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However, neither enantiomer of bicycle 1 possesses significant cytotoxic activity (IC5¢ >25 uM).
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form of chiral, nonracemic (6—hydroxymeihyl)-Z-piperidinone using a strategy involving an
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Both enantiomers of 1-azabicyclo[4.1.0]heptane 1 have been prepared from a protected

ucleophilic ring opening reactions under acidic (AcOH) and basic (PhSH, Et3N) conditions.
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Eschenmoser coupling and subsequent ring closure to form the aziridine ring. This ring system
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azinomycins, its propensity to react with nucleophiles makes these compounds highly unstable.4:3 In an effort
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Results and Discussion

We have previously reported an efficient asymmetric route to both antipodes of protected 8-lactam 3 in high
enantiomeric excess (295%ee) starting from alkenyl ester 2.7 By adaptation of the methodology reported by
Terashima et al,3® we have converted this lactam into 1-azabicyclo{4.1.0lheptane 1 in a further five chemical
steps. Lactam (R)-3 was transformed into the corresponding thiolactam (R)-4 in near quantitative yield, and
then condensed with diethyl bromomalonate by means of an Eschenmoser coupling reaction to give piperidine
(R)-5. Subsequent removal of the silyl ether group from (R)-5 furnished alcohol (R)-6 which was then
converted to the corresponding mesylate (R)-7. Finally, treatment of this mesylate with potassium hydride in
tetrahydrofuran at room temperature and subsequent warming to reflux effected ring closure to the desired 1-
azabicycio[4.1.0]heptane system. While the crude H NMR spectrum indicated that the reaction had proceeded
cleanly, purification of this compound proved very difficult. Careful chromatography on Florisil® was used to
obtain pure (R)-1, aithough this process yielded the desired product in just 10% yield. Repeating this reaction
sequence using (3)-3 furnished (5)-1 in an identical fashion.
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Scheme 1. Reagents & Conditions: (i) Lawesson's reagent, toluene, reflux, 1 hr, 98% for (R)-4, 98% for (5)-4; (ii)
(Et02C)2CHBr, CHCly, rt then aq K2CO3, 80% for (R)-5, 81% for (5)-5; (iii) TBAF, THF, 78% for (R)-6. 78% for (§)-6; (iv)
MsCl, CHaCls, 0°C, 99% for (R)-7, 99% for (S)-7; (v) KH, THF, reflux, 90 min, 10% for (R)-1, 11% for (5)-1.

JLAT.. ) PR % ¥ § 2200 2O R34 W7

We have determined the reactivity of this 1-azabicyclo[4.1.0]Jheptane ring system towards nucleophiles

under acidic, basic and essentially neutral conditions. Standing (§)-1 in d4-methanol does not lead to any
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Nevertheless, nucleophilic ring opening of the 1-azabicyclo[4.1.0]heptane ring system does occur under
acidic and basic conditions (Scheme 3). Treatment of (S)-1 with acetic acid in THF leads to the production of
acetate (5)-11 in 92% yield via nucleophilic attack at the least hindered carbon atom of the aziridine. Similarly,
reactuon with thiophenol in the presence of triethylamine yields thioether (§)-12 in 82% yield. None of the
corresponding seven membered ring products 13a and 13b, which would have arisen by nucleophilic attack at
the more substituted carbon atom of the aziridine ring, were observed.
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EI condmons on a VG Analytical ZAB-E instrument, or a Kratos Profile HV-3 mass spectrometer. Elemental

