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INTRODUCT ION

One of the more useful synthetic tools available to
the organic chemist is the hydroboration reaction.l The ex-
tensive work of H. C. Brown and his collaborators since 1956
established the procedures for conveniently preparing organo-
boranes by the addition of boron hydrides to carbon-carbon
multiple bonds. Much of the synthetic usefulness of the reac-
tion has centered around the subsequent conversion of the
organoborane thus produced to alcoholsl, carbonyl compoundsl,
alkanesl, coupled productsl, and amines.2 This may be illus-
trated by the reaction of cyclohexene with diborane to give
tricyclohexylborane, which is then treated with the appropri-
ate reagent (Scheme 1). For the purposes of this thesis,
further discussion will be limited to the preparation of al-

cohols from olefins.

H,0,, OH
Scheme 1 _ >

B CH, CH 2COH, 4
@ —>
AgNOB, OH™
~ OO
NH
NH,050,H . 2
or ClNH2




Brown found that the hydroboration of olefins pro-
ceeds via a cis-addition of a boron hydride bond to a carbon-
carbon double (or triple) bond in an anti-Markownikoff manner
such that the predominant product has the boron bonded to the
less highly substituted carbon atom. Oxidation of the alkyl-
borane thus formed gives an alcohol in which the hydroxyl
group has the same position as that formerly occupied by the
boron. Thus hydroboration is an important synthetic tool,
for it produces the isomeric alcohol to that formed by hydra-
tion of an olefin. Hydroboration was found to be somewhat
sensitive to electronic effects, but this reaction was particu-
larly susceptible to steric influences. The attack of di-
borane occurs preferentially from the less hindered side of
the double bond, probably via a four-center transition state,
so that the overall reaction is stereoselective.

It was also found that diborane actually reacts as
the monomer, borane (BH3), and it is often convenient to re-
gard the reagent as such. The three active hydrogens of a
borane molecule may each attack a double bond, depending on
the steric influences of adjacent groups, and thus the organo-

borane produced may be a mono-, di-, or trialkylborane.



These observations can be illustrated by the reaction

of borane with the terpene a-pinene (l).

repeat

CH3

jw

Since a-pinene is available in the optically active
form, Brown3, as well as other workersa, has described its
use in the preparation of optically active alcohols by asym-
metric induction. For example, the hydroboration of cis-2-
butene with (+)-diisopinocampheylborane [ (+)-(2)] gave 2-bu-
tanol (4) in 867% optical purity.

H\_ H Hzoz,ou' " f]H
(#+)-2 + “C=C > ——=—3>  CH,~CH,—X—CH
= / \ 3 2 3
CH, CH,

(8)-(+)-2-butanol

4



Since the absolute configuration of (+)-diisopino-
campheylborane 1is knowns, Brown3 proposed an empirical model
for relating the absolute configuration of the alcohols pro-
duced by hydroboration. It was found that this method, while
yielding straightforward results for the hydroboration of un-
hindered and acyclic olefins, was less reliable when reaction
times were short, as with hindered and trans olefins, for alco-
hols of much lower optical purity were obtained. In addition,
the products were of exactly the opposite configuration from
that predicted by the simple model. At least one olefin was
found3c to undergo reaction by both simple addition and dis-
placement of a-pinene, further complicating this method for
establishing absolute configurations.

As a result of a continuing study6’7 in these Labora-
tories of the sodium borohydride reduction of pyridinium ions,
a number of partially reduced pyridines, especially tetra-
hydropyridines (5), were ~'~ilable. It was observed that such
reductions often gave the products as the amineborane deriva-
tives (6). This is interesting since hydroborations can be

8,9 as the source of diborane.

run using amineboranes

BH3

O
;

[

The expected products of hydroboration of tetrahydro-
pyridines are 3- and 4-piperidinols. These piperidinols are
of considerable pharmacological interest because their deriva-

tives and related compounds have shown activity as analgesics10

b4



anestheticsll, psychotomimeticslz, hypotensive drugsl3, anti-
malarialsla, antispasmodicsls, antihistiminicsl6, an& anti-
depressants.le Piperidinols are also related structurally
to a number of naturally-occurring compounds, such as car-
paine17, cassineui the tropane alkaloidslg, pseudoconhydrinezo,
febri;ugineZI, retaminzz, veratramine23, and hydroxypipecolic
acid.24

At the outset of this thesis research in 1961, there
were only a few references in the literature to the hydrobo-
ration of unsaturated amines.zs-27 During the development of
this thesis, several nitrogen-containing alkenes were reported
to have been hydroborated, including dehydroproline deriva-

tive328-30, baikian3l, several enamines32-35, benzomorphans%36,

deoxycodeine37, A”—dehydrosparteinezz, and dimethylallylamine.8g
In view of the synthetic utility of the hydroboration
reaction it was decided to extend its scope to a number of
olefinic amines in order to prepare various piperidinols and
other aminoalcohols. The product analysis of such reactions
would be utilized to attempt to determine any role the hetero-

cyclic nitrogen might play in the reaction.



DISCUSSTION AND RESULTS

Hydroboration of N-Alkyl-1,2,5,6-tetrahydropyridines

The conversion of substituted tetrahydropyridines to
piperidinols by hydration has been reported.38 This method
can lead to molecular rearrangements, is not stereospecific,
and usually gives only the most highly substituted alcohol
(Markownikoff addition). The preparation of piperidinols by
hydroboration seemed to provide a valuable companion method
in view of the accessibility of a variety of N-alkyltetra-
hydropyridines available by the sodium borohydride reduction
of pyridinium ions.6’7

Exploratory experiments39 in these laboratories by
Carle and Nudd in 1960 demonstrated that the hydroboration-
oxidation of several N-alkyl-1,2,5,6-tetrahydropyridines (5)
give as product a mixture of the expected N-alkylpiperidi-
nols. However, the relative amounts of the isomeric N-alkyl-

3-piperidinols (7) and N-alkyl-4-piperidinols (8) were not

determined.
1. BH, [:‘j],OH
— <+
2, H202,0H ?

R k

- L)

I~
foo

R = _l‘l-C ‘Ch -Ph’

49’ 2

-CHZCHZ-Ph



The distilled product mixtures from these preliminary
reactions were available and were subjected to detailed gas
chromatographic analyses at an initial stage of this research.
A summary of the overall yield and product composition is re-
ported in Table I.

Several conclusions can be made from these results.
One is that the yields of piperidinonls are relatively modest.
This can be explained at least in part by the fact that the
starting tetrahydropyridines were obtained by the sodium boro-
hydride reduction of the appropriate alkyl halide pyridinium
6b,7£ to lead to (10-30%)
N-alkylpiperidines, which are not readily separated from

salt, This reaction has been shown

tetrahydropyridines by distillation. Thus the starting amines
contained considerable amounts of inert piperidines mixed with
the tetrahydropyridines.

It can alsc be seen that the isomer distribution sub-
stantially favors the 3-piperidinols (7) over the 4-piperi-
dinols (g) by a factor of about three to one. These results
were quite unexpected from a consideration of steric factors,
since the hydroboration of 3-substituted cyclohexene (9) was
reporteda0 to give products of equal isomer distribution.

Thus the carbons of the 3,4-double bond in the tetrahydro-
pyridines studied would be expected to be equivalent in reac-
tivity toward attacking borane reagent, being two atoms re-
moved from the possible steric influence of the N-alkyl group.
That this was not the case means that the ring nitrogen is
exerting some influence so that the reaction course is funda-
mentally different from that with related carbocyclic com-
pounds. The nature of this influence and directive effects

in the hydroboration of tetrahydropyridines will be discussed



Table I

Hydroboration of N-Alkyl-1,2,5,6-tetrahydropyridines

Tetrahydro- Yield of a Relative Gas Chromatographic
pyridine Piperidinols, 7% Yields, 7,b Column
OH
CJ
N N
& C
R R
P 2 m. 5% Carbowax
34¢ 79 21 20M on Chromosorb W,
(CH,) ,-CH, 150°, 10 psi
[:Qij d 1 m. 5% Carbowax
v 42-70 76 24 20M on Haloport-F,
173°, 15 psi

-Ph

e 1 m. 57 Carbowax
58-65 74 26 20M on Chromosorb W,
173°, 20 psi

- /» §

CHZCHZ-Ph

3 pistilled material; yields are based on starting tetrahydropyridine.

Calculated from the areas under the respective peaks in the gas chromatogram.
These percentages represent the average of at least two separate injections.

c . d .. . e .
One experiment; five experiments; three experiments.




later.

H
, BH
; 3 __> +
. H,0,,0H “Son
R
C 3 3 CH3 R
9, R-H 497 51%
R=CH3 50% 507,

The possibility of the formation of an intermediate
amineborane was obvious, and it thus became an objective of
this research to examine the role, if any, that such an amine-
borane would have on the direction of hydroboration of cyclic
unsaturated amines. It should be pointed out here that the
predominance of 3-piperidinols over 4-piperidinols was in-
teresting from a synthetic standpoint, since synthetic routes
to the 3-piperidinols are considerably more limited than
those routes to the 4-piperidinols. This fact is reflected
in the prices of commercially available compounds.41

| Another conclusion from the data in Table I is that,
at least for the compounds studied, the size of the N-alkyl
group of the tetrahydropyridines seems to have little effect
on the isomer distribution with hydroboration.

Hydroboration of N-Methyl-1,2,5,6-tetrahydropyridine by the
In Situ Generation of Diborane

N-Methyl-1,2,5,6-tetrahydropyridine (10) was chosen
as a model compound for these hydroboration studies in order
to minimize any possible steric effect of the size of the N-
alkyl group and because the lower boiling points of the expected



10

N-methylpiperidinols would facilitate analysis by gas chroma-
tography. The properties of the piperidinols 11 and 12 were
well estabiished, thereby simplifying product identification.
Initial experiments were conducted using 10 prepared by the
sodium borohydride reduction of pyridinium methiodide accord-
ing to the procedure of AndersonGb, but in the majority of
later reactions 10 from a commercial sourceA was employed.
The title compound, 10, was treated with diborane

generated in situ by the addition of boron trifluoride ether-
ate to a mixture of sodium borohydride and 10 in diglyme di-
ethylene glycol dimethyl ether). The diborane which was pro-
duced could combine with the amine and/or olefin according

to the stoichiometry below, illustrating the formation of the
trialkylborane.

3 NaBH4 + 4 BF3 > 2 BZHG + 3 NaBFa

2 RyN + BH, > 2 RyN-BH,
6 _d: ) ||
):» + BH. o —<|: —
3
H 7%

Two reactions with the same stoichiometry (0.025 moles
of 10 and 0.040 moles of BH3) and work-up were performed.
They differed in that in reaction I the mixture of reactants
was heated under equilibration conditions (100° for 2 hr.)
and reaction II was run at room temperature. After oxidation
and work-up, reaction I gave ca. 37% yield of N-methylpiperidi-
nols with 71% of the 3-isomer (11) and 297 of the &4-isomer (12).
Reaction II gave ca. 387 yield with the relative yields of 75%
of 11 and 257 of 12.
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Another similar reaction (reaction III) with the
same stoichiometry as reactions I and II was run, but with
the reaction time limited to 10 minutes at room temperature.
Oxidation and the usual work-up gave only ca. 9% yield of
piperidinols with the relative yields of 727 of 11 and 287%
of 12. About 25% of unreacted tetrahydropyridine 10 was
also obtained from the ether extract of the basified reaction
mixture.

It was apparent that N-methyltetrahydropyridine was
giving results analogous to those with the N-butyl, N-benzyl,
and N-B-phenethyl homologs. Also, heating the organoborane
intermediate did not appreciably alter the yield or the dis-
tribution of isomers. The fact that a short reaction time
gave a considerably lower yield of products but the same
relative amounts of the 3- and 4-piperidinols, gave rise to
the working hypothesis that borane was initially attacking
the nitrogen atom in a fast step and the addition of borane
to the carbon-carbon double bond was proceeding more slowly.
This result also suggested that the distribution of isomers
represented the kinetic, as well as the thermodynamic mix-
ture of products.

The low yields in the above reactions could not be
explained by the presence of N-methylpiperidine in the start-
ing material. The sodium borohydride reduction of pyridinium
methiodide has been shown to give only N-methyl-1,2,5,6-tetra-
hydropyridine (19_)613’7f
free of N-methylpiperidine, as was 10 obtained commercially.

» so 10 prepared by this method was

A possible explanation for the lower yields was in-
correct reaction stoichiometry. If one molar equivalent of
borane were involved in reaction with the basic nitrogen of
10 initially and completely, then the reaction of 0.025 mole

of 10 and 0.040 mole of BH, would give 0.025 mole of N-methyl-
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1,2,5,6-tetrahydropyridine amineborane (13), with only 0.015
mole of BH3 in excess. FEven though the trialkyl borane was

formed and the borane was used most efficiently, only a cal-
culated 0.0067 mole of BH

the reactivity of diborane, this small excess of borane could

3 would be in excess. In view of

have been destroyed by reaction with small amounts of impuri-

ties in starting materials and solvent.

A
[jﬁt] + BH —— [:ﬁj]
N

\ T>BH,
CH, CH,
10 i3,
C
13 + BH3 —> [jﬂi]
| E‘BH
3
14

A second possible cause of the low yield was that
the hydroboration reaction had not gone to completion in 2
hours. Brown found43 that the addition of boron trifluoride
etherate to a sodium borohydride solution in diglyme does not
generate diborane smoothly because of the intermediate forma-
tion of sodium diborohydride (NaBHa-BH3), whereas the reverse
addition of a diglyme solution of sodium borohydride to a
solution of boron trifluoride etherate in diglyme does generate

diborane smoothly. The latter mode of addition had not been
used because of the possibility of reaction of 10 with the

boron trifluoride etherate, a strong Lewis acid.

