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3-Alkyl-4-thianones 4 (3-alkyl-thiacyclohexan-4-ones) can be con-
veniently prepared by the alkylation of 3-allyloxycarbonyl-4-thianone
(1b) followed by deallyloxycarbonylation mediated by tetrakis
(triphenylphosphine)palladium in the presence of morpholine. The
corresponding sulphones 9, as well as 2.3-dialkyl 4-thianone derivatives
12 and 13 can be prepared by analogous procedures.

3-Alkyl-4-thianones (3-alkyl-thiacyclohexan-4-ones) are versa-
tile intermediates in organic synthesis.! ~* Generally these com-
pounds have been made! “* by the alkylation of the enolate
derived from 3-methoxycarbonyl-4-thianone (1a) followed by
demethoxycarbonylation of the adduct 2' ~* (Scheme A). The
dealkoxycarbonylation of quaternary f-keto esters is often

difficult® and problems have been reported in the conversion of

B-keto esters 2 into ketones 4.>* Aqueous sulphuric acid gives
reasonable yields for the preparation of 3-ethyl and 3-methyl-4-
thianone (4, R’ = methy! and ethyl) by demethoxycarbonyl-
ation' but for other substituents harsh O-alkyl cleavage proce-
dures (e.g. lithium chloride/hexamethylphosphoric amide at
80°C? or lithium iodide/dimethylformamide at 160°C?) are
required and the reactions are slow and proceed in variable
yields.
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Scheme A

A recent report® by Tsuji et al. of facile palladium-catalyzed
deallyloxycarbonylation reactions of carbocyclic allyl -keto-
esters prompted us to investigate the alkylation—deallyl-
oxycarbonylation of 3-allyloxycarbonyl-4-thianone (1b) as a
possible general route to 3-alkyl-4-thianones 4. We report here
the successful outcome of these investigations, summarized in
Scheme B and in Tables 1-3.

p-Ketoester 1b is easily prepared by Dieckmann cyclization of

diallyl 3,3-thiodipropanoate (6), itself obtained by toluene-
sulphonic acid catalyzed esterification of commercially avail-
able 3,3-thiodipropanoic acid (5). Sodium hydride mediated
dlky]dtion of B-ketoester 1b was found to proceed smooth]y
in good to moderate yields typical of this reaction.® 3-Allyl-
oxycarbonyl-4-thianone-1,1.-dioxide (7) was prepared by
OXONE" (potassium peroxymonosulfate, 2KHSO - KHSO, -
K,S0,) oxidation® of 1b but the alkylation of this compound
proceeded in poor yield; the preferred route to 3-alkyl-3-
allyloxycarbonyl-4-thianone-1,1-dioxides 8 would therefore ap-
pear to be by OXONE* oxidation® of the requisite sulphides 3.

Initial investigations of the deallyloxycarbonylation process
revealed that no reaction occured using palladium(Il) acetate/
triphenylphosphine/triethylammonium formate in either tetra-
hydrofuran or 1,4-dioxane, the conditions employed by Tsuji et
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al. for carbocyclic allyl f-ketoesters.® We have found, however,
that the reaction proceeds smoothly using tetrakis(triphenyl-
phosphine)palladium (0.05 equiv) as catalyst in tetrahydrofuran
in the presence of morpholine (20 equiv) as acceptor nucleophile
to give 3-alkyl-4-thianones 4 and the corresponding 1,1-dioxides
9 in good to excellent yields (Table 1). This decarboxylation
procedure is an adaptation of the one used in the literature® for
the cleavage of allyl esters of glycopeptides. It is interesting to
note that Tsuji et al.® found morpholine unsuccessful in the role
of acceptor nucleophile in the deallyloxycarbonylation of re-
lated carbocyclic allyl f-ketoesters.