(6R)-6-[[(tert-Butyldiphenylsilyl)oxy]methyl]-2-piperidinethione 4. A stirred mixture of (6R)-37
(8.00 g, 21.8 mmol), p-methoxyphenylthionophosphine sulfide dimer (5.28 g, 13.1 mmol) and dry toluene
(100 ml) was heated at reflux for 1 hour under a nitrogen atmosphere. After removal of the solvent in vacuo, a
brown semi-solid remained. Column chromatography (dichloromethane) gave (6R)-4 (8.15 g, 98%) as a pale
yellow oil; [0] ) = +32.4 (¢ 1.0, CHCI3). Vmay (thin film) 3371 (NH), 1589, 1520 (aromatic C=C), 1113
(C=S) cm-l; &y (400 MHz, CDCl3) 8.47 (1H, br s, NH), 7.66-7.63 (4H, m, ArH), 7.47-7.38 (6H, m, ArH),
3.65 (1H, dd, J = 14.5, 8.7 Hz, OCH), 3.56-3.49 (2H, m, H-6, OCH), 3.01 (1H, m, H-3), 2.74 (1H, m, H-
3), 1.82-1.74 (2H, m), 1.65 (1H, m), 1.34 (1H, m), 1.09 (9H, s, C(CH3)3); &¢ (100.6 MHz, CDClI3) 203.2
(s, C-2), 135.52 (d, ArCH), 135.50 (d, ArCH), 132.6 (s, ArC), 132.5 (s, ArC), 130.1 (d, ArCH), 128.0 (d,
ArCH), 66.6 (t, CH0Si), 56.9 (d, C-6), 39.4 (t, C-3), 26.9 (g, C(CH3)3), 23.2 (1), 19.3 (1), 19.2 (s,

C(CH3)3); m/z (EI*) 383 (M*, 2%), 83 (100). Observed (M+): 383.1744; C22Hp9NOSSi requires 383.1739.



(65)-6-[[(tert-Butyldiphenylsilyl)oxy]methyl]-2-piperidinethione 4. A stirred mixture of (65)-37
(7.97 g, 21.7 mmol), p-methoxyphenylthionophosphine sulfide dimer (5.26 g, 13.0 mmol) and dry toluene
(100 ml) was heated at reflux for 1 hour under a nitrogen atmosphere. Work-up and purification as described
above gave (65)-4 (8.12 g, 98%) as a pale yellow oil; [a] ® = -33.1 (¢ 1.0, CHCl3). Spectroscopic data were
identical with the corresponding (6R)-enantiomer.

(6R)-2-Bis(ethoxycarbonyl)methylidene-6-[[(tert-butyldiphenylsilyl)oxy]-methyl]piperidine
5. Diethyl bromomalonate (3.74 mi, 21.9 mmol) was added dropwise to a stirred solution of (6R)-4 (7.00 g,
18.3 mmol) dissolved in dichloromethane (100 ml) at 0°C under a nitrogen atmosphere. The reaction mixture
was allowed to warm gradually to room temperature and stirred for 18 hours. Saturated aqueous potassium
bicarbonate (200 ml) was added to the resulting solution and stirring was continued for a further 4 hours. The
organic layer was separated and the aqueous layer further extracted with dichloromethane (3 x 100 ml). The
combined organic phases were dried (NapSOy4) and concentrated in vacuo. Column chromatography (10% ethyl
acetate / light petroleumn) gave (6R)-5 (7.46 g, 80%) as a pale yellow oil; [a]§ = +65.1 (¢ 1.0, CHCI3). Vmayx
(thin film) 3236 (NH), 1699 (C=0), 1647 (olefinic C=C), 1585, 1506 (aromatic C=C) cmr'l; &y (400 MHz,
CDCl3) 10.43 (1H, br s, NH), 7.69-7.66 (4H, m, ArH), 7.43-7.38 (6H, m, ArH), 4.17 (4H, m, 2 x
CO,CH3), 3.61-3.53 (3H, m, H-6, CH0Si), 2.69 (1H, m, H-3), 2.56 (1H, m, H-3), 1.81-1.72 (2H, m),
1.56 (1H, m), 1.37 (1H, m), 1.29 (3H, t, / = 7.1 Hz, CH3), 1.25 (3H, t, J = 7.1 Hz, CH3), 1.09 (9H, s,
C(CH3)3); 8¢ (100.6 MHz, CDCl3) 169.0 (s, C=0), 168.9 (s, C=0), 164.8 (s), 135.72 (d, ArCH), 135.70
(d, ArCH), 133.3 (s, ArC), 133.2 (s, ArC), 129.84 (d, ArCH), 129.82 (d, ArCH), 127.8 (d, ArCH), 90.2 (s),
67.4 (t, CHp0Si), 60.1 (t, CO2CH?), 59.2 (t, COoCH?»), 53.5 (d, C-6), 27.5 (¢, C-3), 26.8 (q, C(CH3)3),
24.2 (1), 19.3 (s, C(CH3)3), 18.4 (1), 14.5 (g, CH3), 14.3 (q, CH3); m/z (EI*) 509 (M*, 20%), 406 (100).
Found: C: 68.66%; H: 7.39%; N: 2.75%; Cy9H39NOsSi requires C: 68.34%; H: 7.71%; N: 2.75%.
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was allowed to warm gradually to room temperature and stirred for 18 hours. Saturated aqueous potassium
bicarbonate (200 ml) was added to the resulting solution and stirring was continued for a further 4 hours.

