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Stereoselective deprotonation of tropinone and reactions of tropinone lithium enolate
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Tropinone (6) was deprotonated with lithium diisopropylamide and with chiral lithium amides (18—24) and the re-
sulting enolates (two enantiomers) were treated with electrophiles. The aldol reaction with benzaldehyde and deutera-
tion were both diastereoselective. The former yielded only one isomer (exo, anti) of the aldol 8a; the latter proceeded
from the exo face. This selectivity permitted us to probe the deprotonation of tropinone with lithium amides; it was con-
cluded that the reaction involves predominantly the exo axial protons. The reaction of tropinone enolate with ethyl chlo-
roformate led, via a ring opening, to the cycloheptenone derivative 9. The reaction with methyl cyanoformate yielded,
in the presence of silver acetate and acetic acid, the B-ketoester 8b; however, in the absence of these additives, and €s-
pecially when 12-crown-4 was added to the enolate, a ring opening leading to the pyrrolidine derivative 10 occurred in-
stead. Deprotonation of tropinone with chiral lithium amides proceeded with modest enantioselectivity. A synthesis of
non-racemic anhydroecgonine via this strategy allowed establishing the absolute stereochemistry of deprotonation.

MAREK MAJEWSKI et GUO-ZHU ZHENG. Can. J. Chem. 70, 2618 (1992).

On a déprotoné la tropinone (6) a I’aide du diisopropylamidure de sodium et des amidures de lithium chiraux (18-24)
et I’on a traité les énolates qui se sont formés (deux énantiomeres) avec des €lectrophiles. La réaction aldolique avec le
benzaldéhyde ainsi que la deutération sont toutes les deux diastéréosélectives; la premiére ne fournit qu'un isomere (exo,
anti) de 1’aldol 8a alors que la derniére se produit par la face exo. Cette sélectivité a permis d’examiner la déprotonation
de la tropinone avec des amidures de lithium; on en a conclu que la réaction implique principalement les protons axiaux
exo. La réaction de 1’énolate de tropinone avec le chloroformate d’éthyle conduit, par le biais d’une ouverture de cycle,
au dérivé cyclohepténone 9. La réaction avec le cyanoformate de méthyle, réalisée en présence d’acétate d’argent et d’acide
acétique, conduit au B-cétoester 8b; toutefois, lorsque cette addition est réalisée en 1’absence de ces additifs et particu-
lierement lorsqu’on ajoute de 1’éther 12-couronne-4 a 1’énolate, il se produit plutdt une ouverture de cycle conduisant
au dérivé de la pyrrolidine 10. La déprotonation de la tropinone sous I’influence d’amidures de lithium se produit avec
une énantiosélectivité modeste. Une synthése de 1’anhydroecgonine non-racémique 2a ’aide de cette stratégie a permis

d’établir la stéréochimie absolue de la déprotonation.

Introduétiun

Reactions that differentiate efficiently between two en-
antiotopic groups are often encountered in biloorganic
chemistry when enzymes are used as reagents (1). In more
classical synthetic organic chemistry such reactions are rare
(2). Indeed the scarcity of group-enantioselective reactions
has led some researchers to caution against complications of
synthetic problems arising from symmetry in starting mate-
rials (3). Development of methods for achieving enantio-
topic group selectivity is thus important; one such method
that emerged recently as a promising new synthetic tool in-
volves enantioselective deprotonation of ketones (4). The
method is shown in general terms in Scheme 1; an achiral (or
meso) ketone 1, which has an internal plane of symmetry and
thus belongs to the C, point group, reacts with a chiral lith-
ium amide 2 to yield a non-racemic mixture of lithium eno-
lates (3s, r) which further react with an electrophile to give
a number of products (4, 5; only one enantiomer of each of
these compounds is shown in Scheme 1). The goal is to
achieve control over reaction selectivity, i.e., one of the
products should predominate.

In this paper we describe our studies on the deprotona-
tion of tropinone (6) (5); apart from theoretical interest in
studying the scope and limitations of enantioselective de-
protonation, we hoped that deprotonation of this meso ke-
tone, followed by reactions of the resulting enolates with
electrophiles, might lead to the development of a synthetic

' Author to whom correspondence may be addressed.

[Traduit par la rédaction]

strategy suitable for the construction of a number of tropane
alkaloids (6) in a stereoselective manner.

Results and discussion

A metal enolate of tropinone has three electron-rich cen-
ters that could be attacked by an electrophile: the a-carbon,
the oxygen, and the nitrogen; depending on the character
of the electrophile either one of these centers can participate
in the reaction (vide infra).

Deprotonation of tropinone with LDA

Relatively little is known about generation and reactions
of tropinone lithium enolates (6); for that reason, and also
to find a suitable method of determination of the enantio-
meric excess of tropinone deprotonation, we first investi-
gated reactions of this ketone with lithium diisopropylamide
(LDA) followed by electrophilic attack (Scheme 2). The ra-
cemic mixture of tropinone lithium enolates, generated by
mixing tropinone with LDA in THF at —78°C, was treated
with a number of electrophiles. The results are summarized
in Table 1 (the differences between yields presented in Table
1 and these in ref. Sa reflect the changes in experimental
procedures made since preliminary results of this work were
published).

Chlorotrimethylsilane (entry 1) and acetic anhydride (entry
2) yielded the racemic mixtures of the O-silylated and O-
acetylated products 7a (E = SiMe;) and 7b (E = COMe),
respectively. In the first case the quality of chlorotrimethyl-
silane proved crucial. Use of a chlorotrimethylsilane—tri-
ethylamine mixture, from which the amine hydrochloride was
removed by centrifugation, a common procedure in silyla-
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TasLE 1. Reactions of tropinone lithium enolate with electro-

ingly, the reaction with benzaldehyde was highly stereo-

philes. selective and gave only one diastereoisomer out of a possible

_ _ - four. Lithium enolates of cyclic ketones are known to give

cntry e’ Product Yield (%) predominantly anti aldols (9); the vicinal coupling constant
l Me.SiCl 7a - Jas in the 'H NMR of the aldol product 8a was, however,
2 AcO 7h 54 only 3 Hz, which suggested the syn configuration (9a). In
3 PhCHO 8a 38 agreement with both steric and stereoelectronic effects we
4 CI-COOEt 9 87 expected this product to be the exo isomer; the exo face of
S CN-COOMe 8b 82 tropinone should be less hindered sterically in analogy to
6 PhCOCI 8¢ 62 norbornyl ring systems (10a). Alkylation of endocyclic six-
! DEAD 8d 80 membered enolates is known to proceed predominantly from
S D,0 8e 31 the axial direction, which, in systems where steric con-

“Yields refer to isolated, pure products. -

tion reactions, led to low yields both when Corey’s internal
quench (7) and the normal procedure of quenching the pre-
formed enolate with one equivalent of chlorosilane were tried.
This was, conceivably, due to triethylamine hydrochloride
Protonating the enolate. Good yield was achieved by puri-
fying TMSCI by distillation from CaH, followed by storage
OVer polyvinylpyridine (Reillex 402) (8), and using the in-
®rnal quench procedure.

