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Abstract

Irradiation of a series of 3- alkngnvndmmm tetrafluoroborate salts in alcohol solution resulted in the formation of
cyclopentenone ketals by diastereoselective incorporation of the alcohol solvent under the basic conditions of the
photolysis reaction. In a second series of photochemical reactions, the same 3-alkoxypyridinium salts were

irradiated in water to yield B-hydroxycyclopentanones stereoselectively. © 1999 Elsevier Science Ltd. All rights reserved.
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Introduction
One of the most interesting and important reactions in synthetic organic photochemistry is
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the met anhntnrvr‘]naddnlnn reaction [1]. This reaction, discovered in 1966 [2], has been used
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(most tably by Wender) synthesis f ome hlghl intricate natural products such as

MeOQO, N (l)Me /OMe
A v )\Q. N —— )ﬁﬂ_
SN\ H /% H /> H/~ @
M @ @ (+)-a-Cedrene
Scheme 1

To our knowledge a heteroaromatic version of this all-carbon photoreaction has not been
published, although an interesting related photohydration reaction of pyridinium salts was
reported by Wilzbach, Kaplan and Pavlik in 1972 [5]. In this paper the diastereoselective
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formation of a bicyclic aziridinyl alcohol (7) is described, which was the result of irradiating
an alkaline solution of N-methylpyridinium chloride (5). In order to explain the high degree
of stereoselectivity, the researchers proposed that the reaction proceeded via the intermediacy
of an azabenzvalene cation (6) which was captured from the less hindered face (opposite to
the newly formed aziridine) by water (Scheme 2).

. r Me ] Me
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Scheme 2

This reaction went relatively unnoticed until recently, when there was a resurgence of

PO

interest in it. Mariano investigated various ring opening reactions of aziridine photoproducts
{6] and has used the reaction to form (+)-mannostatin [7]. Burger showed that the reaction

could be used for B-lactam synthesis [8] and more recently has shown its use in the formation
of polyhydroxylated aminocyclopentanes [9].

We wished to investigate the effect on this reaction of having an electron donating group
on the pyridine ring. We chose to use a series of 3-alkoxypyridine derivatives, because
although 3-hydroxypyridines can exist as zwitterions, they have only one tautomeric form.

Hence the formation of 3-alkoxypyridinium ions is made easier by the absence of tautomeric
problems. 2-Hydroxypyridines on the other hand are tautomeric with 2-pyridones, which
Lncrm ,:IZL‘L‘,‘___ bt Tl cciiniansbian TITNT 2 ATl v srmmsrsidinac alon lhayra a Ay

have different photochemical properties [10]. 3-Alkoxypyridines also have the advan ha
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after the initial photochemical step has taken place, the structurall
have an electron releasing group neighbouring the positive charge.

Two series of experiments were performed using either an alcohol or water as the solvent,
and the results of this work are reported herein.
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In order to test this hypothesis, a series of 3-alkoxypyridinium salts were prepared
according to standard literature procedures [11,12], starting from either 3-hydroxypyridine
or 3-hydroxy-6-methylpyridine (Scheme 3).

In previous photochemical studies, the halide or perchlorate salts of the pyridinium ions
were used in the photochemical step. We chose to use tetrafluoroborate salts as they do not
tend to undergo single electron transfer processes (like the halides) and were less likely to
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Initial irradiation studies, using 5-methoxy-1,2-dimethylpyridinium tetrafluoroborate
(12c¢) dissolved in a solution of sodium hydroxide in methanol, resulted in the formation of a
cyclopentenone ketal derivative (13¢) (Scheme 4).

X OMe y OMe
-

hv, NaOH Me” N

Scheme 4
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trapped by the solvent at one of two positions, although it is the carbon adjacent to the
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methoxy group which is the favoured site for attack. Hence it is the ketal (13¢) which is
isolated as the product (Scheme 5).
MeO —H
~_ OMe f . OMe AN (SM:] OMe
QS MeoH | ¢ C o | (/ f-ome
Me/k‘l::l// hv, NaOH ‘ Me‘/‘_p:;7 Me" N l Me N
(12¢) Me BF4 L Me (14) Me J Me (13¢)

Nearly all methods of ketal formation involve the use of acidic conditions, although in this

instance a ketal was formed under basic conditions. This mear the ketal products were
instance a ketal was formed under basic conditions. This meant that the ketal Proaucis weie
T

not subject to equilibration with the solvent. In order to probe the reaction further, an alcohol
solvent was used during irradiation different from that of the 3-alkoxy substituent on the

pyridinium salt. This led to the isolation of a mixed ketal and a rather unexpected discovery
(Scheme 6).
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Analysis of the products [13] showed that the solvent was being introduced into the
photoadduct from the same face as the aziridine, which was at odds with the previously
observed result (Scheme 2). This would suggest that the azabenzvalene cation model is not
applicable in this case and we assume this is due to the additional stability being conferred on

the cation (14) by the alkoxy group. This made the neighbouring group participation of the
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aziridinyl nitrogen was now free to hydrogen bond to the solvent and therefore lead the

solvent in from the same face as the aziridine (Scheme 7). We ruied out steric hindrance as
being a controlling factor, because the same stereochemistry of solvent addition was observed
in the absence of an alkyl group (R®) at the 2-position on the aromatic ring in compound

(13j).
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---- hydrogen bond
Scheme 7

In order to probe the effect of other alkyl substituents on the heteroaromatic ring, a series
of other pyridinium salts were irradiated for four hours in either methanol or n-propanol
using a pyrex filtered, medium pressure mercury vapour lamp. The results of this study are

displayed in Table 1 and a few simple observations can be made from these data. The yield of
the various nhotonroducts varies from noor to excellent and annears to denend on a number
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than n-propanol and the absence of an alkyl group at the 2-position of the pyridine ring gives
rise to a poor or insignificant yield of photoadduct. Larger alkyl groups in either the 1- or 2-
position and the oxygen appear to have a positive effect on the isolated yield of photoproduct.
Entries 8 and 9 in Table 1 show that the photoreaction will take place when groups other than



C. §. Penkett, 1. D. Simpson / Tetrahedron 55 (1999) 6183-6204 61

]
]

) Q » nngad 1n tha fAarmatinn
VIIGIRLDY aiv DDLU 1 iV 1ulliialivii v

thai the N-benzyl derivaiive {(12i) did undergo the phoiosolvolysis reaction, as Mariano
reported that the reaction did not occur in the case of an unsubstituted N-benzylpyridinium
salt [6]. Mariano speculated that single electron transfer between the two aromatic rings
inhibited the photoreaction in this case. The more electron rich nature of the alkoxy
substituted pyridinium ring may reduce the significance of this process, although to obtain a
reasonable yield of the photoproduct (13i) the photosubstrate (12i) needs to be irradiated for
at least 15 hours.

Table 1. Photoreactions in alcohol.?

Entry Substrate Solvent Product Yield Entry Substrate Solvent Product Yield
OMe ©<0Me N OMe QOMe
! @/ MeOH OMe ¢ q 8 /m MeOH . OMe 63
= N Me - € N
RF. | I I eac |
(12a)Me OT4 Me (13a) (12h) \ B4 . (13h)
OMe OMe OMe OMe
N b = M
2 L, MeOH ©<0M° 17 % g L, MeOH /©< M
- N Me” NT Me™
(120)E BFs Bt (13b) 12i) N BF4 ) a3
12) gy P
OMe OMe O"Pr O,OMe
3 Ly MeOH ~ M i 10 m MeOH v~ 7" g
Me 57 _ Me Y 4% N” - N
) o | 1 BF 1 .
(12¢) Me ='4 Me (13c) (12j) Bt =4 Bt (13))
OMe OMe O"Pr OMe
X X o
4 /‘L/:r MeoH g T O g b /(:r MOH o7 O 0 81%
e I?J nc ITI Me I}I B N
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OMec ©<0Me OMe O"Pr
5 ﬁ MeOH _J/ OMe 12 II/+\( "PrOH OMe
"Pr/‘\lt{// B npr/\N7 0 '\N// _ \Nl
[} o ) or ]
(12e) Me BF4 Me (13e) (12b) Bt BT 4 Et (131)
N OMe AN OMe ~-OMe AN\ 0Pt
6 m Mol Ao M g 13 (j/ "PrOH A M e
42 i it = A
Me/)\N . Me N Me/l\l‘:'&l/ - Me N
(12f) Bt °Te Et (13f) (12f) Bt P4 Et (13m)
’/\‘/OMG (/“7(0546
M
7 E/!KKI/) MeOH A OMe G4
t -
{ )
(12g) Et B4 Et (13g)

* 3-Alkoxypyridinium salts (12a-Kk) were irradiated for 4 hours in basic methanol or n-propanol.
® When the benzyl derivative (12i) was irradiated for a further 11 hours, the yield of photoproduct (13i) was increased to 50 %.
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In a second series of photolysis experiments, the pyridinium salts (12) were irradiated in a

solution of sodium hydroxide in water instead of an alcohol. In this case the products differed
significantly from the alcohol series in that they were B-hydroxycyclopentanone derivatives

(15) (Scheme 8).
OMe HO o
Ho0
Y : Xr

Me” N7 hv, NaOH Me” N
(12¢c) Me BF4 Me (15c)
Scheme 8

During the formation of the aqueous photolysis products, we believe the initially formed
charged intermediate (14) is common in both water and alcohol solvents. The path leading to
products t hen dlverqifies depending on whether or not water or an alcohol was used as the
solvent d"rmg the irradiation. For the aqueous reaction, the attacking nucleophile is water (or
hydroxide) and the first intermediate to form is the hemi-ketal (16). Unlike a ketal, this can

undergo a base catalysed elimination of an aicohol (R'OH) to yield an enone (17). This enone
has been reported to be unstable [14] and is readily attacked by water to form a [-
hydroxyketone (15). This process may be photochemical in nature, as enones tend to have an
absorption chromaphore coincident with the pyrex filtered irradiation source. Upon
absorption of light, the enone (17) may form a charge transfer intermediate (18), which is
captured by water to form the B-hydroxyketone (15) (Scheme 3).
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The relative stereochemistry of the product has only been tentatively assigned [15] such that
the hydroxyl group is delivered from the same face of the cyclopentenone ring as the
aziridine. This again may be due to a hydrogen bonding interaction between the aziridinyl
nitrogen and the solvent.
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irradiated in water and the results are displayed in Table 2.
Table 2. Photoreactions in water.
Entry Substrate Solvent Product Yield Entry Substrate Solvent Product Yield
“ o T " o "N
N
1 @/ H0O 7 <5% M "/j HO g 34 %
- N MG/\ - Me N
jamay dan BF4 jam v o 2 4 e mm o
{1za) {198) iMe (121) I:t h (155) Et
- OMe Hﬂvo ~ OMe H&Q;o
2 L. ‘t H0 Ma™ 38 % 6 - Ig H-0 I 35%
Me N = Vg g =4 38 N - < =t
BF ) N
(12¢) Me = ¢ (15¢) Me (12g) Et BFe (15g) Et
Ny OMe HO\Q‘O -/[j,O”Pr H(\Q?o
3 A A
BN - HO  EtTy o Y PO eV %
! 1]
(12d) Me BFs (15d) Me (12k) Et BFe (15f) Et
’ - OMe H 0
f o N e PO ey “w
(12¢) Me = * (15€) Me

* 3-Alkoxypyridinium salts (12a, c-g, k) were irradiated for 4 hours in alkaline aqueous solution.

