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Inan effort to devise an alternative synthesis of the hydroxypiperidine ring present in the

alkaloid veratramine, a model synthesis starting from cis-6-phenyl-d-heptenoic acid was explored.

This acid was converted to the epoxide of cis-0-phenyl-1-amino-4-heptene which on heating
I I g

rave 2-(1-hydroxy-2-phenylpropylpyrrolidine as the only produet. As a reference compound
Y- Yi py 5
2-(I-phenylethyl)-3-hydroxypiperidine  was synthesized using a variation of an established

procedure.

In the two total synthes

s ol veratramine (1) reported
to date (3), one ol the principal synthetic obstacles was
Lthe construction of the heterocyelie portion of the mole-
cule which contains three chiral centers and has a fourth
such center located adjacent to it at C-20. lu an effort to
devise a possible stereoselective synthesis of this portion
ol the veratramine molecule, it was envisioned that reaction
of an appropriate Witlig reagent with aldehyde 2 (4),
having the correct stereochemistry at C-20, would lead to
such a synthesis. Since aldehyde 2 is available only by
total synthesis (3a,5), or degradation of cither vera-
tramine (4) or hecogenin (6), our initial goal was the
synthesis of the model compound, 2-(I-phenylethyl)-3-
hydroxypiperidine (3), using 2-phenylpropionaldehyde as
starling material.

Reaction of this aldehyde with the Wittig reagent
derived from ethyl y-bromobutyrate, under carefully
controlled conditions (see lixperimental), led to a single
unsaturated ester in 75% yield. On the basis of the known
sterie: course of the Wittig reaction, it was anticipaled
that this reaction would lead to a predominance of the
cis ester (4) (7), however, unexpectedly no trace of an
isomer could he detected by any of the conventional
leehnigues. This material showed the infrared absorption
at 135w, characteristic of a ecis olefin (8), and this
tentative structural assignment was confirmed by decoup-
ling experiments in the nmr. lrradiation of the benzyl
proton at & 3.70 reduced the mualtiplet of the adjacent
vinyl proton to a doublet with a coupling constant of
10 Hz, characteristic of a cis-olefin (9).  Some efforts
were made o obtain the frans isomer of this ester,
cither by modifying the conditions of the Witlig reaction
(zee Lxperimental) or by isomerization using chemical
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of photochemical methods.  The former experiments
afforded only the cis ester in mediocre yield, while the
latter led 1o either the recovery of unchanged starting
material or products of gross decomposition.

Iister 4 was converted to the amide 5 via the corres-
ponding acid (6) in the customary manner. However,
altempted  conversion of 5 to the epoxide using m-
chloroperbenzoic acid afforded a compound, Gy 31, 4Oy,
which on the basis of a carbonyl hand in the infrared at
5.60 p, and a hydroxyl peak at 2.90 u was assigned the

v-lactone structure (7). This structural assignment was
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confirmed by the nmr which showed one proton multi-
pletsat § 3.54 and 4.26 for the protons adjacent to oxygen
as well as a high field methyl doublet and an aromatic
singlet. This lactone apparently arises during the course
of the epoxidation by interaction of the oxygen of the
amide function of 5 with an intermediate which would
normally lead to an epoxide (10).

This problem was circumvented by reduction of 5 to
the amine (8), which was then protected as the carbo-
benzoxy derivative (9). Reaction of 9 with m-chloro-
perbenzoic acid proceeded smoothly to give the unstable
epoxide (10). Hydrogenolysis of 10 gave amino epoxide
11 which was, without isolation, heated to effect cycli-
zation.

Although this reaction could conceivably afford a
piperidine derivative (3), a pyrrolidine derivative (12), or
a mixture of both compounds, only one product, an
air-sensitive, crystalline amino alcohol, could be detected
It has been noted, that in the
mass spectrum veratramine shows a strong peak at m/e
114 corresponding to a fragment C4ll; , NO derived from
the piperidine ring present in the molecule (11). By a

in the reaction products.

similar line of reasoning, compound 3 should show a strong
peak at m/e 100, while a compound of structure 12 would
not. The mass spectrum of the reaction product showed
only a minimal peak at m/e 100, but a strong peak at
m/e 70, corresponding to a fragment C4 HgN derived from
the pyrroliding ring of 12. This assignment of structure
was confirmed by conversion of 12 to the benzamide (13)
via the N,0-dibenzoyl derivative. This crystalline amide
showed a strong mass spectral peak, m/e 174, which cannot
readity be explained in terms of a piperidine structure.
Two phase oxidation of 13, under conditions which have
been shown not to epimerize centers adjacent to a car-
bonyl group (12) gave a single keto amide (14). The nmr
spectrum of this compound showed the benzyl proton as
a multiplet at § 4.03 and a second low field proton as a
triplet at 8 4.40, in agreement with the assigned structure.

