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ABSTRACT

Accurate p m r. parameters for methyl 2(R)- and 2(S)-(L-arabmo-1,2,3,4-tetra-
acetoxybutyl)thiazohdine-4 (R)-carboxylate (1 and 2), 3-acetyl-2(R)-(L-arabino-2,3,4-
triacetoxy-1-hydroxybutyDthiazolidine-4(R)-carboxylic acid 4,1’-lactone (3), and
N,N-dimethyl-3-acetyl-2 (R)-(L-arabino-2,3,4-tniacetoxy-1-hydroxybutyl)thiazolidine-
4(R)-carboxamide (4) were obtained by computer-assisted analysis of their spectra.
The polyacetoxyalkyl side-chain was shown to possess a planar zig-zag conformation
in each compound, although some distortions occurred 1n 3 and 4 The configurations
at C-2 1n the diastereoisomers 1 and 2 were ascertained on the basis of the Jyg cu
coupling-constants

INTRODUCTION

P m r. spectroscopy 1s an established method in the study of the conformations
of acyclic sugar derivatives in solution These studies rely upon the analysis of vicinal
1H/'H coupling constants It 1s therefore of prime importance to obtain a complete
set of accurate coupling-constants This objective sometimes cannot be easily realized
for carbohydrates, the skeletal protons of which generally form tightly coupled, six-
or seven-spin systems that very often give degenerate spectra that are not amenable
to analysis either by first-order techniques or computation Therefore, it is not
surprising that, although a considerable body of literature exists on this subject?~=%:18,
accurate p m r data obtained by iterative fitting of experimental to theoretical spectra
are rarely found?®-®

Tterative computer analys:s of spectra 15 warranted, as (@) data obtamned in this
way are generally considered to be the most reliable and accurate, and (b) a good fit
between calculated and expennmental spectra 1s, m itself, a strong confirmation of the
assignment.

In connection with our studies’ on open-chain sugar derivatives denved from
L-cysteme, we now report some conformational and configurational charactenstics
of methyl 2(R)- and 2(S)-(t-arabmno-1,2,3,4-tetra-acetoxybutyl)thiazchdine-4{R)-
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carboxylate (1 and 2), 3-acetyl-2(R)-(L-arabino-2,3,4-triacetoxy-1-hydroxybutyl)-
thiazohdine-4(R)-carboxylic acid 4,1'-lactone (3), and N,N-dimethyl-3-acetyl-2(R)-
(L-agrabino-2,3,4-tniacetoxy- 1 -hydroxybutyl)thiazohidine-4(R)-carboxamude (4), as
deduced from the computer-assisted analysis of their p.mr spectra in different
solvents

RESULTS AND DISCUSSION

The 100-MHz pmr data are summarized in Tables I and I, and parameters
obtained from the iterative calculation are given in Table III Comparison of the
first-order and calculated couphng constants shows a reasonable agreement between
the two sets of data, except for J5- 3. and J3. 45, for compound 1 (difference, 0 77 and
0 56 Hz, respectively) Smaller deviations (<03 Hz) can be attributed to exper-
mental mnaccuracies 1n measuring the line positions and to the consequence of the
almost degenerate nature of the transitions in complex spectra, as recently pointed
out by Coxon® Inaccuracies in the first-order, chemical-shift data are as much as
5 Hz 1n some cases

Although there are considerable differences between the chemucal-shift values
obtamed in different solvents (Table I), the coupling constants do not vary significantly
on changing the solvent (Table 11, J,. ;. for compound 4 1s an exception, see below)
Given this lack of sensitivity of the couphing constants to the solvents, we have
recorded all spectra for solutions i pynidine-ds, as there 1s a greater spread of the
chemical shifts than for chloroform, thus facilitating the spectral analysis In
comparison ~ith chloroform, pyridine generally causes a non-uniform downfield-
shuft for all of the signals, with a few exceptions (H-4b’ and H-5a in compound 4).

The analysis of the coupling-constant data was based on the well-established
principles! that these couplings represent average values for rapidly interconverting
rotameric species and that the Karplus equation 1s qualitatively valid for the averaged
couplings

