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ABSTRACT 

Crystal and molecular structures of  two enantiomers 
of methoxycarbonylmethyl carboxymethyl sulfoxide 2 
(2( -) and 2( +)) have been determined by X-ray meth- 
ods. Crystals of 2 are orthorhombic, space group 
P212121, Z = 4, with a 5.1900(4) A,  b = 8.7960(7) 4, and c = 18.48!2(2) A in 2(-) and a =05.1897(7) 
A, b = 8.787(1) A, and c = 18.520(2) A in 2(+). 
Structures 2(-) and 2(+) were refined to R factors 
equal to 0.041 and 0.052, respectively. The absolute 
configuration at the sulfur atom in enantiomer 2( -) 
with [a]'," = -20" (MeOH) is Rs. (In 2(+), where 
[a]'," equals +20" (MeOH), the absolute configura- 
tion at S atom is &.) I n  compounds 2(-) and 2(+), 
a strong intermolecular hydrogen bond 03-H3 . . . 
0 1  occurs. 

INTRODUCTION 
Organic sulfoxides are very important substrates 
in asymmetric synthesis of organic compounds, in 

"To whom correspondence should be addressed. 

particular, in synthesis of biologically active com- 
pounds. Information about their absolute or rela- 
tive configuration is necessary for proper planning 
of synthesis, or other chemical reactions. In this 
article, we present structural studies of two en- 
antiomers of the compound 2 which are produced 
by enzymatic hydrolysis of prochiral dimethyl sul- 
finyl-diacetate ( I )  [l] (Scheme 1). 
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SCHEME 1 

Together with studies published earlier [2-41 
on the absolute configuration of a-phosphoryl sulf- 
oxides (3, 4, and 5; Figure l) ,  the present investi- 
gations may augment the knowledge about the 
structure of sulfoxides with different substituents. 
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FIGURE 1 Structures of a-phosphoryl sulfoxides investigated. 

RESULTS AND DISCUSSION 
Atomic coordinates of examined compounds 2( -) 
and 2(+) are presented in Table 1. Table 2 shows 
bond lengths and angles of nonhydrogen atoms. The 
full crystallographic data (anisotropic displace- 
ment coefficients, torsional angles, least-squares 
planes, and values of Fobs and Fcalc) are deposited 
at  Cambridge Crystallographic Data Centre [8]. 

Compound 2 is optically active possessing two 
enantiomers: with [a!];’ = -20” (compound 2(-)) 
and with [a];’ = +20” (compound 2(+)). Both en- 
antiomers were studied. The absolute configura- 
tion was determined by two methods: the first 
method by calculation of the ETA (t)) parameter 
for 2(-) and 2(+), respectively, with uninversed and 
with inversed atomic coordinates [5]; the second 
one was the Hamilton test [6], analogically for 
“uninversed” and “inversed” structures. 

The dextrorotatory enantiomer, the crystal of 
which was not ideally suitable for X-ray studies 
(dimensions, irregular external shape), was refined 

I v--d CI 

5 

to an R factor of 0.0515 (with extinction parame- 
ter) and has the Ss absolute configuration at the 
sulfur S atom. The calculated ETA parameter was 
0.975(70), and after inversing of atomic coordi- 
nates, the ETA parameter was -0.975(70). 

For the opposite enantiomer (i.e., with [a];’ = 
-207, the absolute configuration at the sulfur atom 
was established as Rs. The respective ETA values 
were ETA = 1.004(70) and ETAh,, = -1.003(70); the 
R factor was 0.0413 with refinement of the extinc- 
tion parameter. 

The determination of the absolute configura- 
tion by the Hamilton test gave the following re- 
sults: for compound 2(-), Kti0 = 1.01246, N = 1020 
- 103 = 917, a! I which confirms the Rs con- 
figuration; for 2(+), the values were %,,, = 1.06260, 
N = 892 - 103 = 789, a! 5 which proves the 
Ss configuration. Thus, both methods unequivo- 
cally confirmed the established configuration. 

