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Abstract—The regio- and stereoselective addition of chlorosulfonyl isocyanate to (+)-3-carene 1 resulted in B-lactam 2, which was
converted to N-Boc-B-amino acid 4, B-amino ester 7, and carboxamide derivatives 18 and 20 via N-Boc activation and mild ring
opening. The corresponding B-amino ester 7 was transformed to 2-thioxopyrimidin-4-one 11 and 2,4-pyrimidinedione 13. LAH
reduction of 5 and 7 resulted in amino alcohols 6 and 8. The reaction of 8 with phenyl isothiocyanate, followed by cyclisation,

furnished 1,3-oxazine 15.
© 2003 Elsevier Ltd. All rights reserved.

1. Introduction

The readily available homochiral terpenes and their
derivatives are widely used as chiral auxiliaries in enan-
tioselective transformations.! Various amino alcohol
catalysts derived from monoterpenes such as (+)-pule-
gone,> B-pinene,®> nopinone,* fenchone-camphor,?
limonene® and recently (+)-3-carene’ have been
reported to have been used successfully in enantioselec-
tive syntheses. Derivatives of a-pinene such as 2-
hydroxypinan-3-one® and the enantiomerically pure
3-amino-2-hydroxypinane’ have also served as useful
chiral reagents. Monoterpene-fused 1,3-oxazines have
been applied as catalysts for enantioselective allylic
substitutions.!’ In an earlier publication, we reported
the transformations of enantiomerically pure o-pinene
to B-amino acid derivatives and monoterpene-fused sat-
urated 1,3-heterocycles.!!

B-Amino acids and their derivatives, such as amino
esters, amides or 1,3-amino alcohols, can serve for the
synthesis of a wide range of saturated heterocycles.'>'#
Besides their chemical importance,'* B-amino acids and
their derivatives possess noteworthy pharmacological
effects; for example, (1R,2S)-2-aminocyclopentanecar-
boxylic acid (cispentacin) and 2-aminocyclohexenecar-
boxylic acid (originally designed as a pyridoxal
phosphate suicide inhibitor) have antifungal activ-
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ity.!>1¢  (1R,2S)-2-Amino-4-methylenecyclopentanecar-

boxylic acid (BAY 10-8888) possesses antifungal
activity against Candida albicans, and clinical studies
are in progress.'”!® B-Amino acids can also be used as
building blocks of modified analogues of pharmacologi-
cally active peptides.'”?* Conformational studies of
B-amino acid oligomers are currently at the focus of
interest.?*+2°

Our present aim was the synthesis and transformation
of homochiral B-amino acid derivatives prepared from
(+)-3-carene, a commercially available homochiral
source. The ring opening reactions of the corresponding
B-lactam 3 to give novel homochiral B-amino acid
derivatives were studied; and some cyclisation reactions
of the resulting compounds were carried out to produce
monoterpene-fused saturated 1,3-heterocycles.

2. Results and discussion

The synthetic route to the novel homochiral B-amino
acid derivatives is shown in Scheme 1. The reaction of
chlorosulfonyl isocyanate (CSI) with a cycloalkane is a
well-known procedure for the synthesis of cycloalkane-
fused B-lactams. There are several examples in the
literature concerning the regio- and stereoselectivity of
the cycloaddition, which proceeds in accordance with
the Markovnikov orientation of CSI addition.?’

Starting from commercially available (+)-3-carene 1, the
cycloaddition of CSI furnished the enantiomeric B-lac-
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Scheme 1. Reagents and conditions: (i) CSI, Et,0, 9 h, rt, 76%; (i) Na,SO;, then KOHj (iii) Boc,O, Et;N, DMAP/THF, rt, 2 h,
82%,; (iv) LiOH/H,O, THF, rt, 7 h, 94%; (v) cat. NaOMe/MeOH, rt, 2 h, 89%; (vi) CH,N,/Et,0, rt, 2 h, 98%; (vii) LiAlH,/THF,
rt, 2 h, 6: 95%, 8: 85%; (viii)) TFA/CH,CL,, rt, 2 h, 96%; (ix) dioxane/H,O, reflux, 48 h, 88%.

