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220-MHz nmr spectra were measured by the Physico-
Chemical Measurements Unit, Harwell Didcot, Berkshire,
England.

Registry No.—1, 5459-35-8; 2, 920-37-86; 3a, 51263-38-8; 3b,
51263-39-9; 4, 51263-40-2; 5, 51263-41-3; 6, 35143-10-3; 7, 51263-
42-4; 8a, 51263-43-5; 8b, 51263-44-6; 9, 51263-45-7; 10a, 51263-46-8;
11b, 51263-47-9; 19a, 35528-83-7; 19b, 35528-84-8; o-mercaptophe-
nol, 1121-24-0; ethyl 2,3-dibromobutanoate, 609-11-0; 1-methyl-3-
chloro-5,6-dihydro-2(1H)-pyridone, 51263-48-0.
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A number of cyclic (Cg-Cs) a-diketone monothioketals were prepared via hydroxymethylation of the parent
monoketone followed by treatment with 1,3-propanedithiol ditosylate. Cleavage of these simple cyclic systems
took place readily in KOH-tert-butyl alcohol to give, after acidification, w-1,3-dithianyl carboxylic acids in 88-
95% yield. The attempted cleavage of an a’,a’-dimethylated cyclohexane-1,2-dione monothioketal with KOH-
tert-butyl alcohol failed, apparently because of steric hindrance to carbonyl addition. A thioketal ketone de-
rived from an’ «,8-unsaturated cyclohexanone likewise failed to cleave. In this case enolization took place lead-
ing to the 8,v-unsaturated ketone derivative. Methanolic sodium methoxide or methanolic potassium hydroxide
were ineffective in the cleavage reaction. These findings are consistent with a mechanism involving hydroxide
addition to the carbonyl followed by proton abstraction by tert-butoxide leading to a reactive dialkoxy anion

which undergoes C-C bond cleavage.

In a preliminary report we described the apparent nu-
cleophilic cleavage of a-diketone monothioketals to give
w-dithianyl carboxylic acid derivatives (eq 1).r Subse-
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quent studies indicated that the above cleavage reaction
most likely proceeds in two stages with initial attack by
hydroxide on the carbonyl followed by subsequent proton
abstraction of the presumed adduct (eq 2).2 The essential
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features of eq 2 had previously been proposed by Gassman
in connection with his studies on the Haller-Bauer-type
cleavage of nonenolizable ketones.® Employing his reac-
tion conditions (NaOH, NaO-t-Bu, t-BuOH, ether) we
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succeeded in obtaining w-dithianyl carboxylic acids from
certain unhindered decalones in over 90% yield.2 We have
now completed more definitive studies on this cleavage
reaction which shed light on its scope and synthetic po-
tential.

As noted above, Gassman’s work and our own experi-
ence? indicated that a combination of hydroxide plus a
strong (alkoxide) base afforded the highest yields of cleav-
age preducts. In an effort to simplify the experimental
procedure we investigated the use of powdered potassium
hydroxide in tert-butyl aleohol, a base system previously
employed by Meyers, et al.* As shown below (Chart I),
under appropriate conditions excellent results could be
obtained using this base system with various cyclic a-di-
ketone monothioketals. Optimum yields were realized when
the temperature was maintained near 60°. Higher temper-
atures led to colored decomposition products and lower
temperatures prolonged the required reaction times.

Tn contrast to the results obtained with decalone 9 and
its angular methyl counterpart, the dimethyldecalone 11
afforded only recovered starting material (98%) after 8 hr
of reaction time. Evidently steric effects retard the postu-
lated addition step of the cleavage reaction in this case.
The apparent lesser reactivity of the cycloheptanone 3 and
particularly the cyclooctanone 5 may be similarly ex-
plained. Likewise the conjugated keto thioketal 12 failed
to yield a cleavage product. In this case a substantial pro-
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Experimental Section®

