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220-MHz nmr spectra were measured by t,he Physico- 
Chemical Measurements Unit, Harwell Didcot, Berkshire, 
England. 
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l lb,  51263-47-9; 19a, 35528-83-7; 19b, 35528-84-8; o-mercaptophe- 
nol, 1121-24-0; ethyl 2,3-dibromobutanoate, 609-11-0; l-methyl-3- 
chloro-5,6-dihydro-2( lHh-pyridone, 51263-48-0. 

References and Notes 

51263-39-9; 4, 51263-40-2; 5, 51263-41-3; 6, 35143-10-3; 7,  51263- 

(1) A. R. Martin, S. K .  Mailick, and J. F. Caputo, J. Org. Chem., 39, 
1808 (1974). 

(2)  J. F. Caputo and A. R. Martin, Tetrahedron Lett., 4547 (1971). 
(3) G. Swarzenbach and H. Egli, Helv. Chim. Acta, 17, 1176 (1934). 
(4) F. G. Bordweil and H .  M .  Anderson, J. Amer. Chem. Soc., 75, 6019 

(1 953). 
(5) C. S, Tsai, U. S. Shah, H. B. Bhargava, R. G .  Zayiskie, and W.  H. 

Shelver, J. Pharm. S o . ,  61, 229 (1972). 
(6) The higher isolated yield of 9 as compared with the mixture of 8a 

and 8b, although theoretically unexpected, probably resulted from 

the fact that 9 was isolated as a solid while the mixture of 8a and 
8b was purified by distillation. A s  yet, attempts to separate 8a and 
8b have been unsuccessful. N m r  of the reaction mixtures prior to 
purification failed to detect P-S-substituted reaction products. 
Although t h e  a$-unsaturated isomer is thermodynamically favored 
over the  P,y-unsaturated isomer, the AGO for the equilibrium is not 
large. 
The  formation of unexpected products in the reaction of catechol 
with a-bromocrotonate esters has also been explained by these 
phenomena (see ref 1). 
We thank one of the reviewers for suggesting this intriguing possi- 
bility. Mechanistic studies are underway and will constitute the 
subject of a future report from our laboratory. 
G .  Modena,Accounts Chern. Res., 4, 73 (1971). 
The failure to isolate l o b  and l l a  from the reaction mixture does 
not rule out their possible formation in smaii quantities (undetected 
by n m r ) .  
Similar double-bond migrations have been observed in 6-hydroxy- 
hexenoic lactones [C. G .  Overberger and H.  Kaye, J. Arner. Chern. 
Soc.. 89, 5640 (1967)] and in tetrahydro-2H-azepin-2-ones [ H .  K .  
Reimschuessei, J. P. Sibiia, and J. V. Pascaie, J. Org. Chem., 34, 
959 (1969)l. 
The isolation. characterization, and Michaei-type ring closure reac- 
tions of 15 and 18 will be subject of a future publication from this 
laboratory. 

Synthesis of w-l,3-Dithianyl Carboxylic Acids via Cleavage of Cyclic 
a-Diketone Monothioketals 

James A. Marshall* and David E. Seitz 

Department of Chemistry, Northwestern University, Euanston, Illinois 60201 

Received February 6, 1974 

A number of cyclic (Ce-C,) ol-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 ol’,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 a$-unsaturated cyclohexanone likewise failed to cleave. In this case enolization took place lead- 
ing to the P,y-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) Subse- 

N = nucleophile 

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 

B- = base 

features of eq 2 had previously been proposed by Gassman 
in connection with his studies on the Haller-Bauer-type 
cleavage of nonenolizable ketones.3 Employing his reac- 
tion conditions (NaOH, NaO-t-Bu, t-BuOH, ether) we 

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- 
ence2 indicated that a combination of hydroxide plus a 
strong (alkoxide) base afforded the highest yields of cleav- 
age products. In an effort to simplify the experimental 
procedure we investigated the use of powdered potassium 
hydroxide in tert-butyl alcohol, a base system previously 
employed by Meyers, et aL4 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. 