Although it is known that cyclization reactions of

amino compounds to afford pyrrolidine derivatives are
somewhat more favorable than those to give piperidines
(13), it was not anticipated that a pyrrolidine would
be the exclusive product from the cyclization of 11 (14).
Since steric considerations indicated that cyclization to a
hydroxy piperidine would proceed more favorably with
the trans-isomer of 11 several attempts (see above) were
made to prepare this compound, however, these efforts
proved fruitless.

During the course of this work, it became apparent
that a reference sample of the desired hydroxy piperidine
was essential for comparison purposes. The most attractive
approach to this compound appeared to be via the route
used by Johnson for the synthesis of the heterocyclic
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ring of veratramine (3a). The conversion of a-phenyl-
propionaldehyde to the N-benzoyl oxopiperidine (15)
proceeded smoothly, following the established procedures.
(See Experimental) (15).

Although it would be anticipated that 16 would have
been obtained as a mixture of diastereomers (16), the
keto amide was obtained as a sharp melting solid, which
was homogeneous to tle. Apparently, one diastereomer
is sufficiently more stable than the other that it is
obtained as essentially the only isolable product (17).

Borohydride reduction of 15 led to two alcohols in a
ratio of approximately five to one. The nmr spectrum of
the major reaction product showed the C-3 carbinol
proton as a broad multiplet (Wy, 20 Hz) at & 4.00,
indicating that the hydroxyl group is equatorial. The C-2
proton appeared as a quartet with apparent coupling
constants of 9 Hz and 6 Hz at 8 5.39. Since it has been
shown that for the N-acetyl derivative of 15, the coupling
constant between the benzyl and C-2 protons is 9 Hz
(16), and for the epimer of this compound is 11 Hz (see
below) the coupling constant between C-2 and C-3 must
be 6 Hz. These data, plus the low field at which this
proton appears, indicate that this proton is equatorial,
with the phenethyl group axial. This is not unexpected for
a compound of structure 16, in view of the conformation
of various N-benzoylveratramine derivatives described by
Johnson (18).

The nmr spectrum of the minor product of the
reduction showed the C-3 carbinol proton as a multiplet
(Wy, 14 Hz) at & 3.79, with the C-2 proton as a quartet
at 8 5.25. In decoupling experiments it was found that
irradiation of the benzyl proton at 8 3.40 reduced the C-2
proton to a doublet, J = 3 Hz, indicating that the C-2 and
C-3 protons do not have a trans diaxial relationship.
Irradiation of the C-3 proton also reduced this quartet to
a doublet, ] = 11 Hz, caused by coupling between the
C-2 and benzyl protons. Irradiation of the C-2 proton
reduced the C-3 proton to a symmetrical triplet, ] = 7 Hz,
characteristic of an equatorial proton. On the basis of these
data, it is apparent that this amino alcohol is 17 with, as
expected, (18) both substituents axial (19).

The mass spectra of 16 and 17 were very similar and
were in agreement with the assigned structures, showing
a base peak, m/e 204, corresponding to a fragment
Ci12H14NO,, arising from the piperidine ring. Com-
pounds 16 and 17 were markedly different in their
physical properties [rom the amino alcohol assigned struc-
ture 13.

The major product from the borohydride reduction
was converted to the corresponding amino alcohol (3)
either by direct hydrolysis or by reduction to the N-
benzylamino alcohol followed by hydrogenolysis. The
properties of 3 were in agreement with the assigned
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structure, in particular the mass spectrum which showed a
base peak m/e 100, as expected for a veratramine analog.
Again, the properties of 3 were markedly different from
those of amino alcohol 12. A lack ol material prevented
the conversion of the epimeric amino alcohol (17) to
amino alcohol 18.

EXPERIMENTAL (20)

Ethyl cis-6-Phenyl-4-heptenoate. A.

