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Abstract- 1.2-Carbonyl transposition of cis-fused cyclobutanone is 

demonstrated by means of two procedures(method A and method Bl. 
This relatively short sequencelmethod Bl provides e new and convenient 

method for conversion of carbonyi group in the entitled rlng system. 

Dichiorocyciobutanones, readily available by dichioroketene cycioadditions 

to oieflnsl are extremely useful intermediates in organic synthesis.' In a 

continuation of our work directed toward the synthesis of an antitumor sesqui- 

terpene, eriolanin i3, we required a concise and general method far 1 . 2 -  

carbonyl transposition [ 2-3 I in cis-blcyciol4.2.01octsnone system. 1 

While previous works an v a r i o u s  aspects of csrbonyi transposltlon have been 

reported, methods to transpose the carbonyl group of ketones a r e  iacking4in 
the entitled rlng fusion. 

We now report the two different methods A and B o n  1,2-carbonyl transposition, 

which provided enoi thloethers 8 o r  14 respectively a s  intermediates for 

cyclobutanones. 

Treatment o f  4 with lithium b~sItrimethyIs~iyilamlde in tetrahydrofuran(THF) 

at -78'C to O'C for 1.5 h followed by additlon of diphenyldisuifide(2.5 e G i v )  5 

in hexamethyiphospharic trlamideIWA) at O°C for 14 h gave bis(phenylthio1- 

cyclobutanones 5a and 5b in a 4:l ratio in 90% yield. 



I t  is difficult to control the regiaselectivlty for m o n o s u l f e n y l a t ~ o n  o f  4 

at C-2 position via depratonation w i t h  an amide base. Enollration usually 

occurs at C - 8  to yield the corresponding cyclobutanone e n ~ l a t e . ~ ~ ' ~  

Reduction of 5a7 with sodium borohydride afforded smoothly a 1:6.6 mlxture 

o f  6 a 7 [ ' ~  W l ( D C l 3 I 6  3.34(dd, Jb,=7.8 and Jab=lO.O Hz, IHb),3.93(d, Jb,=7.8Hz, 
7 1 IN ) ]  and 6b [ H W ( ( D C l 3 ) S  3.88(dd, Jbc=4.8 and J,b=10.0Hz,IHb),4.021d, 

Jbc=4.8Hz,IHcl] in quantitative yield, of which the stereochemistry w a s  
I determined from J values of H NvR, the observation of NOE and chemical trans- 

formations as shown in Scheme 1. A similar reduction of 4:1 mixtures 5e and 

5b afforded 6a, 6b, and 6 c  in a rsitio of  5:40:1 in 91% yield, of which 

compound 6 c  arose from 5b. Desulfurizatton of 6 a  and 6 b  with Raney NI(W-2) in 

ethanol led to their cyciobutanois 7 a  and 7b respectively, while 7 a  was 

available from the reduction of cyclobutanone 4.' Hence, the reduction 

products were found to possess the stereochemistry indicated. Treatment o f  

6a and 6 6  with methanesulfonyi chloride in pyridine and subsequent 

elimination o f  the resulting methanesulfanates with potassium tert-butoxide 

in d m e t h y l  sufoxide at room temperature produced effectively the same enoi 
7 1 thioether 8 Imp 47'C; H W ( 0 X i 3 ) 6  5,93(s,IH);Mass m l z  3241~')~ in goad yields 

Hydrolysis o f  8 with mercuric chloride in aqueous acetanitrile at room 
7 ~. 

temperature5 spontaneously cyclobutenone 9 in 45% i s o l a t e d  yield. 

