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This paper describes a method for the intramolecular anodic oxidation of x-hydroxyl amides. Products
were obtained in acceptable yields from different starting materials using various applied currents,
charge, and reactant concentrations. Compounds 1a and 1d afforded a single diastereomer in 67% yield
when the applied current and reactant concentration were 100 mA and 0.04 M.
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1. Introduction

The use of electrochemical oxidation for the synthesis of hetero-
cyclic compounds has recently attracted the interest of various re-
search groups.1 This technique is advantageous as it can be used to
oxidize various functional groups, generate highly reactive inter-
mediates, and reverse the polarity of a given functionality. Many
researchers in the past had carried out anodic cyanation2 of ter-
tiary amines. The products of this reaction, a-cyanoamines, are
very important synthons that are used for synthesizing various
aminoacids and alkaloids. Anodic oxidation of tertiary amines af-
fords a highly reactive iminium ion, which is subsequently at-
tacked by the cyanide to form the corresponding a-cyanoamines
(Scheme 1). Yang et al. have developed an anodic cyanation meth-
od for synthesizing gephyrotoxin 223AB.3 Anodic oxidation of
amines4 and their derivatives such as amides,5 sulfonamides,6

amidophosphates,6b and carbamates7 is a reliable method for
introducing an alkoxy group onto the carbon atom that is in the
a-position with respect to the nitrogen. The resulting a-methoxy-
lated amides and carbamates are versatile intermediates that can
be used for further functionalization at the aforementioned a-posi-
tion. For example, treatment of the a-methoxylated carbamates
with a Lewis acid generates N-acyliminium ions, which can be
trapped with a broad variety of nucleophiles to yield trans-2,5-
disubstituted pyrrolidine,8 (�)-pseudoconhydrine,9 bulgecinine,
and bulgecin C.10 Pilli et al. illustrated the synthesis of chiral 2-ally-
lpiperidine from N-acyliminium ions using chiral carbamates de-
rived from (S)-(+)-mandelic acid as the chiral auxiliary.11 Yudin
et al. have developed a method for the intramolecular cyclization
of N-acyliminium ions obtained from pyrrolidine- and piperidine-
based carbamates.12 Royer et al. used an anodic amide oxidation
ll rights reserved.
to synthesize metabolites of ifosfamide and cyclophophamide
(anticancer drugs).13 To the best of our knowledge, the diastereose-
lectivity of anodic oxidations was poor regardless of using a chiral
auxiliary11 or chiral pool approach.8–10,12,13 We are interested in
developing a highly diastereoselective anodic oxidation for the
preparation of chiral tertiary amido alcohols which are a versatile
starting material for alkaloid synthesis. Moreover, many reports14

illustrated that ketopinic acid derivatives, used as a chiral auxiliary,
achieved excellent diastereoselectivity in asymmetric synthesis.
Herein, we report the electrochemical oxidation of a chiral amide
obtained using (1S)-ketopinic acid as the chiral auxiliary and com-
pare the diastereoselectivity observed in this reaction with that ob-
served in intramolecular cyclization.
2. Results and discussion

With the purpose of optimizing the reaction conditions for
intramolecular cyclization, a model study was first performed on
tertiary amido alcohol 1a (Scheme 2).15 Anodic oxidation was car-
ried out in a beaker-type undivided cell containing two platinum
plate-type electrodes. In a typical electrolysis, a solution of 1a and
Et4NBF4 in EtOH/CH3CN (1:1) was placed in a 50 mL beaker and
electrolyzed by passing a constant current between the anode
(3.0 cm � 5.0 cm) and the cathode (3.0 cm � 5.0 cm). The results
of this reaction are summarized in Table 1. Only one diastereomer
of the intramolecular cyclization product 7aS was obtained. No
intermolecular product 8a was detected in the reaction as 2.0
and 3.0 Faraday electric charges were used and compound 1a
was recovered in 36% and 10% yield, respectively (entries 1 and
2). The electrolyte could be recovered from the reaction mixture
in 80–90% yield. Our results illustrate that intramolecular cycliza-
tion was faster than intermolecular cyclization. The chemical
yields of the products were unaffected by increasing the concen-
tration of 1a and the number of equivalents of the electrolyte