Benzaldehyde (entry 3), methyl cyanoformate (entry 5),
Nzoyl chloride (entry 6), and diethylazodicarboxylate
(DEAD; entry 7) reacted at the carbon terminus. Interest-

strains are absent, was rationalized by stereoelectronic et-
fects (10, 11). We finally determined that the aldol 8a was
indeed the exo-anti isomer by NMR studies on a cyclic de-
rivative (5a) and by X-ray analysis of compound 8a, which
fortunately was crystalline.” The low J,5 value is probably
due to the fact that, in solution, the OH group of 8a 1s
hydrogen-bonded to the nitrogen (similar hydrogen bonding
is pseudotropine was reported before) (12).

To gain an entry into alkaloids related to cocaine we
wanted to attach an ester synthon to the tropinone ring. To-
wards this end we treated the racemic mixture of tropinone
lithium enolates with ethyl chloroformate, a reagent that was

*The X-ray data will be published elsewhere.
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often used for carboethoxylation (13). Unexpectedly this led
to formation of cycloheptenone 9 via ring opening.”’ Chlo-
roformates are known to demethylate tropinone and other
tertiary amines (14) but the reaction leading to 9 is clearly
of a different type; it can be viewed as an electrophilic at-
tack on nitrogen in tandem with E1cB elimination.

The reaction with chloroformate was thus unsuccessful as
far as making of the (B-ketoester was concerned. We next
turned our attention to methyl cyanoformate, developed by
Mander and co-workers as a reagent for «a-carbome-
thoxylation of ketones (15a). Initially, reaction of tropinone
lithium enolate with this reagent produced the desired B-
ketoester 85, which exists as a mixture of keto and enol
forms, in low yield (45%). The major by-product isolated
from this reaction was the substituted pyrrolidine 10 (Scheme
3, relative stereochemistry unknown). After a brief study of
the reaction conditions we found that when, prior to addi-
tion of the cyanoformate reagent, one equivalent of 12-crown-
4 was added to the enolate, the pyrrolidine derivative 10 be-
came the major product (74% isolated yield) and only a small
amount of the B-ketoester 8 was formed. When one equiv-
alent of LiBr was added to the enolate, however, the amount
of pyrrolidine 10 was much smaller and the yield of 8b in-
creased to 70%. We rationalized these observations as fol-
lows:

Mander and Crabtree observed tormation of ketone cy-
anohydrins of (3-ketoesters in reactions of ketone enolates
with cyanoformate (15). It seems, therefore, reasonable to
envisage that intermediate 12 (Scheme 3) plays an impor-
tant role in the reaction. This intermediate presumably
undergoes Grob fragmentation (16), which leads to the un-
desired pyrrolidine 10; to minimize this side reaction the
formation of 12 has to be suppressed. The experiment with
LiBr, addition of which increased the yield of the 3-ketoes-
ter 85, indicated that a Lewis acid retarded the Grob path-
way; we attributed this to the LiBr complexation with the CN
ion, which attenuated the nucleophilicity of this anion. In an
effort to further decrease the ability of CN  to attack the
C=0, acetic acid was added to the reaction mixture instead
of LiBr. The acid was expected to convert the cyanide to the
less nucleophilic HCN: we subsequently added silver ace-
tate to trap HCN as silver cyanide. This strategy worked; the
desired 3-ketoester 8 was now produced in 94% yield (82%
after column chromatography).

Deuteration of tropinone lithium enolate with D,O, using
a second equivalent of n-BuLi to prevent “internal return”
of the proton according to the procedure developed by

*We later learned that this ring-opening reaction had also been
observed by Simpkins, who reported it in a lecture, cf. ref. 4b.

Seebach and co-workers (17), showed the same face selec-
tivity as the aldol reaction and yielded only one mono-
deuterated product 8e, the exo isomer. This allowed us to
address the question: is the deprotonation of tropinone dia-
stereoselective? Due to steric and stereoelectronic effects
(vide supra) the axial exo protons should undergo abstrac-
tion faster than the equatorial ones.

Both '"H and "C NMR spectra of tropinone were de-
scribed before (18), however, there is some confusion in the
literature concerning proton assignments (cf. difference in
assignments in ref. 18a and ref. 18b). Since we intended
to use NMR for the analysis of deuterated tropinones, we
reinvestigated the proton NMR spectrum using nuclear
Overhauser effects to help identify all the protons. The pro-
ton assignments and nOe’s are shown in Fig. 1. It should be
noted that the six-membered ring of tropinone is known to
assume the chair conformation with the methyl group being
equatorial (18).

Only one product (8¢) was isolated from lithiation of tro-
pinone with LDA, followed by addition of one equivalent of
n-BuLi and deuteration with D,O (17). This product was the
exo 1somer, as evidenced by the 50% decrease in the inten-
sity of the NMR signal at 2.69 ppm (the signal at 2.20 ppm
remained unchanged). The exo 8e was then subjected to an-
other deprotonation with LDA followed by treatment of the
enolate with n-BuLi and then by quenching with D,0. We
envisaged that, if the base removed any of the equatorial
protons, producing enolates 14 and (or) 15, we should find
the geminal bis-deuterotropinone 16 in the products (Scheme
4). The formation of the isomer 17, with both deuterium
atoms axial, could result from either axial or equatorial de-
protonation. We did not detect compound 16 either by 'H or
by °C NMR which led us to the conclusion that the depro-
tonation of tropinone with LDA 1is highly diastereoselec-
tive: the axial (exo) protons are removed at least 12 times
faster than the equatorial (endo) protons (assuming that de-
protonation is not reversible and that NMR provides 5% de-
tection level of 16; if 5% of 16 was indeed produced this
would indicate the relative rate of proton abstraction Ky, /Keq
of 12—-17 depending on the magnitude of the primary deu-
terium isotope effect).

Deprotonation with chiral lithium amides

Abstraction of an a-proton from tropinone (6) with a chiral
lithium amide (18-24), followed by quenching of the re-
sulting non-racemic mixture of tropinone lithium enolates
with benzaldehyde, yielded two enantiomers of the aldol
product 8a. The enantiomeric excess (ee) was determined by
NMR; when the 'H and “C spectra of samples of 8a were
taken in the presence of optically active shift reagent
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2.49 2 69 non-racemic anhydroecgonine methyl ester (27), a natural
* H »~ product of known configuration (20b), via this enantio-
2X

2.11

1.61

Fic. 1. Proton chemical shifts and nOe’s (double-headed ar-
rows) of tropinone (6).

(+)-Eu(tfc),, the splitting of the singlet corresponding to the
N-Me group was observed. When the racemic 8a, obtained
using LDA as the base, was analysed by this method the ra-
tio of the peaks in the N-Me singlet split in the presence of
Eu(tfc), was 52:48, which provided some measure of the
accuracy of this technique. The results of our enantio-
selective deprotonation experiments are shown in Table 2.
The observed selectivities were modest with an optimum ee
of 60%. We were able, however, to obtain an optically pure
sample of compound 8a by fractional crystallization (19).

In an effort to improve enantioselectivity we investigated
the effect of reaction conditions (bases 22 and 23 were used
In this brief study). Lowering the reaction temperature to
~100°C, as well as using two equivalents of base or an ad-
dltmn.al equivalent of n-BuLi, had no effect on enantio-
selectivity. Use of HMPA or sparteine as additives decreased
the ee by up to three quarters (i.e., 10% ee instead 40% when
base 23 was used in the presence of sparteine).

