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209. A Simple Alkylative 1,2 -Carbony1 Transposition of Cyclohexenones 

by Wolfgang Oppolzer, Tarun Sarkar and Kumar K. Mahalanabis 
Dkpartemcnt dc Chimie Organique, UniversitC de Gen&e, ( H-1211, Genthe 4 

Dedicated to Professor H .  H lnhoffen on his 70th anniversart 

(23 IV. 76) 

Sztmmavy. Acid catalysed dehydration of the diols 5, dcrived from the cyclohexenone 3 
affords mixtures of 8 and 11. The product ratio 8/11, although strongly dependent on both the 
reaction conditions and the substitueiit R, is independent of the diol configuration; this indicates 
a cationic intermediate 6. Conditions were found, which allow the sequcnce A + B + C -+ D 
( S c R ~ w z e  2) to be applied to the syntheses of the enones 8, 21 and 25 in fair to good yields from 
the corresponding cyclohexcnones 3, 18 and 22. 

Recently we have reported a simple conversion of tlie cycloliexenone 1 to the 
spirosesquiterpene acorenone-B (2; Scheme 1) 11; using the sequence outlined in 
Scheme 2 (A --f B --f C --f D).  The efficiency of tlie 1,Z-enone transposition 1 + 2 
compares favorably with an alternative approach requiring Hg(OAc)z promoted hy- 
drolysis of a dienol thioether 1-21, In view of the apparent potential o f  cycloliexenone 
transpositions in the syntliesis and modification of terpenes and steroidsl) it was 
decided to study the scope and limitations of this sequence. 

Scheme I 

Sclaenae 2 

-- 111 

A B C D 

first series o f  experiments investigates the conversion of 4, .l-diplien~.I-Z-c?-clo- 
liexenone (3) to the rearranged cycloliexenones 8 systematically introducing different 
substituents (K = CH3, C~HS,  n-CdHg, C6H5 and H) a t  tlie fornier site of the carbonyl 

1) 6- ~cetox~-2-cyclohcxenoncs havc also bccn used to  convert sobstitutctl 2-cycloliexcncmes 
to .j-cyclohcxenones [ 3 ] .  
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group (Scheme 3, Table 1). Acetoxylation of 3 with lead tetraacetate in boiling toluene 
afforded the acetate 4 (56y0), which was converted to the diols 5 (94-98y0) with 
the appropriate organometallic reagents. For example, reaction of 4 with methyl- 
lithium furnished a crystalline diol5 (R = CHs), which was dehydrated under various 
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Table 1. A c i d  catalysed dehydration of the diols 5 

R Configuration Reaction conditions 
0 f 
5 

Product Isolated 
ratio yield of 
8/11 8 

- oxalic acid, 145”. 2 h 

MsOH/TFE, 25 , 15 mln 
~ TsOH/CsHs, reflux, 2 h 

~ TsOH/sulfolane, 6 i ” ,  1 h 
MsOH/I‘FE, -20  to  - 5 ” ,  3 h 
TsOH/C&, rcflux, 0 5 h 

- TsO€I/sulfolanc, 25’, 1 2  h,  

- 

- 

~ 

then 60”, 0 5 h 
TsOH/CGHG, rcflux, 1.5 h 

TsOH/sulfolanc, 65’, 0 5 h 

TsOH/sulfolane, 70”, 2 5 h 
TsOH/C&j, rcflux, 1 h 
TsOH/CfiH6, rcflux, 1 h 

~ MsOH/TFE, - 30 t o  - 5”, 3 h 
- 

czs (7376) 
C l b  (73%) 
fravzc (9076) 

- TsOH/C,jH6, rcflux, 2 h 

67 : 33 a)  

70:30b) 

62:38b) 

97:3b) 

97:3b) 

20:80”)  

93:7b) 
14:86a) 
60:40b) 
89:11 b) 
~ 

53 : 47 a) ”) 
58 : 42 a) 
60 : 40 a) b) 

42 04 
90 yo 

92 % 
47 % 
18% 

- 

~ 

a) 

b) 

Based on yields of isolated 8 and 11. 
Determined by GC. analysis of crude reaction mixture. 
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acidic, conditions (Table 1) to give the rearranged enone 8 (R = CH3) together with 
variable amounts of the aromatic byproduct 11 (R = CH3)Zj. 

This acid catalysed dehydration presumably involves initial formation of an 
allylic carbenium ion 6 which undergoes a pinacol-type hydrogen shift (path a) 
(6 + 7), followed by migration of the olefinic bond (7 --f 8). Evidently the carbenium 
ion 6 may also undergo a 1 ,Z-phenyl shift (6 + 9) (path b) with subsequent deprotona- 
tion and dehydration (9 + 10 --f 11) 3). 