(200 mD) a
Work-up and purification as described above gave (65)-5 (8.05 g, 81%) as a pale yellow oil; [a]§ = -61.0 (¢
1.1, CHCla). Spectroscopic data were identical with the corresponding (6R)-enantiomer.
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(65)-2-Bis(ethoxycarbonyi)methyiidene-6-(hydroxymethyi)piperidine 6.
(65)-5 (7.50 g, 14.7 mmol) in dry THF (100 mi) at 0°C under a nitrogen atmospher
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butylammonium fluoride (1.0 M in THF, 16.21 mi, 16.2 mmot). The reaction mixture was allowed to warm to



room temperature, stirred for 18 hours and quenched with water (100 ml). Work-up and purification as
described above gave (65)-6 (3.10 g, 78%) as a pale yellow oil; [a] F = -36.6 (c 0.86, CHCI3). Spectroscopic
data were identical with the corresponding (6R)-enantiomer.
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f (6R)-6 (2.95 g, 10.9 mmol) and triethylamine (2.27 ml, 16.3 mmol) in dry dichlorometh
(50 mD at O'C undc a nitrogen atmosphere was added methanesulfonyl chloride (0.88 ml, 11.4 mmol)
dropwise. The reaction mixture was stirred at 0°C for 1 hour and then saturated aqueous sodium bicarbonate
(100 ml) was added. The organic layer was separated and the aqueous layer extracted with dichloromethane (3
x 50 ml). The combined organic extracts were dried (NapSO4) and concentrated in vacuo to give a yellow-
brown oil. Column chromatography (10% ethyl acetate / dichloromethane) provided (6R)-7 (3.76 g, 99%) as a
pale yellow oil; [o] & = +43.6 (¢ 1.1, CHCI3). Vpqy (thin film) 3244 (NH), 1701 (C=0), 1645 (olefinic C=C)
cm-1; 3y (400 MHz, CDCl3) 10.24 (1H, br s, NH), 4.27 (1H, dd, J = 10.1, 4.2 Hz, CH,OMs), 4.17 (4H, m,
2 x CO2CH)), 4.06 (1H, dd, J = 10.1, 8.0 Hz, CHyOMs), 3.77 (1H, m, H-6), 3.11 (3H, s, OSO2CH3), 2.71
(1H, m, H-3), 2.57 (1H, m, H-3), 1.95 (1H, m), 1.86 (1H, m), 1.65 (1H, m), 1.47 (1H, m), 1.29 3H, t,J =
7.2 Hz, CH3), 1.25 (3H, t, J = 7.2 Hz, CH3); 3¢ (100.6 MHz, CDCl3) 168.9 (s, C=0), 168.4 (s, C=Q),
164.1 (s), 91.6 (s), 71.4 (t, CHpOMs), 60.3 (t, CO2CH?2), 59.5 (t, CO2CH2), 50.5 (d, C-6), 37.7 (q,
0SO02CH3), 27.0 (t, C-3), 23.8 (1), 18.0 (), 14.3 (q, CH3), 14.2 (q, CH3); m/z (EI*) 349 (M*, 10%), 194
(100). Observed (M*): 349.1191; C14H23NO4S requires 349.1195.

