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Absbwct: Soahm dspersed on alumma 1s described and evaluated as a convement off-the-shelf reagent 

(m a wax- coated form) for reduction of ketones ~ esters and oxames Whde ~sopropanol is tk prt+erred 

proton donor for tk reductron of ketones and oxtmes. t-butanol ts tk alcohol of chozce for tk reduction of 

esters 

Reductions using alkali metals as electron source provide one of the important methods in organic 

synthesis. Although this method of reduction, which was among the first reductions of organic 

compounds, discovered some 130 years ago, has been overshadowed by more universal/convenient 

catalytic hydrogenations and metal hydride reductions for many classes of compounds, there remains a 

substantial group of dissolving metal reductions that are currently used synthetically because of advantages 

offered in chemo- or stereoselectivity. Usually, thermodynamically more stable alcohols are obtained from 

ketones, though exceptions have been noted*. Sodium metal alcohol reduction is a useful procedure for the 

reduction of ketones, esters and oximes3. However, it has the inconvenience of first having to prepare 

sodium powder, in order to effect an efficient conversion. In continuation of our earlier workI. on 

reagents deposited m a solid mamx5, we describe the preparation and evaluation of sodium-on-alumina, 

coated with paraffin, as a convenient off-the-shelf reagent for reduction of ketones, esters and oximes. 

Sodium dispersed on alumina was first reported by Pines and Haag6 in 1958 for the 

isomenzation of monoolelins. In later years, it has been employed for the preparation of conjugated 

dienesT, trienesa, and terminal acetylenesg. Other reactions such as hydrogenationslo, 

dehydrogenationsll, polymerizationsl*, condensationl3, and alkylationl‘t have also been performed 

a Present address : Dept. of Chemistry and Biochemistry, University of Oklahoma, Norman, OK 73019, 
USA. 

h Present address : Dept. of Chemistry, Indtan Instttute of Technology, Hauz Khas, New Delhi 110016, 
India. 
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Table 1. Reduction of menthone with sodium-on-alumina and alcoholsa 
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60 26 13 1 Thermodynamic equilibriumd 

Reactions were carried out in refluxing tetrahydrofumn on a 10 mmole scale. 
gi Column : 12 R 10% diethylene glycol succinate on Chrcmosorb W (60-80 mesh); temp. 1400; gas flow : 60 

ml I-I2 / min; RRT, neomenthol : mxnsomenthol : menthol : isomenthol : : 1.00 : 1.13 : 1.27 : 1.50. 
(c) Corrected for 100% abxhol content 
(d) Equilibrium temp. 21@15. 

utiliig sodium supported on inert materials. However, it has not been evaluated for reductions. An 

important aim in carrying out the present investigation, besides evaluating sodium-on-alumina as a 

convenient reagent, was to study the stereochemical outcome in such reductions as compared to the usual 

traditional mode. It was anticipated that because of directional and aggregational constraints (e.g. approach 

of proton donor), the stereochemical outcome may be different. 
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Table 2. Reduction of various ketones with sodium-on-alumina and isopmpanola 

GC 

No 
;YP=Eb Reaa R&w- Corz- Yiekl 

w (%I W) (96) Product compositionc 
(W 

Substrate : 
b” I &OH b”” 

1 Na 4 85 loo 85 

2 Na-Al203 5 85 loo 8.5 I 

Substrate : 
A0 & &OH 

H 
5 6 L 

3 Na 4 89 86.5 77 
4 Na-Al& 5 85 72.0 61 74.5 

Substrate : 
+ 2% ii& 

OH 

5 Na 4 6 Na-A1203 5 t: 94 

Substrate : 

‘;f ~.~~,.oHp~~~oH 

u uLiu_u 

7 Na 4 62 93 58 70 
8 Na-A1203 4 59 

Substrate : 

g;; $_,oHiY iOHiOH 

14 1z Is E! 

9 Na 4 60 65 39 79 3 18 
10 Na-Al& 8 62 60 37 72 11 16 

(a) Reacuons were conducted m refluxing Urahydroftnan on a 10 mmole scale; isopqanol was used as the 
alcohol. 