tam 2 in a regio- and stereoselective reaction. The exo
stereoselectivity of the cycloaddition was earlier
reported by Sasaki et al.?® The CSI addition proceeded
at room temperature in good yield (76%). There are
several methods in the literature for the ring opening of
azetidinones.'#?**° Qur first attempt was the ring open-
ing of 2 by refluxing with ethanol containing HCI to
obtain the corresponding amino ester.'! Hydrolysis of
the B-lactam ring of 2 to the amino acid was also
attempted with aqueous HCL3' None of the applied
methods resulted in the expected compounds: only a
mixture of several decomposed products was obtained
under the given conditions. These results suggested that
the strongly constrained carene ring system decomposes
under highly acidic conditions. Activation of the car-
boxamide bond of azetidinone 2 therefore seemed

Treatment of the B-lactam 2 with di-zerz-butyl dicarbon-
ate resulted in N-Boc B-lactam 3, which was readily
opened under mild conditions. The reaction of 3 with
aqueous LiOH in THF?? gave homochiral N-Boc B-amino
acid 4 in excellent yield (98%). The N-Boc amino ester
was prepared in different ways. Either the ring opening
of N-Boc B-lactam 3 in the presence of a catalytic amount
of sodium methoxylate in dry methanol or the esterifica-
tion of N-Boc B-amino acid 4 with diazomethane in dry
diethyl ether gave 5 in excellent yield.

N-Boc amino ester 5 was reduced by lithium aluminium
hydride to N-methyl amino alcohol 6, and, after the
deprotection of 5, to the corresponding amino alcohol 8.
B-Amino ester 7 was transformed to f-amino acid 9 by
refluxing in a dioxane:water=1:1 mixture® for 2 days

necessary. (Scheme 1).
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Scheme 2. Reagents and conditions: (1) PANCS/toluene, rt, 5 h, 91%; (ii) NH;/MeOH, rt, 11: 95%, 13: 93%; (iii) PANCO/toluene,

rt, 5 h, 76%.
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Scheme 3. Reagents and conditions: (i) PANCS/toluene, rt, 5 h, 91%; (ii)) Mel/MeOH, 15°C, 3 h, then KOH/MeOH, rt, 4 h, 90%;

(iii) HCI/EtOH, reflux, 1 h.
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Scheme 4. Reagents and conditions: (1) NH;/MeOH, 4°C, 12 h, 60%; (ii) TFA/CH,Cl,, 0°C, 2 h, 18: 77%, 20: 65%; (iii)

PhCH,NH,, KCN, DMF, 40°C, 24 h, 78%.

When B-amino ester 7 was reacted with phenyl isothio-
cyanate or phenyl isocyanate, the corresponding
thiourea 10 or urea 12 was obtained. Compounds 10
and 12 were easily converted to 2-thioxo-4-pyrimidi-
none 11 and 2.4-pyrimidindione 13 by base-catalysed
ring closure,!! using methanol containing a catalytic
amount of NH; (Scheme 2).

With phenyl isothiocyanate, amino alcohol 8 resulted in
the thiourea adduct 14, which was transformed to
2-phenylimino-1,3-oxazine 15. Preparation of the corre-
sponding thiazine 16 was not successful when HCl-con-
taining ethanol was used;** only several decomposed
products were observed (Scheme 3).

The nucleophilic ring opening of N-Boc-B-lactam 3 was
also performed with amines such as NH; and benzyl-
amine, resulting in N-Boc amides 17 and 19. Both 17
and 19 were deprotected with trifluoroacetic acid®® and
gave the expected amides 18 and 20 (Scheme 4).

The compounds prepared have four stereogenic centres.
Accordingly, the diastereomeric and hence the enan-
tiomeric purity was proved by NMR spectroscopy and

on a CHIRASIL-DEX CB column by GC. There was
no sign of the presence of any other diastereomer in the
spectra of the prepared compounds.

3. Conclusions

The regio- and stereoselective addition of CSI to (+)-3-
carene resulted in enantiomerically pure B-lactam 2,
which was activated with a tert-butoxycarbonyl group.
In contrast with B-lactam 2, the N-Boc B-lactam was
easily transformed to homochiral f-amino acid, amino
ester, 1,3-amino alcohol and carboxamide derivatives.
Starting from the amino ester, ring closure gave 2,4-
pyrimidinedione and 2-thioxo-4-pyrimidinone. The use
of 1,3-amino alcohol as starting material resulted in the
saturated 1,3-oxazine.