(65)-2-Bis(ethoxycarbonyl)methylidene-6-[[(methanesulfonyl)oxy]methyl]-piperidine 7. To
a stirred solution of (65)-6 (3.00 g, 11.1 mmol) and triethylamine (2.31 ml, 16.6 mmol) in dry dichloromethane
(8N m at 0°C under a nitraooen atmacenhere wac added methanecnlfanvl chlaride (0 ml 11.6 mmaol)
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(100 ml) was added. Work-up and purification as described above gave (65)-7 (3.83 g, 99%) as a pale yellow
oil: fa120 = .43 .9 (¢ 1.1. CHCl2). Spectroscopic data were identical with the corresnonding (6R)-enantiomer
ol {04 DH 2.9 (¢ 1.1, CRHCI3) SpectrosCopic data were 1ger € Correspo g (OK)

(6R)-2-Bis(ethoxycarbonyl)methylidene-1-azabicyclo[4.1.0]heptane 1. To a stirred solution of
(6R)-7 (1.50 g, 4.30 mmol) in dry THF (50 ml) at room temperature under a nitrogen atmosphere was added
potassium hydride (344 mg, 8.60 mmol) which gave an orange-brown colouration. This suspension was
stirred for 1 hour and then heated at reflux for 90 minutes. After quenching with water (70 ml), the reaction
mixture was extracted with ethyl acetate (3 x 50 ml). The combined organic extracts were dried (NaSO4) and
concentrated in vacuo to provide a brown oil. Florisil® column chromatography (10% ethyl acetate / light
petroleum) gave (6R)-1 (107 mg, 10%) as a pale yellow oil; [a] § = +36.0 (¢ 0.55, CHCI3). Vpqy (thin film)
1707 (C=0), 1653 (olefinic C=C) cm-1; 8y (400 MHz, CDCl3) 4.26 (2H, q, J 7.2 Hz, CO,CH?y), 4.19 (2H,
q, J = 7.2 Hz, CO,CHpy), 3.22 (1H, m, H-3), 2.62 (1H, m, H-6), 2.55 (1H, d, J = 4.8 Hz, CHZN“), 2.32 (1H,

m, H-3), 2.17 (1H, m), 1.77 (1H, m), 1.75 (1H, d, J = 4.1 Hz, CH;N), 1.54 (1H, m), 1.36 (1H, m), 1.31
(3H,t,J = 7 2 Hz, CH3), 1.27 (3H, t, J = 7.2 Hz, CH3); ¢ (100.6 MHz, CDCl3) 168.5 (s) 165.9 (s, C=0),

165.5 (s, C=0), 112.7 (s), 60.5 (t, CO2CH7), 60.3 (t, CO2CH>), 37.3 (t, CH2N), 34.8 (d, C-6), 26.5 (v,

Fa¥aty .l /g l_L\

23.2 (1), 18.5 (1), 14.11 (q, CHzg), 14.07 (q, CH3); m/z (EI*) 253 (M*, 26%), 194 (100). Observed (M¥):

253.1319; C13H|9NO4 requires 253.1314.

)

(6S5)-2-Bis(ethoxycarbonyl)methylidene-1-azabicyclo[4.1.0]heptane 1. To a stirred solution of
(65)-7 (2.00 g, 5.73 mmol) in dry THF (50 ml) at room temperature under a nitrogen atmosphere was added
potassium hydride (458 mg, 11.5 mmol) which gave an orange-brown colouration. This suspension was
stirred for 1 hour, then heated at reflux for 90 minutes and quenched with water (70 ml). Work-up and
purification as described above gave (65)-1 (155 mg, 11%) as a pale yellow oil; [a] & = -358 (c 0.53,
CHCl3). Spectroscopic data were identical with the corresponding (6R)-enantiomer.