The yields of photoadduct isolated from the water photolysis reactions were rather
disappointing in comparison with the alcohol series. The aqueous photoadduct (15g) was only
isolated in 35% yield from (12g), compared with a 92% yield of photoadduct (13g) when
the same starting material was irradiated in methanol. This may have been due to a number of
factors such as the relative instability of the B-hydroxycyclopentanones (15) compared with
the cyclopentenone ketals (13) or the dlfﬁ(‘nltv in erra(‘rmc the hvdrnxvammm (15) from

the aqueous solvent. However the large increase in molecular complexity, and the ability to
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Experimental

'H-NMR spectra were recorded at 300 MHz on a Bruker Advance DPX-300 instrument or at

500 MHz on a Bruker AMX-500. Chemical shifts are reported in parts per million (ppm)
relatlve to resi d 1al CHCl, (0727 or tetramethylsilane as the intern __al reference (8 0.00). The

— —_ il

t t — trinlat ~ 1art tinmlat he o lhenad MNAainling rnnofaonte F ora givan ¢
L, L= Lipicy, Li Li al lCl, o= iUl IPICL, Ul — vlilvau. buuyu ls Lulpdualiyn J 1 Elvcll i
[ & g 1379 ATRATY  omn b mzim s o AATT. PrI NN 2NN

MR SpEC ‘A WEre IGLUIUCU at ID MHz on the Bru KET Advance UI’A-JUU
instrument. Chemical shifts are reported in parts per million (ppm) relative to CDCI, (central
line of triplet 8 77.00). Many of the photoproducts (13a) to (13m) exist as a mixture of
invertomers and NMR data is quoted for the major invertomer. EI-MS and CI-MS were
recorded on a VG Autospec instrument and at the EPSRC mass spectra service at the
University of Swansea. FAB-MS were recorded on a Kratos MS80RF instrument. Infrared
spectra were recorded on a Perkin-Elmer 1710 Fourier transform spectro-photometer as a

thin film between NaCl nlates or as solution cell, Meltine noints were uncorrected. Analvtical

TRRARAL RLRAEZ ULAWWOLAAL ANGN L AL BUR QO SRR LAl JVRLAILE puaa WMAAWAE L Wl A L A

TLC was pe rformed on Merck glass backed thin layer chromatography plates pre-coated with

~ NNE MiTl atroe '..n ,.,-. AAAAAAAAAAAAAAAAAAA P iov rey
d U.4L0 111 y Cl Ul UU l"254 bll Ld ¥l bUllLdllLlllg llUUlebClll .l iaicawul. vm‘u'cm 'd.l.lUll Wwdd

achieved by ultraviolet light (254 nm), iodine or by staining with alkaline potassium
permanganate solution or anisaldehyde solution followed by heating. Column
chromatography was carried out using Merck Kieselgel 60 silica gel (Merck art. no. 9385,
230-400 mesh, 0.04-0.063 nm). All solvents and reagents were obtained from commercial
sources and used without further purification unless otherwise stated. Petrol refers to

petroleum ether with the boiling range 40-60 °C. Dry diethyl ether and tetrahydrofuran were

distilled from sodium / benzophenone under an atmosphere of nitrogen

The miartz immercinn well nhatarsactar nuray filtar and 400 W medinm nreggure mercurv
A RN~ CACLA L ARALLREANAA OANVAL YY Wik yllvtvlvuvt\ll, y-’ AWwsih LilLwk LAKINVE YUY e ARLANANZLLARALR rxvuuuxv lllv.lvul.)
------- v laserer xxrama :mrivndhacad Fenme DhAtanhamiinal Danctacra T 1 QAannitneg ClAamninan DRDandina
vapour iaim €IC purcnasea Irom rnoiodneiiiCdar neaciors LAG, SOfl 1g COMinon, 1\Gauu15

5.-Methoxy-2-methylpyridine (10b). 5-Hydroxy-2-methylpyridine (2.0 g, 18.7 mmol)
was added to a suspension of potassium hydroxide (4.2 g, 74.8 mmol) in DMSO (30 ml) and
stirred for 1 h. Iodomethane (1.25 ml, 2.85 g, 20.1 mmol) was added and the reaction
mixture was stirred for a further hour, then poured into water (100 ml) and extracted with
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29 Hz. 4-H) 817 (1H. 4. J 28 H7z 6-H) 8 (755 MH7) 21 8544 17118 1792 1§
i 7 AL, AR]y Lea NEREy My, v &0 L4, UTHL). U/ J.S YRRRL). &1.00, SIS, 14110, 140010,
1L NA 1:1‘\ 1'1 1&'4 2 S B S Pt | o t N AN~ ~O Pty . e~ P PR YA
136.04, 150.17, 153.52. v, /cm~ (CHCI, solution): 2965, 2839, 1602, 1575, 1500, 1274,
1241, 1034, 832, 668. m/z (EI*): 123 (M*, 100%), 108 (90%), 80 (65%), 53 (60%). HRMS

predicted for C,H,NO 123.0684, found 123.0686.

2-Ethyl-5-methoxy-pyridine (10c). To a solution of diisopropylamine (2.0 ml, 1.44 g,
14.2 mmol) in anhydrous THF (30 ml) cooled to 0 °C was added n-butyllithium (5.7 ml, 2.5
M solution in hexanes, 14.2 mmol) under a atmosphere of nitrogen. The solution was stirred
at 0 °C for 30 min and then cooled to -78 °C. A solution of 5-methoxy-2-methylpyridine

(10b) (1.5 g, 12.2 mmol) in THF (5 ml) was added dropwise over 15 min, during which time

the solution turned deep red. After a further 15 min iodomethane (0.88 14.1
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and the reaction mixture was stirred f01 a further hour, before being poured into water (100
ml). The partitioned aqueous layer was extracted with ethyl acetate (3 x 100 ml) and the
combined organic layers were dried (MgSO,), and concentrated in vacuo. The residue was
subjected to flash chromatography (SiO,, petrol: ethyl acetate 4:1) to give the title compound
(10c¢) as a yellow oil (655 mg, 4.74 mmol, 39%), as well as some recovered starting material
(10b) (497 mg, 4.04 mmol, 33 %). 6,(300 MHz): 1.20 (3H, t, J 7.6 Hz, CH,CH,), 2.69 (2H,

a J76Hz Ar-CHCH) 376(3H. g n(‘u\ 700 (1IH 4 JRS Hz 3-H). 705 (1H. dd. 785

Yo o 7 KR4, SMNAEBNELg), J IV DL, 5, \UNAXy ), /.UVU LKk, U, v O.J K14, J-11), 7.UJ (111, UU, J

Hz, 2.8 Hz, 4-H), 8.15 (1H, d, J 2.7 Hz, 6H) 8.(75.5 MHz): 14.59, 30.75, 56.02, 121.31,

122.48, 136.60, 154.17, 156.03. v,,/cm™ (CHCI, solution): 2970, 2840, 1601, 1573, 1489,
1271, 1035, 910, 832, 666. m/z (EI'): 137 (M*, 100%), 136 (90%), 122 (60%), 95 (30%).
HRMS predicted for C;H,,NO 137.0841, found 137.0831.

S-Methoxv-2-nronvinvridine (10d4). To a solution of diisonronvlamine (2.0 ml 44 o
d-Methoxy-Z-propylpyricine (1va). 1o a solution of ainsopropylamme (2.U ml, 1.44 g,
T A Y cemana A1V in mamlao T a TIIY 73N I 1 e N O oo L T3 Lo_a T .l 2 __ £ 9 __.1 ~N
14.4 1I1N01) 11 AlIYUIOUuS 11r (JU Ii11) COOICAd 1O U LU wds dauca n-Dutyluuuun (0.0 IIl, £.0

M solution in hexanes, 15.8 mmol) under a atmosphere of nitrogen. The solution was stirred
at 0 °C for 30 min and then cooled to -78 °C. A solution of 5-methoxy-2-methylpyridine
(10b) (752 mg, 6.10 mmol) in THF (5 ml) was added dropwise over 15 min, during which
time the solution turned deep red. After a further 15 min bromoethane (1.20 ml, 1.75 g, 16.1
mmol) was added. The reaction mixture was stirred for 2.5 h then allowed to warm to room

temperature. Concentrated ammonia (20 ml) was added and the reaction mixture was stirred
for a further hour, then poured into water (10() mh and extracted with ethyl acetate (3 x 100

G aRatail AVRRE, ARl pURALAS 280 Washs (S LV 8 § Gailr FWAMGYIWAS YV AL LRAl) auvialv

ml). The combined organic layers were dried (MgSO,) and concentrated in vacuo. The
IO cerna o bl $ e b rremnsdhey FOIMN enntenl. atlerl nnntnta AcT1) +A ~ivra than 2t
ICDLUUC was bUUJCblCU o lldb l Clivllatvgl Plly \WIiV,, peuvul. Culyl Leidl “4.1) W 51VC UIC LIuc
product as a yellow oil (582 mg, 3.85 mmol, 63 %). §,(300 MHz): 0.86 (3H, t, /7.4 Hz,