To establish the absolute stereochemistry of the proton
abstraction with chiral lithium amides and also to highlight
the potentia practical utility of the method we synthesised

selective deprotonation strategy. The synthesis is shown 1n
Scheme 5. A non-racemic sample of compound 85 was ob-
tained in 95% yield according to the method described above
(deprotonation of tropinone with base 22 followed by treat-
ment with methyl cyanoformate, AcOH, and AcOAg). Due
to tautomerism, compound 8b exists as a mixture of 1so-
mers with, presumably, the carboxymethyl group disposed
equatorially in the major isomer. The keto group in 8b was
reduced with sodium borohydride. It was found that under
standard conditions (NaBH, in EtOH) only a small amount
of 86 underwent reduction. However, upon lowering the re-
action temperature to —60°C and addition of a small amount
of aqueous NH,CI the reduction proceeded well (presum-
ably due to the change in the keto—enol equilibrium of the
starting material) and yielded a mixture of two products 25
and 26 1n a ratio of 6:1 (80% yield). Compounds 25 and 26
were separated’ and were then subjected to dehydration. It
was found that compound 25 (but not 26) underwent a fac-
ille dehydration with trifluoroacetic anhydride — triethyl-
amine. Compound 26 (but not 25) was easily dehydrated with
triflic anhydride — triphenylphosphine oxide. Elimination of
trifluoroacetate esters with Et;N presumably proceeds via the
E2 mechanism, hence compound 26, in which the hydro-
gen atom and the OH group are cis, could not be easily de-
hydrated with the (CF;C0O),O-Et;N mixture. The method
utilizing triphenylphosphine and trifluoromethylsulfonic
anhydride, developed by Hendrickson and Hussoin (21),
presumably involves syn elimination. This would account for
the easy dehydration of compound 26 under these condi-
tions.

“The relative configurations of these compounds were assigned
on the basis of the comparison of their NMR spectra with the spectra
of cocaine and its isomers reported by Carroll er al.; ct. ref. 20c.
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TaBLE 2. Enantioselective deprotonation of tropinone with bases 18—24 followed
by aldol addition

(P\/D /@N Ph

!
Li

T, B

Li
18 19 20 21
Me.
Me )Mf Me Me N“N  Ph Me
- = N
Ph*""‘l}: Me Ph/l\qr’“““Ph I\/ !';I/I\Me
L Li Li
22 23 24
Entry Base® Yield (%) ee (%) [somer’™
1 18 85 8 (+)-2R
2 19 97 16 (—)-2S
3 20 704 26 (—)-28
4 21 754 40 (—)-25
5 22 38 34 (+)-2R
6 23 34 40 (—)-2S
7 24 64 60 (+)-2R

“Optically pure bases 18—24 were used (cf. Experimental).
*Yields and ee refer to compound 8a.
“The absolute stereochemistry was established by correlating the structure of 8a with that

of ecgc}nme Me ester.

‘A small amount (less than 5%) of the endo-anti isomer n::\f 8a was observed.
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The optically active 27 was thus obtained, via the se-
quence described above, in 71% yield from an achiral start-
ing material (tropinone) and had the optical rotation of +9.2.
Since the optically pure levorotatory anhydroecgonine methy]
ester derived from cocaine, was reported (20a) to have
[a]p of —43, the optical purity of our sample was calcu-
lated to be 21% (the optical purity of compound 27 could not
be measured by NMR as no separation of peaks due to en-
antiomers in the presence of optically active shift reagents
was observed).

The absolute configuration of levorotatory anhydroec-
gonine methyl ester i1s known (6, 20); this isomer has the
carbomethoxy group at C-2 (Scheme 5; tropane alkaloid
numbering). This allowed us to determine the absolute
stereochemistry of proton abstraction: bases 18, 22, and 24
remove preferentially the pro-§S proton of tropinone (from
C-4) and bases 19-21 and 23 deprotonate faster at C-2 (pro-R
axial hydrogen); this was in agreement with the results of
Simpkins (4b).

In conclusion, we have established that: (i) deprotonation

of tropinone with LDA is diastereoselective and involves the
axial (exo) protons. (ii) The aldol addition of tropinone Li
enolate 1s also diastereoselective and produces the exo-anti
aldol. (ii1) Chloroformates react with the Li-enolate of tro-
pinone to give a product of ring opening (9). (iv) Tropinone
can be deprotonated enantioselectively with chiral lithium
amides. Although the optical yields observed so far were
modest, we are pursuing the potential use of this strategy in
the stereoselective synthesis of tropane alkaloids. The strat-
egy was highlighted by a short synthesis of non-racemic
anhydroecgonine methyl ester (27).

Experimental

All moisture-sensitive reactions were carried out under argon.
THF was distilled from a dark-blue solution containing sodium
benzophenone ketyl under nitrogen atmosphere. Diisopropyl-
amine, triethylamine, pyridine, DMF, TMEDA, and dichloro-
methane were distilled from calcium hydride under nitrogen
atmosphere, and then stored in 100-mL Sure- seal'™ bottles con-
taining 4A molecular sieves under argon. TMSCI was twice dis-
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illed from calcium hydride under argon atmosphere, and then s‘tnred
:n a 100-mL Sure-seal ™ bottle with Reillex ™ 402 (8). Acetic an-
hyd.l'idﬂ was distilled from calcium carbide (22), then redistilled
vefore storing over 4A molecular sieves under argon. Benzoyl
chloride was stirred with oven-dried calcium carbonate powder for
5 days; the filtered liquid was then dried over sodium sulfate. After
distillation, the purified benzoyl chloride was stored with 4A mo-
lecular sieves under argon. Benzaldehyde was washed wiwith 10%
aqueous calcium carbonate solution and dried over calclum chlo-
ride prior to fractional distillation (22). Butyllithium was titrated
pcriodically using 2,5-dimethoxybenzyl alcohol as indicator. Lithum
bromide was flame-dried under vacuum and stored in a sealed flask
under an argon atmosphere; it was used as a stock solution in THF
(~3 M). Flash column chromatographic separations were per-
formed with Merck Kieselgel 60 (230-400 mesh ASTM). All thin-
layer chromatography (TLC) was carried out using precoated glass
plates with Silica Gel 60 F254. The spots were detected by using
UV light, or phosphomolybdic acid/Ce(SO,), solution followed by
charring on a hot plate.

Melting points are uncorrected. Gas chromatography was per-
formed using a Hewlett Packard 5890A with a HP-1 column (methyl
silica gum, 5 m X 0.53 mm X 2.65 mm film thickness). The CHN
elemental analyses were done using a Perkin Elmer 2400 CHN el-
emental analyzer. Low-resolution mass spectra were obtained using
a VG Analytical retro-fitted MS-12. All NMR spectra were re-
corded on a Brucker AM 300 (‘H at 300 MHz; "°C at 75 MHz) using
CDCl; as solvent and TMS (tetramethylsilane) as internal stan-

dard (dyms = 0.00 ppm).