In contrast to the results obtained with decalone 9 and 
its angular methyl counterpart,2 the dimethyldecalone I1 
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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2.2-1Propyle-1.3-dithioiogclohe.anone (11. - A  solutlon d _.---_^- 11--_11--1^ 

1.84 8 (13 mmol) d the hydr-ethylene ketone obtained (14701 f rom 

Cyclohexanone by thp P raed lYe  d Ainworth' .  7.08 g (11 mmoll d 

pmpane-1.3-dtthloI dl-p-toluemsdfonakn and 5 g d pdasslum acetate 

in LOO ml d abroluta ethanol "88 healed at reflux for IO hr accardlns t o  

the p r a e d u r e  d Wwdward.' The elhvlol w&s remoatdginfrom 

the Cwled Peactlon m h W e .  Water vas added to the residue and the p m -  

ducts vere isolated v l th  ether.  The Cmde PraduEt w.8 fi l tered through 

70 g d Flsher d v m l n a a t t h  250 ml  d benzene. Removd d the solvent 

afforded oqslai l inc materid wNCh was r eeqs t a i l i zed  lrom ethanol 

a f fo rdhg  1.88 g 154T) d lhioketd ketone Recnstall tzatlon from 

ethanol and Nblimatlon at 48' 10.02 mm) d l a r d e d  materld of mp 54-5Sa; 

A?; 5.88 ICOI. 5 98. 7.08, 7.88, 5.18, 8.98, 9.28, 10.52, 11.00. 

11.44. 12.83, 13.81 Pm. 

w. Calcd for C,H,,O%: c ,  53.43: H .  5 . 0 1 :  s. 3 1 . 6 9 .  

E m d :  C, 53.30:H. 8.84; S, 31.53. 

2,2-IPrapane-1.3-dithio!cyclaheplanane (3) .  - T h e  p i a e d u r e  
*_*_ll---_-*l 

artlined above for the preparation d INoketal ketone l s s s  f a l lmed  

usrng 1.70 g d the hydParymethytPne ketone ahtained (86%) from cyeta- 

heplanone by the p ~ m e d u r e  d Ainwor th . "  The  crude pro6uDt w w  l u t e red  

thrnvgh 70 g d Ftsher alumlna s t t h  250 ml d benzene. Removal d the 

J0C-lb-b 
px0duet was fl l tered through I O  5 d Flsher alumlniwlth 250 ml d benzene. 

Removal d the solvent afforded crystail ine malerial "Noh vas r ec rys l a t lbed  

iiom ethanol dfordm 3 .03  g (83%) d thloketal ketone 11. Two add i tma t  

recryyetalllzatlonr from ethanol aflorded materlaf d mp 95.5-97"; 

~ ~ ~ S 5 . 9 2 ( C O ~ , 5 . 9 5 . 7 . 0 5 , 7 . 2 9 . 1 . 3 9 . 7 . 8 ~ . 8 . 4 5 .  10.30, 11.05, 

11.50. 12 .55Pm:  dF$ 1 . 2 2 a n d 1 . 1 3 P p m ( C - l $ e r n  dimethyl!. 

s. Calcd fa i  C&,Os,: C. 53 33: H. 5.50: 8 ,  22.54. 

Found: C. 83.37: X. 8 . 8 5 :  S .  2 2 . 1 8 .  

3 3-(Propane-l. 3-dithol-l0-meth~l-1(9)-atal-2-one (12) 

The p rmedure  outlined above for the preparatlon d thioketat ke tone l l aaa  

follaoied using 2.50 g d the hydroa7lmethylene ketone Mtained (91%) from 

l0-methyI-l~G!-mtalI-2-one by the p r a e d u r e  d T Y m e ~ . "  The e m d e  

pmduct -was fi l tered through 70 g d Fisher dumina with 250 mi d benzene. 

Removal of the solvent afforded O q s t d l h e  materlal whloh was recrystall l lcd 

from ethanol affording 2 . 3 0  g 1859) d t hmke td  ketone 'a. Two dditionaf 

iecrystall tzattonr lrom ethanol afforded material  d mp 127-128': A KBr 

8.09 (CO) 6.20. 7.05.  7 . 7 0 .  7.90. 8.20. 5 .40 ,  9.11. 10.51, 11.05. 11 55 

pm: 6$:$ 5 . 6 8 ( 1 H .  s)knd1.42ppm(C-10CH,!.  

.... 

m m  

e. Caled fo r  C,,H,%: C. 82.54:  H .  7.51: s, 23.89. 

Found: C 62.42; H. 1 6 4 :  8 .  2 3 . 7 5 .  

xc- l i - ,  
reaction mtrtvre mas heated at 80'for 12 hr.  The crude p~aduci (554 mg. 