CH,CH,), 1.66 (2H, sextet, J 7.5 Hz, ArcCH,CH,CH,), 2.62 (2H, t, J 7.6 Hz, ArCH,CH,), 3.75
(3H, s, OCH,), 6.98 (1H, d, J 8.5 Hz, 3-H), 7.05 (1H, dd, J 8.5 Hz, 2.9 Hz, 4-H), 8.15 (1H, d,
J 3.1 Hz, 6-H). §(75.5 MHz): 13.71, 23.21, 39.27, 55.47, 121.08, 122.66, 136.22, 153.65,

) 6183-6204 6191
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154.29. v, /em™ (CHCI, solution): 2963, 2874, 1601, 1573, 1498, 1465, 1272, 1240, 1033,
824, 667. m/z (EI'): 151 (M*, 25%), 150 (30%), 136 (50%), 123 (100%), 108 (45%). HRMS
predicted for C;H,;NO 151.0997, found 151.1008

3-Propoxypyridine (10e). 3-Hydroxypyridine (1.50 g, 15.8 mmol) was added to a
suspension of sodium hydroxide (700 mg, 17.5 mmol) in DMSO (20 ml) and stirred at room
temperature for 30 min. 1 Bromopropane (1.50 ml, 2.03 g, 16.5 mmol) was added and the

r 3 h. then poured into 5% sodit
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&
the title compound as a pale yellow oil (1.4 mmol, 65 %). 6 4(300 MHz): 0.96 (3H, t
J 74 Hz, CH,CH,;), 1.74 (2H, sextet, J 7.0 HZ, CH,CH,CH,), 3.87 (2H, t, J 6.5 Hz,
ArOCH,CH,), 7.11 (2H, m, ArH), 8.11 (1H, t, J 1.8 Hz, 6-H), 8.22 (1H, s, 2-H). SC(75.5
MHz): 10.32, 22.37, 69.62, 120.85, 123.67, 13791, 141.73, 155.12. v__/cm' (CHCI,

,_
a
cu

o E; o

I\J =y

1)}
v

o
]
-

solution): 2970, 2880, 1576, 1474, 1427, 1392, 1268, 1189, 1067, 1051, 1013, 974, 798, 666,
600. m/z (EI'): 137 (M, 40%), 95 (100%), 78 (10%). HRMS predicted for C,H, NO
1271 NO A1 Lricand 17T NOLCN
12/7.0041, 10Ul 15/7.U0J73.

2-Methyl-5-propoxypyridine (10f). 5-Hydroxy-2-methylpyridine (2.00 g, 18.3 mmol)
was added to a suspension of potassium hydroxide (3.10 g, 55.3 mmol) in DMSO (30 ml) and
stirred at room temperature for 30 min. 1-Bromopropane (1.67 ml, 2.26 g, 18.3 mmol) was
added and the reaction mixture was stirred at room temperature for 3 h, then poured into 5%
sodium hydroxide solution (100 ml) and extracted with ether (3 x 100 ml). The combined
organic layers were washed with water (100 ml), dried ( MgSO,) and concentrated in vacuo to

L9 v 192 R (L0 8 LW [LAR 3 } LAV LR alivll Lulivditiatd

give the title compound as a pale yellow oil (1.40 g, 10.2 mmol, 65%). 6 (300 MHz): 0.97

H
rals i

(3H, t, J 7.4 Hz, CH,CH,), 1.77 (2H, sextet, J 7.1 Hz, CH,CH,CH,), 2.44 (3H, s, ArCH,), 3.88
(2H, t, J 6.6 Hz, ArOCH,CH,), 7.01 (1H, d, J 8.5 Hz, 3-H), 7.06 (1H, dd, 155 Hz, 2.8 Hz, 4-
H), 8.14 (1H, d, J 2.7 Hz, 6-H). & (75.5 MHz): 10.31, 22.42, 23.15, 69.80, 121.92, 123.20,
136.50, 149.94, 153.12. v__/em" (CHCI, solution): 2969, 1601, 1573, 1499, 1387, 1225,

1067 1048, 1022, 977, 830 666. m/z (ET"): 151 (M*, 30%), 109 (100%), 80 (15%). HRMS

predicted for C;H,;NO 151.0997, found 151.09%89.

3-Methoxy-1-methylpyridinium tetrafluoroborate (12a). A solution of 3-methoxy-
LN 4 //I\ = o " o1 a2} _1 1A ~ ON I\ ___.1 _4l..._. /2 ...1)

pyndine (OUZ mg, J.0< mimol) in iodomethane (U.OU mi, 1.14 g, 6.V miol) ana euilr (s ii)

was heated at 70 °C in a sealed tube overnight. The solid was filtered off and washed with
ether to give 3-methoxy-1-methylpyridinium iodide (858 mg, 3.42 mmol, 62%). This was
dissolved in a 1:1 mixture of acetone and methanol (5 ml) and added dropwise to a solution of
silver(I) carbonate (470 mg, 1.70 mmol) and fluoroboric acid (0.45 ml, 48% solution in
water, 0.302 g, 3.44 mmol) in acetone (40 ml) and methanol (40 ml). The silver iodide
precipitate was filtered and the filtrate was concentrated in vacuo. The crude product was

| il ailtl iic 1llitlid LOUIILCLILL
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g
s, NCH,), 7.76 (IH, t, J 7.

(1H, d, J 5.3 Hz, 6-H), 8.29 (1H, s, 2-H). §(75.5 MHZ) 48 33, 56 98 128. 30 13044

132.45, 137.56, 158.40. v, /Jcm™ (CHCI, solution): 3093, 3040, 1632, 1591, 1532, 1326, 120,
1063, 850. m/z (FAB) 124 (100%, [M - BE,]").

1wvi-3-methoxvovridir tetraf ohorate (12h). 3-Methoxvnvridine (1.10 o
J A LAAS LIS LI} S22 QROIAC (2£D). 2-MVACUNOAYPYIICHIIE 1.2V &,
101 mmaol) and hramanethana (1 1S ml 1 AR o 158 4 mmal) wars haatad ta AN 9 in a caalad
LW/ d MMUIVL) QLU ULVILIUVLIARLIY \(1.1J i1y 1.Y0 F, 1 J.77 UHIIVLIJ wWulLb LIvdivua U vy ~ k11 A O mcu
tube for 72 h. The brown precipitate was collected by filtration and washed with ether to give

1-ethyl-3-methoxypyridinium bromide (1.15 g, 5.26 mmol, 52%). This was dissolved in a
mixture of acetone (2 ml) and methanol (2 ml) and added dropwise to a solution of silver(I)
carbonate (800 mg, 2.90 mmol) and fluoroboric acid (0.75 ml, 48% solution in water, 0.504
g, 5.74 mmol) in acetone (10 ml) and methanol (10 ml). The silver bromide precipitate was
filtered and the filtrate was concentrated in vacuo. The crude product was purified by
chromatography (basic alumina, acetone) to give the title compound as a colourless gum (986
mg, 4.40 mmol, 44% from 3-methoxypyridine). 8 (300 MHz): 1.45 (3H, t, J 7.0 Hgz,

o7 I T LT T — A= =3 = ~
N OMTIIYN 27Q AT o LI A AN NDLT - T77 7 11~ TMAILI LI Y 7 £0) 77 OK NDLY nn A +ILD
INCIV A J, J.10 (011, S, ULy ), 44942 (2, {, v /.2 X1Z, INCEILUT3), /.0U-/.05 (<01, I, AL,
O "N /11T u | T E £ Y¥_ £ TN Q Vs F17Y o ~ YTN S Mmoo AATT N 1 £ NN = MO ™y 4 -y 1m0 A1
3.27 (14, 4, J 5.6 Hz, 6-H), 8.36 (iH, s, L-n) OCUD 5 MHz): 16.09, 56.78, 57.17, 128.21,
.V

methoxy-2- m__et_ yl yridine (10b) (2.00 g, 16.3 mmol) in iodomethane ( ml, g, 24.1
mmol) was heated to 60 °C for 18 h in a sealed tube. The precipitate was collected and
wachad wnith thar tn otva S_math w1 _r]-mnfl'\\r]nt ridininm indida (2 TA o 149 mmnl
YWAadLliLAl vwilll vl WU xive 1y4mUlilivillyip yliuiiiuailg VMG \J. 7V 5 1.4 Lalwvl,

87%). This was dissolved in a 1:
dropwise to a solution of siiver(l) carbonate (2.34 g, 8.47 mmol) and fiuoroboric acid (2.23
ml, 48% solution in water, 1.50 g, 1.71 mmol) in acetone (40 ml) and methanol (40 ml). The
silver iodide precipitate was filtered and the filtrate was concentrated in vacuo. The crude
product was purified by chromatography (basic alumina, acetone) to give the title compound
as a colourless gum (3.19 g, 14.1 mmol, 86 %). BH(3OO MHz): 2.55 (3H, s, 2-CH,), 3.80 (3H,

s, OCH,), 4.08 (3H, s, 1-CH,), 7.58 (1H, d, J9.0Hz, 3-H), 7.7

H 27 (11 T’)KI—Iq AN S (7SS M

A e
11}, O./ (111, U, 1iLy UTL1). C\I.JJ ivii14.). . Y
A

wn O

I B Pt

141,40, 156.29. v, /cm™ (CHCI, solution): 3034, 1636, | 7
m/z (FAB): 138 (100% M - BE,]%). m/z (EI*) 8 (M - BE,]", 5%) l 37 ((M - HBE,],
90%), 122 (100%), 94 (100%). HRMS predicted for C,H,,NO 137.0841, found 137.0841.