The prepared B-amino acid derivatives may serve as
chiral building blocks in the asymmetric synthesis of
potential pharmacons, B-amino acid oligomers and
modified analogues of natural peptides. They can also
be used as chiral auxiliaries and catalysts in enantiose-
lective syntheses.



3968 S. Gyonfalvi et al. / Tetrahedron: Asymmetry 14 (2003) 3965-3972

4. Experimental

'"H and 3C NMR spectra were recorded on a Bruker
Avance DRX 400 spectrometer (400 MHz, =0
(TMS)), in CDCl,, with the exceptions of compounds 9
and 20 (D,O) and 18 (DMSO). Chemical shifts are
expressed in ppm (J) relative to TMS as internal refer-
ence. J values are given in Hz. FT-IR spectra were
recorded on a Perkin—Elmer model 1000 spectrophoto-
meter. Microanalyses were performed on a Perkin—
Elmer 2400 elemental analyser. GC measurements were
made on a Crompack CP-9002 system, consisting of a
Flame Ionization Detector 901A and a Maestro II
Chromatography data system (Chrompack Interna-
tional B.V., Middelburg, The Netherlands). The
column used for direct separation was a CHIRASIL-
DEX CB column (2500x0.25 mm I.D.) at 160°C, 80
kPa for 2. Optical rotations were obtained with a
Perkin—Elmer 341 polarimeter. Melting points were
determined on a Kofler apparatus and are uncorrected.

4.1. 1R,3R,5S,75)-4,4,7-Trimethyl-8-azatricyclo-
[5.2.0.0*|nonan-9-one 2

A mixture of 2.72 g (20.0 mmol) of (+)-(1S,6R)-3-
carene 1 (Aldrich Chemical Co., 90% purity, 98% ee)
and 2.84 g (20.0 mmol) of CSI was stirred in dry diethyl
ether (50 mL) at room temperature for 9 h. Na,SO,
(3.78 g) in water (50 mL) was then cautiously added
dropwise to the solution. The pH was held at 7-8 by
the addition of 20% aqueous KOH. After separation of
the organic phase, the aqueous layer was extracted with
diethyl ether (2x50 mL). The combined organic layer
was dried (Na,SO,) and evaporated, and the resulting
white crystalline product was recrystallized from hexane
to give 2 (2.72 g, 76% yield); mp 108-111°C (lit."”
111-114°C); [o]3 =+56.9 (¢ 1, MeOH); IR =1769, 3233
cm™!; 'TH NMR (CDCl,)  (ppm): 0.66 (1H, dd, J=8.0,
16.6 Hz, H-5), 0.76 (1H, dd, J=38.5, 17.1 Hz, H-3), 0.97
(3H, s, Me-4), 1.04 (3H, s, Me-4), 1.00-1.11 (2H, m,
H-6, H-2), 1.36 (3H, s, Me-7), 1.99 (1H, dd, J=8.0,
15.6 Hz, H-6), 2.15 (1H, ddd, J=2.5, 10.5, 15.6 Hz,
H-2), 2.72 (1H, dd, J=2.5, 4.5 Hz, H-1), 591 (1H, bs,
NH); 3C NMR (CDCl,) 6 (ppm): 17.3, 24.2, 26.3, 28.9,
54.9, 58.9, 77.7, 83.1, 148.3. Anal. calcd for C,;H,,NO:
C, 73.70; H, 9.56; N, 7.81. Found: C, 74.05; H, 9.33; N,
7.96%.

