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2-Propanol on dried Woelm alumina at  room temperature reduces structurally diverse aldehydes cleanly and 
rapidly (<2  h) into the corresponding alcohols which are isolated easily in pure form in 65-88% yields. a,@-Ethyl- 
enic aldehydes are reduced to allylic alcohols, and the following functional groups are stable to the reaction condi- 
tions: nitro, ester, amide, nitrile, primary and secondary iodide, benzylic bromide, and olefinic. Chromones 1 and 
2 are Pslectively reduced to the corresponding allylic alcohols. (CH3)zCDOH on dried alumina reduces C6HsCHO 
to C,jH&H(D)OH in 80% yield with high deuterium incorporation. 10-Oxoundecanal, a keto aldehyde, is trans- 
formed selectively into 10-oxoundecanol, a keto alcohol, and steroidal keto aldehyde 3 is reduced to keto1 4. 2,4- 
Dimethyl-3-pentanol (diisopropylcarbinol) on alumina is the first reagent to reduce an aliphatic aldehyde in the 
presence of an unhindered cyclohexanone. 2-Propanol on alumina reduces steroidal 3,6-, 3,17-, and 3,20-diones se- 
lectively at. the 3 position. The effectiveness of these secondary alcohol-alumina reagents is compared with that of 
standard reducing agents, and the role of the alumina is mentioned. 

Reduction of carbonyl groups is one of the most funda- 
mental operations in organic chemistry. Catalytic hydroge- 
nation, metal-amine solutions, and complex metal hydrides 
often allow very clean and selective reduction of one carbonyl 
group in the presence of another or in the presence of other 
functional  group^.^ New methods and new reagents which 
offer even greater selectivity are constantly being sought. We 
report here the scope and limitations of two new reagents, 
isopropyl alcohol and diisopropylcarbinol on dried chroma- 
tographic alumina, which are weaker reducing agents than 
sodium borohydride4 and which are a t  least as selective as 
sodium cyan~borohydr ide~  and 9-borabicyclo[3.3.1]nonane6 
for conversion of @ethylenic aldehydes into the corre- 
sponding allylic (i.e,, not saturated) alcohols, even in the 
presence of nitro, ester, amide, nitrile, primary or secondary 
iodide, benzylic bromide, and olefinic functional groups. 
Furthermore, conditions have been developed under which 
2-propanol and 2,4-dimethyl-3-pentanol on dried alumina 
reduce aldehydes but not ketones, and other conditions have 
been found for selective reduction of some diones into ketols. 
The very mild reducing power of these secondary alcohols on 
dried alumina matches that  of the most sophisticated and 
selective complex hydride reducing agents.3d This mildness 
and the compatibility of these alumina-supported reagents 
with a very wide variety of normally reducible functional 
groups make them useful new reagents for selective reductions 
especially of polyfunctional compounds. 

Reduction of Aldehydes. The general procedure involves 
drying commercial alumina by heating i t  in a quartz vessel7 
a t  400 “C, adding 2-propanol in an  inert solvent, adding the 
aldehyde reactant, and stirring the slurry for 2 h. The reaction 
is quenched by addition of methanol. Vacuum filtration 
through Celite, washing the Celite with methanol, and rotary 
evaporation of solvent gives crude alcohols which are either 
distilled or recrystallized. The results of this mild8 procedure 
using aldehydes of various structural types and 2-propanol- 
doped Woelm W-200, neutral, dehydrated (W-200-N-D)9 
alumina are shown in Table I; yields are of isolated, purified 
products. 

Several aspects of reductions 1-8 (Table I) merit discussion. 
Infrared analysis of the crude alcohol products (before puri- 
fication) indicates a very small amount of conjugated carbonyl 
absorption due presumably to  aldol condensations; the 
Meerwein-Ponndorf-Verley reduction of aldehydes using 
aluminum isopropoxide often gives significant amounts of 
aldol, Tishchenko, and Cannizzaro condensation products, 

and often special precautions must be taken to minimize these 
side reactions.1° Because transformations 1-8 are heteroge- 
neous reactions which take place a t  the alumina-solvent phase 
boundary, they were each repeated several times to  establish 
their reproducibility; in all cases, reproducible results were 
obtained to  within &5%, even when different batches of 
commercial Woelm W-200-N alumina were used over the 
course of a 2-year period. 2-Propanol on dried Woelm W-200 
basic and acidic and Alcoa F-20 alumina was found to  reduce 
n-decanal about as effectively as 2-propanol on Woelm W- 
200-N-D alumina. Dehydrating the alumina under vacuum 
a t  300 “C rather than 400 “C lowered the yield of alcohol 
products by 5-lo%, and using activity I (or “super I”) rather 
than dried alumina gave very poor yields of alcohol products 
along with many aldol condensation products. Increasing the 
percentage of 2-propanol above 1096 of the amount of alumina 
did not increase the yields of alcohol products, whereas low- 
ering the 2-propanol percentage to  5% of the alumina also 
caused no big change in yield; less than 2% (1.7 mmol) of iso- 
propyl alcohol on 5 g of alumina per 1 mmol of substrate, 
however, gave unsatisfactory reductions with formation of 
many aldol condensation products as has been observed when 
aldehydes are placed on “undoped” alumina.” Adding 2- 
propanol neat to  the dried alumina and storing this reagent 
in a sealed vial for a t  least 3.5 months does not decrease its 
effectiveness as a reducing agent. 

