2.4 kPa. The 
chlorobutanols gave 2,3-epoxy-2-methylbutane (70%) , 
b.p. 336-337 K, from which 3-mercapto-3-methylbutan-2- 
01 was obtained.5 The product (yield 30%) boiled at  355 
K and 2.3 kPa and consisted of 90% 3-mercapto-3-methyl- 
and 10% 3-mercapto-2-methyl-butan-2-ol. 

TABLE 1 
Physical constants of 4,5-dimethyl-1,3-oxathiolans 

Substitu- B.p. (K) Yield 

4,6-Me, 348-361 1.478 4 trans 1.044 4 .  326 

2,4,6-Me8 333-343 1.466 0 r-2,t-4,~-6~ 60 a 

tion CP/frPal nDaOa 4;; (%I 
[6.4] a 1.484 7 cis 

[6.7] a 1.466 3 r-2,c-4,t-Sb 
1.471 1 ~ - 2 , ~ - 4 , ~ - 6 ~  0.992 6 
1.470 2 r-2,t-4,i-lib 

2,2,4,6-Me, 343-346 1.467 8 trans 0.963 1 69. 
[6.7] 1.466 0 cis 0.966 6 

2,4,4,6-Me4 363 [7.7] 1.460 3 cis 37 a 
1.466 8 trans 

a For mixtures of diastereoisomers. &Values of 298 K. 

TABLE 2 
Equilibria between isomeric 2,4,5-trimethyl- and 2,4,4,5- 

tetramethyl- 1,3-oxathiolans at  different temperatures 

1,3-0xathiolan 278 K 298 K 318 K 338 K 
2,4,6-Mea (maso) 3.99 3.48 3.09 2.81 

f O . l O a  f0.13 k0.04 fO.06 
2,4,5-Me, ( f )  3.37 2.98 2.64 

fO.10 f0.06 kO.10 
2,4,4,6-Me, 4.46 3.97 3.66 

f0.07 If0.23 f0.22 

K 

K determined using g.1.c. analysis. 
a Standard deviation. K = [syn]/[antz). c K = [r-2, 

t-4, c-6]/[r-2, c-4, t-51. d K = [cis-2,6]/[trans-2,6]. Value at 
280 K. 

TABLE 3 
Thermodynamic parameters for isomer equilibria 

- AHo/ - ASo/ - AGaQe/ 
Equilibrium J mol-1 J mo1-I K-1 J mol-1 

r-2,t-4, t-6 r-2, c-4, c-6 4 667 f .76 4.94 f 0.24 3 096 

r-2,4,4, t-6 + r-2,4,4, c-5 4 442 f 29 3.43 f 0.10 3 420 

trans-2,5 cis-2,6 4 667 f 322 6.66 f: 1.00 2 996 

V-2, C-4, t-6 + Y-2, t-4, C-5 6 160 f 207 3 020 

trans-2,4 ==== cis-2,4 -176 f 18 -0.10 f 0.06 -146 

7.18 f 0.66 

Standard deviation. 

4,5-Dimethyl-, 2,4,5-trimethyl-, 2,2,4,5-tetramethyl-, and 
2,4,4, &tetramethyl- 1 I 3-oxathiolans were prepared conven- 
tionally 3*4 from 3-mercaptobutan-2-01 or 3-mercapto-3- 
methylbutan-2-01 and a suitable aldehyde or ketone.3 The 
physical constants of the compounds are collected in Table 1. 

Equilibrium constants were determined at three or four 
temperatures as stated before 2 9 3  (Table 2) and the thermo- 

s F. G. Bordwell and H. M. Andersen, J .  Amer. Gkem. SOC., 
1963, 75, 4959. 

G. Wagner, Ber., 1888, 81, 1230. 

dynamic parameters (Table 3) derived from them by a 
linear regression programme written for H P  65 calculator. 

lH N.m.r. spectra were recorded on a Perkin-Elmer R 10 
spectrometer. The solutions contained 450 pl of solvent 
CClh and 50 pl of substrate. 

Spectral A na2ysis.-The spectra examined consisted of 
AM3XR3 type spin multiplets. The final parameters were 
computed using LAME programme on DEC-I0 computer 
system in Turku. 

RESULTS AND DISCUSSION 
The diastereoisomers were separated by preparative 

g . k 5  except ~-2,4,4,~-5-tetramethyl-1,3-oxathiolan 
(Table 1) which was not purified for n.m.r. analysis. The 
isomers were characterized by physical constants, n.m.r., 
and chemical equilibration. Equilibrations were carried 
out as stated before 2,3 in ether solution using BF,,EbO 
as acid catalyst. Equilibrated samples were analysed 
by ~ . I . C . , * ~  to obtain equilibrium constants at various 
temperatures (Table Z), from which enthalpy, entropy, 
and free energy differences between the isomers were 
derived (Table 3). 