An experiment was designed to improve the yield of
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piperidinols by using a longer reaction time and a larger
excess of diborane. In order to demonstrate the synthetic
usefulness of hydroboration ae applied to tetrahydropyri-
dines, this reaction (reaction IV) was run on a larger scale
than those previously mentioned. Thus, 0.25 mole of tetra-
hydropyridine 10 was treated with a calculated 0.718 mole of
BH, at room temperature for 12 hr. After oxidation and the
usual work-up, there was obtained an 83.57% yield of crude
piperidinols 11 and 12 in the relative amounts of 74.5% of
11 and 25.5% of 12. Although reaction IV did not establish
whether the excess diborane or the longer reaction time was
responsible for the higher yield of piperidinols, it seems
likely on the basis of subsequent experiments that both
factors contributed. The results of reactions I-IV are sum-
marized in Table II,

Cleavage of Diglyme

In the reactions described above, an unknown compound
always was present in the isolated product mixtures. The
initial hypothesis was that this compound was N-methyl-2-hy-
doxymethylpyrollidine (15), perhaps arising via neighboring-
group participation in a rearrangement of the intermediate
organoborane (16). 3-Substituted piperidines are known to
undergo such rearrangements.



Table II

Hydroboration of N-Methyl-1,2,5,6-tetrahydropyridine (10)

Relative yields, Zd

H
OH
Yield of [:;]’ N

Reaction Moles of Moleséof Reaction Reaction  Piperi- c éH &H
Number 10 BH3 Temp. Timeb dinols, % 3 3
I 0.025 0.040 100° 2 hr. 37 71 29
I1 0.025 0.040 25° 2 hr. 38.5 75 25
II1 C.025 0.040 25° 10 min. 9 72 28
Iv 0.25 0.718 25° 12 hr. 83.5 74.5 25.5

? Generated in situ.

b . . . .
Reaction time after completion of diborane generation.

€ Yields are based on starting tetrahydropyridine 10 and are calculated from the
gas chromatogram.

d Relative yields are calculated from the areas under the respective peaks in the
gas chromatogram.

71
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Comparison of the gas chromatographic retention times
of the unknown compound with that of authentic 1245 showed
this hypothesis to be incorrect. Authentic 15 had a reten-
tion time shorter than either the N-methyl-3- or -4-piperidi-
nols and was not present in either these reaction mixtures or
in those of any subsequent experiments.

The unknown compound 18 had a retention time inter-
mediate between those of piperidinols 11 and 12 and interfered
somewhat with the gas chromatographic analysis of these com-
pounds. A small amount of unknown 18 from a distilled hydro-
boration reaction mixture was collected by preparative gas
chromatography. Compound 18 was a colorless liquid with an

-1

]

infrared spectrum containing strong bands at 3650-3450 cm
indicative of either an oxygen-hydrogen or nitrogen-hydrogen

stretching vibration of a hydroxyl group or an amine, and

at 1150-1040 cm-l, indicative of the carbon-oxygen stretching
vibration of alcohols and ethers. The infrared spectrum was

similar to, but not identical with, that of diethylene glycol
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monoethyl ether, suggesting that 18 might be diethylene glycol
monomethyl ether.

A small portion of a distilled hydroboration reaction
mixture containing 11, 12 and 18 was taken up in anhydrous
ether, and hydrogen chloride gas was passed through the solu-
tion. The resulting white precipitate was separated by fil-
tration, and the filtrate, which was now free of basic com-
pounds, was analyzed by gas chromatography. Unknown compound
18 was still present. Comparison of the infrared spectra and
gas chromatographic retention times of unknown 18 and authen-
tic diethylene glycol monomethyl ether"6 showed that they were

the same compound.

CH30CHZCH20CHZCH20H

18

In view of the importance of diglyme as a reaction
solvent, these results were communicated47, with the sugges-
tion that the diglyme cleavage was proceeding analogously to
that of the reductive cleavage by diborane of other et:hers.“s‘50
It is equally possible, however, that the diglyme cleavage re-
sulted from reaction with hydrochloric aclid during the work-

up procedures.

Hydroboration of N-Methyl-1,2,5,6-tetrahydropyridine by the

External Generation of Diborane

The results of reactions I-IV suggested the inter-
mediacy of an amineborane in the hydroboration of tetrahydro-
pyridines, but it was decided to investigate this possibility
in greater detail. Therefore, a series of experiments were

designed in which the reaction stoichiometry was carefully
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controlled. These reactions were run in tetrahydrofuran
into which was bubbled diborane which was generated in an
external flask. This procedure eliminated any possible
complications arising from the presence of inorganic salts,
such as sodium borohydride, and the strong Lewis acid, boron
trifluoride etherate. Also, diborane is much more soluble
in tetrahydrofuran than in diglyme, and being lower boiling,
tetrahydrofuran is easily removed during the work-up of
reaction mixtures.

The reaction of the tetrahydropyridine 10 with
one molar equivalent of borane (BH3) and the removal of sol-
vent by distillation gave the expected amineborane 13 (reac-
tion V). This compound was obtained crude as an oil, the in-
frared spectrum of which contained strong bands at 2360 and
2270 cm-l, characteristic of the boron-hydrogen stretching
frequency of amineboranes, with a strong shoulder at 2320 cm-l,
the overtone of the boron-hydrogen deformation frequency at
1160-1180 cm™ . Strong absorption in the 2400-2200 and 1170

cm  regions of the infrared spectrum has been previously

1,52 to be characteristic of the borane addition com-

shown
pounds of tertiary amines. Similar absorption bands have

been observed in the spectra of a number of tetrahydropyridine
amineboranes which were produced from the sodium borohydride

6b,53

reduction of pyridinium ions. The infrared spectrum of

13 also contained bands of medium intensity at 3040 and 3005
cm , characteristic of the carbon-hydrogen stretching fre-
quency of olefins.

A purer sample of 13 was obtained using a procedure
similar to that of reaction V. The nuclear magnetic resonance
(nmr) spectrum (Fig. 1) of this sample of 13 showed a multiplet

at 5.74 ppm due to two vinyl hydrogens, a multiplet at 3.30

—
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ppm due to two allylic hydrogens at carbon-2, a triplet at
2.90 ppm due to two methylene hydrogens at carbon-6, a
multiplet at 2.26 ppm due to two allylic hydrogens at carbon-5,
and a singlet at 2.50 ppm due to the three N-methyl hydrogens.
These assignments were made by analogy with the nmr spectrum
of 13 with that of 1,2,5,6-tetrahydropyridine (5, R H)SA,
which has similar chemical shifts for the respective analo-
gous hydrogens. The nmr spectrum of amineborane 13 was found
to be similar in band shape with that of 10, except that there
was a downfield shift of the resonance bands of the methylene
hydrogens at the 2- and 6-positions by about 0.5 ppm and the
N-methyl by 0.28 ppm. This observation is consistent with
the fact that hydrogens on carbon atoms adjacent to a posi-
tively charged nitrogen are deshielded, and thus their absorp-
tions are found at lower field than those of the parent basic
compounds. Thus the infrared and nmr spectroscopic data
clearly support the assignment of 13 as N-methyl-1,2,5,6-tetra-
hydropyridine amineborane.

The molar refraction55 of 13 was found to be 35.84,
The calculation of a theoretical value for this compound was
somewhat limited because the only literature value8g for the
atomic refraction of a quaternary boron (2.5) was expressed in
only two significant figures. If it is assumed that this value
for boron is exact, the calculated value for the molar refrac-
tion of N-methyl-1,2,5,6-tetrahydropyridine amineborane (13)
is 36.76, which is in excellent agreement with the experimental
value,

Alkaline oxidation of 13 from reaction V gave only
a trace amount of piperidinol 11. This indicates that virtu-
ally no organoborane, such as 16, was present in 13, since
oxidation of 16 would have converted it to piperidinol 11.

Thermal equilibration of amineborane 13 from reaction
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V by heating in diglyme and subsequent alkaline oxidation
(reaction VI) gave a mixture of piperidinols 11 and 12, in
the relative amounts of ca. 437% of 11 and 577% of 12. This
ratio of products was quite different from the previous
hydroborations of 10 in which 11 was favored by & factor of
3:1. The interpretation of this result is that the amine-
borane 13 underwent a substantial amount of self-hydrobora-
tion, probably via the thermal dissociation of 13 to di-
borane, which then added to the olefinic double bond. Such
a dissociation-addition mechanism of amineborane hydrobora-
8a,8c,8d,8f and Ashby.eb
The reaction of tetrahydropyridine 10 with a two

tions has been proposed by Hawthorne

molar equivalent of borane (BH3) and subsequent alkaline
oxidation (reaction VII) gave the expected 3- and 4-piperidi-
nols in the relative amounts of 737 of 11 and 277% of 12, the
same ratio as had been previously obtained with reactions in
which diborane was generated in situ.

The results of Reactions I-VII are summarized in
Scheme 2. These results demonstrate that the working hypothe-
sis was correct in that the hydroboration of unsaturated amines
proceeds stepwise, such that the first mole of borane reacts
with the nitrogen atom to form an amineborane, such as 13,

and the second mole of borane adds to the carbon-carbon double
bond.



20

Scheme 2
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When the above experiments had been completed, sup-
port for these conclusions was obtained as a result of a
series of papers by Kugita and Takeda.g’36 These workers
found that the hydroboration of the 9-methylene-6,7-benzo-
morphan 19 also proceeds stepwise, with the first mole of
borane adding to the nitrogen to form amineborane 19a with-
out any addition to the carbon-carbon double bond. Also, by
way of analogy, Brown and Cope have reported56 that the
hydroboration of allyl alcohol leads first to allyl borate

(20) before undergoing addition of borane to the double bond.
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Directive Effects in the Hydroboration of Tetrahydropyridines

Now that the intermediacy of amineboranes in the hy-
droboration of tetrahydropyridines was established, there
remained the question of the possible directive influences
of such amineboranes on hydroboration. Hydroboration has
been shown to be influenced by both steric and electronic
factors.1 Steric influences appear to be relatively unimpor-
tant in the present case of N-alkyl-1,2,5,6-tetrahydropyridines,
for there is no detectable difference in the ratio of isomeric
products with change in size of the nitrogen substituent. The
alternative possibility is that conformation 21b is solely
responsible for the formation of products. It seems unlikely
that this possibility is valid for the range of substituents
used. Also, inspection of Dreiding and Catalin molecular
models57 indicates that the 3- and 4-carbons of tetrahydro-
pyridines should be equivalent in reactivity. This system
presumably exists in a conformational equilibrium such as
2la & 22b. Such a simple conformational change should reduce
the steric interactions of the nitrogen substituents and the
diborane molecule in the transition state so that there would

be no particular preference for direction of attack by di-
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borane. This was found to be the case with the related car-

bocyclic compounds, 3-substituted cyclohexenes (9_).40

R
|
H3 B(—N 'I'
q\. <__ T "*
R /‘E
H3
2la 21b

The effect of electronic influences on the direction
of hydroboration of olefinic compounds containing various
functional groups has been the subject of a systematic study

6,58

by Brown and coworkers. They found for a series of

allylic derivatives of the type X—CHZCH CH that the per-

centage addition of boron to the secondaryzcarbon increases
with increasing electronegativity of the substituent X. This
was explained in terms of a hydridic polarization of the
boron-hydrogen bond so that with the inductive effect of an

electron-withdrawing substituent, a transition state such as

22a would be favored over transition state 22b. A few examples

of Brown's results are summarized in Table III.

J- I+ St oS-
X~CH;~Cpe===H, X~Cly~Cle==CH,
b l !
B----h Ho---}-

o+ oS- S g

22a 22b



Table III

Hydroboration of Representative Allyl Derivatives®

Substituent X

in XCHZCH=CH2

CH3—

CeHg—

CH3CH20—

CGHSCOZ—

CHBCOZ—

Cl -

p-CH,CH,50,—

a Values from ref. 56

% Addition of diborane to

2° carbon

6

10

19

25

35

40

45

74

1° carbon

94

90

71

75

65

60

35

26

23
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These workers did not report the results of the
hydroboration of the corresponding crotonyl derivatives,
XCHZCH-CHCH3: however, they said "the directive influence
of the substituent should be much more powerful... (and
result) in a dominant addition of the boron to the neighbor-
ing 2-position”. A test of this prediction is provided by
the work of Witkop and his collaborators in which they report
the direction of hydroboration of two representative unsatu-
rated amines, N-carbobenzyloxy-3,4-dehydro-DL-proline methyl
ester (22)28 and N-carbobenzyloxy-DL-baikian methyl ester

7.3

N OH o

Ef=ij . [0]
CO.CH Saponificatior] l l I I I
N 273 4 .Hydrogenolysis N COH

y
&bz

wa—'

10% 707 trace
OH
HO, i
" "
@l > Loy
CH
Cbz H H
0
| A VA ; ;
Cbz = —COCH,C H 72% (719%) 28% (21%)

2765
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The major product of the hydroboration of 23 was
trans-3-hydroxy-DL-proline (25), with trans-4-hydroxy-DL=-
proline (24) as a minor product. This ratio of products
shows the effect of the substantial influence of the 2-
carboethoxy group of 23 in directing attack of boron to
carbon-3.

Since the ‘carboethoxy group in the six-membered ring
27 is two carbons removed from the double bond, the induc-
tive effect of its electronegativity should be much less im-
portant, and the directive influence on the hydroboration of
27 should result from the electronegativity of the nitrogen,
which would lead to the prediction of predominant reaction
of boron at carbon-5. This was found to be the case, with
the hydroboration of 27 giving trans-5-hydroxy-DL-pipecolic
acid (28) as the major product (relative 72%)59, with trans-
4-hydroxy-DL-pipecolic acid as the minor product (28%).59

Compound 27 can be considered a tetrahydropyridine,
so the results of hydroboration of this system are obviously
analogous to the hydroboration of N-alkyltetrahydropyridines.
The nitrogen of 27 is non-basic due to its carbobenzyloxy sub-
stituent, and the nitrogen of the tetrahydropyridine amine-
borane 6 is positively charged as well. The relative percen-
tages of 28 and 29 obtained by hydroboration of 27 are virtu-
ally the same percentages as those of the analogous piperi-
dinols 7 and 8 from the hydroboration of 6. It is concluded,
therefore, that the results of the hydroboration of tetrahydro-
pyridines are consistent with those of Witkop and provide sup-
port for and extension of the hypothesis of Brown; i.e., that
the direction of hydroboration of unsaturated compounds con-
taining an allylic functional group is influenced markedly by

the electronegativity of the substituent.
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Optically Active Alcohols by Hydroboration of Olefins with

Optically Active Organoboranes

Brown and coworkers have established that the hydro-
boration of a-pinene proceeds with facility.5 With excess
a-pinene the dialkylborane which is produced has the dimeric
sym-tetraisopinocampheyldiborane structure 30, but in the
absence of excess a-pinene, the product 30 partially dis-

sociates into the triisopinocampheyldiborane 31 and a-pinene.