4.2. 1R,3R,5S,7S5)-N-tert-Butoxycarbonyl-4,4,7-tri-
methyl-8-azatricyclo[5.2.0.0*5|nonan-9-one 3

To a stirred solution of 2.0 g (11.2 mmol) of azetidi-
none 2 in dry THF (20 mL), triethylamine (0.32 mL,
22.4 mmol), di-tert-butyl dicarbonate (4.89 g, 22.4
mmol) and a catalytic amount of 4-dimethylamino-
pyridine were added. After stirring for 2 h at room
temperature (the reaction was monitored by means of
TLC), the mixture was evaporated to dryness. The oily
residue obtained was purified by flash chromatography
on a silica gel column (hexane:ethyl acetate=9:1),
resulting in a white crystalline product, 3 (2.56 g, 82%
yield); mp 107-112°C; [¢]® =+29.7 (¢ 1, MeOH); IR =
1708, 1792, 2936 cm™!; '"H NMR (CDCl,;) J (ppm): 0.53

(1H, dd, J=8.5, 16.6 Hz, H-5), 0.72 (1H, dd, J=9.0,
17.6 Hz, H-3), 0.89 (1H, q, /=9.0 Hz, H-6), 0.95 (3H,
s, Me-4), 1.01 (3H, s, Me-4), 1.05 (1H, m, J=4.5, 9.1
Hz, H-2), 1.44 (3H, s, Me-7), 1.49 (9H, s, tert-butyl),
2.16 (1H, ddd, J=2.5, 8.0, 15.1 Hz, H-2), 2.46 (1H, q,
J=8.0 Hz, H-6), 2.74 (1H, dd, J=2.5, 4.5 Hz, H-1); 13C
NMR (CDCly) ¢ (ppm): 15.6, 17.4, 17.9, 18.3, 18.4,
244, 26.2, 28.7, 28.8, 55.0, 58.8, 83.2, 148.3, 169.2.
Anal. calcd for C,(H,sNO5: C, 68.79; H, 9.02; N, 5.01.
Found: C, 68.56; H, 9.16; N, 5.13%.

4.3. (1R,3R45,65)-4-tert-Butoxycarbonylamino-4,7,7-
trimethylbicyclo[4.1.0]heptane-3-carboxylic acid 4

N-Boc-lactam 3 (2.0 g, 7.17 mmol) was dissolved in
THF (50 mL) and treated with aq. LiOH (0.9 g in 20
mL of water) at room temperature. The mixture was
stirred at room temperature for 7 h. The THF was
removed in vacuo and, after the addition of water (10
mL), the solution was acidified to pH 3.5-4.0 with
acetic acid and extracted with ethyl acetate (3x30 mL).
The combined organic phase was dried (Na,SO,),
filtered and concentrated in vacuo to give a white
crystalline product, 4 (2.0 g, 94% yield); mp 135-139°C;
[2]3=+31.3 (c 1, MeOH); IR =1686, 1729, 2977 cm™!;
'H NMR (CDCl;) 6 (ppm): 0.58-0.75 (3H, m, H-6,
H-1, H-5), 0.85 (3H, s, Me-7), 0.95 (3H, s, Me-7), 1.27
(3H, s, Me-3), 1.38 (9H, s, tert-butyl), 1.80 (1H, dd,
J=17.1, 14.1 Hz, H-2), 1.90 (1H, dd, J=6.6, 11.6 Hz,
H-5), 2.02-2.13 (1H, m, H-2), 2.96 (1H, dd, J=7.6,
13.6 Hz, H-3), 5.37 (1H, bs, NH); '*C NMR (CDCl,) ¢
(ppm): 15.8, 17.9, 18.1, 18.5, 21.0, 25.6, 29.1, 29.3, 30.8,
50.4, 51.8, 79.9, 156.0, 181.4. Anal. caled for
C,¢H,,NO,: C, 64.62; H, 9.15; N, 4.71. Found: C,
64.45; H, 8.96; N, 3.96%.

4.4. Methyl (1R,3R,4S5,65)-4-tert-butoxycarbonylamino-
4,7,7-trimethylbicyclo[4.1.0]heptane-3-carboxylate 5

Method A: To a stirred solution of N-Boc amino acid
4 (3.0 g, 10 mmol) in dry diethyl ether (30 mL), an
ethereal solution of diazomethane was added dropwise
at room temperature until the yellow colour remained.
After stirring for 1 h, the diethyl ether was evaporated
off and a yellow oil was obtained. The resulting crude
product was used in the next step without further
purification.