The Newman projections of all theoretically 
possible conformations of molecule 2 are shown in 
Figure 2. 
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TABLE 1 Atomic Coordinates (x104) and Equivalent Iso- 
tropic Displacement Coefficients (A2 X lo3) for 2(-) and 
a+) 

age). The Newman projection of a sulfoxide moiety 
is presented in Figure 4. 

Figures 2 and 4 reveal that both enantiomers 
(i.e., 2(-) and 2(+)) have the antiperiplanar ar- 

X Y Z rangement of the -CH2-group and the esterified 
carboxvl grow. The difference is in the different 

S 
01 
0 2  
03  
c1  
c 2  
0 2  ' 
03' 
C1' 
C2' 
C3' 

S 
01 
0 2  
03  
c1  
c 2  
02' 
03' 
C1' 
C2' 
C3' 

9302( 1 ) 
1 1693(5) 
10200(9) 
7069(6) 
7332(6) 
8393(8) 
991 8(7) 
7505 (9) 
731 9(7) 
8455(8) 
841 1 (1 5) 

Compound 2( -) 
7292( 1 ) 1072( 1 ) 
6499(3) 1344(2) 
9712(5) 2094(2) 
9237(3) 2851 (2) 
7642(4) 1855(2) 
8982(4) 2262(2) 
5922(4) -345(2) 
3894(3) - 139(2) 
5792(4) 71 7(2) 

3258(6) -824(3) 
5241 (4) 24(2) 

Compound 2(+) 
698(1) 2706(1) 8928(1) 

- 1707(5) 3494(3) 8658( 1 ) 
-230(9j 
2932(7) 768(4) 7144(2) 74(1 1 
2663(7) 2350(4) 81 41 (2) 54(1 1 
161 4(9) 1026(5) 7734(2) 59(1 1 

85(8) 4075(4) 10344(2) 80(1) 
2497(10) 6104(3) 10138(2) 81(1) 
2671 (7) 421 8(4) 9283(2) 52( 1 ) 
1554(9) 4754(4) 9975(2) 5 W )  
1683(14) 6753(6) 10830(2) 99(2) 

Equivalent isotropic U i:j defined as one third of the trace of the 
orthogonalized U, tensor. 

The calculations performed with molecular 
mechanics methods [ 131 (see Figure 3) confirm that 
the best energetically stable conformations are A, 
B, and C, as shown in Figure 2. The stable enan- 
tiomers in the solid state are 2(-) and 2(+) which 
correspond well with the theoretical 2-B confor- 
mation presented in Figure 2 (and its mirror im- 

location 07 thefree electron pair which is synclinal 
to the esterified carboxyl group (but can be situ- 
ated to the left or to the right of COOCHJ. 

The bond lengths and angles in the compounds 
2(-) and 2(+) correspond well with those pre- 
sented in the literature [7]. Comparison of some 
interesting geometrical parameters is shown in 
Table 2. The selected torsional angles of com- 
pounds 2(-) and 2(+) are given in Table 3. The 
central plane is defined by the atoms 0 1 ,  C1, Cl'. 
The sulfur atom lies outside that plane, which sug- 
gests that it is pseudotetrahedral. Two other planes, 
i.e., the one defined by the carboxyl group (Cl, C2, 
02, 03) and the one defined by the ester group (Cl', 
C2', 02 ' ,  03'), lie at different angles to that plane. 
The values of these angles are 55.6(1)" and 42.4(1)", 
respectively. The distances of the S and C3 atoms 
from these planes are given in Table 4. This table 
also presents the dihedral angles between respec- 
tive planes in the molecules of 2(-) and 2(+). 

Figures 5 and 6 present the thermal ellipsoidal 
plots of the molecules of the compounds 2(-) and 
2(+); Figures 7 and 8 show the molecular arrange- 
ment in the unit cell with presentation of inter- 
molecular hydrogen bonds 03-H3 .o. . 0 1 ,  where 
the H3 . . . 0 1  distances are 1.636(5) A and 1.638(4) 
A and the 03-H3 . . . 0 1  angles are 158.8 (4)" and 
159.2 (4)", respectively. 

