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13C NMR Substituent Parameters of Dithioacetal Groups in Benzene
Derivatives. The op* Values of Cyclic Dithioacetals

Yih-Ling Tzeng ( 1% ), Ken-Tsung Wong ( R ),
Wen-Lung Cheng ( #3#g ) and Tien-Yau Luh* ( [EXZE )
Department of Chemistry, National Taiwan University, Taipei, Taiwan 10764, R.O.C.

The “C NMR spectra of forty-six cyclic dithioacetals and their derivatives have been studied. A set of
shift parameters was established for cach of these heterocycles as substitucnt. Based on the Hammett type
correlation for substituted benzenes, the o,* values of cyclic dithioacetal groups have been determined.

INTRODUCTION

Although various modern NMR techniques are
known to assign unambiguously the PC chemical shifts of a
molecule,’ the use of substituent increments is still a con-
venient and powerful tool to predict chemical shifts.> The
dithioacetal group is a useful protective group for the car-
bonyl functionality’ and can serve as a latent methylene
group.’ During the past few years, we have extensively in-
volved in the development of new synthetic applications of
dithioacetals.’ Different kinds of dithioacetals have thus
been prepared in our laboratories. In this paper, we have
compiled the ®C NMR data of various 2-aryl-substituted
1,3-dithiolancs (1 and 2) and 1,3-dithianes (3 and 4),
monosulfoxides of 1,3-dithiolanes (5) and 2-aryl-2-
thiomethoxy-1,3-dithianes (6) to document the ®C NMR
substituent parameters (Z,) of these moicties in benzene

derivatives.
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RESULTS AND DISCUSSION

The BC NMR spectra of all dithioacetals were ob-
tained in CDCl; as solvent with shifts listed in & scale.

Tables 1-6 present the spectral data for 1-6. Since the struc-
tures of these compounds are well established, the only
problem is to assign of the individual resonance signals to
the appropriate carbon atoms. The literature contains
several empirical methods for the assignment of carbon
resonances.” Ultilizing the established substituent par-
ameters and, when necessary, either off-resonance or
DEPT techniques, we were able to assign all signals.
Having assigned the resonance signals to specific carbons,
the shift substituent parameters Z,, of various dithioacetal
groups 7-12 were established. The Z, values and their
standard deviations are listed in Table 7.

Like many others, the substituents 7-12 affect the
chemical shifts most significantly at the position at which
the substituent is attached. The Z, values increase when
the dithioacetal group contains the methyl substituent at
the C-2 position (7 vs 8, and 9 vs 10), whereas the sulfoxide
group 11 exhibited the smallest Z,; parameter among those
substituents listed in Table 7. These observations are com-
patible with the literature results; namely, the presence of
an additional methyl groyp causes Z, to increase whereas
an electron withdrawing group such as carbonyl group nor-
mally has a smaller Z, value.’

Utilizing the substituent parameters (Z,,) summarized
in Table 7, we were able to calculate predicted spectra for
various aryl-substituted dithioacetals. Tables 1-6 also com-
pile these calculated values. More than 80% of the calcu-
lated chemical shifts agree with the experimental value
within 1.0 ppm. Ofthe 222 comparisons, some of the calcu-
lated values for ortho-substituted compounds differ from
the experimental values by more than 2 ppm.® Since the
substituent increments depend mainly on the inductive and
resonance effects of a substituent, the steric interaction
may cause deviations from the predicted values.

As can be seen from Tables 1, 2, 4, and 5, the chemical
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Table 1. 3C Chemical Shifts of 1

Tzeng et al,

Substituent 1 2 3 4 5 6 Others

H Obsd 1400 1276 1281 1278 559,396
Caled 1402 1278 1283 1278

4Me Obsd 1378 1278 1291 1371 56.1,40.1,21.1
Caled 1373 1227 1290 1367

2-OMe Obsd 1281 1565 1104 1292 1206 1288 556,490,393
Caled 1258 1592 1139 1288 1206 1288

4OMe Obsd 1317 1290 1138 1593 56.0, 55.2, 40.1
Caled 1325 1288 1139 1502

2-Ct Obsd 1385 1330 1286 1292 1268 1289 519,395
Caled 1406 1340 1287 1291 1264 1291

4l Obsd 1392 1294 1287 1338 557,403
Caled 1383 1291 1287 1340

2.Br Obsd 1404 1240 1328 1291 1277 1295 552,398
Caled 1436 1223 1317 1295 1267 1295

4-CF3 Obsd 1449 1282 1254 130.0° 124.0°, 553,402
Caled 1434 1281 1261 1188

2-OH Obsd 1211 1553 1176 1302 1204 1301 549,399
Caled 1275 1547 1156 1292 1210 1292

