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Starting with Reichstein's substance L acetate, 
now readily available, a convenient partial syn
thesis of Reichstein's substance P 21-monoacetate 
(XVII) and 3,21-diacetate (XVIII) is described. 
The former was carried through the same trans
formations as performed in the corresponding 21-
desoxy series and afforded two new analogs (XII 
and XIV) of the important cortical hormone 17a-

In recent attempts3 we found that, like qui
nine,411 several typical aliphatic 1,2-amino alcohols 
did not undergo the Oppenauer oxidation with 
aluminum i-butoxide and benzophenone or cyclo-
hexanone. However, aluminum isopropoxide re
ductions of the corresponding, and other, a-amino 
ketones have proceeded without difficulty in all 
cases tried except the a-(N-alkyl-ethanolamino)-
ketones which are cyclic.6 It follows that under 
the oxidizing conditions the equilibria6 lie well 
over on the side of the reductants. 

The explanation offered for this phenomenon, 
involving acid-base combination between nitro
gen and aluminum,4 did not seem to us to explain 
adequately why the alcoholic group, which would 
still be free, did not undergo the oxidation with 
reasonable speed when the solubility of the com
plex was appreciable, and it did not seem to be 
consistent with the facility of aluminum isopro
poxide reductions of a-amino ketones where pre
sumably similar complexes might be formed. 

The phenomena may be explained in terms of 
stable cyclic complexes of the type (I) which if 
formed would cause displacement of the equilib
rium sharply in favor of the amino alcohol, and 
which would be expected to interfere seriously with 

(1) The work of this paper was supported in part by a grant-in-aid 
from the National Institutes of Health, recommended by the Na
tional Cancer Institute, and it stemmed from the program of syn
thases of 1.2-amino alcohols as tumor-necrotizing agents. 

(2) (a) Post-doctorate Fellow1; (b) Philip Frances du Pont 
l;ellow; (c) assisted hy Preston H. Leake and Rosser L. Wayland, 
Jr. 

(3) The first unsuccessful Oppenauer oxidations in this laboratory 
were carried out by Dr. R. S. Murphey using aluminum isopropoxide. 
Mr. C. R. Bauer then used aluminum /-butoxide on IVa which will 
be described in a later publication. 

(4) (a) Woodward, Wendler and Brutschy, THIS JOURNAL, 67, 
1425 (1945). Cf. (b) Doering and Aschner, ibid., 71, 838 (1949). 
(c) Doering and Young, ibid., 72, 631 (1850). 

(5) (a) LuU, Freek and Murphey, ibid., 70, 2015 (1948); (b) 
Lutz and Jordan, ibid., 71, 996 (1949). 

(6) Concerning the reversibility of this reaction, cf. (a) Wilde, "Or
ganic Reactions," Vol. II, John Wiley and Sons, Inc., New York, 
N. Y., 1944, p. 178; (b) "Newer Methods of Preparative Organic 
Chemistry," Intersciencc Publishers, New York, N. Y., 1948, p. 155; 
(c) Adkins, Elofson, Rossow and Robinson, T H I S JOURNAL, 71, 3622 
(1949); (d) Adkins and Cox, ibid., 60, 1151 (1938); (e) Baker and 
Adkins, ibid., 68, 3305 (19!O); (f) Baker and Sehafer, ibid., 65, 1675 
(19(3). 

hydroxy-11-desoxycorticosterone (Reichstein's 
substance S). 

Several of these substances are being subjected 
to a variety of biological tests particularly in 
regard to their potential usefulness as anti-
arthritic agents. 
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hydrogen transfer if the reaction were an intramo
lecular one involving a quasi-ring intermediate or 
transition state such as II.4,7 Five-membered 

C6H5 CeHj 
\ / 

R"2N C 
R 'CH NR8" I H-: 1^0 

I +l R ' C H X \J L[ 
C6H5CH "Al(OR)2 >C -Al(OR)2 

\ 0 / C 6 H / N ^ / 

I II 
R ' = H or C6H5 

ring complexes (I) might well involve a significant 
degree of added stabilization through second order 
or "no bond" resonance. Analogous six-membered 
ring complexes (III) based on 1,3-amino alcohols 
would be conceivable although resonance stabiliza
tion would be excluded or at least greatly dimin
ished because of the break in conjugation involved 
in the extra methylene group. Larger rings or lin
ear polymeric complexes presumably would not 
be stable. Thus the amino alcohols might fall 