To 4.5 g of sodium hydride (173 mmoles) was added in a
nitrogen atmosphere 200 ml. of dimethyl sulfoxide (distilled
from calcium hydride) and the mixture heated at 70° for one
hour to give a pale green solution. The solution was cooled to
room temperature and 62 g (135 mmoles) of 3-carbethoxy-
propyltriphenylphosphonium bromide (21) slurried in 300 ml.
of dimethyl sulfoxide was added. After 10 minutes, 13.4 g.
(100 mmoles) of 2-phenylpropionaldehyde in 100 ml. of dimethyl
sulfoxide was added in one portion and the mixture was heated at
63° for 20 hours. After cooling to room temperature, the reaction
mixture was poured into an ice-water slurry and extracted with
pentane. The pentane solution was washed once with a mixture
of 100 ml. of dimethyl sulfoxide and 300 ml. water followed by
three portions of water and two portions of brine, dried, filtered,
and the filtrate concentrated to 50 ml. and cooled in an ice-bath.
The precipitated triphenylphosphine oxide was filtered off and the
pentane solution filtered through a column of alumina to give
17.0 g of crude product. Distillation gave 1.4 g. of 3-phenyl-
propionaldehyde (b.p. 40-45°/0.15 mm), and 15.2 g. of unsaturated
ester (b.p. 91:96°/0.15 mm, 75% based on aldehyde consumed).
Redistillation of a portion of the product provided the analytical
sample; ir gz 5.76 and 13.5; nmr &: .11 (t, 3H, ) = 6.5 Hz,
CH3-CHy-), 1.26 (d, 3H, | = 6 Hz, CH3CH), 3.68 (m, | H,
CH3CH), 4.02 (q, 2H, CH3CH3), 519 (m, 2H, CH=CH), 6.97
(brs, 5SH, Ar H).

Anal. Caled. for Cy5H,005:
77.41; H, 8.79.

B.

C, 77.55; H, 8.68. Found:

To a suspension of 4.56 g. (10 mmoles) of phosphonium salt
in 40 ml of anhydrous ether at room temperature was added
slowly in a nitrogen atmosphere, 7 ml. of 1.6 N n-butyllithium in
hexane (11 meq.). After two hours, 0.8 g. (6 mmoles) of 2-
phenylpropionaldehyde in 40 ml. of anhydrous ether was added
and the mixture stirred for 18 hours. Since the salt was not
completely consumed, an additional 4 ml. of butyllithium were
added and the mixture again stirred for 18 hours. The ether was
replaced by 60 ml. of tetrahydrofuran (freshly distilled from
caleium hydride) and was heated at reflux for 18 hours. The
bulk of the tetrahydrofuran was removed and the contents were
diluted with water and extracted with pentane; the pentane
solution was washed with 1:1 tetrahydrofuran/water, water and
brine, dried and the solvent evaporated to give 1.32 g. of oil.
The crude product was dissolved in pentave and filtered through
40 g. of Merck acid washed alumina to give 0.624 g. (27%) of
ester containing a trace of aldehyde. This material was identical
to that prepared in part (A) above.

C.

To a solution of sodium ethoxide, prepared from (.75 g. of
sodium, in dimethylformamide, was added 13.68 g. (30 mmoles)
of phosphonium salt and 4.5 g. (30 mmoles) of dry sodium iodide.
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The slurry was diluted with 25 ml. of dimethylformamide, stirred
for one hour at room temperature, and 2.52 g. of 2-phenyl-
propionaldehyde in 2 ml. of dimethylformamide was added in one
portion and the mixture stirred overnight at room temperature.
The contents were diluted with water and extracted with hexane.
After removal of most of the triphenylphosphine oxide by
crystallization, the residue was dissolved in hexane and filtered
through a column of Merck acid washed alumina. Elution with
I:1 hexane:benzene gave first 0.5 g. of recovered aldehyde and
then 0.5 g. of ester contaminated with a trace of aldchyde.
The yield of crude ester identical to that prepared in part A above
was 29%.

cis-0-Phenyl-4-heptenoic Acid.

A solution of 28.83 g. (89.7 mmoles) of ethyl cis-6-phenyl-4-
heptenoate in 250 ml. of 10% ethanolic potassium hydroxide was
heated at reflux for 18 hours. Most of the alcohol was removed
and the residue diluted with 500 ml. of water and extracted with
pentane. The aqueous solution was acidified with 10% hydrochlorie
acid and extracted with four portions of methylene chloride.
The methylene chloride solution was washed well with water and
brine, dried and the solvent removed to give 18.33 g. (99%) of
acid. Distillation at 119-128° (air-bath) at 0.05 mm provided the
analytical sample; ir p: 3.50 and 5.82; nmr 8: 1.30(d, ] =7,
2H CH;CH), 3.78 (m, L H, CH3CH), 5.38 (m, 2H, CH=CH), 7.20
(brs 5H, Ar H).

Anal. Caled. for Cyi3H;605:
C, 76.48; H, 8.07.