Conjgurational Assignments.-The configurational as- 
signments for the 4,5-substituted 1,3-oxathiolans were 
based on the n.m.r. parameters. On the basis of the 
magnitude of the vicinal, J4,5, coupling constants the 
mutual orientation of 4- and &methyl groups was easily 
established (cf. ref. 2). Those isomers for which J4,c is 
4.36-4.85 Hz (Table 5)  have cis-4,5-Me2 configurations 
and those for which J4,5 is 6.40-9.31 Hz have trans-4,li- 
Me, configurations (Table 5).  On the basis of chemical 
shifts of H(2), H(4), H(5), Me(2), and Me(5) (Table 4) it 
was evident 2 3 3  that in the case of 2,4,5-trimethyl-1,3- 
oxathiolans the isomer with the shortest retention time 
was r-2,t-4,~-5-trimethyl-l, 3-oxat hiolan and the isomer 
with the longest retention time was ~-2,t-4,t-5-trimethyI- 
1,3-oxathiolan. This situation is in agreement with 
earlier evidence taking into account that the analytical 
conditions employed in equilibrium measurements were 
practically identical with those employed for the 2,4-% 
and 2,5-&methyl3 derivatives. In the case of 2,4,4,5- 
tetramethyl-l,3-oxathiolans only one isomer was obtained 
pure enough for n.m.r. analysis which proved (Table 4) 
that its configuration was ~ -2 , t -5 .~  

Chemical Equilibration.-The equilibrium between 
r-2,t-4,t-5- and r-2,c-4,c-5-trimethyl-l,3-oxathiolans is 
most clearly illustrated by equation (1). Like cis-2- 

T 1  l2 C 

alkyl-&methyl- and cis-2-alkyl-4-methyl-1,3-oxathio- 
lans r-2,~-4,~-5-trimethyl-1,3-oxathiolan exists predom- 
inantly in conformation C where both 2- and 5-methyl 
groups attain essentially equatorial positions whereas the 
trans-isomer is a mixture of two conformations or con- 
former families T1 and T2. In all conformations C(5) is 
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the flap atom but it is, however, obvious that these 
conformations may be more or less distorted towards the 
corresponding half-chair or envelope form where oxygen 
lies at the tip. This distortion would minimize the 

half-chair form CT2. The justification of this conform- 
ational situation will be discussed in more detail in 
context with the n.m.r. results. 

In the case of 2,4,4,5-tetramethyl-1,3-oxathiolans only 

TABLE 4 

Chemical shifts a for the various compounds in CCl, 
1 , 3-Oxathiolan 

cis-4,S-Me2 

trans-4, &Met 
r-2, t-4, &-Me, 
r-2, c-4, t-6-Me3 
r-2, c-4, c-6-Me, 
'r-2, t-4, t-6-Me3 
2,2,cis-4,6-Me4 

2,2,trans-4,5-Me, 
7-2,4,4, &&Me4 

WWI s[H(~)I w3(4)1 w w 2 ) 1  m w 4 ) 1  ww1 
4.92 3.91 3.36 1.14 1.24 
4.68 
4.86 3.46 3.00 1.30 1.30 
6.21 3.47 3.11 1.49 1.28 1.30 
6.27 3.84 3.09 1.60 1.30 1.24 
4.92 3.94 3.32 1.62 1.16 1.26 
6.34 4.27 3.44 1.46 1.18 1.18 

4.26 3.29 1.61 1.17 1.22 
1.53 

3.74 3.13 1.66 1.26 1.26 
6.20 3.65 1.49 1.34 1.16 

1.26 
a Tetramethylsilane as standard. 

TABLE 5 

oxathiolans 
Values of H(4),H(5), H(4),Me(4), H(5),Me(5) and H(2),H(2') or Me(2) coupling constants (Hz) for the various 1,3- 

Substitition Jcir4' ti Jtraru4* 
cis-4,6-Me2 4.76 
trans-4,6-Me2 7.84 
r-2, t-4, c-6-Me3 8.42 
r-2, c-4, t-5-Me3 6.40 
r-2, G-4, c-&Me, 4.86 
r-2, t-4, &&Me3 4.74 
2,2, cis-4,6-Me4 4.36 
2,2, trans-4,5-Me4 9.31 
7-2,4,4, t-6-Me4 

pseudoaxial interaction due to the 4-methyl substituent 
without an appreciable effect on the other nonbonded 
interactions. trans-Conformations include either a 
pseudoaxial &methyl (T1) or 2-methyl ( T2) group. The 
experimental entropy difference 4.94 0.24 J mol-l K-l 
is within the experimental error for 2,5-dimethyl-1,3- 
oxathiolans, 5.56 -J= 1.00 J mol-l K-l (Table 3).3 Taking 
into account that the experimental entropy difference 
for 2,4-dimethyl-1,3-oxathiolans is ca. 0 (Table 3), and 
the fact that the conformational energies of pseudo- 
axial methyl groups in positions 2 and 5 do not deviate 
greatly from each other the value -AH02,5-Me, + 
should be roughly equal to the conformational enthalpy 
difference between C and T ,  in excellent agreement with 
the experimental value, 4.57 & 0.08 k J mol-l (Table 3). 