(b) For each expt. sodmm dust (3 g atom equwalent) or Na-Al$& (4 g atom equivalent of Na) per mole of the 
ketone was used. 

(c) Corrected for 100% akxhol content. 
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Sodium-on-alumina containing 25% sodium metal was prepared and encapsulated in wax, as 

outlined in the Experimental part. This material, which is obtained as a grey-black free-flowing powder, 

has excellent shelf life, as there was no deterioration in its activity even after storage for 6 months at room 

temp. (-300). For the reduction of ketones, it was found that an amount of this reagent equivalent to 4 g 

atoms of Na per mole of the substrate was essential for complete conversions. Table 1 summan ‘ses these 

results for menthone. Other ketones were next studied under these conditions and the results are depicted 

in Table 2. For purposes of comparison, reductions of each of these ketones were also performed by the 

usual sodium and alcohol reduction procedurefb. 

Though menthone used for reduction experiments was essentially free from isomenthone, the 

formation of four isomers of menthol from reductions (Table 1) is due to epimerization of menthone under 

the experimental conditions, for which there is sufficient prior precedencet6. As snticipated2, reductions of 

all the ketones investigated furnished the thermodynamically more stable alcohol as the main product 

(Tables 1,2). However, a comparison of results of Na, isopropanol and Na-Al203, isopropanol 

reductions shows that in most cases, the Na-A1203, isopropanol reductions furnished relatively larger 

amounts of the unstable isomer. The mechanism currently accepted for Na / alcohol reductions is the one 

involving a ketyl radical anion2. However, the stereochemistry of such reductions has been a subject of 

much discussion and last reviewed by Pradhan l7, who proposed that the product stereochemistry is 

dictated by the structure of slightly pyramidalized ketyl radical anion; the direction of pyramidalization i.e. 

orbital extension is the result of FM0 interactions 18. The slight perturbation in the stereochemical outcome 

with Na-A12@, isopropanol reduction may be the result of some loss of preferred pyramidalization in the 

electron-rich Na-A1203 matrix. This appears to be supported by the fact that in the case of highly hindered 

ketone, fenchone @, where pyramidalization is suppressed (or the energy barrier between the two 

Table 3. Reduction of estersa and oximesb with Na-A1203 / alcohole. 

No. Substrate PKldlJU Isolated yiekl (%) 

1 M*ylpa- He- 70 

2 Methyioleate -nol 68 

3 Ethyl benzoate Benzylalaml 66 

4 EthyPhenyl acetate PPhenylelhyl tihol 65 

5 Cycbhexanone oxime Cycbhexylanine 50 

6 cydopenianons oxlme Cykpentyiamne 53 

7 Benzakkh)deoxm mmybmw 60 

a 6 g atom equrvalent of Na per mole of ester; t-butanol as proton donor. 
b 7 g atom eqmvalent of Na per mole of oxtme; lsopropanol as proton donor. 
c Reactions were carried out on 5 mmole scale 
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pyramidal ketyl radical anions is reduced) 193 20 the two reagents furnish essentially identical products 

(T.able 2, entries 5,6). 

Esters and oximes 

Na-Alfi3, alcohol reduction was next extended to a few esters and oximes. These reductions 

were best carried out in refluxing toluene and to avoid excessive loss of sodium, t-butanol instead of 

isopropanol was found to be the preferred alcohol. Conversions were lOO%, and the isolated yields of 

alcohols (6570%) and amines (50-608) were in the range recorded in the literature for Na-alcohol 

reductions21. Relevant data are given in Table 3. 

EXPERIMENTAL 

The following instruments were used for spectral / analytical data : P&-Elmer infmred 
spectrometer, model 267; Perkin-Elmer model R 32 (90 MHz) NMR spectrometer; Hewlett-Packard 57 12 
and 7624 A gas chromatographs. For gas chromatography (analytical), ss columns (360 cm x O&run) 
packed with 10% SE 30 or 10% Carbowax 20 M or 10% dietbyleneglycol polysuccinate on Chromosorb 
W (60-80 mesh) were employed, while for preparative GC, 360 cm x 1.0 cm ss column, packed with 
2O%Carbowax 20 M on 60-80 mesh Chromosorb W was used. 