¢is-6-Phenyl-4-heptenamide,

C, 76.44; H, 7.90. Found:

A solution of 7.68 g. (37.8 mmoles) of cis-6-phenyl-4-
heptenoie acid in 50 ml. of benzene containing 0.5 ml. of pyridine
was cooled below room temperature and 25 g. (800 mmoles) of
oxalyl chloride were added in one portion and the mixture stirred
for 15 hours at room temperature. The solvent and the excess
oxalyl chloride were removed under reduced pressure, and the
residue dissolved in 100 ml. of dry chloroform, cooled in an
ice-bath and saturated with dry ammonia. The excess ammonia
and chloroform were removed and the residue redissolved in ether
and washed with dilute hydrochloric acid, 5% aqueous sodium
bicarbonate and brine. The ether solution was dried and the ether
removed to yield 7.1 g (93%) of crude amide. Chromatography on
Merck acid washed alumina and elution with methylene chloride
gave a total of 6.82 g. (90%) of amide which was homogeneous to
tle; ir w: 3.02, 3.15, 6.00; nmr &: 1.22(d, ] =6, 3H, CH;CH),
3.78 (m, 1 H, CH3CH), 5.49 (m, 2H CH=CH), 7.21 (brs, 5H, Ar H);
mass spectrum m/e (relative intensity) 204(20), 203(100), 189(0),
144(54), 129(44), 105(41), 91(10), 77(15), 59(15), 45(10).

5-(1-Hydroxy-2-phenylpropyl)butyrolactone (7).

To a cold solution of 1.0 g. of amide Bin 50 ml. of methylene
chloride was added slowly 2.10 g, (10 mmoles) of 85% m-chloro-
perbenzoic acid, and the mixture was stirred for 1.5 hours in an
ice bath and a further 20 hours at room temperature. The
suspension was filtered and the solution washed with cold 5%
sodium bisulfite, saturated sodium bicarbonate, water and brine.
After drying, the solvent was removed to give 1.09 g. of crude
product.  Tle showed the presence of starting material and the
reaction product was reoxidized with 1.10 g. of peracid using
the above conditions and the product isolated to give 1.10 g.
of crude compound. Chromatography on silica gel and elution
with 2% methanol in benzene gave 0.592 g. (67%) of lactone 7.
Recrystallization from acetone/pentane gave white needles m.p.
147.5-148°% ir u: 2.90, 5.66, 8.35, 10.9; nmr s 1.41 (d, ] = 7
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tHz, 3H, CH3CH), 3.58 (m, 1 H, CIT O11), .25 (m, | 1, CHO),
728 (brs, SH, Ar H).

Anal. Caled. for Cp3H,03:
G 73 L 7.36, (22).

C, 70.89; H, 7.32. Found:

cis-0-Phenyl-l-amino-4-heptene.

A solution of 6.15 g. (30 mmoles) ot amide 5 in 300 ml. of
ether was added dropwise with stirring and cooling to a suspension
of 0.3 g of lithium aluminum hydride in 1.2 1. of dry ether.
The reaction mixture was refluxed for 18 hours and stirred for
another 2 hours at room temperature. The excess lithium aluminum
hydride was destroyed with small chunks of ice with cooling and
stirring.  The ether solution was decanted and extracted with
three portions of cold 10% hydrochlorie acid. The acid solution
was washed once with ether and then made basic with dilute
aqueous sodium hydroxide, The alkaline solution was extracted
with three portions of ether and the ether solution was washed
with water, brine, dried, and the solvent removed to give 4.00 ¢,
(80%) of amine. The erude produet was dissolved in benzene and
filtered through Merck alumina to give 4.80 g. of pure amine.
A pure (tle) portion of the amine was distilled at 88-91° (air-bath)
and 0.35 mm to provide the analytical sample: ir g 2,94, 3.05;
mnr 8 B28 (d, ] 6 Hz, CH3CH), 2.53 (m, 2H, ClI;NH,),
377 (m, L H, CH3CHY, 541 (m, 2H, CH-CID, 7.17 (be s, 511,
Ar 1),

tnal. Caled. for Cy3HgN: €, 82.48;
Found: ., 82.33: 11, 10.17; N, 7.34.

H, 1012, N, 7.40.

N.-Carbobenzyloxy-6-phenyl-1-amino-4-heptene.