Tidoketal Ketones

2,2-(Propane-1, 3-dithioJeyclchexanone (1), - A solution of

1.84 g (13 mmel) of the hydroxgmethylene ketone obtained (74%) from
cyclohexanone by the procedure of Alnsworth”, 7.08 g (17 mmol) of

propane-1, 3-dithiol di-p-t s and 5 g of acetate

1in 100 rul of absoluts ethanol was heated at reflux for 10 hr according to

the procedure of Woodward.? The ethanol was removed fn yacue from
the cooled reaction mixture. Water was added to the residue and the pro-
ducts were 1solated with ether. The crude product was filtered through
70 g of Fisher alamina with 260 ml of benzene. Removal of the solvent
afforded crystalline material which was recrysteliized trom ethanol
affording 1.68 g (64%) of thioketal ketone I, Recrystallization from
ethancl and sublimation at 46° (0.02 mm) afforded material of mp 54-55°;
A KB2 5.86 (CO), 6.95. 7.08, 7.86, 6.16, 6.5, 9.29, 10.52, 10,00,
11,44, 12,83, 13,81 pm.

Apal. Caled for C(H,.08,: C, 3.43; H, 6.97: 5, 81,69,
Found: C, 53.30; H, 8.94; 5, 31.53.

2,2-(Propane-1,3 5 (3). ~ The p

outlined above for the prepavation of thicketal ketone L was followed
using 1.70 g of the hydroxymethylene katone obtained (88%) from cyclo-
heptanone by the procedure of Ainaworth.” The crude product was filtered

through 70 ¢ of Fisher alumina with 250 ml of benzene. Removal of the

JOCa1l-y
product wag filtered through 70 g of Fisher alumina with 250 m! of benzene.

Removal of the solvent afforded crystalline material Which was recrystellized
from ethanct affording 3.08 g (83%) of thicketa) ketone 11, Two additional
recrystallizations from ethancl afforded material of mp 96,5-97%
A EBY 5,92 (CO), 8,95, 7.05, 7,20, 7.30, 7.85, 9.48, 10.30, 1.0,
11,50, 12,55 um: & SDT 1.2 and 1.13 ppmm (-1 gews dimethyl).

Anal, Caled for C, i, 08, C, 65.33: H, 8.50; 8, 22,54,
Found: C, 63,37 H, 8.85; §, 22,76,

3,3-(Propane-1, 3-dithto)-10-methyl-1(8)-octal-2-one (12).

The procedure outlined above for the preparation of thicketal ketone 1 was
followed ustng 2.50 g of the hydraxymethylene ketone obtained (91%) from
10-methyl-1{3)~octal-2-one by the procedure of Turner.' The crude

product was fHitered through T0 g of Fisher alumina with 250 m of benzene.
Removal of the solvent afforded crystalline matertal which was recrystallized
from ethanol affording 2,30 g (65%) of thioketal ketone 13. Two additional
recrystallizations from ethanol afforded material of mp 127-128% A ‘;z;

6.09 (CO), 6.20, 7.05, 7.70, 7,90, .20, 8.40, 9,11, 10,51, 11,08, 11.55

. 5 CDCL
O g

Anal. Caled for €\ H,,08,; C, 62.84; H, 7.51; 5, 23,80,

5.88 (1H, 8) and 1. 42 ppm (C-10 CH,).

Found: C. 62.42; H, 7.84; 8, 23.78.

8, 6-(Propane-1, 3-dithiojhexanole Acid (2), - To a stirred solution

JOCeLia]
reaction mixture wag heated at 60° for 12 hr. The crude produet {664 mg,

100%) was recrystallized from ether-hexane ylelding 585 mg (92%) of
thicacetal acid 10. An addittonal recrystallization fram ether-hexane afforded

matertal of mp 97-97. 5%

KBr [
T 2+80-4.10 (COOH), 5.88 (CO). 6,95,
o . 5 CDCY,
7.09, 7.71, 7.88, 8.08, 8.40, §.06, 10.88, 11.02 sm; 6 TpCle 11,50

(COOH, s), 4.00 (1H, t, J=6 Hz) and 3.22 pom (5H, &),
Anal, Caled for C,,H,,0,S,: C, 66.75: H, 7.94; 8, 20.20.

