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ABSTRACT: Both thex-protons and carbons ¢f-propiothiolactones exhibit atypical downfield chemical shifts. The
a-protons of g-propiothiolactones with no heteroatom at thgosition appear at 3.53—5.35 ppm, whereas dhe

carbons appear at 56.9—86.2 ppm. The major cause of the unexpected deshielding effect was rationalized by assuming
a through-space interaction between the occupied orbital oftb@bon and the vacant orbital of sulfur. Copyright

O 2000 John Wiley & Sons, Ltd.
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INTRODUCTION

A literature survey revealedonly five paperswhich
reportedonthe®*C chemicalshiftsof g-propiothiolactones

As part of a research program directed at the efficient having no heteroatomat the a-position (Scheme3)#
preparation of captopril, the first angiotensin-converting Moreover, the assignmentsof the chemical shifts for

enzyme-inhibiting antihypertensiveye recently became
interested in the synthesis oB-propiothiolactone 1
(Scheme 1).
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Scheme 1. Structure of 1 and captopril.

Comparable yields df have been obtained according to
procedures outlined in the literatuidts *C NMR spec-
trum shows a surprising downfield shift (65.7 ppm) for
thea-carbon. In comparison with other structurally related

heterocyclic four-membered ring compounds (Schente 2),

this chemical shift is unusually large. In contrast, the
carbons to the carbonyl group gflactone ands-lactam
are relatively shielded compared with that of cyclobu-
tanone.
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Scheme 2. '3C chemical shifts (ppm) of related four-mem-
bered rings.
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the a-carbonsare not consistentwith each other. The
anomalouddeshieldingeffect at the a-carbonsin certain
four-memberedings was reportedseveralyearsagoand
explainedas an inherentproperty of the carbonorbitals
that contributeto the paramagnetishielding,o”.> How-
ever,therehasbeenno studythathasparticularlyfocused
on B-propiothiolactones.
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Scheme 3. '*C NMR chemical shifts (ppm) of g-propiothio-
lactones reported in the literature.

It was thereforeconsiderednecessaryto establishthe
structureof 1 unambiguouslyand then examine NMR
spectral properties of the related g-propiothiolactones.
Here we reporta systematicstudy of the chemicalshifts
of severalg-propiothiolactonesnd proposean origin for
the atypical deshieldingeffect at their ¢-carbons.
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RESULTS AND DISCUSSION show chemicalshifts larger than 65 and 72ppm, respec-

tively. The largest *C chemical shift is observedwith
First, the structure ol was confirmed by both spectral 13 that has two deshielding substituents.In view of
and chemical means. A 2-D INADEQUATE experiment theseresults,the 13C chemicalshifts reportedby earlier
together with the DEPT and proton non-decoupling spec- Workers® should be interchangedbetweenthe «- and
tra established that the tertiary carbon was connected toB-carbonsindeed,s, f-dimethyl-8-propiothiolactong14)
the other three carbons. The IR spectrum and the exactPreparedy us haschemicalshifts of 67.3and40.7ppm

mass data indicated a four-membered ring structure.
The ring-opening reactions dfin acidic aqueous solu-

for its @- and g-carbon, respectively,which was sup-
ported by an ab initio calculation (see Scheme3 and

tion or with benzylamine gave back the starting mercapto Pelow).

acid or itsN-benzylamide, respectively. A product iden-

The unexpecteddeshieldingat the «a-protons and «-

tical with 1 was also produced by treatment of 4-methyl- carbonsof g-propiothiolactonesmight be rationalized

1,2-dithiolan-3-one, obtained via an independent réute,

with triphenylphosphine, as shown in Scheme 4.
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Scheme 4. Structural correlation studies.

Various g-propiothiolactonesvere then synthesizedo
identify their spectralcharacteristicsThe substituteds-
propiothiolactoneswere preparedusing various adapta-
tions of methodsreportedin the literature(Schemes). As
a result, 8-propiothiolactones8—7 and 14 were prepared
by the cyclization of the corresponding-mercaptoacids
in 17-42% vyield, while 2 and 8-13 were obtainedby
the substitutionreactionsof 6 or 1 with the corresponding
electrophilesin 30-55% yield. All B-propiothiolactones
preparedn the presenstudyshowedsatisfactoryspectro-
scopic(NMR, Mass,IR) data.
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Scheme 5. Structure of the p-propiothiolactones pre-
pared in the present study.

