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Abstract — The stereoselective Birch reductive alkylation strategy has
provided total syntheses and configurational assignments for the
1-azaspiro[5.5lundecane alkaloids sibirine (1}, isonitramine (2), and

nitramine (3).

Sibirine {1}, isolated from Nitraria sibirica, is a member of the relatively new l-azaspiro-

[5.5]undecane group of alkaloids.l The structures of related substances, isonitramine {2) and

nitramine (3}, isolated from Nitraria Schobere, have been confirmed by X-ray crystallographic

studies of their corresponding hydrochloride salts;ib however, the absolute configurations of

all of these alkaloids have not been reported.ld
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Kozikowski and Yuen? have described total syntheses of racemic 1 and 2 by the nitrile oxide

cycloaddition route.3 Furthermore, Snider and Cartaya-Marin% have published a total synthesis
of racemic nitramine {3} by an intramolecular nitrone cycloaddition.5 In this paper, we report
efficient enantioselective syntheses of 1-3, which provide unambiguous configurational assign-

ments for all of these alkaloids.

The synthesis of (+}-sibirine (Scheme 1) began by the stereoselective Birch reductive alkylation

of anisic acid derivative 55 with l-bromo-3-chloropropane to give 5 in 78% isolated yield. In

tDedicated to Professor Gilbert Stork on the occasion of his 65th birthday.
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an earlier study, we found that the diastereoselectivity of reductive methylation of 4 was

260:1.5 we presume that 5 is obtained with comparable stereoselectivity.

The chiral auxiliary, L-prolinol, was activated for removal by treatment of 5 with hydrochloric
acid in refluxing methanol, which effected enol ether and MOM group hydrolysis, followed by N to
0 acyl migration; acylation with methyl chloroformate provided g-ketoester 6 (protected from

probable rearrangement back to the amide)? in 87% yield after flash chromatography on silica gel.
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{a) K, NH3, t-BuOM, 1-bromo-3-chloropropane; {b) HC1, MeOH; (¢) C1COpMe, NaHCOz, CHaClp; {d) Hp,
Pd/C, EtDAc;™ (e} HC(OMe)3, Ho504, MeOH; (f) NaN3, PTC, KpO; {(g) NaBHz, PTC, Hz0; (h] NaH, THF,
Mel; (i) Hz, LIr(cod)pyPCy3lPFg, CHpClp; (J) EtSH, AIC13, CHaCip; (k) LiAlHg, THF.

After some experimentation it was found that the double bond in 6 imparted serious instability to
subsequent transformation products. Hydrogenation of the troublesome unsaturation with 5% Pd/C
gave 7 in 97% yield. Reformation of the enol ether gave 8a (93% yield), which was subjected to
chloride displacement by sodium azide under phase transfer conditions8 to give azide 8b. Azide

reduction with sedium borohydride under the same phase transfer conditions? was followed by

cyclization of the resulting amino ester. The expected spirocyclic lactam 9 was obtained in 70%

—438—




HETERQCYCLES, Vol 25, 1987

overall yield from 8a after flash chromatographic separation of 9 from the chiral auxiliary,
recovered as the N-methoxycarbonyl derivative. Other methods of azide reduction proved to be
less effective.ll N-methylation was effected by treatment of 9 with sodium hydride-methyl

fodide to give 10.

The proper relative configuration at C(7) was obtained by utilization of the carboxamide group
directed stereoselective iridium-catalyzed homogeneous enol ether hydrogenation.11 Using
standard hydrogenation conditionsl? of ~5 mole % of [Ir{cod)py(PCy3)]PFg in methylene chlorideld
at atmospheric pressure, 10 was converted to diastereoisomerically pure 11 in ~ quantitative
overall yield from 9. Methyl ether cleavage with ethanethiol and A]C]314 gave the corresponding
hydroxy lactam in 91% yield and this was converted to (+}-sibirine (12) by 1ithium aluminum

hydride reduction (93% yield).