3-Trimethylsiloxy-8-methyl-8-azabicyclo[3.2 .1 Joct-2-ene (7a)
TMSCI (5.5 mmol; 0.7 mL) was added to a solution of LDA
(1.1 mmol) in THF (3.2 mL) followed by the dropwise addition of
a solution of tropinone (1.0 mmol; 0.139 g) in THF (2 mL) over
15 min at —78°C. After 5 min the mixture was quenched with
triethylamine (1.5 mL) and was then warmed to room tempera-
ture; the remaining TMSCI, triethylamine, and THF were re-
moved on a rotary evaporator. The pure product (185 mg, 88%) was
obtained after distillation from Kugelrohr apparatus: bp 218°C;
IR (KBr) 3045, 2958, 2937, 2844, 2794, 1651, 1251, 893,
845 cm™'; '"H NMR &: 4.92 (d, J = 5.6 Hz, 1H), 3.28 (d, J =
5.3 Hz, 1H), 3.26 (d, J = 5.7 .Hz, 1H), 2.53 (dd, J, = 20.0 Hz,
J» = 9.7 Hz, 1H), 2.37 (s, 3H), 2.13 (m, 1H), 2.00 (m, 1H), 1.83
(m, 1H), 1.58 (m, 2H), 0.20 (s, 9H); °C NMR &: 147.1 (OC),
106.5 (CH), 57.9 (CH), 57.2 (CH), 35.7 (NCH,), 35.3 (CH,), 34.9
(CH,), 29.8 (CH,), 0.1 (SiCH;); MS (CI-NH;) m/z: 214 (8.3), 213
(25.3), 212 (100.0), 211 (9.1), 183 (18.8), 182 (37.8). Anal. calcd.

for C;;H,,NOSi: C 62.50, H 10.01, N 6.63; found: C 62.40, H
10.22, N 6.81. |

General procedure for generation of tropinone lithium enolate
and its reaction with electrophiles

Diisopropylamine (0.155 mL; 1.1 mmol) was dissolved in THF
(3.2 mL), and cooled to 0°C. n-Butyllithium (1.1 mmol; 0.48 mL
of a 2.3 M solution in hexane) was added to the solution. The re-
sulting, colourless, solution of LDA was stirred for 25 min at 0°C
apd was then cooled to —78°C. Tropinone 6 (0.139 g; 1.0 mmol),
dissolved in THF (2 mL), was added dropwise over 15 min to the
solution. The resulting mixture was stirred for 45 min at —78°C and
Was then treated with an appropriate electrophile. After the reac-
ton mixture was stirred for a specified period of time the reaction
Was quenched with saturated aqueous NH,CI solution at —78°C.

€ reaction mixture was then allowed to warm to room temper-
ature and was extracted with CH;Cl (3 X 10 mL). The combined
Organic layers were washed with water, then dried over sodium

Sulfate, and the solvents were removed on a rotary evaporator to
81ve the crude product.

3-Acer Oxy-8-methyl-8-azabicyclof3.2.1]Joct-2-ene (7b)

nff*ﬂﬁl{lc anhydride (5.3 mmol; 0.5 mL) was added to a solution

mixl;ﬂplnnna llt-hlum enolate (1.0 mmol) in THF (3.2 mL) and the
ure was stirred at —78°C for 1 h. After the standard work-up,
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the crude product 7b was obtained as a yellow oil (117 mg; 64%).
Purification by chromatography (SiO,; 5% MeOH in CH;Cl) and
bulb-to-bulb distillation (50°C/0.5 Torr; 1 Torr = 133.3 Pa) af-
forded 7b as a colourless o0il (97 mg, 54%). IR (KBr) 2939, 2798,
1757, 1676, 1432, 1212, 1116 cm™'; '"H NMR &: 5.46 (dd, J, =
1.3,J, = 4.2 Hz, 1H), 3.37 (m, 2H), 2.67 (dd, J, = 3.7 Hz, J, =
17.1 Hz, 1H), 2.44 (s, 3H), 2.18 (m, 1H), 2.11 (s, 3H), 2.05 (m,
1H), 1.91 (dt, J, = 8.9 Hz, J, = 2.5 Hz, 1H), 1.71 (d, J =
17.0 Hz, 1H), 1.66 (m, 1H); *C NMR &: 169.1 (CO), 145.1 (OC),
116.4 (CH), 57.9 (CH), 57.2 (CH), 35.3 (NCH,), 34.6 (CH,), 29.9
(CH,), 21.0 (CH;); MS (El) m/z: 183 (0.3), 182 (3.4), 181 (19.4),
138 (19.3), 111 (27.5), 110 (100.0), 96 (27.3).

(IR*, 2S*, 1'R*)-2-(1'-Hydroxybenzyl)-8-methyl-8-
azabicyclo(3.2.1]Joctan-3-one (8a)

The general procedure was followed with PhCHO as electro-
phile. The reaction mixture was stirred at —78°C for 15 min. After
standard work-up, a yellowish solid was obtained (216 mg; 88%).

The crude product was dissolved in a minimum amount of
chloroform in a warm water bath. Hexane was then added drop-
wise until the solution became cloudy. A small amount of CHCl,
was added until the mixture became clear again. The clear solu-
tion was cooled down slowly to room temperature, and white
needles of the racemate were collected (183 mg, 75%); m.p.
132.7°C; IR (KBr) 3399, 3086, 2954, 2880, 2807, 1711, 1491,
1452, 1077, 760, 701 cm™'; '"H NMR &: 7.19-7.40 (m, 5H), 5.21
(d,J = 3.1Hz, 1H), 3.57(d, J = 6.6 Hz, 1H), 3.43-3.48 (m, 1H),
2.84(ddd, J, = 15.6 Hz, J, = 4.6 Hz, J; = 1.5 Hz, 1H), 2.44 (s,
3H), 2.39-2.42 (m, 1H), 2.30 (ddd, J, = 15.7 Hz, J, = 2.0 Hz,
J; = 2.0 Hz, 1H), 2.07-2.25 (m, 2H), 1.44-1.65 (m, 2H); "°C
NMR &: 208.0 (CO), 141.7 (C), 128.0 (CH), 127.3 (CH), 125.2
(CH), 76.5 (CHOH), 67.1 (CHN), 63.8 (CHN), 61.5 (CH), 51.6
(CH,), 40.5 (CH;3N), 26.3 (CH,), 26.1 (CH,); MS (CI, NH3) m/z:
247 (17.7), 246 (100.0), 140 (51.9), 82 (20.1). Anal. calcd. for
C,sH;oNO,: C 73.44, H 7.81, N 5.71; found: C 73.50, H 8.06, N
5.70.

The ee was measured by 'H NMR. Small amounts of {+)-Eu(tfc);
were added to the sample in CDCl; solution until a sufficient sep-
aration of the peak corresponding to the N-Me group (originaily at
2.44 ppm) was achieved.

(+)-(1S, 2R, 1'S)-2-(1'-Hydroxybenzyl)-8-methyl-8-
azabicyclo[3.2.1]Joctan-3-one (8a)

A solution of tropinone (1.0 mmol; 0.139 g) in THF (2 mL) was
added dropwise over 15 min, to the preformed yellowish solution
of lithium amide 22 (1.1 mmol) in THF (3.2 mL) and the mixture
was stirred for 45 min at —78°C. Benzaldehyde (1.2 mmol;
0.127 mL) in THF (1 mL) was added to the reaction mixture at
—78°C and, after 15 min, the reaction was quenched with satu-
rated NH,Cl solution (2 mL). After standard work-up, the crude
mixture was placed under high vacuum for 2 days. A yellow solid
was obtained (212 mg; 86% yield).

Optical purity of the crude 8a was 34% as measured by 'H NMR
using (+)-Eu(tfc);. The compound was recrystallized from CHCl;—
hexane as described above. White needles of the racemate were
collected first and the solvent from the mother liquid was re-
moved, and the remaining solid was again subjected to recrystal-
lization. After repeating this procedure several times, an
enantiometrically pure product was obtained as yellow rhombic
crystals: mp 132-133°C; [a]g + 23 (¢ 0.0173 g/mL, CHCl,).