The spectral data for the g-propiothiolactonesare
summarizedin Table 1. These data clearly exhibit a
downfield resonancetrend for the «-protons and car-
bons.All of the *H chemicalshifts at the a-position of
B-propiothiolactonesare larger than 3.5ppm, and the «-
protonsof 6 aredeshieldedurtherby calppmthanthose
of cyclobutanone.Mono- and disubstituted «-carbons

Copyright0 2000JohnWiley & Sons,Ltd.

by two main factors. One is the less efficient overlap
betweenthe C=0 = and S 3p orbitals, resulting in a

strongerdeshieldingeffect by the carbonyl group. The

other involves a through-spacenteraction betweenthe

occupiedorbital of the a-carbonand the vacantorbital

of sulfur. For example afairly extensiveoverlapbetween
the back lobe of the «-C bonding orbital and the empty
S d orbital canbe assumedo be dueto the almostpla-

nar tetragonalgeometryof the g-propiothiolactonerings

(we thank a refereefor suggestingthe back-lobe over-

lap mechanismas an alternativeto our rationale of the

through-spacenteraction betweenthe occupiedpseudo-
s-orbital of «-CH, andthe vacantorbital of S).

An abinitio calculationof the isotropic shieldingcon-
stants(o) was carried out to test the latter proposition
using the individual gaugeatomsin molecules(IGAIM)
method with the HF/6-314+-+G™ basissetimplemented
in Gaussiarf4 (RevisionA.1) program(Gaussianpitts-
burgh, PA, USA) (Table 2). The geometriesused for
the IGAIM calculations were fully optimized at the
B3LYP/6-314++G™ levelin orderto considettheelectron-
correlationeffect. In fact, a significantdifferencein the
shieldingconstantgo) of a saturatedsystemis observed
in the contributionfrom the directionperpendiculato the
molecularplaneof thietane(o..). The differencebecomes
much larger in the unsaturatedsystem,thiolactone.The
nearly planargeometryof g-propiothiolactonemakesthe
orbitals overlap more effectively, resultingin a greater
deshieldingeffect.

In conclusion,a unique deshieldingeffect has been
observedat the a-protonsandcarbonsof g-propiothiolac-
tonesthat can be mainly attributedto the through-space
interactionbetweenthe occupiedorbital of the a-carbon
andthe vacantorbital of sulfur.

EXPERIMENTAL
NMR measurements

All the NMR spectrain CDCl; wererecordedon a JEOL
JNM-LA 300 or 400 spectrometerln all casesa 5mm
0.d. tube was usedat room temperatureAll proton and
carbonspectraexceptfor the 2-D INADEQUATE spec-
trum, were recordedat 300.40 and 75.45MHz, respec-
tively. The chemicalshifts werereferencedrom TMS at
0.00ppm for the *H spectraand from the centralsolvent
peakat 77.0ppm for the *C spectra.
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Table 1. "H NMR and "3C NMR data for the g-propiothiolactones in CDCls (5, ppm)

0
R 5
3
4'—S

Aom 1 2 3 4 5 6 7 8 9 10 11 12 13 14
H H-3 425 502 416 447 535 402 353 3.71
4.11
267 3.19 275 281 3.20 270 262 284 3.38

H-4 318 350 313 303 346 0% 374 283 .49 300 362 2% 404
1.37 1.81 3.02 1.68 137 141 170
H-1
3.13
, 2.70 2.73 .
H-1 139 171 g, 310 1.8F
H-2 1.01
H-2" 1.01
Co,Me 3.81 3.81 3.78
o 718 7.29 7.16 718  7.34
~7.35 ~7.42 ~7.34 ~7.34 ~7.45
13C C-2 1950 184.9 195.1 194.4 1925 1911 190.2 199.0 199.0 1987 1900 1984 1875 1897
c-3 657 723 718 707 743 569 626 721 763 757 788 796 862 67.3
c-4 238 180 214 214 237 150 27.9 312 286 280 269 240 275 40.7
C-1 158 240 363 23.5° 215 225 208
c-1 235 295 421 419 31.6
c-2 10.2
C-2 8.4
53.0 53.1 53.6
COMe 165.2 1686 1675
oh 126.8 126.6 1269 1270 1255
~136.6~135.4 ~1358 ~1355 ~1355
24-CHj.