Transformation 1 (see Table I) was performed also on a 
-10-mmol(-2 g) scale to  illustrate application of this method 
to preparation of gram quantities of alcohols; the yield of pure 
1-decanol after distillation was 81%. Conversions 2 and 3 
demonstrate the effectiveness of the 2-propanol-doped alu- 
mina reduction procedure even for aldehydes having espe- 
cially acidic a protons, and reactions 5 and 6 indicate that nitro 
and amide functional groups survive under the reaction con- 
ditions. From control experiments run under the same con- 
ditions, we have recovered the following substrates (% re- 
covered): p-nitroacetamide (79%), dimethyl 1,lO-decanedioate 
(96%), 3-hydroxypropionitrile (83%), 1-iodooctane (80%), 
2-iodooctane (69%), benzyl bromide (59%), and 1,2-bis(chlo- 
romethy1)benzene (84%). Thus 2-propanol on W-200-N-D 
alumina is highly selective for reduction of aldehyde carbonyl 
groups. But so is sodium borohydride! Transformations 7 and 
8, however, show that  2-propanol on W-200-N-D alumina is 
more selective than sodium borohydride, which produces 
saturated alcohols as significant side products in reduction 
of a,@-ethylenic aldehydes (enals).12 
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Table I. Reduction of Aldehydes (RCHO) to  Alcohols (RCH20H) by 10% 2-Propanol on 5 g of W-200-N-D Alumina a t  25 
"C for 2 h with CC14 Solvent 

Reaction RCHzOH % yield Comments" 

1 n-CgH&HzOH 84 nz2D 1.4366 

2 C&&HzCHzOH 65 
3 C ~ H ~ C H ( C H ~ ) C H Z O H  77 nzSD 1.5220 

(lit.' nz0D 1.4368) 

(lit.' nZ5D 1.5221) 
4 C6H[sCH2OH 77 
5 P - O ~ N C ~ H ~ C H ~ O H  84 mp 95 "C (1i t .b  mp 93 "C) 
6 P - C H ~ C O N H C ~ H ~ C H ~ O H  76 mp 120-122 "C (1it.d mp 120-121 "C) 
7 C6H&H=CHCH20H 82 
8 (CH3)2C=CH(CH2)&H=CHCH2OH 88 

0 Products were identified by comparing their physical and spectral properties with those reported in the literature or those of au- 
"Handbook of Chemistry and Physics", Chemical Rubber Publishing Co., Cleveland, Ohio, 1961. B. Elpern, L. thentic samples. 

N. Gardner, and L. Gmmbach, J .  Am. Chem. SOC., 79,1951 (1957). R. Grice and L. N. Owen, J .  Chem. SOC., 1947 (1963). 

Conversions 7 and 8 proceed cleanly, giving no trace of ov- 
erreduction (i.e., saturated rather than allylic alcohol) and no 
substrate isomerization; citral (33:67 nera1:geranial) is con- 
verted to  a 33:67 mixture of nerokgeraniol in 88% yield. Using 
aluminum isopropoxide under homogeneous Meerwein- 
Poondorf-Verley conditions, we find the same citral reduced 
also to a 33:67 mixture of nerokgeraniol in 89% yield. Although 
both aluminum hydride13 and diisobutylqluminum hydride 
(D1BAL-H)l4 are effective for reduction of e n d s  to  allylic 
alcohols, both hydride reagents are powerful reducing agents 
which would not tolerate the presence of many other func- 
tional groups. For example, DIBAL-H easily reduces most 
common groups including esters, amides, and nitriles,3d 
whereas 2-propanol on W-200-N-D alumina does not consume 
these types of compounds. And aluminum hydride is similar 
in reducing power to  lithium aluminum hydride, which also 
reduces esters, amides, and nitriles.3d Because of the difficulty 
in obtaining clean reduction of a,@-ethylenic aldehydes using 
various hydride reagents, three new reagents have recently 
been investigated. Excess sodium and tetrabutylammonium 
cyano borohydride^^ in acidic hexamethylphosphoramide lead 
to  allylic alcohols in yields comparable to  those in conversions 
7 and 8, and these new reagents are also compatible with many 
acid-stable functional groups. 9-Borabicyclo[3.3. llnonane also 
is very useful and selective for conversion of enals to  allylic 
alcohols.6 

The synthetic utility of 2-propanol on dried alumina is 
further illustrated with polyfunctional a,@-ethylenic al- 
dehydes l and 2. Chromones l and 2 suffer reduction of both 
aldehyde carbonyl and a,@-ethylenic groups with the following 
reagents: sodium borohydride, sodium borohydride-alumi- 
num chloride, DIBAL-H in tetrahydrofuran, and sodium 
cyanoborohydride in the presence of acid.15 Although chro- 
mones 1 and 2 are inert to  Meerwein-Ponndorf-Verley ho- 

CH3-0 
1 

mogeneous conditions using aluminum isopropoxide,15 se- 
lective and effective aldehyde reduction occurs hetero- 
geneously with 2-propanol on dried alumina, as shown in eq 
1 and 2. 