Similarly, the diols 5 obtained by reaction of 4 with etliylmagnesium iodide, 
n-butyllithium, phenyllithium or sodium borohydride gave mixtures of 8 and 11, 
whose ratio depends critically on the individual reaction conditions (Table 1). The 
diol 5 (K = CH3) afforded with $-toluenesulfonic acid in boiling benzene or in sulfolane 
(= tetrahydrothiophen-1,l-dioxid) a t  65" almost exclusively the enone 8 (90 to 92%). 
Sulfolane (at 65") proved to be the solvent of choice for the P-toluenesulfonic acid 
catalysed reaction 5 --f 8 when R = CzH5 (52%) and 5 --f 8 when R = n-C4Hg (56%) ; 
however, the highest yields of the enones 8 (R = CfiH5) (48%) and 8 (K  : Hj (46%) 
were obtained in refluxing benzene. 

In order to investigate the possibility of stereochemical effects on the reaction 
5 + 8 i- 11 the cis- and trans-diols 5 a  and 5 b (Scheme 5j were prepared selectively 
(in 73% and 90% configurational purity, respectively) by reduction of the acetate 4 
with either lithium tri-s.-butylborohydride (L-selectridej or sodium borohydride. 
The configurational assignment of 5 a  and 5 b  is based on 'H-NMR. spectral com- 
parison of t h e  corresponding disilylethers 16 and 17. In analogy with sliikimic acid [6] 
the coupling constants J B C  = 4.5 Hz and J c n  = 4.5 Hz indicate the cis-relationship 
of Hc and Hu in 16, whereas the smaller coupling constant Jsr: = 1.7 Hz and the 
larger one ( J C D  = 7.5 Hz) correspond to the trans position of Hc and HL) in 17. 
'Under identical conditions, the cis- and trans-diol 5 a  and 5 b  both afforded the same 
3:2 mixture of 8 and 11 (R = Hj4) which was easily separated by chromatography 
(cf. Table I ) .  Hence it appears that  the product ratio 8/11 is independent of the diol 
configuration, a fact which supports the postulated intermediacy of the carbenium 
ion 6. 

2, The assignment of structure 11 (R = CH3) is based on IR., UV., 1H-XMR. and mass spectra 
as wrcll as on thc analogous formation of 11 (R = H) from 5 under siniiliar acidic conditions 
(see footnote 4) ) .  

Thc two reactions 6 + 7 and 6 --f 11 resemblc the previously described transformations 12 + 13 
[4] and 14 + 15 [ 5 ] ,  respectivcly. 

3) 

Scheme 4 

12 13 14 15 

4, The less polar aromatic product 11 (R = H) is identical with an  authentic sample of o-ter- 
phenyl. 
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Scheme 5 

I 

16 
HD 

4 

5b 17 

In a second series of experiments, analogous transpositions were carried out on 
other cyclohexenone systems as described in Scheme 6 and Table 2. 

Scheme 6 

22 X =  H 

23 X =  OAc 

24 25 26 
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Table 2.  A c t d  Latalysed dehydrat ion  of the diols 20 and 24 

Diol Reaction conditions Productjs) Yield a) 

20 (R = CH3) TSOH/&H6, reflux, 15 inin 21 (K = CH3) 80 % 
20 (R = H) TSOH/Cs&, reflux, 15 mln 21 (li : H) 32 Yo 

24 Tsc)H/C,jH6, reflux, 2 h 25/26 3 1 54 yo 
24 MsOH/TFE, 2 j3 ,  1 h 25/26 9 1 3176 

a) Bdscd on isolated product(s). 

Financial support of this work by  the Fonds Xutioizal Suisse de  la KecAarche ScientiJique, by 
the Sandoz L td ,  Bascl, and thc Givuudan S A ,  Vernicr, is gratefully acknowledged. One of us  
(1C.K.M) wishes t o  thank thc Jadavpur IJniversity, Calcutta, for a sabbatical leave. 

Experimental Part 

General remarks .  The usual work-up of reaction mixtures in\rolvcd addition of water, ex- 
traction with ether, washing of the organic layer with aqucous sodium hydrogencarbonate and 
HzO, drying ovcr anhydrous sodium sulfate and reinoval of the solvent in  ~ u c z i o .  Gasclironiato- 
grains ((X.): steel column (2 mm/2 m), 5% SE 30 on Chrornosorh \V, 220 , 2.5 atrn hT2 unless 
spccificd otherwisc; retention time in inin. Preparative chromatography was carried out on 
silica1 gel ( d l c r c k ,  0.05-0.20 nm) .  Melting points (n1.p.) are not corrected. ~ UV. spectra: in 
ethanol; A,,,, in nin, 8 in parentheses. - IR.  spectra: in CHzClz unless specified otherwise; Fmax 
in cni-1. - 1H-XMK. spectra: in CDC13, internal standard tetramethylsilanc (0 = 0 ppin);  abbre- 
viations: s = singlet, d = doublet, t = triplct, q = quartet, wz = multiplct, ,I = spin-spin coupling 
constant (Hz) .  hlass spectra (MS.) : m/e, relative peak intensity in 7; in parentheses, 

mixture of 4,4-cliplicii~l-2-cyclohexenone (3) 
[7] (1.0 g,  4.03 mmol) and lcad tctraacetatc (5.0 g, 11.3 niinol) in dry tolucnc (25 ml) was hciated 
undcr reflux for 14 h.  The filtered solution was washcd ivith aqueous sodium hyclrogencarbonatc, 
dried (KazS( ) 4 )  and evaporated. The viscous rcsiduc (1.5 g) affortlcd aftrr  chromatography 
(bcnzene/ethyl acetate 24: 1) the crystalline acetate 4 (0.70 g ,  56qh) o f  r11.p. 106-107' (ether/ 
pcntanc). - I R . :  1750, 1705. - lH-NMR. (100 M H z ) :  2.16 (s, 3 H ) ;  2.6-3.2 ( i i i ,  2 H ) ;  5.45 ( d  x d,  