(6S5)-2-Bis(ethoxycarbonyl)methylidene-6-(acetoxymethyl)piperidine 11. To a stirred solution of
(65)-1 (20.0 mg, 0.078 mmol) in THF (3 ml) was added glacial acetic acid (0.01 ml, 0.172 mmol). After 5
days the reaction mixture was diluted with ether (10 ml) and washed with saturated sodium bicarbonate 2x5
ml), brine (5 ml), dried (MgSQO4) and concentrated in vacuo. Column chromatography (10% ethyl acetate / light
petroleum) gave (5)-11 (22.8 mg, 92%) as a colourless oil; [a] 1.80 (¢ 1.0, CHCl3); Vmgy (thin film) 3245
(NH), 3129, 2980, 1747 (C=0), 1700, 1646, 1593, 1227 cm-!; BH (400 MHz, CDCIl3) 10.42 (1H, bs, NH),
4.25-4.10 (5H, m, 2 x OCH2, CHOAC), 3.93 (1H, dd, J = 11.1, 8.3 Hz, CHOAc), 3.66 (1H, m, H-6), 2.68
(1H, ddt, J = 18.0, 1.5, 5.1 Hz, H-3), 2.57 (1H, ddd, J = 18.0, 9.9, 5.6 Hz, H-3), 2.13 (3H, s, CH3), 1.95-
1.79 (2H, m), 1.57-1.69 (1H, m), 1.39-1.49 (1H, m), 1.28 (3H, t, J = 7.1, CH3), 1.25 (3H, t, J/ = 7.1, CH3);
3¢ (100.6 MHz, CDCl3) 170.7 (s), 169.0 (s), 168.6 (s), 164.3 (s), 90.9 (s), 67.2 (1), 60.2 (1), 59.3 (1), 50.5
(@), 27.1 (v), 24.3 (1), 20.8 (q), 18.2 (1), 14.4 (q), 14.2 (q); m/z (EI*) 313 (M*, 13%), 268 (M*-OEt), 194

(100). Observed (M*): 313.1525; C5H3NOg requires 313.1525.

(6S5)-2-Bis(ethoxycarbonyl)methylidene-6-(phenylsulfanylmethyl)piperidine 12. To a stirred
solution of (65)-1 (16.0 mg, 0.062 mmol) in THF (2 ml) was added thiophenol (6.4 ul, 0.062 mmol) and
triethylamine (8.7 pl, 0.062 mmol). After 1 week, the reaction mixture was concentrated in vacuo and purified
by column chromatography (10% ethyl acetate / light petroleum) to yield (65)-12 (18.9 mg, 82%) as a
colourless 0il; Vimgy (thin film) 2980, 1699 (C=0), 1647, 1589, 1228, 692 cm-!; 8y (400 MHz, CDCl3) 10.68
(1H, bs, NH), 7.43 (2H, m, ArH), 7.26 (3H, m, ArH), 4.25-4.12 (4H, m, 2 x OCH3), 3.44-3.35 (1H, m, H-
6), 3.08 (1H, dd, J = 13.5, 5.5 Hz, CHSPh), 2.88 (1H, dd, J = 13.5, 7.9 Hz, CHSPh), 2.70-2.52 (2H, m),
2.01-1.93 (1H, m), 1.85-1.77 (1H, m), 1.62-1.42 (2H, m), 1.29 (3H, t, /= 7.1 Hz, CH3), 1.26 3H, t,J =
7.1 Hz, CH3); d¢ (100.6 MHz, CDCl3) 168.9 (s), 168.7 (s), 164.2 (s), 134.5 (s), 131.2 (d), 129.1 (d), 127.1
(d), 90.8 (s), 60.2 (1), 59.3 (1), 50.7 (d), 41.3 (), 27.7 (1), 27.2 (1), 18.6 (t), 14.4 (q), 14.2 (q); m/z (EI*) 363
(M*, 41%), 318 (M+-OEr), 194 (100). Observed (M*): 363.1504; C19H25NSO4 requires 363.1505.
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