100%1 WRS r e c r y s t a i l e d  from ether-herens yblding 555 mg i92%l d 

thtoacetat acld 

m a t e r l d d m p 9 7 - 9 7  5': A K B r  2.80-4.10!CWH). 5.38 IC01 8 . 9 5 .  

7.09. 7 71, 7.89, 8.08,  8.40, 8.05.  10.55 

ICWH. s i ,  4.00 !1H. t .  J = @  Hz) and 3 22 ppm f5H. E )  

An additlaMI reerystalltzatm f rom ether-henme afforded 

m2s 
11.02 Ym: d cDcla 11 80 TMS 

&. Caledfor Ca,H,,O,$: C. 55.16: X.  7 94: 8 .  20 20. 

Found: C, 5 8  93: H. 5.24: S. 19.91. 

Attempled Cleavage d Thloketd Ketone 11. . The procedure aut- ---_ I "-"-"--_  ̂

lined above for the Preparation d thloaeetaf a c l d i  vas iollaoied uslng 428 mg 

of thloketd ketone The 

neutral exwact9 afforded 417 mg (88'%1 ol StaPtlng maternal 

I h e  reaction m m r e  ma8 heated at 80- lor 8 h r  

Attempted Cleavage d T h i B e t d  Ketone 12 . The p'aedure outlined . . ~ - ~ - - ~ ~ ~ ~ ~ ~ - . ~ ~ . ~ ~ - ~ - ~ ~ ~ - ~ ~ ~ ~ ~ - ~ - ~ ~ ~ ~  
above /or the preparalror 01 thioncetd a e i d x w i s  followed using 402 mg d 

thioketrrl ketone '2. The TeiCtlon mhhl re  pas heated L 5 0 ' 1 0 ~  8 hr 

neutral extracts afforded 379 mg 194%) d 1 mllhire d etarling ma te r id  (20%1 

and the #-?-unsaturated tsomer 9 (808' oi the start ing m a t e r i d  a5 deter- 

mined by analyela d the infrared m d  nmr apeetra. 

The 

Attempted Cleavage d 2-Thiophenyleyelohexanrme (14l* . The 

Prmedure outllned above lor tPe preparallon d LNoacetal &md: w a ~  follaved 

using 618 "g of ?-thlophenyl ketone 8. 
s t  50'for 20 h r .  The neutrat extracts afforded 813 mg (98qi d start ing 

matend 

I____-- -̂-*-----xII-- --.-- ^-^- 

The reaction m t d ~ r e  wag heated 

J G U 9  
s o w e d  afforded oqdslline matertal  which wm r e c q a t a l z e d  frW 

ethanol Ytmding 1.84 g (64%) d t h i d e t d  kelmef. R~oqat l l l i asJ ton  

lrom ethanol and m b l i m d t m  at 82'(0.02 mm! sllorded msJerlnl d 

mp 78.5-77.5°i i F: 5 .M (co ) .  8.80, 7.02, 1.55. 7 . 8 0 .  8.10, 8.57, 

8.81, 10.88. 11.05, l l .Bo ,  11.80 e m ,  

- Anal. C d o d f o i  CxoR,&: C, 88.81; R. 7.46; 8. 28.84. 

F a d :  C. 88.48: H, 7.48: 8 .  20.88. 

2,2-lP~-~-l.3-ditUo)Og01wctBnans (5). - T h e  p ~ a s d u r e  oul- ___*..I*__****--*..-- 
lhet above for ths Pmparatlrm d thloLetat k e l m a r l  WBS l o l lmad  "am 
2.00 g d the hydr-ethylhplene ketone cblllned (82%! f?om c y c l c d a n m e  

by the p~aedYre d Alnmorth. '  The Omde p?odUet mpll l u t e red  t h r w h  

70 g d Fishes  alumtm wtth 2% ml d benzene. RBmOslpl d the solvmt 

afforded orystalllne material which was i e c q i t d l l z e d  110m ethanol 

s l f o r w  2.04 g (8851 d thtoketd ketone:. ReoqatallBaUon f rom otmd 

and subllmatlon at 52°(0.02 mm) afforded materid d mp 50-81': Ai: 

6,81(COI, 8 . 8 5 .  5 .95.  7.01, 7.80. 7.81, 8.30.8.81, 8 . 7 5 , 0 . 0 0 , 8 . 5 ~ ,  

11.00. 11.23, 11.78, 12.10 gm.  