/ C H 2 V 

T r r R 'CH +XR"., 
I l l , ,, 

C6H5CH -Al(OR), 

into three categories; the 1,2-types which should 
not undergo the standard Oppenauer oxidation; 
1,4 and 1,5 and longer amino alcohols which 
should generally be oxidizable without difficulty; 
and the intermediate 1,3-amino alcohols where a 
less predictable reaction might depend on struc
tural and steric effects. Preliminary studies, 
successful as far as they have gone, have been 
made to test these predictions. 

Nine typical 1,2-amino alcohols (IVa-c, V, and 
XIII-XVII of Table I) including one diasteroiso-
meric pair (IVb and c), were recovered unchanged 
employing aluminum i-butoxide and benzophe
none or cyclohexanone; three of these were used in 
the form of the free bases, four as the hydrochlo-

(7) (a) Baker and Linn, ibid., 71, 1399 (1949); (b) Lutz and 
Gillespie, ibid., 72, 344 (1950); (c) Jackman and Mills, Nature, 16«, 
780 (1949). 
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rides, and two both as hydrochlorides and as bases. 
As a check on these findings a reduction in a typical 
case (XIV-HCl) was carried out, successfully, under 
conditions similar to those employed in the Oppen
auer oxidations using toluene, with aluminum t-
butoxide and benzhydrol in place of aluminum 
isopropoxide and isopropyl alcohol. The equi
libria in the presence of excess aluminum /-butox-
ide are thus shown to be consistently far over on 
the side of the amino alcohols. 

C6H5C H -CIIC6H; 

JV OH XR, 

NR2 = (a) N(C2H5)CH2CH2OCH3
3; 

Ih) NCiHioOsomer-A); (c) isomer-B; 
(d) XHC6H3 ; (c) X(CH3)C6H;, 

C6H5CHCH2XC11H10 

V OH 
i'XC5H,ii = p iper idyl ) 

It is noteworthy that no stereochemical equili
bration of the epimeric amino alcohols (IVb and 
c) occurred in the attempted Oppenauer oxidations 
using aluminum i-butoxide, a fact which in itself 
indicates that the oxidation rate is exceedingly 
low.4b 

The 1,2-anilino alcohols are of interest because 
of their comparatively weakly basic nitrogen. In 
two cases (IVd and e) the Oppenauer oxidation 
under the usual conditions gave mixtures seem
ingly the result of partial reaction; in the case of 
IVd a small amount of the pure a-anilino ketone 
(XXI) was isolated and identified; and in the 
case of IVe some pure unchanged material was 
finally isolated from the mixture and identified. 
Thus it appears that N-aryl a-amino nitrogen is 
not as effective as aliphatic alkylamino nitrogen in 
interfering with the oxidation. 

In three cases chosen arbitrarily (IVb, IVc and 
V), under comparable conditions, successful oxi
dations of 1,2-amino alcohols to the amino ketones 
were accomplished using an excess of potassium 
i-butoxide. In one of these cases (IVb) a cata
lytic amount of potassium /-butoxide was used, with 
similar results at the higher temperature neces
sary to achieve reaction within a reasonable time; 
this experiment showed that the oxidation had 
not proceeded by virtue of stabilization of the 
amino ketone in the form of an addition com
pound or an enolate. It therefore follows that 
the true 1,2-amino ketone—amino alcohol equilib
rium is not as far different from the equilibria of 
simple ketone-alcohol systems as might have been 
supposed60 but is sharply displaced in the direc
tion of the amino alcohol by an excess of alumi
num i-butoxide. 