2-Ethyl-1-methyl-5-methoxypyridinium tetrafluoroborate (12d). A solution of 2-
ethyl-5-methoxypyridine (10c¢) (536 mg, 3.91 mmol) and iodomethane (0.50 ml, 1.14 g, 8.0
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mmnl) 2n athhae ) smal) weraea hantad ¢+~ ON G DI PR T
minuLy i Uikt (<4 Iy Wi ncaicd o ov °C in a sealed tube chrxugm The precxpuale was
collected by filtration and washed with ether to give 2-ethyi-5-methoxy-1-methylpyridinium

1odide (855 mg, 3.05 mmol, 78%). This was dissolved in methanol (5 ml) and acetone (5 ml)
and added to a solution of silver(I) carbonate (460 mg, 1.67 mmol) and fluoroboric acid
(0.45 ml, 48% solution in water, 630 mg, 3.4 mmol) in methanol (15 ml) and acetone (15
ml). The precipitate was removed by filtration and the filtrate concentrated in vacuo. The
residue was subjected to column chromatography (basic alumina, acetone) to give the title
compound as a yellow gum (690 mg, 2.90 mmol, 74 %). S (300 MHz): 1.39 (3H

CLIIOCHIY 202 MW A~ T779 W2 A
iy j, J.Uo \exl, {, v /.2 NZ, Al

(IH, d, J 9.0 Hz, 3-H), 7.87 (1H, dd

4
T4 V& & Y — ~— PR -

) «75.5 MHz): 11.29, 4497 45.55, 57.06, 12_/84 15101 132.07, 151.68, 1
(CHCI, solution): 3035, 1633, 1532, 1464, 1319, 1063, 850. m/z (FAB): 152 (100%, [M-
BE,]"). m/z (EI'): 152 (M - BE]", 25%), 152 ((M - HBE,]*, 100%), 151 ([M - H,BF,]",
70%), 136 (85%), 108 (70%). HRMS predicted for C;H,;NO 151.0993, found 151.1001.

5-Methoxy-1-methyl-2-propylpyridinium tetrafluoroborate (12e). A solution of 5-
methoxy-2-propylpyridine (10d) (1.34 g, 8.87 mmol) and iodomethane (1.50 ml, 3.42 g,
24.1 mmol) in ether (2 ml) were heated to 70 °C in a sealed tube overnight. The precipitate
was collected by filtration and washed with ether to give S-methoxy-

_________ ation and 1e th ether ive S-meth 1-methyl-2-
propylpyridinium iodide (2.47 g, 8.43 mmol, 95%). This was dissolved in metuanel (5§ ml)
and acetone (5 ml) and added dropwise to a solution of silver(I) carbonate (1.40 g, 5.07

n ne

mmol) and fluoroboric acid (1.3 mi, 48% solution in water, 9.95 mmol) in methanoi (25 mi)
and acetone (25 ml). The precipitate was removed by filtration and the filtrate concentrated
in vacuo. The residue was subjected to column chromatography (basic alumina, acetone) to
give the title compound as a yellow powder (1.72 g, 6.80 mmol, 77 %); mp 47-49 °C. 6H(3OO
MHz): 1.06 3H, t, J 7.3 Hz, CH,CH,CH,), 1.73 (2H, sextet, J 7.6 Hz, CH,CH,CH,), 2.95 (2H,
t,J 7.8 Hz, ArCH,CH,CH,), 3.98 (3H, s, OCH,), 4.30 (3H, s, NCH,), 7.67 (1H, d, /9.0 Hz, 3-

H), 7.86 (1H, dd, J 9.0 Hz, J 1.9 Hz, 4 H) 8.43 (1H, d, J 2.2 Hz, 6-H). & (75 5 MHz): 13.48,

1O N 137 1 s aNaYa) 10N Ny - s 4NY YY1

20.86, 33.62, 57.25, 128.30, 132.11, 132.22, 150.91, 156.66. v, ,/cm™ (CHCI, solution):
3033, 2976, 1674, 1613, 1532, 1465, 1379, 1319, 1062, 848. m/z (FAB): 166 (100%, M -
BF,]1". m/z (EI*): 166 (M - BE,]*, 10%), 165 (IM - HBFE,]*, 50%), 150 (100%). HRMS

predicted for C,,H,;NO 165.1154, found 165.1154.

1-Ethyl-5-methoxy-2-methylpyridinium tetrafluoroborate (12f). A solution 5-
methoxy-2-methylpyridine (10b) (4 g, 32.5 mmol) and bromoethane (3.6 ml, 5.26 g, 48.2
mmol) in ether (3 ml) was heated at 80 °C in a sealed tube for 3 days. The solid was collected
by filtration and washed with ether to give 1-ethyl-5-methoxy-2-methylpyridinium bromide
(6.00 g, 25.8 mmol, 80%). A portion of this (1.0 g, 4.31 mmol) was dissolved in a 1:1
mlxture of methanol and acetone (5 ml) and added to a solution of silver (I) carbonate (590

mg, 2.14 mmol) and fluoroboric acid (0.56 ml, 48% solution in water, 376 mg, 4.32 mmol)
2 e bl Y AN TN Y AN 1IN T L S Chd i e raziiard bmuy e léeadso o o3 ol
1 Ineuidiol (LU 1) alld 4CClOLIC {2V 1111). 111€ pIcCipitdaic was 1ClUved DYy 1liidtioil alla uie
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filtenta naminmtentad i ssanrin and el FiaAd Lesr o ~aaliiceses S, E T, N M. S U S
filtrate concentrated in vacuo and puuucu U_y column cnromatograpny (pasic cuumma
acetone) to give the titie compound as a white powder (937 mg, 3.92 mmol, 73 %); mp 89-91

°C. §,(300 MHz) (D,0): 1.55 (3H, t, J 7.5 Hz, CH,CH,), 2.74 (3H, s, 2-CH,), 3.98 (3H, s,
OCH,), 4.54 (2H, g, J 7.4 Hz, NCH,CH,), 7.77 (1H, d, J 9.0 Hz, 3-H), 7.95 (1H, dd, J 9.0 Hz,
2.7 Hz, 4-H), 8.45 (1H, d, J 2.7 Hz, 6-H). 3 (75.5 MHz): 14.58, 17.84, 53.30, 56.40, 129.81,
130.05, 131.05, 145.82, 156.36. v, /cm™ (CHCL, solution): 3093, 3036, 2990, 1635, 1578,

18372 1447 1322 1168 1NA1 RAT m/» (FARY 182 (1000, A _ RE 11 m/':v (BT"N. 189 (TN
Lodflay LNT I g RJhadeag L ATy LUULEy UL, HTW \L LXAI) L& \ LUV /U, (lVL ey 4_] Je I \ivi ) A S \LLV.I
RE 1Y 1N0ZY 181 (IAA nE 1+ £N0LY 192 /080N 1IN0 (1NNOLY LIDAQ cnn Al 6.1 £
- DIy, 1VU%), 1531 (M - nbry, 6U%), 125 (¥5%), 1Us {(1UU%). RS predicied 1or
£Y 1T AT/ 1 281 NNNA L __ 1 11 NN
Lol 3 INU 10 1.UFY /7, Tound 1251.U5%Y/
1 7 -Thiathvl_ S mathnvvnuvrmidininm tfatrafliinernhnmata 1%a) A cnlntinn AF J_athul &
AguZEATACUIL Y ATJTHICVIAVAY Py L IUIIII UL Wil ailiuuvivpuvialty (1ag). £ DdUIULULL UL &~Lulyl-o-
st nw et Aoy FTNLY TAN oo s & A o I oo oA el o SN LS 1 "0 QN 13\
methoxypyridine (10¢) (740 mg, 5.4 mmol) and iodoethane (0.65 ml, 1.28 g, 8.2 mmol) in
ether (3 ml) were heated at 80 °C in a sealed tube for 2 days. The precipitate was collected by

filtration and washed with ether to give 1,3-diethyl-5-methoxypyridinium iodide (1.52 g,
5.19 mmol, 96%). This was dissolved in methanol (5 ml) and acetone (5 ml) and added to a
solution of silver(I) carbonate (715 mg, 2.59 mmol) and fluoroboric acid (0.70 ml, 48%
solution in water, 470 mg, 5.4 mmol) in methanol (25 ml) and acetone (25 ml). The
precipitate was removed by filtration and the filtrate concentrated in vacuo. The residue was
1ected to column (‘hrnmmooranhv (basic alumina, acetone) to mvp the title ('nmnmmd as a

R Y QR4

yellow gum (1.26 g 4.99 mmol, 92 %). & 4(300 MHz): 1.18 (3H, t, J 7.5 Hz, ArCH,CH,),

rrY I“I’Y el S AN Nt 1o .r ~ o~ TT FITT ANTT N

,.1 7.2 Hz, NCH,CH,), 2.82 (2H, q, J 7.5 Hz, ArCH,CH,), 3.78 (3H, s, OCH,), 4.40

NCH,CH,), 7.56 (1H, d J 9.0 Hz, 3-H), 7.73 (1H, dd, J 9.0 Hz, 2.6 Hz, 4-H),
8. 37 (lH d J 26 Hz). C(75.5 MHz): 11.99, 15.64, 24.05, 53.02, 56.74, 127.89, 130.47,
131.63, 150.43, 156.51. v, /em" (CHCI, solution): 3034, 2988, 1633, 1532, 1462, 1293,

1061, 850. m/z (FAB): 166 (100%, [M-BF,]"). m/z (CI"): 168 (M - BF, + H,I", 100%), 166
(IM - BE,I*, 25%), 138 (40%). HRMS predicted for C,;H,.NO 166.1232, found 166.1224.

