HETEROCYCLES, Vol 25, 1987

QUINUCLIDINE -BORANES AS INTERMEDIATES IN FORMATION AND TSOLATION

OF FUNCTIONALIZED QUINUCLIDINE SYSTEMS H
Philip L. Stotter,”l® Martin 0. Friedman,!P Gorden 0. Dorsey.!C
Robert W. Shlely,!d Robert F, Williams,!® and David E. Minter!f
Divislon of Earth and Physical Sciences, The Unlversity of Texas
at 5an Antonioe, San Antenio, Texas 78285; Department of Chemistry,
The University of Texas at Austin, Austin, Texas 78712; Department
of Chemistry, Texas Christian University, Fort Worth, Texas 76129,
USA

Abstract - Stable N-borane complexes of quinuclidine systems are
useful both as N-protected intermediates (in alkylation and hydro-
boration/oxidation reactions) and as derivatives which facilitate
isplation/purification and subsequent characterization. Deprotec-

tion s readily effected using ac¢idic oxidation of hydride.

An observation made by Gilbert Storks some years ago prompted the studies
reported in this and the following communication. He noted in passing that, since
Rabe’s work of 1918,2 no successful approach to the stereocontrolled construction
of Cinchona alkaloid skeietons containing an intact, polyfunctionalized quinuclidine
has utilized synthetic strategy other than a late stage closure of the substituted
quinucltidine moiety (via N-1/C-8 bond formation}. All total syntheses reported

to date3 have incorporated construction of a cis-3,4-disubstituted piperidined as
a8 requisite part of the strategy for generating the functionalized quinuclidine.

However, methodology for enantiocselection or resolution with effective recyciling

of the unwanted enantiomer is not readily compatible with known methods for the
preparation of enantiomer—-pure 3,4-disubstftuted piperidines. Thus, full consider-
ation of Professor Stork’s observation logically implies that a successful strategy
for completely stereoccontrolled total synthesis of alkaloids containing substituted
quinuclidines {(such as quinine or quinidine) is presently incompatible with the
classical synthetic approach. For gomplete stereocentrol (incorporating effective
use of g11 synthetic intermediate species in the generation of enantiomer—pure

final products), an alternative strategy i3 reguired.

R2 Rl
Classical Synthetic
Approach to Cinchona R! ::::::
Alkaloids Containing p—
Quinuctidine Molety N - Nl
{e.g., guinine) Flta RZJ \R3

¥ Dedicated to Gilbert Stork on the occasion of his sixty-fifth birthday
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Because of symmetry inherent in the quinuclidine (l1-azabicyclo(2.2.2]octane)
skeleton, we undertook an extended investigatlion of formation of functionalized
guinucl idine systems from prochiral parent structures, with the following method-
ological constraints as essential elements in ocur strategy:

l. Demonstration of stereocontrolled synthetic methods compatible with the

quinuclidine skeleton contalining a readily accessible and powerfully nucleo-
philic nitrogen (not easily masked by commonly employed techniques for N-
protection}; and

2. Utilization of methodology readily compatible with enantioselection and/or

resolution/recycling (requisite to an enanticcontrclled synthesis),

This communication describes the use of guinuclidine:borane complexes as part
of soiutions to three synthetic problems. First, Formation of 3-alkoxyguinuc!idines
from 3-quinuclidinol (while maintalning the (-3 oxygen and C-3 stereochemistry}
is a problem of effecting selective electrophilic attack at a hindered, secondary
hydroxylic oxygen rather than at the accessible and highly nucleophilic bridgehead
nftrogen. The second problem Is generation and isolation of iscomer-pure materials,
via stereoselect!ive conversion of 3-quinuclidinone to 3-alkylidenequinuclidines.
The final problem is the hydraoboration of guinuclidines containing unsaturation
and the subsequent oxidation of organcborane intermediates without oxidation of
the bridgehead nitrogen.

As anticipated, reaction of 3-quinuclidinel (from prochiral 3-quinuclidinone)}

with a variety of alky) halides under near-neutral conditions ted only to products

of N-alkylation. Attempts to effect reversfion of N-aikylation with subsequent,
slow O-alkylation using methyl fodide, allyl bromide or allyl iodide failed in
cur hands, even in polar solvents such as DMF at elevated temperatures . Prior

formation of the sodium alkoxide using NaH and subsequent reaction with methyt
iodide, allyl bromide or allyl iecdide in THF, THF/DMF, or DMF led exclusively to
the zwitterionic, insoluble %alt [(by N-alkylation) and all attempts to effect
thermal reversion with subsegquent D-alkylation proved synthetically unacceptable
in these solvent systems.