CH
3
IPC\ /',’H\\\ /IPC
4 + B, —> o8 ¥
ipc” . 7 MIPC
\H’
1
30
CH,
— IPc HN
30 Bﬂ \‘ /IPC
= D B +
/ \\\ ,’ \H
IPC ~1{/'
CH, 31 1
IPC - ( ‘

The absolute configuration of (+)- and (-)-a-pinene
is known 0, and the absolute configuration of the two enantio-
meric organoboranes (-)-32 and (+)-33 was assigned by Brown
as 1ndicated below.61 It is generally more convenient to refer
to the organoboranes (-)-32 and (+)-33 as the monomers (-)- and

(+)-diisopinocampheylborane [(-)-2 and (+)-2], and this nomen-
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clature will be used where appropriate.

cH /o ]
3 3\ _B-H
4
+ B, H, —_—
3 E
.
(1R:5R)~(+)-a-pinene (-)-sym-tetra-(1R:2S:3R:5R)~
isopinocampheyldiborane
(+)-1 (-)-32

s

CH3
(Gl D —
CH3

(18:5S8) - (-)-a-pinene (+)-sym-tetra-(1S:2R:35:55)~
isopinocampheyldiborane

2

(-)-1 (+)-33

It was reported that optically active diisopinocam-
pheylborane underwent reaction with a number of acyclic and
cyclic olefins to give diisopinocampheylalkylboranes, which
upon alkaline peroxide oxidation yielded optically active al-

3a,4 The stereo-

cohols of optical pririties as high as 91%.
specificity of the reaction suggested the possibility of cor-
relating the absolute configuration of the diisopinocampheyl-
borane reagent with that of the products. On the basis of
conformational analysis, Brown proposed the most stable con-
formation of (-)-diisopinocampheylborane [from (+)-a-pinene]
to be 34. The visual conception of this model was simplified

by using the symbols S, M, and L for the small, medium and
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large groups at C-3, C-4, and C-2, respectively, as in 34b.
Morrison has used a modified Newman projection (34c) to de-

scribe the same reagent.

‘i' (C-3")
C-----L' (C-2") '
(C-4") i \ S'\M 7
i (C-4) M B—H \'/ B-H
B~ !; S > L
| “N M
H H CH, S " L(C-2)
(C-3)

34a 34b 34c

Since the addition of such an organoborane reagent
to a double bond is known to proceed via a four-center tran-
sition stateao, it is obvious that such a rigid transition
state should have highly specific steric requirements and
should be influenced by the steric requirements of both the
diisopinocampheylborane and the olefin. For example, the
hydroboration of cis-2-butene with (-)-diisopinocampheylborane

{(=)-2] can proceed through the possible transition states
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Transition state 35a would be favored on steric
grounds because the methyl group of the cis-2-butene is
directed toward the small hydrogen atom (S'), minimizing
steric interactions, whereas in transition state 35b, the
methyl group of the cis-2-butene is positioned toward the
methylene group (M) at C-4 of the organoborane reagent.
Transition state 35a will give an organoborane which will
be oxidized to (R)-(-)-2-butanol [(R)-(-)-4], but transi-
tion state 35b will lead to the other enantiomeric 2-butanol.

Brown found that the hydroboration of cis-2-butene
with (-)-diisopinocampheylborane, followed by oxidation, gave
(5)~(-)-2-butanol3a, the product predicted on the basis of
the transition state model. The alcohol was obtained in
optical purity of 87%. Similarly, the hydroboration of a
number of cis-acyclic, cyclic, and bicyclic olefins with di-
isopinocampheylborane gave the products of predicted absolute
configuration in each case. However, the hydroboration of
some trans and hindered olefins with this reagent was found
to proceed slowly, with the displacement of a-pinene from the
organoborane, and gave products of lower optical purity and

of exactly the opposite configurations from those predicted

on the basis of the simple addition transition state model.3b

In these cases, the reaction was found to be taking a new path
involving the reaction of the olefin with the less hindered
dissociation product, triisopinocampheyldiborane (31).

The difficulty in applying this simple model of the
transition state for predicting the absolute configuration of
alcohols is dramatically illustrated by the reaction of 2,3,3-
trimethyl-1l-butene with diisopinocampheylborane.3c This reac-
tion proceeded by both addition (simple addition transition
state model) and displacement (configuration opposite of that
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predicted from simple model), and was termed "mechanistically
complex."

Thus the use of diisopinocampheylborane and triiso-
pinocampheyldiborane to prepare optically active alcohols
was demonstrated, but the steric models proposed by Brown,
while useful conceptually on an empirical basis, fail to
yield consistent, predictable results, and as Morrison has

pointed out, such models "should not be given great credence

as predictive tools unless a large number of examples have

been successfully accommodated.”62

Hydroboration of N-Methyl-1,2,5,6-tetrahydropyridine with

Diisopinocampheylborane

The preparation of optically active piperidinols was
of interest because of their relation to optically active
naturally occurring compounds. In order to prepare optically
active N-methyl-3-piperidinol as a model compound, the asym-
metric induction hydroboration of N-methyl-1,2,5,6-tetrahydro-
pyridine (10) was attempted.

Using a procedure similar to that of Brown3, the title
compound 10 was hydroborated with (-)-diisopinocampheylborane
[(-)-2], prepared from (+)-a-pinene of ca. 947 optical purity.63
A molar ratio of one mole of 10 to two moles of (-)-2 was used.
This reaction gave a 69.5% yield of a mixture of N-methyl-3-
piperidinol (11) and N-methyl-4-piperidinol (12) in the rela-
tive amounts of 71% of 11 and 29% of 12. A pure sample of 11,
isolated -as an oil by gas chromatography, was optically active
([a]§7 +1.56°), and was identical with an authentic sample of
racemic 1l in all respects except optical rotation. Because
N-methyl-4-piperidinol is a symmetrical compound, it is not
capable of optical‘activity, and no attempt was made to in-

vestigate its optical rotation.
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In a similar reaction, 10 was hydroborated with (-)-
diisopinocampheylborane [(-)-2], prepared from (+)-a-pinene
of ca. 93% optical purity.63 This reaction gave a 637% yield
of a mixture of piperidinols 1l and 12 in the relative amounts
of 75% of 1l and 25% of 12. Isolation by preparative gas
chromatography gave (+)-N-methyl-3-piperidinol [(+)-11],
[a]§6 +1.56°.

The relative amounts of piperidinols 11 and 12 ob-
tained above were in about the same ratios as had been pre-
viously obtained by the hydroboration of 10 with diborane.
This suggested that the hydroboration of 10 with diisopino-
campheylborane and with diborane is subject to similar elec-
tronic influences.

In these reactions the reasonable assumption was made
that the hydroboration proceeded via prior formation of an
amineborane such as 36, with the subsequent addition of di-
isopinocampheylborane to the carbon-carbon double bond of
36, in a manner analogous to that found to be the case in the
hydroboration of tetrahydropyridine 10 with diborane. The
bulky diisopinocampheylborane substituent of 36 must then ex-
ert some steric influence on the direction of addition of the
diisopinocampheylborane reagent, as evidenced by the fact that
the N-methyl-3-piperidinol which was obtained was optically
active. Stated another way, if there were no steric influ-
ences on the reaction, then asymmetric induction could not
have occurred, since it is precisely because of steric influ-

ences that asymmetric induction with diisopinocampheylborane
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is possible.

Absolute Configuration of 3-Piperidinol

The preparation of optically active N-methyl-3-piperi-
dinol has not been described in the literature. Therefore,
the absolute configuration of this compound was not known, and
no decision could be made as to the optical purity of the
sample of 11 obtained by the hydroboration of N-methyl-1,2,-
5,6-tetrahydropyridine with diisopinocampheylborane. This
information could be provided by establishing rigorously the
absolute configuration of N-methyl-3-piperidinol by an alter-
native synthesis, starting with an optically active compound
of known absolute configuration and proceeding via optically
active 3-piperidinol (42). \

The procedure chosen for the syntheses of optically
active 42 and 11 employed as starting material the readily
available amino acid, L-(+)-arginine hydrochloride [L-(+)-37]
[ (S)-(+)-arginine hydrochloride][(§)-(+)-§1]6h, the absolute
configuration of which is known.65 Following the procedure
of Hamilton and 0rtiz66, L-(+)-37 was converted by reaction
with nitrosyl chloride to optically pure (S)-(-)-a-chloro-¢ -
guanidino-p-valeric acid hydrochloride [(§)-(-)-38] in 64.6%
yield. This compound was hydrolyzed in ca. 837 yield to the
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a-hydroxy analog, L-(-)-argininic acid [L-(-)-39][(S)-(-)-
a-hydroxy-J'-guanidino-g-valeric acid] [(S)-(-)-39], of ca.
707% optical purity. It is known that the above two reac-
tions both proceed with retention of configuration66-68;
i.e., these reactions stereospecifically converted the a-
amino group of 37 to the a-hydroxy group of 39 without
changing the configuration of the carbon atom to which they
are attached.

L-(-)-Argininic acid [L-(-)-39] was treated with
barium hydroxide solution by the procedure of Felix and
ML'lller69 to give crude (S)-(-)-3-hydroxy-2-piperidone
((S)-41] in 3.5-9.5% yield, starting from 39. The optical
purity of hydroxy lactam 41 was ca. 83%, based on comparison
of its optical rotation, [cx]D -5.02°, with a literature
value of [a], -6.0°.7% The cyclization reaction above also
gave 5.6-10.8% yields of racemic and partially racemic 39.
Since the reactions in which 39 was converted to 41 did not
involve the asymmetric center, the absolute configuration
of (-)-41 must be S.

Optically active hydroxy lactam 41 was reduced with
lithium aluminum hydride in 71% yield to (-)-3-piperidinol
[(-)-42], [al -4.,2°, which must also have the S configura-
tion, since the reduction did not involve the asymmetric

center. The synthetic sequences described above are summarized
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in Scheme 3.
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Optical Resolution of 3-Piperidinol

The remaining step in the preparation of optically
active N-methyl-3-piperidinol was the methylation of the
secondary amine, (-)-3-piperidinol ([(-)-42]. However, the
quantity of optically active 42 available from the synthetic
sequence starting with 37 was insufficient to permit further
reaction. It was hoped that an optical resolution of racemic
42 would provide more material , as well as information as to
the specific rotation of optically pure 3-piperidinol.

3-Piperidinol (42) formed a crystalline salt on reac-
tion with (+)-10-camphorsulfonic acid in acetone or ethanol-
ether solutions. Slow recrystallization of the salt gave a
dextrorotatory diastereomer. Regeneration of 42 from the |

salt by treatment with base produced the dextrorotatory enan-
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22.5

tiomer of 42, [alj +3.2°.

The mother liquors from the crystallization of the
(+)-10-camphorsulfonic acid salt did not crystallize. Re-

generation of 42 from the liquors gave the levorotatory
23
D
not completely resolved, it provided the necessary quantity

enantiomer of 42, [(al -1.6°. Although this material was

of (-)-42 for conversion to optically active N-methyl-3-

piperidinol (11).

Absolute Configuration of N-Methyl-3-piperidinol

A difference in the sign of the D line rotation be-
tween S-42 and S-11 was not anticipated; however, since the
reversal of the sign of rotation between two closely related
optically active compounds of the same absolute configuration
is not without precedent, it was necessary to establish
rigorously that (-)-42 and (-)-1l1 both have the same absolute

configuration. Thus (-)-3-piperidinol [(-)-42] was converted
23

in 72% yield to (-)-N-methyl-3-piperidinol [(-)-11], [a]D

-2.4 , by the Eschweiler-Clarke methylation procedure.71

Since the absolute configuration of (-)-42 had been established
as S, the conversion of this compound to(-)-N-methyl-3-piperi-
dinol [(-)-11l] established the absolute configuration of (-)-11
as S (Scheme 4).

OH _oH
O HCO,H O
. H, CO .
H |
CH,
S-(-)-42 S-(-)-11

Scheme 4
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If it is assumed that the sample of (-)-42 from the
cyclization sequence starting with 37 is optically pure, then
the sample of (-)-42, [a]D-l.6°, from the resolution of 42
with (+)-10-camphorsulfonic acid can be no greater than 38.1%
optically pure. This sample of (-)-42Z was converted to (-)-1l1
with a specific rotation of -2.4°, which also can be no greater
than 38.1% optically pure, and thus the specific rotation of
optically pure (-)-1ll1 can be no greater than -6.3°. Continuing
this correlation and assuming that the optically pure enan-
tiomers of 1l have equal and opposite signs of optical rotation,
the optical purity of (+)-11, [a]D +1.56°, from the asymmetric
induction hydroboration of 10 can be no greater than 24.87%.
This straightforward correlative approach is undoubtedly sub-
ject to some error, but it does indicate the order of magni-
tude of the degree of asymmetric induction of the hydroboration
of 10 with (-)-diisopinocampheylborane.