LRVAY 5 1

—
[
:n

]
~

1-Allyl-5-methoxy-2-methylpyridinium tetrafluoroborate (12h). A solution of 5-
methoxy-2-methylpyridine (10b) (1.00 g, 8.13 mmol) and allyl bromide (0.95 ml, 1.33 g,

11.0 mmol) in ether (7; ml) were heated at 80 °C in a sealed tube for 4 h. The nrpmmmtp was

i) 2is Rxady 112 & SVGa TN ARS

collected by filtration and washed with ether to give 1-allyl-5-methoxy-2-methylpyridinium

P 71 £Q _..__,, en wam ntle ol 1 Iﬂ' ....l\ and anatoe o < M
UrUlIll(.lC (1.00 8, O O',‘/ 11111101, OJ /0) ].Illb was UlbbUlVCU il meinanoi (D 1111) auu acetoiie 2 it }

and added to a solution of siiver(l) carbonate (i.14 g, 4.13 mmol) and fiuoroboric acid (1.10
ml, 48% solution in water, 739 mg, 8.42 mmol) in methanol (20 ml) and acetone (20 ml).
The precipitate was removed by filtration and the filtrate concentrated in vacuo. The residue
was subjected to column chromatography (basic alumina, acetone) to give the title compound

as a colourless gum (1.66 g, 6.61 mmol, 96 %). § (300 MHz): 2.66 (3H, s, 2-CH,), 3.91 (3H,

s, OCH,), 5.10-5.15 (3H, m, NCH,CH=CHH, NCH,CH=CHH), 5.35 (1H, d, J 104 Hz
N OIICHIIIN S QR ANT (1 o NCHOH_CHIIN 7442 (1T A T QQ 2 2_.HY 72 (1TH
INUTI I Lit Y, J.00-U. UL UiKL, LI, INUHILYULEUIRNL ), 1.UC (L1, U, v 0.7 L4y, J7L1), 1.04 (1114,
1.1 F ON TY. N & LY. A TN O AMN 1LY _1 F S A LY.\ S /E & NALTN 10 O A &7 2N LN £
aa, v YU nz, 2.5 0z, 4-nj, 6.5V {10, 4, J 2.4 0Z). 0,{/5.5 MHZj. 16.74, 5/.5U, 06U.0)5,
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121.39, 129.28, 130.52, 131.00, 132.42, 147.50, 157.19. v /cm" (liquid film): 3051, 2975,
1£72& 12"‘)1 1AAn 14(\’! 1NCY Ogn mNc A2 o F & s X RV PN - s 2 wmwds -
1635, 1531, 1449, 1293, 1061, szu, 135. m/z (FAB) 164 (1 U"o, (M - BE,]"). m/z (EI'): 164

r--s
I/_"
Udc>
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Ch
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(IM - BEJ', 5%), 163 ((M - HBE,]*, 50%), 162 (M
predicted for C,;H,,NO 162.0919, found 162.0919.

i-Benzyl-5-methoxy-2-methyipyridinium tetrafiuoroborate (12i). A solution of 5-
methoxy-2-methyl-pyridine (10b) (1.00 g, 8.13 mmol) and benzyl bromide (0.95 ml, 1.33 g,
11.0 mmol) in ether (3 ml) were heated at 80 °C in a sealed tube for 16 h. The precipitate
was collected by filtration and washed with ether to give 1-benzyl-5-methoxy-2-methyl-
pyridinium bromide (1.90 g, 6.48 mmol, 80%). This was dissolved in methanol (5 ml) and

acetone (5 ml) and added to a solution of silver(I) carbonate (893 mg, 3.23 mmol) and
fluoroboric acid (0.85 ml, 48% solution in water, 571 mg, 6.50 mmol) in methanol (20 ml)
and acetone (20 ml). The precipitate was removed by filtration and the filtrate concentrated

in vacuo. The residue was subjected to column chromatography (basic alumina, acetone) to

atal

give the title compound as a white powder (1.79 g, 5.96 mmol, 92 %); mp i41-144 °C.

0,(300 MHz): 2.30 (3H, s, 2-CH,), 3.63 (3H, s, OCH,), 5.44 (2H, s, NCH,Ph), 6.77-6.80 (2H,
m, ArH), 6.99-7.04 (3H, m, ArH), 7.41 (1H, d, J 8.9 Hz, 3-H), 7.59 (1H, dd, J 8.9 Hz, 2.7
Hz, 4-H), 8.39 (1H, d, J 2.7 Hz). § (75.5 MHz): 18.55, 56.58, 60.89, 126. 52 128.51, 128.69,

130.07, 131.08, 131.24, 131.83, 146.74, 156.28. v, fcm' (CHCL, solution): 2033 1635,

...... 31.24, 1 1 156.28. 1):
1580, 1532, 1461, 1322, 1288, 1062, 843. m/7 (FAB): 214 (100%. TM - BF (ET*)-

LOFJ. Hw L \L4xr72). 17T \LUU Uy LJ.'J = 131 i, IZ

1
ESVACLVIIES gL = a Py i1 ).
213 ((M - HBE,I", 10%), 212 (M - H,BF,]", 10%), 122 (50%), 91 (100%). HRM S predicted
for C,,H,,NO 212.1075, found 212.1076.

1-Ethyl-3-propoxypyridinium tetrafluoroborate (12j). A solution of 3-propoxy-
pyridine (10e) (1.00 g, 7.29 mmol) and bromoethane (0.82 ml, 1.20 g, 11.0 mmol) were
heated at 60 °C in a sealed tube for 24 h. The precipitate was collected by filtration and
washed with ether to give 1-ethyl-3-methoxypyridinium bromide (1.67 g, 6.78 mmol, 93%).
This was dissolved in a mixture of acetone (5 ml) and methanol (5 ml) and added dropwise to

a solution of silver(I) carbonate (933 mg, 3.39 mmol) and fluoroboric acid (0.89 ml, 48%
i 1 1 1 /2N N Th 1
solution in water, 0.548 g, 6.81 mmol) in acetone (20 ml) and methanol (20 ml). The silver

£ " — L. oo e e b d . i T e ct

iodide precipitate was filter
was purified by chromatography (basic alumina, acetone) to give the title product as a
colourless gum (1.57 g, 6.21 mmol, 85 %). SH(3OO MHz). 098 (3H, t, J 7.4 Hz,
OCH,CH,CH,), 1.65 (3H, t, J 7.3 Hz, NCH,CH,), 1.80 (2H, sextet, J 6.8 Hz, OCH,CH,CH,),
4.25 (2H, t, J 6.3 Hz, OCH,CH,CH,), 5.02 (2H, q, J 7.3 Hz, NCH,CH,), 7.87-7.97 (2H, m,

ArH), 9.03 (1H, d, J 5.6 Hz, ArH), 9.34 (1H, s, 2-H). 8 (75.5 MHz): 9.53, 16.16, 21.33,
57.11, 71.29, 128.19, 130.54, 130.66, 135.80, 157.85 v, /em™ (liquid film): 3093, 2973,
1626, 1587, 1510, 1466, 1337, 1298, 1162, 1062, 814, 683. m/z (FAB): 166 (100%, [M -

BF,]'). m/z (EI'): 166 (IM - BF,]’, 100%), 95 (100%). HRMS predicted for C,H,NO

166.1232, found 166.1231.



1-Ethyl-2-methyl-5-propoxypyridinium tetrafluoroborate (12k). A solution of 2-
methyl-5-propoxypyridine (10f) (1.0 g, 6.62 mmol) and bromoethane (0.75 mi, 1.09 g, 10.0

mmol) in diethyl ether (2 ml) were heated to 80 °C in a sealed tube for 3 days. The
precipitate was filtered and washed with ether to give 1-ethyl-2-methyl-5-propylpyridinium
bromide (1.45 g, 5.57 mmol, 84%). This was dissolved in a mixture of acetone (5 ml) and
methanol (5 ml) and added dropwise to a solution of silver(I) carbonate (920 mg, 3.34 mmol)
and fluoroboric acid (0.90 ml, 48% solution in water, 0.605 g, 6.89 mmol) in acetone (25

ml) and methanol (25 ml). The silver bromide precipitate was filtered and the filtrate was
concentrated in vacuo. The crude product was purified by chromatography (basic alumina,

acetone) to give the title compound as a colourless gum (1.32 g, 4.77 mmol, 72 %). & (300

P e e e Y - = —~

MHz): 0.95 (3H, t, J 7.4 Hz, OCH,CH,CH;), 1.51 (3H, t, J 7.3 Hz, NCH,CH,), 1.75 (2H,
sextet, J 6.9 Hz, OCH,CH,CH,), 2.70 (3H, s, 2-CH,), 4.05 2H, t, J 6.4 Hz, OCH,CH,CH,),
4.55 (2H, q, J 7.3 Hz, NCH,CH,), 7.65 (1H, d, J 8.9 Hz, 3-H), 7.76 (1H, dd, J 8.9 Hz, 2.6 Hz,
4-H), 8.42 (1H, d, J 2.6 Hz, 6-H). §.(75.5 MHz): 9.94, 15.36, 18.68, 21.82, 54.10, 71.70,

130.23, 130.72, 132.10, 145.90, 156.76. v, /cm" (liquid film): 3091, 2973, 1635, 1577,
1532, 1461, 1294, 1061, 849. m/z (FAB): IR(](Inn% [M-BFE,]*. m/z (Fl*\ 180 (IM-BF,T*

S 147 EAVLCE TS TIUW L (&2 A2y 20V LV /U,y avaTala s K, \ Adx FRes \LAVAT271 45 »

5%), 179 (IM - HBF,]*, 30%), 151 (M - C,H;BF,]", 25%), 136 (40%), 109 (100%). HRMS

mradintad FAe Y LI NN 170 121N Frnaend 170 12172
prouivicu 101 k/“l_l]-,lVU 1/77.101U, 10Ul 1/7.12510.