( l O O ) ,  220 (2.5), 218 (27), 191 (2.5). 
2-Mrthyl-.5,5-dipheizylcyclohex-3-ene-I, 2-diol (5) ; I? = CH3. A solution o f  the acetate 4 (0.15 g,  

0.4c) mniol) in cthcr (1.5 nil) was added to  a stirred 2.1 M solution o f  mcthyllithiuni in ether (3 ml, 
6.3 niinul) under argon at - 78" during 0.5 h.  The mixture was allowed to  \v:i,rin up  to  0- ,  stirred 
for 0..5 h a t  O " ,  lor 12  h at 25", refluxed for 2 h and qucnclicd with aqueous ammonium chloride 
a t  0 ' .  T!!iuaL woi-k-up and crystallization o f  the  residuc (ethcr/pcntane) afforded thc diol 5 (R = 

CH:1; 0.13 g ,  0S1 ;&) ,  n1.p. 13.5-140.. - IR. :  350.5, 3450 br., no C 0,  - 1EI-KMR. (00 4IMz): 1.35 
( s .  311); 1.7 2.3 (OH, 2 H ) ;  2.3-2.5 (ZH); 3.52 ( d x  d,  1 ~ .5 ant10, 1 3 ) ;  5.87 (d ,  J = 10, 115);  
6.18 id,  ,/ = 10, 1 H ) ;  6 .9-7 .5  (1OH). 

.-!(id cutaly.sed dchydrrztiou of tlzr d/oZ 5 ( K  = C H s ) .  a) Rloltrn oxalic acid dihydratc (2.5 g, 
19.8 nimol) \\as added t o  the tliol 5 ( s ;  118 mg, 0.42 niinol). The mixture was heated to  
140'-150' for 2 h.  LJsual work-up pa ous residue, which \WS chrornatographed on silica 
gel ( 8  g) .  Elution irith benzciie afford phcnyltolucne 11, K == CH3; 23 ing, 220,(, as an  oil, 
11.p. 1 0 0 '  (bath)/O.l Torr. - GC.:  single pcak. retention tinic 3.53. - I K . :  no OH,  no C = O .  ~ IT\-,: 
235 (23980). ~-1I3-NMR. (90 bII3.z): 2.42s, 3 H ;  6.9-7.3 (13H) .  ~ 11s.: 244 (.\T.~, loo),  229 (50). 

l'ur(hcr elution with bcnzene/ethq 1 acetate 10 : 1 alfordcd 2-mcthyl-5,5-diphcnyl-2-c~-clo- 
hexenonc ( 8 ;  K : CHs; 47 mg, 429(]): ni.p. 82'  (cther/pcntanc). ~ 1K. :  1672. - GC.: single peak, 
retention time 6.12. ~ LJV.: shoulder 234 (7420). - 111-KMR. (100 X I  72 (,s, br. 3 t i ) ;  3.17 
(nz, 2 H ) ;  3.24 (s, 2 H ) ;  6.74 (wz, 1 H ) ;  7.0 7.4 (10H);  irrad. a t  1.72 -? o tion of d (,I : 4) a t  
3.17, m i l  t (,/ = 4) at 6.74; irrad. a t  3.2 --f obscri-ation of sharp s a t  1.72, and broads at 6.74. - 
11s: 262 (,ZZ+, 91), 180 (67), 16.5 (21), 82  (100). 

6-4 L eloxy-4,4-diphrn~1Z-2-cycZohe,~~i~one (4). 

,r = 5.5 and 12.5, I H ) ;  6.3 (d ,  J = 10, 1 ~ ) ;  7.1-7.6 (11 13). ~ RIS.:  306 ( 
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b) A solution of the diol 5 (R = CH3; 44 mg, 0,16 mmol) and fi-toluenesulfonic acid mono- 
hydrate (30 mg) in benzene (5 nil) was heated under reflux for 2 h. Usual work-up gave a viscous 
residue which, after distillation a t  120" (bath)/0.05 Torr afforded crystalline 8 (R = CH3; 37 mg, 
90%). - GC.: 97% pure. 

c) Methanesulfonic acid ( 3  drops) was added to  a solution of the diol 5 ( R  = CH3; 10 mg) in 
trifluoro-ethanol (1 ml) at 25" and the mixture was stirred at 25" for 15 min. Usual work-up gavc 
a pale ~7ellow viscous residue (6 mg) which was shown, by GC. analysis, t o  contain 8 ( R  = CH3) 
and 11 (R = CH3) in the ratio of 7 : 3 .  

d) A solution of the diol 5 (R = CH3; 50 mg, 0.18 mmol) and p-toluenesulfonic acid (25 mg) 
in sulfolane (5 ml) was heated at 65" for 1 h.  Usual work-up and distillation of the residue at 140" 
(bath)/0.2 Torr afforded 8 (R = CH3; 43 mg, 92%). - GC.: 97% 8 ( R  = CHz), 3% 11 (R = CHa). 