EXPERIMENTAL 
Crystal and molecular structures of two enantio- 
mers of carbomethoxymethyl carboxymethyl sulf- 
oxide (2(-) and 2(+)) were determined using data 

TABLE 2 Bond Lengths (A) and Angles (") of Nonhydrogen Atoms in Examined Structures 2(-) and 2(+) 

s-01 
s-c1 
02-c2 
03-C2 
c 1  -c2 

01  -s-c1 
c1  -s-c1 ' 
s-c1 -c2 
02-C2-03 
02-c2-c1 
03-C2-C1 

1.509(3) 
1.799(3) 
1.178(6) 
1.307(5) 
1.503(5) 

106.2( 1 ) 
95.4(2) 

109.2(2) 
123.0(4) 
125.9(4) 
1 1 1.0(3) 

Bond Lengths (A) 
1.51 2(3) 03'-C3' 
1.806(3) s-c1 ' 
1.1 96(6) 02'-C2' 
1.309(5) 03'-C2' 
1.488(6) c1 '-C2' 

106.2(1) 01 -S-Cl' 

109.7(3) s-c1 '-C2' 

125.2(4) 02'-C2'-Cl' 

Bond Angles (") 

95.8(2) C2'-03'-C3' 

123.2(4) 02'-C2'-03' 

11 1.5(4) 03'-C2'-C1' 

1.462(6) 
1.798(3) 
1.184(5) 
1.31 8(5) 
1.491 (5) 

104.6(2) 
11 5.0(4) 
109.0(2) 
124.2(3) 
125.8(3) 
11 0.0(3) 

1.465(6) 
1.802(4) 
1.186(5) 
1.31 8(5) 
1.483(5) 

104.6(2) 
1 16.3(4) 

124.0(3) 
126.1(4) 
109.8(3) 

109.1 (3) 
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FIGURE 2 The Newman projections (A-C) of all theoretically possible conformations of the compound 2. 
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FIGURE 3 Steric energy of molecule 2 as a function of 
torsion angles (a) CH2-S-C1'-COOCH3 and (b) O=S-C1 '- 
COOCH3 (MMX86 Molecular Mechanics Program [ 131). 
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FIGURE 4 The Newman projection of the sulfoxide 
moiety of the compound 2. 

TABLE 3 Selected Torsional Angles (9 in Compounds 2(-) 
and 2(+) 

s-c1 -c2-02 1.2(5) - 1.0(6) 
S-C1 -C2-03 - 177.5(3) 177.6(3) 

S-C1 '-C2'-03' 162.2(3) - 162.4(3) 
01 -s-Cl -c2 77.5(3) - 76.9(3) 
01 -S-Cl '-C2' -72.7(3) 73.1 (3) 

s-Cl '-C2'-02' -20.5(5) 19.4(5) 

TABLE 4 Distances of S and C3 Atoms (A) from Least- 
Squares Planes and Interesting Dihedral Angles Between 
Planes (") in 2 

collected on a CAD4 diffractometer. Compound 2 
crystallizes in the orthorhombic system, space group 
P212121. Crystal data and experimental details are 
shown in Table 5 .  

Intensity data were collected at  room temper- 
ature using a diffractometer with graphite mono- 
chromatized Cu K,  radiation. Lattice constants were 
refined by least-squares fit of 25 reflections in the 

AtomlPlane 2(-) 2(+) 

s/o1 c1 C1' 0.736( 1 ) 0.736( 1 ) 
C3/03'C2'02'C1' 0.039(6) 0.069(6) 
Plane l/Plane 2 
cl C2 02 03/C1 'C2'02'03' 14.1 (2) 14.4(2) 
c1 C2 02 03/C1 C1'01 42.4(2) 41.9(2) 
C1 'C2'02'03'/Cl C1'01 55.6(2) 55.4( 2) 
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FIGURE 5 Thermal ellipsoidal plot of the molecule of 2(-) with atom numbering. 