http://dx.doi.org/10.1016/j.tetasy.2009.08.017
mailto:dslee@mail.nchu.edu.tw
http://www.sciencedirect.com/science/journal/09574166
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(entries 4, 6 8, and 9). However, with an increase in the charge,
the yield decreased (entries 3–5) as the cyclization product 7aS
was further oxidized when the reaction time was increased. The
use of the recovered electrolyte in this reaction did not affect
the yield of the product (entries 3 and 7). Ojima et al.16 reported
an example of Rh-catalyzed CO insertion to Boc-(S)-Ser-(allyl)Gly-
OMe which subsequently underwent a diastereoselective cycliza-
tion to form the bicyclic dipeptide. The cyclization step was con-
sidered to be a kinetically controlled process by molecular
mechanics calculation. According to the mechanism, the si-face at-
tack was favored over re-face attack in the intramolecular nucle-
ophilic addition of the hydroxyl group to the iminium bond. We
have proposed the transition state of intramolecular cyclization
of compound 1a as shown in Scheme 3. The hydroxyl group at-
tacked from the si face of the ion because a re-face attack has lar-
ger steric hindrance between the camphor moiety and the
hydrogen of the iminium moiety. The X-ray structure of 7aS17 re-
vealed that the absolute configuration of the piperidine ring has
an (S) structure (Fig. 1). Encouraged by the above results, various
tertiary amido alcohols 1 were synthesized by reacting (1S)-
ketopinic acid with cyclic amines or dialkylamines. The anodic
oxidation results obtained for 1 are provided in Table 2. Excellent
yields and high diastereomeric excess of the products were
achieved by the intramolecular cyclization of tertiary amido alco-
hols presumably via intermediate 4. The diastereoselectivity was
higher when 1a and 1d were employed as the starting materials
O

OHO

O

NO

a b

O

NO

7a

Scheme 2. The electrolysis of 1a. Reagents, conditions, and yield: (a) (i) SOCl2, rt; (ii)
I = 100 mA.
than when 1b and 1c were utilized. In the case of 1a or 1d, only
one diastereomer of the intramolecular cyclization products 7aS
or 7dS was obtained. In the acyclic amines system, two possible
transition states, 4E and 4Z, were formed by anodic oxidation
(Scheme 4). As mentioned above, si-face attack was favored than
re-face attack in the intramolecular nucleophilic addition of the
hydroxyl group to the iminium bond. The major product 7S was
afforded by attacking the si-face from the transition state 4E.
However, the energy difference between transition states 4E and
4Z was small when a larger alkyl group was used as in the case
of open chain amine 1b or 1c by means of MM2 calculation
(Fig. 3). Therefore, the diastereomeric excess of anodic oxidation
products decreased (entries 2 and 3). X-ray crystallographic stud-
ies18 of 7cR, shown in Figure 2, confirmed our assignments of the
absolute configuration of the a-amino carbon. A different product
was obtained when the cheaper chiral compounds, ethyl (S)-lac-
tate and ethyl (S)-3-hydroxybutyrate, were used as the chiral aux-
iliary instead of (1S)-ketopinic acid (Scheme 5). Table 3 shows the
results of the anodic oxidation reaction. The intermolecular prod-
uct 10 was formed predominantly when 2 was used as the start-
ing material. On the contrary, the intramolecular product 11 was
obtained when the electrolysis was performed using 3. In the six-
membered ring system, compounds 3 and 1, the intramolecular
attack by a hydroxyl group was much faster than intermolecular
EtOH attack onto the N-acyliminium cation. However, for the
five-membered ring system, compound 2, intramolecular hydro-
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Table 1
Electrolysis of tertiary amido alcohol 1aa

OH

NO

1a

O

NO

7aS

Entry Et4NBF4

(equiv)
Concn
(M)

Electric charge
(Faraday)

1a Yield
(%)

7aS Yield
(%)

1 2.00 0.040 2.00 36 44
2 2.00 0.040 3.00 10 63
3 2.00 0.040 3.50 0 67
4 2.00 0.040 5.00 0 45
5 2.00 0.040 7.00 0 21
6 2.00 0.080 3.50 0 67
7 2.00b 0.040 3.50 0 62
8 1.00 0.040 3.50 0 66
9 3.00 0.040 3.50 0 65

a The reaction was carried out under constant current ampere, 100 mA. All yields
were obtained after purification.

b The recovered electrolyte was used repeatedly in the reaction.