Methyl 8-methyl-3-oxo0-8-azabicyclo[3.2.1 Joctane-2-carboxylate
(8b) (ref. 20b)

Methyl cyanoformate (1.3 mmol; 0.1 mL) was added dropwise
to a solution of tropinone lithium enolate (1.0 mmol) in THF
(3.2 mL) at —78°C. The mixture was stirred at —78°C for 20 min.
Glacial acetic acid (1 mL), and then silver acetate (1 mmol;
0.168 g) in glacial acetic acid (1 mL) were added to the mixture at
—78°C. The mixture was warmed to room temperature, stirred for
30 min, and concentrated NH,OH solution was added until the
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mixture became clear. The resulting solution was extracted with
CHCI; (5 X 30 mL), the combined organic extracts were washed
with water, dried (Na,SQO,), and the solvent was removed to give
an off-white solid (187 mg; 95% yield).

Purification by flash chromatography (S10,, 5% MeOH in
CHCl,) yielded a white solid that was a mixture of keto and enol
forms of 85 (161 mg, 82%): IR (KBr): 2951, 2851, 2799, 1741,
1718, 1652, 1615, 1443, 1227, 813 cm™'; 'H NMR &: 3.78 (m,
1H), 3.76 (s, 64% 3H), 3.74 (s, 36% 3H), 3.37-3.66 (1H), 3.12—-
3.37 (1H), 2.67-2.93 (1H), 2.53 (s, 13% 3H), 2.38 (s, 22% 3H),
2.36 (s, 65% 3H), 2.03-2.32 (3H), 1.74-1.94 (1H), 1.48-1.66
(1H); MS (CI, isobutane) m/z: 198 (100), 166 (23). Anal. calcd.
for C,,H,sNO;: C 60.89, H 7.67, N 7.10; found: C 60.59, H 7.72,
N 6.98.

2-Benzovl-8-methyl-8-azabicyclo[3 .2 .1 Joct-2-en-3-0l (8¢c)

The general procedure was followed with benzoyl chloride
(2.6 mmol; 0.3 mL, 2.5 equivalents) as the electrophile. The mix-
ture was stirred at —78°C for 30 min, before saturated NH,ClI so-
lution (2 mL) was added to the reaction mixture. Na,CO; solution
(40%) was added to the resulting yellow mixture until pH ~9. Ex-
traction, followed by column chromatography (SiO,, 5% MeOH
in CHCl,), yielded a yellow solid of 8¢ (150 mg; 62%); mp 75.2—
77.2°C; IR (KBr) 3058, 2945, 2849, 2796, 1716, 1678, 1595,
1568, 1447, 1400, 1273, 1146, 697 cm™'; '"H NMR &: 7.43-7.57
(m, 5H), 3.82 (d, J = 6.0 Hz, 1H), 3.41 (t, J = 6.1 Hz, 1H), 2.91
(ddd, J, = 19.3 Hz, J, = 5.5 Hz, J; = 1.9 Hz, 1H), 2.28-2.42
(m, 1H), 2.32 (s, 3H), 2.22 (t, J = 9.5 Hz, 2H), 2.02 (m, 1H),
1.70 (m, 1H); "C NMR &: 195.6 (CO), 181.2 (OC==C), 135.6 (C),
130.6 (CH), 128.3 (CH), 128.1 (CH), 112.8 (C=C(), 59.6 (CH),
58.0 (CH), 40.4 (CH,), 37.1 (NCH;), 33.9 (CH,), 29.2 (CH,); MS
(El) m/z: 245 (0.7), 244 (5.4), 243 (21.2), 215 (54.1), 214 (100.0),
136 (20.6), 110 (12.2), 105 (39.5), 82 (52.8). Anal. calcd. for
C,sH;;NO,: C 74.05, H 7.04, N 5.76; found: C 73.83, H 6.82,
N 5.51.

2-(1, 2-Dicarbethoxyhydrazo)-8-methyl-8-azabicyclo[3.2.1 J-
octan-3-one (8d)

DEAD (1.9 mmol; 0.3 mL) was added to a solution of tropi-
none lithium enolate (1.0 mmol) in THF (3.2 mL) and the mixture
was stirred at —78°C for 30 min. After standard work-up the yel-
lowish, oily product 84 was obtained (295 mg, 94%). The product
was purified by flash chromatography (SiO,; 5% MeOH in CHCl,).
The purified product 84 was a yellow solid (250 mg, 80%): mp
81.2-82.2°C; IR (KBr) 3295, 3252, 2978, 2957, 2883, 2766, 1746,
1712, 1508, 1468, 1302, 1231, 1095 cm™'; 'H NMR &: 6.81-7.09
(br, 1H), 4.99-5.21 (br, 1H), 4.13 (q, / = 7.0 Hz, 4H), 3.58-3.68
(br, 1H), 3.41 (br, 1H), 2.69 (d, J = 15.1 Hz, 1H), 2.52 (br, 3H),
2.23(d,J = 15.3 Hz, 1H), 1.80-2.12 (br, 3H), 1.49 (m, 1H), 1.19
(two overlap. t, J = 7.0 Hz, 6H); C NMR 5: 205.4 (CO), 204.9
(CO), 156.6 (COO), 156.0 (COO), 65.1 (CH), 64.8 (CH), 62.8
(OCH,), 61.8 (OCH,), 61.3 (CH), 61.0 (CH), 46.7 (CH,), 46.4
(CH,), 38.5 (CH), 37.4 (CH;), 37.2 (CH;), 27.9 (CH,), 27.5 (CH,),
24.5 (CH,), 24.2 (CH»), 14.4 (CH3), 14.3 (CH;); MS (CI (NH,))
m/z: 316 (2.6), 315 (17.5), 314 (100.0), 313 (12.3), 225 (20.3),
83 (20‘2), 33 (312), 82 (37.2) Anal. calcd. for C]4H33N305: C
53.66, H 7.40, N 13.41; found: C 53.57, H 7.58, N 13.38.

(exo0)-2-Deutero-8-methyl-8-azabicyclo[3.2.1 Joctan-3-one (8¢)
n-Butyllithium (2.2 mmol; 1.05 mL of 2.1 molar solution in
hexane), was added dropwise to a solution of tropinone lithium
enolate (2.0 mmol) in THF (5.2 mL) at —78°C, and the mixture was
then warmed to 0°C for 20 min. The reaction mixture was then
cooled down to —78°C, D-O (5 mL, 99% D) was added, and the
mixture was warmed first to 0°C for 3 min, then to room temper-
ature. Extraction and removal of the solvents using first a rotary
evaporator and then high vacuum gave a greenish solid.

Pentane was added to the crude solid dropwise at 40°C until all
the solid had dissolved. The solution was then cooled down to
—30°C for several hours. The solvent was removed from the crys-
tals at this low temperature via a syringe, and the crystals of the pure
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8¢ were washed with cold pentane. Yield: 227 mg; 81%; mp 40.5—-
42.0°C; IR (KBr): 3387, 2934, 2882, 2855, 2802, 1714, 1592,
1476, 1348 cm™'; '"H NMR &: 3.44 (br, 2H), 2.69 (dd, J, =
4.0 Hz, J, = 16.0 Hz, 1H), 2.49 (s, 3H), 2.20 (d, J = 15.3 Hz,
2H), 2.11 (m, 2H), 1.61 (m, 2H); *C NMR &: 211.1 (CO), 60.7
(CH), 47.6 (CH,), 47.3 (t, J = 18.2 Hz, CHD), 38.3 (CH,), 27.6
(CH,); MS (CI (NH,)) m/z: 144 (18.0), 143 (20.3), 142 (69.8), 141
(100.0), 140 (84.2), 138 (17.0), 83 (91.9).