The configurational equilibrium between r-2,c-4,t-5- 
and r-2,t-4,c-5-trimethyl-l,3-oxathiolans may be con- 
sidered in the light of equation (2). The excess entropy 
of the r-2,~-4,t-5-configuration, 7.18 5 0.64 J mol -l K-l 
(Table 3), is an indication of its conformational flexibility 
in comparison with that of the ~-2,t-4,~-5-form. Ob- 
viously the r-2,t-4,c-5-form exists predominantly in the 
triequatorial C(5) envelope ( TC1) but includes somewhat 
the corresponding half-chair conformation (TC2) 
where 4,Fi-methyl groups are pseudoaxially orientated. 
The r-2,c-4,t-5-form has at least two conceivable C(5) 
envelopes, namely CT1 and CT3, and may also exist 
somewhat in both 0 ( 1 )  envelopes and in the triequatorial 

( - A H 0 2 , 4 - ~ e l )  = 4.66 - 0.18 = 4.44 0.23 kJ mol-l 

J4,me 
6.89 
6.57 
6.62 
6.48 
6.90 
6.96 
7.03 
6.60 

JD.M~ Jt. Me or 8.2' 

6.42 4.93 
6.09 
6.97 6.88 
6.32 6.10 
6.34 6.86 
6.66 6.00 
6.37 
6.06 
6.40 6.82 

the tra.ns-2,5-isomer was separated for n.m.r. investig- 
ation. Chemical equilibration, however, gave results 

CT3 CTI 

11 
r 1 

1 
TC' 

which are in accord with earlier finding~.~#3 The dimin- 
ished entropy difference 3.43 J mol-l K-l (Table 3) reflects 
the fact that Tz form includes an extra e,e-Me,Me-gazcche 
interaction which makes it less stable by comparison with 
T1 than was the case in equation (1). This leads inevit- 
ably to a decrease in the entropy of mixing of the tram- 
isomer in equation (3). 
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N.m.r. S$ectra.-Typical J4,5 values for 1,3-oxa- 

thiolans 2 ,3*798  extend over the ranges [equation (4)] 
J4a,Ee 4.4-5.8, J4e,5e 2.2-3.2, J4a,5a 9.6-11 .O, and Jk,sa 
3.8-5.5 Hz. The 4,5-dimethyl-1,3-oxathiolans with the 

9.31 Hz) in 4,5-dimethyl-l,3-oxathiolans. Unfortun- 
ately we do not know the exact value of Jk,5e in a similar 
environment but in cis-2,4-dimethyl-l,3-oxathiolan 
is 2.49 Hz and hence we assume that it is reasonable to 

Me 

ks 7 1 13) 
'+\Me Me Me Me I Me 

Me 1 Me 

I Me I 

trans-4,5 configuration were easy to identify on the basis 
of the magnitude of the vicinal coupling constants 
(Table 5). Moreover, the chemical shifts of different 
protons (Table 4) show that most of the relationships 

* L a  *ha 

"$3 5e 

* '  5a 

I t  
* '  5a 

I1 1 4 '  
5a 5a 

4a 

met in the chemical shifts of 5-methyl- and 4-methyl- 
1,3-0xathiolans are also valid in the case of 4,5-dimethyl- 
1,3-oxathiolans. Thus the configurational assignments 
were easily done. In some cases the 4- and 5-methyl 
signals partly coalesced but the assignment of the signals 
was, however, possible on the basis of the coupling 
constants between methyl protons and the relevant ring 
proton. On the sulphur side, a t  position 4, this coupling 
is distinctively larger, 6.48-7.03 Hz (6.2-6.9 Hz for the 
4-methyl series 2), than on the oxygen side, at position 5, 
5.97-6.55 Hz (5.82-6.32 Hz for the 5-methyl series3) 
(Table 5). 

The coupling constants between 4- and 5-protons in the 
1,3-oxathiolans were easy to evaluate. However, the 
extra splittings due to the 4- and &methyl groups did not 
accurately obey first-order rules and therefore the final 
parameters were computed with the aid of the LAME 
programme. 

The values of the vicinal coupling constants (Table 5) 
point out that trans-4,5-dimethyl-l,3-oxathiolans are 
mixtures of a t  least two pseudorotamers (or rotamer 
families) of which one has the J4a.58 [e.g. CT1, CT2, and 
TC1 in equation (2)J arrangement and the other the 
Jde,Se CCT3 and TC2 in equation (2)] arrangement. 

