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The crystal and molecular structure of the title compound 
was determined; its absolute configura<tion lR, 5R was deduced from 
CD spectral data. Crystals are orthorhombic, space group P212121 
with : a= 15.857(4), b = 12.449(3), c = 6.120(2) A, U = 1208.11 A3, 

Z = 4; De = 1.35 Mgm-s, µ(MoKa) = 0.25 mm-1• The final R = 0.048 
for 671 observed reflexions [I> 3a (I)] . The conformation of the 
dicnabicyclo (3.2.1] octane ring is boat-envelope-chair. Molecules 
are connected in an infinite chain by hydrogen bonds between 
N(3) amino and C(2) carbonyl groups [N - H ... 0, 2.881(8) A] . 

INTRODUCTION 

In connection with the chemical transformation of penicillins the ring 
expansion of thiazolidine was studied.1 Reaction of N8-acyl and N3,N8-diacyl 
derivatives of 6-thia-3,8-diazabicyclo[3.2.l.]octan-2-ones(I) with PC15 or S02Cl2 
gave a chloroderivative, which upon addition of water yielded two isomers 
III and IV.1 

One of these isomers(III) was the starting compound I, substituted with 
a hydroxyl group at position C-4, while the other (IV) was 7-thia-2,5-diaza
bicyclo[2.2.2]octan-2-one, formed by rearrangement of I, due to expansion of 
the thiaZ'Ohdine into the tetrahydrothiazine ring. In this reaction also nucleo
philic substitution occured at the position (3 to sulphur. 

It was proposed that the ring expansion of thiazolidine and nucleophilic 
substituUon occurred via the thiiranium ion II as a common intermediate. This 
was inferred from the fact that isomers (III or IV) in the repeated reacHon 
with PC15 or S02Cl2 gave the same chloro compound, which when treated with 
water or alcohol gave again the same mixture and ratio of products (V and 

* Dedicated to Professor D. Grdenic on occasion of his 65th birthday. 
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Vl). 2 The nucleophilic attack at the carbon a to sulphur explains the formation 
of isomers V, while the reaction at the a' C-atom leads to the isomers VI. 

This mechanism is supported by the evidence of stereospecific introduction 
of a hydroxy or methoxy group giving only one stereoisomer as a reaction 
product. A recent X-ray crystallographic analysis3 of VI (R = PhCH2CO, 
R' = H) established the absolute configuration lS, 4R, 6S with a hydroxy 
group bonded at C(6) in a E position to sulphur. The absolute configuration of 
the compound V, (R = H; R' = CH3) reported in this paper, was found to be 
lR, 4R, 5R. An E orientation of the methoxy group to sulphur was also found. 

EXPERIMENTAL 

a) X-ray Data 

Preliminary cell dimensions and the space group were determined from oscilla
tion and Weissenberg photographs recorded with CuKu radiation; final cell dimen
sions were refined from diffractometer measurements (25 reflexions). Intensities were 
collected on a Philips PWllOO computer-controlled four-circle diffractometer in the 
w-scan mode [scan width = 1.00 °(0), scan speed = 0.025 °(0) s-1] with graphite mo
nochromated MoKu radiation using a crystal 0.05 X 0.09 X 0.62 mm. 671 observed 
reflexions [I > 3a(I)] in the range 2 < e < 30° were recorded and used in the 
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calculations. The data were corrected for background, Lorentz and polarization 
effects but not for absorption. The structure was solved with MULTAN 804 (ABS 
FOM = 1.271, PSI ZERO = 1.651, RESID = 20.35). A subsequent difference synthesis 
located the remaining four atoms of the molecule. Refinement was by least squares 
minimizing l: w 11 Fo1-1Fe 11 2 (w = 1). Anisotropic refinement and the resulting 
difference synthesis revealed the positions of the H atoms. A scale factor and atomic 
coordinates of the non-hydrogen atoms (145 variables) were refined. The H atoms 
were included in the structure factor calculations only. For the H atoms the 
isotropic thermal parameters were those of the bonded atoms plus one. Ani- · 
sotropic thermal parameters were in the usual range: maximum values of U11 for 
C(ll) and U22 for C(16) of 0.104(8) and 0.103(7) A 2 were obtained, respectively. The 
final R = 0.048 for 671 observed reflexions with I > 3cr (I). The R factor of both 
enantiomers is of the same value. Probably due to poor crystal quality application 
of Bijvoet pairs in the discrimination of the enantiomers was not successful. 

