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Abstract.- Using 1.3-Cyclohexadione (1) and 5,5-dimethyl-1,3-Cyclohexadione (11) as examples, it 

is shown that 1.3-diketones can be transfoned into monoketones. monoalcohols, alkanes and unsa- 

turated ketones. 

1,3-Diketones are an important class of compounds having a broad application in the field of or- 

ganic synthesis'. They are normally prepared by intramolecular Claisen condensation of suitable 

ketoesters. One of their important synthetic uses Is the preparation of cyclic and spirocyclic 

compounds by suitable transformation reactions 2-5 . As part of our prograrmae in unveiling the po- 
tentialities of perfluoroalkanesulfonate esters6 we disclose here our results on scme interes--- 

ting synthetic manipulations of 1,3-diketones via their vinyl triflates. 

We chose the easily available 1,3-cyclohexadione (1) and 5,5-dimethyl-1,3-cyclohexadione (11) as 

sustrates, while they can offer an overview of the possibilities of the reactions carried out, - 

inspite of their symmetrical structure. Reaction of 1 with triflic anhydride In dimethoxyethane 

in the presence of sodiun hydride at -78°C gave the mono-vinyl triflate %. The bis-vinyl trifla- 

te 0 was prepared by treating 1 with an excess of triflic anhydride in the presence of 2.6-di--- 

-tert-buthyl-4-methylpyridine (DTMP) or sodiun carbonate (Table 1) at room temperature for 12 h. 

Shorter reaction time led to a mixture of mono- and bis-vinyl triflates 2 and 6. The triflates 2 

and @ were found to be unstable in the pure form at roan temperature and for this reason their - 

distillative purification was abandoned. Hmever. they were isolated by column chromatography on 

silica gel and were found pure by gas chromatography and spectroscopical data. 
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Scheme 1 illustrates the reductive manipulation carried out on the triflates ? and $ (see also 

Table 2). While the MS-vinyl triflate 6 was completely hydrogenated to cyclohexane with hydro- 

gen using Pt02 as catalyst, the mono-vinyl triflate 2 was converted to an array of monofunctio- 

naltred derivatives 4, 2 and 1Q. The intermediate vinyl triflates 8 and 9 can also been used as -- 
6 

- _ 
interesting reactants in preparative organic chemistry . 
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Analogous results were also obtained starting from 11 via the mono- and bis-vinyl triflates 42 __ - 
and 33 respectively (Scheme 2). 
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The conversion of 1 and 11 to 1Q and 29 respectively were carried out via the hydroxy vinyltrifla- -_ -- 
tes Q and 18, by converting the latter to the bromo compound 9 and12 with CBr4/P(C6H5)3 and sub-- 

sequent reduction with the canplex base Ni-CRA (NaH/t-AmOH/Ni(OAc)i) in dimethoxyethane 7. The 

yield of 19 and 2Q fran 8 and A# were 35% and 43% respectively. The two-step reduction of 1,3-di-- 

ketones 1 and 11 to the olefins 3 and 12 was achieved in an one-pot procedure by the reaction of 

ketones 2 and 12 with tosylhydratine followed by reduction with sodium borohydride. -_ 
An example for the application of our method on the reduction to monoalcohols and monoketones has 

been carried out by us* on the unsynsaetrical , sterically hindered l,B,8-trimethylbicyclo [3.2.1] 

octa-2,4-dione. 
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bperimental. 

3-Trifluoromethylsulfonyloxycyclohex-Z-en-l-one (2): 

To a stirred mixture of sodium hydride (1.10 g, 45 mnol) in dimethoxyetane (125 ml) is added drop- 

wise a solution of 1 or 11 (48 nmol) in dimethoxyetane (25 ml) at room temperature. After the evo- - -- 
lution of hydrogen is over, the mixture is stirred for an additional 25 min, cooled to -78°C and 

triflic anhydride (12.4 g. 44 mmol) is added to it slowly. After stirring for 2 h at -78"C, the 

mixture is warmed to roan temperature, the dimethoxyetane is removed under reduced pressure and 

the residue is taken up in dichloranethane (200 ml). The organic layer is washed with saturated 

sodium hydrogen carbonate (100 ml), water (100 ml). dried with magnesium sulfate and the solvent 

is removed under reduced pressure. The residue is chr~atographed on a silica gel column (50 g) 

using chloroform as eluent (ZOO ml). Removal of solvent under reduced pressure affords spectrosco- 

pic and gas chranatographic (10% UCW 98, Chromosorb W-AW-DMCS, 80-100 mesh, 2 m x l/4", 12O'C) pu- 

re ? or 12. Pure triflates can be stored in dilute n-pentane in the refrigerator. 

