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Configuration and Conformation of Disulfide 
Analogs of Penicillins1 

SJV. 

In the preceding communication2 both the synthesis 
and gross structure of the title compounds were re
ported. In this article, we present physical data which 
allow both a conformational and configurational defini
tion of 2-alkyloxycarbonyl-3,3-dimethyl-8-oxo-7-phthal-
imido-4,5-dithia-l-azabicyclo[4.2.0]octane and related 
compounds. 

The dithiazabicyclooctanes were distinguished as 
cis (1) and trans (2) isomers on the grounds that cou
plings of 4 and 2 Hz between H-6 and H-7 dictate the 
cis and trans orientation, respectively, between these 
protons. Molecular Dreiding models of both the 
cis- and /raws-dithiazabicyclooctanes (1 and 2) show 
that four conformations are possible for each of these 
isomers,3 since the disulfide bond in dithiazabicyclo
octanes 1 and 2 can be arranged with either P-helical 
or M-helical chirality.4 The CD spectra of the cis 
isomers 1 (R = CH3 and CH2C6H4-^-NO2) show that 
the first transition at 293 m^ has a negative Cotton 
effect. This indicates a left-handed (M) screw sense.5 

Trans esters 2 (R = CH3 and CH2C6H4-^-NO2) have 
a positive Cotton effect at 292 m^ which relates to a 
right-handed (P) helical arrangement of the disulfide 
group (see Figure 1). 

Gross conformational elucidation of these conformers 
is obtained from a study of internal nuclear Overhauser 
effects (NOE).6 Irradiation at the high- and low-field 
methyl singlets in the spectrum of 1 results in integrated 
intensity increases of approximately 8 ± 3 and 16 ± 
3%, respectively, for H-2 only, with no detectable in
creases in the intensity of H-6. These results require 
that both geminal dimethyl groups be in spatial prox
imity to H-2 and distant from H-6, a spatial require
ment inherent in conformation la, but not in lb. Ac
cordingly, on the basis of circular dichroism and nmr 
data, the cis isomer 1 exists in conformation la. 

An independent analysis of cis isomer 1 by X-ray 
diffraction was undertaken to determine the nucleus 
conformation and the dihedral angle of the disulfide 
bond. Compound 1 (R = CH3) crystallizes from a 
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mixture of methyl ethyl ketone-cyclohexane as color
less needles and melts at 185-186°. The crystals be
long to the space group PIiI1I1, with four molecules 
in a unit cell having the dimensions a = 10.247 ± 
0.001, b = 10.322 ± 0.001, and c = 17.011 ± 0.001 
A. The density measured by flotation is 1.43 g/crrr3, 
as compared to the value 1.45 g/cm~3 calculated for 
C17H16N2O5S2 (mol wt 392.5). Diffraction intensities 
were measured on an automated diffractometer. The 
structure was solved by direct phasing methods using 
the computer program MULTAN7 and refined by least 
squares. 

The conformation of the entire molecule, without 
hydrogen atoms, is shown in Figure 2. Dithiazabicy-
clooctane nucleus 1 clearly has conformation la, rather 
than lb. The helical sense of the disulfide group is 
M, with a dihedral angle of 60.5°. The six-membered 
ring assumes a chair conformation, distorted slightly 
by the disulfide group. The methyl groups are /3 
axial and a equatorial, and the carbomethoxy group 
is 13 axial. It is interesting to note that the nitrogen 
atom of the /3-lactam is nearly planar. This same 
planarity was found by Sweet and Dahl8 in a biologically 
inactive A ̂ cephalosporin. 

Conformational distinction can also be made for 
trans isomer 2 on the basis of NOE and long-range 
coupling data. Conformation 2a dictates that the 
3a- and 3(3-methyl groups lie close to H-2, whereas 
in conformation 2b only the 3/J-methyl protons are 
situated proximal to H-2. Thus the /3-methyl protons 
in either conformation should contribute to the intra
molecular relaxations of H-2, while to a lesser degree 
the a-methyl protons should relax H-2 in 2a only. The 
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Figure 1. Circular dichroism curves in acetonitrile. 

observation that an NOE exists between H-2 and the 
high-field methyl (16-20%) and not between H-2 and 
the low-field methyl in the spectra of 2 strongly sup
ports conformation 2b over 2a. This conformational 
assignment is supported further by the observed long-
range, five-bond coupling between H-2 and H-7 in 
2 (5Z4,7 ~ 1.0 Hz). Similar long-range coupling be
tween H-2 and H-7 has been observed in cepham where 
the C-4 proton occupies an a-axial configuration.9 

Accordingly, trans isomer 2 must adopt a conformation 
where H-2 is axially oriented and is in the same geo
metrical relationship to H-7 as in cepham systems where 
coupling of this nature has been previously observed. 
Such a geometrical relationship is satisfied by stereo-
formula 2b. 

Clear conformational and configurational assign
ments for thiazolidine derivative 3, obtained as a by
product in the synthesis of la and 2b, can be made 
from an analysis of the 100-MHz DMSO-^6 spectrum 
of this compound. The following nmr data are offered 
as evidence for the assignment of this product to struc
ture 3: a 1.13 (s, 3, CH3), 1.61 (s, 3, CH3), 3.51 (d 
of d, 1, J = 5.5; 14.5 Hz, H-6), 3.84 (d of d, 1, J = 10, 
14.5 Hz, H-6), 3.84 (d, 1,J = 13.5 Hz, H-4), 4.25 (d 
of d, 1, 7 = 7.5, 13.5 Hz, NH, D2O exchangeable), 
4.95 (m, 1,J= 5.5, 10, 7.5 Hz, H-2). The observed 
couplings of 13.5 Hz between NH and H-4 and 7.5 
Hz between NH and H-2 require dihedral angles of 
approximately 180 and 30°, respectively, between these 
protons10 and establish the C-2 configurations and 
thiazolidine conformation shown in structure 3. Other 
thiazolidine conformational and C-2 configurational 
possibilities are eliminated readily on the basis of in
compatibility with recorded NH coupling information. 

Unfortunately, the nmr spectrum of 4 in DMSO-c?6 

does not reveal a discernible NH signal. As a result 
vicinal NH couplings cannot be measured and a com
plete stereochemical assignment for 4 could not be 
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Figure 2. Skeletal conformation of the cis isomer in the crystalline 
state. Thermal ellipsoids are drawn to include 50% probability. 

determined unequivocally. However, on the basis 
of nmr data11 and mechanistic considerations, we be
lieve that 4 has the structure shown above. 
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2,3-Dimethylenebicyclo[2.2.0]hexane and Its 
Cycloreversion to 2,3-Dimethylenecyclohexa-l,3-diene 

Sir: 

Vapor phase thermolysis at 250-300° of 1,2-dimethyl-
enecyclobutane (1) appears to generate tetramethylene-
ethane (2) as a transient intermediate.12 The chem
istry of this latter species is of considerable current in
terest.1-8 The bicyclic diene 3 of the title seemed to 
offer an ideal means for producing a simple tetramethyl-
eneethane derivative 4 in solution at moderate temper-
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atures, thus providing an unprecedented opportunity 
to study the bimolecular reactions, particularly the 
cycloadditions, of a member of this novel class of com
pounds. Such a study might also be expected to yield 
valuable insights into the electronic configurations of 
tetramethyleneethanes. The activation enthalpy for 
the cycloreversion 1 —*• 2 is 45.7 kcal/mol.2 In view of 
the additional cyclobutane ring strain energy present 
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