To 10.1 g, (53.3 mmoles) of eis-6-phenyl-1-amino-A4-heplene
was added, with vigorous stirring at 0-5°, 11 ml. (75 mmoles) of
benzyloxyecarbonyl chloride with the simultancous addition of
10 ml of 2N sodium hydroxide at a rate suitable to maintain
a pH ol 10-11. The reaction mixture was stirred at room temper-
ature for 21 hours and then extracted with three portions of
methylene chloride. The methylene ehloride sohition was washed
with water, 10% hydrochlorie acid, water and brine, dried, and
the solvent removed 1o give 17.34 g of erude product conlaining
some benzylaleohol. Benzyl aleohol was removed as the azeotrope
with water under reduced pressure with heating on the steam
bath. The residue was dissolved in benzene and filtered through a
small alumina column to give 16.35 g. (95%), of pure (tle) amide
as a colorless gum; ir s 3.0, 5.75, 5.80; nmrs 1.22(¢d, ] 6 Hz,
CHCHY, 298 (m, 2H, CHyNEHD, 3.59 (m, 1 H, CUH3CHD, 4.90
(s, 2H Ar CHR). 5.22 (m, 2H, CH-CH), 7.02 (m, 101, Ar H).

N-Carbobenzyloxy-t-amino-6-phenyl-1,5-oxidoheptane,

A solution of 16.00 g (50 mmoles) of V-carbobenzyloxy-1-
amino-6-phenyl-A-heptene in 400 ml. of dry ehloroform was
cooled in an ice-bath and 21.6 g (125 mmoles) of m-chloroper-
benzoie acid were added stowly during 5 minutes. The mixture
was stirred inan ice-bath for 2 hours and then at room temperature
for 1'l hours, filtered, washed with cold sodium bisulfite solution,
aqueons sodium bicarbonate and saturated brine solution, dried
and the solvent evaporated o give 16.60 g. (99%) of pure (tle)

product; ir g 5.82, 8.0 and 1212, wmr s: 1.39 (d, ] 6 Hz,
SHL CHCHD, 289 (br m, SH, CH3CH, GHLNHL CH-CHD, 193
(< 2 Ar ClH), T.03 (. TOI, Ar 1), (23). o

2 L-Hydroxy-2-phenylpropylpyrrolidine (12).

A solution of 16.30 g. (48 mmoles) of N-carbobenzyloxy-1 -
amino-0-phenyl-4.5-oxidoheptane in 350 ml. of absolute ethanol
was hydrogenolyzed with 6.0 g ol 5% palladium on carbon at
atmospherie pressure and room temperature. During one hour,
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one equivalent of hydrogen was absorbed.  The catalyst was
filtered out through Celite and the filtrale was heated at reflux
16 hours under a nitrogen atmosphere,  Distillation of the
ethanol gave 9.80 g of oil which erystallized on standing.
Recrystallization from methylene chloride-ether gave white crys-
tals, m.p. 148-149°% nmr s: 1.29 (d, ] = 7 Hz, 3H, CH3CH),
2.88 (br m, 3H, CHUNH-CIl3), 3.12 (m, 1 H, CH3CIH, 3.52
(m, 1 HL, CIF O, 6.80 (s, SH, Ar II); mass spectrum m/e (rel.
intensity) 206(8), 205(0), 105(100), 91(52), 92(20), 77(33),
70(25).
dioxide and on repeated attempts would not provide aceeptable
analytical data.

This material very readily absorbed atmospherie carbon

1-Benzoyl-2-(1-hydroxy-2-phenylpropylpyrrolidine (13).

To a solution of 3.00 g. (17.85 mmoles) of 2(1-hydroxy-2-
phenylDpropylpyrrolidine in 100 ml. of dry pyridine, cooled inan
ice-bath, was added slowly 9.75 ml of benzoyl chloride.  The
reaction mixture was stirred al room temperalure for 30 hours,
ice was added, the mixture stirred for 30 minutes and then poured
into a mixture of ice and ON hydrochlorie acid.  The aqueous
solution was extracted with methylene chloride, the methylene
chloride solution was washed with water, saturated sodium bicar-
bonate and brine, dried and the solvenl removed Lo give 82% of
crude product.  Tle (silica gel G/7% acetone in benzene) showed
two components with Ry 0.49 and 0.33. A 6.0 g. portion of this
material was dissolved in benzene and chromatographed on Merck
acid washed alumina. Elution with 25% hexane-benzene and 1%
acelone in benzene gave 3.35 g of amide ester as a colorless glass;
ir wr 550,610 nmr 6: 1.32(d, ] 6 Hz, 3H, CH3CID, 3.15
(m, 3H, CHN, CH3CIH), 4.54 (m, 1 H, CHO), 5.07 (m, | H, NCIH),
75 (my 151 Ar 1), This material was hydrolyzed to the amide
without further purification.