A typical 1,4-amino alcohol (VI) was prepared 
where chelation is excluded on steric grounds. 
As was anticipated this compound was readily 

C6H1-CHCH-CH2CH2XC5H1., 

VI OH (XC5H1: - piperidyl! 

oxidized to the 7-amino ketone (XX) under the 
Oppenauer conditions using cyclohexanone and 
aluminum f-butoxide. Other pertinent examples 
are the successful aluminum phenoxide—cyclohexa
none oxidations of the alkaloids yohimbine and 
corynanthine which are 1,6-amino alcohols.8'8b It 
is concluded therefore that in those cases where 
the amine nitrogen and alcoholic hydroxyl are 
separated from each other by a chain of at least 
(our carbons Oppenauer oxidations generally will 
be successful. 

In the case of the intermediate 1,3-type amino 
alcohols the situation is complicated by the tend
ency of the /3-amino ketones to lose nitrogen.9 

/>-Chloro and /?-bromo-/3-aminopropiophenones10e 

are extensively deaminated during aluminum iso
propoxide reductions. Other amino ketones of 
this type are deaminated during catalytic reduc
tions.101'-1-' 

The reaction between aluminum isopropoxide 
and l,2-diphenyl-3-piperidyl-l-propanone (VII^ 
proceeded exceedingly slowly with deamination as 
the chief result, but catalytic reduction was rea
sonably successful and gave the amino alcohol 
(VIII). This amino alcohol either as the free base 
or as the salt was recovered unchanged (35-43%) 
CiH5COCHCH11XC5H10 > 

Pt -I- H2 

C5H. 
VII 

C8H5CH-CHCHoXC5H11 , 
] I 

(XC5H15 = piperidyl) OH C6H5 

VIII 
after treatment with aluminum /-butoxide and 
cyclohexanone or benzophenone, but it was de
stroyed using potassium /-butoxide as the catalyst. 
It should be noted that because this amino alcohol 
is relatively stable under the usual Oppenauer ox
idation conditions, it follows that the amino ke
tone (VII), which is largely albeit slowly deami
nated under aluminum alkoxide reduction condi
tions, has not in this case first undergone reduc
tion ; the deamination must have involved the ke
tone, directly, in a reaction (perhaps initially enol-
ization) which competed successfully with a very 
slow reduction. It is clear from these experi
ments that neither aluminum alkoxide oxidation 
nor reduction goes readily here. 

In the case of ^-piperidylpropiophenone hydro
chloride (IX), in contrast with the £-chloro and p-
bronio analogs10'1 referred to above, aluminum iso 
propoxide reduction gave a 65% yield of the de
sired amino alcohol (XII), and a 20% yield of a 
non-basic product which was identified as phenyl 
vinyl carbinol (XI). The latter compound was 

(8) I,a) J a n o t a n d Gou ta r e ] , Bull. :<oc. chim., 509 (1949); (b) 
W i t k o p . Ann., S54, 83 (1943). 

(9) Cf. (a) M a n u i c h a n d Hei lner , Ba-., BB, 363 (1922); (b) Blicke 
and Burckha l t e r , T H I S J O U R N A L , 64, 451 (1942); (c) S n y d e r and 
Brewste r , ibid., 70, 4231 (1948). 

(10! Cf. Ia) M a y ami Mose t t i g , J. Org. Chem., 11, 10.5 (1946); 
,!,; Si-h'ilT/ , ; if il-i.i.. 11, !14 •. 1946); (c) Lutz , it al., ibid., 12, 660 
,1947 
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presumed to have resulted from deamination of 
the 0-amino ketone to phenyl vinyl ketone (X) 
and subsequent reduction of the carbonyl group. 
Incidentally it is interesting to note at this point, 

Al(OR)3 
C 8 H 6 COCH 2 CH 2 NC 6 HIO *- [C8H6COCH=CH2] 

IX X J, 

C8H6CHCH2CH2NC6H10 •* > C6H6CHCH=CH2 

I I 
OH XII OH XI 

that, as would have been expected, the para sub
stitution of halogen in IX favored the deamination 
reaction.10c The amino alcohol (XII) either in the 
form of the base or the hydrochloride was con
verted into non-crystalline non-basic products in 
an Oppenauer oxidation using aluminum i-butox-
ide. The stability of the amino alcohol and the 
instability of the amino ketone under the reaction 
conditions were demonstrated in independent ex
periments in which the oxidant was omitted. It 
is therefore inferred that the Oppenauer oxidation 
took place with appreciable speed in this series, but 
no inference can be drawn as to the relative posi
tion of the oxidation-reduction equilibrium. 