Since (-)-1l has the $ configuration, then (+)-11 must
have the R configuration. Therefore, the hydroboration of N-
methyl-1,2,5,6-tetrahydropyridine (10) with (-)-diisopinocam-
pheylborane [(-)-2] gave R-(+)-N-methyl-3-piperidinol
[R=-(+)-11l) in an optical purity of about 25%. The available
evidence does not permit speculation about the nature of the
Brown hydroboration transition state model as applied to this
tetrahydropyridine system, especially since the validity of
this model has not been rigorously proven. In the absence of
such evidence, the asymmetric induction hydroboration of 10
must be considered on an empirical basis only, providing a
useful correlation between (-)-2 and R-(+)-1ll, of the type en-

couraged by Morrison.
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Hydroboration of Tropidine by the In Situ Generation of

Diborane

Hydroboration-oxidation of the bicyclic unsaturated
amine, tropidine (44), may in principle lead to four isomeric
tropanols: tropine (45), pseudo-tropine (46), 2-a-tropanol
(47), and 2-B-tropanol (gg).72 From consideration of molecu-
lar models it is apparent that the tropidine molecule is quite
rigid and not subject to the facile conformational changes
which are possible with N-methyl-1,2,5,6-tetrahydropyridine.
Thus conformational considerations in any mechanistic analy-
sis are simplified. The preparation of the isomeric 2-tro-
panols was of interest because synthetic routes to these com-
pounds either have been laborious or have utilized difficultly

obtained or costly starting materials.72’73

The four isomeric
tropanols are related to a number of potent pharmacological
agents and to the group of bicyclic bases known as the tropane
alkaloids. For these reasons a study of the chemistry of the
tropane system was of practical as well as theoretical in-
terest, and it was decided to extend the study of the hydro-

boration of unsaturated amines to tropidine.

OH
H,C H.,C H
HyC 3 3 HyC OH3 H
H H

H H
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The title compound, tropidine (44), prepared by the
dehydration of tropine (45), was hydroborated by the in
situ generation of diborane. This reaction gave a 68% yield
of a mixture of the four predicted isomeric tropanols in the
relative amounts of (in order of gas chromatographic elutions)
3% 2-p-tropanol (48), 50 + 3% tropine (45), 43 + 3% 2-a-tro-
panol (47), and 4% pseudo-tropine (46).

Epimerization of Tropanols

A mixture of tropanols containing 1% 2-B-tropanol
(48), ca. 52% tropine (45), ca. 41% 2-a-tropanol (47), and
6% pseudo-tropine (46) was obtained by distillation of the
hydroboration mixture. Treatment of this mixture with sodium
3-pentoxide and fluorenone under equilibration conditions
gave an equilibrium mixture of 32% 2-B-tropanol, ca. 7% tro-
pine, ca. 10% 2-a-tropanol, and 51% pseudo-tropine. These
percentages represent conversions of about 76% of 2-a-tro-
panol to 2-B-tropanol and about 87% of tropine to pseudo-tro-
pine. The results of this basic equilibration are consistent
with the observations that 2-p-tropanol is more stable than
2-a-tropanol72 and that pseudo-tropine is more stable than
tropine.75 Thus the hydroboration of tropidine gave 2-a-tro-
panol as a major product, and subsequent basic epimerization
gave 2-p-tropanol as a major product, demonstrating a new syn-

thetic sequence to the relatively inaccessible isomeric 2-

tropanols.
Summarizing the above:
Reaction Distillation After
mixture fraction epimerization
2-p-Tropanol (48) 3% 1% 32%
Tropine (45) 50 + 3% 52% 7%
2-q-Tropanol (47) 43 + 3% 41% 10%

Pseudo-tropine (46) 4% 6% | 51%
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Directive Effects in the Hydroboration of Tropidine .

The percentages of the products of the hydroboration
of tropidine indicated a definite preference for addition of
borane to the tropidine molecule from the a side (away from
the nitrogen bridge).76 The two isomeric tropanols which
result from this direction of addition, tropine and 2-a-tro-
panol, together account for 93% of the tropanols obtained.
This direction of addition is exactly opposite to that found
to be the case with the reactions of related compounds. The
reaction of tropinone (49) with phenyllithium, for example,
gives only one isomer (gg)77, the product resulting from
attack from the B side. The kinetically controlled products
of the reaction of tropinone and related azabicyclic bases
with organometallics78, reducing agents79, and oxidizing
agents80 result from the attack of the reagents from the less
hindered (B) side; however, the direction of addition of
several reducing agents was reversed when the azabicyclic

ketone quaternary salt was used.79

H3C—N H3C—N
b = R
Ph
v o

OH

49 50

These differences in the steric interference en-
countered by the several attacking reagents suggested the
explanation for the results of the hydroboration of tropi-
dine. The first mole of borane (BHB) underwent reaction

with the basic nitrogen to form tropidine amineborane (51),
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the double bond of which was then hydroborated with a second
mole of borane. This explanation would be consisteﬁt with
what was found to be the case with the hydroboration of N-
methyl-1,2,5,6-tetrahydropyridine (10).

Tropidine amineborane may be represented by the two
diastereomers 5la and 51b (only one enantiomer is given; how-
ever, the tropidine used was racemic). It seems likely that
the product resulting from equatorial attack of borane on
nitrogen (5la) would be favored, by analogy with the work of

19a,b and Closslgc. These workers found thacr the kineti-

Fodor
cally controlled products of the reaction of several tropane
bases with electrophilic reagents proceeded via equatorial
attack. The reaction of borane with the tertiary nitrogen of
tropidine should also proceed via equatorial attack since it

is unlikely that the formation of 51 is reversible to an
appreciable extent under the experimental conditions which
were used.

The stereochemistry of the nitrogen in tropidine amine-
borane (51) is not critical to this discussion because the
sizes of the methyl and borane groups are approximately equal.
With the prior formation of tropidine amineborane in the hydro-
boration of tropidine, the N-methyl (or N-borane group) steri-
cally shields the carbon-carbon double bond so that the less
hindered side of the molecule is the o side. Hence the pre-
ferred direction of addition (of the second mole) of borane
is from the a side. This is also consistent with the obser-
vation that the hydroboration of norbornene (52) occurs ex-
clusively from the exo side, whereas the hydroboration of p-
anisylbornylene (22)81 and a-pinene (1), both having a gem-
dimethyl group, occurs from the less hindered endo side, away
from the gem-dimethyl group. The analogy is reasonable, since
the tetrasubstituted nitrogen atom in tropidine amineborane is

isoelectronic with the gem-dimethyl carbon-6 in p-anisylbor-
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nylene and a-pinene.

¢
HyCuyCHy  HaCEM3 HyBe- Hyo-
!Z:]y Ar ! ;:::
\

52 53, 1 51a 51b

Direction of Addition of Borane to Bicyclic Olefins

Reaction of Tropidine with One Equivalent of Borane

The reaction of tropidine with one equivalent of
borane was investigated to show that the first mole of
borane underwent reaction at the basic nitrogen to give
tropidine amineborane (51), which then underwent hydrobora-
tion with excess diborane. The reaction gave 51 in 71% yield.
The white crystalline amineborane 51 was characterized by its
infrared spectrum, which contained strong bands at 2420, 2380,
2340, and 2270 cm” !, and a strong doublet at 1160-1150 cm!.
As was previously noted, absorption bands in these regions are
characteristic of amineboranes of tertiary amines.SI’52
Further evidence for the structural assignment of 51
was provided by nmr spectroscopy. The nmr spectrum of 51
(Fig. 2) showed a singlet at 2.79 ppm due to the three N-
methyl hydrogens, a multiplet at 3.46 ppm due to the two bridge-
head hydrogens, and a multiplet at 5.78 ppm due to two vinyl

hydrogens. The nmr spectrum of amineborane 51 was
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similar to that of tropidine (44) (Fig. 2), but the N-methyl
resonance of 51 was shifted downfield by 0.47 ppm, demonstra-
ting the deshielding influence of the positively charged

nitrogen of 51.

Hydroboration of Tropidine with Diisopinocampheylborane

The moderate success in the asymmetric induction hy-
droboration of N-methyl-1,2,5,6-tetrahydropyridine (10) with
diisopinocampheylborane prompted the extension of this reac-
tion to the tropidine system. Using a procedure similar to
that of Brown3, tropidine was hydroborated with (+)-diiso-
pinocampheylborane [ (+)-2], prepared from (-)-a-pinene of
ca. 92% optical purity. A molar ratio of one mole of 44
to two moles of (+)-2 was used. This reaction gave approxi-
mately 18% of the four isomeric tropanols in the relative
amounts of 61% 2-p-tropanol (48), 6% tropine (45), 6% 2-a-
tropanol (47), and 27% pseudo-tropine (46). Because of the
low yield of this reaction, it was not possible to isolate
sufficient pure 47 or 48 in order to obtain optical rotation
data.

Concerning directive influences, it will be noted that
the major products in this reaction were 2-B-tropanol and
pseudo-tropine, the products resulting from the addition of
diisopinocampheylborane to tropidine from the B side.76 This
preferred direction of addition is opposite to that found in
the hydroboration of tropidine with diborane. This suggests
that an amineborane such as 54 is not an intermediate in the
reaction. In the absence of such a coordinated species, ad-
dition of the diisopinocampheylborane to the base tropidine
would be favored from the less hindered B side. If amine-
borane 54 formed, both sides of the double bond would be so
protected that the large hydroborating agent could not undergo
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reaction. The available evidence does not permit a positive
explanation for the distribution of tropanol isomers; however,
the low yield of the reaction, as well as the difference in
isomer distribution from that obtained by the use of the much
smaller hydroborating reagent, diborane, clearly suggests
that the addition of diisopinocampheylborane to tropidine was
subject to a considerable amount of some type of steric hin-

drance.

Hydroboration of Tropidine witn Triisopinocampheyldiborane

Brown has found3b that triisopinocampneyldiborane
(31), the product formed by slow dissociation of sym-tetra-
isopinocampheyldiborane (30), is a more effective hydrobo-
rating agent for hindered olefins than the parent compound
30. The use of 31 was found to require much shorter reac-
tion times and gave products of higher optical purity than
hydroboration using diisopinocampheylborane. Triisopino-
campheyldiborane can be formed directly by the reaction of
three equivalents of a-pinene with two equivalents of borane.

Since the results of the hydroboration of tropidine
with diisopinocampheylborane indicated a substantial steric
inhibition of the reaction, the less hindered triisopino-
campheyldiborane was investigated as an asymmetric induction
hydroborating agent for tropidine. Following the procedure

of Brown3b, tropidine (44) was treated with (+)-triisopino-
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campheyldiborane [(+)-31], prepared from (-)-a-pinene of ca.
92% optical purity. This reaction gave about 277 of a mix-
ture of the four isomeric tropanols in the relative amounts
of 63% 2-p-tropanol (48), 7% of a mixture of tropine (45) and
2-a-tropanol (47), and 30% pseudo-tropine (46). This rela-
tive distribution of products was about the same as that from
the previous reaction in which diisopinocampheylborane was
the hydroborating agent. Although the total yield of the hy-
droboration using triisopinocampheyldiborane was slightly
higher than when diisopinocampheylborane was used, it was
still too low to permit isolation of pure 47 or 48 for measure-

ment of possible optical rotation.

Hydroboration of N-Methyl-4-phenyl-1,2,5,6-tetrahydropyridine

As an extension of the synthetic application of the
hydroboration reaction to the preparation of piperidinols,
the hydroboration of N-methyl-4-phenyl-1,2,5,6-tetrahydropyri-
dine (55) with diborane was investigated. This reaction would
be expected to lead to only one product, trans-N-methyl-4-
phenyl-3-piperidinol (56), resulting from cis, anti-Markowni-
koff addition of borane to 55. The results of the hydrobora-
tion of 55 confirmed this expectation, 55 being converted to
56 in 67-77.5% yields. Piperidinol 56 was identical with an
authentic sample which was obtained by the lithium aluminum
hydride reduction of N-methyl—é-pheny1-3-piperidone.83 The

assignment of the stereochemistry of 56 has been described.ss..
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Table IV

Hydroboration of Tropidine

Isomer Distribution of Oxidation Products, %

Hydroborating Total 2-a- 2-p-
Agent Yield, % Tropine (45) Pseudo-tropine (46) Tropanol (47) Tropanol (48)
Diborane 68 50 + 3 4 43 + 3 3
Diisopino-
campheylborane 18 6 27 6 61
(2)
Triisopino-
campheyldi- a
borane 27 a 30 63
(3D

8 The relative amounts of 45 and 47 could not be determined because their respective
peaks were not completely resolved on the gas chromatogram. The combined amount
of 45 and 47 was 7%, relative to the total quantity of tropanols obtained.

9%
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The nmr spectrum of 56 (Fig. 2) contained a multi-
plet centered at 1.78 ppm due to the six ring methylene
hydrogens, a singlet at 2.09 ppm due to the tnree N-methyl
hydrogens, a multiplet centered at 2.81 ppm due to the
methine nydrogen at carbon-4, an apparent sextet centered
at 3.63 ppm due to the methine hydrogen at carbon-3, a
singlet at 4.11 ppm due to one hydroxyl hydrogen, and a
multiplet at 7.20 ppm due to five phenyl hydrogens.

o Conformation 56a, with equatorial phenyl and hydroxyl
groups, would be the preferred conformation for trans-N-
methyl-4-phenyl-3-piperidinol. For this conformation tne
metnine hydrogen at carbon-3 is trans-diaxial to the methine
hydrogen at carbon-4 and to one of the methylene hydrogens

at carbon-2. The absorption due to the carbon-3 methine hy-
drogen is tnhe X portion of an ABCX system.84 Although this
type of spin-spin system is theoretically very complex, in
practice such a system may give rise to absorptions which are
quite simple in appearance due to the equal magnitude of one
or more of the coupling constants. Thus the sextet at 3.63
ppm appeared to be the result of the overlap of two triplets
with Jaxial axial 9.74 cps and Jaxial equatorial = 4.36-
4.48 cps. The magnitude of J_ o 1s close to that predicted
for such a system84, but the value of Jaa is low by 1-2 cps,
which suggests that there is some contribution of 56b to the

conformational equilibrium.
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EXPERIMENTAL

General

Melting Points. Melting points were determined using

a Thomas-Hoover capillary melting point apparatus and are

corrected.