Figure 1. ORTEP diagram of 7aS.
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Scheme 3. Possible transition states of intramolecular cyclization in the case of a
cyclic amine.
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xyl attack is much slower than intermolecular EtOH attack onto
the N-acyliminium cation. We assume that the five-membered
amido hydroxyl group is pointing away from the N-acyliminium
ion and the five-membered ring is too short to get around to
the back of the a-carbon of N-acyliminium ion. For stoichiometric
conversion, the applied electric charge had to be greater when
using 3 as the starting material than when using compound 2 (en-
tries 4 and 8). Compound 10 was isolated as a mixture of two dia-
stereomers (3:1 ratio), whose separation was difficult. The
diastereomeric ratio of 11 was greater than 3:1 as determined
by NMR spectroscopy. The yields of the products increased with
the applied electric charge (entries 1–4). With a decrease in the
applied current, the yield of the product decreased, but 21% of
the starting material was recovered (entry 5). A lower yield was
obtained when the current was reduced. The yield showed a slight
decrease with an increase in the applied current.

3. Conclusion

In conclusion, piperidines and pyrrolidines with an isoborneol-
based chiral auxiliary could be electrochemically cyclized at the
a-carbon to a single diastereomer. We observed the optimum con-
ditions for the electrolysis of 1 by performing experiments at room
temperature under a constant current (100 mA) and an applied
charge of 3.5 F/mol. In addition, we have established a method
for substrates with hydroxyl groups to undergo intramolecular
cyclization with various degrees of ease depending on their chain
length. In our future research, we plan to achieve carbon–carbon
bond formation by treating the intramolecular products 7 with a
nucleophile in the presence of a Lewis acid.

4. Experimental

4.1. General aspects

Melting points were determined with a Buchi 535 digital melt-
ing point apparatus and are uncorrected. Optical rotations were re-
corded on a Perkin–Elmer Model 241 polarimeter using a 1.0 dm
cell at specific temperatures. 1H and 13C NMR spectra were re-
corded on a Varian Mercury-400 spectrometer in a solution of
CDCl3 with chemical shifts (d) given in ppm from internal TMS; J-
values are in hertz. High-resolution mass spectra were recorded
on a Jeol Jms-SX/SX 102A mass spectrometer and HRMS was mea-
sured by a Finnigan MA+ mass spectrometer. Merck 5715 glass-
backed TLC plates were used for the analysis of reactions with
detection by 0.5% phosphomolybdic acid solution in 95% EtOH.
Merck Silica Gel 60 (70–230 mesh) was used for chromatography.
The melting points were determined with a Fargo MP–2D digital
melting point apparatus and are uncorrected.

4.2. General procedure for the preparation of compound 1

To a flask containing (1S)-ketopinic acid (3778.0 mg,
20.73 mmol), thionyl chloride (5.00 mL, 68.84 mmol) was added
at 24 �C. The mixture was stirred at 24 �C for 20 h. The excess thio-
nyl chloride was removed under reduced pressure to give the
crude acid chloride. The crude product in THF (20 mL) was added
to piperidine (10.00 mL, 59.342 mmol) at 0 �C. The mixture was
stirred for 3 h at 24 �C and diluted with EtOAc (20 mL). The white
salt was removed and the filtrate was concentrated in vacuo to af-
ford a colorless oil. To a flask containing 1-[(1S)-ketopinyl]piperi-
dine in absolute EtOH (60 mL) was added NaBH4 (3655.7 mg,
96.635 mmol) at �20 �C until the reaction was complete. After
the solvent was removed in vacuo, 2 M NaOH (30 mL) was added
and the solution was extracted with EtOAc (30 mL � 3). Evapora-
tion of the solvent afforded white solids.

4.2.1. ((1S,2R,4R)-2-Hydroxy-7,7-dimethylbicyclo[2.2.1]heptan-
1-yl)(piperidin-1-yl)methanone 1a15b

Yield 95%; white solid; 1H NMR (400 MHz, CDCl3) d = 1.21 (s,
3H), 1.23 (s, 3H), 1.39–1.63 (m, 7H), 1.91 (d, J = 18.0 Hz, 1H),
2.24–2.34 (m, 1H), 2.49 (ddd, J = 18.0, 5.0, 3.0 Hz), 3.43 (br, 4H).