Steric hindrance to reaction may be an impor
tant or dominant factor in the 1,3-amino alcohol 
series where there is little or no activation of the 
carbonyl groups. This might explain the fact 
that the amino alcohol VIII is not oxidized read
ily nor is the amino ketone VII readily reduced 
using aluminum alkoxides under the usual condi
tions. On the other hand if a six-membered ring 
complex (III) were possible here, then the differ
ing behaviors of the two compounds VIII and XII 
might be attributed to an understandable though 
perhaps not predictable difference in ease of cycli-
zation or stability of the complex (c/. the strik
ing effect of N-substitution in facilitating cycli-
zation of a- (ethanolamino) -ketones to hydroxy-
morpholines).6 

It is possible that equilibria in all of these reac
tions may be affected significantly by differences 
in conditions, solvent and reagent, under which 
the two opposite reactions are studied. The sta
bilities and solubilities of the nitrogen-aluminum 
complexes might well be affected by the basicity 
of nitrogen which should be greater in the 1,2-
amino alcohols than in the a-amino ketones. 
However, since the oxidations of the 1,4- and 
longer amino alcohols proceed normally in spite 
of their presumably still higher basicities11 and 
their presumably readier tendency to form simple 
acid-base complexes, the basicity effects alone 
would appear to be negligible in this connection. 

An alternative to the ring-complex explanation 
of the interference with the Oppenauer oxidation 
of 1,2-amino alcohols may be suggested in terms 
of the effect of resonance involved in the conju-

(11) The basicities of two typical 1,2-amino alcohols are signifi
cantly lower than those of the corresponding phenethylamines 
(Spencer, Leffler and Burger, unpublished results). 

gation of the C—O or C = O groups with the C—N 
linkage (inductive effect). The 2-nitrogen should 
increase the activity of the carbonyl group toward 
aluminum alkoxide reduction and at the same time 
diminish the oxidizability of the carbinol a-hy-
drogen. These influences would operate in the 
1,3- and longer amino alcohol and ketone systems 
with progressively diminishing intensities, and 
perhaps effectively only when coupled with ap
preciable steric effects (e. g., VIII). This alter
nate hypothesis however does not explain the 
shift of the equilibrium toward the amino ketone 
in a typical case in the 1,2- types (IVb) when a 
catalytic amount of potassium i-butoxide was 
used. 

In a recent paper by Adkins, el al.,ic on "oxi
dation potentials" of a series of ketones, calculated 
from equilibria, it is reported that a-(N-piperidyl)-
acetophenone has an oxidation potential higher 
by 85 mv. than that of acetophenone itself, but 
that the equilibration rate is considerably lower. 
Unfortunately equimolar or slightly larger 
amounts rather than catalytic amounts of alumi
num /-butoxide were used in the equilibrations.60 

The observed and very low equilibration (i. e., 
oxidation) rate would be an expected consequence 
of the formation of a stable amino alcohol com
plex such as I. It is doubtful that catalytic 
amounts of aluminum <-butoxide would have been 
adequate. However, catalytic amounts of potas
sium i-butoxide probably could have been used 
successfully (as here in the case of IVb) because 
of the absence of impeding complex formation 
and because of the high hydride-a-hydrogen 
activity in, and greater concentration of, the 
alkoxide ions produced by exchange with t-bu-
toxide ions; and this might have led to results 
more nearly representative of the true amino ke
tone—amino alcohol oxidation—reduction system. 

The ideas discussed above suggested other 
problems of interest in this field, e. g., the effect of 
an adjacent hydroxyl, alkoxyl or carbonyl on the 
Oppenauer oxidation. Allopregnane-3,17,20-triol, 
which is a typical example, is only partially oxi
dized by aluminum phenoxide—acetone-benzene to 
the 3-keto compound,12 possibly because of pro
tection of the 17 and 20-hydroxyls in the form of a 
five-membered phenoxyaluminum glycolate ring. 
The sharp raising of "oxidation potentials" of 
ketones by alpha60 or or^o6f-methoxyl groups 
might be explained in part on the basis of chelate 
complexes analogous to I. 