FIGURE 6 Thermal ellipsoidal plot of the molecule of 2(+) with atom numbering. 

FIGURE 7 The unit cell of 2(-) with intermolecular 03-H3 . . . 0 1  hydrogen bonding system (symmetry: 2 - x, 0.5 + 
y, 0.5 - 2). 
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I 

FIGURE 8 The unit cell of 2(+) with intermolecular 03-H3 . . . 01 hydrogen bonding system (symmetry: -x ,  -0.5 + y, 
1.5 - z). 

TABLE 5 Crystal Data and Experimental Details 

2(-) 2(+) 

Molecular formula 
(“1 

C5H805S 
20 ;r group m2121 ~12121 

5.1 900(4) 5.1897(7) 
8.7960( 7) 8.787( 1 ) 
18.489(2) 18.520(2) 
844.1(1) 844.5(2) 
4 4 Z 

0, (g/cm3) 1.41 8(2) 1.41 7(2) 
EL (cm-’) 32.3 32.3 
Crystal dimensions (mm) 0.3, 0.4, 0.4 0.4, 0.4, 0.5 
Maximum20 ) 150 150 

Cu K,, 1.541 78 
Scan mode 
Scan width (“) 0.65 + 0.14 tan 0 
hkl ranges h = 0 6  h = 0 6  

k = 0 1 1  k = 0 1 1  
/ = 0 2 3  I =  023 

EAC correction: 
min 0.91 73 0.8078 
max 0.9985 0.9998 
av 0.9672 0.9325 
No. of reflections: 

total 1046 938 
with I 2 3c (I) 1014 894 

b (4 
w 1 
c 

Cu K,, 1.54178 

0.74 + 0.14 tan 0 
0/20 0/28 

Radiation, A ( !i ) 

Absolute configuration at S atom R S 
0.041 0.052 R 
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8 range of 20.3-29.3' for 2(-) and 19.5-29.1" for 
2(+). Decline in intensities of three standard re- 
flections (-1, -1, 8; 1, -2, 7; 2, -2, -6 for 2(-) 
and -2, -2,  -4; 1, -4, 4; -3, -2, 2 for 2(+)) was, 
respectively, 2.6% during 10.5 hours of exposure 
and 0.01% during 10 hours. An absorption correc- 
tion was applied using the EAC program [9,10], 
where the minimum transmissions were 84.14 and 
65.26%, max 99.71 and 99.97%, and av 93.55 and 
86.95% (for 2(-) and 2(+), respectively; see Table 
5). A total of 1014 observed reflections for 2(-) and 
894 for 2(+) [with! I 5 3c7 (Z)] were used to solve 
the structures by direct methods [ 113 and to refine 
them by full mati-ix least-squares using F's [12]. 
Hydrogen atoms were placed geometrically at 
idealized positions with fixed isotropic thermal 
parameters (except the H3 hydroxyl atom which 
was found on a difference Fourier map) and set as 
riding. Anisotropic thermal parameters were re- 
fined for all nonhydrogen atoms. The final refine- 
ment converged to R = 0.041 (in 2(-)) and R = 
0.052 (in 2(+)) with the weighting scheme, 

1 
c?(F) + 0.01 F2 

W =  

for 103 refined parameters, with inclusion of the 
extinction parameter into refinement (the ob- 
tained value of the extinction parameter in 2(-) is 
0.0509(87) and in 2(+) is 0.0850(136)). Refinement 
without the extinction parameter gives R = 0.052 
in 2(-) and R = 0.068 in 2(+). The largest residual 
pcak in the final differepce Fourier map was 0.319 
eA-3 (2(-)) and 0 410 eA-3 (2(+)). Data corrections 
were carried out with the Enraf-Nonius SDP crys- 
tallographic computing package [9], with struc- 
ture solution and refinement on the SHELXTL 

package [ 113. Scattering factors were taken from 
the International Tables for X-ray Crystallography 
E123. 
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