Table 2
Electrolysis of compound 1a
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Entry Substrate 1 Electric charge (Faraday) 7 Yield (%) Recovery yield 1 (%) Ratiob 7S/7R

1 1a 3.50 67 0 100/0
2 1b 3.50 86 0 74/26
3 1c 3.50 74 14 58/42
4 1d 3.50 62 0 100/0

a A solution of 1 (1 equiv) and Et4NBF4 (2 equiv) in EtOH/CH3CN (1:1) was electrolyzed under constant current ampere, 100 mA.
b The ratio was analyzed by 400 MHz NMR spectrum.
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4.2.2. (1S,2R,4R)-2-Hydroxy-7,7-dimethyl-N,N-diethylbicyclo-
[2.2.1]heptane-1-carboxamide 1b

Yield 94%; white solid; mp = 151–152 �C; [a]D = �18.7 (c 1.38,
CHCl3); 1H NMR (400 MHz, CDCl3) d = 1.11 (s, 3H), 1.16 (t,
J = 7.2 Hz, 6H), 1.39 (s, 3H), 1.46–1.53 (m, 1H), 1.61–1.64 (m, 2H),
1.78–1.85 (m, 2H), 1.91–2.05 (m, 2H), 2.12 (d, J = 5.2 Hz, 1H),
3.27–3.36 (m, 2H), 3.49–3.57 (m, 2H), 4.13–4.17 (m, 1H). 13C
NMR (100 MHz, CDCl3) d = 13.69, 21.90, 22.03, 27.08, 30.14,
40.79, 41.48, 44.73, 50.80, 60.73, 77.87, 171.94. MS (EI) m/z (%):
239.2 (11.0); 221.2 (45.9); 149.1 (91.8); 100.1 (51.8); 95.1 (90.7);
72.1 (94.6); 58.1 (100.0). HRMS (EI): m/z calcd for C14H25NO2:
239.1893; found: 239.1889.
4.2.3. (1S,2R,4R)-2-Hydroxy-7,7-dimethyl-N,N-dipropylbicyclo-
[2.2.1]heptane-1-carboxamide 1c

Yield 94%; white solid; mp = 108–109 �C; [a]D = �0.3 (c 2.84,
CHCl3); 1H NMR (400 MHz, CDCl3) d = 0.90 (t, J = 7.2 Hz, 6H),
1.11 (s, 3H), 1.39 (s, 3H), 1.41–1.63 (m, 7H), 1.77–1.85 (m,
2H), 1.92–2.04 (m, 2H), 2.18 (br, 1H), 3.15–3.22 (m, 2H),
3.38–3.45 (m, 2H), 4.14 (dd, J = 7.6, 3.2 Hz, 1H). 13C NMR
(100 MHz, CDCl3) d = 11.29, 21.53, 21.92, 22.05, 27.10, 30.25,
41.46, 44.74, 48.58, 50.83, 60.86, 77.92, 172.27. MS (EI) m/z
(%): 267.3 (8.1); 167.1 (42.2); 149.1 (63.7); 95.1 (43.5); 72.1
(100.0). HRMS (EI): m/z calcd for C16H29NO2: 267.2217; found:
267.2208.



Figure 2. ORTEP diagram of 7cR.
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4.2.4. ((1S,2R,4R)-2-Hydroxy-7,7-dimethylbicyclo[2.2.1]heptan-
1-yl)(pyrrolidin-1-yl)methanone 1d15b

Yield 96%; white solid; 1H NMR (400 MHz, CDCl3) d = 1.12 (s, 3H),
1.38 (s, 3H), 1.51–1.58 (m, 1H), 1.65 (t, J = 4.0 Hz, 1H), 1.74–2.05 (m,
9H), 2.64 (br, 1H), 3.57 (br, 4H), 4.16 (dd, J = 8.0, 3.6 Hz, 1H).

4.3. Typical procedure for the preparation of compounds 2 and 3

A solution of ethyl (S)-lactate (5.0 mL, 43.85 mmol) and piperi-
dine (22.0 mL, 222.4 mmol) was refluxed for 19 h. The excess piper-
idine was removed by distillation to afford brown oil. The crude
product was purified by distillation in vacuo to afford pale yellow oil.