Early in our studies, we noted® that formation of the stable complexes of
quinuclidines with borane or alkylboranes often proved useful in isolation, purifi-
cation. and characterization of volatile and/or water-soluble gquinuctidfnes. These
N-borane complexes were often significantly less volatile and less water-soluble
than the corresponding free bases, thus facilitating extraction from agqueous solution
and subsequent removal of organic solvents without co-distillation. Furthermore,
compared to the corresponding free bases, the N-borane complexes were often more
likely to be crystalline and readily recrystallizable from non-polar soclvents.
Because of their high stabitity, simpie quinuclidine-boranes do not readily liberate
the parent amine on exposure to hydroxyllic solvents [eaven in presence of 1 N HC1)
and are stable in acetone solution in the absence of acid. However, oxidation of
hydride with concomitant cleavage of the N-borane complex can be effected using
strong aquecus acid or acetone/facid. N-Borane complexes were therefore used as
N-protecting groups in the preparation of 3-alkoxyguinuclidines {Scheme 1).

Addition of BH3-THF (1 mol eguiv} to racemic 3-quinuclidinol (l) in THF at

09C formed the racemic complex 2 which, after partition between brine/CHaCl 3, was
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readily isolated from the organic phase as a stable, crystalline solid {mp 190°C,
with decomposition, gas evolution) suitable for storage under Nz. Alternatively,
complex 2 could be used directly in the following steps without workup or crystat-
lization {other thaa removai of THF in vacuo) with no significant effect on overall
yields. The sodium salt 3 was generated by addition of 2 to NaH (I equiv) in DMF
at room temperature (45 min, until Hp evolution ceased) and was O-alkylated using

primary a!kyl'halides (1.1 equiv). After 18 h at room temperature, the reaction
mixture was partitioned between ether/brine, and the ethereal solution dried and
evaporated. 3-Alkoxyquinuclidine-boranes 4a-c (R = methyl, ethyl, allyl} were
isolated ¥in 70-80% vyields. Methyl ester 4e {(mp B1-81.59C) was prepared in 75%
yleld by a modification of the genera! procedure: Alkylation of 3 to afford a DNF
solutfon of sodium carboxylate 4d was carried out, as above, using sodfum iodo-
acetate (1 equiv, 18h at room temperature); and the resulting selution was directly
esterified to 4e by addition of methy! iodide (2 equiv, 24 h at room temperature),

followed by the normal workup,

E R R
HO 5 0 ‘
0
\BH;:, \BH3
1 2 (E=H) 48 (R = CH3) 5a (R = CH3)
3 (E = Na) 4b (R = CpHg) 5b {R = CoHg)
4c (R = CHpCH=CH3) 5¢ (R = CHpCHaCHj3)
4d {R = CHzCOzNa)
4¢ (R = CHzCO;CH3) Se (R = CHpCOCH3)

Scheme |

The quinuclidine-boranes 4 were converted to. free 3-alkoxyquinuclidines 5 by
the action of either of twe sclutions: acetone/water/HC1 (3:1 acetone/3 N HC1) or
THF facetone/water/HCl (5:1:2 THF facetone/4 N HCi). After addition of 4 (1-2 mmol}
to efther acidic selution (~5% ml) at 0°C, the reaction mixture was stirred at room
temperature until gas evolution ceased {~30 min), Residual aqueous acid and salts

remaining after in vacuo removal of acetone were made basic with solid NapCO3 and

then partitioned between brine/CHpCly. Distillation of solvent from the dried
organic phase afforded the free auinuclidine bases 5 as ofls, in average yields
of 70-75% after chromatographic purification.

The use of quinuclidine-boranes as crystalline derivatives for the facile
purification of noncrystalline, stereolsomeric qQuinuclifidines is illustrated by
the following transformations (Scheme 2), including the facile preparation of
isomer-pure E-3-ethyllidenequinuclidine. No preparation of this olefin as the pure
E-isomer has been previously reported.

Noncrystalline 3-methylidenegquinuclidine gﬁ selectively formed its N-borane
complex (without competitive hydroboration of the double bond). Slow addition of

BH3 THF (I mol eqguiv) to 6 at 0°C in THF afforded, after in vacuo removal of
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solvent, the crystelline complex 7 (mp 72-73°C from ether),. This obhservation
suggested that separation of a mixture of noncrystalline E and ZI 3-ethylidene-
quinuclidine (8) might be effected via fractional crystallization of its N-borane
complexes. Using a modification’P of the reported’® reaction of 3-quinuclidinone
and ethylidenetriphenylphosphorane, 3-ethylidenequinuclidine was prepared in 93%
yield as a more highly E-enriched mixture (85:15, by nmr) of sterecisomers 8a and
8b, respectively. Quinuclidine-boranes 9

{1 mol equiv) to the mixture of Ba and Bb at 0°C in THF. As with the formation

were produced by slow addition of BHy-THF

of 1, no competitlive addition to the double bond was observed. Removal of THF in
vacuo and crystallization of the residual mixture from ether gave isomer-pure 9a
{mp 44.5-45°C},a isolated in 70% average yteld from the stereocisomeric mixture
of 8. The free base was |iberated as described above (for conversion 4 — 5) to
afford the pure E fsomer 8g in 71% yield after distillation (bp 72-75°C/19 torr).