&. Calcd for Cl&C&: C. 57.35: N. 7.87: 8. 21.83 

F m d :  C, 87.28:  H, 8.06: S. 27.70. 

JOC-UI-5 
of thioketal ke tmeA(805  mg, 3 mmol! in 8 ml d FbWI dilcohol was added 

504 mg 19 mmall d m d e r s d  pdaeslurn hydroxide.' The ceactlon mktul(e 

WBS heated at 50- fop 8 hr.  Water vas added and the wuears phnire was 

extracted wlth ether and aolduled with cold e m  hydrmhiorlo a d d .  The 

aoldlc praduet W m  tsolated by ethei &m@.ctlOn aflording 842 mg (87%) d 

eqs t a l l i ne  s d l d .  Reoqdalllzatton from Cther-hBXMe gielded 815 mg ( 8 3 9 ; )  

d thiancetal nold:. Reorgstal1ir;atton f rom ether-hexme and 8ubltmztlm 

at 86'10.02 mm! a f fo rdsdmi te r t a l  dmp90-91,5'; 

5.91 (CO!. 8.80. 7 .03 ,  7.50, 7.88, 8.01, 8.20, 8.35. 8.62. l l .08 ,  13.15 limi 

6;s 11.38lCoOH. s l a n d 4 . 0 1 p p m ( 1 H .  t ,  J = 8 I W ] ,  

2.08-4.10(CWA). 

Anal .  Calod 101 C,X,.O,~: C. 49.08: E. 7.32;  9, 19. LO. 

F m d :  C ,  48.17; H. 7.20; S, 28.24.  

The ldenttcd material vas obtalned In 82% Yleld by treatment d 

t h iokew ketone .!with a 3-fold el icedl  d KM-80 (0.3 g) to whlch m qu iMien t  

a m m l  ~ W P . * T  vas d d e d  prior to stirring st 60'for 8 hi. 

7,7-(PlOpanB-L,3-dithla)heptanolo Acid (41. - T h e  p r a e d u ~ e  
l̂-l"*ll_-__l_ll___l_- 

ovtlined above for the p ~ e p a r d t o n  d thioacetal act82 was l o l l w e d  using 

848 mg d thioketat ke tone l .  The reaction mixture sa8 hsattd s t  80' 

for 10 hr.  The cmde  ProdYct (590 mg. OD%! was r e f rp t a l l l zed  from 

ether-hexane y l e ld lv  581 mg ( 8 8 % )  d 1hlDaceId m i d  5 ReEq3.staYleBUon 

f rom ether-hexane and suhlimarion a t  88'8.02 mml slforded materid d 

mp 74-75'; A:; 3.02-4.10 ICCOH). 5.88 (CO), 8.88, 7.02. 7.18. 7.88. 

8.07. 11.05 #mi  0 GEL IO. 80 ICCOX. el and 4.00 ppm ( I N ,  t ,  3.8 HB). 

+. Cdcd  for C,,X,,O,&: C. 51.25:  H. 7.74; 6 ,  27.38. 

Fmund: C, 31.l8; X ,  7.88; 8 ,  27.37. 

JCe-UI-3 
filtered t h i a y h  70 g d Fl ihe r  dumumirrz wlth 250 mi d bemeha. Remwal 

d the solvent afforded a q s t a l l l n s  materlal  wNch w e  i e c q s t d l l z e d  mom 

ethanol dfordlng 2.40 g W%! d t h l d e t d  ketme; Recryatallbation from 

ethsool and aublimatlm at 68'(0. 02 mmi d fo rdsd  material d m p  83.5. 

8 4 . 5 ° : ~ ~ ~ ~ . 8 0 ~ C 0 1 , 8 . 0 8 ,  7.01. 7 . 8 8 . 7 . 8 8 ,  8.42. 8.88, 11.15, 

11.50, 12.40. 13.52 em: 5.81 ppm I";.=C<' multtptel!. 

w. Cdcd  for C,H,&O: C, 58.04: A, 8.58: 8 ,  20.82, 

F m d :  c. 58,23: H .  6.85; 5, 30.06. 