A solution of 2.80 g. (6.75 mmoles) of the amide ester in
150 ml. of 1% methanolic potassium hydroxide was stirred at
room temperalure for 24 hours, the base strength was then
increased 1o 2% and the mixture again left al room temperaiure
for 32 hours. Methanol was distilled off at reduced pressure with
gentle warming and the contents were diluted with 50 ml. of
waler, extracted with methylene chloride and the methylene
chloride exiracls washed with water, dilute hydrochlorie acid,
water and brine and the solvent removed to give 1.73 g (5.0
mmoles, 83%) of solid.  Crystallization from benzene-hexane
provided the analytical sample m.p. 128-128.5% ir p: 3.04,
0.26, 6.38; nmrs: 1.20(d, ] - 6 Hz, 31, CH3CH), 2.72 (m, | H,

B
CHOH), 3.20 (m, I 1, N-CID, 3.55 (m, I H, CH3CH), 4.24

(m, 1 H, N}IIII), 452 (my 1 H, NCHY), 6.82 (m, 1 OH, Ar 1)
mass spectrum mje (rel. intensity):  310(0.7), 309(1.3), 2091(5),
277(3), 200(7), 188(33), 175(12), 105(100), 83(23), 77(20).

Anal. Caled. for CoHa3NOL: € 77.045 H, 7.49; N, 4.53.
Found: €, 77.41; 1, 7.35; N, 1.40.

1-Benzoyl-2-(1-keto-2-phenyDpropylpyrrolidine (14).

An oxidizing solution was made by mixing 3.0 g. of chromium
trioxide, 3.0 g. ol sodium dichromate, 4.8 ml. of acelic acid and
24 ml, of water to give in tolal 33 ml. of reagent. To 2.8 ml. of
this solution, cooled in an ice-bath, was added a cold solution
of 0.20 g (0.69 mmoles) of hydroxy amide 13 in 10 mb of
benzene.  The mixture was stirred at 0-10° for two hours in an
ice-bath and then at room temperature for 30 hours. An additional
20 ml. of benzene was added, the benzene layer was separated
and washed with water, sodium bicarbonate and brine, dried, and
the solvent removed to give 00151 ¢, (75%) of material which would
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wol crystallize. Tle (silica gel G, 10% acetone in benzene) showed
that this material was homogeneous; ir g 015 nmr & 1.38
(d. )6 Uz, 3H, CH5CI, 3.28 (m, 2H, NCIHK), 408 (m, 1 H,
CH3CID, A1 (my L HL NCID, 692 (m, 10 H, Ar D mass
speetrum, mfe (rel. intensity): 308(2), 307(1), 1891 1), 188(69),
173(20), 106(25), 1O5(100), 76 (50).

24(3-Carbo-t-butoxypropy lamino)-3-phenylbutyronitrile.

To a solution of 20.82 g (130 mmoles) of -butyl-4-amino-
butyrate and 16.25 g. (123 mmoles) of 2-phenylpropionaldehyde
in 900 ml. of absolute ethanol, was added 900 ml. of water.
To the cloudy suspension was then added, with stirring, 17.75
(92.25 mmoles) of sodium meta-bisulfite.  After stirring for 2
hours at room lemperature, a solution of 8.82 ¢. (135 tamoles)
of polassium eyanide in 300 ml. of ethanol/water (1:1) was
added and the solution stirred for 64 hours at room temperature
under nitrogen.  The reaction mixture was diluted with waler
and extracted with four portions of methylene chloride.  The
extracts were washed with saturated sodium bicarbonate, 1 N

a7,
pLs

~
o)

hydrochlorie acid, water and saturated  brine, dried and the
solvent removed at 40°. The excess aldehyde was removed under
reduced pressure (035 mm) at 40-50° to give 20.56 g. (82%) of
amino nitrile as a thick syrup.  Tle (alumina, 2% acetone in
benzene) showed one major component with a trace of impurity;
ir w: 442, 5.80, 2.08 and 3.41, 5.05. This malerial was used in
the next step without further purification.

N-Benzoyl-2-(3-carbo-t-butoxypropylamino)-3-phenylbutyronitrile,

To a solution of 29.0 g. (96 mmoles) of the crude amino
nitrile in 500 ml. of pyridine was added 50 ml of benzoyl
chloride.  After keeping the solution for 27 hours at room
temperature, ice was added, the mixture was stirred for 40 minutes,
then poured into a slurry of 2.5 L of 6N hydrochloric acid and
about | kg. of ice. The mixture was extracted with four portions
of methylene chloride, the methylene chloride solution was washed
with waler, salurated sodium bicarbonate, brine, dried and the
solvent distilled out, yielding 37.35 g. (95%) of crude amide.
On erystallization of the residue from methanol, and then from
ether-pentane, 1589 g, of white solid, m.p. 92-100°, was
obtained.  Reerystallization from ethanol gave the analytical
sample, m.p. 108-1 10% ir w: 5.76,6.10.