We have further applied this methodology to the synthesis of 2,3-
dialkyl-4-thianones (Scheme C). Thus, 3-allyl-3-allyloxycarb-
onyl-2-butyl-4-thianone (10), readily prepared by modification
of a published?® procedure, was deallyloxycarbonylated to give
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thianone 12 in good yield (Scheme C). The methodology is also
applicable to related 5,6-dihydro-4-thiinones (e.g. 11 — 13) and
the utility of this transformation has recently been exploited in
the synthesis of the natural product tetrahydrodicranenone B.'°
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Scheme C

SYNTHESIS

3,3-Thiodipropanoic acid (5) was supplied by Courtaulds ple,
Pd(PPh;), was prepared by a literature procedure.'' A commercial
sample of methyl iodide was used. Allyl Hromide and berzyl bromide
were distilled and stored over 4A molecular sieves, morpholine was
distilled from sodium, THF from: sodium,benzophenone. toluene from
P,0s. DMF was stored over CaH,. Column chromatography was
performed on silica gel (Merck 7734). Melting points are uncorrected.
Petroleum ether used refers to by 40-60°C. Mass spectra (70 eV) were
obtained on a Kratos MS25 spectromater, 1R spectra on a Perkin-
Elmer 297 spectrophotometer. "H-NMR specira were obtained on a
Jeol PMX-60SI spectrometer and '*C-NMR spectra on a Jeol FX-100
spectrometer.

Diallyl 3,3'-Thiodipropanoate (6):

3,3-Thiodipropanoic acid (5; 1782 g, 10 mol). allyl alcohol (2040 mL.
30 mol) and TsOH (7.50 g, 0.04 mol) are stirred in toluene (500 mL) and
gently heated. The ternary azeotrope of 1oluene, allyl alcohol, and water

Table 1. Deallyloxycarbonylation Reactions

Yield* mp

Molecular Formula®

'H-NMR (CDCl,/TMS)

Substrate Preduct
(%) (°C) or Lit. mp (°C) )
or bp ("C)/mbar
1b 4a 76 61-63 mp 59.2-61.0% 2.55--3.10 (m, §H)
3b 4b 92 oil¢ bp 68-69/4° 1.02--1.18 (m, 3H); 2.46-3.06 (m, 7TH)
3¢ 4c 70 oil¢ oil® 2.15-3.15 (m, 9H); 4.80-6.05 (m, 3H)
ad 4d 4 oil¢ bp 149/32 2.48-3.16 (m, YH); 7.16 (br s, SH)
7 9a 35 163-170 164--1677 2.64-3.04 (m, 4H); 3.28-3.62 (m, 4H)*
8¢ 9¢ 76 97-98 Cy4H,,058 2.04-3.56 (m, 9 41); 4.85-5.26 (m, 2H); 5.38~
(188.2) 6.08 (m:, 1H)
8d 9d 91 123.5-125 C,,H,;,0,8 2.52-3.56 (m, 7H); 6.98-7.44 (m, 5H)
(23R.2)
10 12 38 oild oil? 0.68-1.84 (m, IH); 2.32-3.40 (m, 8 H); 4.80--

6.08 (. 3H)

* Yield of isolated product.

P Satisfactory microanalyses obtained: C +0.17, H +0.19.

¢ Measured in acetone-dg/TMS.

¢ TH.NMR, IR, znd mass spzctral data consistent with published values.

Table 3. NMR Data of Compounds 3b-d. 7, and 8c.d

'H-NMR (CDCl,/TMS)