Scheme 1 (method A )  

8 - 0 - 
a LIN(TI!S12(3 €~uiv)/THF/-78~C-O'Clfhen PhSSPh(2.5 e~utv)lHMPA/O'C,9O% ; 
b NoBH4/MeOH,99X from 50, 90% from 5Q ; c Raney Ni(W-ZI/EtOH/rt i d MSCVDYr. 
Irt ; e t-B~0WDMS01rt,76% fran a. 84% fran rn ; f H~Cl~/tH~CN-H~0(3:l)/rt. 
451 i 9 H2/PtlACOEt ; h PCClMolecuior Sleves 3A/CH2CI2.33% fran 9 
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Catalytic hydrogenation o f  double bond in 9 with platinum under a hydrogen 

atmosphere gave rise to the overreduced cyciobutanol, which w a s  l m n e d ~ a t e l y  

oxidized to cyclobutanone 4 with pyridlnlum chlorochramate in dichlaramethane 

in 33% overall yield. 
Scheme 2 (method B) 

0 ZnINH4Cl-W/O'C13Cmln,61% from cyclohexene ; b PhSNolMeOH/O-C-rt.86I ; 

C NaBH4/MeOH.80% from I.&. 90% from UP ; d NsCl/DYr./rt 1 e t-BuOK/DmOlrt, 
87% fran &a. 100% from & ; f Hm2/cH3CN-H200: 11/50~CC62% ; g Ranev NI tw-21 

To improve the later stage in method A, we next turned our attention to the 

following method B which provlded a m o r e  convenient and easy operation rather 

then method A. D~chiorocyclobutanone 10 was carefully reduced wlth zinc in 

methanol ic amnonium chlorldeg at O'C for 30 m l n  to afford monochlorocyclobuta- 
I none 111 H M I C X I 3 ) 6  4.951dd,J=2.2 and 8.8 Hz,IHlI as the sole product in 61% 

yield f r o m  cyclohexene. When 11 w a s  allowed to react with sodium thiophenolate 
7 1 in methanol, an 86% yield of a i:I mixture of diastereoisomers 12a [ H M 

I(IX3I316 4.16ldd,J=2.2 and 5.4 Hz,lH)I and 12b71'~ M ( C X I 3 ) 6  4.65(dd,J=2.2 

and 8.5Hr,lH)I w a s  obtained. These diastereoisomers were easily separated by 

chromatography on silica gel. Reduction o f  12a and 12b with sodium borohydride 

gave their cyclobutanols 13a7['~ M ( a 1  16 3.54(dd, Jbc=7.6 and Jab=IO.OHr, 
7 3 ~  ,iHb),3.991t, Jb,=Jcd-7.6Hz,1Hc)l and 13b [ H MI(IX3l316 4.16(ddd,Jbdi2.2,Jbc= 

6.1, and Jab=8.3Hz,lHbl.4.50(dt, J,,=2.0 and Jbc=JCd=6.1 Hz,1Hc11 respectively 

in good yields. Stereochemistry o f  13a and 13b obtained in this w a y  w a s  

established in the similar manner mentioned above and results were indi- 
7 

cared in Scheme 2. T h e  enoi thioether 14 [ H  bt~R((ICC1~16 5.90(d,J=0.7 Hz,lH); 

M a s s  m/z 2 1 6 ( ~ + ] ]  w a s  obtained both f r o m  13a and 13b in two steps (I1 MsCllpy- 

ridine ( 1 1 )  t-BuCK/IMSO. 



Fjnaily, hydrolysis of the resulting enol thioether 14 with mercuric chloride 

at 5O0C produced the desired cyclobutanone 4 In 62% yield. Ail reaction 

mlxtures produced from either method A or B are not requ~red their separatlans 

since they yieid the same en01 thioethers 8 o r  14. This method should provide 

ready access to 1.2-carbonyl transposition of cis-blcyclo[4.2.0loctanone 

dertvatives. Stereochemistry during reduction of cyclobutanones 5a, 5b,l2a, 

and 12b with sodsum borohydride resulted in steric control as indicated in 

Scheme 3. We are currently exploiting this methodology in our  approaches 

to the synthesis of erioianin I. Scheme 3 
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