Found: C, 58,931 H, 8.24; §, 19.91,

Attempted Cleavage of Thioketal Ketone 11, - The procedurs out-

lined above for the preparation of thioacetal acid 2 was followed using 428 mg
* of thioketal ketone 11. The reaction mixture was heated at 60° for 8 hr. The

neutral extracts afforded 417 mg (98%) of starting material.

Attempted Cleavage of Thidketal Ketone 12. - The procedure outlined

above for the preparation of thicacetal acid_?_was followed using 402 mg of
thioketal ketone 12. The Teaction mixture was heated at €0° for 8 hr. The
nentral extracts afforded 379 mg (94%) of a mixture of starting material (20%)
and the f-y-unsaturated Isomer 13 (80%) of the starting material as deter-

mined by analysis of the infrared and nmr apectra.

Attempted Cleavage of 2-Thiophenyleyclohexanone (1412 - The

procedure outlined above for the preparation of thicacetal acid 2 was followed
using 618 mg of x~thiophenyl ketone 14, The reaction mixture was heated
at 50° for 20 hr. The neutral extracts afforded 815 mg (99%} of starting

material.

JOC-Lim2
solvent afforded erystalline material which was recrystallized from

ethanol affording 1.64 g (64%) of thicketal ketone 3. Recrystallization
from ethanol and sublimation at 62° (0,02 mm) afforded materlal of
mp 76.8-77.5% x‘;‘; 5.0 (CO), 6.90, 7.02, 7.95, 7.90, 8,10, 6.57,
8.81, 10.68, 11,05, 11,80, 11,80 um.

Anal. Caled for Cy H,Of: C, B5.61; H, 7.48; §, 20,84
Found: C, §5.48; H, 7.48: 8, 29.68.

2,2-(Propane-1, (5). - The ps out-

lined above for the preparation of thicketal ketone 1 was faliowed using
2.00 g o‘f the hydromymethylene ketons cbtained (82%) from cyslooctanone
by the procedure of Atnsworth,” The crude product was filtered through
70 g of Fighen alumina with 250 m! of benzene. Removal of the salvent
afforded crystalline matertal which was recrystallized {rom ethanol
affording 2.04 g (86%) of thicketal ketone 5. Reerystallization from ethanol
and sublimation at 62° (0,02 mm) afforded matertal of mp §0-81%; A ’;ﬁ;
6,91 (CO), 6.85, 6.95, 7.01, 7.60, 7.61, B.30, 8,61, 8.75, 9.00, .38,
11,00, 11,23, 1178, 12,70 ym.

Anal, Caled for CH,,08, C. 57.85; B, T.871 B, 27.83.
Found: C, 57,28; H, 8.08; 8, 27.70.

2,2-(Propane-1, 3-dithio)-4-cyclchepten-1-one (7). - The

procedure outlined above for the preparation of thicketal ketone '1 was
followed using 2,35 g of the hydraxymethylene ketone Cbtained {88%) from

4 by the p of

: " The crude product was

JO0w1l4m5
of thicketal ketone 1 (606 mg, 3 mmol) in 8 ml of t-butyl aleohol was added

50¢ mg {9 mmal) of powderad potassium hydroxide. The reaction mixture
was heated at 60° for 8 hr. Water was added and the aquecua phase was
extracted with ether and acidified with cold cone hydrochloric actd. The
acldic product was fsolated by ether extraction affording 842 mg (97%) of
erystalline solid, Recrystallization from ether-hexane yielded 615 mg (83%)
of thioacetal acid 2. Reerystallization from ether-hexane and sublimation

at 86° (0,02 mm) afforded material of mp 90.91, 5% X’::; 2.95-4. 10(COON),
5.81 (CO), 6.90, 7.03, 7.60, 7.89, 8,01, 8.20, 8.35, 8,52, 11,08, 13.15 um;

5 €OCL,
™S

11,38 (COOH, ' and 4.01 ppm (1H, 1, 126 Hz).
Anal. Caled for G, 0,8, C 49.08i H, 7.32; §, 26,10,
Found: C, 49.17 H, 7.20; 8, 29.24.
The identical material was obtained in 92% yield by treatment of
thioketal Ketone 1 with 2 d-fold excess of KOt=Bu (0.3 M) to which an equivalent

amount of water was added prior to stirring at 60°for 8 hr.