The optical rotation of 12 was found to be [4]2%y +25.0°, while the literature value for the
natural product was [a]2%p -22.5°.1% The configuration of natural (-)-sibirine, therefore, must
be that shown as structure 1.15 A formal total synthesis of {(-)-sibirine (1) was carried out
(Scheme 2) via Birch reductive alkylation of benzoxazepinone 13 to give 14 in 91% isolated
yield. On the basis of earlier studies,’>17 we estimate that the diastereoselectivity for the
cenversion 13 » 14 must be 599:1. Conversion of 14 to 16, the enantiomer of the (+)-sibirine

intermediate, 9, was accomplished by methods similar to those presented in Scheme 1.

Enol ether ib failed to undergo iridium-catalyzed hydrogenation. However, conversion of 16 to
the N-benzyl derivative 17 {Scheme 2) followed by hydrogenation with the iridium catalyst system
gave 18 as a single diastereoisomer. Methyl ether cieavage, 1ithium aluminum hydride reduction,
and debenzylation gave 21, the enantiomer of natural isonitramine (2}, in ~50% overall yield from

16.

After stereorational syntheses of 12 and 21 were completed, a more rapid construction of 2l and a
highly stereoselective synthesis of nitramine (3} were developed by experimentation with a
variety of conditions for ketone carbonyl group reduction (Scheme 3). Enol ether hydrolysis of
16 gave the versatile keto lactam 22 (94% yield}. While reduction of the ketone group in 22 with
sodium borohydride or 1ithium aluminum hydride proceeded with low stereoselectivity, treatment of
22 with two equivalents of diisobutylaluminum hydride (DIBAL) gave a mixture of 23 and 24 {94%
yield) fn a ratio of 13:1 in favor of isomer 23. Conversion of 23 to isonitramine {(21) was
accomplished by 1ithium aluminum hydride reduction. Thus, 21 is available in enantiomerically

pure form in ten steps from benzoxazepinome 13 (.50% overall yield),
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{a) K, NH3, t-BuOH, l-brome-3-chloropropane; {b) HC}, MeOH; (c)} C1COpMe, NaH(CO3, CHpCio; (d) Ha,
Pd/C, EtOAC; {e) HC{OMe)z, HpS04, MeOH; (f) NaN3, PTC, Hz0; (g) NaBHg, PTC, H0; (h% NaH, THF,
BzBr; (i) Hp, [1r(cod}PyPCy3IPFg, CHpCl2; () EtSH, A1C13, CHpCTp; (k) LiATHg, THF; (1) Hp,
Pd/C, MeOH.

Reduction of 22 with sodium borehydride in methanol gave a 1:2 mixture of 24 and 23, respec-
tively. This ratio could be dramatically changed by addition of cerium chloride (1.1 equiv} to
the borohydride reduction mixture to give 24 and 23 in a 4:1 ratio. Ytterbium chloride was an

even more effective additive, producing 24 and 23 in a ratio of 13:1.18 Lithium aluminum hydrice

reduction of 24 provided nitramine {3} in 95% yield.1?

Spectral data for synthetic 3 were identical to those described for the natural product;1c

unfortunately, a rotation for 3 has not been reported. For this reason, we convertedZ0 synthetic
3 to the N-methyl derivative 25; colorless oil: [2122p +17.6° (c 1.23, CHC13); Lit. [o)p +17.0°
{c 0.43, CHC13).1C  Thus, the configuration of natural nitramine must be that shown in structure

3.
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{a) HC1, MeCH; {(b) DIBAL, THF, -78°C; {c) LiAlHg, THF; (d} NaBR4, YboCl3, MeOH; {e) LiAlHg, THF;
{f} Mel, EtOH, reflux.

EXPERIMENTAL

{6R}-6-[ (Methoxymethyl)-(S)-prolinolcarboxamido]-6-(3-chioropropyl)-1-methoxy-1,4-cyclohexadiene
iél' Prepared by procedures described elsewhere; Birch reduction with potassium, exchange with
Tithium bromide, and alkylation with l-bromo-3-chloropropane {1.3 equiv).® Flash chromatography
on silica gel (EtDAc-Hexane 4:1) gave 5 as a colorless oil {78%); IR (film) 3.37, 6.15, 9.45 um;
14 NMR § 1.42-2.00 {m, 7H), 2.12 (m, 1H), 2.8% (m, 2H), 3.28 {m, 2H), 3.36 (s, 3k}, 3.51 {s, 3H),
3.51 (t, 2H), 3.61 (m, 1H), 3.73 (dd, 1H, J=10, 4 Hz}, 4.30 (br s, 1H), 4.16 {q, 2H), 4.78 (t,
1H), 5.35 {dt, 1H, J=10 Hz), 5.94 (dt, 1H, J=10 Hz); [a1?7y -33.8° (c 1.1, CHC13}; chemica)
jonization mass spectrum m/z (relative intensity} M+l (62), 322 (100}, 172 {65); anal. calcd for
C1gHzgCINO4: C, 60.42; H, 7.88. Found: C, 60.20; H, 7.95.