Method B: To a stirred solution of N-Boc lactam 3
(9.70 g, 35 mmol) in dry methanol (50 mL), NaOMe
was added in catalytic amount at room temperature.
After stirring for 2 h (the reaction was monitored by
TLC), the solution was evaporated. Water (30 mL) was
added to the oily residue, followed by extraction with
CHCI; (3x30 mL). The organic phase was dried
(Na,S0,) and evaporated. 5 was formed as a yellow oil
(Method A: 3.10 g, 98% yield, method B: 9.57 g, 8§9%
yield); [«]®=-22.3 (¢ 1, MeOH); 'H NMR (CDCl,) ¢
(ppm): 0.79-0.64 (3H, m, H-6, H-1, H-5), 0.91 (3H, s,
Me-7), 1.00 (3H, s, Me-7), 1.24 (3H, s, Me-3), 1.44 (9H,
s, tert-butyl), 1.79 (1H, dd, J=7.1, 14.6 Hz, H-2), 1.95
(1H, dd, J=7.1, 12.1 Hz, H-5), 2.11 (1H, ddd, J=8.06,
14.6, 20.1 Hz, H-2), 3.12 (1H, t, /=10.6 Hz, H-3), 3.70
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(3H, s, COO-Me), 5.48 (1H, bs, NH); *C NMR
(CDCl,) ¢ (ppm): 15.8, 17.9, 18.0, 18.6, 21.0, 25.6, 29.1,
29.2, 30.1, 50.2, 51.8, 52.4, 79.1, 156.9, 177.2. Anal.
caled for C,;H,,NO,: C, 65.57, H, 9.39; N, 4.50.
Found: C, 65.34; H, 9.18; N, 4.64%.

4.5. 1R,3R,4S5,65)-(4,7,7-Trimethyl-4-methylamino-
bicyclo[4.1.0]hept-3-yl)methanol 6

To a slurry of LiAIH, (0.36 g, 9.48 mmol) in dry THF
(20 mL), amino ester 5 (1.0 g, 3.21 mmol) in THF (5
mL) was added dropwise at 0°C. After stirring for 2 h
at room temperature (the reduction was monitored by
means of TLC), the mixture was decomposed with
water (1.0 mL) in THF (10 mL) under ice cooling. The
inorganic material was filtered off and washed with
THF (3x20 mL). Drying (Na,SO,) and evaporation
gave 7 as a yellow oil (0.60 g, 95% yield); [«]®=+11 (c
1, MeOH); 'H NMR (CDCl,) 6 (ppm): 0.52-0.59 (1H,
m, H-6), 0.72 (1H, t, J=8.1 Hz, H-1), 0.78 (1H, dd,
J=5.0, 15.1 Hz, H-5), 0.85-0.93 (1H, m, H-2), 0.91
(3H, s, Me-7), 1.03 (3H, s, Me-7), 1.15 (3H, s, Me-4),
1.58 (1H, dd, J=7.05, 15.11 Hz, H-5), 2.13-2.25 (2H,
m, H-2, H-3), 2.26 (3H, s, NH-Me), 3.30 (1H, dd,
J=1.5, 11.1 Hz, CH,-OH), 4.13 (1H, dd, J=2.5, 10.6
Hz, CH,-OH); 3C NMR (CDCl;)  (ppm): 15.5, 17.8,
18.1, 18.9, 19.1, 23.8, 28.0, 28.1, 29.5, 42.9, 54.1, 63.3.
Anal. calced for C,,H,;NO: C, 73.04; H, 11.75; N, 7.10.
Found: C, 73.15; H, 11.68; N, 6.90%.