Infrared Absorption Spectra. Infrared spectra were

determined using a Perkin-Elmer Model 137B Infracord spectro-
photometer equipped with sodium chloride optics, a Perkin-
Elmer Model 21 equipped with sodium chloride optics, or a
Perkin-Elmer Model 33/ grating spectrophotometer. The Uni-
vercity of New Hampshire notebook numbers of spectra deter-
mined on the Model 137B are indicated by No.137, those
determined on the Model 21 by No.21, and those determined

on the Model 337 by No.337. The spectra of liquids were
determined neat, as films. The spectra of solid samples

were determined as double mulls in Halocarbon oil 11-1485
from 4000 cm-1 and 1300 cm.1 and in NUJ0186 mineral oil from
1300 cm-1 to 650 cm-l. The absorption bands listed were
strong, except for those indicated as medium (m) or weak (w).
Bands which exhibited shoulders are indicated as (sh). The
positions of the absorption bands are given in wave numbers,

-1
cm .

Nuclear Magnetic Resonance Spectra. Nuclear magnetic

resonance (nmr) spectra were determined using a Varian Model
A-60 nmr spectrometer. The spectra were determined in the
solvents indicated, and the chemical shifts are given in parts
per million (ppm) reliative to tetramethylsilane as an internal

standard. Spin-spin coupling constants (J) are given in units
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of cycles per second (cps).

Optical Rotation Data. Optical rotations were deter-

mined using a Franz Schmidt and Haensch polarimeter with a
sodium vapor lamp as the light source. The concentrations
(g. per 100 ml. of solution) and solvent are indicated for

each measurement.

Gas Chromatographic Analysis Data. Gas chromato-

graphic analyses were determined using a Perkin-Elmer Model
154C or an Aerograph Autoprep A-700 chromatograph with helium
as the carrier gas. For preparative scale gas chromatographic
separations, an Autoprep A-700 or a Perkin-Elmer 222P chromato-
graph was used. Unless otherwise indicated, chromatographic
columns were glass, 4 mm. i.d. The column length, packing
material, temperature, and pressure of helium are indicated

for each chromatogram.

Calibration curves were not determined for every
analysis. Several control eiperiments with synthetic mix-
tures of piperidinols of known composition established that
the reclative peak areas of the components of these mixtures
as measured by a planimeter were in excellent agreement with
the actual relative quantities. The percentages of each com-
ponent of hydroboration reaction mixtures were assumed to be
the percentage of the total area of the chromatogram. The
retention times of products were compared with those of
authentic samples for each analysis and were identical in all

cases.

Analytical Data. Elemental microanalyses were deter-

mined by Schwarzkopf Microanalytical Laboratory, Woodside,

New York, or with an F and M Model 180 carbon, hydrogen, and
nitrogen analyzer in these Laboratories. Analyses determined
by Schwarzkopf are indicated by FoundSCh, and analyses deter-

mined with the F and M analyzer are indicated by FoundFM, and
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represent an average of two or more determinations.

Hydroboration of N-Alkyl-1,2,5,6-tetrahydropyridines

The product mixtures39 from the hydroborations of
N-butyl-1,2,5,6-tetrahydropyridine (5, R Q-Caﬂg), N-benzyl-
1,2,5,6-tetrahydropyridine (35, R'CHzPh), and N-fi-phenethyl-
1,2,5,6-tetrahydropyridine (5, R‘CHZCHZPh) were analyzed by
gas chromatography. The results of these analyses are sum-

marized in Table I.

Hydroboration of N-Methyl-1,2,5,6-tetrahydropyridine (10)

by the In Situ Generation of Diborane

N-Methyl-1,2,5,6-tetrahydropyridine (10) was pre-

pared by the sodium borohydride reduction of pyridinium
methiodide by the method of Anderson6b, b.p. 111-112°; 1it.6b
b.p. 112°. However, 10 was obtained from a commercial source42

for use in most of the reaction described below.

NMR Spectrum (neat, Nos. 1557, 1706): 2.22 (singlet),
2.41 (multiplet), 2.80 (multiplet), 5.61 (multiplet). See

Fig. 1 for the complete spectrum of 10.

Reaction I. Thermal Equilibration of Organoborane

In a dry 500 ml. 3-necked flask, fitted with a mer-
cury-sealed, mechanical stirrer, dropping funnel, and reflux
condenser, were introduced solutions of 2.43 g. (0.025 mole)
of N-methyl-1,2,5,6-tetrahydropyridine (10) in 10 ml. of
‘diglyme and 30 ml. of a 1 M solution of sodium borohydride
in diglyme. The system was flushed with nitrogen for 0.75 hr.
and a slight positive pressure of nitrogen was maintained.
Diborane (0.020 mole, 0.040 mole of BH3) was generated in situ
by the dropwise addition of a solution of 7.5 g. (0.052 mole)
of boron trifluoride etherate in 10 ml. of diglyme to the
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stirred mixture. The resulting mixture was heated on a steam
bath with stirring for 2 hr. The reaction mixture was cooled,
was made basic with 40 ml. of 6 N sodium hydroxide, and was
" oxidized by the dropwise addition of 5 ml. of 30% hydrogen
peroxide. The resulting mixture was heated on a steam bath
for 2 hr. The mixture was cooled, then was acidified with
concentrated hydrochloric acid, and excess acid was added.
The upper, diglyme layer was removed by decantation and con-
centrated by distillation. A minimum of water was added to
the bottom,aqueous salt layer, and the solution was combined
with the concentrate from the diglyme layer. The mixture
was steam distilled to remove most of the residual diglyme
and diethylene glycol monomethyl ether (18). The residue

" om the distillation was dissolved in a small amount of
water, and solid, anhydrous potassium carbonate was added.
The resulting mixture was extracted three times with ether,
the ether extracts were dried over potassium carbonate, and
the ether was removed from the dried extracts by distilla-
tion at atmospheric pressure. The yellow residue was dis-
tilled under reduced pressure (water pump) giving l.44 g.
of a colorless oil, b.p. 96-98° at 45 mm. Gas chromatographic
analysis (2 m. Carbowax 1500 on 60-100 mesh "Embacel"
Kieselguhr, 150°) of this fraction showed it to contain 1.06 g.
(37% based on starting tetrahydropyridine 10) of a mixture of
N-methyl-3-piperidinol (ll) and N-methyl-4-piperidinol (12),
contaminated by some diglyme and 18. The relative amounts of
piperidinols were 71% of 11 and 29% of 12.

Pure samples of 11 and 12 were collected by trapping

them from the gas chromatographic effluent with U-shaped
capillary tubes cooled in a Dry Ice-acetone bath. Compounds

1l and 12 were identical with authentic samples of N-methyl-
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3-piperidinol (ll)as and N-methvl-4-piperidinol (13)95, based
on comparison of infrared spectra and gas chromatographic

retention times.

Reaction II. Organoborane Not Equilibrated

Reaction 1 was repeated: however, after the genera-
tion of diborane was completed, the reaction mixture was
stirred at room temperature, rather than 100°, for 2 hr.
After oxidation and work-up of the reaction mixture, as de-
scribed in reaction I, 1.71 g. of an oil was obtained. Gas
chromatographic analysis (2 m. Carbowax 1500 on 60-80 mesh
"Embacel" Kieselguhr, 150°, and 3 m. 5% Carbowax 20M on
Haloport-F, 132°, 8 psi) of this oil showed it to contain
1.10 g. (38.5%)of a mixture of N-methyl-3-piperidinol (11)
and N-methyl-4-piperidinol (12). The relative amounts of
piperidinols were 75% of 11 and 25% of 12.

Reaction I11.

Reaction II was repeated, but after the diborane
generation step, the reaction mixture was stirred at room
temperature for only 10 min. The reaction mixture was oxi-
dized and worked-up as in reactions I and II, except that
the concentrated ether extract was not distilled. The ether
extract (2.6 g.) was analyzed by gas chromatography (2 m. 5%
Carbowax 20M on Haloport-F, 131°, 4 psi, and 3 m. 5% Carbowax
20M on Haloport-F, 132°, 8 psi) and was shown to contain 0.26
g. (9%) of a mixture of N-methyl-3-piperidinol (ll) and N-
methyl-4-piperidinol (12). The relative amounts of piperidi-
nols were 72% of 11 and 28% of 12. The ether extract also
contained 0.57 g. (24.5% recovery) of N-methyl-1,2,5,6-tetra-
hydropyridine (10) in addition to diglyme, 18, and lower

boiling compounds.
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Reaction IV.

A dry 2 1. flask, equipped with magnetic stirrer,
condenser, and pressure-equalizing dropping funnel, was
flushed by dry nitrogen which exited in an acetone trap.
Into the flask were introduced solutions of 22,71 g. (0.60
mole) of sodium borohydride in 500 ml. of diglyme and of
24.30 g. (0.25 mole) of 10 in 50 ml. of diglyme. To the
stirred mixture at room temperature (ca. 25°) a solution
of 101.9 g. (0.718 mole) of boron trifluoride etherate in
77 ml. of diglyme was added dropwise over a period of 4 hr.
This addition was calculated to generate 0.718 mole of BH3;
sodium borohydride was in excess. Excess diborane was
detected by its reaction with acetone in the trap. The
reaction mixture was stirred for 12 hr. at room temperature.
Excess boron hydrides were decomposed by the careful addi-
tion of water until there was no further visible reaction.
The reaction mixture was basified with 60 ml. of 6 N sodium
hydroxide, and was oxidized by the dropwise addition of 50
ml. of 30% hydrogen peroxide. The resulting exothermic
reaction heated the mixture to 70°. After the completion of
the addition of peroxide, the mixture was allowed to cool to
room temperature while stirring overnight. The resulting
mixture was acidified by the addition of concentrated hydro-
chloric acid. The mixture was concentrated to near-dryness
by distillation at reduced pressure. Water was added to the
concentrate and the distillation was repeated to remove by
steam distillation most of the residual diglyme and 18. The
resulting residue was taken up in a small amount of water,
solid anhydrous potassium carbonate was added, and the mixture
was extracted with ether. The ether extracts were dried over

potassium carbonate, and the ether was removed from the dried
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extracts by distillation at room temperature. The residue
was shown by gas chromatography (2 m. 5% Carbowax 20M, 131°,
6 psi) to contain 24.01 g. (83.57%) of a mixture of piperidinols
1l and 12 in the relative amounts of 74.5% of 11 and 25.5% of
12. This residue was distilled at reduced pressure (water
pump). Two fractions of material boiling over the range 38-
106° at 15 mm. were collected. Fraction 1, boiling at 38-
75° at 15 mm., 14.21 g., was shown by gas chromatography to
contain 5.30 g. of a wmixture of piperidinols 11 and 12 in the
relative amounts of 91.5% of 1) and 8.5% of 12. Fraction 2,
boiling at 75-106° at 15 mm., 18.82 g., contained 16.17 g. of
a mixture of 11 and 12 in the relative amounts of 69% of 11
and 317% of 12. Combining the distilled fractions, the yield
of piperidinols was thus 21.47 g. (74.7%) with the relative
amounts of ca. 75% of 11 and 257 of 12.

Identification of the Product of Diglyme Cleavage

A. Distillation fraction 1 from Reaction IV above
was redistilled into several fractions. The fraction boiling
at 77-80° at 15 mm. (1.96 g.) was collected and redistilled
into several fractions. The fraction boiling at 83-94° at
15 nm. (0.49 g.) was analyzed by gas chromatography (2 m. 5%
Carbowax 20M on Haloport-F, 133°, 6 psi) and found to con-
tain 53.5% of 11, 34% of 12, and 12.5% of 18. A small sample
of 18 was collected by trapping the gas chromatographic efflu-
ent using a glass capillary tube which was cooled in a Dry
Ice-acetone bath. The infrared spectrum of 18 contained
strong bands at 3650-3450 cm-1 and 1150-1040 cm"1 and was
identical with that of an authentic sample46 of diethylene
glycol monomethyl ether. The gas chromatographic retention

time of 18 was identical with that of authentic diethylene
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glycol monomethyl ether.

B. A small portion of the distillation fraction
with boiling point 83-94° at 15 mm. which was collected
above was taken up in anhydrous cther. Hydrogen chloride
gas was passed through the solution and the resulting white
precipitate was separated by filtration. The filtrate was
concentrated by evaporation to an oil which was found by
gas chromatography to be 18 in at least 95% purity. Com-
parison of the infrared spectra and gas chromatographic
retention times of 18 with authentic diethylene glycol mono-

methyl ether indicated that they were the same compound.

Hydroboration of N-Methyl-1,2,5,6-tetrahydropyridine (10)

by the External Generation of Diborane

Reaction V. Reaction of N-Methyl-1,2,5,6-tetrahydro-
pyridine (lQ) with One Mole of Borane

In a dry 100 ml. Mini-Lab91 flask was placed a solu-
tion of 3.88 g. (0.040 mole) of 10 in 50 ml. of tetrahydro-
furan. The flask was fitted with a sintered glass dispersion
tube and was flushed with nitrogen for 0.5 hr. Diborane,
(0.020 mole, 0.040 mole of BH3) diluted with nitrogen, was
introduced slowly over a period of 2 hr. The diborane was
generated in an external flask by the dropwise addition of a
solution of 1.13 g. (0.030 mole) of sodium borohydride in 50
ml., of diglyme to a solution of 8.0 g. (0.0565 mole) of boron
trifluoride etherate in 30 ml. of diglyme. After the com-
pletion of the sodium borohydride addition, the diborane
generator flask was heated for 1 hr. at 70° in order to re-
move completely the diborane dissolved in the diglyme.

The tetrahydrofuran was removed from the hydrobora-
tion reaction mixture by distillation to give a yellow liquid
residue. This oil was identified as N-methyl-1,2,5,6-tetra-

hydropyridine amineborane (13) by its infraredspectrum, which
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contained strong bands at 2350, 2320 (sh), 2270 cm’l, and
a doublet at 1177 and 1166 cm-l, characteristic of amine-

>1,52 Gas chromatographic analy-

borane addition compounds.
sis (2 m. 5% Carbowax 20M on Haloport-F, 131°, 3 psi) of
this crude amineborane indicated the presence of trace
amounts of tetrahydrofuran and 10. Compound 13 was not
purified further, but the infrared spectrum was identical
with that of a pure sample of 13 which was prepared in a
separate experiment,

A 1.70 g. sample of crude 13 was transferred to
another flask. To this oil was added 10 ml. of water and
then 5 ml. of 6 N sodium hydroxide, and the mixture was oxi-
dized by the dropwise addition of 5 m. of 30% hydrogen per-
oxide. The resulting mixture was extracted with ether, the
ether extracts were concentrated by distillation, and the
concentrated extract was analyzed by gas chromatography (2 m.
5% Carbowax 20M on Haloport-F, 132°, 3 psi; also the same
column at 6 psi). The chromatogram showed the only basic com-
pounds present to be tetrahydropyridine 10 and a trace of N-
methyl-3-piperidinol (l1l). The amount of 11 was estimated to
be less than 5% and was detectable only by the injection of
a large sample into the chromatograph. There was no N-methyl-
4-piperidinol (12) present to the limits of detection of the

chromatograph.