U.V.(EtOH)X:232 nm;logE:4.20 I.R.(CC14~1685,1635,1430,1220,1140 cm-'. 1H-N.H.R.(CC14)&1.90-2.60 

(m,6H,CH2);5.90(m,lH,C=CH) ppm, M.S.m/e(%8):244(M+,36);216(M+-28,100);95(M+-OTf,21). 

5,5-Di~thyl-3-trifluoranethylsu?fonyloxycyclohex-2-en-l-on@ (12): 

U.V.(EtOH)X:230 nm;loqt:4.50 1.R.(CC14~:3070,1680.1645,1425,1215,1145 cm-l. 'H-N.M.R.(CCl,$:?.?D 

(s,6H,CH3);2.35(s.2H.CH2C0);2.55(s,2H,CH2C=C);5.95(s,lH,C=CH) ppm. M.S.m/e(%B):272(M+,17);257(Mt- 

CH3.6);244(M+-28,13);216(M+-C4H8,100). 

1,3-Bistrifluoranethy?sulfony?oxycyc?ohexa-l,3-diene ($): 

To a stirred mixture of 1,3-Cyclohexadione (I, 2.70 g, 24 mno?) in dry dichlor~thane (2~ml) con- 

taining anhydrous sodiun carbonate (2.0 g) is added dropwise a solution of triflic anhydride (27.19, 

96 mnol) in dry dichlorcmethane (25 ml) at room temperature. The mixture is stirred for an addltio- 

na? 12 h, filtered and the organic layer is washed with saturated sodium hydrogen carbonate (100 ml) 

water (2x100 ml) and dried with sodium sulfate. Removal of solvent under reduced pressure and chro- 

matography of the residue on silica gel (50 g) using n-hexane (250 ml) as eluent gives spectrosco- 

pically and GC pure I; yield:8.5 g(94%). g can be stored in dilute p-pentane in the refriqerator. 

U.V.(EtOH)>:261 nm;logC:3.90 I.R.(CC14)~1670,1625,1425,1250,1150 cm-'. 'H-N.M.R.(CC14)&2.60(m,4H, 

CH2);5.60-5.70(m,2H,C=CH) ppm. M.S.m/e(%B):376(M",32);243(Mt-Tf,27);g3(243-TfOH,l9);69(lOO). 

5.5-Dimethyl-1,3-bis(trifluoranethylsulfonyloxy)-cyclohexa-l,3-diene (13): 

To a stirred mixture of triflic anhydride (18.0 g, 64 tnnol) and 2,6-di-tert-buthyl-4-methyl-pyridi- 

neg (5.6 g, 33 mnol) in dry dichlor~ethane (IO ml) is added a solution of 5,5-di~thylcyclohexa- 

1,3-dione (11, 4.2 g, 30 mmol) in dry dichlorcmethane (20 ml) at room temperature. The product is 

worked up as given under s; yield:10.3 g(77%). 

U.V.(EtOH)X:261 nm;log6:3.90 I.R.(CC14~1665,1620,1425,1250,1150 cm-l. 'H-N.M.R.(CC14)&1.20(s,6H, 

CH3);2.50(s,2H,CH2);5.45-5.8O(s,EH,C=CH) ppm. Y.S.m/e(%B):404(Nt,48);389(Mt-CH3,41);27l(Mt-Tf,l8); 

255(M+-OTf,l2);~2l(27~-TfOH,44);69(lOO~. 