Table 2. Calculated values of components for isotropic
shielding constants (o) and chemical shifts (§) for the
four-membered rings

ud

X

Compound

- (o‘xx + gyy)/?, fon /3 (Stheo Sexp
X Y (ppm) (ppm)  (ppmy  (ppm)y
CH, H, 1255 53.6 24.3 22.4
NH H, 1257 53.4 24.3 19.0
(@] H, 1264 52.5 245 229
S H, 1269 47.8 28.7 281
CH, (@] 1169 394 471 478
NH (@] 1201 42.2 411 38.3
o (e} 1215 41.5 404 39.1
S (0] 1195 30.0 53.9 56.9°

agthee — 2034 (estimatedralueof 6™S) — o, [0 = (0, + 0y, +0..)/3].
b Literaturevalué'.
¢ This work.

The'H NMR spectraweretakenwith a spectralwidth
of 6kHz and a 30° pulse angle, 32K data points and
a repetitiontime of 1.5s. For the 3C NMR spectra,a
spectralwidth of 22.7kHz, a pulse angle of 37.5°, 32K
datapointsanda repetitiontime of 1.0s were used.

Copyright 2000JohnWiley & Sons,Ltd.

The 2-D INADEQUATE experiment was recorded
on a JEOL JNM-LA 400 spectrometeroperating at
100.40MHz (500mgml™ solution). The spectralwidths
were20 and40kHz in the F, and F; dimensionsrespec-
tively. The matrix used 2K x 128 data points, and 16
scansvereaccumulatedior eachincrementTherepetition
time was37.4s andthe *C-*C couplingconstanwasset
to 50Hz.

Materials

Preparation of g-propiothiolactones by the cyclization reactions.
To a magneticallystirred solution of substitutedacrylic acid (10mmaol)
in THF (15ml) wasaddeddropwisethiolaceticacid (13mmol) in THF
(15ml), and the reaction mixture was heatedat 50°C for 18h. The
solventand excessthiolacetic acid were evaporatedthen dry-column
flashchromatographyf the residuewith n-hexaneand EtOAc afforded
substitutedS-acetyl-3-thiopropionicacid.

To a stirred solution of substituted S-acetyl-3-thiopropionicacid
(5mmol) in water (10ml) was added concentratedH,SO, (50mg,
0.5mmol), andthe reactionmixture washeatedunderreflux for 5h. The
resultingmixture was extractedwith CH,Cl, (3 x 20ml) andthe com-
bined organic layerswere dried (MgSQ,), filtered and concentratedn
vacuoto give crudesubstituted3-mercaptopropioniacid. To a magnet-
ically stirredsolutionof the crudesubstituted3-mercaptopropioniecid
andtriethylamine(5.5mmol) in diethyl ether(10ml) at 5°C wasadded
dropwise methyl chloroformate (5.5mmol) in diethyl ether (10ml).
After the dropping was complete,the reaction mixture was warmed
to room temperatureand the stirring continuedfor 3h. The resulting
mixture was washedwith 0.5m HCI and the separatedbrganic layer
was dried (MgSQ,), filtered and concentratedDry-column flash chro-
matographywith n-hexaneand EtOAc afforded g-propiothiolactone.

Magn. ResonChem.2000; 38: 468-471



DOWNFIELD CHEMICAL SHIFTS IN 8-PROPIOTHIOLACTONES

Preparation of B-propiothiolactones by the substitution reac-
tions. To a magnetically stirred solution of lithium bis(trimethylsilyl)-
amide (LHMDS) (4.0ml of a 1. solution in THF, 4.0 mmol) in THF
at —78°C in an acetone—dry-ice bath was addggropiothiolactone
(3.0mmol) in THF (5.0 ml). After stirring for 30 min, an electrophile
(5.0mmol) (Mel, Etl, BnBr or CIC@Me) in THF (5.0ml) at—78°C
was added dropwise via a syringe over 2 min. The reaction mixture was
stirred at the same temperature for 1 h and then allowed to warriGo 0
After addition of saturated aqueous NEl solution, the resulting mix-
ture was extracted with diethyl ether €210 ml). The combined organic
layers were dried (MgS§), filtered, and concentrated. Dry-column flash
chromatography withn-hexane and EtOAc afforded-substitutedg-
propiothiolactone.
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