Experiments are in progress to put the idea of 
cyclic complexes to other tests. If the idea is cor
rect then the £raws-cyclopropane, cyclobutane, 
and other related 1,2-amino alcohols, should 
undergo the Oppenauer oxidation, whereas the cis 
isomers should not (and incidentally this reaction 
should offer a dependable means of determining 
configurations in such types). On the other 
hand, should the cis and trans isomers both fail 
to undergo the Oppenauer oxidation, it would 
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then be clear that ring complexes are not in
volved. A similar study of some cis and trans 
cyclic 1,2-glycols and glycol monoalkyl ethers is 
also projected in this connection. 

Acknowledgment.—Extensive contributions to 
the experimental work were made by Preston H. 
Leake and Rosser L. Wayland, Jr. 

Experimentall-
Aluminum and potassium t-butoxide oxidations, stim-

tnarized in Table I, were carried out according to the 
following general procedures: The reaction mixture con
sisted of 0.01 mole of the compound in the form of the base 
or the hydrochloride, 150 ml. of solvent, dry toluene [or 

TABLE 1 

OPPENAUJER OXIDATIONS 

C o m p o u n d P r o c e d u r e P r o d u c t Yield, ' . 

IVb B, G, L IYb 40 
IVb-HCl B, G, L IYb 10 
IVb A," C, F,'' I. XYIII 0"' 
IYb-HCl A, C, F, G XVTII IN 
IVc B, Ci, L I W 01 
IVc I), I, L IYc 

IYc-HCl B. G, L I \ e :,+ 
IW- A, C, I-', G, 1, XYJII :-;.' 
XVHI-HCl B, G, L XYIH Vi 
IVd C, H, I, X XXl IO 
IVe C, G, L, O 
V B, Ci, M \ iji.) 
V A, C, F, G, M XIX 35 
YI B, G, M XX 82 
XII B, G, I. IX or XIC 0 
XII-HCl B, G, I- IX or XlI 0 
XII-HCl K, Ci, F XII 44 
IX-HCl B, G, M IX' n 
YUI B, Ci, L YlIl IO 
YIII A 1 C 1 C i 1 F YUI :i:> 
YIIFHCl A, C1 Ci1 F VIIJ Vi 
YIII A, E, F1 G1 L \ III 132 
VIII A 1 C 1 F 1 G 1 L VII or VIIF' 0 
YII A 1 C 1 C i 1 L YII IV-i 
YU A1 C1 I-'. G1 F VH* Cl 

XIII D, Ci, Iv X I I l 70 
XlII I), I, K XlFI 54 
XIY-HCl I)1 Ci, M XIV-HCl 2* 
XY-HCl ! C l . M XY-HCI 70 
XYI-IICl D, I 1 J XVFFlCI 71 
XYlI D, 1, K. XViI s)2 
X X I F H C l Ci,''M XIY-HCl Io 

" The benzene evaporated during the experiment ami the 
reaction mixture .stood at ca. 150° for over ten hours, in 
another experiment using xvlene as the medium and re-
fluxing for 20 hours a 4 5 % yield of crude XVII I -HCl was 
obtained, purified (16%) and identified. h A quarter of 
an equivalent of potassium /-butoxide (0.0025 mole) was 
used. '' Crude but nearly pure. d This run, in toluene 
as the solvent, using 0.3 mole of benzhydrol rather than 
benzophenone, and refluxing for three hours, resulted in 
recovery of unchanged material, but under refluxing for 
twenty-one hours gave the amino alcohol XIV-HCl in 
13% yield (purified). It should be noted that there was 
considerable resinilication in this experiment. 'These 

compounds were specifically sought among the products 
but were not found. 

XIII = 4-BrC6FLCHOHCH2NC4H8O(InOrPhOIiIiVn 
XlY = 4TCRH,CHOHCH2X(»-butyl), 
\ Y = .H-Cl1I-CH3CpJF1CHOHCHnN(CH3)CH-CH:, 

CHOHCH2N(C2H6).. 