{2R)-2-[ (N-Carbomethoxy-(S)-prolinol)carbalkoxy]l-2-(3-chloropropyllcyciohex-3-ene-1-one (6). To
a solution of 5 (4.53 mmol) in methanol {10 ml} was added concentrated HC1 (1 m1}. The resulting
solution was heated to reflux for &4 h, cooled to room temperature, concentrated to one-half the
reaction volume, and was neutralized with solid sodium bicarbonate. Extraction with methylene
chloride, drying the organic layer over anhydrous MgSOq, and solvenrt evaporation gave a yellow
0il that was immediately redissolved in methylene chloride. Addition of NaHCO3 (1.1 equiv) and
cooling to ice-bath temperature was followed by addition of methyl chloroformate. After stirring
for 3 h at room temperature, water (5 ml) was added, and the reaction mixture was extracted with
methylene chloride. The organic phase was washed with dilute HC1 solution, dried (MgS04}, and
evaporated; flash chromatography on silica gel (EtOAc-Hexane, 4:1} gave 6 as a colorless oil
(87%); IR (film) 3.38, 5.76, 5.82, 5.93, 6.92, 7.14 um; 14 NMR § 1.40-2.06 (m, 7H}, 2.16 (dt, lH,
J=6 Hz), 2,30-2.82 (m, 4H), 3.32 (m, 2H), 3.51 (dt, 2H, J=2 Hz), 3.71 {s, 3H}, 3.96-4.36 (m, 3H),
5.66 {d, 1H), 6.15 {br d, 1H); [o127p -95.9° (¢ 1.1, CHC13); chemical ionization mass spectrum
m/z (relative intensity) M+l (86), 322 (38), 160 (100); anal. calcd for Cy7Hp4CINOg: C, 57.07;
H, 6.75., Found: C, 56.92; H, 6.66.
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(2R)-2-[{N-Carbomethoxy-{S)-prolinol jcarbalkoxy]-2-{3-chloropropylJcyclohexanone (7). A solution

of 6 {1 mmol) in 3 m1 of ethyl acetate and 5% Pd/C was stirred under hydrogen (1 atm) for 2 h.
The catalyst was removed by filtration through Celite, and the solvent was evaporated; flash
chromatography on silica gel (EtOAc-Hexane, 3:1) gave 7 as a colorless oil (97%); IR (film)
3.37, 5.71-5.95 (broad}, 6.94, 7.24 um; I NMR 5 1.26-2.10 {m, 13H), 2.30-2.54 {m, 3H), 3.36 (m,
2H), 3.50 (t, 2H), 3.68 (s, 3H), 3.94-4.38 (m, 3H}; [4132p -95.0° (c 0.42, CHC13); chemical
ionization mass spectrum m/z {relative intensity) M+l {90}, 324 {100), 201 (55}, 160 (36); anal.
calcd for Cy7HpgCINO5: C, 56.75; H, 7.28. Found: C, 56.65; H, 7.19.