6-Aza-4,4-dimethoxy-6-methyibicyclo[3.1.0]Jhex-2-ene (13a). A solution of 3-
methoxy-1-methylpyridinium tetrafluoroborate (12a) (343 mg, 1.62 mmol) and sodium
hydroxide (165 mg, 4.12 mmol) in N,-purged methanol (350 ml) was irradiated for 4 h using
a 400 W medium pressure mercury lamp with a pyrex filter. The solution was then
concentrated in vacuo and the residue triturated with chloroform. The solid was filtered off

and the filtrate concentrated and subjected to flash chromatography (SiQ,, EtOAc:MeOH:NH,
00:10:1) to giVP the title compound as a red oil (16 m 10 mmol, 6 %). § (300 MHZ)

)
(IH m, 3H) 623( H, m, 2-H §(75.5 MH) 4462 4537 46.21, 49.39, 51 37, 109.14,

132.41, 134.43. v_, /cm" (CHCI, solution): 3003, 2956, 1656, 1602, 1456, 1363, 1261, 1154,
1106, 1064, 1049, 977, 909, 832. m/z (EI'): 156 (M + HI*, 5%), 124 (IM - OCH,J*, 100%).
Sample decomposed prior to accurate mass measurement.
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(193 mg, 4 82 mmol) in N,-purged methanol (35 was 1rrad1ated for 4 h using a 400 W
medium pressure mercury lamp with a pyrex filter. The solution was then concentrated in
vacuo and the residue triturated with chloroform. The solid was filtered off and the filtrate
concentrated and subjected to flash chromatography (SiO,, EtOAc:MeOH:NH, 100:10:1) to
give the title compound as a red oil (42 mg, 0.25 mmol, 17 %). 5 4(300 MHz): 1.11 3H, t, J
7.1 Hz, NCH,CH,), 2.20-2.35 (4H, m, 1-H, 5-H and NCH,CH,), 3. 27 (3H, s, OCH,), 3.37 (3H,

w2 ZB w2 2375
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6-Aza-4,4-dimethoxy-1,6-dimethylbicyclo[3.1.0]hex-2-ene (13c¢). A solution of 5-
methoxy-1,2-dimethylpyridinium tetrafluoroborate (12¢) (425 mg, 1.89 mmol) and sodium

hydroxide (285 mg, 7.12 mmol) in N,-purged methanol (350 ml) was irradiated for 4 h using
a 400 W medium pressure mercury lamp with a pyrex filter. The solution was then
concentrated in vacuo and the residue triturated with chloroform. The solid was filtered off
PRUS (PR JRSEY ook IR IS S Ry 3 . Py £1 1 | P, To_. 7/ YTla A RA _MNATYT ATTT

1d the filtrate concentrated and subjected to flash chromatography (Si0,, EtOAc: MeOH:NH,
100:4:1) to give the title compound as a yellow oil (131 mg, 0.77 mmol, 41 %). 6,300
MHz): 1.41 (3H, s, 1-CH,), 1.93 (1H, d, J 1.3 Hz, 5-H), 2.35 (3H, s, NCH,), 3.15 (3H, s,

OCH,), 3.34 (3H, s, OCH,), 5.62 (1H, dd, J 5.8 Hz, 1.4 Hz, 3-H), 6.00 (1H, d, J 5.8 Hz, 2-H).
8 (75.5 MHz): 9.27, 38.88, 48.21, 48.45, 50.10, 51.09, 110.31, 130.95, 141.06. v_, /cm"
(1 X

Qx

1imnd film) 2040 1676 1ANQ 1487 1400 /- (BT 12Q (IN _ NONCHT 1Y 1NNCLY 199 (88504
VUi 11l ) 477V, 107U, 1UVT, 1804, 15UV WL \KSL jo 1J0 \JIV) = U] , 1UVUTY0), 14l \O5J70),
OF (AN LIDAAC e 32 a0 d Lo VLT AN 120 NOTO £ d 12Q NO1E
JI3\JU70) MINIVID PICUICICU 101 UeMl(pINU 1306.UTY 17, 10Ulld 1506.UF10.

6-Aza-4,4-dimethoxy-1-ethyl-6-methylbicyclo[3.1.0]hex-2-ene (13d). A solution of
2-ethyl-5-methoxy-1-methylpyridinium tetrafluoroborate (12d) (350 mg, 1.46 mmol) and
sodium hydroxide (387 mg, 9.7 mmol) in N,-purged methanol (350 ml) was irradiated for 4
h using a 400 W medium pressure mercury lamp with a pyrex filter. The solution was then

concentrated in vacuo and the residue triturated with chloroform. The solid was filtered off
and the ﬁltra"e concentrated and Subipr‘fn(‘l tny flach chramataoranhv (Si0). FtO A~ MaOOYH-N
JUV‘V“ LA/ L1401 Ulllull‘“bu&l“yl‘] \I.Jl\lz, Ak NT L AN AVANAN 74 R .1 “-13
TANTNT\ $+ ~iera thhn #it¢la Arrisvzin A a wallas Y ANNE v v 17 smreanl 777 O\ K /2NN
11UV, 1VU.1) W ive i uuc LUllllJUUllU db d _)’Cll J 11 (LU0 1 .lg, 14 1111VL, (1 70). UH\JUU

MHz): 1.04 (3H, t, J 7.5 Hz, CH,CH,), 1.76 (2H, qd, J 7.5 Hz, 3.3 Hz, 1-CH,CH,), 1.99 (1H,
d, J 1.5 Hz, 5-H), 2.41 (3H, s, NCH,), 3.26 (3H, s, OCH,), ,'s, OCH,), 5.66 (1H, dd J
5.8 Hz, 1.8 Hz, 6.15 (1H, d, J 5.9 Hz, 2-H). §_(75.5 H) 11.35, 17.28, 38.83, 49.31,
id

b)
E

4971, 51.25, 54.01, 110,37; 131.73, 139.51. v, /em (liquid film): 2970, 2832, 1667, 1460,
1247 1180 1053 Q79 9NQ R28 AAKS m/» (EIY 182 (I - H.1'. 1009%). 137 (50%). 122
Lie' Tl g BRIy ANTduiy £ 1 7y ATy VLUy UV e 11U 4, \AaR] Aoddw 472 NSRCRAY] Yy ANV IV e AT M 7y ey 4
(ENTN OA (2N0Y LIDNCQ renAdintad FAer LT NN 18D 10YTE Frnnd 189 1NQK
\UU 0}y 7t \JU /U} TLINAYLD PlUUlbl WU 1V \4911[411\) 1JI&L AV I, TUULIL L UL LVUOD

6-Aza-4,4-dimethoxy-1-propyi-6-methyibicycio[3.1.0]jhex-2-ene (13e). A solution
of 5-methoxy-1-methyl-2-propylpyridinium tetrafluoroborate (12e¢) (400 mg, 1.58 mmol)
and sodium hydroxide (198 mg, 4.95 mmol) in N,-purged methanol (350 ml) was irradiated
for 4 h using a 400 W medium pressure mercury lamp with a pyrex filter. The solution was
then concentrated in vacuo and the residue triturated with chloroform. The solid was filtered
ted to flash chromatography (Si0O,, EtOAc:

off and the filtrate centrated and subijec sh chromatography (SiO,, EtOAc:
MaOLI-NIT 1NN-101) ¢4 giva tha titla camnoimd age 2 vallaw ail (21 mo 1 11 mmanl 70 G,)
VIO L l-l‘113 1UJ.1U. 1) W 51 VL ulv LUy \,\uuyuuuu a0 a ]DLIUW VL \&10 1115, 4.1 3 LHMIVLI, T\ /U ).
S /ANN RATT N, N\ Q7 /XYY 4 T™ & YY_. /MYYIY MIT N 1 A LY 4.4 T T ™ LY. MIT ALY MAIT N 1 £Nn
0,(300 MHz): .87 (3H, t, J 7.5 Rz, Ch,(Ly), 1.45 (Zn, sextet, v /.7 nz, Lo,loL,), 1.6U
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13.86, 2033 26.02, 3889 49.20, 49.77, 51.43, 5279 11029 131.57, 139.71. v Jem’
(liquid film): 3053, 2959, 1669, 1610, 1456, 1391, 1269, 1148, 1082, 981, 734. m/z (EI) 166
(IM - OCH,J", 100%), 137 (35%), 122 (40%), 94 (15%). HRMS predicted for C,H,NO

166.1232, found 166.1222.

6-Aza-4,4-dimethoxy-6-ethyl-1-methylbicyclo[3.1.0]hex-2-ene (13f). A solution of
1-ethyl-5-methoxy-2-methylpyridinium tetrafluoroborate (12f) (400 mg, 1.67 mmol) and
sodium hydroxide (300 mg, 7.5 mmol) in N,-purged methanol (350 ml) was irradiated for 4
h using a 400 W medium pressure mercury lamp with a pyrex filter. The solution was then
concentrated in vacuo and the residue triturated with chioroform. The solid was filtered off
and the filtrate concentrated and subjected to flash chromatography (SiO,, DCM:EtOH: NH,
200:8:1) to give the title product as a red oil (197 mg, 1.08 mmol, 65 %). SH(3OO MHz): 0.90
(3H, t,J 7.1 Hz, CH,CH,), 1.43 (3H, s, 1-CH,), 1.95 (1H, d, J 1.3 Hz, 5-H), 2.32-2.48 (2H, m,
NCH,CH,), 3.26 (3H, s, OCH,), 3.35 (3H, s, OCH,), 5.65 (1H, dd, J 5.8 Hz, 1.7 Hz, 3-H), 6.03
(1H, d, J 5.8 Hz, 2-H). 8 (75.5 MHz)‘ 0.94, 14.98, 46.92, 48.58, , 49.32, 51.12, 110.49,
28 9

21 1
J1.40, 1%1.0¢
11
11,

-
/

29. m/
Y.
14N

6-Aza-1,6-diethyl-4,4-dimethoxybicyclo[3.1.0]hex-2-ene (13g). A solution of 1,2-
diethyl-5-methoxypyridinium tetrafluoroborate (12g) (416 mg, 1.64 mmol) and sodium
hydroxide (201 mg, 5.0 mmol) in N,-purged methanol (350 ml) was irradiated for 4 h using
a 400 W medium pressure mercury lamp with a pyrex filter. The solution was then

concentrated in vacuo and the residue triturated with chloroform. The solid was filtered off

Axva . WLy Ka Widineviw viivuezQiia AxASARRSARSA R SRARaANS WY ES B LAV AW

and the filtrate concentrated and subjected to flash chromatography (SiO,, DCM:EtOH:NH,

TNN. 1N 1Y 6n civre wrall s, N
1UUV.1VU.1) lU glVC UIC U.UC LU[UPUUIIU as a yCUUW Ull \A7U lllg, l .)U llllll\)l, 74 /0) O \DUU

MHz, 3:2 mixture of invertomers): 0.88 (1.2 H, t, / 7.1 Hz, NCH,CH,), 093 (1.2 H,t, J 7.4
Hz, 1-CH,CH,), 1.01 (1.8H,t, J 7.5 Hz, 1-CH,CH,), 1.12 (1.8 Hz, J 7.2 Hz, NCH,CH,), 1.59-
1.82 (m, 2H, 1-CH,CH,), 1.96 (0.6 H, d, J 1.2 Hz, 5-H), 2.30-2.60 (2.4 H, m, 5-H, NCH,CH,),
3.25 (1.8 H, s, OCH,), 3.26 (1.2 H, s, OCH,), 3.31 (1.2 H, s, OCH,), 3.35 (1.8 H, s, OCH,),
5.67 (0.6 H, dd, J 5.9 Hz, 1.7 Hz, 3-H), 5.74 (0.4 H, d, J 5.9 Hz, 2-H), 591 (0.4 H, dd, /5.9
Hz, 2.0 Hz, 3-H), 6.12 (0.6 H, d, J 6.12 Hz, 2-H). SC(75.5 MHz): 10.55, 11.58, 14.94, 15.21,

)
']
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]
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1463, 15 126 HJ"), 1
redlcted for C“HZONO 198.1494, found 198.1494.

