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PROTON RESONANCE SPECTRA OF THIOPYRONES
by Jir{ Jond¥, William Der¥fyshire, and H. S. Gutowsky

Noyes Chemical Laboratory, University of Illinois, Urbana, Illinois, 61803

The proton magnetic rescnance spectra of 4-pyrone, 4-thiapyrone,
L-thicpyrone, and b-thicthiapyrone have been observed and analyzed.
Compariscns of the experimental spectra with those calculated for
all ccmbina*tions of relative signs for the coupling constants indi-
cate that in each molecule the coupling constants have the same
sign, which presumably is positive. The average deviation between
the cobserved line pesitions and thoss calculaved for each of the va-
ricus sign permutaticns is found tc be a useful criterion in assign-
irg the relative signs. The effect on the coupling constants of the
introduction of sulfur intc the molecule is discussed. The down-
field shift of the midpoint cf the spectra, found upon sulfur intro-
duction; 1= interpreted in terms of an increased ring current.

Int.roduction

As an aid in developing an adequate *heory of the proton-proton couplings
in heterocyclic unsaturated melecules, more experimental data on the n.m.r.
sps-=ra of these systems are desirable. In *thie context, the thiopyrones
studied in the present paper ars inter=sting for several reasons. The spec-
tra cf <hese compcunds are of the AzB. type and amenable to a rigorous analy-
gis. Furtrermore these compounds form a series of clcse2ly related molecules
suitable for a study of the effect upon n.m.r. spectraul parameters of the re-
rlacemert of oxygen by sulfir. Another feature is tne presence cf oxygen or
sulfur in the ring, vwhich may provide information crn the transmission of
proton-proton coupling trhrough an heteroatom. The pclarographic behavior and

chemical reactivity® of the thicpyrones have recently been studied as have

(1) C. Parkanyi and R. Zehradrik, Collection Czech. Chem. Commun. 27, 1355
(1962).



the physical properties,? and quantum chemical calculations have been made,?
and rence there i1s also interes: in their n.m.r. parameters.

The gereral analysis of AzBp <ype spectra has been discussed by a number
of authorsd ® who treated the effects of the magnitudes and relative signs of
the n.m.r. parumeters on the spec‘ra in consideruble detuil. In the present
paper the n.m.r. spectra of L-pyrone, 4-thiapyrone, 4-thiopyrone, anc
L-thiothiapyrone have been analyzed and their chemical shifts and coupling
constants are compared. Optimum values of the lat'er were calculated for all
combinations of signs of coupling constants for each :Zompound, and the calcu-
lated spectra vere compared vwith *he experizental ones. In the case of the
s-rongly coupled 4L-thiothiapyrone, the comparison showed unambigously that all
four coupling constants have the game sign; in the less strongly coupled
s-thiapyrcne, ard L-thiopyrcne cases this i3 the moat probable assignment. But
for the weakly coupled L-pyrore, an asa:gnmen: could not ve made on this basis
as the calculated spectra are almost independent of the combination of signs
used, ard the choice of all having the sare sigr is made by analogy with the

otker *hree ccmpounds.

Exparimental Prcced.ire and Resul:s

The n.x.r. spec-ru vere recorded with a Varian A60 srectrometer. The

spestrum of each compcund was run 8 times and the aritnmetic mean of each line

(2) R. Zarrainik, C. Parkanyi, and J. Kcutecky, Collect:on Czech. Chem.
Commun. 27, 12k2 (1962).

(3) J. A. Pople, W. G. Bcrreider, and H. J. Berns:ein, "High Resolution Nucle-
ar Magretic Resonance,” M:Graw-Hill Book Ccmpany. Inc., New York,

1959,
(4) B. Dischler, and G. Englert, Z Na“.rforsch. 163. 1120 (19€1).

(5) D. M. Grmant. R, C. Hirst, and H. 8. G:%cwsky, J. Chem. Phys. 38, 470
(1963).

