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porcelain dish at  275 "C for 2 days. The off-white solid wm stirred 
several times during heating to help break up the lumps and was 
stored in a desiccator. 

General Dehydration Procedure. The alcohol to be dehy- 
drated was placed in a round-bottomed flask containing a magnetic 
stirring bar and anhydrous copper(I1) sulfate (0.75 molar equiv). 
A 7-cm Vigreux column and condenser was attached, and the 
mixture was immersed with vigorous stirring in an oil bath pre- 
heated to the desired reaction temperature. Heating was con- 
tinued until the distillation of volatile products into an ice-cooled 
receiver stopped. The majority of the water layer of the product 
was removed by pipet, and the olefii product was filtered through 
a plug of cotton. In all cases the olefin product was pure as 
determined by NMR spectroscopy, which was also used to cal- 
culate ratios of isomeric products. Where the olefin product was 
higher boiling (>120 "C), aspirator vacuum (25 mm) was applied 
to  the same experimental setup. 

When dehydrations were carried out under reflux (entries 
14-17), the alcohol and catalyst were heated together in a flask 
fitted with a condenser. The temperature and reflux time utilized 
were those determined for complete distillation of product in the 
above distillation method. The reaction mixture wm cooled, ether 
was added, and the copper sulfate was filtered. Fractional dis- 
tillation of the ether solution yielded the olefin product. 
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The stereoselectivity of the reductions of substituted 
cyclohexanones has received considerable attention over 
the years' but is still not completely understood. Our 
interest in the synthesis of substituted tetrahydropyrans 
and deoxy ~ u g a r s ~ - ~  prompted an investigation of the 
stereochemistry of the reduction of alkyl-substituted tet- 
rahydropyranones 1-3. In particular, we have been con- 
cerned with the effect, if any, of a ring heteroatom on the 
stereochemical course of these reactions in comparison with 
those of the corresponding alkylcyclohexanones. Briefly, 
we found no significant deviation between the alicyclic and 
heterocyclic systems. Table I,l1-l9 incorporating our studies 
and literature values, summarizes results with six reducing 
agents. As seen, the only differences are that the carbo- 
cyclic cases often give somewhat higher percentages of the 
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less stable (axial hydroxyl) isomers. 
However, a recent report6 concluded that the reduction 

of 2 with L-Selectride' affords predominantly the cis iso- 
mer 8 (equatorial OH), in contrast to the predominant 
attack from the equatorial side usually obtained with this 
bulky reagent (i.e., 85-95% equatorial attack on 3- 
methylcyclohexanone). This abnormal behavior was at- 
tributed to the intervention of complexation with the ring 
oxygen and hydride deliverance through a boat confor- 
mation. 

We have carefully reexamined the reduction of 2 with 
L-Selectride and conclude that the trans isomer 6 is the 
major product in THF at -78 O C 8  and ether a t  room 
temperature.6 

As previously observed,6 direct NMR analysis of the 
alcohols 6 and 8 was hampered by overlap of the C-2 and 
C-6 protons with the diagnostic ones at C-4. However, this 
problem was conveniently overcome by conversion to the 
p-nitrobenzoates which shifted the signals of the C-4 
protons away from the offending peaks of C-2 and C-6. 

In this manner, assignment of the proper configurations 
was straightforward and confirmed the previous deter- 
minations; the signals for the protons at (2-4 of the esters 
had exactly the same shapes as those reported for the 
corresponding hexadeuterated alcohols.6 Likewise, analysis 
of mixtures of 6 and 8 by GLC was difficult, as reported.6 
However, the corresponding trimethylsilyl ethers were 
readily separated (OV-17 column), and this provided a 
convenient and accurate method of analysis. As indicated 
in Table I, L-Selectride consistently afforded a predomi- 
nance of the trans alcohol 6, in accord with results with 
cyclohexanones and other tetrahydropyranones. We con- 
clude that a ring oxygen in position 3 or 4 of a six-mem- 
bered-ring ketone has no significant effect on the stereo- 
chemistry' of reductions. 

The discrepancy between our and previous6 results is 
perhaps due to the latter's analysis by NMR. The presence 
of 2-butanol, produced in the peroxide oxidation of L- 
Selectride reductions, would artificially enhance the per- 
ceived amount of cis isomer 8 since the CHOH proton 
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Table I. Percentage of Trans Isomera 
subst rat e LiAlH, NaBH, B,H, (THF)  L-Selectride Al(O-i-Pr)3 Raney Ni 

1 85b < 1 C  72b 
2-met hylcyclohexanone 79d,e 73,f 609 7 4h 0.7' 8 5 j  
2 5 b  7.5,b 19k 18b 70,b* '  76 27k 

3 5.5b 10.3b 10.7b 76b 21.5b 22.5b 
3-tert-butylcyclohexanone 15,O l g h  24g 30h 7 2P 

3-methylcyclohexanone 1 5h 23: 14m 23h 94.5,' 88& 22" 

Percent of trans alcohol in the mixture of cis + trans isomers taken as 100. This work. Reference 3. Reference 
11. e Reference 12 .  f Reference 13. Reference 14. Reference 15. Reference 8. Reference 16. ' Reference 6. 

the reduction with L-Selectride have not been reported. we include the value obtained with another bulky reagent, lithium 
perhydr0-9b-boraphenalylhydride.'~ 

Under the same conditions as described in ref 6.  Reference 17.  " Reference 18. O Reference 19.  P Since the data o n  

signal is very similar in chemical shift (and shape) to the 
septet of the C-4 proton of 8. 