91 (100%). HRM
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£ Ao £ allael A A dimanthnwe 1 smmantlhhwllhingalal2 1 Nlhaer M Aasean /120D A cnlizgli o ~F
U nLa“v ailyi= =, ui llclllu:\y'l'l lcllllelLyLlUlJ-l-UJllC =4&=CHU (1J11). A duiluuvil ul
1-allyl-2-methyl-5-methoxypyridinium tetrafiuoroborate (iZh) (510 mg, 2.03 mmol) and

~

sodium hydroxide (200 mg, 5.00 mmol) in N,-purged methanol (350 mi) was irradiated for 4
h using a 400 W medium pressure mercury lamp with a pyrex filter. The solution was then
concentrated in vacuo and the residue triturated with chloroform. The solid was filtered and
the filtrate concentrated and subjected to flash chromatography (SiO,, DCM:EtOH:NH,
100:8:1) to give the title product as a brown oil (182 mg, 0.93 mmol, 46 %). & (300 MHz):
43 (3H, s, 1-CH,), 2.00 (1H, d, J 1.0 Hz, 5-H), 2.88 (I1H, dd, J 13.8 6.7 Hz
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‘H), 5.89-6.01 (1H, m, NCHZCH-CHZ) 6.03 (14, d, J 5.8 Hz, 2-H).
0(755 MHz): 10. 16 48.89, 49.77, 49.81, 51.78, 56.03, 110.44, 116.55, 131.53, 135.71,
141.25. v, /em” (CHCI, solution): 2940, 2833, 1645, 1461, 1396, 1267, 1136, 1052, 980,
822, 665. m/z (EI) 164 (IM - OCH,]", 100%), 148 (60%), 134 (60%). HRMS predicted for
C,,H,.NO 164.1075, found 164.1064.
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of 1-benzyl-5-methoxy-2-methylpyridinium tetrafluoroborate (12i) (516 mg, 1.71 mmol)
and sodium hydroxide (198 mg, 4.95 mmol) in N,-purged methanol (350 ml) was irradiated
for 15 h using a 400 W medium pressure mercury lamp with a pyrex filter. The solution was
then concentrated in vacuo and the residue triturated with chloroform. The solid was filtered
and the filtrate concentrated and subjected to flash chromatography (Si0,, DCM:EtOH:NH,
100:8:1) to give the title product as a brown oil (210 mg, 0.94 mmol, 50 %). 6 (300 MHz):

1.48 (3H, s, 1-CH,), 2.11 (1H, d, J 1.1 Hz, 5-H), 3.21 (3H, s, OCH,), 3.27 (3H, s, OCH,) 3.35

12 114, .._-,._ w1335 LCL LY

(1H, d,J 13 Hz, NCHHPh), 3.75 (1H, d, J 13.3 Hz, NCHHPh), 5.67 (1H, dd 158 Hz, 1.7
Hz, 3-H), 6.07 (1H, d, J 5.8 Hz, 2-H), 7.13-7.34 (5H, m, ArH). . RC(”/S.S MHz): 10.29, 48.47,
48.62, 49.93, 50.87, 56.23, 110.31, 126.83, 127.54, 128.09, 128.34, 131.71, 138.73, i4i.i2.

v__/em (CHCL, solution): 3009, 2941, 2834, 1638, 1605, 1453, 1265, 1140, 1052, 980, 910.
m/z (EI) 245 (M", 25%), 230 (25%), 214 (75%), 170 (15%), 91 (100%). HRMS predicted
for C,;H,,NO, 245.1416, found 245.1427.

131 A colution of 1l-ethvl-3-pronoxvonv inil tetrafh nrnhnrﬂrP (l_l\] (512 me, 2.06
fid ) &3 ODViwuiVIz Vi i LAy ATUTPARVPUA Y Py A ANSALIARLL LV BRIV GRY Y 2 NG ¥ %)
mmall and cndintm huderavida 104 mo A28 mmal) in =nnrnnr‘ mathannl ('Zﬁﬂ m]\ Xx’rac
HI11VU1 ) alld dDUUIULLL RYUIUALIUC (177 Lig, T7.0J HUHUL) 1 INyTPULpuvl LUVUIALIVE (JJV iy waa
~ A 3 £ AL i ANN LT 1 crmm vzt tiimrmiier; Jasees sxrithh A svvreeawr Filétae Tlaa
irradiated { 4 0N USIng a 4UuU v INCAluml pIressurc mcicuity idin itfl a pyiex imci. 11ic

Q..

solution was then concentrated in vacuo and the residue triturated with chloroform. The solid
was filtered and the filtrate concentrated and subjected to flash chromatography (SiO,,
DCM:EtOH:NH, 200:8:1) to give the title product as a brown oil (200 mg, 1.02 mmol, 50
%). 8,(300 MHz): 0.87 (3H, t, J 7.4 Hz, OCH,CH,CH,), 1.09 3H, t, J 7.1 Hz, NCH,CH,), 1.59
(2H, sextet, J 7.1 Hz, OCH,CH,CH,), 2.18-2.35 (4H, m, NCH,CH,, 1-H, 5-H), 3.27 (3H, s,

=11 el L oW1 4
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Irradiation of the methoxy group produced an NOE of 0.8% to the same hydrogen. §_(75.5

MHz): 10.64, 14.29, 2295, 44.11, 44.88, 49.21, 52.26, 65.34, 109.44, 133.71, 135.15.
Vo/cm' (liquid film): 2967, 1663, 1605, 1466, 1361, 729. m/z (EI) 166 (M - OCH,J",
95%), 138 ((M - OC,H,I", 100%), 124 (90%), 110 (50%), 96 (70%). HRMS predicted for
C,H,NO 166.1232, found 166.1232.
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ene (13k). A solution of 1-ethyl-2-methyl-5- propoxypyrldlmum tetrafluoroborate (12Kk)
(447 mg, 1.61 mmoi) and sodium hydroxide (230 mg, 5.75 mmoi) in N,-purged methanol
(350 ml) was irradiated for 4 h using a 400 W medium pressure mercury lamp with a pyrex
filter. The solution was then concentrated in vacuo and the residue triturated with
chloroform. The solid was filtered and the filtrate concentrated and subjected to flash
chromatography (Si0,, DCM:EtOH:NH, 200:8:1) to give the title compound as a yellow oil
(274 mg, 1.30 mmol, 81 %). §,(300 MHz): 0.87 (3H, t, J 7.4 Hz, OCH,CH,CH;,), 1.11 (3H, t,

TEOH7 NCHCH)Y 141 (3H ¢ S-CHN) l S8 (DH cevtat 177 H~7 CH.CH.). 197 (1H
VARV P § V7 A NodBgNoiEg /s BOTTR \JAky Oy JTN AN )y hedu (MLl SUVALULy U b B RLy NSRRI BR R 1Y), «Z i \1RX,
d. J 1.1 Hz. 5-H). 2.29-253 (2H. m. NCH.CH.). 3.31 (3H. s. OCH). 356 (?2H. m
a, 4 1.1 y I-Il}, L.27-4.33 (zri, I, INUIOLUTLL), 3.01 (o, §, ULILj, 23.50 (<4n, i,
AT T T TY 17T y e~ 1 ~ Y¥Y_ Y I\ Ay« 1YY | ¥ & O Yy o ' h §
,J5.7,1.7 Hz, 2-H), 6.06 (IH, d, /5.8 .1

Q..

OCH,CH,CH,), 5.68 (1H, dc rradiation of
the OCH, group produced an NOE of 3.4% to the hydrogen at & 1. 97 Irradiation of the
methoxy group produced an NOE of 0.5 % to the same hydrogen. (75.5 MHz): 9.66, 10.46,
14.75, 17.98, 22.95, 46.64, 48.58, 48.83, 65.13, 109.78, 131.72, 140.95. v, /cm" (liquid

film): 2964, 1685, 1454, 1265, 1054, 731. m/z (EI) 180 ([M - OCH,]", 100%), 152 ([M -
OCH,I', 100%), 138 (90%), 124 (70%), 110 (90%). HRMS predicted for C,H;;NO
1
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(£)-1S-4R-5S8-6-Aza-6-ethyl-4-methoxy-1-methyl-4-propexybicyclo[3.1.0]hex-2-
ene (13m). A solution of 1-ethyl-5-methoxy-2-methylpyridinium tetrafluoroborate (12f)
(300 mg, 1.26 mmol) and sodium hydroxide (200 mg, 5.0 mmol) in N,-purged 1-propanol
(350 ml) was irradiated for 4 h using a 400 W medium pressure mercury lamp with a pyrex
filter. The solution was then concentrated in vacuo and the residue triturated with
chloroform. The solid was filtered off and the filtrate concentrated and subjected to flash
chromatography (SiO,, DCM:EtOH:NH, 200:8:1) to give the title compound as an orange oil
mg, 0.54 mmol, 42 %). & (500 MHz): 0.93 (3H,t,J 7.4 Hz, ()(“I—L(‘H FH\ 1.20 (3H,

U 421201 H Y~
.P 1£n/’5‘[] cprt 7779 LI
-r

sextet, v /.2 Nz, \Jk,l_lz\,_l_h\,rl H,), 2.05 {
, 5-H), 243 (1H, dq, J 1 ﬂz 7.2 Hz, NCHHCH,), 2.54 (iH, dq, / 11.9 Hz, 7.2
Hz NCHHCHg) 3.43 (3H, s, OCH,), 3.46 (1H, dt, J 9.2 Hz, 6.4 Hz, OCHH CH,CHy,), 3.57 (1H,
dt, J 9.2 Hz, 6.4 Hz, OCHHCH,CH,), 5.68 (1H, dd J 5.8, 1.8 Hz, 3-H), 6.06 (1H, d, J 5.8 Hz,

2-H). Irradiation of the methoxy group produced an NOE of 3.5% to the hydrogen at & 2.05.
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Irradiation of the OCH, group produced a minimal NOE to the same hydrogen (<0.5%).

e
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3.(75.5 MHz): 9.75, 10.45, 14.93, 23.05, 46.76, 48.66, 48.94, 50.86, 63.07, 110.65, 131.87,
141.90. v, /em™ (CHCI, solution): 2966, 2937, 2877, 1669, 1609, 1455, 1398, 1378, 1260,
1138, 1118, 1038, 909, 855, 800. m/z (EI) 180 (IM - OCH,I*, 85%), 152 (M - OC,H,J",

100%), 138 (80%), 124 (45%), 110 (50%). HRMS predicted for C, H,;NO 180.1388, found
180.1390.