(exo, exo0)-2,4-Dideutero-8-methyl-8-azabicyclo[3 .2 .1 Joctan-3-
one (17)

2-Deuterotropinone (8¢) (1.0 mmol; 140 mg) in THF (1.2 mL)
solution was added dropwise to a solution of LDA (1.1 mmol) in
THF (3.2 mL) at —78°C. After 40 min. n-BuLi (1.1 mmol;
0.52 mL of 2.1 molar solution in hexane) was added slowly to the
mixture at —78°C. The mixture was then warmed to 0°C for
20 min and cooled down to —78°C again. D,O (5 mL, 99%D) was
added to the reaction mixture at —78°C, and then warmed to 0°C
for 3 min, then to room temperature. Extraction and removal of
solvents by rotary evaporator, followed by high vacuum, gave a
greenish solid (141 mg; 100%). The solid was purified by crystal-
lization from pentane as described above. Yield: 110 mg (78%),
mp 42-43°C; IR (KBr): 2932, 2882, 2856, 2802, 2216, 1702,
1475, 1344, 1146, 483, 453 cm™'; 'H NMR 3: 3.45 (br, 2H), 2.70
(dd, J, = 3.9 Hz, J, = 16.0 Hz, 33% of 2H), 2.50 (s, 3H), 2.20
(d, J = 15.4 Hz, 2H), 2.12 (m, 2H), 1.61 (m, 2H); °C NMR &:
211.1(CO), 60.7 (CH), 47.6 (CH,), 47.3 (t,J = 18.2 Hz, CHD),
38.3 (CH,), 27.6 (CH,); MS (CI — NH;) m/z: 145 (8.4), 144
(46.2), 143 (83.4), 142 (100.0), 141 (69.8), 140 (29.3).

6-(N-Carbethoxy-N-methyl)aminocyclohept-2-en-1-one (9)

Ethyl chloroformate (4.7 mmol; 0.45 mL) was added slowly to
a solution of tropinone lithium enolate (1.0 mmol) in THF
(3.2 mL) and stirred for 10 min at —78°C. Saturated NH,Cl solu-
tion (2 mL) was added at —78°C, the mixture was warmed to room
temperature, and 40% Na,CO; solution (3 mL) was added to make
the mixture basic. The organic layer was separated, and the aqueous
layer was extracted with chloroform (4 X 5 mL). After drying
(Na,SO,) and removal of the solvent from the combined organic
layers the product was purified by chromatography (SiO,, 4:1
hexane:AcOEt). Yellow oil (184 mg; 87%), bp 275°C; IR (KBr):
3022, 2978, 2936, 2872, 1693, 1667, 1483, 1405, 1314, 1155,
772 cm™'; 'H NMR &: 6.64 (ddd, J, = 11.5 Hz, J, = 6.3 Hz,
J; =4.6 Hz, 1H), 6.04 (d, J = 12.1 Hz, 1H), 4.60 (br, 1H), 4.14
(q, J = 7.1 Hz, 2H), 2.84 (m, 2H), 2.80 (s, 3H), 2.42-2.68 (m,
2H), 1.87-2.14 (m, 2H), 1.26 (t, J = 7.1 Hz, 3H); °C NMR &:
14.4 (OCH,CH,), 29.0 (CH), 30.4 (CH,), 47.8 (CH,), 50.9
(NCH,;), 61.0 (OCH,CH,), 132.2 (CH), 146.2 (CH), 155.6
(NCOO), 200.3 (CO); MS (EI, 20eV) m/z: 211 (60), 138 (66), 108
(95), 104 (100). Anal. calcd. for C,;H;;NO;: C 62.54, H8.11, N
6.63; found: C 62.70. H 8.38; N 6.76.

Methyl 4-[2'-(5'-cyano-1'-methylpyrrolidinyl)]-3-oxo-butyrate
(10)

12-Crown-4 (1.1 mmol; 0.194 g) in THF (1 mL) was added to0
a solution of tropinone lithium enolate (1.0 mmol) in THF
(3.2 mL) at —78°C. The mixture was warmed to 0°C for 10 min,
and was then cooled to —78°C. Methyl cyanoformate (1.3 mmol;
0.1 mL) was added and the reaction mixture was stirred for
30 min at —78°C. After the standard work-up, and the removal of
solvents, the crude product was purified by chromatography (SiO-,
1:1 hexane:AcOEt), yielding a white solid (165 mg; 74%). Mp
78.8—-79.8°C: IR (KBr): 2954, 2855, 2799, 2242, 1745, 1715,
1630, 1565, 1437, 1323, 1258, 1198, 1161, 1048 cm™'; 'H NMR
9:3.93(d, J = 6.7 Hz, 1H), 3.75 (s, 3H), 3.48 (s, 2H), 2.98 (m,
[H), 2.87 (dd, J, = 17.0 Hz, J, = 3.8 Hz, 1H), 2.58 (q, J =
8.5 Hz, 1H), 2.43 (s, 3H), 2.34 (m, 1H), 2.02-2.18 (m, 2H), 1.58
(m, 1H); >C NMR 3: 201.0 (CO), 167.4 (COO), 117.3 (CN), 58.3
(OCH3), 56.5 (CH), 52.4 (CH), 49.6 (CH,), 47.0 (CH,), 36.6
(NCH,), 29.2 (CH,), 28.0 (CH,); MS (CIl, NH;) m/z: 227 (1.4)
226 (13.0), 225 (97.3), 224 (2.0), 198 (39.7), 109 (100.0), 82
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(24.4), 225 (46.0), 198 (100.0), 109 (19.0), 82 (12.0). Anal. calcd.
for Ci1H1eN203: C 58.91, H7.19, C 12.49; found: C 58.76, H7.12,

C 12.71.

Methyl (endo, endo)-3 -hydroxy-8-methyl-8-azabicycyclo[3.2.1]-
octane-2-carboxylate (25) and methyl (2-endo, 3-€x0)-3-
hydroxy-8-methyl-8-azabicyclo[3.2.1 Joctane-2-carboxylate
26}

Cu(mpuund 86 (1.0 mmol; 0.197 g) was dissolved in absolute
ethanol (2.5 mL) at room temperature, and the solution was then
cooled down to —60°C. Sodium borohydride (5.3 mmol; 0.200 g)
was added to the clear solution. A small amount of solid NH,Cl was
then added to the mixture followed by addition of saturated NH,Cl]
solution (0.5 mL). The reaction mixture was stirred at —60°C for
3 h, was then allowed to warm to room temperature, and stirred
overnight. The excess of NaBH, was destroyed by adding acetic
acid (glacial) dropwise. The solvent and excess AcCOH were re-
moved on a rotary evaporator, and the residue was dissolved in
CHCl; (10 mL). Na,CO; (40% solution, 5 mL) was added and the
mixture was then extracted with CHCI; (4 X 15 mL). After wash-
ing with water, the combined organic layers were dried (Na,5SO,).
The solvent was removed and the crude product was dried under
high vacuum, yielding an oily solid (159 mg; 80%). 'H NMR
showed that the product contained 86% of 25 and 14% of 26.