Com- I3C.NMR (CDCl,/TMS)
Table 2. 3-Allyloxycarbonyl-d-thian-ones 3b—d and Dioxides 7 and 8¢, d pound 4, J(Hz) 4
Prepared 3b 142 (s, 3H), 277-323 (m, 20.8 (q); 30.6, 399, 4.7 ()
— - ’ PR 6H): 4.66 (br d, 2H, J = 5.4). 590 (s); 66.0 (1); 1188 (1)
Prod- Yield*  mp(°C)  Molscular IR (CDCly) 5.08-6.26 (m, 3H) 1314 (d); 171.5 (s); 205.1 (s)
uet (%) or bp. Formula v(em™ 3¢ 248-275 (m, 2H); 2.89 (brs, 3.6, 38.0, 38.8, 432 (1): 62.8
(“C)/mbar SH): 3.20 (br s. 1H), 4.64 (br  (s); 66.1 (0: 119.0, 119.1 (D)
- ) SH. J=54) 483609 1314, 1325 (d): 170.1 (s);
I 6 oil CoH,4058 1730, 1715 ?{1 M% ) 0 T @ ©
. (214.3) 3 258-3.54(m, 8H); 4.54 (brd,  30.6, 38.0, 39.7, 43.4 (1); 64.2
e 57 oil ((,'1420**;)6035 1735, 1715 2H, J = 54); 5.06-590 (m, (s); 66.1 (t); 119.1 (1); 1269,
240.: 3H); 7.21 (br's, SH 128.4, 130.5, 131.2 (d): 135.6
dss 45-48 CH15058 1735, 1720 572 ( ) (6). 1697 (9. 2045 (5
(290.4) 7 276-3.64 (m, 4.2H): 3.83 (br  29.3, 45.3, 473, 66.0 (t); 99.2
o 2000009 CoH,;048 1733, 1660, s, 2H), 466 (br d, 2H, J  (s); 1192 (1) 1311 (d); 1696
(2323) 1615, 1320, ~54), 5.08-552 (m. 2H)  (s) 170.0 (3)
. L 120 5.61-6.28 (m, 1H); 12.64 (s,
8 23 ol C,,H,4058 1740, 1725, ol
2.3 1320. 1125 0.8H) , ,
. (272.3) 20, 112 8¢ 248-4.08 (m, 8H); 4.68 (brd, 37.4, 39.1, 50.6, 56.1 (t); 59.4
8d° 86 78-81 CiHyg0s8  1740.1725, 2H, J=5.5; 490-632 (m, () 67.2 (1) 119.7, 1201 )
(322.4) 1335, 1140 6H) 1312, 1313 (d): 1688 ()
- 199.3 ()
* Yield of isolated product, not optimized. 8d  2.71-3.97(m,8H);4.54 (brd, 37.2, 39.7, 50.0, 55.5 (1); 60.4
b Satisfactory microanalyses obtained: C +0.40, H 10.20. 2H, J=15.4); 493-6.23 (m, (s); 67.0 (t); 119.5 (t); 127.4,
¢ Except 3¢, neat film. 3H); 717 (s, 5H) 128.3, 130.8 (d); 1341 (s)
4 Obtained by OXONE® oxidation of 1b. 168.5 (3); 199.1 (s)
3

Obtained by OXONE® oxidation of 3d.
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is distilled through an eflicient column and the upper layer of the
distillate returned to the reaction vessel until a homogencous distillate i
obtained. The residue is then stirred with sat. ag. NalICOj solution
(1600 mL), separated. and dried (MgSO,). Removal of the solvent
under reduced pressure affords the crude product as a pale yellow oil
{2470 g, 96%) suitable for Dicckmann cyclization. Kugelrohr dsstilla-
tion of 10.26 ¢ of this oil gives diallyt 3,3"-thiodipropanoate (6) as a
colourless oil; vield: 10 g (93%); bp 115°C;0.133 mbar,

CyH 40,8 cale. 5579 H7.02 S1241

(258.3) found  55.77 722 1258

IR (ncat): v = 1740 cm ™",

TH-NMR (CDCL/TMS): 6 = 2.40-3.02 (m, §H); 4.56 (br d. 4H,
J =54 Hz); 5.04-5.48 (m, 4 H); 5.60-6.22 (im, 2H).

BCNMR (CDCL/TMS): § = 26.8, 34.8 (1); 65.1 (1): 117.9 (v); 1324
(d); 171.0 (s).