(6R)-6-[(N-Carbomethoxy-(S)-prolinol Jcarboalkoxyl-6-(3-chloropropyl)-1-methoxycyclohex-1-ene
(8a). A solutfon of 7 {1 wmol) in 1 ml of dry methanol, 2 ml of trimethylorthoformate, and
several drops of concentrated sulfuric acid was stirred overnight at room temperature. The

reaction mixture was concentrated, saturated NaHCO3 was added, and the resulting mixture was
extracted with methylene chloride. The organic layers were combined, dried over MgS0p, and con-
centrated to give 8a as a light yellow cil. Flash chromatography on silica gel (EtDAc-Hexane,
70:30) gave a colorless ofl (93%); IR (film} 3.39, 5.80, 5.98, 6.89, 7.20 um; lH NMR 5 1.40-2.20
(m, 14H), 3.38 (br m, 24}, 3.45 (s, 3H}, 3.%3 (d, 2H), 3.68 (br s, 3H), 4.10 (m, 3H), 4.78 (br t,
1H); [al?%365ny +38.7° (c 0.58, CHCI3); chemical ionization mass spectrum m/z (relative
intensity) M+l (70), 338 (49), 187 (100}, 160 (74); anal. caled for CigHpgCINO5: C, 57.83; H,
7.54. Found: {, 57.82; H, 7.57.

{6R)-6-[(N-Carbomethoxy-(S)-prolinel Jcarbalkoxy]l-6-(3-azidopropyl)-1-methoxycyclohex-l-ene (8b).
Prepared from 8a by procedures described elsewhere.® Flash chromatography on silica gel (EtOAc-
Hexane, 70:30) gave 8b as a colorless oil (92%); IR (film} 3.42, 4.80, 5.82, 5.90 um; lH WMR &
1.32-2.14 {m, 14H), 3.24 (t, 2H}, 3.36 (m, 2H), 3.46 (s, 3H), 3.70 {s, 3H), 4.10 (m, 3H}, 4.80
(br t, H); [a]2%) +11.0° (c 1.94, CHC13); chemical ionization mass spectrum m/z (relative
intensity} 353 (70), 177 (100}, 142 (90); anal. calcd for CigHpgNaOs: C, 56.83; H, 7.41.

Found: C, 56.91; H, 7.50,

2-Oxopiperidine-3(R)-spire-2'-(1-methoxycyclohex-1-ene) {9). A mixture of 8b (1 mmol) in 2 ml

of water and hexadecyltri-N-butylphosphonium bromide (PTC, 0.1 mmol} was heated to 80°C, then
NaBHs was added in portions over 30 min.8 The resulting mixture was heated for 24 h, then cooled
and extracted with methylene chloride (3 x 10 m1}. The organic layers were combined, dried over
MgS04, and concentrated. Flash chromatography on silica gel (EtOAc-MeOH, 95:5) gave 9 as a
colorless oil {73%), Rf = 0.28; IR (film) 3.05, 3.12, 3.40, 6.60 um; 1§ NMR § 1.34-2.30 {m, 10OH),
3.29 (m, 2H), 3.50 (s, 3H), 4.81 {(dd, 1H, J=6, 3 Hz}, 6.40 {(br s, 1H); [4123) +36.4° (c 1.1,
CHC13); chemical icnization mass spectrum m/z {relative intensity) M+1 (100).

N-Methyl1-2-oxopiperidine-3(R}-spirg-2'-(1-methoxycyclohex-1-ene) (10}, Sodium hydride {1.2 mmol)
was added to a solution of 9 (1 mmol} in 2 m1 of dry THF, and the resulting mixture was stirred

for 1.5 h, after which methyl iodide (2 equiv) was added. After 2 h, the reaction mixture was
quenched with water and extracted with methylene chloride (2 x 10 ml). The combined organic
Tayers were dried over MgSD; and concentrated to give 10 as a 1ight yellow oil (quantitative).
An analytical sample was prepared by Kugelrohr distillation; bp 79-80°C (0.5 wm Hg}; IR {film)
3.40, 6.11, 8.33 um; M4 WMR 5 1.36-2.30 {m, 10H), 2.96 (s, 3H), 3.20 (m, 1H), 3.38 (m, 1H}, 3.48
(s, 3H), 4.77 (dd, 1H, J=5, 3 Hz); [a]%7p +28.3° (c 0.38, CHC13}; chemical ionization mass
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spectrum m/z {relative intensity) M+l (100); a satisfactory analysis could not be obtained.
Hydrolysis using HC1 in methanol provided the ketone derivative; mp 82°C; anal. calcd for
CiiHy7NO2: C, 67.66; H, 8.78. Found: C, 67.73; H, 8.72.