That the hydride ion which reduces the aldehyde substrates 
arises from the carbinol carbon atom of 2-propanol (and not 
from the methanol used to quench the reaction, for example16) 
is unambiguously shown by two experiments. First, when 5- 
nonanol (instead of 2-propanol) is placed on W-200-N-D 
alumina and an aldehyde is added, 5-nonanone is isolated in 
about the same yield as the alcohol derived from reduction of 
the aldehyde. Second, doping W-200-N-D alumina with 
(CH3)zCDOH and adding benzaldehyde leads in 80% distilled 
yield to CsH&H(D)OH having the same spectral properties 
as those of the product of LiAlD4 reduction of ben~a1dehyde.l~ 
Thus the deuterium in (CH3)zCDOH is not washed out or 
diluted by exposure to solid W-200-N-D aluminum oxide, and 
this procedure therefore has potential for highly selective 
introduction of deuterium via carbonyl reduction.3b 

Selective Reduction of Aldehydes i n  t h e  Presence  of 
Ketones. Control experiments also showed that  under the 
standard reaction conditions most types of ketones are not so 
easily reduced by 2-propanol on W-200-N-D alumina as are 
aldehydes. Table I1 shows that these heterogeneous reductions 
are subject to some extraordinarily delicate (presumably 
steric) effects. Whereas 2-octanone is reduced to the extent 
of 20%, 5-nonanone is inert, and whereas unhindered cyclo- 
hexanones are completely reduced, 2-methylcyclohexanone 
and 2-isopropyl-5-methylcyclohexanone are reduced only to  
the extent of 56 and <5%. Noteworthy also is the relative 
stability of 2-cyclohexenone compared with the high reactivity 
of the cyclohexanones; 9-BBN is reported to react with 2- 
cyclohexenone a t  about the same rate as with cyclohexanone.6 
Whereas steroidal enal enone 3 reacts with 9-BBN a t  both 

qCHJCH0 

4 
0 

i-PIOH 
W-200-N-D 

AW3 

- 
0 

4,61% 

( 3 )  
OCH, 

2 
CH30 

55% 
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Table 11. Amounts of Ketone (1 mmol) Reduction by 10% 2-Propanol on  2.5 g of W-200-n-D Alumina at 25 ‘C, for 2 h, 
witn CCI, Solvent 

~- ~~~ 

% % 
Ketone substrate redna Registry no. Ketone substrate redna Registry no. 

0 76-22-2 C, H, COCH, 16  98-86-2 

0 15932-80-6 18 502-42-1 

0 532-24-1 n-C,H, ,COOH, 20 111-13-7 

0 502-56-7 

< 5  89-80-5 

-30 120-92-3 

44 1191-95-3 

56 583-60-8 

>gob  98-53-3 

> 9oc 15600-08-5 

8 830-13-7 
n 
U 

(CHAC=O 

10 930-68-1 3-Cholestanone oo 
a % reduction was determined by GLC using calibrated internal standards. b 95 : 5 trans-:cis-4-fert-butylcyclohexanol. 

CMainly 3fl-cholestanol is formed. 

Table 111. Amount of Carbonyl Reduction by Various 
“Selective” Reducing Agents 

% redna of 

Reducing agent RCH, CHO 

Bu, NBH, CNb 90b 8 8 b  
NaBH( OAc),C 95d 65d 
LiAlH( OBu-t),e Highe Highe 
LiBu, -BBNf 50-72f 63-71f 
9-BBN 63d 64djg 
i-PrOH/Al,O, 80-90 90 
i-Pr,CHOH/Al,O, 84 13 

a Determined by GLC using calibrated internal standards; 
R = CsHl,-n. b See ref 5. CG. W. Gribble and D. C. Ferguson, 
J. Chern. Soc., Chern. Cornrnun., 535 (1975); N. Umino, T. 
Iwakuma, and N. Itoh, Tetrahedron Lett., 763 (1976). dDe- 
termined in our laboratory. e C .  S. Sell, Aust. J. Chem., 28, 
1383 (1975). fY .  Yamamoto, H. Toi, A. Sonoda, and S. I. 
Murohashi, J. Am. Chern. SOC., 98, 1965 (1976). g40:60 
cis-:trans-4-tert-butylcyclohexanoi. 

carbonyl centers, i t  reacts with 2-propanol on alumina selec- 
tively at the e n d  carbonyl group to give allylic alcohol 4 in 61% 
yield after preparative TLC. 