XVI - Cl .-. J 

- N;" ^C6H5 

C 

' 12) Mic roana lyses 'J> 
rinlvl if"al 1 n b o r a t o r v . 

:uxi Clark \Tlrro-

XVII = CTImNCH2CH(CH2IsCHCH2NC9HiC 

OH OH 
(C3H10 is tetrahydroisoquinolylj 

XVIII = C6H5COCH(C6H5)NC3H10 

XIX = C6H5COCH2NC5HiO 
XX = C 6 H 5 C O C H 2 C H 2 C H 2 N C 6 H I O 
XXI = C6H5COCH(C6H5)NHC6H5 
XXII = CoH5COCH(C6H5)N(CH3)C11H;, 
XXII I = 4-IC6H4COCH2N(«.-butyI), 

1 A) dry benzene], oxidant, (B) 0.4 mole of cyclohexanone, 
or (C) 0.05 mole or (D) 0.1 mole of benzophenone, [or 
i If) no oxidant at all but with 0.4 mole of added /-butauol 
Tor the purpose of testing the effect of reaction condi
tions) ], and 0.03-0.04 mole of aluminum [or in some cases 
(F) potassium 1 i-butoxide. This mixture was reiluxed for 
(G) 17-20, (H) 24 or (I) 40 hours, poured into ice water, 
made alkaline with 10% sodium hydroxide to dissolve 
aluminum hydroxide, and separated, with appropriate 
extraction by added ether where needed. The combined 
organic solvent extract was washed and the basic material 
removed by extractions with portions of 2 N hydrochloric-
acid until test showed the extraction to be completed. 
I In some cases (J) the combined organic solvent extract 
was instead dried over sodium sulfate and treated with 
ethereal hydrogen chloride to precipitate the hydrochlo
ride.] The combined aqueous extract was cooled by 
addition of ice and the base was precipitated by addition 
of 10-20% sodium hydroxide, or in a few cases by sodium 
carbonate. If the product solidified (K) it was filtered 
and recrystallized from ethanol; otherwise the resulting 
oil was extracted with ether, and the solution was dried 
over sodium sulfate and either (L) evaporated under re
duced pressure followed by crystallization of the base from 
ethanol, or (M) the hydrochloride was precipitated by 
addition of ethereal hydrogen chloride and recrystallized. 
The products were identified by mixture melting points 
which in this field seem generally to be reliable even for 
the salts. In all the experiments listed, except two as 
indicated, only the one crystalline product indicated was 
obtained with no indication that the corresponding amino 
ketone was present as a significant impurity; the yields 
listed refer to relatively pure material. The rest of the 
material was accounted for in part through losses in ma
nipulation and in part by the formation of non-crystalline 
by-products. (N) In the case of IVd, the product (hy
drochlorides) was converted to the bases. It was evi
dently a mixture of the amino alcohol and amino ketone. 
Fractional crystallization from ethanol gave a small 
amount of pure amino ketone (XXI) which was identified 
by mixture melting points. (O) The product in the case 
of IVe was evidently a mixture. Fractional crystallization 
gave a small yield of unchanged amino alcohol which was 
identified by mixture mslting point. 

N-Desylaniline (XXI) was made in 3 5 % yield by the 
Voigt reaction13 from benzoin, aniline and phosphorus 
pentoxide under heating for four hours at 100°. Reduc
tion of 14.3 g. with 30 g. of aluminum isopropoxide in 200 
ml. of isopropyl alcohol under reflux for three hours, 
evaporation under reduced pressure, hydrolysis in ice and 
extraction with ether, gave a crystalline residue (IVd) 

•T'S) '-A c ,„- ; . t . . ; . / , . . , , : ; . num.. 34, 1 USSI'i); (b> also r«f. 3a. 

file:///Tlrro-
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which was recrystallized from ethanol; 12 g. (84%); 
m. p . 122-124° (Voigt,14* 119°). 