Experimental Section 
The preparation and characterization of the ketones 1 and 3 

and of the alcohols 4-9 have been previously 
2-Methyltetrahydropyan-4-one (2) was prepared by oxidation 

of alcohol 8 with Jones' reagent. The following general procedure 
was utilized: The alcohol 8 (10 g, 0.1 mol) dissolved in acetone 
(250 mL) was treated with a slight excess of Jones' reagent and 
left 1 h at  room temperature. The excess of reagent was destroyed 
with 2-propanol, and the solution was neutralized with solid 
K2CO3 Evaporation and distillation gave 2 (6.6 g): bp 88-90 "C 
(43 mmHg); n17D 1.4452 [lit.20 bp 70 "C (20 mmHg); n2"D 1.44691. 
Characterization was accomplished as the 2,4-dinitrophenyl- 
hydrazone, mp 140-141 "C (lit.20 mp 140 "C). 

Analytical Procedure. All GC analyses were performed on 
a Perkin-Elmer F-11 (FID) chromatograph under the following 
conditions. For the reduction products of 1, a 2.5-m glass column 
with 15% Carbowax 20M on 80-100-mesh silanized Chromosorb 
W (125 "C) was used; the ratio of the retention times of 5 and 
4 was 1.001.75. For the reduction products of 2, the standard 
procedure was used to convert the crude products into the tri- 
methylsilyl ethers. A 2.5-m glass column with 3% OV-17 on 
80-100-mesh silanized Chromosorb W (75 "C) was used for the 
chromatography; the ratio of the retention times of the tri- 
methylsilyl ethers of 6 and 8 was 1.00:1.24. The accuracy of the 
analysis was ensured by subjecting mixtures of different com- 
positions of pure 6 and 8 to the same procedure; the response 
factor was 1.04 i 0.02. The data reported in Table I should be 
accurate within f 2 % .  For the reduction products of 3 the same 
column used for 1 was employed (140 "C); the ratio of the retention 
times of 7 and 9 was 1.001.08. 

Reduction Conditions. LiAlH,. The ketone (1 mmol) and 
LiAlH4 (2.6 mmol) in EtzO (20 mL) were refluxed for 3 h and 
hydrolyzed with HzO (0.1 mL), 3 N NaOH (0.1 mL), and HzO 
(0.3 mL). In the reduction of 1 and 3 GC analysis was performed 
directly on the ether solution; for 2, the ether was evaporated on 
a steam bath before trimethylsilylation. 

NaBH,. The ketone (1 mmol) and NaBH4 (2.6 mmol) in 
2-propanol (I@ml,) were reacted for 2 h at  0 "C, the mixture was 
hydrolyzed with HzO (10 mL), acidified with 10% HzS04, and 
extracted with EtzO (3 X 10 mL), and the extract was analyzed 
as above. 

L - S e l e ~ t r i d e . ~  The ketone (1 mmol) in 10 mL of anhydrous 
T H F  a t  -78 "C was treated with 1 M L-Selectride in THF (2.0 
mL) and the mixture was left for 3 h at  -78 "C. The solution was 
brought to  room temperature, hydrolyzed with 3 M NaOH (0.3 
mL), treated with 36% H202 (0.3 mL), stirred for 1 h, dried with 
K2C03, and analyzed by GC as in the other reductions. The ratio 
of alcohols 6 and 8 was 76:24. The ketone 2 was also reduced under 
the conditions described by Wigfield and Feiner.' The ratio of 
alcohols 6 and 8 was 70,30. 

B2H@ To the ketone (1 mmol) in 10 mL of anhydrous THF 
was added 1 M BH3 in 'THF (1 mL) and the solution kept 6 h 
at  0 "C before being hydrolyzed with 3 N NaOH (0.5 mL), oxidized 
with 36% H202 (0.5 mL, 1 h of stirring), and dried with KzCO3. 
The solution was analyzed as described above. 
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Al(O-i-Pr)3 Reduction. The ketone (1 mmol) and aluminum 
isopropoxide (0.5 g) in 20 mL of 2-propanol were refluxed for 3 
h and the 2-propanol was evaporated under reduced pressure. The 
residue was hydrolyzed with crushed ice and acidified with con- 
centrated HCl(1.5 mL), and the mixture was extracted with EgO 
(3 x 10 mL), washed with aqueous NaHC03, dried (MgSO,), and 
analyzed as described above. 

Equilibration of 7 a n d  9. The method of Eliel and Senda9 
was used. A solution of 3 (0.5 mmol) and 9 (0.5 mmol) in benzene 
(10 mL) was refluxed in the presence of purified Raney nickel, 
the equilibration being monitored by GC, until a constant 7:9 ratio 
was reached. 
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The observation of certain spectral anomalies associated 
with the rather flexible structures of the P-alkoxy deriva- 
tives of a,O-unsaturated esters2 prompted the synthesis and 
study of model compounds of fixed c~nformation.~ Two 
of these, the methyl enol ethers of a-acetyl-6-valerolactone 
[2-(l-methoxyethylidene)-5-hydroxypentanoic acid lac- 
tone], are the subjects of this report. The E isomer has 
the fixed conformation, trans-s-cis, the 2 isomer, cis-s-cis. 
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