() H. M. Hutton and T. Schaefer, Caun. J. Crem. 4.. 2L29 (1363).
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position is used. The standard deviation in the mean line positions is :9.08
cps, except vhen several lines overlap. The spectrometer resolution vas 0.4
cps, but in the spectra of L-thiothiapyrone the line widths vere 0.8 cps possi-
bly due to traces of decomposition products.

The compounds, all crystalline solids, were measured as 0.15 mole fraction
solutions in CDCleg, and tetramethyl silane was added as an internal reference.
The chemical shift between the Ay and By protons is concentration dependent.
This dependence was studied in the neighborhood of 0.15 mole fraction. The
ckarge ¢f chemical shift with dilution may be given as a quantity 8 defined
as tte change in magnitude of the chemical shift (in cps) per decrease in mole
fractica of 0.01, calculated at O0.15 mole fraction. The values obtained for
L-pyrone, L-thiapyrone, L-thiopyrone, and L-thiothiapyrone are 8§ = 0.2, 0.3,

O * and -0.3. respectively., The relative posi.ticns of the lirnes observed in
ndividual multiplets are practically independent of concentration in the 0.10
“0 0.20 mole fracticn runge.

Tre samples of L-pyrone, L-thiapyrore, 4-tntopyrone, and L-thiothiapyrone
wers provided by Dr. C. Parkanyi of the Institute of Physical Chemistry of tke
Czectoslovak Academy of 8cience. Prague. The physical constarts and synthesis
oY *the tricpyrcaes are described in a recen* paper by Pnrkényi and Zahradnik.l
T-+ gamples of 2.6-. ard 3,5-dimethyl-L-pyrones’’'® were supplied by Dr. P. Beak
0f *ris laboratory. The sample of 2.6-dime*hyl 4-thiopyrone® wus obtained from

Dr. M.A.F. Blkaschef of the Naticnul Res=arch Cen*re, Cairo, U.A.R.

(7) P. Beak, TetralLedron 20, 831 (1964).
(8) P. Beak and G. A. Carls., J. Org. Crhem. 00,0000 (19%L).

(9) Mohamed A.-F. Blkunschef and M. H. Nosseir. J. Chem. Boc. L643 (1963).



- b4 -

The analyses of the AgBp spectru vere carried out using the Swalen-
Reillyl© iterative programs for analysis of complex n.m.r. spectra ( NMREN 1,
NMRIT) and vere run on the University of Illinois IBM 7094 computer. The re-
sults of the analyses are given in Table I. The structural formulae of the
compounds and the definitions used in designating the protons and coupling con-

stants are showvn in Fig. 1.

4scussion

AgBp Bpectrs of Thiopyrones. The n.m.r. spectre of AgXp and AgBp spin systems
have been discuss2d in detail in severaul papers.® ® Analysis of the spectra of
the thiopyrones is straightforwvard so ve will limit discussion of it to s mini-
mum. An AgBp spectrum, except in the case of very strong coupling, is composed
of a highfield and a lovfield multiplec. But 1t is not possible to assign
hese multiplets to the Ag and Bp nuclei in the molecule without further infor-
mation. Fortunately, methylated L-pyrones and a methylated 4-thiopyrone were
available and the chemical shifts of the ring protons of these compounds per-
mitted assignments to be made for the thiopyrones by comparison. The chemical
shift of the ring protons in 3,5-dimethyl-L-pyrone 1s 456 cps downfield from
T™B at 60 Mc/s; in 2,6-dimethyl-4-pyrore, it is 36l cps; and in 2,6-dimethyl-
h-thiopyrone, L16 cps. Upon comparing these values with those given in Table I
for L-pyrone (483 and 389 cps) and L-thiopyrone (470 and 416 cps), we assign
the lovfield multiplet to the protons in the 2 and 6 posit.ons (A protons) and
the highfield multiplet to those in the 3 and 5 positions (B protons) for both
compounds. 1o he aps:nce of further experimental data, ve assume the same as-
signments tc be valid for 4-thiapyrone, and L-thiothiapyrone. Calculations of

“*he electron density at the carbon atoms have beer made using the MO LCAO

(10) J. D. 8Bvalen and C. A. Reilly, J. Chem. Phys. 37, 21, (1962).