(£)-1R-2S8-5S8-6-Aza-2-hydroxy-1,6-dimethylbicyclo[3.1.0]Jhexan-4-one (15¢c). A
solution of 5-methoxy-1,2-dimethylpyridinium tetrafluoroborate (12¢) (500 mg, 2.22 mmol)
and sodium hydroxide (180 mg, 4.5 mmol) in N,-purged water (350 ml) was irradiated for 4
h using a 400 W medium pressure mercury lamp with a pyrex filter. The reaction mixture
was extracted with ethyl acetate (3 x 300 ml) and the combined organic layers were dried
(MgSO,) and concentrated in vacuo to give an orange oil. This was subjected to flash
chromatography (SiO,, DCM:EtOH:NH, 150:8:1) to give the title compound as a yellow oil
(125 mg, 0.83 mmol, 38 %). (300 MHz): 1.46 (3H, s, 1-CH,), 1.80 (1H, d, J 17.8 Hz, 3-H),
1.86 (1H, s, 5-H), 2.37 (3H, s, NCH,), 2.62 (1H, dd, J 18.0 Hz, 5.8 Hz, 3-H), 3.65 (1H, s, br,
OH), 4.25 (1H, d, J 5.8 Hz, 2-H). §_(75.5 MHz): 7.08, 38.38, 44.48, 53.14, 54.46, 71.56,
212.01. v, /em™ (CHCI, solution): 3422, 3009, 2926, 1743, 1510, 1455, 1391, 1345, 1115,
1030, 668. m/z (EI) 141 (M*, 45%), 124 (40%), 112 (60%), 96 (65%), 71 (80%), 56 (80%),
42 (100%). HRMS predicted for C;H;,NO, 141.0790, found 141.0801.

(£)-1R-2S-58-6-Aza-1-ethyl-2-hydroxy-6-methylbicyclo[3.1.0]hexan-4-one

(15d). A solution of 2-ethyl-5-methoxy-1-methylpyridinium tetrafluoroborate (12d) (300
mg, 1.26 mmol) and sodium hydroxide (191 mg, 4.78 mmol) dissolved in N,-purged water
(350 ml) was irradiated for 4 h using a 400 W medium pressure mercury lamp with a pyrex
filter. The reaction mixture was extracted with ethyl acetate (3 x 300 ml) and the combined
organic layers were dried (MgSO,) and concentrated in vacuo to give an orange oil. This was
subjected to flash chromatography (SiO,, DCM:EtOH:NH, 200:8:1) to give the title product as
an orange oil (84 mg, 0.54 mmol, 43 %). 6,(300 MHz): 1.08 (3H, t, J 7.5 Hz, CH,CH,), 1.60
(1H, q, J 7.3 Hz, 1-CHHCH,), 1.80 (1H, d, J 18.0 Hz, 3-H), 1.8 (1H, s, 5-H), 2.37 (1H, q, J
7.5 Hz, 1-CHHCH,), 2.43 (3H, s, NCH,), 2.64 (1H, dd, J 18.0 Hz, 5.7 Hz, 3-H), 4.40 (1H, d, J
5.7 Hz, 2-H). 8(75.5 MHz): 10.44, 14.50, 38.39, 44.91, 53.51, 58.84, 69.70, 212.54.
v, Jem' (CHC, solution): 3422, 2977, 1742, 1460, 1384, 1115, 1042, 665. m/z (CI) 156

max

(IMH]J", 100%). HRMS predicted for C;H,,NO, 156.1025, found 156.1024.

(£)-1R-2S8-58-6-Aza-2-hydroxy-6-methyl-1-propylbicyclo[3.1.0]Jhexan-4-one

(15¢). A solution of 5-methoxy-1-methyl-2-propylpyridinium tetrafluoroborate (12e) (480
mg, 1.89 mmol) and sodium hydroxide (278 mg, 6.9 mmol) dissolved in N,-purged water
(350 ml) was irradiated for 4 h using a 400 W medium pressure mercury lamp with a pyrex
filter. The reaction mixture was extracted with ethyl acetate (3 x 300 ml) and the combined
organic layers were dried (MgSO,) and concentrated in vacuo to give an orange oil. This was
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subjected to flash chromatography (Si0,, DCM:EtOH:NH, 100:8:1) to give the title compound
as an yellow oil (139 mg, 0.82 mmol, 44 %). § (300 MHz): 0.93 (3H, t, /7.0 Hz, -CH,CLL)
1.40 -1.62 (3H, m, 1-CHHCH,CH, and 1-CHHCH,CH,), 1.78 (1H, d, J 18.0 Hz, 3-H), 1.85

(lH s, 5-H), 2.25 (1H, m, 1-CHHCH,CH,), 2.41 (3H, s, NCH;), 2.60 (1H, dd, J 18.0 Hz, 5.8
z, 3-H), 4.32 (1H, d, J 5.7 Hz, 2-H). 3_(75.5 MHz): 14.09, 19.01, 23.82, 38.02, 44.35,
52.75, 57.70, 69.65, 212.17. v, /em™ (CHCI, solution): 3424, 2983, 1712, 1605, 1511, 1470,

1225, 1116, 671. m/z (EI) 169 (M™, 45%), 152 (25%), 140 (85%), 112 (50%), 99 (70%), 42
(100%). HRMS nmd"‘tnrl for CH NO._ 1690 1 ln’l found 169.1106

\AVUVY /U j. ARANLAVAW WAL W AW AWVE NrgillisiNiS) AV ed AVUVVIING AU/ L AUV

(£)-1R-25-55-6-Aza-6-ethyl-2-hydroxy-1-methylbicyclof3.1.0]Jhexan-4-one (151)
[15]. A solution of 1-ethyl-5-methoxy-2-methylpyridinium tetrafluoroborate (12f) (500 mg,
2.09 mmol) and sodium hydroxide (266 mg, 6.65 mmol) in N,-purged water (350 ml) was
irradiated for 4 h using a 400 W medium pressure mercury lamp with a pyrex filter. The
reaction mixture was extracted with ethyl acetate (3 x 300 ml) and the combined organic
layers were dried (MgSO,) and concentrated in vacuo to give an orange oil. This was
subjected to flash chromatography (SiO,, DCM:EtOH:NH, 150:8:1) to ine the title product as
a yellow oil (110 mg, 0.71 mmol, 34 %\ 8 (300 MHz): 1.11 (3H, t, J 7.1 Hz, NCH,CH,),

w222 LB A villL)} 1L i35

1.55 (3H, s, 1-CH,), 1.87 (1H, d, J 18.0 Hz, 3H) 1.96 (1H, s, 5-H), 2 0(]H dq, J 12.0 Hz,
ATAAT YT TLAIYY N\ ~ &y 20 ~ 1 I" AT/ AT XLNETY N\ f\F’A

7.1 Hz, NCHHCH,), 2.45 (iH, br s, OH), 2.53 (iH, dq, J 1 H 7.1 Hz, NCHHCH,), 2
(1H, dd, J 18.0 Hz, 5.8 Hz, 3- -H), 4.25 (IH, d, J 5.8 Hz, 2- H). (75 5 MHZ). /..50, i14.74,

44 .61, 46.20, 51.66, 54.72, 71.81, 212.34. m/z (EI) 155 (M*, 75%), 138 (40), 127 (40), 112
(80), 85 (85). Vmu/cm (liquid film): 3424, 3053, 2975, 1741, ‘1447, 1391, 1121, 1083, 913,
732, 648. The peak at 3424 remained broad upon dilution in CHCl,. m/z (EI) 155 (M", 65%),
138 (35%), 127 (35%), 112 (80%), 85 (80%). HRMS predicted for C;H,,;NO, 155.0946,

found 155.0940.

s _ 4l _ JI I PN e ] 1 NIL .. A . __ A

(£)-1R-25-55-6-Aza-1,6-diethyi-2-hydroxybicycio{3.1.0jhexan-4-one (15g). A
solution of 1,2-diethyl-5-methoxypyridinium tetrafluoroborate (12g) (467 mg, 1.85 mmol)
and sodium hydroxide (276 mg, 6.9 mmol) in N,-purged water (350 ml) was irradiated for 4
h using a 400 W medium pressure mercury lamp with a pyrex filter. The reaction mixture
was extracted with ethyl acetate (3 x 300 ml) and the combined organic layers were dried
(MgS0O,) and concentrated in vacuo to give a yellow oil. This was subjected to flash
chromatography (Si0,, DCM:EtOH:NH, 100:8:1) to give the title product as an yellow oil

(107 mg, 0.63 mmol, 35 %). §,(300 MHz): 1.08 (3H, t J 7.5 Hz, 1-CH,CH,) 1.10 (3H, t, J
7.0 Hz, N-CH,CH, ), 1.62 (1H, q, J 7.4 Hz, 1-CHHCH,), 1.80 (1H, d, J 18.0 Hz, 3-H), 1.89

(1H, s 5H)2202’%5(2HmNCHQCH3) 2.67 (1H, dd, J 18.0 Hz, 5.7 Hz, 3-H), 2.78 (1H,

q, J 6.9 Hz, 1-CHHCH,), 3.40 (1H, br, OH), 4.39 (iH, d, J 5.7 Hz, 2-H). & (/53 MHz):

v /em’ (liquid film): 3424, 2959, 1740. m/z (EI) 169 (M*, 55%), 154 (45%), 126 (85%),
99 (70%). HRMS predicted for C,;H,;NO, 169.1103, found 169.1116.
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