Methyl 2(R)-(L-arabino-1,2,3,4-tetraacetoxybutyl)thiazolidine-4 (R)-carboxylate
(1) did not give a satisfactory spectrum 1n chloroform, but 1n pyridine afforded a fully
analyzable spectrum Experimental and compuied spectra are shown in Fig 1. The
most-striking feature of the spectrum 1s a clearly resolved doublet of doublets at
490 pp.m (J 12 and 52 Hz), which collapsed to a doublet (/ 52 Hz) on adding
deutermum oxide (Fig. 1) Simultaneously, a partially hidden “tniplet” (J 12 Hz) at
325ppm disappeared and the complex multiplet at 396 p pm simplified to a
four-line pattern that was assigned to H-4 on the basis of its chemical shift® and by
double irradiation (of H-5a) The doublet at 490 p pm 1n the spectrum of the
D,O-treated sample was assigned to H-2, as this 1s the only proton that 1s coupled to
only one other proton Irradiation of this signal caused the double doublet at
5.72 p p m to collapse to a doublet, indicating that 1t should be assigned to H-1’ The
double doublet at 5 80 p p m 1s assigned to H-2’, because the smaller spacing equals
that found in the H-1’ multiplet and also because all other protons give more-
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complex patterns (H-3’ 1s coupled to three neighbours, and H-4a" and H-4b" give an
eight-hne pattern around 4 30 and 446 p p m charactenistic of the AB part of an
ABX subsystem) The eight-line multiplet at ~3 p p m 1s unequivocally assigned”**°
to H-5a and H-5b of the thiazolidine ring The large couphng (J 12 Hz) of the NH-
proton to both H-2 and H-4 1s indicative® **~3 of the trans,trans arrangement of
the H-2-NH-H-4 segment Since C-4 has the R configuration (L-cysteine), the
trans,trans relationship establishes the configuration at C-2 as R It 15 to be noted,
in this connection, that the NH-CH coupling could not be observed in chloroform
solution because of the enhanced NH proton-exchange rate The other coupling
constants (Tables II and III) of the polyacetoxyalkyl side-chain are compatible!-?#
with an extended, planar, z1g-zag arrangement (P conformation'), which is the
favoured conformation for open-chain derivatives having the arabino configuration
The mtermediate value (5 2 Hz) of J, ; 1ndicates, however, that rotamers 1b and 1¢
contribute to a sigmficant extent to the rotamer equilibnium around the C-2-C-1'
bond, although they contain a “1,3-dipolar interaction” between AcQ-2’ and the
N or S atoms, respectively, of the thiazolidine ring, rotamer 1a 1s free of such an
mteraction

__jt | WL gy

JJWMW

ao 55 50 45 Sippm)

Fig 1 Partial 100-MHz *H-nmr spectra of 1 m pyndine-ds-D,0O, top, calculated, bottom,
experimental (the truncated peak at ~4 8 p p m anses from HOD)

Methyl 2(S)-(L-arabino-1,2,3,4-tetra-acetoxybutyl)thiazolidine -4 (R)-carbox-
ylate (2) displays, mn three different solvents, a large J, ; value (Tables II and IID),
which shows that conformation 2a 1s practically exclusive for this compound This
conformational preference cannot be understood simply in terms of 1,3-dipolar
mteractions In attempting to rationalize the J, ; value of the 2(R) diastereoisomer 1,
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it is assumed that both the N/OAc (occurring in 1b) or S/OAc (occurring 1 1¢)
1,3-dipolar interactions are, or at least one of them 1s, too small to destabilize con-
formations 1b or 1¢ On the other hand, both mteractions are important if one tries
to explain the quas: absence of rotamers 2b or 2¢ for the 2(S)-compound 2 This 1s
another piece of evidence that, in addition to others!®, shows that “there 1s con-
siderable evidence to dictate caution 1in the formulation of hard and fast rules to

predict conformational behaviour 1n these acyclic molecules!”

The configuration at C-2 m compound 2 was also determmuned on the basis of
the NH-CH couphing constant This coupling could not be measured in chloroform
or pyndine solution because of rapid proton-exchange In benzene-d; solution,
however, the splitting of the H-2 doublet could be seen clearly, and J, yy Was
~80 Hz Such a coupling constant requires®s 1112 the H-2-NH dihedral angle to be
~30°, which 1s in agreement with the angle measured on a Dreiding model When
C-2 has the S configuration, the NH-H-2 dihedral angle 1s 30° in both of the most-
probable conformations®® of the thiazolidine ring

As judged from the data 1n Tables II and III, compound 2 otherwise displays
very similar side-chain couplings as its R diastereoisomer, hence, 1t should adopt the
expected P conformation i the solvents studied.

The spectrum calculated for this compound with the data given in Table III
fits the experimental spectrum well (Fig 2)

The side-chain coupling constants for 3-acetyl-2(R)-(L-arabino-2,3,4-tri-
acetoxybutyl)thiazohdine-4 (R)-carboxyhic acid 4,1’-lactone (3) (Tables II and III),
1n both pyndine and chloroform, deviate significantly from those expected for the P
conformation However, 1t is considered more reasonable to attribute the change in
the Jy. ,- and J,. 3. values to a distortion of the tetrahedral CH-angles rather than to
a change 1n the conformer equilibrium This assumption is supported, to some extent,
by the unusually small value (0 6-07 Hz) of J, ., which requires the H-2-H-1’
dihedral angle to be ~100° This angle was found to be actually 90-100° when
measured on a Dreiding model. In this case, the six-membered lactone ring adopts a
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Fig 2 Partial 100-MHz *H-nmr spectrum of 2 in CDCl;~-D.0O top, calculated, bottom, experi-
mental (peaks marked * anise from H-4)
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Fig 3 Partial 100-MHz 'H-n m r. spectrum of 3 m pyndme-ds at 100°, top, calculated; bottom,
experimental (the extra peaks in the multiplet at ~5 5Sp p m arnse from H4)
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flattened-boat conformation, and the side-chain assumes a quasi-equatonal orienta-
tion Since the C-2 and C-1’ bond-angles are distorted on account of the flattened-
boat geometry of the tetrahydro-1,4-oxazinone ring, it seems to be a plausible
assumption that the bond-angle distortion is propagated along the side-chain through
C-2" and C-3’, thereby causing the H-1'-H-2’ and H-2'-H-3’ dihedral angles to
depart from the 1deal values of 60° and 120°, respectively.