N-Methyl-2-oxopiperidine-3{R)spire-2'-[1{R}-methoxycyclohexane] (11). Prepared from 10 by
procedures described elsewherell,13 (quantitative). An analytical sample was prepared by
Kugelrohr distillation: colorless oil; bp 79-80°C (0.5 wm Hg); IR (film) 3.40, 6.14, 9.15 ,m; IH
NMR § 1.02-1.96 {m, 12H), 2.92 {s, 3H), 3.14 {m, 1H), 3.26 (s, 3H), 3.32 (m, 1H), 3.78 {dd, IH,
J=12, 4 Hz); [31310 -65.7° {c 1.02, CHC13); chemical ionization mass spectrum m/z (relative
intensity) M+l {100), 180 (65); anal. caled for CypHzNOp: C, 68.22; H, 10.01. Found: C,
68.34; H, 9.91.

N-Methyl-2-oxopiperidine-3(R)-spiro-2'-[1(R)-hydroxycyclohexanel. To & solution of 11 {1 mmol}
in 4 ml of dry methylene chloride was added ethanethiol (5 mmol) and AIC13 (3 mno1).1% The
reaction mixture was stirred for 3 h at room temperature, then guenched slowly with water {2 ml),

followed by dilution with methylene chloride (5 ml). The organic layer was separated, dried over
MgS04, and concentrated. Flash chromatography on silica gel (EtOAc-MeQOH, 95:5) gave a colorless
solid (91%); mp 109-110°C; IR (KBr) 2.94, 3.42, 6.20 ym; lH NMR s 1.16-2.04 (m, 13H), 2.94 (s,
3H), 3.18 (m, 1H), 3.33 (m, 1H), 4.30 (m, 1H}; [a)27p -87.7° (c 0.32, CHC13); chemical ionization
mass spectrum m/z (relative intensity) M+l (100), 180 (60); anal. calcd for CyjHjgNOp: C, 66.98;
H, 9.70. Found: C, 66.89; H, 9.62.

(+)-3ibirine {12}. To a suspension of LiAlHg (1.6 mmol) in 2 m1 of dry THF was added a solution
of N-methyl-2-oxopiperidine-3(R)-spire-2'(R)-hydroxycyclohexane (obtained from the preceding
experiment) in 2 ml of THF. The resulting mixture was stirred for 12 h, then quenched with 20%
KOH. The precipitate was removed by filtration and was washed with additional THF. The organic
Tayers were combined and concentrated to give 12 as a colorless ofl (95%); 14 NMR § 0.80-2.24
{m, 15H), 2.24 {5, 3H}, 2.63 (d, 1H, J=11 Hz}, 2.79 (br d, 1H)}, 3.58 (dd, 1H, J=10, 4 Hz); 13
(CHC13) & 79.27, 69.69, 56.47, 46.53; 37.29, 37.07, 29.60, 27.60, 24.39, 23.96, 20.36; [aJZZD
+25.0° (c 0.73, CHCI3); chemical ionization mass spectrum m/z (relative intensity} 184 {100},
166 (32). The lH and 13c WMR data correspond closely to those reported for the natural product.l
The hydrochloride salt was prepared by dissolving 12 in ethanol followed by addition of a few
drops of concentrated HC1. Solvent evaporation gave a colorless gum, which, when triturated with
acetone, gave colorless cubes, mp 194-195°C {Lit.l 191-192°C).

1,2,3,8,11,11a{5)-6a{S}-(3-Chloropropyl)-hexahydro-5H-[2,1-c]benzoxazapin-5-one (14). Prepared
from 13 by procedures described elsewhere.6 Flash chromatography on silica gel (EtOAc-CHC13,
4:1) gave 14 as a coloriess oil (91%). IR (film) 3.38, 3.47, 5.95, 6.20 um; 1y NMR § 1.44-2.16
{m, 8H}, 2.80 (d, 2H}, 3.54 {q, &H}, 3.88 (dd, 1H, J=12, 11 Hz), 4.12 (dd, 1H, J=11, 2 Hz), 4.30
{q, lH}, 5.56 (t, 1H)}, 5.84 (s, 2t}; [a12%; +101.4° {c 0.57, CHC13}; chemical ionization mass
spectrum m/z (relative intensity) M+l (67), 246 (100). A satisfactory elemental analysis could
not be obtained.