4.3.1. (S)-2-Hydroxy-1-(piperidin-1-yl)propan-1-one 2
Yield 66%; pale yellow oil; [a]D = �1.4 (c 7.05, CHCl3); 1H NMR

(400 MHz, CDCl3) d = 1.32 (d, J = 6.8 Hz, 3H), 1.58–1.70 (m, 6H),
3.34 (t, J = 5.6 Hz, 2H), 3.59–3.62 (m, 2H), 4.46 (q, J = 6.8 Hz, 1H).
13C NMR (100 MHz, CDCl3) d = 21.45, 24.37, 25.45, 26.15, 43.63,
45.80, 63.98, 173.36. MS (EI) m/z (%): 157.1 (9.0); 112.1 (100.0)
69.1 (65.8). HRMS (EI): m/z calcd for C8H15NO2: 157.1089; found:
157.1096.
ation was obtained by MM2 calculation.
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: (a) heating, 19 h, 66%; (b) Et4NBF4, EtOH/CH3CN, Pt, I = 100 mA.



Table 3
The electrolysis of compounds 2 and 3

N

O

2 = n = 0
3 = n = 1

b
OH

n
N N

O

EtOO OH

O
nn

10 = n = 0
12 = n = 1

9 = n = 0
11 = n = 1

or

Entry Substrate Current ampere (A) Electric charge (Faraday) Product (Yield%) Recovery yield (%) Ratioa R/S

1 2 0.100 5.00 10 (50) 2 (32) 25/75
2 2 0.100 6.00 10 (49) 2 (11) 25/75
3 2 0.100 6.50 10 (56) 2 (9) 25/75
4 2 0.100 7.00 10 (74) 2 (0) 25/75
5 2 0.075 7.00 10 (32) 2 (21) 25/75
6 2 0.150 7.00 10 (58) 2 (0) 25/75
7 2 0.200 7.00 10 (60) 2 (0) 30/70
8 3 0.100 3.50 11 (0) 3 (93) —
9 3 0.100 7.00 11 (40) 3 (50) 40/60

a The ratio was analyzed by 400 MHz NMR spectrum.
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4.3.2. (S)-3-Hydroxy-1-(piperidin-1-yl)butan-1-one 3
Yield 62%; pale orange oil; [a]D = +61.6 (c 2.87, CHCl3); 1H NMR

(400 MHz, CDCl3) d = 1.22 (d, J = 6.4 Hz, 3H), 1.52–1.71 (m, 6H),
2.29 (dd, J = 16.4, 9.6 Hz, 1H), 2.48 (dd, J = 16.4, 2.4 Hz, 1H), 3.36–
3.39 (m, 2H), 3.50–3.62 (m, 2H), 4.18–4.23 (m, 1H), 4.45 (s, 1H).
13C NMR (100 MHz, CDCl3) d = 22.12, 24.38, 25.44, 26.25, 40.64,
42.41, 46.27, 64.18, 170.70. MS (EI) m/z (%): 171.1 (39.2); 126.1
(57.6); 112.1 (45.1); 84.1 (100.0). HRMS (EI): m/z calcd for
C9H17NO2: 171.1252; found: 171.1255.

4.4. General procedure for anodic oxidation

A solution of tertiary amido alcohol 1 (1 equiv) and Et4NBF4

(2 equiv) in EtOH/CH3CN (1:1, 50 mL) was placed in a 50 mL bea-
ker. This mixture was electrolyzed under constant current ampere
through a platinum plate anode (3.0 cm � 5.0 cm) and platinum
cathode (3.0 cm � 5.0 cm). The solvent was removed under re-
duced pressure. The electrolyte was filtered out and rinsed with
EtOAc. The filtrate was concentrated under reduced pressure to
afford the crude product which was purified by column chro-
matography.

4.4.1. Compound 7aS
Yield 67%; white solid; mp = 112–114 �C; [a]D = �47.7 (c 2.99,

CHCl3); 1H NMR (400 MHz, CDCl3) d = 1.10 (s, 3H), 1.12 (s, 3H),
1.37–1.42 (m, 2H), 1.69–1.99 (m, 10H), 2.29–2.46 (m, 2H), 3.78
(dd, J = 8.0, 3.2 Hz, 1H), 4.62 (dd, J = 8.0, 3.2 Hz, 1H), 4.71 (d,
J = 14 Hz, 1H). 13C NMR (100 MHz, CDCl3) d = 20.95, 21.51, 22.38,
24.82, 27.71, 28.62, 33.08, 37.62, 39.91, 44.81, 50.17, 53.76,
80.76, 86.25, 169.71. MS (EI) m/z (%): 249.2 (44.2); 221.2 (28.6);
207.1 (34.5); 84.1 (100.0); 55.0 (35.5). HRMS (EI): m/z calcd for
C15H23NO2: 249.1725; found: 249.1727.