Competition between 1 mmol of n-decanal and 1 mmol of 
2-octanone for 2 mmol of 2-propanol on 2.5 g of W-200-N-D 
alumina led to almost complete aldehyde reduction and ke- 
tone recovery.l8 I t  appeared possible in this type of hetero- 
geneous reaction, however, that  a difunctional aliphatic keto 
aldehyde, once adsorbed to the alumina surface, might suffer 
reduction of both aldehyde and ketone carbonyl groups; we 
therefore prepared 10-oxoundecanal, a keto aldehyde, and 
found it to be reduced selectively to  10-oxoundecanol, a keto 
alcohol, in 68% recrystallized yield (eq 4). But within the past 
3 years, five different reducing agents have been reported for 
reduction of an aldehyde (RCHzCHO) in the presence of the 
corresponding methyl ketone (RCH~COCHB), with selectivity 
of reduction and compatibility toward various functional 

groups comparable to  those we observe with 2-propanol on 
W-200-N-D alumina. Not one of these five new reagents, 
however, can distinguish effectively between an aldehyde and 
an unhindered cyclohexanone. Although 2-propanol on W- 
200-N-D alumina also fails to  distinguish between these two 
readily reduced units, diisopropylcarbinol on W-200-N-D 
alumina reduces n-decanal but not 4-tert- butylcyclohexanone 
(see Table III)! 

i-PrOH 

W-100-N-D 
A1203 

CH&O(CHz)sCHO + CH&O(CH2)8CHzOH (4) 
68% 

Diisopropylcarbinol on W-200-N-D alumina, therefore, 
is the first reagent which allows reduction of an  unhindered 
aldehyde in the presence of an  unhindered cyclohexanone. 
One disadvantage, however, of using 2,4-dimethyl-3-pentanol 
as the reducing agent on alumina is the possible difficulty in 
separating 2,4-dimethyl-3-pentanone (and any excess 2,4- 
dimethyl-3-pentanol) from the primary alcohol produced in 
the reaction. This disadvantage obviously becomes less im- 
portant as the difference in molecular weight between diiso- 
propylcarbinol and the aldehyde reactant increases and as the 
aldehyde becomes more complex (e.g., containing heteroat- 
oms) making chromatographic separation practical. 

Selective Reduction of Diones. Examination of the large 
differences in relative rate of ketone reductions (Table 11) by 
2-propanol on W-200-N-D alumina suggested also that  se- 
lective dione reductions might be possible. To test  whether 
steroidal ketones containing long alkyl side chains, despite 
their large molecular size, could enter the pores of the alumina 
and could be reduced, we determined that A5-cholesten-3-one 
is reduced to  cholesterol as shown in eq 5. This example il- 
lustrates the very mild basicity of W-200-N-D alumina 
carrying 2-propanol;lg the rate of ketone reduction is sub- 
stantially faster than ketone enolization. Note also that  con- 
jugated ketone A4-cholesten-3-one is not reduced even after 
24 h under these conditions, as is observed also with A4-an- 
dro~tene-3,17-dione.~~ 
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Uh,25"C,CCl, 6?% 1wo 
Four different steroidal diones were added (separately) to  

W-200-N-D alumina carrying 2-propanol and were stirred at 
25 "C for 24 h, with results as shown in eq 6-9; yields are of 
purified products. The 24-h instead of 2-h period was chosen 
to  maximize reduction; in no case was any diol (i.e., reduction 
of both carbonyls) observed. The selectivity of 2-propanol on 
W-200-N-D alumina for reduction at the 3 position in com- 
petition with positions 6, 20, and 17 parallels the selectivity 
shown by many of the complex metal hydride reducing ag- 

5 M' + &o (6) 

i.PrOH 
W-2ON.D N,O, 

24 h, 25 "C, (XI, 
HO 

H O  
3P, 51% 
3a, 13% 

H 
6 

3P, 84% 
3 f f ,  2% 

0 0 

24h,25"C,CCI, 
0 

H H 
7 3P, 24% 

h, wo 

0 

H 
8 

i-PrOH 
W-2ON.D Al,O, - 

24h,25OC,CCI4 - 
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0 

3% 
H 

3P, 95% 
3a, 2% 

ents.3bvZ1 For example, in our hands lithium tri( tert- butoxy)- 
aluminohydride gives roughly the same results as shown in eq 
7 and 9.21 T o  demonstrate application of this alumina pro- 
moted reduction to  preparation of several gram quantities of 
material, reaction 9 was done on a larger scale, producing -6 
g (84% yield) of pure 5a-androstan-3~-01-17-one. 

Although 2-propanol on W-200-N-D alumina may offer no 
significant advantage over many of the readily available 
complex metal hydrides in terms of selectivity of dione re- 
ductions, the compatibility of the alcohol-alumina reagent 
with many types of functional groups may allow i t  to  be used 
for selective reduction of some multifunctional substrates. 

Discussion of the Role of Alumina.22 Several different 
solid supports have been used to  effect some very specific 
organic transformations: Collins' reagent23 and silver car- 
b ~ n a t e ~ ~  on Celite and chromic acid on an  anion exchange 
resin25 and intercalated in graphite26 for alcohol oxidations; 
ozone on silica gel for oxidation of tertiary alkyl centers2' and 
for oxidation of arenes;28 thallium trinitrate on K-10 mont- 
morillonite clay for oxythallation reactions;29 alcohols on 
various zeolites30 for reduction of small carbonyl compounds;31 
and alcohols, thiols, and acetic acid on alumina for displace- 
ment and epoxide ring opening reactions.32 Although the 
detailed function of the inorganic supports may be different 
in each of these examples, one common feature of the solid 
support probably is bringing together the substrate and the 
reagent in the proper orientation for chemical reaction. 33 
Another important function of the support probably is to  
activate the substrate and/or the reagent.34 

