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Abstract—On treatment with R-Hal the thallium salt of 3-thiolene-2-one underwent C-alkylation in the
3-position. O-, di-, and trialkylation reactions were also observed. The effect of solvent as well as the
structure of the alkylating agent on the substitution O/C-ratio has been investigated.

INTRODUCTION

IN AN earlier investigation® it was demonstrated that the thallium (T) salt of 3-thiolene-
2-one by treatment with Mel gave 3-methyl-3-thiolene-2-one and 2-methoxy-
thiophene in the ratio 7:1 and also higher methylated products were isolated. As the
preparation of 3-methyl-3-thiolene-2-one from a synthetic point of view was very
promising, we also felt prompted to study the generality of the alkylation reactions
of the thallium (I) salt of 3-thiolene-2-one. In this paper we are mainly concerned
with the effect of alkylating agent and the influence of solvent on the O/C-ratio of
substitution.

RESULTS AND MECHANISTIC CONSIDERATIONS

A complex mixture was obtained from the alkylation of the thallium sait (II), of
3-thiolene-2-one (I). The lower-boiling part, usually containing 5-6 different products,
was removed from the mixture by distillation and then fractionated by unidimensional
multiplc chromatography? (UMC) on a preparative scale. In this manner all products
except VI and X were usually separated from each other.

To account for the different products formed the following mechanism is suggested
(Fig 1). It is assumed that II can undergo a T1*(I) exchange reaction with 11L, VII,
and IX initially formed, thereby producing VI, IX, and X on subsequent alkylation
reactions. This mechanism is in accordance with the fact that the original compound
() from which II is prepared is also found in the mixture. Alkylation at the 5-position
of | is also observed by treatment of 11 with benzyl bromide and crotyl bromide and
the ratio of substitution at positions 5 and 3 of II was as low as 0-1.

That the alkylation in the 5-position of the anion is essentially less favoured than
in the 3-position is in accordance with the greater n-electron density at the 3-position
relative to the S-position of the anion,? indicating the greater nucleophilicity at the
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Fig 1

3-position. The question of whether the two alkyl groups in VI are at the 3- or
5-positions was settled by the fact that the carbonyl absorption of VI in the IR was
found at 1715-1740 cm™' which is typical for the 4-thiolene-2-ones, whereas for
3-thiolene-2-ones the corresponding absorption is found at 1670-1695 cm ™' +=° The
structure of X was similarly confirmed.

In the mixture, obtained by treatment of II with allyl bromide at room temperature,
it was not possible by NMR to show the presence of IVd. Neither was it possible to
obtain [Ve by treatment of 11 with crotyl bromide under the same conditions, but in
this case a fraction containing both Iile and XI in the ratio 2:1 (Fig 2) could be
isolated by UMC. We also isolated (by UMC) a fraction of VIle, which contained no
traces of its isomer, XII, which we assumed to have the same or almost the same R,
value as VIle. Consequently, it is reasonable to exclude the crotyl-cation as an
intermediate in the alkylation reaction as the ratio of the rearranged products XII
and Vlle from alkylation at the 5-position should be expected to be almost the same
as the ratio of XI and Ille from alkylation at the 3-position. In a similar way a Sy2'
and a combined Sy1-Syi mechanism are excluded and it thus seems reasonable to
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assume that XI is formed by a Claisen rearrangement reaction from primarily formed
IVe as suggested in Fig 2. Also it is reasonable to assume compound IVe to be
thermally unstable at room temperature as hitherto no one,’ to our knowledge, has
prepared it. This is further accounted for by our observation that the NMR spectra
of the crude mixture did show that no ether was present. It could, however, be claimed
that the reaction conditions used by us in one way or another could catalyze a
Claisen rearrangement of IVe, but also this seems doubtful as treatment of allyl
phenylether under the same conditions as used by us gave no Claisen rearrangement
at all.

Solvent effects

Solvent effects on product distribution on alkylation of II were the same as those
observed with other comparable ambident anion systems.®: ! Thus the ratio (O/C)
of O-alkylation and alkylation at the 3-position of II was increased with increasing
polarity of aprotic solvent (Table 1). It is noted that EtOH due to hydrogen bonding
to oxygen completely prevents ethylation at the oxygen atom. It should also be
observed that the relative yields of di- and triethylated products are almost un-
affected by the solvent used except for EtOH, which gave an increase of di- and
triethylated products.