N-Desyl-N-methylaniline (XXII) was made by conden
sation of 23 g. of desyl chloride and 35 ml. of methylaniline 
(100° for four hours), and crystallized from ethanol; pale 
yellow; yield 12 g. (40%); m. p . 99.5-101.5°. 

Anal. Calcd. for C21H19NO: C, 83.69; H, 6.35. 
Found: C, 83.74; H, 6.51. 

1,2-Diphenyl-2-(N-methylanilino) -ethanol (IVe) .—Re
duction of 12 g. of X X I I by aluminum isopropoxide (as 
above) and crystallization of the product from ethanol 
gave 4.2 g. (34%); m. p . 110.5-112°. 

Anal. Calcd. for C21H2INO: C, 83.13; H, 6.98. 
Found: C, 83.18; H, 6.58. 

a-(Piperidylmethyl)-benzyl Alcohol (V).—Reduction 
of 5 g. of XIX 1 4 (see Table 1) with 45 ml. of 1.8 N alumi
num isopropoxide under slow distillation for three hours, 
and recovery of material by hydrolysis in dilute sodium 
hydroxide, extraction with ether, precipitation of the salt 
by ethereal hydrogen chloride, liberation of the base by 
dilute sodium carbonate and extraction by ether, gave 3 g. 
of crystals of m. p . 67-68° (60%) (B. and B.,1 6 69-70°). 
Preparation from styrene bromohydrin in refluxing ben
zene (48 hours); yield 36%. The hydrochloride was 
crystallized from alcohol by addition of ether; m. p . 192-
194° (B. and B.,1 4 193-194°). 

Anal. Calcd. for C13H13NO-HCl: C, 65.13; H, 7.57. 
Found: C, 65.21; H, 7.45. 

a-Piperidylacetophenone hydrochloride16 (XIX, Table 
1), when recovered in the several experiments, was iden
tified by mixture melting point with material prepared 
from phenacyl bromide and piperidine. We found the 
melting point to be somewhat higher than reported16; it 
began to soften at 210° and melted over 228-230° (initial 
bath temperature 200° and heating rate 1° per minute). 

l,2-Diphenyl-3-piperidylpropanol-l (VIII).—The amino 
ketone14 '15 (VII) (12 g.) in ethanol, acidified with 5 ml. 
of coned, hydrochloric acid beyond that necessary to give 
the congo reaction, was reduced16 with platinum and hy
drogen at 3 atmospheres (1.5 hours); the theoretical 
amount of hydrogen was absorbed. The crystalline pre
cipitate which had appeared was dissolved by heating, 
and the solution was filtered and cooled; yield 6.4 g. 
(53%); m. p . 254-256°. 

Anal. Calcd. for C20H26NO-HCl: C, 72.38; H, 7.90. 
Found: C, 72.36; H, 8.21. 

The base (VIII) was liberated by sodium carbonate and 
crystallized from isooctane; m. p . 91-93°. 

Anal. Calcd. for C20H25NO: C, 81.31; H, 8.53. 
Found: C, 81.47; H, 8.22. 

Reaction of the amino ketone (VII) with aluminum iso
propoxide proceeded only very slowly. Precipitation of a 
complex from which VII could be recovered on hydrolysis, 
occurred quickly; this changed slowly upon long heating 
(eight hours) into a complex which dissolved completely 
in aqueous sodium hydroxide. No basic product was pre
cipitated, and it appeared that deamination was the chief 
result. 

/3-Piperidylpropiophenone (IX) hydrochloride was re
duced16-16 in ethanol with platinum and hydrogen at 3 
atmospheres with absorption of the calculated amount in 
35 minutes. The product (XII hydrochloride) crystal
lized upon addition of ether to the filtered solution; yield 
67%. Aluminum isopropoxide reduction10 of 20 g. of IX 
with 5Og. of reagent in 300 ml. of isopropyl alcohol under 
reflux for six hours, followed by hydrolysis in ice and hy
drochloric acid, and extraction with ether, gave an oil 
[2 g. (20%), collected at 70-90° (5 mm. ) ; «2 2-6D 1«.520] 
which was identified as (XI)1 7 by conversion into tri-

(14) Blicke and Blake, T H I S JOURNAL, 52, 235 (1930). 
(15) Mannich and Lammerling, Ber., 55, 3524 (1922). 
(16) C/. reduction of jS-piperidylbenzylacetophenone: J. D. 