Table I: Chemical Shifts and Coupling Constants of ‘I‘hiopyronesa
Compound Va Va Oy JA JB J J!
4-Pyrone 482.6 289.3 93.3 2.8 1.2 6.3 0.4,
L-Thiapymne 1‘69.5 uLs.? 53.8 Lolz 2-00 10.7‘ 0.)"‘
L-Thiopyrone 448.6 L21.9 26.7 2.20 0.8a 5.Te 0.6«
L-Thiothiapyrone LT71.8 Ls2,5 19.3 3.4q l.7e 10.3g 0.6

®Al11 values are in cps.
are defined in Fig. 1.

The symbols used to designate the protons and coupling constants
The chemical shif%s are in cps downfield from TMS at 60 Mc/s.



‘B
' JANA

X=0,Y=0 L-Pyrone
X=0,Y=8 L-Thiapyrone
X=8,Y=0 4-Thiopyrone
X=8,Y=8 L-Thiothiapyrone

Fig. 1. The structural formulae of the thiopyrones, with the designations

used for the protons and coupling constants.
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approximation® for all of the thiopyrones studied here. The electron density
was found to be higher at “he 3 and 5 positions than at the 2 and 6, which is
consistent with the high-field assignments of the former.

The general appearunce of the thiopyrcne spectra studied by us is the
same; the main difference is the decrease in the chemical shift between the A,
and B, protons in going from L-pyrone to 4-thiothiapyrone. A schematic high-
field multiplet of a general thiopyrone spectrum is shown in Fig. 2; the tran-
sitions are iumbered as in previous work.2'S 1In all of the spectra, the lines
due to trunsitions 3 and 4 overlup as do 1 and 2. This aud similar overlap in

the lowfield multiplet reduce the number of resolved lines from 24 to 20. In

|

the spectra of Lb-pyrone and 4-thiapyrone, lines 9 and 12 are observed as shoulders
on intense neighboring lines but for 4-thiopyrone and L-thiothiapyrone they were
not resolved and the numbe:r of observed lines 1s reduced tc 16.

Analyses of the spectra were perfcrmed for all combinations of relative
signs for the coupling constants, by means of the SValen-Reilly1° energy lev-
el program MNREN 1 and the iterative program NMRIT. For each sign combiration,
the program converged to an optimum set cof values for the parumeters va, vb,
and the four coupling constants. The magnitudes obtained for a particular par-
ameter depend upon thc iign combination tut trke main differences are the changes
in the signs themselves. Therefore, we give only the final assigned sets of
values, which are in Tarle I. A measure cf relatively how wvell the different
sets of parumeters agree with experiment is ‘he average deviation between the
positions of the observed lines and those calculated with each set of paramet-
ers. These average deviations are listed in Table II fcr the eight relative
sign combinations for each compound. For 4-thiothiapyrcne the best fit by a
¥-fold factor is obtained when all the signs are the same. The results of the

calculations for L-thiopyrone favor sign assignments of +4+++ and ++-- for JA,



Fig. 2. Schematic appearance of the highf{ield multiplet of the thiopyrone
spectra. The frequency and intensity scales are arbitrary. For number-
ing of the transitions, see reference 5.



Table II: Average Deviations in cps Between the Transition l"requem::l.es'i
for the Best Fit Calculated and the Observed Spectra of Thiopyrones

Obtained by NMRIT for EBach Combination of Relative Signs of the

b

Coupling Coustants

Compound Average deviation for given combination of signs
e -t R e b - 4ot +-4-
4-Pyrcne 0.023 0.025 0.025 0.020 0.023 0.020 0.025 0.025
L-Thiapyrore 0.0Lk7 0.073 0.069 0.054 0.047 0.054 0.073 0.069
4-Thicpyrone 0.077 0.096 0.092 0.389 0.374 0.058 0.394 0.394
L-Triothiapyrone 0.113  0.311 0.269  0.540 0.396  0.322 0.530  0.5%0

®A similar analysis of the integrated intensities also can be used as an aid in establish-
ing the correct combination of relative signs.

h1'he signs given correspond to the following order of the coupling constants: JA, JB’ J,
1 ]

-
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J', J and J' respectively. However, if the sign of J changes on going from
Lk-thiothiapyrone to 4-thiopyrone then, as may be seen in Table I, its magni-
tude changes by about 16 cps. This seems very unlikely, so the sign combin-
ation ++++ is assigned to 4-thiopyrone. Similar reasoning in the case of
L-thiapyrone eliminates the sign combinations +++-, ++-+, and ++-- vhich give
nearly the same low average deviation as does the combination ++++.