These two isomers were separated by flash chromatography
(Si0», 5% MeOH in CHCl;); 26 (20 mg; 10%) was eluted first
followed by 25 (133 mg; 67%).

Compound 25: IR (neat): 3700-3100, 1740 cm™'; 'H NMR 3:
4.28 (t, J = 4.5 Hz, 1H), 3.76 (s, 3H), 3.49 (br, 1H), 3.23 (br,
1H, OH), 3.17 (br, 1H), 3.00 (t, J = 3.5 Hz, 1H), 2.32 (s, 3H),
1.94-2.16 (m, SH), 1.82 (m, 1H); °C NMR 3&: 24.2 (CH,), 25.8
(CH,), 38.7 (CH,), 40.0 (CH), 50.0 (CH), 52.0 (CH), 60.3
(NCH,;), 62.1 (CH), 64.9 (OCH,3), 173.9 (CO); MS (EI) m/z: 199
(15), 97 (58), 96 (78), 83 (58), 82 (100). Anal. calcd. for
C,;H-NO;: C 60.28, H 8.60, N 7.03; found: C 60.05, H 8.67,
N 6.78.

Compound 26: IR (neat): 3700-3100, 1740 cm™': '"H NMR §:
4.12(dt, J, = 10.3 Hz, J, = 6.6 Hz, 1H), 3.74 (s, 3H), 3.48 (dd,
J, = 6.1 Hz, J, = 2.6 Hz, 1H), 3.24 (m, 1H), 2.72 (dd, J, =
99Hz, J, =2.9Hz, 1H), 2.38 (s, 3H), 1.68-2.08 (m, 4H), 1.54
(g, J = 8.6 Hz, 2H); ”C NMR §: 25.0 (CH,), 27.2 (CH,), 36.1
(CH,), 38.0 (CH), 52.1 (CH), 52.2 (CH), 60.1 (NCH;), 62.0 (CH),
64.8 (OCH,), 175.0 (CO); MS (Cl1 (NH,)) m/z: 201 (12.3), 200
(100), 83 (24). Anal. calcd. for C,(H,;;NO;: C 60.28, H 8.60, N
7.03; found: C 60.17, H 8.90, N 6.78.

Anhydroecgonine methyl ester (27) (ref. 20a)

(@) (£)-(27): Triphenylphosphine oxide (0.4 mmol; 0.111 g) was
dissolved in anhydrous dichloromethane (0.5 mL) and placed in a
septum-sealed 10-mL round-bottom flask at 0°C, under argon.
Trifluoromethanesulfonic anhydride (0.2 mmol; 34 mL) in anhy-
drous dichloromethane (0.5 mL) was added dropwise to the reaction
mixture with constant stirring. The reddish colour of triphenyl-
phosphine oxide solution disappeared immediately after the triflic
anhydride had been added. Racemic compound 26 (0.1 mmol;
20 mg) in dry dichloromethane (0.5 mL) was added slowly at 0°C,
31}{:1 the reaction mixture was then warmed to room temperature and
stirred for 15 min. Anhydrous triethylamine (0.5 mL) was added
to the. reaction mixture and the reddish color appeared again. After
IS min, the reaction was quenched with water (2 mL), and then
€Xtracted with diethyl ether (5 X 5 mL). The combined organic
layers were dried over anhydrous sodium sulfate. After removal of
the solvent, the residue was subjected to separation on a short col-
4mn (Si0,, 3% MeOH in CHCl;), which yielded the purified
Product (15 mg; 83%).

(D) (+)-(27): Non-racemic 25 (5.5 mmol; 1.1 g), was prepared
ff‘ Previously described using chiral base 22, and dissolved in an-
ydrous dichloromethane (4 mL) in a septum-sealed 10-mL round-
0 “*;m flask at 0°C, under argon. Anhydrous triethylamine
'© mmol; 2.2 mL) was added, followed by a catalytic amount
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of 4-(dimethylamino)pyridine in dichloromethane (1.2 mL) solu-
tion. The solution was stirred and trifluoroacetic anhydride
(7.1 mmol, 1.0 mL) in dichloromethane (2.5 mL) was added
dropwise during 20 min. After stirring for an additional 2 h at 0°C,
the reaction mixture was warmed to room temperature and stirred
for another 30 h. The reaction mixture was then cooled down to 0°C
again, and treated with dilute Na,COj; solution until the solution
became basic. The mixture was extracted with chloroform (5 X
30 mL), and the combined organic layers were washed (H,0O), and
then dried (Na,SQO,). After removal of the solvent, the mixture was
subjected to flash chromatography (SiO,, 3% MeOH in CHCl;).
A colorless oil was obtained (925 mg; 93%): [a]lp + 9.2 (c
0.1084 g/mL, MeOH), IR (KBr): 2949, 2876, 2843, 2793, 1711,
1639, 1436, 1253, 1084, 753, 728 cm ™ '; '"H NMR &: 1.52 (m, 1H),
1.85 (t, J = 9.8 Hz, 1H), 1.88 (dd, J, = 19.6 Hz, J, = 4.7 Hz,
1H), 2.18 (m, 2H), 2.37 (s, 3H), 2.65 (m, 1H), 3.28 (m, 1H), 3.75
(s, 3H),.3.83 (m, 1H), 6.83 (m, 1H); °C NMR &: 30.1 (CH,), 31.6
(CH,), 34.5 (CH,), 36.8 (CH), 51.8 (NCH,), 57.0 (OCH,), 134.0
(C), 136.2 (CH), 166.7 (CO); MS (CI (NH;)) m/z: 182 (100), 181
(15.6), 152 (15.3).

Synthesis of chiral amines

(S)-(+)-1-(2-Pyrrolidinylmethyl)pyrrolidine 18a, which was the
precursor to base 18, was purchased from Aldrich and dried prior
to use (CaH,;). Amines used for generating 21-24 were synthe-
sized by methods reported in the literature (23). Amines that were
the source of compounds 19 and 20 were synthesized by reductive
amination (see below).

(+)-(1S, 2S, 5S)-N-Phenyl-4,6,6-trimethylbicyclo[3.1.1 Jhept-3-
enylamine (19a)

Amline (9.0 mmol; 0.83 g), and glacial acetic acid (15 mL) were
placed under argon. (15)-(—)-Verbenone (1.0 mmol; 0.154 mL)
was then slowly added to this solution at room temperature and
the reaction mixture was stirred for 4 h. Sodium borohydride
(3.3 mmol; 200 mg) was then added in small portions and the tur-
bid mixture was stirred at room temperature overnight under argon.
Aqueous HCI solution (10%) was added to acidify the mixture, and
acetic acid was then removed on a rotary evaporator. The residue
was dissolved in chloroform (10 mL) and aqueous sodium carbon-
ate solution (40%) was added until the mixture became basic. The
mixture was then extracted with chloroform (4 X 20 mL). After
washing with water, the combined organic layers were dried over
anhydrous sodium sulfate. The solvent was removed and the crude
product was purified by chromatography (SiO,, 4:1 n-hex-
ane:ethyl acetate). Yield: 191 mg, [a]y + 25.0 (¢ 0.0162 g/mL,
CHCl;); IR (KBr): 3429, 3049, 2922, 2867, 1600, 1502, 1428, 746,
691 cm™'; '"H NMR &: 7.17 (id, J, = 7.4 Hz, J, = 1.0 Hz, 2H),
6.68 (t, J = 6.4 Hz, 1H), 6.60 (d, J = 7.7 Hz, 2H), 5.38 (br, 1H),
4.30 (br, 1H), 3.90 (br, 1H (NH)), 2.50 (m, 1H), 2.43 (m, 1H),
201 (t,J=6.2Hz, 1H), 1.74 (t,J = 1.8 Hz, 3H), 1.41 (d, J =
8.8 Hz, 1H), 1.32 (s, 3H), 1.07 (s, 3H); °C NMR 5: 147.8 (O),
147.5 (C), 130.1 (CH), 118.4 (CH), 117.5 (CH), 113.5 (CH), 56.5
(CH), 47.8 (CH), 45.2 (CH), 39.0 (CH,), 35.0 (CH,), 27.0 (CH,),
23.0 (CH3), 22.8 (CH;); MS (CI (NH,)) m/z: 229 (14.6), 228
(77.5), 227 (13.2), 135 (50.1), 94 (100.0). Anal. calcd. tor
CieHyN: C 84.53, H 9.31, N 6.16; found: C 84.40, H 9.02,
N 6.15.