4.6. Methyl (1R,3R,4S5,65)-4-amino-4,7,7-trimethyl-
bicyclo[4.1.0]heptane-3-carboxylate 7

To a stirred solution of N-Boc amino ester 5 (0.20 g,
0.64 mmol) in dry CH,Cl, (10 mL), trifluoroacetic acid
(0.50 mL) was added at 0°C. After stirring for 2 h, the
solution was neutralized with saturated aq. NaHCO;
solution and extracted with CH,Cl, (2x30 mL). The
combined organic phase was dried (Na,SO,) and evap-
orated to give 6 as a yellow oil product (0.13 g, 96%
yield); [«]®=-26.7 (¢ 1, MeOH); 'H NMR (CDCL;) ¢
(ppm: 0.67-0.77 (2H, m, H-6, H-1), 0.93 (3H, s, Me-7),
1.02 (6H, s, Me-7, Me-4), 1.06 (1H, dd, J=4.5, 14.6 Hz,
H-5), 1.85 (2H, ddd, J=9.6, 14.6, 24.1 Hz, H-2, H-5),
2.03 (1H, dd, J=6.5, 12.1 Hz, H-2), 2.14 (1H, ddd,
J=17.5,12.1, 19.6 Hz, H-3), 3.66 (3H, s, COO-Me); '*C
NMR (CDCly) ¢ (ppm): 15.3, 17.8, 17.9, 18.3, 20.8,
28.6, 29.3, 33.5, 49.2, 50.2, 51.6, 177.1. Anal. calcd for
C,H,NO,: C, 68.21; H, 10.02; N, 6.63. Found: C,
68.04; H, 9.82; N, 6.52%.

4.7. (1R,3R,4S,65)-(4-Amino-4,7,7-trimethylbicyclo-
[4.1.0]hept-3-yl)methanol 8

To a slurry of LiAIH, (0.36 g, 9.48 mmol) in dry THF
(20 mL), amino ester 7 (1.0 g, 4.74 mmol) in THF (5
mL) was added dropwise at 0°C. After stirring for 2 h
at room temperature (the reduction was monitored by
means of TLC), the mixture was decomposed by the
cautious addition of water (2.0 mL) dissolved in THF
(10 mL) under ice cooling. The inorganic material was
filtered off and washed with THF. Drying (Na,SO,)
and evaporation of the solvent resulted in 8 as a yellow

oil (0.73 g, 85% vyield); [«]®=+10.1 (¢ 1, MeOH); 'H
NMR (CDCl;) 6 (ppm): 0.61-0.69 (1H, dd, J=3.0, 11.1
Hz, H-6), 0.77 (1H, t, J=8.5 Hz, H-1), 0.84-0.91 (1H,
m, H-5), 0.90 (3H, s, Me-7), 1.03 (3H, s, Me-7), 1.20
H, s, Me-4), 1.23 (1H, d, J=4.5 Hz, H-2), 1.56-1.71
(2H, m, H-5, H-2), 2.28 (1H, ddd, J=8.1, 15.1, 20.6
Hz, H-3), 3.00 (2H, bs, NH,), 3.34 (1H, dd, /=2.0, 11.1
Hz, CH,-OH), 4.11 (1H, dd, J=3.0, 11.1 Hz, CH,-
OH); C NMR (CDCL,) & (ppm): 15.5, 18.1, 18.3, 19.4,
19.5, 27.7, 29.6, 37.9, 41.3, 51.2, 65.1. Anal. calcd for
C,,H,,NO: C, 72.08: H, 11.55. N, 7.64. Found: C,
71.95; H, 11.42; N, 7.53%.

4.8. (1R,3R,45,65)-4-Amino-4,7,7-trimethylbicyclo-
[4.1.0]heptane-3-carboxylic acid 9

Amino ester 7 (0.55 g, 2.60 mmol) was dissolved in a
mixture of dioxane and water (1:1, 10 mL). After
stirring and refluxing for 2 days (the reaction was
monitored by means of TLC), the mixture was evapo-
rated to dryness and the resulting white crystalline
product was filtered off and washed with acetone to
furnish 9 (0.45 g, 88% yield); mp 273-275°C; [«]®=+23
(¢ 1, MeOH); 'H NMR (D,0) J (ppm): 0.74-0.83 (2H,
m, H-6, H-1), 0.97 (3H, s, Me-7), 1.03 (3H, s, Me-7),
1.31 (3H, s, Me-4), 1.36 (1H, d, J=4.0 Hz, H-5),
1.85-2.02 (2H, m, H-2, H-5), 2.08-2.20 (2H, m, H-2,
H-3); *C NMR (D,O) ¢ (ppm): 14.3; 15.9, 17.8, 18.0,
20.3, 23.9, 28.2, 29.9, 48.6, 52.6, 183.2. Anal. calcd for
C,\H)NO,: C, 66.97; H, 9.71; N, 7.10. Found: C,
66.75; H, 9.45; N, 6.85%.