The spectrum of L-pyrone closely resembles an AgXe spectrum, and it is al-
most insensitive to change in relative signs of the coupling constants, as can
be seen from Table II. To illustrate hov closely the spectrum of 4-pyrone re-
sembles an ApXp spectrum, the results of an AgXp analysis for this compound
are, in cps: J, = 2.88, J = 1.21, J = 6.3%, and J' = 0.39, all of which agree
to within 0.03 cps of the values given in Table I for the AgBp anslysis. How-
ever, in view of the close similarities in the magnitudes of the coupling con-
stants for L-pyrone and the other three thiopyrones, we ccnclude that their
relative signs are the same. Moreover, it seems most probable that these signs
are positive., The finding that the coupling constants are of the same sign in
the thiopyrones agrees with previous results on the signs of the coupling con-

stants in aromatic and other hetercaromatic systems.1171®

Bffect of Replacement of Oxygen by Sulfur on N.M.R. Parameters. A comparison

of the values for vA and 'B in Table I shows that the chemical shift & between

(11) H. 8. Gutowsky, C. H. Holm, A. Saika, and G. A. Williams, J. Am. Chem.
wo 79, ‘5% (1”7).

(12) R. B. Richards and T. Schaefer, Mol. Phys. 1, 331 (1958).

(13) R. B. Richards and T. Schaefer, Trans. Paraday Soc. 54, 1280 (1958).
(14) B.D.N. Rao and J. D. Baldeschwieler, J. Chem. Phys. 37, 2473 (1962).
(15) W¥. G. Patterson and G. Bigam, Can. J. Chem. 41, 1841 (1963).

(16) R. !'r?;n,) N. 8. Bhacca, and C. A. Reilly, J. Chem. Phys. 38, 293
1963).
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the Ap (2,6) and B (3,5) protons is reduced as sulfur is introduced into the
molecule., This reduction may be ascribed to the smaller electronegativity dif-
ference between C and S compared to that between C and 0. In addition to the
decrease in &, there is a concurrent downfield displacement of the average
chemical shift (v A"n)/a‘ One would expect the decreased electronegativity
difference to produce upfield shifts,® so some other effect must be present.
The average chemical shifts for the thiopyrones and some similar coupoundl”are
listed in Table III, and in all heterocyclic "aromatic" compounds the shift of
the sulfur derivative is downfield from that of the oxygen. It is apparent
that this downfield shift is not the result of diamagnetic anisotropy of the
sulfur because both cyclic and acyclic saturated compounds have an upfield
shift, as expected from the electronegativity difference. The fact that only
the unsaturated heterocyclic compounds have the downfield shift leads us to
propose that it occurs as a result of an increased ring current in these com-
pounde, Blvidge and Jackmaw® have based their definition of aromatic charac-
ter on the ability of a com ound to sustain an induced ring current. Therefore,
in these terms the arcmatic character and the delocalization of pi-electrons
increase when going from 4-pyrone to 4-thicthiapyrone. This observation may be
regarded as evidence that due to its d orbitals sulfur exhibits greater ability
to enter into conjugation than oxygen.l®

It is also interesting to compare the magnitudes of the coupling constants
obtained by analyzing the spectra observed for the four thiopyrones. As is well

know::, the analysis of an AgBp spin system does not distinguish between JA and

(17) L. M. Jackmen, "Applications of Nuclear Magnetic Resonance Spectroscopy
in Organic Chemistry,” Pergamon Press, New York, 1959.

(18) J. A. Blvidge and L. M. Jackman, J. Chem. Soc. 859 (1961).
(19) H. C. Longuett-Higgins, Trans. Faraday Soc. %5, 173 (1949).