Conclusion 
The two most serious drawbacks to  general use of these 

secondary alcohol-alumina reagents are (1) the high tem- 
perature (400 "C) required for the alumina activation and (2) 
the relatively large amount of alumina (3-5 g/mmol of car- 
bonyl substrate) required for effective substrate reduction. 
Several significant advantages of these alumina supported 
alcohols are (1) low cost of the secondary alcohol which is used 
in only slight excess over the substrate; (2) easy product iso- 
lation; (3) selectivity for carbonyl reduction; and (4) compa- 
tibility with many different types of functional groups. Al- 
though 2-propanol and 2,4-dimethyl-3-pentanol certainly will 
not replace more common reagents for standard carbonyl 
reductions, these new alcohol-alumina reagents will be useful 
in special cases requiring selective reduction of one carbonyl 
group in the presence of another or in the presence of other 
functional groups. 

Experimental Section 
Analytical gas-liquid phase chromatography was performed on a 

Varian Aerograph Model 1200 chromatograph. Spectral data were 
obtained with a Perkin-Elmer 457-A infrared spectrometer and a 
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Varian A-60 NMR spectrometer. All chemical shifts in the NMR 
spectra were measured relative to tetramethylsilane used as an in- 
ternal standard. AU absorptions in the infrared were measured relative 
to the 6.02-p peak of polystyrene. Melting points were taken on a 
Mel-Temp melting point apparatus and are uncorrected. 

All solvents were commercial reagent grade. All steroids were ob- 
tained from Research Plus Steroids except 5a-cholestane-3,6-dione, 
which was obtained from Dr. M. Koreeda, and enal 3, which was 
purchased from Steraloids, Inc. The LiAlD4 was from Stohler Isotope 
Chemicals. The aluminum isopropoxide from Eastman was simply 
distilled before use. The benzaldehyde from Fisher was washed with 
Na2C03 and distilled from zinc dust before use. The 2-propanol from 
Baker was dried by distillation from calcium hydride. The Woelm 
W-200 alumina was obtained from ICN Pharmaceuticals, Inc. All 
other chemicals were obtained from Aldrich Chemical Co. 

General Procedure for Aldehyde Reduction. Woelm W-200, 
neutral alumina is heated in a quartz vessel at 400 "C (0.06 Torr) for 
24 h. A glass-wool plug is placed at the top of the quartz vessel to 
prevent the alumina from '(bumping" out of the vessel. About 5 g of 
the dehydrated alumina is transferred inside a nitrogen-filled glove 
bag to an oven-dried, tared 25-ml round-bottom flask containing a 
magnetic stirring bar. The flask is stoppered and removed from the 
glove bag. About 5 ml of inert solvent (e.g., diethyl ether, chloroform, 
carbon tetrachloride, or hexane) containing -500 mg (10% of alumina 
weight) of 2-propanol is added. After stirring for 0.5 h at 25 "C, -1 
mmol of aldehyde in -,1 ml of solvent is added and stirring is con- 
tinued for 2 h at  25 "C. The reaction is quenched by addition of 5 ml 
of methanol and stirring for 15 min. Vacuum filtration through Celite, 
washing the Celite with -35 ml of methanol, and rotary evaporation 
of solvent gives crude alcohols which are either distilled or recrys- 
tallized. 

1-Decanol from Decanal. A. Small Scale. A solution of 138 mg 
(0.89 mmol) of decanal in 6 ml of carbon tetrachloride was stirred over 
4.19 g of dehydrated alumina and 420 mg (7.25 mmol) of 2-propanol 
at  25 OC for 2 h. Filtration, removal of solvent, and Kugelrohr distil- 
lation [bp 100 "C (12 mm)] provided 116 mg (84%) of l-decanol, nZ2D 
1.4366 (lit.35 nZoD 1.4366). 

B. Large Scale. A solution of 1.85 g (11.9 mmol) of decanal in 75 
ml of carbon tetrachloride was stirred over 60 g of dehydrated alumina 
and 6 g (103 mmol) of 2.propanol at 25 "C for 2 h. Filtration, removal 
of the solvent, and Kugelrohr distillation [bp 100 "C (12 mm)] gave 
1.52 g (81%) of 1-decanol. 

Cinnamyl Alcohol from Cimamaldehyde. A solution of 167 mg 
(1.27 mmol) of cinnamaldehyde in 6 ml of carbon tetrachloride was 
stirred over 6.03 g of dehydrated alumina and 600 mg (10.3 mmol) of 
2-propanol at  25 "C for 2 h. Filtration, removal of solvent, and Ku- 
gelrohr distillation [bp 130 "C (12 mm)] yielded 139 mg (82%) of 
cinnamyl alcohol having spectral properties identical with those of 
an authentic sample. 

Nerol and Geraniol from Citral Using 10% 2-Propanol on 
Alumina. A solution of 168 mg (1.11 mmol) of citral (33% neral, 67% 
geranial) in 6 ml of carbon tetrachloride was stirred over 5.07 g of 
dehydrated alumina and 500 mg (8.62 mmol) of 2-propanol at  25 "C 
for 2 h. Filtration, removal of solvent, and distillation [bp 115 "C (12 
mm)] afforded 150 mg (88%) of a mixture of nerol (33%) and geraniol 
(67%) as determined by vapor phase chromatography (10 f t  X 0.125 
in. 5% SE-30 Chromosorb G 100/140) and identified by comparison 
with known samples. 