Reaction VI, Thermal Equilibration of N-Methyl-1,2,5,6-tetra-

hydropyridine Amineborane (]3) from Reaction V

A 1.26 g. sample of amineborane 13 from reaction V
was added to 20 ml, of diglyme, and this mixture was heated at
150° with stirring for 10 hr. The mixture was cooled, 5 ml.
of 6 N sodium hydroxide was added, and the basic mixture was

oxidized with 5 ml. of 30% hydrogen peroxide. The solution
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was extracted with ether, the ether extracts were concentra-
ted by distillation, and the concentrated extract was ana-
lyzed by gas chromatography as in reaction V. The chromato-
gram showed the piperidinols 11 and 12 to be present in the
relative amounts of 43 + 4% of 11 and 57 + 4% of 12. The
presence of a substantial amount of 18 interfered with the
analysis and prohibited a more precise determination of the
relative amounts of 11 and 12. There was no tetrahydropyri-

dine 10 present.

Reaction VII. Reaction of N-Methyl-1,2,5,6-tetrahydro-
pyridine (10) with Two Moles of Borane

The hydroboration procedure was that of reaction V.
Thus, into a solution of 3.88 g. (0.040 wole) of 10 in 50 ml.
of.tetrahydrofuran was passed 0.040 mole of diborane (0.080
mole of BHB)’ generated externally by the dropwise addition
of a solution of 2.27 g. (0.060 mole) of sodium borohydride
in 70 ml. of diglyme to a solution of 16 g. (0.113 mole) of
boron trifluoride etherate in 40 ml. of diglyme. When the
addition of diborane was completed, 2 ml, of water was added
cautiously to the reaction mixture. The organoborane was
oxidized by the addition of 5 ml. of 6 N sodium hydroxide and
dropwise addition of 5 ml. of 30% hydrogen peroxide. After
stirring the mixture for 0.75 hr., concentrated hydrochloric
acid was added until the mixture was acidic, and 15 ml. of
excess acid was added. The mixture was concentrated by dis-
tillation at reduced pressure. The residue from the distil-
lation was taken up in a small amount of water, and solid

anhydrous potassium carbonate was added. The mixture was ex-
tracted with ether, the extracts were concentrated by distil-

lation, and the concentrated extract was analyzed by gas

chromatography (2 m. Carbowax 20M on Haloport-F, 133°, 6 psi).
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The chromatogram showed the relative amounts of piperidinols
to be 73% of 11 and 277 of 12.

Alternate Preparation of N-Methyl-1,2,5,6-tetrahydropyridine
Amineborane (13)

N-Methyl-1,2,5,6-tetrahydropyridine Amineborane (13).

A 1 M solution (32 ml.) of borane (BH3) in tetrahydrofuran92
was added from a hypodermic syringe over a period of 0.33 hr.
to a magnetically stirred solution of 3.88 g. (0.040 mole) of
tetrahydropyridine 10 in 25 ml. of n-hexane in a flask cooled
in an ice bath. A small amount (ca. 0.2 g.) of a white solid
precipitated and was removed by filtration. This precipitate
decomposed rapidly in air and was not investigated further.

The filtrate was distilled at reduced pressure to
remove tetrahydrofuran and unreacted 10 and gave 3.77 g.
(91.6%, based on structure 13) of a light yellow residue,
nlz)o 1.4812, d22 0.8815. This oil was soluble in ether and
insoluble in water. The infrared and nmr spectra of the liquid
showed it to be N-methyl-1,2,5,6-tetrahydropyridine amineborane
(L3). The infrared spectrum was almost identical with that of

13 which had been previously prepared (reaction V).

5251.93 Calcd. for C6H11NBH3: H(hydridic), 2.72.
Found: H(hydridic), 2.53.

Molar Refraction:”> Calcd.: 36.76. Found: 35.84,

IR Spectrum (No.337 3720): 3040 (m), 3005 (m), 2955,
2350, 2320 (sh), 2270, 1470-1435 (triplet), 1177-1166 (doublet),
1028, 1012, 825, 656.

‘ NMR Spectrum (neat, No. 1555): 2.50 (singlet), 2.26

(multiplet), 2.90 (triplet), 3.30 (multiplet), 5.74 (multiplet),
See Fig. 1 for the complete spectrum of 13.
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Hydroboration of N-Methyl-1,2.5,6-tetrahydropyridine

(10) with Diisopinocampheylborane. A, A slurry of 2.27 g.

(0.06 mole) of sodium borohydride in 80 ml. of monoglyme87
(1,2-dimethoxyethane) and 21.76 g. (0.16 mole) of (+)-a-pinene63
(a%3 +41.19°, ca. 94% optically pure) were introduced in a dry
200 ml. 3-necked flask, equipped with magnetic stirrer, con-
denser, and pressure-equalizing dropping funnel, and flushed
by nitrogen. The flask was immersed in an ice bath and di-
borane (0.040 mole, 0.080 mole of BH3) was generated in situ
by the dropwise addition of a solution of 11l.4 g. of boron
trifluoride etherate in 20 ml. of monoglyme to the stirred a-
pinene-sodium borohydride mixture over a period of 0.75 hr.
During this time (-)-diisopinocampheylborane [(-)-2] precipi-
tated as a white solid. When the addition of boron trifluoride
etherate was complete, the resulting slurry was stirred for an
additional 2.75 hr. at 0°.

To the suspension of 0.080 mole of (-)-diisopino-
campheylborane prepared above was added dropwise a solution
of 3.88 g. (0.040 mole) of N-methyl-1,2,5,6-tetrahydropyridine
(10) in 15 ml. of monoglyme. The resulting reaction mixture
was stirred for 2.5 hr. at‘0° and 12.5 hr. at room temperature.
The solution was hydrolyzed with 3 ml. of water, was made basic
with 5 ml. of 6 N sodium hydroxide, and was oxidized at 30-64°
by the dropwise addition of 8 ml. of 30% hydrogen peroxide.
The reaction mixture was stirred for an additional 2.5 hr. and
was acidified with 10 ml. of concentrated hydrochloric acid.
The mixture was concentrated to a white solid residue by die-
tillation at reduced pressure. The residue was taken up in
water, solid potassium carbonate was added, and the basic
mixture was extracted with several portions of ether. The com-
bined extracts were dried over potassium carbonate and concen-

trated by evaporation to a light yellow oil. This o0il was
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analyzed by gas chromatography (2 m. 5% Carbowax 20M on Halo-
port-F, 139°, 10 psi) and was shown to contain 3.20 g. (69.5%)
of piperidinols 11 and 12 in the relative amounts of 71% of
1l and 29% of 12.

A pure sample of 11 obtained by preparative gas chro-
matography (Perkin-Elmer Model 222P chromatograph: 10 ft.
aluminum column packed with 5% Carbowax 20M on 60-80 mesh HMDS
treated Chromosob W) was dextrorotatory: [a]g7 +1.56° (c 2.56,
absolute ethanol). The infrared spectrum of (+)-11 (liquid
film) was identical with that of a pure sample of racemic 11l.

B. In a similar reaction, a suspension of 0.10 mole
of (-)-diisopinocampheylborane in monoglyme was prepared by
the dropwise addition of a solution of 12.6 ml. (0.10 mole) of
boron trifluoride etherate in 30 ml. of monoglyme to a stirred
mixture of 3.79 g. (0.10 mole: 25% excess) of sodium boro-
hydride and 27.24g. (0.20 mole) of (+)-a-pinene63 (o§3°5
+40.67°, ca. 93% optically pure) in 120 ml. of monoglyme. The
diisopinocampheylborane reagent was stirred at 0° for 7 hr.

To the stirred reagent prepared above was added a
solution of 4.86 g. (0.050 mole) of 10 in 25 ml. of monoglyme.
The reaction mixture was stirred for 2 hr. at 0° and 16.5 hr.
at room temerature. The reaction mixture was hydrolyzed with
5 ml. of water and was made basic with 16 ml. of 30% hydrogen
peroxide. The oxidized mixture was stirred for an additional
3 hr., and 12 ml. of concentrated hydrochloric acid was added.
The acidified mixture was concentrated to a white residue, was
made basic with potassium carbonate, and was extracted with
ether. The ether extracts were dried and concentrated to an
oil, which was shown by gas chromatography (2 m. Carbowax 20M
on Chromosorb W, 125°, 4 psi) to contain 3.64 g. (63%) of a
mixture of piperidinols in the relative amounts of 75% of 11
and 25% of 12.
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A pure sample of 1l was isolated by preparative gas
chromatography (Aerograph A-700 chromatograph: 20 ft. x 3/8

in. aluminum column packed with 207% Carbowax 20M on DMCS

treated Chromosorb W), nga +1.56° (neat, 1 dm.); [QJEG +1.56°
(c 2.5, 95% ethanol); né9 1.4730, ngo's 1.4722, ngz 1.4715.

20 4 472194 and n20 1.4733.95

Reported for racemic 11, n, D

Absolute Configuration of 3-Piperidinol (42)

L-(+)-Arginine Hydrochloride (37)64 was obtained from

a commercial sourceaz, [a]%4422.3° (c 15, 6 N HCl1); reported‘B
(@) 2% 92° (¢ 15, 6 N KCL).

S-(-)-a-Chloro-d -guanidino-n-valeric Acid Hydro-

chloride (38). The procedure used for the preparation of 38

was essentially that of Hamilton and Ortiz.66 In a 500 ml.
Claisen flask, 50 g. (0.237 mole) of L-(+)-arginine hydro-
chloride (37) was dissolved in 75 ml. of concentrated hydro-
chloric acid, and to this was added 37.5 ml. of concentrated
nitric acid. The flask was warmed in a water bath at about
60° for 0.5 hr. The excess acid was removed by evaporation
under reduced pressure. Three portions of 20 ml. each of con-
centrated hydrochloric acid were added successively with
evaporation to dryness after each addition. The resulting
white residue was dissolved in 350 ml. of warm 6 N hydro-
chloric acid, and the solution was transferred to a 1 1.
beaker. The solution was allowed to stand at 40-45° for 34
hr. The salt which precipitated was collected by filtration
and washed with 50 ml. of ice-cold concentrated hydrochloric
acid. The product was dried under reduced pressure over
solid sodium hydroxide to give 20.2 g. (37.1%) of 38, m.p.
149-151°, [a]%s -7.9° (c 10, H,0); reported®® m.p. 150°
(corr.), [a]gs -7.5 (c 10, HZO).
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A second crop of crystals precipitated from the fil-
trate on cooling in an ice bath. After filtering, washing,
and drying, the solid represented 15.0 g. (27.5%) of 38,
m.p. 165-148.5°, [a]2> -7.8° (¢ 10, H,0).

S-(-)-a-Hydroxy- -guanidino-n-valeric Acid (39) (L-

(-)-Argininic Acid. A. The first crop of 38 above, 15.0 g.

(0.0653 mole), was dissolved in 1500 ml. of water and heated
under reflux for 48 hr. The solution was cooled to room
temperature, and 18.75 g. (0.0681 mole) of silver carbonate
was added. The mixture was stirred mechanically for 1 hr.

and then filtered. Excess silver ion was precipitated from
the filtrate as silver sulfide by bubbling hydrogen sulfide
through the solution for 2 hr. Excess hydrogen sulfide was
displaced from solution by adding Dry Ice, and the mixture

was filtered using 7.5 g. of Celite as a filter aid. The
precipitate was washed with 100 ml. of water in four portions.
The combined filtrate and washings were evaporated by distil-
lation at reduced pressure. The residue was dissolved in 150
ml. of warm water and decolorized with 0.75 g. of Norite.

The carbon was removed by filtration and washed with 75 ml.

of water in four portions. To the combined filtrate and wash-
ings was added 900 ml. of acetone, and the solution was cooled
in an ice bath overnight. The white product was isolated by
filtration, washed with a solution of 807 acetone-20% water,
and dried to give 9.57 g. (83.5%) of 39, m.p. 231-232°d.

[a]g -8.1° (¢ 10, H O), reported66 m.p. 227° (corr.), [a]

-11.5° (¢ 10, H,0); m.p. 225°68 [a]§5 -11.5° (c 10, HZO).

Anal. Caled. for C6H13N303 C, 41.14; H, 7.48.

Found'': C, 41.51; H, 7.57.
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B. This preparation was repeated exactly as described
above, using as starting material the second crop of 38, m.p.
145-148.5°. This reaction yielded 9.50 g. (2.8%) of 39, m.p.
230-230.5°d., [u]és -8.0° (¢ 1.25, HZO)' This material was
combined with that obtained above for utilization in the next

step (below).

S-(-)-3-Hydroxy-2-piperidone (41). A. L-(-)-
Argininic acid (39), 13.0 g. (0.0742 mole), was dissolved in

a solution of 54 g. of barium hydroxide in 1040 ml. of water

and heated under reflux for 2 hr. Dry Ice was added to the
warm solution. The mixture was rewarmed and the barium car-
bonate was removed by filtration. The filtrate was concen-
trated to a syrup by distillation at reduced pressure. A
small amount of water was added, the solution was filtered,
and the filtrate again was concentrated to a syrup. Urea was
extracted from this syrup with three portions of hot absolute
ethanol. The ethanol-insoluble residue was evaporated to
dryness at reduced pressure to give crude §-(-)—a-hydroxy-d’-
amino-n-valeric acid [S-(-)-40). This residue was heated at
190° for 10 min.