Hydroqenolysis of 1, 6, 1_1 and &j: 

A mixture of the appropiate triflate (50 moo?) in absolute methanol (50 ml) containing Adam's-cata- 

lyst (Pto2, 2% based on the substrate) is shaken in an atmosphere of hydroqen (1 bar) in a hydroge- 

nation apparatus at roan temperature. After the required amount of hydrogen is adsorbed, the cata- 

lyst is filtered, the solvent is removed under reduced pressure and the residue is diluted with wa- 

ter (100 m?) and extracted with dichloro~thane (3x30 ml). The organic phase is dried with magnesium 

Sulfate, the solvent is removed and the product is distilled (Table 2). 

Cvclohexanol (2). 3.3-Dimethylcyclohexanol (lz), 3-Trifluoromethylsulfonvloxycyclohex-2-en-l-o? (81, 

and 5,5-Dimethyl-3-trifluoromethylsulfonyloxycyclohex-2-en-1-ol (18): 

To a solution of the appropiate vinyl triflate 2 or 12 (25 mnol) in methanol (40 ml) is added so- 

dium borohydride (4.60 g, 120 mno?) in small portions. After the reaction is complete (Table 2), 

the solvent is evaporated under reduced pressure and the residue is taken up In ether (100 ml). 

The ether phase is washed with water (2x50 ml), 1N hydrochloric acid (2x50 ml), saturated sodium 

hydrogen carbonate solution (2x50 ml), water (2x50 ml) and dried with sodium sulfate. The solvent 

is removed under reduced pressure and the residue is distilled except in the cases of the triflates 
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g and ig (Table 2). Conlpounds fi and ifi have been found to be unstable at room temperature and des- 

compose Partly during GC analysis. 

3-Branocyclohex-l-en-l-y1 (9) and 3-Bromo-5,5-dimethylcyclohex-l-en-l-y1 Triflate (Is): 

To a stirred solution of 8 or A# (7 mnol) and carbontetrabranide (4.6 g, 15 mnol) in ether (40 ml) 

cooled to 0°C is added triphenylphosphine (3.6 gr 15 mnol). The mixture is stirred for an additio- 

nal 2 h at room temperature, filtered and the filtrate concentrated under reduced pressure. The 

residue is extracted with n-pentane (3x30 ml), dried with magnesium sulfate and the solvent remo- 

ved under reduced pressure. The tribrananethane formed is removed under vacuum at 0.1 torr at - 

room temperature (Table 3). Compounds 9 and 1s descanpose quickly in pure form at rocm temperatu- 

re, and therefore should be used immediately for the next step. 

Cyclohex-2-en-l-one (IQ) and 5.5-Oimethylcyclohex-2-en-l-one (28): 

To a stirred suspension of the complex NaH/t-AmOH/Ni(OAc)2 (Ni-CRA)7 (4.1 g, 10 mnol) in dime-- 

thoxyethane (30 ml) is added a solution of 2 or 12 (10 ~1) in dimethoxyethane (15 ml) at room 

temperature. The solvent is removed under reduced pressure after 0.5 h and the residue is taken 

up in ether (100 ml). The ether phase is washed with 1N hydrochloric acid (2x50 ml), saturated 

sodium hydrogen carbonate (2x50 ml) and water (2x50 ml). The organic layer is dried with sodium 

sulfate, the solvent removed and the residue is distilled. 

Cyclohexere($) and 4,4-Oimethylcyclohexene (12): 

A solution of the appropiate triflate 2 or 12 (10 mmol) and e-toluenesulfonylhydrazine (2.43 g, 

13 nmol) in methanol (50 ml) is refluxed for 3 h. The mixture is cooled to room temperature and 

sodium borohydride (3.83 g, 10 mnol) is added in small portions to it and refluxed for 8 h. The 

methanol is removed under vacuum and the residue is dissolved in ether (100 ml). The ether layer 

is washed with water (2x50 ml), 1N hydrochloric acid (2x50 ml), saturated sodium hydrogen carbo- 

nate solution (2x50 ml), water (2x50 ml) and dried. Removal of solvent and distillation yields 

the product (Table 3). 
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