Mo by-products from acid-catalyzed Isomerfization or addition were observed.

RZ CHzR

R

N N

(Rla RZx H)
(Rl= CH3, RZz H)
(R'= H, RZ2= CH3)}

(Rl= RZx H) 10
{(Rl= CHj3,RZx H)
(Rl= H, R2a CH3y)

&g
2 W

Scheme 2

Z-3-Ethylideneguinuclidine (8b) was known '3 to be significantly more stable
than E-~1somer 8a, which contains an unfavorable peri interaction between methy!
and bridgehead hydrogen. Thus, under appropriate eguilibrating conditions, mixtures
of 8a and 8b (of any isomer ratfo) can be converted toc 8b (contaminated by small
smounts of the endocyclic alkene isomer 10). The action? of catalytic sodium in
HMFA (2.5 h at room temperature} smoothly affected this transformation, producing
near quantitative amounts of a mixture of Bb and 10 (R=CH3) in & ratio of~93:7 and
containing no 8a. by nmr}. The N-borane complex of this mixture was prepared as
sbove but did not afford a crystaliline solid.8 However, the endacyclic contaminant
did not fnterfere with subsequent transformations.

From the preceding observations, it is apparent that hydroboration of a double
bond in unsaturated quinuclidine systems requires prior formation of an N-borane
complex before hydroborat16n cof the pl system <an be effected. Indeed, standard
reaction conditions for hydreboration/oxidation of N-borane complex 71 (1.1 equiw
BH3-THF in THF at 0°C, followed by 1 h at room temperature; excess basic H20p for
10 min; standard workup) afforded solid 3-(hydroxymethyl}quinuclidine-N-borane (11}
in 94% yield, (mp 71-72.59C after recrystallfization from ether and subsequent
sublimation at 68°C/0.01 torr), Identical results were obtafned dfrectly from
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quinuclidine & (using 2.2 equiv BH3-THF) without isolation of intermediate 7. It
Is significant that the N-borane complex was stable to these oxidation conditions
and served to protect the nitrogen from competitive oxidation to its N-oxide, even
in the presence of excess Hp03. Complex 11 was further characterized by near-
quantitative acetylation to 12 (mp 58-59°C), using methyl!lithium (1.l equiv at
00C in THF for 10 min) followed by acetic anhydride (5-fold excess added to resulting
alkoxide solution at 0°C with normal work-up after |5 min). Quinuclidine-borane
complexes are, therefore, also stable to anhydrides (at least for brief exposure}.
The free base, 3-{acetoxymethyl)auinuclidine {(14), was liberated as described above
{for conversion 4 —» 5) and i{solated as an oil in B8I% yield after distillation
(bp B3-84°C/0.1 torr). 3-{Hydroxymethyl)guinuclidine (13) was obtained from
either 11l or 12, using an alternative deprotection procedure. Exposure of elther
N-borane complex to moderately strong aqueous HCY (8 N, I8 h) at room temperature,
basification of the resulting solution with KOH at 09C, and subseguent continuous
extraction {ether, 42 h)} afforded |3 (mp 59-619C} 10 in ~90% yield.

| QE OE
R, Rl H Rl H
Re R?
H
N N
BH3
7 11 (rl= RZ= E = H) 13 (R!= RZz E = H)
9a 12 (Rl= RZ= H, E = COCHjy) 14 (Rl« R?x H, E = COCH3)
Sb 158 (R!'s CH3, R%= H, E = H) 17a (Rl= CH3, RZz H, E = H)
158 (Rl= H, RZ= CH3, E = H) 176 (R1= H, RZa CH3, E = H)
16a (Rl= CH3, RZ= H, E = COCHj3)
16b (R= H, RZ= CHy, E = COCHj3)
Scheme 3
Hydroboration/oxidation of 9a [or Sb) using 1.1 equiv BH3:-THF or Ba [or_8b]
usfing 2.2 equiv BH3-THF, as described above, gave the corresponding alcohol 15a
for 15B]. However, substantial contamination (>»30%) by a tertiary alcohol was