All compounds described in this communication are known and after recovery from reaction 
mixtures were separated by preparative GC and the product recognised bv IR and PMR. 

Alum& (-80, +iob mesh) was obtained f&m CAP Ba&lly ani was activated at 490-5000 for 
12 hr under N;?. It was allowed to cool under N2 and then bottled. 

All substrates were either available in the laboratory or were prepared using known standard 
procedures. 

Preparation of Sodium-on-alumina 
A flame dried assembly consisting of a 500 ml RB flask equipped with an efficient hershberg- 

type stirrer, a condenser, a thermometer well, and a N2 inlet was charged with 37.5 g of alumina and 
activated at 22&l@, and 12.5 g of clean Na metal pieces were added (10 min). The temp. was 
maintained at - 165O and the mixture stirred vigorously for 2 hours when a grey-black, free-flowing 
powder resulted. The temperature was next lowered to - loo0 and 6.25 g molten paraffin wax (m.p. 50- 
600) was added and the mixture stirred vigorously at this temp. for 2 hrs. The material was next allowed to 
cool to room temperature and the free-flowing black powder was stored in a wide-mouth bottle.‘Ihe 
product weighed 54-56 g. 

The above product was estimated for sodium, by reacting a sample with methanol and 
quantitatively estimating evolved hydrogen. A typical preparation had - 21% active Na. 

Reduction of ketones 
The following reduction of menthone to menthols 1s illustrative of the general procedure. 
Na-A1203 (21% active Na; 4.5 g = 0.04 g atom Na) was placed in a d;y 3-&k 50 ml RB flask, 

rapidly washed with dry hexane (10 ml x 6) and then with THF (10 ml x 2) and finallv covered with THF 
(3a rni). The flask was next assembled in ah assembly having a stirrer, refiux condenser, N2 inlet and a 
pressure-equilibrating addition funnel. A mixture of menthone (1.54 g, 0.01 mole) and isopmpanol(2.4 g, 
0.04 mole) was added (5-10 min) to Na-A1203 with stin-ing. The reaction mixture was stirred and refluxed 
for 5 hr and then cooled to - @and treated with ice water (5 ml). The sluny was filtered and alumina 
washed with ether (20 ml). The combined filtrate and washings were further diluted with ether (40 ml) and 
washed with brine (15 ml x 3) and dried (NazS04). Removal of solvent furnished 1.32 g of product, 
which after distillation was analysed by GC. 

Reduction of esters 
The Following procedure is typ~al : 
Na-Al203 (21% active Na; 3.3 g = 0.03 g. atom Na) was freed of wax, as above, and covered 

with dry toluene (50 ml). A mixture of ethyl palmitate (1.42 g, 0.005 mole) and t-butanol(2.22 g, 0.03 
mole) was slowly introduced (5-10 min) with stirring. The reaction mixture was additionally stirred and 
retluxed for 5-6 hr for completion of the reduction. Usual work-up afforded 0.84 g of 1-hexadecanol after 
chstlllation. 
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Reduction of oximes 
Reduction of oximes was carried out with 7 g atom equivalents of Na-A1203 and isopropanol(7 

mole equiv.) in refluxing toluene for 3-4 hr as above. After the reaction was complete (TLC monitoring) 
the reaction mixture was cooled to - @ and quenched with ice water (5 ml) and alumina removed by 
filtration. The filtrate was acidified with HCl aq. (1 :l) to pH 2-3 and mixture of water and toluene stripped 
off by distillation from a water-bath under reduced pressure. The residual solid was tmated with 40% 
KOH aq. and the amine taken up in ether (15 ml x 6). Usual work-up furnished the required amine, which 
was purified by distillation. 