Table III: Average Chemical 8hifts of the A and Bp Protons in

Thiopyrones and Related Compounds

Compound Chemical shift® Ccapound Chemical shift
L-Pyrone L35 cps 'I'hiophemeb L322 c:s
L-Thiopyrone L3s Tetmhydmfumnb 168
L-Thiapyrone Luyxs Tetrukwdmthio;heneb 142
L-Thiothiarpyrone L62 ik.nisoleb 227
Paranb L1l Thioani soleb 143

“The shifts, at 60 Mc/sec,

b

the AB, spectrum.

ta taken from reference 1l7.

are downfield from TMS and correspond %o the midpoint of
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JB’ nor between J and J'. However, by means of 9ther information, a tentative
assignment can be made of the J o coupling constant to coupling between the 2,6
protons (AA in Fig. 1) and of JB to coupling between 3,5 protons. This is
based on the following facts. It has been found®? for furan and thiophene that
sulfur substitution increases J (our JA) from 1.55 to 2.85 cps. Similarly, re-
cent da.a®! on oxazole and thiazole derivatives have shown that J (3,) in
4-methyloxazole is 1.0 cps whereas in 4-methylthiazole this coupling constant
is 1.86 cps. Thus, we would expect an increase in J, of 0.9 to 1.3 cps to ac-
company the replacement of the endo-oxygen by sulfur in the thiopyrones.

Fortunately, the values found for J A and JD are such that there is only
the one way, given in Table I, of arranging the coupling constants so that re-
placement of the endo oxygen by sulfur causes an increase of ~1 cps, i.e.. upon
going from L-pyrone to 4-thiapyrone and from 4-thicpyrone to 4-thiathiopy..ne.
Moreover, this increase is 1.2 cps for vhat we list as JA and appreciably less,
0.8 cps, for Jg- Because of this difference ve tentatively assign J, as the
coupling between the 2,6 protons which thus ranges from 2.2 to 4.1 cps and Ips
the 3,5 coupling from 0.9 to 2.0 cps.

The assignment of the coupling constants J and J' can be made without am-
biguity. For each of the four compounds, one of these constants is large (5.8
to 10.7 cps) and the other small (0.4 to 0.7 cps). The large constant is as-
eigned as J, the coupling between the ortho protons 2 and 3 (5,6), and the
small is assigned as J', the cross coupling constant between para protons 2 and
5 (3,6). The assignment is made by comparison with ortho and para coupling con-
stants in aromatic systems.l?

(20) R. J. Abreham and H. J. Bermmstein, Can. J. Chem. 39, 905 (1961).
(21) P. Haake and W. B. Miller, J. Am. Chem. Soc. 85, LOL4 (1963).



-1 -

A distinct change in the value of the J coupling constant accompanies the
introduction of sulfur into the ring, as can be observed in Table I. This
coupling constant changes from approximately 6 cps in 4-pyrone and 4-thiopyrone
to 10 cps in 4-thiapyrone and 4-thiothiapyrone. A similar change of the cor-
responding coupling constant is observed between furan and thiophene (the coup-
ling constant increases from 1.8 cps to 4.7 cps). In the latter case Abraham
and Bernstein®? ascribed the change to the de@crease in the CCH bond angles pro-
duced by introducing a larger sulfur atom into the five-membered ring. Also,
there is a large amount of evidence that the vinyl coupling constant increases
vith the ring size in cyclic olefins.®2 However, it has been argued®® that the
change of J in thiophene compared to furan is primarily an electronegativity
effect upon the ionic character of the C-H bonds vhich are alpha to the endo
oxygen or sulfur. It seems reasonable to assume that both these effects op-
erate in the thiopyrones and tend to increase the J coupling constant upon sub-

stitution of sulfur for oxygen in the ring.

Acknovliedgements. The authors vish to express their thanks to Dr. C. Parkanyi
for his gift of the compounds used in this study, and to Dr. J. D. Swalen for
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(22) 0. L. Chapman, J. Am. Chem. Soc. 85, 2014 (1963).
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