Scattering factors given by Cromer and Mann5 and (for H). Stewart, Davidson 
and Simpson6 were used. An anomalous-dispersion correction was included for S7• 

The calculations were carried out on a Univac 1110 computer at the University Com
puting Centre in Zagreb with the XRA Y system.8 

b) CD Data 

The CD was recorded with an ISA-dichrograph Mark III connected on line to 
a PDP-8/e computer, at room temperature at a concentration of 1.53 mMol/1. 

Circular Dichroism 

The CD was measured in acetonitril solution and showed Cotton effects at 
252 (-3.50) and 207 nm (A Ii = +33.2); it became strongly negative at shorter wave
lengths. Whereas the first (negative) band comes from the thioether chromophore 
for which in the presence of the two strong perturbing amide groups no appropriate 
rule can be applied, the next two CD-bands of opposite signs are typical for a 
CD-couplet, which in this case must result from a chiral Davydov interaction between 
the strong n° ~ n--transition moments of the two amide groups,9 similar e.g. to 
the a-helix of polypeptides, for which the first branch of the respective CD-couplet 
appears at 208 nm (A Ii appr. -10).10 

In order to apply the point-dipole approximation one has for the calculation 
of such CD-couplets to »localize« the two transition dipoles in the chromophore. We 
have to this end taken the co-ordinates of V (R = H, R' = CH3) as obtained from 
the X-ray diffraction experiment, calibrated deliberately for the (lR, 5R)-stereo
isomer. Assumption of a halfband width of 3000 cm-1, band position of 202 nm and 
s of 8000 (cf.11) leads to a CD-couplet with values of 208 ( + 14.0) and 197 nm 
(A Ii = - 14.9); if the direction of the transition dipole is changed so as to conform 
with the values determined by Peterson and Simpson12 the corresponding result is 
207 ( + 10.4) and 197 nm (A c = -11.0). These CD-values are smaller than those 
found; one must take into account, however, that actually the transition charges 
are not localized at the positions of the nuclei but above and below them. The 
point-dipole approximation is, therefore, very crude for interacting dipoles which 
are not farther apart than in V. 

As NMR-measurements have shown1 the N(8)-acetyl group in solution is not 
fixed in the E-configuration but can also adopt the Z-configuration: If the CD-cou
plets are calculated for this stereochemistry the ellipticities are smaller but they do 
not change their signs. Therefore, whatever the conformation present in solution, 
the CD-couplet for the (lR, 5R)-isomer is always positive ; for its enantiomer 
with (lS, 5S)-stereochemistry the CD-couplet should then, of course, be negative. 
As a positive CD-couplet is observed for the (-) - V (R = H, R' = CH3), its absolute 
configuration must thus be (lR, 5R). 

DESCRIPTION AND DISCUSSION OF THE STRUCTURE 

The structural formula with the atom numbering is given in Figure 1. 
The final atomic coordinates for non-hydrogen atoms are listed in Table I. 
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Figure 1. Structural formula with the atom numbering. 

TABLE I 

Final Atomic Coordinates( X 10000) and Isotropic Thermal Para.meters( x 100) 
for Non-Hydrogen Atoms 

x y z u (A2) 

c (1) 1445(4) 2569(5) 8598(10) 3.2(2) 
c (2) 1890(4) 3632(5) 8303(11) 3.5(2) 
N (3) 1805(4) 4132(4) 6394 (9) 4.5(3) 
c (4) 1214(5) 3809(6) 4678(13) 5.1(4) 
c (5) 886(4) 2685(5) 5076(11) 3,9(3) 
s (6) 1745(1) 1697(1) 4703 (2) 4.8(4) 
c (7) 1950(4) 1597(5) 7671 (9) 3.4(2) 
N (8) 653(3) 2603(5) 7371 (8) 3.3(2) 
0 (9) 2353(3) 3980(3) 9765 (8) 5.1(4) 
0(10) 520(3) 4530(4) 4673 (9) 6.8(4) 
C(ll) 303(6) 4913(7) 2574(15) 8.2(5) 
C(l2) 1581(5) 572(5) 8545(13) 4.9(3) 
C(l3) 2883(4) 1677(6) 8148(12) 5.3(4) 
C(l4) -104(4) 2401(6) 8299(12) 4.1(3) 
0(15) -169(3) 2354(4) 10285 (9) 5.8(4) 
C(l6) -842(5) 2269(8) 6851(15) 7.2(5) 