2-Eihyl-5,5-diphenyl-2-cyclohexenenone ( 8 ;  R = CzHs) and 4-eihyl-l,2-diphenylbenzene (11 ; 
R = CzH5). A solution of the acetate 4 (100 mg, 0.33 nimol) in dry ether (10 ml) was added to a 
stirred solution of cthyl magnesium iodide (0.4 ml, 5.0 mmol; prcpared from ethyl iodide) at 
- 78". The mixture was allowed to warm up  to  25", stirred for 12 h at 25", heatcd under reflux 
for 1 h and quenched with aqueous ammonium chloride at 0". Usual work-up afforded the diol 5 
( R  = CzH5) as a viscous oil (90 mg, 94%). - IR . :  3590, 3410 br. 

a) Methanesulfonic acid (10 drops) was added to  a stirred solution of the diol 5 ( R  = CzH5; 
90 mg, 0.3 mmol) in trifluoro-ethanol (10 ml) a t  - 20". The mixture was allowed to warm up to  
- 5" during 3 h. Usual work-up gavc a viscous residue (90 nig) which was chromatographed on 
silica gel (10 9). Elution with toluene affordcd 4-ethyl-l,2-diphenyl-benzene (11, R = CzHb; 
15 mg, 19%) as a colourless oil, b.p.  135" (bath)/O.l Torr. - GC. : single peak, retention time 4.54. - 
IR . :  no OH, no C - 0 .  - UV.: 235 (25800). - 1H-NMR. (100 MHz): 1.33 ( t ,  J = 7, 3 H ) ;  2.76 (4 ,  
J = 7, 2 H ) ;  7.0-7.5 (13H). - MS. :  258 (AT+, loo),  243 (38), 229 (45). 

Further elution with toluene/ethyl acetate 19: 1 furnished 2-ethyl-5,5-diphenyl-2-cyclo- 
hexenone (8;  R = CzH5) as a pale yellow- oil (40 mg, 47%), b.p. 135" (bath)/O.l Torr. - GC.: single 
peak, rctention time 7.65. - IR .  : 1680. - UV. : shoulder 234 (6930). - 1H-NMR. (100 MHz) : 0.88 
( t ,  J = 7 ,  3 H ) ;  2.15 (q, br., J = 7 ,  2H) ;  3.15 (m,  2 H ) ;  3.20 (s, 2 H ) ;  6.66 (m, 1 H ) ;  7.0-7.4 (10H). - 

b) -4 solution of the diol 5 (R = CzHj; 100 mg, 0.34 mmol) and fi-toluenesulfonic acid mono- 
hydrate (30 mg) in bcnzene (10 ml) was heated under reflux for 0.5 h. Usual work-up afforded an  
oily residue which was chromatographcd. Elution with benzene gave the less polar 11 (R = C2H5; 
70 mg, 80%) and t h e  more polar 8 ( R  = CzH5; 17 mg, 18%). 

MS.: 276 (M+, 21), 180 ( lo) ,  165 (4), 96 (57), 58 (42), 43 (100). 

c) X solution of the diol 5 (R = CzH5; 115 nig, 0.39 mmol) and p-tolucncsulfonic acid mono 
hydrate (60 mg) in sulfolane (5 ml) was stirred a t  2.5" for 12 h and then a t  60" for 0.5 h. Usual 
work-up affordcd an oil (100 mg) which contained 8 (K = CzH5) and 11 (R = C2H5) in the ratio 
93: 7 (GC.). Chromatography (benzenc/cthyl acetate 9 :  1) furnished pure enone 8 (R = CzH5; 
56 mg, 52%). 

2-n-Butyl-5,5-daphenyl-2-~y:yclohexenone (8 ; R = I I - C ~ H ~ )  and 4-n-butyl-l12-diphenylbenzene 
(11; R = n-CdHo). X solution of the acetate 4 (100 mg, 0.33 mmol) in ethcr (10 ml) was added to 
a stirred 1 . 6 ~  solution of n-butyllithium in hcxane (0.84 nil, 1,34 mmol) a t  - 78". The mixture 
was allowed to warm up to  25", stirrcd for 12 h a t  25" and qucnched with aqueous ammonium 
chloride a t  0". Usual work-up afforded the diol5 ( R  = n-CdHg) as a viscous oil. - I R . :  3595, 3450 
br. 

a)  X solution of the diol5 (R = n-C4€19; 100 mg, 0.31 mmol) and p-tolucnesulfonic acid mono- 
hydrate (30 mg) in benzene (8 nil) was heated under rcflux for 1 h. Usual work-up yielded an oil 
(100 mg) which was chromatographed. Elution with benzene and distillation a t  140" (bath) / 
0.1 Torr afforded 4-n-butv1-1,Z-diphenylbenzenc (11; K = n-CeH9) as an oil (60 mg, 670/,). - 
GC.: single peak, rctention timc 5.33. - I R . :  no OH, no C-0.  - UV.: 235 (27470). - 1H-NMR. 