Anal. Caled. for C5H39N205: G, 73860 U, 7.44; N, 6.89.
Found: €, 74.12: H, 7.35; N, 0.74.

1-Benzoyl-2-(1 -phenylethyl)-3-amino-4-t-butoxy carbonyl-3-piper-
idine.

A suspension of 1.05 g (10 mmoles) of sodium hydride in
75 ml. of dry dimethylsulfoxide (freshly distilled from calcium
hydride), was heated at 73° for 1.5 hours in a nitrogen almosphere,
The mixture was cooled to room temperature and added 1o a
solution of 4.32 ¢. of amido nitrile in 100 ml. of dry dimethyl
sulfoxide.  The reaction mixture was stirred tfor 2 hours at room
temperature, then poured over 300 g. of crushed ice containing
16 ml. of glacial acetic acid. The resulling mixture was extracted
with three portions of methylene chloride, the extracts were
washed  with water, IN hydrochloric acid, saturated sodium
bicarbonate and brine, dried and the solvent removed to give
344 g, of brown solid. A 3.24 g. portion of the crude product was
chromatographed on Florisil 1o give 2.91 g. (74%) of enamino-
ester as a white solid on elution with 25% acetone in benzene.
The analytical sample was crystallized {from methylene chloride-
ether as white oblong plates m.p. 177-178% ir g 2,92, 3.01,
0.0 and 6.45, 6.15; umr 8: 1.31 (s, 9H, (CH3)30), 1.54 (d,
T 6 Hz, CH3CHD, 220 (m, 211 CH,-C-), 3.22 (m, 31, CH3CH,
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NGI,), 5.78 (m, | H, € C-CH-N), 7.09 (m, 1OH, Ar H).
Anal, Caled. for Co5H3oN,05: €, 73.80; H, 7.44; N, 6.89.
Found: €, 73.67; H, 745, N, 7.00.

1-Benzoyl-2-(1-phenylethyD)-3-piperidone (15).

Dry sascous hydrogen chloride was bubbled in a slow stream
through a solution of 0.386 g. (0.95 mmoles) of the enaminoester
in 18.5 ml. of acetic acid for one hour while cooling the contents
in an ice-bath. The yellow solution was kept at room temperature
for one hour and the acelic acid was then azeotropically removed
with water al steam-bath temperature and reduced pressure.
The contents were diluted with water and extracted with methylene
chloride. The methylene chloride solution was washed with water
and brine solution, dried, and the solvent was removed.  The
residue was redissolved in 20 ml. of ethyl acelate and heated at
reflux for 2 hours under a nitrogen atmosphere. The solvent was
removed to yield 0.260 g. of semi-solid, which on crystallization
from benzene-hexane gave 0.236 g. (81%) of piperidone, m.p.
120-131°. Reerystallization from the same solvents gave the
analytical sample, m.p. 130-133°%; ir p: 5.80, 6.12; nmr 6:
1.28 (d, ) 6, 3H, CH3CID), 2.53 (m, 2H, CH,C=0), 3.38
(m, 3H, CH3CH, NCHy), 5.38 (m, | I, CH-N), 7.25 (m, 10H,
Ar 1); mass spectrum mfe (rel. intensity):  308(2), 307(55),
20:3(14), 202(100), 201(23), 106(7), 105(92), 77(42).

Anal. Caled. for Gyl NO,: €, 78.15; H, 6.89; N, 4.56.
Found: C,77.97; 11, 6.88; N,4.01.

I-Benzoyl-2-(1-phenylethyl)-3-hydroxy piperidine and 1-Benzoyl-2-
(1-phenylethyl)-3-epihydroxypiperidine (16 and 17).

A mixture of 0.4 g. (1.3 mmoles) of piperidone 15and 0.6 g.
of sodium borohydride in 50 ml. of 2-propanol was heated at
reflux for 14 hours under a nitrogen atmosphere. The 2-propanol
was removed al reduced pressure, the residue was diluted with
waler and extracted with ¢hloroform.  The chloroform solution
was washed with 2N sodium hydroxide, 10% hydrochloric acid
and brine, dried and the solvent removed to give 0.389 o
of crystals, m.p. 150-153°.  The motherdiquors were chro-
matographed on Merck acid-washed alumina to give 0.20 g.
of a mixture, which was rechromatographed on Merek acid-washed
alumina.  Elution with chloroform gave 0.083 g. of 17, m.p.
125-128°.  Reerystallization from methylene chloride-pentane
gave the analytical sample, m.p. 129-130°% ir u: 290, 0.15;
wmr 60 1.26 (d, ] = 6 Hz, 3H, CH3CH), 3.30 (m, 211, (III;(II{I,