Interatomic distances and angles are listed in Table II. The absolute configu
ration of the molecule is defined by the torsion angles listed in Table III. The 
molecular packing is illustrated in Figure 2. 
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TABLE II 

Bond Distances (A) and Angles {°) 

a) For non-hydrogen atoms C(12) - C(7) - C(13) 
C(l) - N(8) - C(5) 

C(l) - C(2) 1.511(9) C(l) - N(8) - C(14) 
C(l) - C(7) 1.558(10) C(5) _ N(8) _ C(14) 
C(l) - N(8) 1.463(8) C(4) - 0(10) - C(ll) 
C(2) - N(3) 1.33l(9) N(8) - C(14) - 0(15) 
C(2) - 0(9) 1.236(9) N(8) - C(l4) - C(16) 
N(3) -- C(4) 1.464(10) 0(15) _ C(14) _ C(16) 
C(4) - C(5) 1.513(11) 
C(4) - 0(10) 1.419(10) 
C(5) - 8(6) 1.849(7) 
C(5) - N(8) 1.456(9) 
8(6) - C(7) 1.849(6) 
C(7) - C(12) 1.502(10) 
C(7) - C(13) 1.511(10) 
N(8) - C(l4) 1.353(9) 
0(10) - C(ll) 1.413(11) 
C(14) - 0(15) 1.222(10) 
C(l4) - C(16) 1.477(11) 

C(2) - C(l) - C(7) 
C(2) - C(l) - N(8) 
C(7) - C(l) - N(8) 
C(l) - C(2) - N(3) 
C(l) - C(2) - 0(9) 
N(3) - C(2) - 0(9) 
C(2) - N(3) - C(4) 
N(3) - C(4) - C(5) 
N(3) - C(4) - 0(10) 
C(5) - C(4) - 0(10) 
C(4)- C(5)- 8(6) 
C(4) - C(5) - N(8) 
8(6) - C(5) - N(8) 
C(5) - 8(6) - C(7) 
C(l) - C(7) - 8(6) 
C(l) - C(7) - C(12) 
C(l) - C(7) - C(13) 
8(6) - C(7) - C(12) 
S(6) - C(7) - C(13) 

113.4(5) 
108.3(5) 
106.1(5) 
117.9(6) 
119.9(6) 
122.1(6) 
124.5(6) 
111.0(6) 
108.9(6) 
108.6(6) 
110.0(5) 
107.9(6) 
105.0(5) 
93.1(3) 

102.4(4) 
109.2(5) 
112.4(6) 
109.8(5) 
110.9(5) 

b) For hydrogen atoms 
C(l)-H(l) 
N(3)-H(N3) 
C(4)-H(4) 
C(5)-H(5) 
C(ll) - H(ll)l 
C(ll) - H(11}2 
C(ll) - H(11)2 
C(12) - H(12)1 
C(l2) - H(l2)2 
C(12) - H(12)3 
C(13) - H(13)1 
C(13) - H(13)2 
C(13) - H(13)3 
C(16) - H(16)1 
C(16) - H(l6)2 
C(l6) - H(16)3 

C(2) - C(l) - H(l) 
C(7) - C(l) - H(l) 
N(8) - C(l) - H(l) 
C(2) - N(3) - H(N3) 
C(4) - N(3) -H(N3) 
N(3) - C(4) - H(4) 
C(5) - C(4) - H(4) 
0(10) - C(4) - H(4) 
C(4) - C(5) - H(5) 
8(6) - C(5) - H(5) 
N(8) - C(5) - H(5) 

TABLE III 

Torsion Angles (0
) 

C(7) - C(l) - C(2) - N(3) 
N(8) - C(l) - C(2) - 0(9) 
C(l) - C(2) - N(3) - C(4) 
C(2)-N(3)- C(4)- C(5) 
C(2) - N(3) - C(4) - 0(10) 
N(3) - C(4) - C(5) - S(6) 
N(3) - C(4) - C(5) - N(8) 
0(10)- C(4)- C(5) - S(6) 
C(4)- C(5)- 8(6)- C(7) 
C(5) - 8(6) - C(7) - C(l) 
C(5) - S(6) - C(7) - C(12) 
C(5) - 8(6) - C(7) - C(13) 
8(6) - C(7) - C(l) - C(2) 
S(6) - C(7) - C(l) - N(8) 
N(3) - C(4) - 0(10) - C(ll) 
C(5) - C(4) - 0(10) - C(ll) 
C(5) - N(8) - C(14) - 0(15) 
C(5)-N(8)-C(l4)- C(l6) 