Rather surprisingly there was no solvent effect on the O/C ratio (Table 2) when
benzyl- or crotyl bromide were used as the alkylating agent. It has been claimed by
Tieckelmann et al.,'% !! that a relatively small solvent effect on alkylation of ambident
anions is consistent with a reaction which proceeds through a transition state, which

9E
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TABLE !. SOLVENT EFFECTS ON ETHYLATION OF THE THALLIUM (I) SALT OF 3-THIOLENE-2-ONE (in %;)

Solvent
DMF MeCN Pet*® EtOH

Products

o/C 1-25 0-46 0-20 0
O-Ethyl 50 24 13 0
3-Ethyl 40 52 65 64
3,3-Diethyl 2 3 1 4
3,5-Diethyl 2 4 5 8
3,3,5-Triethy! 2 3 2 4
3-Thiolene-2-one 4 14 14 20

? Petroleum ether

FiG 3

produces the two possible products. This transition state is shown for the anion of I
in Fig 3. According to this theory the large solvent effect on the O/C ratio for alkyla-
tion with EtBr should in this case indicate a mechanism quite different from the one
for benzyl- and crotyl bromides. However, according to the formula
AvVE L,
Alnk = RT AP,

where AV? is the volume of activation and P, is the internal pressure of the solvent
used, it is indicated that if the volume of activation is equivalent for O- and C-
alkylation, no solvent effect on the O/C ratio should be expected. So it is possible to
have the same mechanism in all cases if we assume that the volumes of activation for
O- and C-alkylation are almost equal using benzyl- and crotyl bromide as the
alkylating agent, but unequal using EtBr.

Structure of the alkylating agent

Not unexpectedly, a number of authors®® have noted that increased steric require-
ments of the alkyl group interfere more seriously with C- than with O-alkylation. In
this investigation the heterocyclic ambident anion II gave an increased O/C ratio
for Me- < Ft- < i-Prl (Table 2), fully in accordance with earlier findings.®° It is also
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well-known that the allyl and benzyl halides produce increased C-alkylation. All
these facts can be summarized in the statement that relatively high O-alkylation
rates correlate with low S\2 reactivity. That is in accordance with what we found
for benzyl bromide which gave an O/C ratio as low as 0-1, but using ethyl bromo-
acetate and crotyl bromide, which we have assumed to have high S\2 reactivities the
O/C ratios were considerably higher (Table 2). At this stage of the investigation it is
immature to draw conclusions, but at least the correlation between the O/C ratio
and the S\2 reactivity of the alkylating agent has to be questioned.

Effect of leaving group

Virtually all recent studies® ® have come to the conclusion that for a high O/C
ratio the preferred leaving group (among the halides) should be C1~. The halides are
here arranged in order of the highest O/C ratio formed by alkylation:

Cl” >Br~ >1"
We also investigated the validity of this statement for alkylation of II with benzyl

chloride and benzyl bromide. The found O/C ratios were 0-26 and 0-16, respectively,
in full accordance with the above-mentioned statement.

Acylation

Treatment of II with acetyl chloride gave 2-thienyl acetate in 91% yield and no
other products were observed. According to the theory of hard and soft acids and
bases (HSAB) no other products could be expected as acetyl chloride is considered a
hard acid, which should react exclusively at the hard oxygen atom of 11.°

CONCLUSION

We have found for alkylation reactions of the thallium (I) salt of 3-thiolene-2-one
that the effects of solvent, alkylating agent and leaving group on the O/C ratio are
almost the same as found for other salts. But the applicability of using thallium
ethoxide as a base in alkylation reactions may not be underestimated as in this way
it may be possible to isolate stable salts of an anion, which are not easy to handle
under the usual conventional conditions for alkylation.

EXPERIMENTAL

NMR spectra were recorded in CDCl, at 60 MHz on a Varian A-60 spectrometer. The chemical shifts
are expressed in ppm from TMS (6 = 0). Numerical AB and ABX analyses have been carried out on the
thiophene ring protons of VI and 1V, respectively. In all other cases the analyzed spin pattemn is considered
to be approximately first order. UMC was carried out on Kieselgel PF, 44366 (Merck) support (20 x 40
cm and 3 mm thick); the light petroleum (b.p. 37-50°) was distilled before use. R, values were obtained
from the pure products using the same support (0-3 mm thick) and solvent for elution. B.ps are uncorrected.
Analyses were made by Levens kemiske Fabrik, Copenhagen.

General alkylation procedure. The amount of freshly prepared thallium salt' (see Table 2) was treated
with excess alkyl halide using 400 ml of solvent indicated in Table 2. The mixture was heated at 60-80°
until the colour of the thallium salt had changed (usually after 20 hr). The solution was filtered and the
solvent evaporated (using DMF as solvent, the filtered solution was poured onto a mixture of water and
ether and extracted with ether). The residue was distilled (b.p. is seen in Table 2). Separation on UMC gave
the yields indicated in Table 2.