(MA, 54), 272 (ll), 257 (8 ) ,  243 (69). 230 (loo), 215 (28), 205 (15), 202 (131, 79 (92). 
Furthcr elution with benzcnc, followcd by crystallization (pentanc) yielded thc 2-n-butyl- 

5,5-diphenyl-2-c~~clohcxenone (8 ,  R = n-C4H9; 9 nig, l o % ) ,  ni ,p ,  71-72". - GC.: single peak, 
rctention time 12.6. - I R . :  1675. - UV.: shoulder 232 (8470). - 1H-NMR. (100 M H z ) :  0.80 ( t ,  

(100 MHz): 0.96 ( t .  J = 7, 3 H ) ;  1.2-1.9 ( 4 H ) ;  2.72 ( t ,  J = 7, 2 H ) ;  7.0-7.5 (13H). - MS. :  286 
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J = 6, 3 H ) ;  0.9-1.4 (4H) ;  2.13 ( t ,  J = 7, 2 H ) ;  3.17 (m,  2 H ) ;  3.22 (s, 2 H ) ;  6.67 (t ,  J = 4, 1H) ;  
7.0-7.5 (10H). - MS.: 304 (Mf, 74), 226 (20), 180 (45). 165 (21), 124 ( loo) ,  109 (28). 

b) A solution of the diol 5 (R = n-C4Hg; 110 mg, 0.34 mmol) and of p-toluenesulfonic acid 
monohydrate (30 mg) in sulfolane (6 ml) was stirred a t  65" for 0.5 h. IJsual work-up afforded a 
yellow oil (100 mg) which was chromatographed. Elution with benzene gave an oil (10 mg), which 
was shown by GC. analysis to contain 11 (R = n-C4H9) and another nonidcntified compound 
(retention time 8.49) in the ratio of 2 :  1. Further elution with bcnzene/ethylacetate 9 :  1 and distil- 
lation at 140"/0.1 Torr gave the enone 8 (R = n-C4H9; 60 nig, 58%; GC.: 99% pure). 

c) Methanesulfonic acid (10 drops) was added to a solution of the diol 5 (K = n-C4Hg; 110 mg, 
0.34 mmol) in trifluoro-ethanol (8 ml) at - 30". The mixture was stirred at - 30" for 2 h and then 
allowed to warm up to  - 5". Usual work-up afforded a pale yellow oil (90 mg), which was shown 
by GC. analysis to contain 8 (R = n-C4Hg) and 11 (R = n-(iHg) in the ratio 3 :  2. Chromatography 
furnished the aromatic product 11 (R = n-C4H9; 22 mg, 25%) and the enone 8 (R = wCqHg;  

45 nig, 43%). 
2,5,5-T~zphenyZ-2-cycZohexenone ( 8 ;  R = c&j). X solution of the acetate 4 (0.10 g, 0.33 mmol) 

in dry ether (10 ml) was added to a stirred 2 . 3 ~  solution of phenyllithium in benzene/ether 7 : 3  
(0.55 ml, 1.26 ininol) at - 78" under argon. The mixture was allowed to  warm up to 25", stirred 
for 1 h a t  25" and then refluxed for 1 h. Usual work-up furnished the crude diol 5 (R = C&; 
0.195 g ;  IK . :  3600, 3350 br.) which was heated in refluxing henzcne (10 nil) in the presence of 
p-tolucnesulfonic acid monohydrate (0.30 g) for 2 h. Usual work-up furnished an oil (0.148 g). 
which on chroniatography (benzene) afforded the enone 8 (R = CeHj; 0.051 g, 48Oj), m.p .  150- 
151" (ether/pentaue). - IR. :  1680. ~ UV. :  265 (5150). - 1H-NMR. (100 MHz): 3.3-3.5 (4H) ;  7.03 
( t ,  J = 4.5, 1 H ) ;  7.26 (s, 15H). - MS.: 324 (M+,  16), 178 (5), 165 (4). 144 (loo),  116 (21). 

cis-5,5-l)iphenylcycZohex-3-ene-l, 2-diol (5a). A solution of the acetate 4 (100 mg, 0.33 mmol) 
in dry T H F  (5 nil) was added to a stirred 1 M solution of L-selectride in THF (1 ml, 1.0 mmol) at 
- 78" during 10 min. The mixture was stirred at - 78" for 3 h and then allowed to  warm up to 
0'. Subsequent addition of 31~1 aqueous sodium hydroxide (4 ml),  307; aqucous hydrogen peroxide 
(4 ml) and water (20 nil), extraction with water and evaporation of the washed (sat. Xa2C03 aque- 
ous sodium carbonate) and dried (MgS04) extracts furnished a 73 : 27 mixture of the cis-diol 5a 
and the frarzs-diol 5 b  (GC. analysis after silylation) as a colourless oil (85 mg, 98%).  - IR.: 3590, 
3410 br. 