83.6(8) 
150.2(6) 

10(1) 
-15(1) 
104.2(8) 

-68.3(7) 
45.7(8) 

171.9(5) 
98.7(5) 

-12.7(5) 
103.2(5) 

-132.8(5) 
-78.4(6) 

40.3(5) 
132.5(7) 

-106.4(7) 
179.3(7) 

-2(1) 
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111.7(6) 
106.2(5) 
122.8(6) 
130.0(6) 
113.9(7) 
120.1(6) 
118.2(7) 
121.7(7) 

1.09 
1.11 
0.97 
1.09 
1.14 
1.07 
1.02 
0.97 
1.02 
1.00 
0.95 
1.05 
1.07 
0.98 
1.09 
1.07 

102 
109 
119 
123 
112 
108 
108 
101 
110 
104 
119 
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Figure 2. A view of the crystal structure along c showing hydrogen bonds between 
amino and carbonyl groups. 

The C-C lengths for C in the sp3 hybridization range from 1.502(10) 
to 1.558(10) A. There are two categories of C to N bonds: the C-N bonds 
[C(l)-N(8), 1.463(8); C(4) - N(3), 1.464(10); C(5)- N(8), 1.456(9) A] and 
N-C=O [C(2) - N(3), 1.331(9); C(14)- N(8) , 1.353(9) Al. The carbonyl bonds 
are 1.222(10) and 1.236(9) A. The C-S bonds are symmetrical [l.849(6) , 1.849(6) 
AJ. Bond angles are in accordance with the given atom type, hybridization 
and the requirements of the ring geometry. The pronounced deviations from 
normal values are C(l) - C(7) - 8(6), 102.4(4) and C(l) - N(8) - C(5), 106.2(5)0

• 
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The diazabicyclo [3.2.1] octane ring is puckered (Table III); the seven
-membered ring with the sequence C(l), C(2), N(3), C(4), C(5), 8(6), C(7), 
appears in a boat conformation. C(l), C(7), 8(6), C(5), N(8) form a five-mem
bered ring in an envelope conformation with the bridging N(8) lying out of 
four atom plane [0.638( ) A]. The six-membered ring C(l), C(2), N(3), C(4), 
C(5), N(8) occurs in a distorted chair conformation; the displacements of N(3) 
a:nd N(8) are 0.131(9) and 0.774(9) A, respectively. The relative orientation of 
the methoxy group to 8 defined by the torsion angle 8(.6) - C(5) - C(4)- 0(10), 
171.9(5)0

, is trans. 

Molecules are connected in an infinite chain along c by the hydrogen 
bonds N(3) - H ... 0(9), 2.881(8) A [<J: N(3) - H - 0(9), 167°] between amino 
and carbonyl groups.* 
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SAZETAK 

Apsolutna konfiguracija (IR, 4R, 5R)-4-metoksi-8-acetil-7,7-dimetil-tio-3,8-diazabi
ciklo[3.2.1]-oktan-2-ona, C10H16N203S 

B. Kojic-Prodic, Z. Ruzic-Toros, G. Snatzke i J. J. Herak 

Odredena je kristalna i molekulska struktura, a apsolutna konfiguracija lR, 
4R, 5R odredena je iz spektra CD i rendgenskih podataka. Supstanca kristalizira u 
rompskom sustavu, prostorna grupa P212121, parametri jediniene celije a= 15,857(4), 
b = 12,449(3), c = 6,120(2) A, V = 1280.11 A3, Z = 4, De = 1.35 Mgm-3, µ (MoKa) = 0.25 
mm-1• Za 671 opazenih refleksa [I> 3cr (I)] R = 0,048. Diazabiciklo [3.2.1.]oktanski 
prsten ima konformaciju »boat-envelope-chair«. Molekule su povezane u beskonacne 
lance vodikovom vezom izmedu amino- i karbonilnih skupina [N - H . .. 0, 2.881(8) A] . 