Jic.ll.6 
8 ,8 - (Propane-1 ,3 -dt th i~ )a?~of~  A d d  I%!. .The  p r m e h i r e  
I_- _x___--̂ I- I_*_I--- 

outllned d o y e  for the piepnmtion d tNDaCetd d d & w a a  l o l l w e d  W i n g  

880 mg d t h l d e t d  ke tones .  The IeaCtlon mlXhiPePBB heatedat 80'fOr 

48 h r .  The tsolatlon p ~ o c e d u m  afforded 883 mg ( O S % !  d crude RCtd. P u t  

(laomr) d the Cmde acid chromatographed on 10 g d su iea  gel v i th  

ethei 88 eluant fielding 100 mg d thlanoetd a c l d i .  Rcorystallizltlon from 

ether-hexane aflorded material  d mp 80-81': A F; 2 . 8 0 4  IO (CWH!. 

5.85 ( c o ) ,  8.80. 8.88. 1. i o ,  8.00, 8.10, 8.20, i1.00, i z . a s  gm; 

d ;s 8.41 ICCOH, s! and 4.00 ppm (In, t. J=8 Hz! 

S. Calcd fo r  C,,H,,O,&: C, 83 18; H. 8. 12: 8 ,  25.82. 

F m d :  C. 53.42; H. 5 .  18; 9, 25.80. 

(81.7. 1 - ( P r ~ . - l , 3 - d l t h i o ) . 4 - h ~ p l ~ ~ ~ l ~  Acld (81. . The p r a e d u r e  
-_^-x-- *--_ 

outlined above for the preprrrt ton d thioacetal a d d 2  was foumved using 

842 mg d t h lo l e td  KetOne z, The reaction mhhi l s  was healed at 80' for 

10 hr.  The  Cmde Pmdahlct (899 mg, iDOBJ was reoqetaflined from ether- 

hexane yielding 848 mg (83% d thl-etd add:. Reoqda l l i za t ion  frm 

ethei-he6ane and mbllmailon at 52' (0 02 mml afforded m a t m i d  d mp 57-58'; 

A 

12.8Olim: d:i:L If .S8(COOH, d 5.50l2H. t .  J -5Xz!and4 .02ppm 

OH. t ,  J - 8  HZ). 

2.85-4 10 ICWH!, 5.89 (CO!, 1 05 7.15. 7.78, 1.80,  8.30. 10. 80 msr 

A&. C d c d f o r  CS,Hx&O,: C. 51.82: H, 8.54: 8 .  37 72. 

F m d :  C. 51.88: H, 8.75: s, 21.55 

1-[2, 2-(PrOPYle-l. 3-dttNo)ethyl ] -c l~-1-merhmgmethy~~,~ l~h~~.  

2-71 AOetle A d d  1101. . The pra?edu?e mtlmed &me lor the prepsrat(on 

d t h lwoda t  a e l d l w v s s  fdlmsd uainC 800 mg d tNokeW ketones.  The 
~ ~ ~ - -  

7 

8. 

9. 

IO 

11. 

12. 

1 3 .  

lllincds. Infrared BpeCtm were obtained wlth B Perkin.Elmei I37 :=-*-E 

Wectrophdometer.  M r a r e d  absarpllcn are repopted In (YLYeIenpths 

(Pm) and Y e  r t anda rd leed r l th  rderem8 IO the 6.14pm peak d 

PolYstyrene. NuOleai msgnetlc resonance sRotra were ieeOPded 

a i t h  B Yulan T-80 spectrometer.  signafs ape reported ae the 

chemlcal S M t  dwmiield from tetramethylallme (TMSI In p u t s  per 

milllon (Wml d the applied field. The mdtlpllafty d the peak ie 

dbre%4ated: sLxglet s, dmblel d ,  tr lplet  t .  q w t e t  q and multiplet m. 

Coupling Constantn we r e p r t e d  t i l  herte h!. Melting points w w e  
determined on a Odlbiated Thomas capillary msitrng p o h t  Bpparstus. 

Melting Points are not eorreoted. 
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Chart; I 

KOH. t-BuOH 

60°, 8 hr 
n 

as above 

48 hr 

5 6 (88%) 

7 8 (93%) 

CHaOCH, S as above 

12 hr 
CO,H 

I H H 
9 10 (92%) 

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

KOH, t-BuOH - recovered ketone (98%) 

CH, CH, 
11 

KGH. t -RuOH 

60' E hr 

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 cr-thiophen- 
yl 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. 

SPh 
+SPh 

SPh KOH, t-BuOH H30' 

60°, 8 hr C02H 

17 (66%) 
-0 
14, R - H  
15, R =CH3 
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 /?-1,3-dithianyl esters and  ketone^.^ 
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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