(25)-2-[(N-Carbomethoxy-(S)-prolinol }carbalkoxy-2-{3-chloropropyl}cyclohex-3-ene-1-one {15).
Prepared from 14 as described for 6. Flash chromatography on silica gel (EtDAc-Hexane, 70:30)
gave 15 as a coloriess oil (84%); IR (fiim} 3.38, 5.75, 5.82, 5.90, 6.94, 7.25 ym; IH NMR & 1.48-
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2.04 (m, 7H), 2.18 (dt, lH), 2.28-2.82 (m, 4H), 3.38 (m, 2H}, 3.52 (dt, 2H}, 3.71 (s, 3H), 3.96-
4.24 {m, 3H), 5.66 (d, 11}, 6.16 (br d, 1H}; [«17p +45.0° {c 0.96, CHC13); chemical ionization
mass spectrum m/z (relative intensity) M+l (29), 322 (37}, 171 (23}, 160 (100); anal. calcd for
C17H24CINOg: €, 57.07; H, 6.75. Found: C, 56.93; H, 6.70.

(25)-2-[{N-Carbomethoxy-(S}-prolinol)carbalkoxyl-2-{3-chloropropyllcyclohexanone. Prepared from
15 as described for 7 {quantitative). An analytical sample was prepared by flash chromatography
on silica gel (EtDAc-Hexane, 70:30) to give a colorless oil; IR (film) 3.38, 5.85 (broad), 6.94,
7.24 ym; 14 NMR § 1.60-2.10 (m, 13H), 2.46 (m, 3H), 3.38 (m, 2H), 3.53 (br t, 2H}, 3.71 (br s,
3H), 4.00-4.36 (m, 3H); [al22p +18.2° (c 1.47, CHC13); chemical ionization mass spectrum m/z
(relative intensity) M+l (45), 324 (100}, 201 (95)}; anal. calcd for Cq7HpgCINOs: C, 56.75; H,
7.28. Found: C, 56.69; H, 7.20.

{6S)-6-[{N-Carbomethoxy-(S)-prolinol)carboalkoxy]-6-(3-chloropropyl)-1-methoxycyclohexene.
Prepared as described for 8a. Flash chromatography on silica gel {EtDAc-Hexane, 4:1} gave a
colorless oil {91%): IR (film} 3.38, 5.86 (broad), 6.92, 7.24 ym; 1H NMR § 1.50-2.16 (m, 17H},
3.36 (m, 2H), 3.48 (s, 3H}, 3.52 (t, 2H), 3.96-4.30 (m, 3H), 4.80 {br s, 1H); [4]22p -65.2°

{c 0.75, CHC13}; chemical fonization mass spectrum m/z (relative intensity) M+l (40), 338 (40),
187 (100), 160 (90}.

{65)-6-f (N-Carbomethoxy-{S)-prolinol)carbalkoxy]-6-{3-azidopropyl)-1-methoxycyclohexene.

Prepared by procedures described elsewhere.® Flash chromatography on silica gel (EtOAc-Hexane;
70:30) gave a colorless oil {91%); IR (film) 3.38, 4.77, 5.78, 5.88, 6.90, 7.24 um; LH NMR s
1.36-2.10 (m, l4H}, 3.26 (t, 2H), 3.36 (m, 2H), 3.48 (s, 3H}, 3.71 (s, 3H), 3.92-4.30 (m, 3H},
4.81 {br s, 1H); [a]23D -59.1° (c 0.93, CHC13)}; chemical ionization mass spectrum m/z (relative
intensity) 353 (4), 194 (22), 142 (100); anal. caled for CygHpgNgls: €, 56.83; H, 7.41.

Found: C, 56.81; H, 7.48.

2-Oxopiperidine-3{S}-spiro-2'-{1-methoxycyclohex-1-ene} {16). Prepared as described for 9:
colorless ofl; [«]23p -35.3° (¢ 1.3B, CHC13); a satisfactory analysis could not be obtained.