2-Propanol on Alumina Reduction of Chromone 1. A solution 
of 300 mg (1.09 mmol) of chromone 1 in 6 ml of carbon tetrachloride 
was stirred over 5.70 g of dried alumina and 577 mg (9.5 mmol) of 2- 
propanol at  25 "C for 2 h. Filtration and solvent evaporation gave 279 
mg of a solid. Preparative TLC afforded 151 mg (50%) of the allylic 
alcohol corresponding to chromone 1: mp 130-132 "C; NMR (CDCl3) 
6 4.6 (broad singlet, -CH20-, 2 H), 4.12 and 4.2 (sharp singlets, 
-OCH3, 6 H), 3.2-3.5 (broad, -OH, 1 H); IR (mineral oil) 2.96 p 
(strong, -OH). An analytical sample was prepared by recrystallization 
from acetone. 

Anal. Calcd for C14H1206: C; 60.87; H, 4.38. Found: C, 60.70; H, 
4.28. 

2-Propanol on Alumina Reduction of Chromone 2. A solution 
of 290 mg (1.06 mmol) of chromone 2 in 6 ml of carbon tetrachloride 
was stirred over 5.24 g of dried alumina and 531 mg (8.8 mmol) of 2- 
propanol at 25 "C for 2 h. Filtration and solvent evaporation gave 249 
mg of a solid. Preparative TLC gave 159 mg (55%) of the allylic alcohol 
corresponding to chromone 2: mp 150-153 "C; NMR (CDCl3) 6 4.60 
(singlets, -CH20-, 2 H), 4.02 and 4.18 (sharp singlets, -OCH?, 6 H), 
3.1-3.5 (broad, -OH, 1 H); IR (mineral oil) 2.96 p (strong, -OH). An 
analytical sample (mp 157 "C) was prepared by recrystallization from 
acetone. 

Anal. Calcd for C~H1206: C, 60.87; H, 4.38. Found: C, 60.76; H, 
4.30. 

When larger amounts (-700 mg) of chromones 1 and 2 were reduced 
by 2-propanol on alumina, the corresponding allylic alcohols were 
formed and recrystallized from acetone in 38-40% yields. 

C&&H(D)OH from C&CHO and (CH3)&DOH on Alumina. 
To a solution of 170 mg (5.3 mmol) of LiAlD4 in 2 ml of Et20 was 
added dropwise over a 15-min period 500 mg (8.65 mmol) of acetone. 
After stirring at room temperature for 1 h, the reaction mixture was 
cooled to 0 OC and quenched with 0.34 ml of H20 and 0.26 ml of 10% 
NaOH. The reaction mixture was allowed to stir for 1 h, anhydrous 
sodium sulfate was added, and the mixture was filtered using carbon 
tetrachloride to wash the inorganic salts. 

A solution of 113 mg (1.07 mmol) of benzaldehyde and the reagent 
prepared above in about 10 ml of Et20/CC14 was stirred over 5.02 g 
of dehydrated alumina at 25 OC for 2 h. Filtration, removal of the 
solvent, and Kugelrohr distillation [bp 95 "C (12 mm)] afforded 94 
mg (81%) of benzyl alcoholdl which was spectroscopically (NMR, 
IR, and mass spectrum) the same as the product obtained by reduc- 
tion of benzaldehyde directly with LiAlD4. NMR (CCl4) of product 
from the alumina reaction gave 6 2.80 (s,1 H, OH), 4.32 (s, 1 H, CHO), 
and 7.10 ppm (s,5 H, C6H5). 

Competition between Decanal and 2-Octanone for a Limited 
Amount of 2-Propanol on Alumina. A solution of 193 mg (1.23 
mmol) of decanal and 157 mg (1.22 mmol) of 2-octanone in 6 ml of 
carbon tetrachloride was stirred over 3.03 g of dehydrated alumina 
and 159 mg (2.65 mmol) of 2-propanol at  25 "C for 2 h. The course of 
the reaction was followed by analytical gas-liquid phase chroma- 
tography with aliquots taken every 0.5 h. Gas-liquid phase chroma- 
tography (10 f t  X 0.25 in., 10% Carbowax 20M on Chromosorb W 
60/80) showed there to be 95% reduction of decanal and only 5% re- 
duction of 2-octanone. 

IO-Oxoundecanol from IO-Oxoundecanal. A solution of 70.6 mg 
(0.38 mmol) of l0-0xoundecanal~~ in 6 ml of carbon tetrachloride was 
stirred over 2.14 g of dehydrated alumina and 103 mg (1.72 mmol) of 
2-propanol at 25 "C for 2 h. Filtration and removal of the solvent af- 
forded 60.0 mg (85%) of a white, crystalline material. Recrystallization 
from petroleum ether afforded 48.4 mg (68%) of 10-oxoundecanol: mp 
35-36 "C (lit.36 mp 42-43 "C); A,,, (film) 2.95,3.42,3.50,5.88,6.82, 
7.33, and 9.50 p; 6 (CDC13) 1.30-1.80 (14 H, chain), 2.12 (s, 3 H, 
-COCH3), 2.40 (t, 2 H, -CH2CO), and 3.60 ppm (t, 2 H, -0CHr) .  