REFERENCES AND NOTES 

Part VI : Singh, R. P.; Subbarao, H. N.; Dev, S. w 1981, z 843-846. 
See e. g. : (a) Barton, D. H. R. J.Chem. 1953, 1027-1040. (b) House, H. 0. &&m 
7, W. A. Benjamin, Inc., Menlo Park, California, 1972,150-160. (c) Huffman, J. 

pOreanic Troast, B. M.; Fleming, I., Bds., Pergamon Press, 
:f:rd 1991 m pp 107-127. 
Whim&e, F. ‘C.; Ot&bacher, T. Ore. 1943, Coil. Vol. 2.317-320. (b) Dev, s. J. 
them. 1956,X&769-777. (c) Manske, R. H. Ore. 1943, Q& Vol. 2, 154-156. 
(a) Damodaran, N. P.; Dev, S. s 1963. 1941-1948; w 1968,2& 4123- 
4132. (b) Joshi, V. S.; Damodarau, N. P.; Dev, S. lbia 196&U, 5817-5830. (c) Joshi, V. S.; 
Damodaran, N. P.; Dev, S. Ilrid, 1971,z 459-474. (d) Dev, S. L 1972, U, 
60-68. (e) Joshi, V. S.; Dev. S. I&&&m 1977,3,2955-2957. (f) Singh, R. P.; Subbarao, H. 
N.; Dev, S. &id, 1979, s, 1789-1793. 
Since Publication of our first work in this area, there has been a wide general interest in this field, as 
indicated from publications of several reviews and books (a) Ref. 4d (b) Posner, Cl. H. &g9~ 
Chem.Int. 197&u, 487-496. (c) McKillop, A.; Young, D. W. &l&&g 1979. 401- 
422,481-500. (d) Comelis, A.; Laszlo, P. &a.&& 1985,X)9-918. (e) Tanabe, K. Solid 

. * andBases Academic Press, New York, 1970, pp. 175. (Q Laszlo, P. (Ed) 
, Academic Press, New York, 1987, pp.545. 

&28-329. (b) Haag, W.O.; Pines, H. a Pines, II.; Haag, W.O. L Or- m 
Chem. 1960.82, 387-391. 
George. F. L. &&&qq I962, 3,393,246. (b) Misra. A. N.; Sauna, M. R.; Soman, R.; Dev. S. 
Indian 1979, 146,086. 
Surnitomo Chemical Co. Japan 1981, 80,108,826. 
Smith, W.N. 1972, 3,67 1,605 

10 Kijenski. J. Mol. Sci.. Ser. Sci.’ 1981 B 23-23 . 11 Rienaecker, R.; Graefe, J. Aneew. 1985, pz, 348-349. 
12 Universal Gil Products Co. Fr. 1966, 1,456,346. 
13 (a) Aiken, J.E.; Fields, M.C.; Stickel, R.M. U.S. Pm 1984, 4,454,348. (b) Hagen, G.P. ILS, 

&~QB 1986, 4,631,264. 
14 Hart, H.; Chen, B-L.; Peng. C-T. s 1977, 3121-3124. 
15 Data from Malti-Chem Research Centm, Also see : Yoshida, T.; Kamatsu, A.; Indo, M. Aeri. 

18 

izllaL1^” -_ IA LY60,5U, 011. 

Solodar, _. J. J. Ore. Chem. 1976.41. 3461-3464. 
Pradhan, S. K. I&b&. ~‘7 1986 42, 6351-6388. 
Fukui, K. m of wand Springer Ver 
Pradhan S. K.; Sohani, S.V. s 1981,22,4133-41 
Rautenstrauch, V. w .1986, 1558-l. 
(a) Adkins, H.; Gillespie, R. H. S&g&n&. 1955, W.6 
c. s. Ore. 1943, $&lL V&2. 372-374. (c) Lvcaw W. H.; 
s. Q&&&L 1943, m 
683. 

lag, Berlin. 1975. 
.36. 
560. 
i71-673. (b) Ford, S. G.; Marvel, 
Puntambekar, S. V.; Marvel, C. -. 

lpL2, 318-320. (d)‘$ug&n, J. K.; Patek J. J. B. Chem. 1972, 