2-Oxopiperidine-3(S)-spiro-2'-cyclohexan-1-one (22). A sclution of 16 {1 mmol) in 2 ml of 95%
methancl and several drops of concentrated HC1 was stirred for 1 h at room temperature. The

solution was concentrated, saturated NakCO3 was added to the residue, and the resulting mixture
was extracted with methylene chloride (3 x 5 mi). The combined organic layers were dried over
MgS04 and concentrated to give 22 (97%). Recrystallization from ethyl acetate gave colorless
crystals; mp 184-185°C (dec}; IR {KBr) 3.12, 3.38, 5.93, 6.05 ym; 14 NMR s 1.52-2.10 (m, 8H),
2.28-2.76 {m, 4H), 3.32 (m, 2H), 5.92 (brs, 1H); [o]23p -50.8° (c 1.16, CHCl3); chemical ioniza-
tion mass spectrum m/z (relative intensity) M+l {100}; anal. calcd for CygHigNOz: €, 66.28;

H, 8.34. Found: C, 66.35; H, 8.31.

2-Oxgpiperidine-3(S)-spiro-2'-[1(5)-hydroxycyclohexane] (24). A mixture of 22 (0.22 mmol) and
anhydrous YbCl3 (0.24 mmol) in 1 ml of dry methanol was stirred at room temperature for 30 min.
To the resulting suspension was added NaBHy (0.33 mmol} in several portions over 5 min. After
1 h, saturated NH4C1 was added and the mixture was extracted with methylene chloride {3 x 5 ml).
The combined organic layers were dried (MgSOg) and concentrated to give a 92:8 mixture of 24 and
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23. Flash chromatography on silica gel {(Et0Ac-MeQH, 9:1) gave 24 as a colorless solid (69%,
higher Rf). Recrystallization from ethyl acetate gave colorless crystals; mp 108-109°C; IR (KBr}
3.05, 3.12, 3.40, 6.13 ym; 1y NMR 5 1.20-2.30 (m, 12H), 3.30 {m, 2H), 3.76 (br t, 1H), 5.72

5.72 (br s, 1H), 6.28 (br s, 1H}; [122p +37.2° (c 0.20, CHC13); chemical ionization mass
spectrum m/z (relative intensity) M+l (100}, 166 (87); anal. calcd for CjgHiyNOz: C, 65.55; H,
9.34. Found: C, 65.49; H, 9.46.

{+)-Nitramine (3). Prepared from 24 as described for 12: colorless oil {91%); 1H NMR 5 0.90-
1.98 (m, 11H), 2.12 (m, iH), 2.42 (d, 1H, J=12 Hz), 2.61 (dt, 1lH}, 3.00 {m, 1H}, 3.48 (d, 1lH,
J=12 Hz), 3.54 {dd, 1H); 13¢5 (Cgbg) 77.86, 52.68, 47.27, 38.43, 36.94, 36.35, 32.88, 24.50,
24.01, 21.50; [o]25) +23.0° {(c 1.58, CHzC12); chemical jonization mass spectrum m/z (relative
intensity) M+l (100}, Nitramine hydrochloride was prepared as described for the hydrochloride
salt of 12; recrystallization from acetone gave colorless cubes, mp (sealed capillary) 230°C
(dec).

2-Oxopiperidine-3{S)-spiro-2'-[1(R)-hydroxycycichexane]l {23). To & solution.of 22 (1 mmol) in
5 m of dry THF cooled to -78°C was added DIBAL (1.0 M in hexane, 2.1 mmol) slowly via syringe.
The solution was stirred for 2 h at -78°C, then quenched with saturated NaHSO4 (5 m1}. The
mixture was diluted with methylene chloride, separated, then extracted with additional methylene

chloride {Z x 10 m1}. The organic layers were combined, dried over MgS0;, and concentrated to
give a 13:1 mixture of 23 and 24 (94%). Flash chromatography on silica gel {EtOAc-MeOH, 8:1}
gave 23 as a colorless solid (lower Re); mp 148-149°C; IR (KBr) 3.05, 3.12, 3.42, 3.50, 6.16 um;
1y WMR § 1.16-2.22 {m, 13K), 3.29 (m, 2H), 4.29 (dd, 1H, J=12, 5 Hz)}, 5.97 {br s, 1H); [a123p
+73.9° (c 0.50, CHC13); chemical ionization mass spectrum m/z (relative intensity) M+l (36), 166
(100); anal. calcd for CipHy7NO2: C, 65.55; H, 9.34. Found: C, 65.47; H; 9.39.