Reduction of 4,17(20)-Pregnadien-3-one-20-carboxaldehyde 
(3) with 2-Propanol on Alumina. 4,17(20)-Pregnadien-3-one- 
20-carboxaldehyde (3,100 mg, 0.306 mmol) in 6 ml of CC14 was stirred 
over 5.0 g of dehydrated alumina and 503 mg (8.3 mmol) of 2-propanol 
at 25 OC for 24 h. Filtration and removal of the solvent afforded 96 mg 
of a light yellow oil. Preparative thin layer chromatography of 67 mg 
(double development with 3:1 diethyl ether-petroleum ether) gave 
8.5 mg (13%) of starting material, mp 148-150 OC, 26.6 mg (40%) of 
one of the geometric isomers of 4,17(2O)-pregnadien-3-on-21-01 (4) 
[mp 155-156 "C; IR (CHC13) 3615 (w), 3570-3220 (b), 3090 (w), 3000 
(sh), 2940 (s), 2840 (m), 1660 (s), 1615 (w), 1010 cm-' (s); NMR 

mass spectrum (70 eV) m/e 310 (M+ - 18) 31%, 295 (M+ - 18 - Me) 
44%, 83 (base) loo%], and 14 mg (21%) of the other geometric isomer 
of 4 as an oil [IR (CHCla) 3620 (w), 3560-3180 (b), 3090 (w), 3000 (sh), 
2990 (s), 2940 (s), 2840 (s), 1660 (s), 1615 (w), 1010 cm-l (s); NMR 

mass spectrum (70 eV) m/e 328 (M+) %, 310 (M+ - 18) 30%, 295 (M+ 
- 18 - Me) 4%, 83 (base) loo%]. Anal. Calcd for C22H3202: C, 80.43; 
H, 9.82. Found: C, 80.07; H, 9.74. 

Competition between Decanal and 4- tert-Butylcyclohexan- 
one for a Limited Amount of 2,4-Dimethyl-3-pentanol. A solution 
of 107 mg (0.70 mmol) of 4-tert-butylcyclohexanone and 144 mg (0.73 
mmol) of decanal in 6 ml of carbon tetrachloride was stirred over 5.63 
g of dehydrated alumina and 563 mg (4.85 mmol) of 2,4-dimethyl- 
3-pentanol at 25 OC for 24 h. Gas-liquid phase chromatography (10 
ft X 0.25 in., 10% Carbowax 20M on Chromosorb W 60/80) showed 
there to be 84% reduction of the decanal and only 13% reduction of 
the 4-tert- butylcyclohexanone. Retention times at 120 "C with a flow 
rate of 60 ml/min were 9.2 (decanal), 18.0 (4-tert- butylcyclohexan- 
one), 22.7 (cis-4-tert-butylcyclohexanol), 28 (trans-4-tert- butylcy- 
clohexanol), and 30.5 min (decanol). All products were identified by 
comparison with authentic samples. 

Cholesterol from AWholesten-3-one. A solution of 441 mg (1.15 
mmol) of A5-cholesten-3-one in 6 ml of carbon tetrachloride was 
stirred over 3.00 g of dehydrated alumina and 307 mg (5.3 mmol) of 
2-propanol at 25 "C for 24 h. Filtration and removal of the solvent 
afforded 476 mg of a white, crystalline material, mp 128-130 "C. 
Chromatography on 50 ml of silica gel using EtzO/petroleum ether 

(CDC13) 6 5.78 (s, 1 H,=CHC=O), 4.9 (d, 2 H, -CH20H), 2.6-0.8 (b); 

(CDC13) 6 5.78 ( ~ , l  H,=CHC=O), 4.2 (d, 2 H,-CHzOH), 2.6-0.8 (b); 
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as eluent gave 45 mg (10%) of A4-cholesten-3-one, mp 77-78 "C (lit.36 
mp 81-82 "C), and 290 mg (67%) of cholesterol, mp 146 "C (lit.36 mp 
148.5 "C). 

Stability of A4-Androstene-3,17-dione toward 2-Propanol on 
Alumina. A solution of 308 mg (1.08 mmol) of A4-androstene-3,17- 
dione in 6 ml of carbon tetrachloride was stirred over 2.65 g of dehy- 
drated alumina and 2758 mg (4.75 mmol) of 2-propanol at 25 OC for 24 
h. Filtration and removal of the solvent afforded 337 mg of a white, 
crystalline material, mp 163-165 "C. Chromatography on 35 ml of 
silica gel using Et20 as eluent gave 295 mg (95%) of A4-androstene- 
3-17-dione which was identical in all respects (including melting 
point) with the starting material. 