NCIH), 3.79 (m, Wy, - 14 Hz, CHOH), 4.22 (m, [H, NCI),
5.23 (q. ) = L1 Hz, § = 3 Hz, TH, NCH), 7.12 (m, 10H, Ar 1),
mass spectrum mje (rel. intensity):  310(14), 309(19), 2942),
203(6), 201(1), 276(2), 205(98), 204(100), 187(43), 1806(21),
105(24), 99(40), 92(38), 90(4), 81(87), 77(45).

Anal. Caled. for Caolip3NO,: €, 77.04; H, 7.49; N, 4.53.
Found: C, 77.59; H, 7.46; N, 4.49.

Elution with 2.5% ecthyl acetate in chloroform gave 0.051 g
of solid (16), m.p. 150-153°, identical to that oblained by direct
crystallization. Reerystallization from methylene chloride-pentane
provided the analyltical sample, m.p. 153-154°%; ir w2 2,95, 6.20;

nmr §: 161 (d, J = 6 Hz, 3H, CH3CH), 2.90 (m, 11, NCII),
3.39 ({Ill, LH, CH3CID, 4.06 (m, Wiy, 20 Hz, CHOH), 4.80 (m,

1H, NCIT, 5.39 (q, ] = 6 Hz, [H, NCI), 7.28 (m, 10H, Ar H);
mass spectrum mfe (rel. intensily):  310(14), 309(19), 204(2),
203(6), 291(1), 276(2), 205(98), 204(100), 187(43), 180(21),
105(24), 99(40), 92(38), 90(4), 81(87), 77(A5).

Anal. Caled. for Caglly3NO,: €, 77.040 H, 7.49; N, 4.53.
Found: €, 77.79; I, 7.47; N, 4.04.
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I-Benzyl-2-(1-phenylethyl)-3-hydroxypiperidine.

A solution of 0.095 g. of amido alcohol 16 in 20 ml. of

tetrahydrofuran was added dropwise to 0.20 g. of lithium
aluminum hydride in 25 ml. of tetrahydrofuran. The reaction
mixture was heated at reflux for 20 hours with vigorous stirring,
in a nitrogen atmosphere. The reaction flask was cooled and the
excess lithium aluminum hydride was destroyed with a small
piece of ice. The inorganic solid was filtered from the solution,
the tetrahydrofuran evaporated and the product was filtered
through silica gel.  Elution with 5% methanol in ethyl acetate
gave (L0811 g. (90%) of a homogeneous (tlc) oil; mass spectrum
mfe (rel. intensity) 296(1), 295(1), 206(2), 191(52), 190(100),
172(3), 105(37), 1L00(58), 91(84).

2(1-Phenylethyl)-3-hydroxypiperidine (3). A.

A solution of 0,066 g. of amido alcohol 16 in 8 ml. of
cthylene glycol containing 0.5 g. potassium hydroxide and 0.3
ml. of hydrazine hydrate was heated at reflux for 2.5 hours
under a nitrogen atmosphere. The reaction mixture was cooled
to room temperature, diluted with water and saturated sodium
bicarbonate solution and extracted with chloroform. The chloro-
form solution was washed with water and brine, dried, and the
solvent removed to give 0.048 g. of oil. Tle (alumina 10%
methanol in benzene) indicated the material was homogencous.
The oil was dissolved in hexane and filtered through an alumina
column. Elution with benzene-methylene chloride gave 0.035 g.
(84%) of pure amino alcohol 18; ir u: 2.85, 2.95; nmré: 1.25
(d, ] = 6 Hz, 3H, CH3CH), 2.71 (m, 4H, CH3CH, CHNCH;),
3.90 (m, Wy, = 7 Hz, 1H, CHOH), 7.02 (br s, 5H, Ar H);
mass spectrum m/e (rel. intensity) 206(1), 205(2), 204(1), 160(52),
106(10), 105(LL1), 101(16), 100(100), 91(13), 82(7), 77(5),
71(4), 70(3).

B.

A 0.060 g. portion of N-benzylamino alcohol was dissolved in
20 ml. of absolute alcohol and was hydrogenolyzed using 0.15 g.
of 5% palladium on charcoal. After filtering out the catalyst and
removing the solvent 0.036 g. of oil was obtained. This material
was identical to that obtained in part A above
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