7, 7-(Propane-1, 3-dithio)heptanole Acid (4). - The procedure

cutlined above for the preparation of thioacetal acid 2 was followed using
648 mg of thioketal ketone 3, The reaction mixture was heated at 60°

for 10 hr. The crude product (599 mg, 99%) was recrystallized from
ether-hexane ylelding 687 mg (85%) of thioacetal acld 4 Recr_ystamzauon
from ether-hexane and sublimation at 83°(0.02 mm) afforded material of

mp T4-75% xfn’i; 3.02-4.10 (COOH), 5. 8¢ (CO), 6.88, 7.02, 7.15, 7.88,

5 CDCl
TMS

Anal. Caled for Oy, 0,8, €, 51.25; H, 7.74; §, 27,38,

8,07, 11,06 um;

10.80 (COOH, @) and 4.00 ppm {1H, t, J=6 Ha}.

Found: C, 51,18; H, 7.88; §, 27.37,

) J00uint
Attempted Cleavage of 2-Methyl-2~thiophenyleyclohexanona (15),"-‘“

The procedure outlined above for the preparation of thioscetal scld 2 was
followed using 440 mg of a~thiophenyl ketone 15. The reaction mixture was
heated at 60° for 10 hr. The neutral extracts afrorded 438 mg (100%) of
starting material,

2Tl Thtophenyitieranclc Actd (17). - The procedura cutlined sbove
for the preparation of thicacetal acid 2 was followed using 785 g of 2, 3-bls-
thiophenylcyclohexanone (18). The reaction mixture was heated at 80°for
10 bz, The iaolation procedure afforded 573 mg (69%) of crude acid, A
245-mg sample of this matertal was chromatographed on 20 g of silica gel
WIth ether as eluant yiolding 232 wg of thicacetal acld 17 which was cistilled
ot 185°(bath terap) and 0. 01mam; A 17 5,504,160 (coom), 5.87 (00),
8.81, 6.79, 6.99, 9.20, 5.40, 9,79, 12,50, 14. 55 um; 8 0% 10.20
(COCH, s}, 8.80-7.55 (10H, m) and 4.30 ppm (1H, t, 3=6 Ha).
Anal. Caled for C\H,, 0,8, C, 65.03; H, 6.08; g, 15,25,
Fomd: G, 85.08; H, §.17; 3, 1.09,
Reterences
8. The apparatus described by W. §. Johnson and W, P. Schneider
I"Organic Syntheses.'" Sall. Vol. 1V, John Wiley and Sons, Inc. ,
New York, N. Y., 1963, p, 132] was used to matntain an argon
atmosphere. The isolation procedure consisted of thorough ex-
tractions with the specified solvent, washing the sombined exiracts
with saturated brine selution, and drying the extracts over anhydrous
magnesium sulfate. The solvent was removed from the filtered
extracts under reduced pressure on a rotary evaporator. Micro-

analyses were performed by Micro-Tech Laboratories, Inc., Skokie,
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i’
filtered through 70 g of Fisher alumina with 250 ml of benzene. Ramwﬁc ’
of the solvent afforded crystalline material which was recrystallized from
¢thanol affording 2.40 g (66%) of thioketal ketone 1 Recrystallization from
ethanol and sublimation st 66° (0,02 mm) afforded material of mp 83,6
#4.5% AKBT 5,50 (C0), .08, 7,01, 7.8, 7,99, 8.42, 8,86, 11,15,

11,50, 12,40, 13,52 pm; o,ﬁﬁ‘é‘s 5.81 ppm (H/‘ =c<H rudtiplet).
Angl. Caled for O, &0: C, 56.04; H, 6.58: 8, 29,92,
Found: C, 56.20: H, 6.68; §, 30.06.

3, 3-(Propane~1, 3-dithio)-10. trang-2~decalons (9).