2-Propanol on Alumina Reduction of Steroidal Diones. A. 
5a-Cholestane-3,6-dione (5). A solution of 261 mg (0.65 mmol) of 
5a-cholestane-3,6-dione in 6 ml of carbon tetrachloride was stirred 
over 1.53 g of dehydrated alumina and 155 mg (2.67 mmol) of 2-pro- 
panol at 25 OC for 24 h. Filtration and removal of the solvent afforded 
276 mg of a white, crystalline material, mp 100 "C. Chromatography 
on silica gel using Et2CVpetroleum ether as eluent gave 69 mg (26%) 
of the starting dione, 34 mg (13%) of 5a-cholestan-3a-ol-6-one, mp 
154-155 "C (lit 37 mp 1157-159 "C), and 134 mg (51%) of 5a-choles- 
tan-3&01-6-one, mp 147-148 "C (lit.3s mp 142-144 "C). The spectral 
data were identical with those of authentic material. 
B. 5a-Pregnane-3,20-dione (6). A solution of 155 mg (0.49 mmol) 

of 5a-pregnane-3,2O-dione in 6 ml of carbon tetrachloride was stirred 
over 1.20 g of dehydrated alumina and 126 mg (2.17 mmol) of 2-pro- 
panol at 25 "C for 24 h. Filtration and removal of the solvent afforded 
156 mg of a white crystalline material, mp 184 "C. Chromatography 
on silica gel using EtzWpetroleum ether as eluent gave 3 mg (2%) of 
5a-pregnan-3P-ol-20-01ie, 3 mg (2%) of the starting dione, and 131 mg 
(84%) of 5a-pregnan-3[i-ol-20-one, mp 188-189 "C (lit.39 mp 190-196 
"C). 

C. 5@-Androstane-3,17-dione (7). A solution of 320 mg (1.11 
mmol) of 5P-androstane-3,17-dione in 6 ml of carbon tetrachloride 
waa stirred over 2.78 g of dehydrated alumina and 281 mg (4.85 mmol) 
of 2-propanol at 25 "C ,for 24 h. Filtration and removal of the solvent 
afforded 337 mg of a glassy material. Chromatography on silica gel 
using Et20/petroleum ether as eluent gave 76 mg (24%) of 58-an- 
drostan-3fl-ol-17-one and 231 mg (72%) of 5P-androstan-3a-ol-17-0ne 
having the same spectral properties as those reported in the litera- 
t ~ r e . ~ O  

D. 5a-Andrustane-3,17-dione (8). A solution of 252 mg (0.88 
mmol) of 5a-androstane-3,17-dione in 6 ml of carbon tetrachloride 
was stirred over 2.13 g of dehydrated alumina and 227 mg (3.92 mmol) 
of 2-propanol a t  25 "C for 24 h. Filtration and removal of the solvent 
afforded 269 mg of a white, crystalline material, mp 152-154 "C. 
Chromatography on silica gel using Et2O/petroleum ether as eluent 
gave 5 mg (2%) of 5a-androstan-Ba-ol-17-one, 9 mg (4%) of the starting 
dione, and 240 mg (95%) of 5a-androstan-3,9-01-17-0ne, mp 167-168 
"C (lit.41 mp 173-174 "C). The products were spectroscopically 
identical with authentic materials. 
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In the AlC13-CH3N02 catalyzed transalkylation of 3,5,3’,5’-tetra-tert-butyl- (9), 3,3’-di-tert- butyl- (21), and 
3,3’-di-tert- butyl-5,5’-dimethyl-4,4’-dihydroxydiphenylmethane (25), it was found that not only fert- butyl but also 
benzyl groups were transferred to toluene used as a solvent and an acceptor of the alkyl group, and that the trans- 
benzylation of 3,3’-dimethyL4,4’-dihydroxy- (29), 3,3’-dimethyl-4,4’-dimethoxy- (31), and 3,5,3‘,5’-tetramethyl- 
4,4’-dihydroxydiphenylmethane (34) took place even under the influence of AlC13-CH3N02 catalyst which has 
been known to be inactive in the transbenzylation and isomerization of diphenylmethanes. The mechanism of the 
AlC13-CH3N02 catalyzed transbenzylation is discussed. 

I t  has been previously reported that  2,2‘-dihydroxydi- 
phenylmethane (2),2 2,2’-dihydroxy- (6): and 4,4’-dihy- 
d r~xyd ipheny l s~  were easily prepared by the AlCls-CH3N02 
or AlC13 catalyzed transalkylation of the corresponding tert-  
butyl derivatives in benzene as shown in Scheme I. 

These results suggest that  4,4’-dihydroxydiphenylmethanes 
as well as 2,6, and 8 might be prepared by the same manner 
under the influence of AlCl&H3NOz catalyst which is known 
to be active in the transalkylation of the tert- butyl group of 

tert-butylbenzenes2-6 but not in the transalkylation and 
isomerization of diphenylmethanes.2*6-11 

We now wish to  report the AlC13-CH3N02 catalyzed tran- 
salkylation of 3,5,3’,5’-tetra-tert- butyl- (9), 3,3’-di-tert- butyl- 
(21), and 3,3’-di-tert- butyl-5,5’-dimethyl-4,4’-dihydroxydi- 
phenylmethane (25) and of the related compounds such as 
3,3’-dimethyl-4,4’-dihydroxy- (29), 3,3’-dimethyl-4,4’-dime- 
thoxy- (31), and 3,5,3’,5’-tetramethyl-4,4’-dihydroxydi- 
phenylmethane (34) in toluene. 
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