(—)-(IR), 2R, 5S)-N-Phenyl-6,6-dimethylbicyclo{3.1.1]-
heptanylamine (20a)

Analogous procedure using (1R)-(+)-nopinone (1.0 mmol) and
aniline yielded a yellowish oil, 20a (204 mg, 95%). After purifi-
cation by tlash chromatography, a colorless liquid was obtained
(189 mg; 88%): bp 302°C; [a]d —75.3 (¢ 0.1142 g/mL, CHCl,);
IR (KBr): 3421, 3050, 2911, 2867, 1601, 1502, 1465, 1315, 746,
691 cm™'; 'H NMR &: 7.15 (t, J = 7.5 Hz, 2H), 6.65 (t, 7.3 Hz,
1H), 6.34 (d, J = 8.5 Hz, 2H), 3.94 (m, 1H), 3.81 (br, 1H (NH)),
2.28-2.48 (m, 2H), 2.19 (br, 1H), 1.98 (m, 2H), 1.88 (m, 1H),
.61 (m, 1H), 1.21 (s, 3H), 1.12 (s, 3H), 1.03 (d, J = 10.0 Hz,
1H); °C NMR &: 23.2 (CH3), 24.7 (CH,), 25.2 (CH,), 27.8 (CHy),



30.0 (C), 38.0 (CH,), 41.1 (CH), 45.6 (CH), 54.9 (CH), 113.1
(CH), 116.9 (CH), 129.4 (CH), 147.6 (C); MS (CI (NH,)) m/z:
217 (17.2), 216 (100); Anal. calcd. for C,sH,N: C 83.67, H 9.83,
N 6.50; found: C 83.77, H9.71, N 6.47.

Acknowledgement

The authors are grateful to the Natural Sciences and En-
gineering Research Council of Canada and the University of

Saskatchewan for financial support.

1..

£ WM

o 0

10.

11.

Y.-F. Wang, C.-S. Chen, G. Girdaukas, and C. Sih. /n En-
zymes in organic synthesis. Ciba Foundation Symp. 111, 128
(1985).

. R. S. Ward. Chem. Soc. Rev. 19, 1 (1990).
. S. H. Bertz. J. Chem. Soc., Chem. Commun. 218 (1984).
. (a) P. J. Cox and N. S. Simpkins. Tetrahedron: Asymmetry,

2, 1(1991); (b) N. S. Simpkins, J. Chem. Soc. Rev. 19, 335
(1990).

. (@) M. Majewski and G.-Z. Zheng. Synlett, 173 (1991); (b)

T. Momose, N. Toyoka, S. Seki, and Y. Hirai. Chem. Pharm.
Bull. 38, 2072 (1990).

M. Lounasmaa. In The alkaloids. Vol. 33. Edited by A. Brossi.
Academic Press, Toronto. 1988. Chap. 1.

E. J. Corey and A. W. Gross. Tetrahedron Lett. 25, 495
(1984).

D. K. Hutchinson. Aldrichimica Acta 19, 58 (1986).

(a) C. H. Heathcock. In Comprehensive organic synthesis. Vol.
2. Pergamon Press, Oxford. 1991. p. 181; (b) M. Majewski
and D. M. Gleave. Tetrahedron Lett. 30, 5681 (1989).

(a) D. A. Evans. In Asymmetric synthesis. Vol. 3. Edited by
J. D. Morrison. Academic Press, New York. 1984. pp. 1 and
51; () D. Caine. In Comprehensive organic synthesis.
Vol. 3. Pergamon Press, Oxford. 1991. p. 12; (¢) J. Toullec.
Adv. Phys. Org. Chem. 18, 1 (1982).

P. Deslongchamps. Stereoelectronic effects in organic chem-
istry. Pergamon Press, Toronto: 1983. p. 274.

12.
13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

P. Hanisch, A. J. Jones, A. F. Casey, and J. E. Coates. J.
Chem. Soc. Perkin Trans. 2, 1202 (1977).

D. Caine. /n Carbon—carbon bond formation. Edited by R. L.
Augustine. Marcel Dekker, New York. 1981. p. 250.

T. A. Montzka, J. D. Matiskella, and R. A. Partyka. Tetra-
hedron Lett. 1325 (1974).

(a) S. R. Crabtree, W. L. A. Chu, and L. A. Mander. Syn-
lett, 169 (1990); (b) S. R. Crabtree. Ph.D. Thesis, Research
School of Chemistry, Australian National University,
Canberra. 1990.

C. A. Grob and W. Schwarz. Helv. Chim. Acta, 47, 1870
(1964).

T. Laube, J. D. Dunitz, and D. Seebach. Helv. Chim. Acta,
68, 1373 (1985).

(a) H. Ohashi, I. Morishima, K. Okada, and T. Yonezawa.
J. Chem. Soc. Chem. Commun. 34 (1971); (b) Y. Kashman
and S. Cherkez. Tetrahedron, 28, 155 (1972); (¢) R. J. Bishop,
G. Fodor, A. R. Katritzky, F. Soti, L. E. Sutton, and F. J.
Swinbourne. J. Chem. Soc.(C), 74 (1966); (d) E. Wenkert,
J. S. Bindra, C.-J. Chang, D. W. Cochran, and F. M. Schell.
Acc. Chem. Res. 7, 46 (1974).

J. Jacques, A. Collet, and S. H. Wilen. Enantiomers, race-
mates and resolution. Wiley. New York. 1981. p. 423.

(a) H. F. Campbell, E. O. Edwards, and R. Kolt. Can. J.
Chem. 5§, 1372 (1977); (b) S. P. Findlay. J. Org. Chem. 22,
1385 (1957); (¢) F. I. Carroll, M. L. Coleman, and A. H.
Lewin. J. Org. Chem. 47, 13 (1982).

J. B. Hendrickson and M. S. Hussoin. J. Org. Chem. 52, 4137
(1987).

D. D. Perrin and S. P. Armarego. Purification of laboratory
chemicals. 3rd ed. Pergamon Press, Toronto. 1988.

(a) A. Ando and T. Shioiri. Tetrahedron, 45, 4969 (1989); (b)
H.-F. Kim, H. Kawasaki, M. Makajima, and K. Koga. Tet-
rahedron Lett. 30, 6537 (1989); (¢) C. M. Cain, R. P. C.
Cousins, G. Coumbarides, and N. S. Simpkins. Tetrahedron,
46, 523 (1990).