4.9. Thiourea derivative 10

Phenyl isothiocyanate (0.60 g, 4.40 mmol) was added to
a solution of 0.80 g (3.80 mmol) of amino ester 7 in dry
toluene (30 mL). After stirring for 5 h at room temper-
ature (the reaction was monitored by means of TLC),
the solution was evaporated to dryness and the
obtained white crystalline product was recrystallized
from diisopropyl ether to give 10 (1.10 g, 84% yield);
mp 142-145°C; [«]¥ =-26.7 (¢ 1, MeOH); IR =1723,
2955, 3333 cm™!; 'H NMR (CDCl;) ¢ (ppm): 0.54 (1H,
t, J=8.6 Hz, H-6), 0.72 (1H, dd, J=5.6, 15.1 Hz, H-1),
1.03 (3H, s, Me-7), 1.50 (3H, s, Me-7), 1.66 (3H, s,
Me-4), 1.77 (2H, dd, J=7.1, 15.1 Hz, H-5, H-2), 1.95
(2H, dd, J=7.6, 12.1 Hz, H-5, H-2), 3.54 (3H, s,
COO-Me), 4.20 (1H, dd, J=9.6, 15.1 Hz, H-3), 7.23-
7.39 (5H, m, Ph); 3C NMR (CDCl;) § (ppm): 15.8,
17.7, 18.2, 18.7, 21.1, 24.1, 28.9, 29.1, 51.2, 52.5, 55.8,
126.5, 127.8, 130.4, 137.0, 176.7, 180.1. Anal. calcd for
C,oH,xN,O,S: C, 65.86; H, 7.56; N, 8.08. Found: C,
65.75; H, 7.45; N, 7.85%.

4.10. (1aR,2aR,6a8,7a5)-1,1,6a-Trimethyl-4-phenyl-5-
thioxodecahydro-4,6-diazacyclopropa[b]naphthalen-3-one
11

The appropriate thiourea derivative 10 (0.50 g, 1.45
mmol) was dissolved in methanol (10 mL). Five drops
of methanol containing 25% NH; were added to the
solution. After standing for 1 day at room temperature,
the solution was evaporated to give 11 as a crystalline
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product (0.50 g, 95% vyield); mp 293-296°C; [«]®¥=
+49.3 (¢ 1, MeOH); IR =1189, 1713, 2921, 3254 cm™;
'H NMR (CDCl;) ¢ (ppm): 0.73-0.82 (1H, m, H-7a),
0.87 (1H, d, J=8.1 Hz, H-1a), 0.91 (3H, s, Me-1), 1.06
(3H, s, Me-1), 1.24 (1H, dd, J=4.0, 15.6 Hz, H-7), 1.41
(3H, s, Me-6a), 1.95-2.06 (1H, m, H-2), 2.10-2.21 (2H,
m, H-2, H-7), 2.28 (1H, ddd, J=1.5, 8.1, 10.1 Hz,
H-2a), 7.15 (2H, d, J=7.1 Hz, Ph), 7.39-7.50 (3H, m,
Ph), 7.54 (1H, bs, NH); '3C NMR (CDCly) § (ppm):
15.8, 16.5, 18.6, 18.8, 20.4, 27.4, 28.9, 30.3, 45.3, 52.3,
129.3, 129.6, 129.8, 172.0, 182.6. Anal. calcd for
C,sH,,N,0S: C, 68.75; H, 7.05; N, 8.91. Found: C,
68.65; H, 6.96; N, 8.85%.