2CH(SCHz): ©Obsd 1376 1289 1283 528,403
Caled 1395 1276 1276

4-CH(SCH2); Obsd 1406 1284 56.1,40.4
Caled 1395 1276

lccr = 33Hz, PIcp = 270Hz.

shifts of the carbon atom on the aromatic ring, at which the
trifluoromethyl group is attached, deviate significantly
from the predicted position. In each of these cases, the
resonances occurred at 11.0 = 0.3 ppm downfield from
what has been predicted on the basis of substituent group
shift parameters with Z,(CF;) = -9.0.2 Similar difficulty
" has also been encountered in other trifluoromethyl-sub-
stituted systems and the experimental chemical shifts of the
carbon atom having this substituent also appear at much
lower field than that of the calcnlated ones.” On the other
hand, the calculated chemical shifts of other aromatic car-

Table 2. 13C Chemical Shifts of 2

bonsin1,2,4, and 5 agree well with the experimental data.

Substituents on the aromatic ring in 1 promoted a Sys-
tematic change in the position of the carbon resonance of
C-2in the heterocyclic substituent by a linear correlation of
the chemical shift of C-2 with the ¢ value of the substituent
(slope = -0.94, correlation coefficient = 0.95). However,
the presence of a methyl group at the C-2 position as in 2
resulted in relatively random shifts of the C-2 resonance.
Whether these variations have their origin in steric interac-
tions due to the presence of the methyl substituent is un-
clear. Similarly, litite correlation existed between the o

Substituent 1 2 3 4 5 6 Others

H Obsd 1457 1368 1277 1265 68.3, 400,336
Caled 1459 1270 1271 1269

4-Me Obsd 1427 1266 1286 1366 683,40.2,33.8,20.8
Caled 1430 1269 1285 1358

4MeO Obsd 1376 1280 1131 1585 68.1,552, 403, 138
Caled 1382 1280 1134 1583

4F Obsd 1416 1286 114.5° 16L6° 679,403,338
Caled 1414 1284 1149 1617

3MeO Obsd 1477 1131 152 1121 1200 1192 685,553,402 338
Caled 1469 1126 1585 1125 1288 1193

2-Me Obsd 1425 1366 1273 1267 1255 1328 69.4,39.7,333,226
Caled 1466 1359 1285 1268 1249 1269 -

4-CF3 Obsd 1503 1272 1249 129.1Y 124.0°, 68.0, 404, 33.4, 296, 226
Caled 1491 1273 1256 1179 '

¥ = 8Hz; PJoap = 21Hz; Jear = 245Hz; Youp = 33Hz; “Jep = 269Hz
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Table 3. 3C Chemical Shifts of 3
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Substituent 1 2 3 4 5 6 Others
H Obsd 1391 1277 1286 1283 514,320,250
Caled 1391 1277 1286 1284
3-Me Obsd 1397 1288 1390 1296 1290 1252 513,324,253,214
Caled 1390 1284 1375 1201 1285 1248
4-Mc Obsd 1362 1276 1293 1381 51.2,32.1,25.2,21.1
Caled 1362 1276 1293 1373
4-OMe Obsd 1313 1289 1140 1595 553,50.7,32.2,25.0
Caled 1314 1287 1142 1598
4-C1 Obsd 1377 1289 1292 1341 512,322,251
Caled 1372 1290 1290 1346
2.Br Obsd 1384 1230 1329 1298 1281 1297 509,327,256
Caled 1425 122 1320 1301 1270 1294
2-5iMe3 Obsd 1446 1377 1338 1300 1281 1278 524,322,251
Caled 1435 1411 1330 1273 1275 1266
Table 4. *C Chemical Shifts of 4
Substituent 1 2 Cthers
H Obsd 1437 1276 1284 1269 §3.8,326,279,245
Calcd 1440 1281 1284 1270
4-Me Obsd 1407 1275 1291 1366 53.6, 32.6, 28.0, 24.6, 208
Caled 1411 1280 1291 1359
+MeQ Obsd 1357 1290 1137 1585 552,534,326,28.1,24.7
Caled 1363 1290 1140 1584
4-F Obsd 1395 1207° 1152 1617 533,29.6,28.4,24.6,23.5
Caled 1395 1205 1155 1618
3MeO Obsd 1456 1138 1598 1122 1294 1200 55.2,539,327,28.1,24.6
Calcd 1450 1137 1598 1126 1294 1204
4Ph Obsd 1430 1288 1273 1399 140.6, 1283, 127.2, 127.1, 53.8, 32.7, 28.2, 24.7
Caled 1428 1285 1275 1401
4-CF3 Obsd 1482 1283 1268 12924 124.1%, 53.5, 32.8, 28.0, 24.4
Caled 1472 1284 1262 1180
2-Me Obsd 1400 1378 1284 1275 1256 1337 535,296,284, 246,235
Caled 1447 1370 1291 1269 1255 1280
3-CFa Obsd 1452 1247 1308 12397 1287 1313 124.05 534,328,279, 243
Caled 1443 1259 1194 1248 1287 1313

*Jco.p = 8Hz YloaF = 21Hz; “Ica.p = 245Hz

Table 5. *C Chemical Shifts of §

9csr = 33Hz; “Jor = 269Hz; Toay = 32Hz Blcp = 271 Ha.