A portion of the hydroxy lactam 41 sublimed as needles.
This was combined with the unsublimed residue and recrystal-
lized from ethyl acetate to give 0.808 g. (ca. 9.5%) of 41,
m.p. 170.5°, [a]g5 -5.02° (c 7.66, HZO); reported70 m.p.
171.5°, [a]gl -6.0° (c 7.66, H,0); m.p. 169°.%9

Anal. Calcd. for C5H9N02: C, 52.16; H, 7.88.

Found'™: G, 52.42; H, 8.13.
The filtrate from the ethyl acetate recrystallization
was evaporated to dryness and recrystallized from ethyl

acetate to give 0.48 g. (ca. 5.6%) of a second crop of 41,
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m.p. 137-147°. This was presumably mostly racemic material,
which has reported melting points of 134.3°70 and 141 to
142°.7°

B. 1In another experiment 5.0 g. (0.0285 mole) of
L-(-)-argininic acid (39) was heated under reflux in a solu-
tion of 22 g. of barium hydroxide in 400 ml. of water.
Using the same procedure as in A, there was obtained 0.125 g.
(ca. 3.5%) of 41, m.p. 168-169°, and 0.355 g. (10.8%), with
m.p. 137-152°.

S-(-)-3-Piperidinol (42). To a magnetically stirred

slurry of 0.75 g. of lithium aluminum hydride in 50 ml. of
anhydrous ether was added 0.75 g. (0.0652 mole) of optically
active hydroxy lactam 41. The reaction mixture was heated
under reflux for 42 hr., and the excess lithium aluminum
hydride was decomposed by the careful addition of 6 N sodium
hydroxide. Anhydrous potassium carbonate and a few potassium
hydroxide pellets were added to the resulting slurry which
was then triturated with five 30 ml. portions of methylene
chloride. The combined methylene chloride layers were dried
over anhydrous potassium carbonate and concentrated by evapo-
ration to give 0.47 g. (71%) of white, crystalline product 42,
m.p. 88-90°, [a]§6'8 -4.2° (c 7, CH2C12). The infrared spec-
trum (Nujol and Halocarbon double mulls) of this material
showed the absence of carbonyl absorption and was similar to,
but not identical with that of a commercially availableaz
sample of racemic 3-piperidinol. The melting point of (-)-42
was depressed by 30° on admixture with an equal portion of

racemic 42,
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Optical Resolution of 3-Piperidinol (42)

3-Piperidinol (42) was obtained from a commercial

42 . . e ,
source and was used without further purification.

(+)-10-Camphorsulfonic Acid (Eastman White Label

. . . 8
quality) was obtained from a commercial source / and was
used without further purification.

(-)-3-Piperidinol [(-)-42]. A. A warm solution
of 10.1 g. (0.10 mole) of racemic 42 in a mixture of 10 ml.

of absolute ethanol and 40 ml. of ether was added to a warm
solution of 30.2 g. (0.13 mole) of (+)-10-camphorsulfonic
acid in 750 ml. of ether and 50 ml. of absolute ethanol. An
additional 40 ml. of warm ethanol was added in order to ob-
tain a homogeneous solution. The mixture was cooled to room
temperature and was seeded with a few crystals of the salt,
m.p. 131.5-135°, [algz +30.0°, from a previous small-scale
experiment. The solution was cooled to ice-bath temperature
and crystallization commenced the next day. After a total
of 2 days at ice-bath temperature and 28 days at room tem-
perature, the crystals which had formed were collected by
filtration to give 10.09 g. of the (+)-10-camphorsulfonic
acid salt of 42, m.p. 131-137°,[a]]2)3 +32.0° (¢ 5, absolute
ethanol).

SChAnal. Calcd. for C15H27N055: C, 54.03; H, 8.16.

Found : C, 53.99; H, 8.10.

B. A warm solution of 10.1 g. (0.10 mole) of racemic
42 in 300 ml. of acetone was added to a warm solution of 30.2
g. (0.13 mole) of (+)-10-camphorsulfonic acid in 500 ml. of
acetone. No precipitation occurred on cooling the mixture
to room temperature overnight. The mixture was cooled to ice-

bath temperature and crystallization commenced within a few
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hours. The mixture was maintained at 0° for an additional

5 days. The salt which formed was isolated by filtration to
give 25.22 g. of the (4+)-10-camphorsulfonic acid salt of

42, m.p. 134-136.5°. The filtrate from the filtration was
enriched in the (+)-(-)-diastereomeric salt and provided
partially resolved (-)-42 (see below).

A portion of the salt (8.00 g.) was dissolved in
650 ml. of acetone. The solution was cooled at 0° for 2
days and at room temperature for 27 days. The salt which
formed was collected by filtration to give 4.47 g. of the
(+)-10-camphorsulfonic acid salt of 42, m.p. 131-133.5°,
[a]lz)3 +32.4° (c 5,‘absolute ethanol). The infrared spectrum
of the salt was identical with that obtained in A.

C. The preparation of the (+)-10-camphorsulfonic
acid salt of 42 using equimolar quantities of acid and base
with acetone-ethanol or acetone-isopropanol mixtures as sol-
vents gave erratic, non-reproducible results. Although the
salts which were obtained were presumably partially resolved,
they were not extensively investigated, since the use of
excess resolving acid gave more consistent results (A and B).

The filtrate from B above was concentrated by evapo-
ration to give 19.1 g. of an orange oil. Without further
purification, the oil was taken up in a small amount of water.
The solution was saturated with potassium carbonate and was
extracted with methylene chloride. The extracts were com-
bined and dried over solid anhydrous potassium carbonate.

The solvent was removed by evaporation to give 5.79 g. of

(-)-42 as a viscous oil which partially crystallized on stand-
ing, [alg3 -1.6° (c 12.3, 95% ethanol). Although not completely
crystalline, this material was homogeneous to gas chromato-
graphic analysis (1 m. 5% Carbowax 20M on Chromosorb W, 125°,

7 psi).
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(+)-3-Piperidinol [(+)-42]. A portion of the salt

from B was taken up in a small amount of water. The solution

was saturated with potassium carbonate and was extracted with
methylene chloride. The extracts were combined and dried
over solid potassium carbonate. The solvent was removed by
evaporation to leave an oil as residue which crystallized
after drying in a desiccator over solid potassium hydroxide
to give 0.42 g. of (+)-42, [a]lz)z'5 4+ 3.2° (c 11.9, 95% ethanol).
This material melted at 55-60° with about half the crystals
remaining in the melt. These crystals then melted at 76-85°.

Reported7la for racemic 42, m.p. 61-63°.

Absolute Configuration of N-Methyl-3-piperidinol (11)

(~)-N-Methyl-3~piperidinol [(-)-11] was prepared by the
Eschweiler-Clarke methylation of (-)-Qg?l Thus, 4.69 g.
(0.0464 mole) of (-)-42, [a]lz)3 -1.6°, was mixed with 8 g. of
90% formic acid. To this solution was added 5 g. of 40%

formaldehyde. The mixture was heated to reflux while stirring
magnetically for 22 hr. To this mixture was added 10 ml. of
concentrated hydrochloric acid, and the acidic mixture was con-
centrated by distillation at reduced pressure. The residue

was made basic with saturated sodium hydroxide solution, and the
solution was saturated with potassium carbonate. The mixture
was extracted with ether, the ether extracts were combined

and dried over solid potassium carbonate, and were concentra-
ted by evaporation to give 3.86 g. (72%) of (-)-11, [cx]lz)2

-2.4° (c 12.5, absolute ethanol). The infrared spectrum
(1iquid film) of the oil was identical with that of authentic
racemic 11 and with (+)-11 from the asymmetric hydroboration

of N-methyl-1,2,5,6-tetrahydropyridine (10). Gas chromato-
graphic analysis (1 m. 5% Carbowax 20M on Chromosorb W, 125°,

5 psi) indicated a purity of greater than 99%, with no detect-
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able 42 present.

Hydroboration of Tropidine (44) by the In Situ Generation of

Diborane

Tropine (45) was obtained from a commercial source.
Gas chromatographic analysis indicated that it contained a
mixture of 947 tropine and 6% pseudo-tropine, and it was used

without further purification.

Tropidine (44) was prepared in 31-33% yields by the
dehydration of tropine according to the method of Ladenburgﬂ’,

b.p. 160-164°; 1it.’® b.p. 162°.

NMR Spectrum (neat, No. 1246): 2.32 (singlet), 3.33
(multiplet), 5.58 (multiplet). See Fig. 2 for the complete

spectrum of 44,

Hydroboration-Oxidation of Tropidine (44). A dry

200 ml. 3-necked flask, equipped with magnetic stirrer, con-
denser, and pressure-equalizing dropping funnel, was flushed
with dry nitrogen which was exited in an acetone trap. Into
the flask were introduced solutions of 1.49 g. (0.0394 mole)
of sodium borohydride in 40 ml. of diglyme and 3.08 g. of
tropidine (0.025 mole) in 10 ml. of diglyme. The mixture was
stirred and maintained at 0° by an ice bath, and a solution

of 6.7 ml. (ca. 0.0525 mole) of boron trifluoride etherate in
10 ml. of diglyme was added dropwise over a period of 1.5 hr.
After the completion of this addition, the resulting mixture
was brought to room temperature and stirred for an additional
1.5 hr. The solution was hydrolyzed by adding water carefully
until there was no further reaction. This mixture was made
basic with 15 ml., of 6 N sodium hydroxide and oxidized at 50-
64° with 5 ml. of 307 hydrogen peroxide, which was added drop-

wise over a period of 0.5 hr. The reaction mixture was stirred
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for an additional 1.5 hr. and then acidified with 20 ml.

of concentrated hydrochloric acid. The mixture was con-
centrated to near-dryness by distillation at reduced pres-
sure, and water was added. The residual diglyme and di-
ethylene glycol monomethyl ether (18) were removed by steam
distillation. The addition of water and steam distillation
was repeated twice. The resulting residue was taken up in

a small amount of water, solid potassium carbonate was added,
and the basified mixture was extracted with several portions
of ether. The combined extracts were dried over potassium
carbonate and concentrated by evaporation to leave a light
yellow 0il as residue. The yield of this crude product was
2.41 g. (68%). This o0il was analyzed in detail by gas chro-
-matography (2 m. 5% Quadrol on 60-80 mesh KOH-washed Chromo-
sorb W, 157°, 11 psi). The four predicted tropanol isomers
were present in the relative amounts of 3% 2-p-tropanol (48),
50 + 3% tropine (45), 43 + 3% 2-a-tropanol (47), and 4%
pseudo-tropine (46). The gas chromatographic retention times
of these compounds were 4.20, 11.2, 12.5, and 16.0 minutes,
respectively, and were exactly the same as those of a syn-
thetic mixture containing authentic L-2-;3-tropanol (48),
tropine (45), L-2-a-tropanol (47), and pseudo-tropine (46).
(The percentages of tropine and 2-a-tropanol are reported as
ranges because their peaks in the gas chromatogram were not
completely resolved). A sample of tropine, m.p. 60-64°:
lit.75 m.p. 63-64°, was isolated from the reaction mixture
by preparative gas chromatography (20 ft. x 3/8 in. aluminum
column packed with 207% Carbowax 20M on DMCS treated, acid-
washed Chromosorb W) and had the same gas chromatographic

retention time as that of an authentic sample 2 of tropine.
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Epimerization of Tropanols. The reaction mixture

above was separated into several fractions by distillation.
The fraction boiling at 82-89° at 2.4-2.9 mm. (0.768 g.) was
analyzed by gas chromatography and found to contain 1% 2-p-
tropanol (48), ca. 52% tropine (45), ca. 41% 2-a-tropanol
(47), and 6% pseudo-tropine (46). .

This material was epimerized by the sodium 3-pent-
oxide-fluorenone equilibration procedure of Bell and Archer.
Thus, a 0.187 g. sample of the distillation fraction above was
heated in a refluxing solution of 0.15 g. of sodium, 0.75 ml.
of toluene, 0.0286 g. of fluorenone, and 1.6 ml. of 3-pentanol
while stirring magnetically for 28 hr. The mixture was cooled,
and 1.6 ml, of water was added. The basic mixture was ex-
tracted with ether, the ether extracts were combined and dried
over potassium carbonate, and most of the ether was removed
from the dried extract by evaporation. The resulting ethereal
residue was analyzed by gas chromatography and was shown to
contain the four epimeric tropanols in the relative amounts
of 32% 2-p-tropanol (48), ca. 7% tropine (45), ca. 10% 2-a-
tropanol (47), and 51% pseudo-tropine (46). Evaporation of
the ether from the solution analyzed above gave a yellow o0il
which partially crystallized on standing.. The crystals were
collected by filtration and triturated with ligroin (30-60°)
to give crude pseudo-tropine (46), m.p. 99-108.5°., One re-
crystallization from benzene-ligroin (30-60°) gave a pure
sample of 46, m.p.104-108°; 1lit. m.p. 106-108°%; 109-110°7°,

Preparation of Tropidine Amineborane (51)

Tropidine Amineborane (31). A 1 M solution (8 ml.)
of borane (BH3) in tetrahydrofuran92 was added from a hypo-

dermic syringe to a magnetically stirred solution of 1.00 g.
(0.00813 mole) of tropidine (44) in 10 ml. of n-hexane in a
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flask cooled in an ice bath. The resulting mixture was

taken to dryness by distillation at reduced pressure to

give 1.12 g. of a white solid residue. This material was
recrystallized once from water to give 0.78 g. (71%, based

on structure 51) of crystals, m.p. 118-122° d., identified

as tropidine amineborane (51) by its infrared (Nujol and
Halocarbon double mulls) and nmr spectra. A portion of the
crystals was purified by vacuum sublimation to give an ana-
lytical sample of 51, m.p. 117-119° d. (softens at 97°).

This compound was characterized by a distinctive odor similar

to that of camphor.

Anal. Caled. for C_H, . BN: C, 70.12; H, 11.77;

Sch 816
N, 10.22, Found : C, 69.93; H, 11.55; N, 10.43,

IR Spectrum (No.337 4083): 3040 (w), 3015 (w), 2960,
2420, 2380, 2340, 2270, 1440, 1298, 1192, 1180, 1160-1150
(doublet), 1106, 1055, 895, 878, 833, 809, 743, 683, 583.