MS: sz (Yo) = 258 (12); 201 (8); 199 (11); 159 (11); 143 127); 55 (74), 41
{100).

3-Allyloxycarbonyl-4-thianone (i b):

Allyl alcohol (10.6 mL, 0.155mol} is added dropwise to a stirred
suspension of NaH (dry powder; 3.72 g, 0.155 mol) in anhydrous Et,O
(50 mL) at r.1. under N,. After stirring for 15 min, a solution of diallyl
3,3-thiodipropancate (6; 20.0g, 0.0774mol) in anhydrous Ft,0
(50 mL) is added dropwise over 15 min, and the mixture is heated and
reflux for 4 h, then cooled to 0°C. A solution of glacial AcOH (10 mL)
in water (50 mL) is added with stirring and the layers separated. The
aqueous layer is extracted with Et,O (2x50mlL) and the combined
organic layers are washed with aq. sat. NaHCO; (3 < 50 mL.). dried
(MgS0,), and corcentrated under reduced pressure. Column chroma-
tography on silica gel using 5-10% Et,Ofpetroleum ether as eluent
gives 3-allyloxycarbonyl-4-thinone (1b) as a colourless oil (approxi-
mately 85% in its enol form); yield 8.64g (55%); b.p.
128-1307C/3 mbar.

CoH, 058 cale. €CS5398 H6.04 S16.01

(200.3) found  54.27 6.18 1613

IR (neat): v = 1225, 1615, 1660, 1715, 1745¢cm ™

H-NMR (CDCL/TMS): & = 2.40-3.39 (m, 6.15H); 4.66 (br d, 2H,
J = 5.4 Hz); 5.08-5.54 (m, 2H); 5.64--6.32 (m, 1H); 12.52 (s, 0.85H).
BC-NMR (CDCL/TMS), keto tauiomer: ¢ = 30.4, 32.5, 43.6 (1); SR.7
(d); 65.9 (1), 118.5 (1); 131.6 (d); 171.0 {s); 203.1 {s).

(d); 168.2 (s); 172.7 ().
MS: mfz = 200 (21); 159 (21); 141 (44); 115 (28); 55 (100); 41 (39).

3-Allyloxycarbonyl-4-thianone-1,1-dioxide (7) and 3-Allyloxycarbonyl-3-
benzyl-4-thianone-1,1-dioxide (8d); General Procedure:

A sojution of OXONE® (4.61 g, 0.0075 mol, 0.015 mel of KHSOs) in
water (20 mL) is added dropwise to a stirred solution of the sulphide 1b
or 3d (0.005 mol) in MeOH (20 mL) at 0"C and stirring continued at
r.1. until the reaction is complete (TLC analysis, 7, CH,ClL/EtOAc.
1:1, 8d, Et,0/petroleum ether, 7: 3). The mixture is diluted witk water
(20 mL) and extracted with CH,Cl, (3 x 7S mL). The combined organic
layers are washed with water (20mL). brine (20 mL), and dried
{(Mg80,). The solvent is evaporated, and the residuc is purificd by
Kugeirohr distillation (7) or column chromatography on silica gel | 8d.
ether ‘petroleum ether (1:1)].

3-Alkyl-3-allyloxycarbonyl-4-thianones 3b—d and dioxide 8¢: General
Procedure:

NaHl {dry powder, 0.060 g, 0.00252 mol) is added in one portion o a
solution of 3-allyloxycarbonyl-4-thianone (Ib or its dioxide 7;
0.0025 mol) and zlky! halide (0.0025 mol) in dry toluene (2.5 mLj and
dry DMF (2.5 mL) at room temperature under N,. Stirring is continued
until no starting material remains (TLC analysis, development with 1%
FeCl, in MeOH). The mixture is poured into water (12ml) and
extracted with Ft,0 (3x8mL). The combined organic luyers are
washed with brine (8mL) and dried (MgSO,). The solvent is
cevaporated and the residue is puritied by column chromatography on
silica gel {3b and 3c. Et,O/petroleum ether (3:7); 3d and 8c,
Et,(/petroleum cther (2:3)].