cis-3,3-DiphenyZ-5,6-bis(trimethyZsilyZoxy)~ycZohexene (16). The 73 : 27 mixture of 5a and 5 b 
(80 mg, 0.3 mmol), trimethylsilyl-acetamide (100 mg, 0.76 niniol) and hexane (8 ml) were heated 
under reflux for 1 h. Evaporation of the filtered mixture and distillation of the residue a t  150" 
(bath)/O.l Torr afforded an oil (90 mg, 71%), which by GC. and 'H-NMR. analysis mas shown to 
be the czs-silylether 16 (retention time 9.99), contaminated with 277L of its trans-isomer 17 
(retention time 10.95). -1H-NMR. (100 MHz): - 0.04 (s, 9H,  3H3C-Si); 0.18 (s, 9 H .  3HsC-Si); 
2.14 (d ,  .I = 12, l H ,  HF); 2.8X ( t ,  J = 12, l H ,  H E ) ;  3.72 (nz. l H ,  H n ) ;  1.1 (d  x 1, J = 1.7 and 
4.5, l H ,  Hc) ;  5.9 (d x d ,  J = 10 and 4.5, l H ,  HB); 6.18 ( d  x d ,  .I = 10 and 1.7, l H ,  H A ) ;  7.1L7.5 
(10H) ; irrad. at 2.88 --f observation of d x d (J=4.5  and 3.5) at 3.72. - MS.: no AT+, 395 (:\I+ - 15, 
6) ,  294 (72), 230 (100). 

trans-5,5-l)LphenyZcycZohex-3-ene-l, Z-dzoZ (5 b) ,  Sodiuni borohydride (35 mg, 0.93 mmol) was 
added portionwise to a solution of the acetate 4 (100 mg, 0.33 mmol) in methanol (8 ml) at 25". 
The mixture was stirred a t  25" for 12 h ,  acidified with acetic acid a t  0". diluted with water and 
extracted with ether. Evaporation of the washed (sat. aqueous sodium carbonate) and dried 
extracts furnished a 9 : l  mixture of the trans-diol 5b and the cis-diol 5a (GC. analysis after 
silylation) as a colourless oil. - 1R. : 3595 and 3410 br. 

trans-3,3-Dzphenyl-5,6-bis(trimethylsiZyZoxy)cycZohe~ene (17). The 9 :  1 mixture of 5 b  and 5 a  
(75 mg, 0.28 mmol), trimethylsilylacetamidc (100 mg, 0.76 mmol) and hexane (8 ml) were treated 
as the 73: 23 mixture ( c f .  above) : 80 mg (74%) of an oil which was composcd of 90% 17 (retention 
time 11.07) and 10% 16 (retention time 10.00). - lH-NMR. (100 M H z ) :  0.0 (s, 9H, 3H3C-Si); 
0.2(~,9H,3H3C-Si);2.45(m,2H,H~andH~);3.65(4,J=7.5,lH,Ho);4.23(dxt,J=7.5 
and 1.7, l H ,  Hc); 5.72 (d x d,  J = 10 and 1.7, l H ,  H R ) ;  6.06 ( d x  d,  J = 10 and 1.7, l H ,  H A ) ;  
7.0-7.5 (10H);  irrad. at 2.45 + observation of d,  ( J  = 7.5) a t  3.65; irrad. at 3.65 --f observation 
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of s a t  2.45 and broad s a t  4.23; irrad. a t  4.23 +observation of d,  ( J  = 10) a t  5.72, and d,  ( J  = 10) 
at 6.06. - MS.: no M+, 395 (M+ -15, 4), 294 (46), 230 (100). 

Acid  catalysed dehydration of ihe dioZ 5b. A solution of the 2rans-diol 5b (90% pure, 100 mg, 
0.38 mmol) and of p-toluenesulfonic acid monohydrate (60 mg) in benzene (10 ml) was heated 
under reflux for 1 h. TJsual work-up gave a pale yellow oil, (100 mg) which was shown by GC. 
analysis to  contain 8 (R  = H)  and 11 (R  = H) in the ratio of 3:2. Chromatography with toluene 
afforded pure o-terphenyl 11, R = H ;  (35 mg, 40%), m.p. 51-55" (pentanc - 30"). I ts  identity 
with authentic material was confirmed by mixed m.p., GC., and UV. comparison. - GC.: single 
peak, retention time 2.58. - UV.: 233 (25990). - 113-NMK. (90 MHz) : 7.18 (s, 10H) ;  7.40 (s, 4H).  - 
MS.: 230 (M+,  100). 

Further elution with benzene/ethylacetate 9 : 1 furnished the pure 5,5-diphenyl-Z-cyclo- 
hexenone 8, R = H;  (43 mg, 46%), m.p. 106-108" (ether/pentane). - GC.: single peak, retention 
time 5.47. - IR. : 1680. - 1H-NMR. (100 MHz) : 3.2 (m, 2H) ; 3.25 (s, 2H) ; 6.10 (d  x t ,  J = 10 and 
3 ,  1 H) ; 7.02 ( d  x t ,  J = 10 and 4, 1 W )  ; 7.15-7.5 (10 H) ; irrad. a t  3.20 + observation of d ( J  = 10) 
at 6.10, and d ( J  = 10) a t  7.02. - MS.: 248 (M+,  52), 220 (4), 180 (loo), 165 (20). 