NMR Spectrum (CDC13, No. 1683): 2.79 (singlet),
3.46 (multiplet), 5.78 (multiplet). See Fig. 2 for the com-

plete spectrum of 51.

Hydroboration of Tropidine (44) with Diisopinocampheylborane.

In a dry 200 ml. 3-necked flask, equipped with the usual
facilities, was introduced 13.62 g. (0.10 mole) of (-)-a-
pinene (qg7'5 -40.30°, ca. 92% optically pure). The flask
was immersed in an ice bath and was flushed with nitrogen,
and the contents were stirred magnetically while 50 ml. of a
1 M solution of borane (0.050 mole of BH3) in tetrahydrofuran
was added over a period of 0.5 hr. After stirring for about
1 hr. (+)-diisopinocampheylborane [(+)-2] precipitated, and
the reaction mixture was stirred at 0° for a total of 9 hr.

To the suspension of 0.050 mole of (+)-diisopino-
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campheylborane prepared above was added dropwise a solution
of 3.08 g. (0.025 mole) of tropidine (44) in 25 ml. of mono-
glyme. The resulting mixture was stirred at 0° for 2 hr.,
the ice bath was removed, and the reaction proceeded at room
temperature. An aliquot of the reaction mixture was taken
when the reaction had proceeded for 6 hr. at room temperature
and was shown by gas chromatography (2 m. 5% Carbowax 20M on
HMDS treated Chromosorb W, 133°, 5 psi) to contain a-pinene.
After stirring for a total of 12 hr. at room temperature, the
reaction mixture was hydrolyzed with water, was made basic
with 15 ml. of 6 N sodium hydroxide, and was oxidized at 30-
50° by the dropwise addition of 5 ml. of 30% hydrogen peroxide.
The reaction mixture was acidified with 15 ml. of concentrated
hydrochloric acid and stirred for 0.5 hr. The acidic mixture
separated into two layers. The bottom, aqueous layer was
separated by decantation, and most of the non-basic material
was removed from this solution by extracting with ether. The
acidic solution from the extraction was concentrated to a
small volume by distillation at reduced pressure. This resi-
due was triturated with several portions of anhydrous ether.
The solid residue from the trituration was taken up in water,
potassium carbonate was added, and the basic mixture was ex-
tracted with several portions of ether. The extracts were
combined, were dried over solid potassium carbonate, and were
concentrated by evaporation to give 1.74 g. of an oil. This
0il was shown by gas chromatography (2 m. 5% Quadrol on 60-80
mesh KOH-washed Chromosorb W, 149°; and 1 m. 20% Quadrol on
60-80 mesh KOH-washed Chromosorb W, 160°) to contain about
0.65 g. (18%) of a mixture of the four epimeric tropanols in
the relative amounts of 61% 2-B-tropanol (48), 6% tropine (45),
6% 2-a-tropanol (47), and 27% pseudo-tropine (46). The chro-
matogram indicated the presence of a substantial amount (the

exact quantity was not determined) of unreacted tropidine.
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A pure sample of 2-B-tropanol (48) obtained by pre-
parative gas chromatography (1 m. 20% Quadrol on 60-80 mesh
KOH-washed Chromosorb W) had an infrared spectrum (liquid
film) identical with that of an authentic sample of (+)-L-
2-B-tropanol [(+)—(3§)].72

Hydroboration of Tropidine (44) with Triisopinocampheyl-

diborane. In a dry 200 ml. 3-necked flask, equipped with the
usual facilities and flushed with nitrogen, was introduced

50 ml. of a 1 M solution of borane (0.050 mole of BH3) in
tetrahydrofuran. The flask was immersed in an ice bath, and
the solution was stirred magnetically while a solution of
20.4 g. (0.15 mole) of (-)-a-pinene (ag7'5 -40.30°) in 25 ml.
of tetrahydrofuran was added over a period of 0.5 hr. The
mixture was stirred for an additional 10 hr. at 0°.

To the mixture of 0.050 mole of triisopinocampheyl-
diborane [(+)-31] prepared above was added dropwise a solu-
tion of 3.08 g. (0.025 mole) of tropidine (44) in 25 ml. of
tetrahydrofuran., The resulting mixture was stirred at 0° for
8 hr. The mixture was hydrolyzed with 2 ml. of water, was
made basic with 15 ml. of 6 N sodium hydroxide, and was oxi-
dized at 30-50° for 2 hr. by the addition of 10 ml. of 30%
hydrogen peroxide. The reaction mixture was acidified with
15 ml. of concentrated hydrochloric acid and was stirred
overnight. The resulting mixture was concentrated by distil-
lation at reduced pressure, and the residue was triturated
with anhydrous ether to remove the non-basic material. The
remaining acidic residue was taken up in water, potassium
carbonate was added, and the basic mixture was extracted with
four portions of ether. The extracts were combined, were
dried over solid potassium carbonate, and were concentrated

by evaporation to give an oil which was shown by gas chroma-
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tography (1 m. 20% Quadrol on 60-80 mesh KOH-washed Chromo-
sorb W, 160°, 16 psi) to contain about 0.95 g. (27%) of a
mixture of tropanols in the relative amounts of 637 2-p-
tropanol (48), 7% of a mixture of tropine (45) and 2-a-tro-
panol (47), and 30% pseudo-tropine (46).

The results of the hydroboration of tropidine with
diborane, diisopinocampheylborane, and triisopinocampheyl-

diborane are summarized in Table IV,

Hydroboration of N-Methyl-4-phenyl-1,2,5,6-tetrahydropyri-
dine by the In Sifu Gencration of Diborane

N-Methyl-4-phenyl-1,2,5,6-tetrahydropyridine (55)

was prepared by the condensation of a-methylstyrene, aqueous
formaldehyde, and methylamine hydrochloride according to the
procedure of Schmidle and Mansfield38 to give a 547 yield of
55, b.p. 102-106° at 0.3 to 0.5 mm.; lit.38 b.p. 85-90° at

0.8 mm. This material crystallized on standing: m.p. 38-40°;

11e.38 m.p. 40-42°.

trans-N-Methyl-4-phenyl-3-piperidinol (56). A. A

dry 500 ml. 3-necked flask, equipped with magnetic stirrer,
condenser, and pressure-equalizing dropping funnel, was
flushed with dry nitrogen, which was exited through an
acetone trap. Into the flask, maintained at 0°, were intro-
duced solutions of 21.65 g. (0.125 mole) of N-methyl-4-phenyl-
1,2,5,6-tetrahydropyridine (55) in 50 ml. of diglyme and 7.45
(0.20 mole) of sodium borohydride in 50 ml. of diglyme. A
solution of 33.5 ml. (ca. 0.26 mole) of boron trifluoride
etherate in 25 ml. of diglyme was added dropwise to the
stirred mixture over a period of 1.3 hr. while a positive
nitrogen pressure was maintained. After completion of this

addition, the resulting mixture was brought to room temperature
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and stirred for an additional 1.5 hr. The solution was
hydrolyzed with 10 ml. of water, was made basic with 30 ml.
of 6 N sodium hydroxide, and was oxidized at 45-60° with 30
ml. of 30% hydrogen peroxide, which was added dropwise over
a period of 1 hr. The reaction mixture was stirred for an
additional hour and then acidified with 30 ml. of concen-
trated hydrochloric acid. The mixture was concentrated to
near dryness by distillation, water was added and the con-
centration was repeated to remove by steam distillation the
residual diglyme and diethylene glycol monomethyl ether (18).
The addition of water and steam distillation was repeated
twice. The resulting salt and viscous yellow residue was
taken up in water, and solid potassium carbonate was added.
The basic mixture was extracted five times with ether, and
the combined extracts were dried over potassium carbonate
and distilled. The fraction boiling at 157-177° at 10 mm.
was collected. After standing at room temperature for three
weeks, the crude product crystallized to give 16.0 g. (67%)
of solid, m.p. 50-72°, Two recrystallizations of the solid
from n-heptane gave an analytical sample of trans-N-methyl-
4-phenyl-3-piperidinol (56), m.p. 82-84.5°. This compound
was identical with a sample obtained by the lithium aluminum
hydride reduction of N-methyl-a-pheny1-3-piperidone83, based
on comparison of melting points, infrared spectra, and gas

chromatographic retention times.

Anal. Calcd. for C 2H NO: C, 75.35; H, 8.96.
Sch . 12717

Found : C, 75.63; H, 8.92,

IR Spectrum (No.,,, 692): 3155-3145, 2920, 2850,
2795, 1603 (w), 1495 (m), 1450 (m), 1260-1255 (doublet),
1135, 1100, 1090, 1070, 1050, 975, 872, 750, 695.
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NMR Spectrum (28% w/w in CDCl3, No. 1434): 1.78

(multiplet), 2.09 (singlet), 2.8l (multiplet), 3.63 (sextet),
4.11 (singlet), 7.20 (muliiplet). See Fig. 2 for the com-

plete spectrum of 50.

At a sweep width of 100 cps, the sextet at 3.63 ppm
(methine H at carbon-3) had line spacings of 4.36, 5.36,
4.46, 5.20 and 4.40 cps, respectively. The sextet appeared
to be the result of the overlap of two triplets, with Jaa =
9.74 cps and Jae 4.36-4.48 cps. This portion of the spec-
trum is reproduced as an enlarged insert in Fig. 2.

The picrate of 56, after recrystallization twice from
95% ethanol, melted at 232-234°.

B. 1In another experiment 4.43 g. (0.0254 mole) of
55 was hydroborated with diborane which was generated in
situ by the reaction of 7.5 g. (0.052 mole) of boron trifluo-
ride etherate with 1.14 g. (0.030 mole) of sodium borohydride.
Using the procedure of oxidation and work-up as described in
A, 6.0 g. of a viscous o0il was obtained. This oil crystal-
lized from an diethyl ether-ligroin (30-60°) mixture to give
3.79 g. (77.5%) of 56, m.p. 71-78°.

It was observed that the reluctance of crude 56 to
crystallize from the concentrated ether extracts was due in
part to the presence of trace amounts of diglyme and/or 18.
However, once crystalline, 56 could be readily recrystallized

from n-heptane or ligroin.

trans-N-Methyl-4-phenyl-3-piperidyl Acetate Hydro-

chloride (57) was prepared by the esterification of the base

of the alcohol 56 with acetic anhydride and sodium acetate
and was precipitated from an ethereal HCl solution. An ana-
lytical sample, m.p. 205-211°, was obtained after two recrys-

tallizations from 95% ethanol.
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SChAnal. Calcd. for 014H20C1N02: C, 62.33; H, 7.47.

Found C, 62.45; H, 7.74.

IR Spectrum (No.21 3578): 2470 (sh), 2430-2390,
1738, 1230, 1072, 1057, 1027, 962, 764, 701.

Lrans-N-Methyl-4-phenyl-3-piperidyl Benzilate Hydro-

chloride (58) was prepared by trans-esterification of the

base of the alcohol 56 with methyl benzilate, using the method
of Cannon.97 An analytical sample was prepared by recrystal-

lization from absolute ethanol and melted at 211-216°.

Anal. Calcd. for C26H28C1NO: C, 71.30; H, 6.44;
FM
N, 3.20. Found " : C, 70.91; H, 6.71; N, 2.97.

IR Spectrum (No.137 5231): 3225, 2450-2350, 1740,
1215-1205, 1065, 768, 702.
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Fig. 1 NMR Spectra of N-Methyl-1,2,5,6-tetrahydro-
pyridine (10) and N-Methyl-1,2,5,6-tetra-
hydropyridine Amineborane (13)
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Fig. 2 NMR Spectra of Tropidine (44), Tropidine
Amineborane (51), and trans-N-Methyl-4-

phenyl-3-piperidinol (56)
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SUMMARY

1. The conversion of a number of tetrahydropyridines
to the corresponding piperidinols in moderate to good yields
by the hydroboration reaction was demonstrated. The reac-
tion proceeded such that the formation of N-alkyl-3-piperi-
dinols were favored over the N-alkyl-4-piperidinol isomers
by a factor of 3:1. This selectivity was explained in terms
of the inductive effect of the allylic nitrogen atom, which
directed attack of the boron atom of diborane to the 3-
carbon of the tetrahydropyridine. For the systems studied,
the size of the N-alkyl group had no substantial effect on
the distribution of piperidinol isomers.

2. The reaction of several unsaturated amines with
diborane was found to proceed stepwise, with the first mole
of borane (BH3) reacting with the nitrogen atom to form an
amineborane, and in a slower, subsequent step, the second

mole of BH3 adding to the carbon-carbon double bond.

3. The asymmetric induction hydroboration of the
model compound, N-methyl-l,Z,5,6—tetrahydropyridine, gave
optically active N-methyl-3-piperidinol of about 257 optical
purity.

4. The absolute configuration of (-)-3-piperidinol
was established as having the S configuration by a cycli-
zation scheme starting with L-(+)-arginine hydrochloride.

5. Racemic 3-piperidinol was partially resolved
into both enantiomers. Conversion of (-)-3-piperidinol to
(-)-N-methyl-3-piperidinol by methylation established the
absolute configuration of (-)-N-methyl-3-piperidinol as S.
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6. The hydroboration of the bicyclic amine, tropi-
dine, with diborane gave as major products, tropine and 2-a-
tropanol, with pseudo-tropine and 2-f-tropanol together ac-
counting for only 7% of the products obtained. This stereo-
specificity was explained in terms of the steric influence
of the intermediate tropidine amineborane, which directed

attack of borane to the a side of the tropidine molecule.

7. The hydroboration of tropidine with diisopino-
campheyldiborane and the less hindered triisopinocampheyl-
diborane gave 18-277% yields of a mixture of tropanol isomers
in which pseudo-tropine and 2-p3-tropanol were the major
isomers. This stereospecificity was not explained rigorously,
but presumably is due to the substantial steric bulk of the

organoborane hydroborating agents.

8. The extension of the hydroboration reaction to
unsaturated amines was further demonstrated by the conversion
of N-methyl-4-phenyl-1,2,5,6-tetrahydropyridine to trans-N-
methyl-4-phenyl-3-piperidinol in good yields.



(a)
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