The spectium of 3 1n chloroform-d solution displays a very broad, one-proton
signal at 4 7-6 3 p p m , in pyndine-ds solution, this signal 1s somewhat narrower.
In both spectra, there 1s a broadened doublet at 4 64 7 p pm, which, on closer
mspection on the expanded spectrum, reveals an additional sphtting of ~07 Hz On
increasing the probe temperature, the very broad signal becomes much sharper, the
other signals being virtually unaffected Irradiation of this temperature-dependent
resonance (6 07 p pm 1 pyndine-ds at 100°) removes the ~0 7-Hz splitting, and
the signal at 47 pp m collapses to a sharp doublet Irradiation of this doublet
causes the signal at 5 57 pp m to collapse to a doublet (J 6 5 Hz) On the basis of
these spin-decoupling experiments, the temperature-dependent signal at 6 07 p.pm
was assigned to H-2, and those at 4 7 and 5 57 pp m to H-1’ and H-2’, respectively.
The computed spectrum, based on this assignment, fits well with the experimental one
(Fig 3)

The temperature dependence of the H-2 signal can be attributed to the hindered
rotation of the N-acetyl group Accordingly, a broad acetyl-methyl signal at

L UU\JUUL

3 3 i 2
6.0 S5 S0 45 &{ppml)

Fig 4 Partial 100-MHz ‘H-nmr spectrum of 4 i pyndine-ds, top, calculated; bottom, expen-~
mental (peaks marked * arise from H-4)
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2.31 p p m. becomes considerably sharper when the temperature of the sample is
increased. The unusually large downfield-shift (6 07 p p m ) of H-2 1n 3, as compared
to 1 or 2, 1s also indicative of the strong shielding arising from the N-acetyl carbonyl
group

The expenimental and computed spectra for N,N-dimethyl-3-acetyl-2(R)-
(L-arabmo-2,3,4-tracetoxy- 1 -hydroxybutyl)thiazohdine-4 (R)-carboxamide (4) are
shown 1n Fig 4. The H-2 signal 1s readily identified as a sharp doubletat 520ppm
A much broader “doublet” at 420 ppm becomes sharper on adding D,O
Irradiation of this signal results in the collapse of the 520-p p m signal to a singlet.
Thus, the signal for H-1" occurs at 4 20 p p m and, moreover, since it was shown to
be coupled to an OH-group (D,0-exchange), this OH-group i1s located at C-1'.

CONMe,

4b 4c

Inspection of the coupling-constant data (Tables II and III) reveals that the
side-chain conformation of 4 1s close to the predicted P conformation. Furthermore,
the large (10 Hz) J, ;. value shows that 4a 1s the favored rotamer around the C-2—
C-1’ bond in both chloroform and pynidine solutions The decrease in J, ;. (6 5 Hz)
n pyridine solution, as compared to 9 4 Hz in chloroform, 1s somewhat puzzling It
suggests some contribution from the bent rotamers 4b and 4c¢ 1n the conformer
equilibrium It 1s equally possible, however, that the free OH-group interacts speci-
fically with the pynidine through a hydrogen bond and that it 1s the consequent
distortion of the H-2'-H-3’ dihedral angle that 1s reflected 1n the value of J,. 5 .

EXPERIMENTAL

The compounds studied were prepared as described” earlier Pmr spectra
were recorded on a JEOL MH-100 instrument for solutions containing ~5% of
tetramethylsilane as an internal lock substance. For computation, the requred
spectral regions were expanded to 50 Hz and recorded at least three times Line
positions were measured with the aid of a Hewlett-Packard model 5300A/5301A
digatal frequency counter Rms error of the hne-frequency measurements was
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0 05 Hz. In one case (compound 1), the spectrum was recorded at 70° (probe temper-
ature), because the accuracy of the frequency measurement was better at this temper-
ature. Except for a uniform sharpening of all spectral lines, no change could be
detected 1n the spectrum upon heating

Iterative calculations were done with the aid of the LAOCN3 program®’
modified with a plotting routine that allows a Gaussian or Lorentzian line-shape, or
an arbitrary mixture, to be used for the plot In each case, the calculation was done
on the six-spin system that comprised the side-chain backbone protons plus H-2 Of
some 200 transitions obtaimned after the trial calculation, 40-50 transitions were
generally assigned to 20-25 measured frequencies The calculation converged after
2-3 iterations All of the criteria put forward by Coxon® for the validity of the spec-
trum analysis were satisfied by the present computations
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