4.4.2. (1S,4S,6R,8R)-3-Ethyl-4,11,11-trimethyl-5-oxa-3-aza-
tricyclo[6.2.1.01,6]undecan-2-one 7bS

Yield 64%; colorless oil; [a]D = �23.8 (c 3.53, CHCl3); 1H NMR
(400 MHz, CDCl3) d = 1.00 (s, 3H), 1.10 (s, 3H), 1.14 (t, J = 6.8 Hz,
3H), 1.45 (d, J = 5.6 Hz, 3H), 1.72–1.98 (m, 6H), 2.26–2.32 (m,
1H), 3.42 (nonet, J = 6.8 Hz, 2H), 3.77 (dd, J = 8.0, 3.2 Hz, 1H), 4.95
(q, J = 5.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) d = 14.25, 20.92,
21.42, 21.57, 27.80, 28.69, 36.63, 37.57, 44.83, 50.24, 53.13,
81.45, 84.41, 170.21. MS (EI) m/z (%): 237.2 (91.6); 222.2 (53.1);
193.2 (59.3); 164.1 (50.5); 149.1 (52.6); 121.1 (100.0); 72.1
(51.4). HRMS (EI): m/z calcd for C14H23NO2: 237.1719; found:
237.1724.

4.4.3. (1S,4R,6R,8R)-3-Ethyl-4,11,11-trimethyl-5-oxa-3-aza-
tricyclo[6.2.1.01,6]undecan-2-one 7bR

Yield 22%; colorless oil; [a]D = �10.3 (c 1.99, CHCl3); 1H NMR
(400 MHz, CDCl3) d = 1.04 (s, 3H), 1.05 (s, 3H), 1.10 (t, J = 7.2 Hz,
3H), 1.41 (d, J = 5.6 Hz, 3H), 1.66–1.91 (m, 6H), 2.20–2.26 (m,
1H), 2.73 (sextet, J = 6.8 Hz, 2H), 3.84 (sextet, J = 6.8 Hz, 1H), 4.14
(dd, J = 8.0, 3.2 Hz, 1H), 4.99 (q, J = 5.6 Hz, 1H). 13C NMR (100
MHz, CDCl3) d = 13.12, 19.26, 20.49, 21.63, 27.75, 28.28, 37.27,
38.04, 44.83, 50.79, 52.63, 75.64, 83.29, 168.72. MS (EI) m/z (%):
237.2 (37.8); 222.2 (100.0); 149.1 (76.9); 121.1 (70.8). HRMS
(EI): m/z calcd for C14H23NO2: 237.1717; found: 237.1723.

4.4.4. (1S,4S,6R,8R)-3-Propyl-4-ethyl-11,11-dimethyl-5-oxa-3-
aza-tricyclo[6.2.1.01,6]undecan-2-one 7cS

Yield 43%; colorless oil. [a]D = -46.45 (c 2.28, CHCl3); 1H NMR
(400 MHz, CDCl3) d = 0.88 (t, J = 7.2 Hz, 3H), 0.93 (t, J = 7.2 Hz,
3H), 1.11 (s, 6H), 1.44–1.99 (m, 10H), 2.24–2.32 (m, 1H), 2.99–
3.06 (m, 1H), 3.68–3.76 (m, 2H), 4.81 (dd, J = 5.6, 2.4 Hz, 1H). 13C
NMR (100 MHz, CDCl3) d = 7.39, 11.40, 21.12, 21.45, 21.52, 26.56,
27.79, 29.18, 37.50, 43.00, 44.82, 50.18, 53.37, 81.46, 87.58,
171.15. MS (EI) m/z (%): 265.2 (9.8); 236.2 (100.0); 149.1 (45.3);
121.1 (58.1). HRMS (EI): m/z calcd for C16H27NO2: 265.2030; found:
265.2036.