3-Allyl-3-allyloxycarbonyl-2-butyl-4-thianone (10):

3-Altyloxycarbonyl-3 6-dihvdro-4-thiinone:* A mixture of 3-allyloxycar-
bonyl-4-thianone (Ib: 2.30 g, 11.5 mmol) and activated MnQO, (10.0 g.
0.115 mol) in CHCl, (100 mL.) is heated under azeotropic reflux in a
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Soxhlet apparatus containing 4 A molecular sieves for 2 h. The mixture
i cooled, filtered through Celite and the filtrate is concentrated under
reduced pressure. Column chromatography on silic gel cluting with
petroleum ether —+EtOAc, 7:3 gives 3-allyloxycarbonyl-5.6-dihydro-4-
thiinone as a colourless oil; yield: 1.25 g (55%).
Conversion of 3- Allyloxycarbonyl-5,6-diftydro-4-thiinene to 3-Allyloxy-
carbonyl-2-butyl-4-thianone: A solution of Cul (209¢g, '{ mmol) in
anhydrous Me,S (8 mL) is added dropwise to a stirred solution of BuLi
(1.48 M solution in hexanes, 7.43 mL, 11.0 mmol) in avhydrous E1O at
78°C under N,. After 15 min a solution of 3-aflyloxycarbonyl-5.6-
dihvdro-4-thiinone (1,982 g, 10.0 mmol) in anhydrous Me.S (10 mL)is
added dropwise and stirring is continued for 25 min. The reaction is
quenched with 2% H,80, (70mL), and extracted with Et,0
(350 mL). The combined organic extracts are washed with 5%
ammonia solution (30 mL). filiered and washed sequentially with 3%
aq. ammonia solution (30 mL), aq. sat. NH,CI solution (30 mL) and
brine (30 mL). The solution is dried (MgSO,). the solvent evaporated
and the residue purificd by column chromatography vn silica gel cluting
with petroleum cther/E6,0 (9: 1), to give 3-allyloxycurbonyl-2-butyl-4-
shianone as a pale yellow oil; yield: 2.182 g (85%). The spectroscopic
data are consistent with literature? values (ketojenol ratio, ~ 30:70).
dlkylation of 3-Allyloxycarbonyl-2-butyl-4-thianone ith Allvl Bromide
{0 10: 3-Allyloxycarbonyl-2-butyl-4-thianone is alkylated immediately
asing NaH and allyl bromide following the general procedure described
carlier to give 3-allyl-3-allyloxycarbonyl-2-butyl-4-thianone (10) as a
colourless oil; vield: 2.00 g (88 %). The following spectroscopic data are
in agreement with reported® values.
[R (neat): v = 1640, 1730cm .
TH-NMR (CDCL/TMS): & = 0.68~3.28 (m, 16 H} 4.52-4.80 (m. 2 H):
487 6.28 (m. 6 H).

Deallyloxycarbonylation Products 4a-d, 9a, ¢c.d and 12 General
Procedure:

Morpholine (0.872 mL. 10 mmol), then Pd(PPh;), (6.058 g. 0.05 mmol)
are added to a stirred solution of allyl fi-ketoester 3 or 8 {1.0 mmol) in
dry THF (10 mL) under N, at room temperature. Stirring is continued
until TLC analysis indicates that all starting material has disappeared.
The mixture is filtered. concentrated under reduced pressure, then
purificd by column chromatography on silica gel [4a,b and d.
Et,O/petroleum ether (1:9); 4¢, Et,O/petroleum ether (1:4). 9a.
CH,CL,/ BtOAc (2:1); 9¢, Et,0; 94, Et,0/ petroleum cther (1:1 -
Et,0); 12, Et,O/petroleum cther (1:5)].
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