If no different R, values are indicated in Tables 3-7 of the two products obtained in one experiment,



TABLE 3. ANALYSIS, NMR SPECTRA AND PHYSICAL CONSTANTS OF III AND XI

Analysis
NMR
Calc. % Found 7% b.p. n3? RS
C H s C H S CH H* H  Jospme Jouw Jas
IIb 5624 629 2497 56-62 6-29 24-30 233 725 3'97 1-5 20 29 101°/9 mm i~5346 032"
il[c 5914 709 2252 59'35 712 22-24 2:67 714 393 1-2 14 29 112°/12 mm 1-5232 038" )
IIId 5999 575 2283 59-97 582 2264 3-00 723 396 1-4 1-9 28 li4°/14 mm 1-5493 013"
Ile? 6232 654 2076 6237 6-66 2057 293 716 393 1-5 20 29 90°/0-4 mm 028"
Illf 6946 530 1683 69-53 542 16:78 356 6-94 383 1-5 1-8 28 150°/0-4 mm 1-6028 0-10", 0'26"'_
Illg 5161 541 17-19 51-53 545 17-00 334 7-53 - 4-06 1-2 1-5 2'84 126°/0-5 mm 1-5212 0-08"
XIP 6232 654 2076 62:37 6-66 2057 ~33 716 2:94 1-0 1-2 30 96”/0'4 mm 0-28™

* The roman letters indicate the ratio of ether and light petroleum ether mixture used for eluation, I (1:50), II (1:20), I1I (1:10), and IV (1:5)
® I11e and XI were not separated from each other

IXX—Ansuuays suaydory |
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they were obtained as a mixture. The ratio of the two products of that mixture was then calculated by NMR.

2-Acetoxy-thiophene. To 23 g of freshly prepared TI(I)-salt of 3-thiolene-2-one in 250 ml dry ether 6 g of
acetylchloride were added dropwise under external cooling (ice-bath). After reflux for 2 hr the thallium
salt was filtered and extracted with ether. The ether was evaporated, and the residue distilled: b.p.!*

85-86°, nZ’

C4H¢O,S requires: C, 50-71; H, 4-26: S, 22:52%).

TABLE 4. NMR SPECTRA AND PHYSICAL CONSTANTS OF [V*

= 15213, yield 9-8g (91%). AB%H (log ¢,,,) 236 (383). (Found: C, 51-18; H, 4-48; S, 22:21.

NMR®
b.p. ng’ R,
H3 H* H* OCH J,, Js3s Jas
1Vb® 045", 0-67"
1ve! 6-02 6-66 6-51 432 36 1-6 59 60°/10 mm 1-4997 0-69™, 0-80'Y
Ivfe 621 664 6-48 353 37 15 58 035", 0-57"
1vg/ 627 667 6-57 4:56 37 16 58 81°/0-2 mm 1-5055 038"
* See Table 3

® ABX analysis

¢ Seeref. 13

¢ (Found: C, 59-33; H, 7-27. S, 22:83. C,H, ,OS requires: C, 54-14; H, 7:09; S, 22-52%).
¢ The fraction of IVf contained dibenzylsulfide, confirmed by NMR and m/e = 214
S (Found: C, 51:55; H, 565; S, 16:75. CgH,,0,S requires: C, 51-61; H, 541 : S, 17-19%)

TABLE 5. NMR SPECTRA AND PHYSICAL CONSTANTS OF VI aAND X*

NMR
R,
H* H* CH CH  Ju Jueom
VIb 575 6:70 ~1-6 77 033", 0-67
Vid® 584 663 238 77 0521
VIf 583 622 d 77 032"
Xb 536 ~16 2:48 1-5 0-33', 067"
Xd 5-54 2:37 317 1-5 052"

@ See Table 3

® (Found: C, 66-33: H, 695: S, 17:00. C,,H,,0S requires: C, 66:65; H, 671

S, 17-76%).

¢ Recrystallized from benzene-light petroleum ether; m.p. = 124°. (Found: C,
77-22; H, 5-69; S, 11-83. C,gH, ;OS requires: C, 77-12; H, 575; §, 11-41%)

¢ The methylene protons showed an AB spectrum; v = 2:86 and 3-10 3, J,, =
133 ¢/s
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TABLE 6. ANALYSIS, NMR SPECTRA AND PHYSICAL CONSTANTS OF IX AND  CH,CH=CH~-CH; s O (XII*
Analysis
; - NMR
Cale. % Found % ng} R,
C H S C H 5 H* H* CH  Jyowm Jus.oom Jos Jwem CH

IXb 6152 775 20-52 60-75 730 1980 707 427 231 14 16 28 ~19 1-5116 044
IXc 701 423 ~27 1-2 14 28 52 ~21 0-58™
IXd 6665 671 1776 66:31 693 17:2% 7-11 4-36 ~30 14 18 27 ~25 1-5324 o244
IXe 292

6921 774 15-37 69-08 784 1524 704 425 ~25 0-46™
X1 323

¢ See Table 3

L8bT
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TABLE 7. UV SPECTRA (EtOH)

Venax loge Varax loge
IIIb 224 393 259 339
Illc 224 390 260 341
I11d 225 382 262 333
1If 260 sh
11Ig 221 3-86 263 311
Ive 243 361
IVg 239 369
VId 212 369 277 289
vIif 219 408
IXb 226 390 265 331
IXd 228 384 265 sh
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