4.4.5. (1S,4R,6R,8R)-3-Propyl-4-ethyl-11,11-dimethyl-5-oxa-3-
aza-tricyclo[6.2.1.01,6]undecan-2-one 7cR

Yield 31%; white solid; mp = 84–86 �C; [a]D = +23.5 (c 2.50,
CHCl3); 1H NMR (400 MHz, CDCl3) d = 0.92 (t, J = 7.2 Hz, 3H), 0.96
(t, J = 7.2 Hz, 3H), 1.10 (s, 3H), 1.11 (s, 3H), 1.56–1.97 (m, 10H),
2.22–2.32 (m, 1H), 2.54–2.61 (m, 1H), 3.81–3.88 (m, 1H), 4.03
(dd, J = 8.0, 3.2 Hz, 1H), 4.66 (dd, J = 10.4, 3.2 Hz, 1H). 13C NMR
(100 MHz, CDCl3) d = 9.16, 11.44, 20.63, 21.26, 21.69, 24.97,
27.81, 28.36, 37.21, 44.99, 45.30, 50.91, 52.74, 75.33, 88.58,
169.14. MS (EI) m/z (%): 265.2 (0.7); 236.2 (100.0); 149.1 (64.0);
121.1 (72.0). HRMS (EI): m/z calcd for C16H27NO2: 265.2047; found:
265.2044.

4.4.6. Compound 7dS
Yield 62%; colorless oil; [a]D = +12.0 (c 2.18, CHCl3); 1H NMR

(400 MHz, CDCl3) d = 1.10 (s, 3H), 1.12 (s, 3H), 1.75–2.29 (m,
11H), 3.42–3.48 (m, 1H), 3.63–3.70 (m, 1H), 3.88 (dd, J = 8.0,
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3.6 Hz, 1H), 5.01 (dd, J = 8.0, 4.8 Hz, 1H). 13C NMR (100 MHz, CDCl3)
d = 19.62, 20.42, 21.80, 28.01, 28.31, 31.86, 36.84, 42.85, 45.05,
50.71, 53.24, 84.60, 89.19, 169.58. MS (EI) m/z (%): 235.2 (41.1);
207.1 (41.1); 70.1 (100.0). HRMS (EI): m/z calcd for C14H21NO2:
235.1561; found: 235.1567.

4.4.7. (2S)-1-(2-Ethoxypiperidin-1-yl)-2-hydroxypropan-1-one 10
Yield 74%; pale yellow oil; Two conformational isomers, approx.

3:1 ratio of isomers 10S:10R: 1H NMR (400 MHz, CDCl3) d = 1.19
and 1.21 (two sets of doublet, J = 7.2 Hz, 3H), 1.32 and 1.34 (two
sets of triplet, J = 6.8 Hz, 3H), 1.43–1.94 (m, 7H), 2.88–3.32 (two
sets of multiplet, 1H), 3.37–3.45 (two sets of multiplet, 2H), 4.45
and 4.53 (two sets of quartet, J = 6.8 Hz, 1H), 4.94–5.86 (two sets
of multiplet, 1H). 13C NMR (100 MHz, CDCl3) d = 14.97, 18.49,
21.16, 21.57, 22.24, 24.93, 25.38, 25.72, 30.28, 30.64, 37.47,
39.73, 40.34, 62.04, 62.74, 64.30, 78.36, 81.16, 174.66, 174.74.
MS (EI) m/z (%): 201.2 (0.3); 156.1 (100.0); 128.1 (46.0); 82.1
(69.3). HRMS (EI): m/z calcd for C10H19NO3: 201.1359; found:
201.1362.

4.4.8. (2S)-2-Methylhexahydropyrido[2,1-b][1,3]oxazin-4(6H)-
one 11

Yield 40%; pale yellow oil; Two conformational isomers, approx.
3:2 ratio of isomers 11S:11R: 1H NMR (400 MHz, CDCl3) d = 1.28 (d,
J = 6.0, Hz, 3H), 1.33–2.01 (m, 6H), 2.21–2.57 (m, 3H), 3.84–3.92
and 4.18–4.28 (two sets of multiplet, 1H), 4.59–4.78 (m, 2H). 13C
NMR (100 MHz, CDCl3) d = 20.21, 21.47, 23.09, 23.89, 25.06,
25.26, 32.46, 33.32, 39.63, 40.30, 40.61, 41.63, 66.29, 70.01,
84.37, 86.74, 165.64, 166.78. MS (EI) m/z (%): 169.1 (100.0);
128.1 (46.1); 100.1 (54.9); 85.1 (58.8); 69.1 (75.7); 55.1 (45.0).
HRMS (EI): m/z calcd for C9H15NO2: 169.1113; found: 169.1108.
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