The procedure cuttined above for the preparation of thicketal ketons | was

followed using 4. 50 g of the hydroxymethylene ketone obtained (84%) from

1 trans- 2 by the pr ure of Turner.'t The
crude product was fHltered thraugh 80 g of Fisher alumina with 500 ml of
benzene. Removal of the solvent afforded crystalline material which was
vecrystallized from ethanol affording 5. 32 g (83%) of thigketal ketone 9:
Two additional recrystallizations from ethanol afforded materal of mp
100-301°; % KB% 5,69 (O). 6.70, 8,80, 7.08, 8.10. 8.5, 9.08, .85,
10,56, 11,01 wma; b STC'8 352 (26, o) 5d 3.30 pom (B3, ).
Ansl. Calod for CygyOsat C, 68.86; H, 8.05; §, 21.34.

Found: C, 80.13; H, 8.19; 8, 21.45,

1, 3-dithio)-1, 1 thyl-trans~2-decalons (11), ~

3, §-(Prop
The procedure outlined above for the preparation of thidketal ketons Lwas

followed ustng 2.70 g of the hydrogymethylene ketone obtained (93%) trom

1, 1~dimethyl ~trang-2-decalone by the procedure of Turner.** The crude

JoCuLkwb
8,8-(Propane-1, 3-dithio)octanoie Acid {8). - The procedure

outlined above for the preparation of thioacetal acid 2 was follawed using
960 mg of thioketal ketone 5. The reaction mixture was heated at 60°for
48 hr. The isclation procedure afforded 363 mg (86%) of crude acid. Part
(120 mg) of the crude acid was chromatographed on 10 g of stlica gel with
ethar ag eluant yielding 108 mg of thicacetal acld §. Recrystallization from
ether-hexane afforded matertal of mp 80-81% A *:\‘:;
5.85 (CO), 8.80, 6.99, 7,10, 8,00, 8,10, 8.20, 11.00, 12.25 pm;

2.80-4.10 (COOH),

b%ﬁ‘} 9.41 (COOH, 8) and 4,00 ppm (1K, b, J=8 Hz),
Anal. Calod for . H,,04, C, 63,105 H, 8.125 §, 25,82,
Found: C, 53.42%; H, 8.19; §, 25.80,

{2)~7,7-(Propane-1, 3-dithio}-4-heptencic Acid {8). - The procedure

outlined above for the preparation of thicacetal acld 2 wasg followed using

842 mg of thicketal ketone 7, The reaction mixture was heated at 80° for
10 hr. The crude proguct (699 mg, 100%) was recrystallizad from etfier~
hexane yielding 648 mg (93%) of thioacetal actd 8. Recrystallization trom
ether-hexane and sublimation at 52° (0. 02 mm) afforded mnceria‘l of mp 57-58%;
A KBr 2, 85-4,10 (COOM), 5,89 (CO), 7.05, 7.15, 7,78, 7.90, B.30, 10.80,
12.90 pm; & 01 11,56 (COOH, s), 5.50 (2H, b, 75 Ha) andt 4,02 poms
(1B, t, 726 Ha).

Anal. Caled for €,,H,8,0, C, 51.93; H, 6.84 §, 27,72,
Found: C, 51.88: H, 8.75; 5, 37,65,

1-[2,2+(Propane-1,3 -cis -1~meth

2-y1 Acetic Acid (10). - The procedure outlined above for the preparation

of thioacetal acid 2 was followsd using 800 mg of thioketal ketone 9. The

JEC-1l=5
Tlinofs. Infrared spectra weve obtalned with a Perkin-Elmer 137

Pt . Infrared ‘ption aré reported in wavelengths
{um) and are standardized with reference to the €.24-pm peak of
polystyrene, Nuclear magnetic resonance spectra were recorded
with & Varian T-80 spectrometer. Signals are reported as the
chemical shift downfield from tetramethylsilane (TMS) tn parts per
million (ppm) of the applied field. The multiplicity of the peak is
abbreviated: singlet s, doublet d, triplet t, quartet q and multiplet m.
Coupling constants are reported in hertz (Hz), Melting points were
determined on a calibrated Thomas capillary melting point apparetus.
Melting points are not corrected.