Acid catalysed dehydration of the diol 5a.  a) A solution of the diol 5 a  (73% pure, 90 mg, 
0.34 mmol) and p-tolucnesulfonic acid monohydrate (60 mg) in benzene (10 ml) was heated under 
reflux for 1 h. Usual work-up afforded an oil (80 mg), which was chromatographed. Elution with 
benzene gave 11 (R = 13; 23 mg, 28%). Further elution with benzene/ethylacetate 9 : l  afforded 
the enonc 8 (R = H ;  32 mg, 38%). 

b) A solution of the diol 5a (73% pure, 60 mg, 0.23 mmol) and 9-tolucnesulfonic acid mono- 
hydrate (40 mg) in sulfolane (5 ml) was stirred a t  70" for 2.5 h. Usual work-up gave an oil, which 
by GC. analysis was shown to contain 8 (R = H)  and 11 (R  = H) in the ratio of 53:47. Chro- 
matography of the mixture afforded pure 11 (R = H ;  15 mg, 27%) and pure 8 (K = H ;  16 mg, 

6-A cetoxy-5,5-dimethyZ-2-cycZohe~enone (19). A mixture of 5,5-dimethyl-2-cyclohexenone (18) 
[8] (0.70 g, 5.0 mmol) and 90% lead tctraacetate (4.5 g, 10.0 mmol) in dry benzene (10 ml) was 
refluxed under Nz for 12 h. Usual work-up of the filtered solution afforded the acetate 19 (0.70 g, 
77%), m.p. 92-93" (ether/pentane 1 : 1). - GC. ( 3  mm/3 m glass column, 5% OV 225, 160") : single 
peak, retention time 10.77. - IR. (CHC13) : 1750, 1690. - 1H-NMR. (100 MHz) : 1.02 (s, 3 H ) ;  1.13 
(s, 3H); 2.23 (s, 3 H ) ;  2.35-2.6 (ZH); 5.3 (s, 1 H ) ;  6.10 (d x d, J = 10 and 2.7, 1 H ) ;  6.86 (d x d x d,  
J = 10, 5.5 and 2.7, 1H); irrad. a t  2.45 observation of d ( J  = 10) a t  6.10 and d (J  = 10) a t  
6.86. - MS.: 182 (M+,  17), 140 (19), 122 (23), 114 (80) ,  72 (100). 

2,6,6-Trimeth~yZyl-cyclohe~-3-ene-l, 2-diol (20; R = CH3). h solution of the acetate 19 (0.182 g, 
3 .0 mmol) in ether (10 nil) was added to a stirred 1.5, solution of methyllithium in ether (4 ml, 
6 mmol) under argon a t  - 70" during 10 min. The mixture was allowed to warm up to 25' and 
quenched with aqueous ammonium chloride a t  0". Usual work-up afforded the diol20 (R = CH3) 
as a colourless amorphous solid (0.16 g, 100%). - IR .  (CHC13): 3650-3590 br. 

2,6,6-TrimethyZ-2-cycZolexenone (21; X = CH3). A solution of the diol 20 (R = CH3; 0.312 g, 
2.0 mmol) and p-tolucnesulfonic acid monohydrate (0.10 g) in benzene (10 ml) was heated under 
reflux for 15 min. Usual work-up gave a mobile oil (0.240 g, GC. : 96% pure) which was chroma- 
tographed (pentanc/ether 19: 1) to  give the pure enone 21 (R = CH3; 0,220 g, 80%), b.p.  60-65" 
(bath)/lO Torr. - GC. (3 mm/3 in glass column, 5%/0V 225, 120") : single peak, retention time 

(5 H) ; 2.2-2.5 (2H) ; 6.65 (m, 1 H) ; irrad. a t  2.34 --f observation of s a t  6.65. - MS. : 138 (M+,  ZO),  

6,6-L)imethyl-cyclohex-3-ene-1,2-dzoZ (20; H = H ) .  A solution of AlCI3 (1.1 g, 8.0 mmol) in dry 
ether (15 inl) mas added dropwise to a stirred solution of LiAIH4 (0.80 g, 21 mmol) in ethcr (20 ml) 
at  0" during 10 min. The solution was stirred at 25" for 0.5 h and then added (using a hypodermic 
syringe) to  a stirred solution of the acetate 19 (1.0 g,  6.0 mmol) in ether (15 ml) at - 20" during 
10 min. The mixture was allowed to warm up  (during 40 min) to  25", was stirred a t  25" for 1 h and 
quenched by subsequent addition of watcr/cther 3 :  1 (4 ml), 2~ aqueous sodium hydroxide (1 ml) 
and water (2 ml). The filtered solution was washed (sat. aqueous sodium chloride), dried and 
evaporated to give the diol 20 (R  = H) as an oil, (0.80 g, 100%). - IK.  (film): 3500-3440 br. 

29%). 