observed. Apparently, the complexed, allylic nitrogen induced reversely-polarized
hydroboration to this extent. The difficulty was overcome by replacing BH3+«THF with
thexylborane-THF!] (1.1 equiv for 40 h)} as the hydroboration agent in the general

procedure described above. From %9a and 9b were prepared, respectively, threo and

erythro 3-{a-hydroxyethyllguinuclidine-N-botrane (15a) and (15b). To facilitate
purificaetion by facile recrystallization from ether, each alcohol was acetylated,
as described above. From 9a was prepared threo-3-(a-acetoxyethyl)guinuclidine-N-

borane (l16a) (mp 106.5-107.59C) in >75% after recrystallization; and from 3b was
prepared erythro-3-(a-acetoxyethyl)guinuclidine-N-borane (l6b) (mp 100.5-102.5°C)
in 70-75% after recrystallization., Hydrolysis of acetylated quinuclidine-boranes
16 was effected, as above, in yields »>90% after distillation (using 8 N HC!, pH
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adJustment, and multiple ether extractions in place of the continuous extraction
required for 13). From l6a was prepared threp-3-(a-hydroxyethyl)quinuciidine (17a)
{mp 81-83°C) after distillation (bp 98-1019C/0.0] torr); and from léb was prepared
erythro-3-{a-hydroxyethylliquinuclidine (17a) {(mp 63.,5-64.59C} after distillation
(bp 105-1079C/0.02 torr). Overall vields of diastereomer—pure alcoholis 17 are ~50%
from 3-qufnuclidinone.

All chemical sequences described above are cilearly compatible with the first
methodotlogical constraint we originally defined. However, it may appear that our
generation of racemic materials {s not compatible with the second constraint., com-~
patibility with exercise of complete stereccontrol}. Thus, our convenlent use of
racemic 1 in the sequence L —= 5 (Scheme |) necessarily formed racemic 5 (despite
the employment of reactfons which preserved the C-3 oxygen and fts sterecchemistry]j.
Additionally, we have described no enantioselection in the production of 1] through
171 (Scheme 3), Nevertheless, the sequences gre formaliy compatible with the second
criterion: the precursor of all chiral materials is prochiral 3-dquinuclidinone;
and alkenes 6 and the stereoisomerically pure B8a and 8b are altse prochiral. 1t
s significant that all reactions which introduce chirality (reduction of 1 and
hydroboration of N-boranes derived from & and 8) are compatible with use either
of chiral induction methods or of resolution/recycling sequences.!2+13

From thegse examples, it should be evident that quinuclidine -boranes are useful
intermediates in the preparation and manipulation of functionalized quinuclidine
systems. In the following communication, we report the use of alcoheols 13 and I7T
in an intramolecularly stereocontrolled preparation of quinuclidines having
functionalization on two bridges. Such systems should prove suitable as inter-
mediates in a completely stereccontrolied Cinchona alkalold synthesis, which
utilizes no 3,4-disubstituted piperidine intermediates.
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9b.
l0a.
10b.

isomerization of 8a to 8b proceeds via 10 (R=CH3), probably mediated by

deprotonation/reprotonation {(with dimethylamide from decomposition of HMPA
radical anion as base), since similar isomerization of & led to a mixture
containing a8 much higher proportion of endocyctic alkene 10 (R=H). In general,
best results for a number of different iscomerizations were obtained when the
alkene was first exposed to freshly-cut sodium overnight and then transferred
to a blue solution of sodium in dried HMPA (prepared at least 40 min prior to
addition of alkene and ctontaining ~10 mol% sodium per mol alkene). Reaction
fs held at room temperature until equilibrium has been reached; and product
may be fisolated either by direct distillation from the reaction mixture or,
after quenching, by ether/water partition. After such isomerizations have
reached equilibrium, product distributions of regio- and/or stereocisomeric
alkenes apparently reflect thermodynamic stabilities of the respective alkene
components and not kinetic or thermodynamic characteristics of allylic anion
intermediates. Additional detafls and other examples of this isomerization
method will be published elsewhere.

See, for example: A. Schriesheim and C.A. Rowe, US Patent No. 3,217,050, 1965,
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We have not as yet attempted chiral induction methods fer enantioselective

preparation of these systems; nor have attempts been made to resclve new
alcohols 17.

Dehydration of chiral atcohols 13, 17a and 17b was anticipated as a suitable
method for regenerating the prochiral substituted alkenes (for recycling after
resolution), We have partially confirmed this hypothesis, without regeneration
of 17a. The tosylates derived from racemic 13, 178 and | /b were each subjected
to E~1 elimination conditions in DMF, regenerating 6 from !3 and 8b from both

isomers of 17, in good yield.
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