(-)-Isonitramine (21). Prepared from 23 as described for 12: colorless solid (93%). Sublima-
tion gave colorless needles, mp 103-104°C (Lit.,la 101-103°C); H NMR & 0.84-2.20 (m, 7H), 2.15
(br d, 1K), 2.50 (d, 1H, J=11 Hz}, 2.59 (dt, 1H}, 2.91 {d, 1K), 3.04 {(m, 1H}, 3.66 (dd, lH, J=11,
4 Hz); 13C 5 (CeDg) 79.64, 60.59, 47.56, 36.53, 30.40, 29.44, 24.49, 23.46, 20.87; [«12%) -3.5°
(¢ 1.61, CHC13}; chemical ionization mass spectrum m/z (relative intensity) M+l {100), 152
(83).21

N-Benzyl-2-oxopiperidine-3($)-spiro-2'-[1-methoxycyclohex-1-ene] (17). Prepared from 16 and
benzyl bromide as described for 10. Flash chromatography on silica gel (EtOAc-Hexane, 3:2) gave
17 as a colorless oil (67%); IR (fiim) 3.42, 6.14, 6.94 ym; 1H NMR & 1.40-2.30 {m, 10H), 3.00-
3.32 (m, 2K), 3.50 (s, 3H), 4.45 (d, 1H, J=14 Hz), 4.78 (d, 1H, J=14 Hz), 4.80 (overlapping m,
1H), 7.28 (m, 5H); [x122) -50.8° (¢ 0.86, CHpClp); chemical ionization mass spectrum m/z
{relative intensity) M+l (100}; anal. calcd for CigHp3NOp: C, 75.76; H, 8.12. Found: C, 75.79;
H, 8.00.

N-Benzy1-Z-oxopiperidine-3{S}-spiro-2'-[1(R)-methoxycyclohexane] (18). Prepared from 17 as
described for 11 (quantitative); Kugelrohr distillation gave a colorless oil; bp 82°C (0.5 mm
Hg); IR (film) 3.40, 6.20, 6.93 pm; 14 NMR 5 1.04-2.00 {m, 16H), 3.00-3.34 {m, 2H), 3.32 (s, 3H),
3.84 (dd, 1M, J=12, 5 hz), 4.40 (d, 1M, J=15 Hz), 4.84 {d, IH, J=15 Kz}, 7.28 {m, 5H); [a122
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-18.8° {c 1.20, CHC13); chemical ionization mass spectrum m/z (relative intensity) M+1 (100),
256 (54).

N-Benzyl-2-oxopiperidine-3(S)-spiro-2'-[1(R)-hydroxycyclohexane] (19). Prepared from 18 as
described for 11b. Flash chromatography on silica gel (EtOAc-Hexane, 10:1) gave 19 as a color-
solid (84%}; mp 91-92°C; IR {KBr) 2.95, 3.42, 6.25 um; 1§ ¥MR 5 1.10-1.90 {m, 13H), 3.00-3.28
(m, 2H), 4.32 {br s, 1H}, 4.44 {d, 1H, J=16 Hz), 4.70 (d, 1H, J=16 Hz), 7.28 (m, 5H); [4123;
+53.3° {¢ 0.69, CHCI3); chemical ionization mass spectrum m/z (relative intensity} M+l (100,
256 (53); anal. calcd for CpzHp3NO2: C, 74.70; H, 8.47. Found: C, 74.80; H, 8.38.

Second Synthesis of (-)-Isonitramine (21). To a suspension of LiAlHg {1.5 mmol) in 3 ml of THF
was added 19 (1 mmol) in 2 ml of THF. The resulting mixture was stirred at room temperature for

24 h, followed by workup as previously described to give 20 as a colorless oil. Hydrogenation of
20 (1 atm) over 5% Pd/C in methanol for 24 h, filtration through Celite, followed by evaporation
of solvent gave 21 as a colorless solid (76%).
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