k2 C. Atnsworth, “Organdc Syntheses,” Coll, Vol. 1V, John Wiley
and Sons, Inc., New York, N. Y., 188, p. 538,

B J.C. A Chiversand 3. Smiles, J, Chem. Soe., 897 (1628).
R. B. Woodward. 1. J, Pachter and M. L. Scheinbaum, ibid, 52,
1872, Unchecked Procedure 1815,
9. R. B. Woodward, A. A Patehett, D, ¥, R, Barton, D. A. Ives,

and R. B. Kelly, 7, Chem. Soc., 1131 (1957),

100 Y. Bahurel, F. Collonges, A Menet, F. Pautet, A. Doncet, and

G. Descotes, Bull, Soc. Chim. France, 2203 (1971),

11, R. B, Turner. K. H. Ginshirt, P. E. Shaw and J. D, Tauber,

J. Amer. Chem, Soc., 88, 1776 {1966).

12 T. Kumamoto, 5. Kobayashi and T. Mukaiyama, Bull, Soo. Chem.
Japan, 45, 866 (1972).

13, R. M. Coates. "Abstracts U.S.-Japan Joint Seminar on Natural
Product Synthesis, * Tokyo, Japan, July 15-20, 1973, p. 48,
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Chart I
Sl/j KOH, ¢-BuOH H,0* S/j
GS
@ 60°, 8 hr COQH
0
1

2 (93%)

s/j . s/j
S ————— — S
O 10 hr COQH

3 4 (95%)
S/j as above S/j
O = - Ca
0 48 hr C 2H
5 6 (88%)
s/j s/j
as above
R = - 5
0 10 hr CO;;_H
7 8 (93%)
CH,0CH, Sj v+ above CH,0CH, §
R I -
(jbts 12 hr \kS
! 0 | COH
H H
9 10 (92%)

portion of the recovered material appeared to be the 8,v-
unsaturated isomer 13. Thus, enolate formation evidently

S

KOH, ¢-BuOH )
——— > recovered ketone (98%)
! 0 60°, 8 hr
H
CH, CH,
1
C,HB S/j KOH, -BuOH CH, S/j
gr > S + 12 (20%)
60°, 8 hr
0 (0]
12 13 (80%)

retards addition to the conjugated carbonyl group. Nei-
ther of the above uncooperative keto thioketals 11 or 12
could be induced to yield acidic cleavage products. Pro-
longed reaction times merely led to their gradual destruc-
tion.

Attempts to extend the cleavage reaction to a-thiophen-
y1 ketones did not appear promising. Both cyclohexanone
derivatives 14 and 15 were unaffected by the KOH-t-
BuOH treatment. However with 2,2-bis(thiophenyl)cyclo-
hexanone (16) cleavage did take place to give the acid 17
in 66% yield.

Marshall and Seitz
-
CtSPh KOH, t-BuOH  H,0" SPhSPh
0 60°, 8 hr C(li/OzH
4, R=H 17 (66%)
15, R=CH;
16, R =SPh

Trost and coworkers have recently described the facile
cleavage of the thioketal derivatives of cyclobutane-1,2-
diones and the related alcohols with methanolic sodium
methoxide to give B3-1,3-dithianyl esters and ketones.®
Under these conditions both the thioketal ketone 1 and
the alcohol obtained upon addition of methyllithium to
ketone 1 were recovered unchanged after 10 hr at reflux.
Thus, as noted by Trost, ring strain must provide sub-
stantial driving force for the cyclobutane cleavage reac-
tions.

Finally, cleavage of the thioketal ketone 1 to acid 2 also
took place efficiently (92% yield) upon treatment with ex-
cess potassium tert-butoxide in tert-butyl alcohol to
which the equivalent amount of water was added. Inter-
estingly, with methanolic potassium hydroxide only start-
ing thioketal ketone 1 was recovered after 8 hr at 60°.
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droxymethylene derivative, 51310-16-8; 10-methyl-1(9)-octal-2-one
hydroxymethylene derivative, 5240-82-4.
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