Substituent 1 Others

H Obsd 1329 1284 1287 1295 775,529,322
Caled 1329 1284 1287 1293

4 Me Obsd 1300 1283 1206 1390 776,532,323, 210
Caled 1300 1283 1294 1382

4-OMe Obsd 1247 1205 1142 1599 77.1, 553,529,322
Caled 1252 1294 1143 1607

4-CFy Obsd 1371 1287 1257 1307 123.5°,76.9, 533, 322
Caled 1361 1287 1265 1203

2-Cl Obsd 1314 1346 1299 1302 1274 1301 764,525,234
Caled 1333 1346 12901 1306 1268 1297

34(OMe); Obsd 1251 1113 1491 1495 1114 1210 77.6,559, 559,532, 321
Caled 1262 1150 1457 1463 1153 1217

25(OMe); Obsd 123.0 1510 1141 1160 1536 1114 724,560,558, 526,330
Caled 1195 1521 1153 1159 1524 1150

lccr = 33Hz, PIcp = 20Hz.
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Table 6. **C Chemical Shifts of 6

Tzeng et al.

Substituent 1 2 3 4 5 6 Others

H Obsd 1408 1273 1283 1284 63.9,28.8,244,16.2
Caled 1408 1278 1283 1784

4-Me Obsd 1378 1276 129.1 1381 63.7,28.8,243,21.0,162
Caled 1379 1277 1290 1373

4-0OMe Obsd 1328 1292 1137 1594 63.6,55.3,289,24.4, 163
Caled 1331 1288 1139 1598

34-(OMe): Obsd 1332 1104 1487 1489 1122 1204 63.8,55.9,55.9,29.0,24.4,16.2
Caled 1341 1144 1453 1454 1149 1211

25-(OMe)2 Obsd 1301 1525 1140 1159 1531 1157 623,575, 55.7,28.6,24.2, 16.4
Caled 1274 1515 1149 1150 1520 114.4

parameters and the position of the C-2 resonance in other
substrates 3-6.

It is known that Z, values correlate reasonably well in
a Hammett type correlation with ¢,* values (Eq. 1).28
Based on the results shown in Table 7, the corresponding
0,* values of the dithioacetal groups calculated according
to Eq. 1 are also tabulated in Table 7.

Z,=1780,"-093 (D
As shown in Table 7, the parent 1,3-dithiolane 7 and

1,3-dithianc 9 substituents exhibited small positive a,*
values. The o,* values for the methyl and acetyl groups are

Table 7. '3C NMR Substituent Increments and o+ of Dithioacetal
Groups

Substituent Z Z, Zs
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17405 15203 07202 -16+05 -0.08

10603 -08+01 01201 -01+05 +0.11

155205 -04+03 -0.1+02 -15+04 006

02101 08+06 +0.2

11

§, sMe

s’c\

12

123403 0702 -02+01 0106 +0.11

-0.31 and +0.47, respectively.” The presence of the two
sulfur atoms at the same carbon atom changes significantly
the electronic properties of the substituent.

As expected, the methyl substituent at C-2 changes
the electronic properties of the dithioacetal moiety. Thus,
the g,* values of 8 and 10 arc negative, but the absolute
values are relatively small. That substituents 9 and 12 ex-
hibit the same o,* values indicates that the presence of the
thiomethoxy group at the C-2 position does not change the
electronic properties of the dithiane substituent.

In summary, we have established the shift parameters
and o,* values for different kinds of dithioacetal sub-
stituents. Qur results provide useful information to under-
stand the electronic effects of various dithioacetal moieties.

EXPERIMENTAL SECTION

“C NMR spectra were recorded on a Bruker AC200
specirometer operating at 50 MHz. Chemical shifts are
reported on the d scale with deuteriochloroform (& 71.0) as
the internal standard. Dithioacetals 1-4,1° 1 3-dithiolane-S-
oxides 5, and orthothioesters 6" were prepared according
to literature methods. All compounds gave satisfactory
spectroscopic properties (*H and °C NMR, IR, MS). Ali
new compounds gave satisfactory analytical data (C:
*0.3%, H: £0.3%) and/or accurate mass.
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6. Because of the size of these deviations, these ex-
perimental values were not incorporated into the statis-
tical analysis used to determine the parameters listed in
Table 7.
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