Smith, Doctorate Dissertation, University of Virginia (1946). 
(17) (a) Klages and Klenk, Ber., 89, 2554 (1906); (b) Meiaen-

h.imtr and Link, Ann., «79, 246 (1930), 

bromphenylpropane18" and the £-nitrobenzoate18b (iden
tified by m. p . 123-124° and 46-48°, respectively). The 
acid solution of the amino alcohol (XII) was treated with 
excess dilute sodium hydroxide and chilled, and the pre
cipitated solid base was filtered and recrystallized from 
petroleum ether; m. p . 63-64°; yield 11.3 g. (65%). In 
one experiment the base was distilled; b . p . 170° (50 mm.) . 
It gave no mixture melting point depression with the sample 
prepared by catalytic reduction (above). 

4-Piperidyl-l-phenylbutanol-l (VI) made by the 
method of Marxer,18" was obtained under difficulties simi
lar to those experienced by Hauser17a in analogous syntheses. 
The hydrochloride crystallized from ethanol by addition 
of ether, and melted at 127.5-128.5° (Marxer18" reported 
109-111°). It contained persistent water of crystalliza
tion which was eliminated upon drying in a desiccator 
over ascarite for several days. 

Anal. Calcd. for C16H23NO-HCl: C, 66.67; H, 8.99. 
Found: C, 66.77; H, 9.01. 

The base was an oil,18a b . p . 152-153° (0.5 mm. ) ; »2 6D 
1.5297. 

Anal. Calcd. for C15H23NO-HCl: C, 77.20; H, 9.93; 
N, 6.00. Found: C, 77.36; H, 10-08; N, 6.28. 

I t crystallized as the monohydrate when exposed to the 
atmosphere; recrystallization from »-hexane gave photo
sensitive crystals; m. p . 53-54°. I t lost its solvent of 
crystallization and reverted to an oil on standing over 
calcium chloride in a desiccator. 

Anal. Calcd. for C14H23NO-HoO: C, 71.67; H, 10.02. 
Found: C, 71.94; H, 10.38. 

-y-Piperidylbutyrophenone (XX of Table I) was ex
tracted by 4 N hydrochloric acid in the usual way (above) 
but it partially crystallized from this solution; the mate
rial was filtered at this point and combined with the rest of 
the product which was subsequently isolated in the usual 
way (see M above). It was recrystallized from ethyl ace
tate by addition of ether; m. p . 185-186°. Drying at 
60° in vacuo was necessary to remove water of crystalliza
tion which was partially regained with great rapidity 
upon exposure to the atmosphere. 

Anal. Calcd. for C15H21NO-HCl: C, 67.20; H, 8.28. 
Found: C, 66.90; H, 8.06. 

Summary 

Nine typical 1,2-amino alcohols failed to un
dergo the Oppenauer oxidation under the usual 
conditions using aluminum i-butoxide; but three 
were successfully oxidized using potassium t-hu-
toxide. Two 1,2-anilino alcohols seemed to be 
partially oxidized under the usual Oppenauer 
conditions. One 1,3-amino alcohol failed to un
dergo the Oppenauer reaction, but another ap
parently did react. A typical 1,4-amino alcohol 
was oxidized under the usual Oppenauer condi
tions without difficulty. 

The deamination product obtained in the at
tempted aluminum isopropoxide reduction of fi-
piperidylpropiophenone was identified as phenyl-
vinylcarbinol. 

Explanation of the interference with the Op
penauer oxidation of aliphatic 1,2-amino alcohols 
is offered in terms of five-membered chelate com
plexes involving aluminum, the alcoholic hydroxyl 
and amine nitrogen. 
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(18) (a) Marxer, HeIv. CMm. Acta, 2«, 222E (1941); (b) cf. also 
Brealow, Walker, Yoit and Hauler, THI» JOURNAL, (T, 1472 (1945), 