Inspection of molecular models shows that in the case 
of 2,2,t~ans-4,5-tetramethyl-1,3-oxathiolan practically 
no J4e,5e-type conformations exist due to strong non- 
bonded interactions and that is why we can use it as an 
anancomeric model for the Jda,5& arrangement (Jtmns 

C 

estimate J4e,5e at 2 Hz. Employing equation (5) it is 
possible to evaluate the free energy differences between 
the conformer families with J48,5a and Jk,& arrange- 
ments for trans-4,5-dimethyl-, r-2,c-4,t-5-trimethyl- and 
r-2,t-4,c-5-trimethyl-l,3-oxathiolans. 

tyafis-495: Jotis = ~J4a,5a + (1 - x)Jk,50 (5) 
Equation (5) gives the results shown in Table 6 for the 

equilibria between the conformer families in question. 

TABLE 6 
Relative population of the two possible conformer families 

of tram-4,Bdimethyl- 1,3-oxathiolans in CCl, and the 
corresponding free energy differences at 306 K 

Jda.68 J ~ e . 6 e  
9.31 Hz 2.0 H z  - AGO1 

1,3-Oxathiolan Jot,a portion (%) portion (%) K k J mol-1 
trans-4,5-Me2 7.84 80 20 4.0 3.5 f 1.0 
r-2, t-4, c-5-Me3 8.42 88 12 7.3 5.1 f 1.0 
r-2, c-4, t-5-MeS 6.40 60 40 1.5 1.0 f 0.5 

The free energy difference, 3.5 kJ mol-l, between the 
diequatorial and the diaxial C(5)-envelope of trans-4,5- 
dimethyl-l,3-oxathiolan is in good agreement with the 
different interactions involved in these conformations. 
The free energy difference, 1.0 kJ mol-l, between the 
conformation families in the case of the r-2,c-4,t-5 deriv- 
ative [equation (2)J confirms the view that some of the 
half-chair form (CT2) must be included since otherwise 
the proportion of theJ4a,5a arrangement should be <50%. 
The free energy difference, 5.1 kJ mol-l, between the 
C(5)-envelope (TCl) and the half-chair form (TC2) in the 
case of the r-2,t-4,c-5 form allows us to estimate (assum- 
ing AS" ca. 0) that the half-chair form as such is ca. 6 kJ 
mol-1 less stable than the C(5)-envelope: 1,2 AH'(enve1- 
ope - half-chair) = AH"(2a-Me) + AHo(4e,5e-Me,Me) 
- AH"(5a-Me) - AH"(4a-Me) + 5.1 = 4 + 3 - 5 -1 + 5.1 4. 

Conclusions.-Together with the data presented 
earlier the results of equilibration studies and n.m.r. 
analysis are best explained with the aid of envelope 
structures where C(5) is the flap atom though in some 
cases the corresponding half-chair form where C(4) is 
above and sulphur below the plane defined by the remain- 
ing three atoms as well as the O(1)-envelope may appear 
to be favoured. This proposition is in agreement with 
the opinions of Pasto et aL7 and Wilson et aL8 as well as the 

SOC., 1967, 89, 4368. 

Chem. SOC., 1970, 92, 5907. 

7 D. J. Pasto, F. M. Klein, and T. W. Doyle, J .  Amer. Chem. 

8 G. E. Wilson, jun., If. G. Huang, and F. A. Bovey, J .  Amer. 
I 
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recent con formational energy calculations and conclu- 
sions of Wilson dealing with 2-methyl-l,3-oxathiolan. 
According to Wilson the most stable conformation of 
2-methyl-l,3-oxathiolan has both the sulphur and the 
methyl p to the flap atom and the methyl anti to it with 
respect to the ring plane, 

Our results do not confirm that the 1,3-oxathiolan 
ring itself has a clearcut preference for a certain conform- 
ation. The steric requirements of the ring are, however, 
as important as those of the substituents {the same ring 
conformation predominates in both 2,4-, 2,5-, and 
2,4,5-series). The energy barrier between the envelope 
forms with C(5) or O(1) as the flap atom is not high enough 
to bias the ring in either of these  conformation^.^ Thus 

G. E. Wilson, jun., J .  Amer. Chew. SOC., 1974,96, 2426. 

the steric requirements of the substituents may greatly 
effect the position of the energy minimum. 

A methyl substituent in the 4-position has no great 
steric demands of its own though they may be reflected 
in the most probable conformation through further 
substitution. Pseudoaxial alkyl substituents at posi- 
tions 2 and 5 show remarkable confonnational inter- 
actions the magnitude of which varies from 4.3 (2a-Me) 
to 8.6 (2a-But) kJ mol-l. 
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