6.44. - IR.  (CHC13) : 1675, 1630. - UV.: 236 (6000). - 1H-NMR. (100 MHz) 1.1 (s, 6 H ) ;  1.7-2.0 

82 (loo),  54 (20). 
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Reduction of 19 with either LiAIH4 or L-selectride gave the  saturated cliol. 
6,6-DinzethyZ-2-c~iclo1ae~e~~o~ze (21; R = H ) .  h solution of the  diol 20 (R = H ;  0.60 g, 4.2 mmol) 

and p-toluencsulfonic acid monohydratc (0.20 g) in benzene (15 ml) was heated under reflux for 
15 min. Gsual work-up followed by distillation at 70-75" (bath)/lO Torr afforded the crude enone 
21 (R = H) as a colourless oil (0.160 g, 32%). - GC. (OV 225/120') : retention time 4.41 (89%) 
and 5.39 (10%). An analytical sample was isolated from prcp. GC. (lOq',, 01' 225/120'). - JR. 
(film): 1675, 1630. - L J V . :  228 (10000). - lH-NMK. (100 Ml-Iz): 1.13 ( s ,  h f l ) ;  3.85 ( t ,  J = 6, 213); 
2.3 -2.5 (2€1)  ; 5.07 (d  x t ,  J = 10 and 2 ,  1 H) ; 6.88 (d  x t ,  J : 10 and 4, 111) ; irrad. a t  2.4 + 
observation ol s at 1.85, d ( J  = 10) and d ( J  = 10) a t  6.88. - MS.:  124 (NL, 13), 68 (100). 

3-ilcrto~yy-6-met~iyl-bi~~~cZo/4.4.U]rZec-l(2)-en-3-oizr (23). A mixture of 6-methpl-bic~clo[4.4.0]- 
dcc-l(2)-en-3-one (221 [9] (5.0 g, 30 niniol) and lead tetraacetate (26.8 g, GO mmol) in dry toluene 
(50 nil) was heated under reflux for 7 h .  Usual work-up of the filtercd solution followed by  distil- 
lation affortlcd the acetate 23 (4.3 g, 640/6), l). p. lOS-l09"/0.2 Torr, 111. p. 105--106" (ether/petro- 
lcurn ether). - GC. (2 mm/4 in steel column, 5% I;FhP, 230") : single peak, rctcntion time 10.76. - 
IK. :  1740, 1690, 162.5. - IH-NAIR. (100 M H z ) :  1.40 (s, 3 H ) ;  2.08 (s, 3 H ) ;  1.2-2.4 (10H); 5.35 
(d  x r l ,  ,/ = 11.5 and 7.5, 1 H ) ;  5.64 (s, la). - MS.:  222 (,Il+, 6), 180 (O) ,  162 (21, 136 (lOO), 121 

1, . I -~~ i~~ ie f l z y l -h i c~~c lo~4 .4 .0]dec -a -e l z -3 -~ne  (25 )  a d  I ,  4-d i~ ie t la~~ l -h i cycZo~~ .4 .0]dec -~ -en -3 -one  
(26). .A solution of the acetate 23 (100 ing, 0.45 mmol) in ethtxr (10 nil) was added to a stirred 
2.1 >I solution of methyllithiurn in ether (3.5 nil, 7.35 niniol) under argon at - 78' during 10  niin. 
Thc mixture was allowed to warm up to  25". stirred a t  2.5' for 1 11, refhixed for 2 h and quenched 
with aqueous ainmonium chloride at 0 '. Usual work-up afforded thc diol 24 (85 mg, 960,:,). - 
IK. : 3600-3400 br. 

a) Methanesulfonic acid (4 drops) was added to a solution of the diol 24 (35 mg, 0.18 inmol) 
in trifluoro-ethanol (1 ml) a t  25" and the mixture was stirred at 25' for 111. Usual work-up and 
distillation a t  100" (bsth)/0.2 Torr afforded a nonseparabk 7 : l  mixture of 25 and 26 (10 mg, 
3276) .  - GC.  (576 O\' 225, 100'):  2 peaks, retention time 5.74 (86:/,) and 6.66 (12%). - 1H-h-RlR. 
(100 Ml Iz )  of c ia - (25 ) :  1.04 ( s ,  3 H ) ;  1.8 (s, br. 3H) ;  1.0--2.7 (11H); 6.5 (m, 1 H);  irrad. at 1.8 + 
ol)ser\.;ition of d ( J  = 4) a t  6.5. - 1)I-NMR. (100 MHz) o l  /rans-(25)  : 0.0  (,s, 311); 1.8 (s, br. 3 H ) ;  
1 .0 -2.7 (11 I-€) ; 6.34 (m, 113) ; irrad. at 1.8 --f oliservation o f  d ( J  = 2) a t  6.34. A weak WL at 5.9 
which collapsctl to a s on irradiation at 2 .3  was assigned to the olcfinic pimton ol  26. Integration 
indicated a product ratio cis-25/ tmns-25/26 of 6 :  3 :  1. 1'01- the  configuratlonal assignment of 25 

b) A solution of the  diol 24 (4.5 mg, 0.23 minol) ant1 p-toluencsulfonic acid nionohydratc 
(30 mg) in benzene (8 nil) was heated under reflux for 2 h .  Usual work-up followed by distiliation 
a t  lOO'j0.2 Torr furnished a 3:l mixture of 25 and 26 (22 mg, 540/,). - GC. (594 OV 225, 190'): 
2 peaks, I-ctcntion time 5.74 (63%) and 6.66 (23%). 

(30).  

see [lo:. 
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