4.11. Urea derivative 12

Phenyl isocyanate (0.24 g, 2.04 mmol) was added to a
solution of 0.40 g (1.89 mmol) amino ester 7 in toluene
(30 mL). After stirring for 5 h at room temperature (the
reaction was monitored by TLC), the solution was
evaporated to dryness, resulting in 12 as a crystalline
product (0.45 g, 76% yield); mp 179-182°C; [«]¥ =
+60.9 (¢ 1, MeOH); IR =1727, 3315, 3406 cm™!; 'H
NMR (CDCl,) 6 (ppm): 0.59-0.65 (1H, m, H-6), 0.75—
0.87 (2H, m, H-1, H-2), 0.91 (3H, s, Me-7), 1.00 (3H, s,
Me-7), 1.32 (3H, s, Me-4), 1.78-1.87 (1H, m, H-5),
1.92-2.06 (2H, m, H-2, H-5), 3.34 (1H, dd, J=8.6, 13.6
Hz, H-3), 3.66 (3H, s, COO-Me), 5.71 (1H, bs, NH),
6.28 (1H, bs, NH), 7.02-7.09 (1H, m, Ph), 7.28-7.34
(4H, m, Ph); '*C NMR (CDCL;) § (ppm): 15.8, 17.9,
18.1, 18.8, 21.2, 25.8, 29.2, 30.1, 50.1, 52.5, 52.6, 121.4,
124.0, 129.8, 139.7, 1559, 177.7. Anal. calcd for
C,oH6N,05: C, 69.06; H, 7.93; N, 8.48. Found: C,
68.85; H, 7.96; N, 8.65%.

4.12. (1aR,2aR,6a8,7a5)-1,1,6a-Trimethyl-4-phenylocta-
hydro-4,6-diazacyclopropalbnaphthalene-3,5-dione 13

The appropriate urea derivative 12 (0.50 g, 1.52 mmol)
was dissolved in 20 mL of methanol. Five drops of
methanol containing 25% NH; were added to the solu-
tion. After standing for 4 days at room temperature,
the solution was evaporated and resulted in 13 as a
white crystalline product (0.42 g, 93% yield); mp 191-
196°C; [¢]®=+51.3 (c 1, MeOH); IR = 1713, 2920, 3254
cm™!; 'H NMR (CDCl,) § (ppm): 0.68-0.77 (1H, m,
H-7a), 0.80-0.89 (1H, m, H-1a), 0.92 (3H, s, Me-1),
1.06 (3H, s, Me-1), 1.26 (1H, dd, J=4.5, 16.1 Hz, H-7),
1.38 (3H, s, Me-6a), 1.97-2.17 (3H, m, 2xH-2, H-7),
2.20-2.28 (1H, m, H-2a), 5.25 (1H, bs, NH), 7.13-7.20
(2H, m, Ph), 7.35-7.50 (3H, m, Ph); '*C NMR (CDCl;)
o (ppm): 17.9, 18.1, 18.8, 21.4, 25.8, 29.2, 30.1, 50.5,
52.6, 52.8, 121.7, 124.3, 129.8, 139.4, 177.8. Anal. caled
for C,sH,,N,O,: C, 72.46; H, 7.43; N, 9.39. Found: C,
72.35; H, 7.26; N, 9.25%.

4.13. (15,35,4R,6R)-1-(4-Hydroxymethyl-3,7,7-tri-
methylbicyclo[4.1.0]hept-3-yl)-3-phenylthiourea 14

Phenyl isothiocyanate (0.04 g, 0.29 mmol) was added to
a solution of 0.10 g (0.54 mmol) of amino alcohol 8 in
10 mL of dry toluene. After stirring for 3 h at room
temperature (the reaction was monitored by means of

TLC), the solution was evaporated and resulted in 14 as
a white crystalline product (0.16 g, 91% yield); mp
157-160°C; [o]5=-80 (¢ 1, MeOH); IR =1551, 3236,
3399 cm!; 'H NMR (CDCl,) J (ppm): 0.73-0.83 (2H,
m, H-6, H-1), 0.91 (3H, s, Me-7), 1.02 (3H, s, Me-7),
1.47 (2H, dd, J=7.1, 15.1, H-5, H-2), 1.64 (3H, s,
Me-4), 1.68-1.80 (2H, m, H-5, H-2), 3.32 (1H, dd,
J=3.0, 11.1 Hz, CH,-OH), 3.81 (1H, dd, J=11.1, 16.6
Hz, H-4), 391 (1H, dd, J=3.0, 11.1 Hz, CH,-OH),
7.12-7.53 (5H, m, Ph); '*C NMR (CDCl;) é (ppm):
15.8, 18.2, 18.7, 19.2, 19.6, 24.2, 29.3, 31.4, 45.6, 57.4,
63.2, 126.8, 127.8, 130.4, 137.2, 180.1. Anal. calcd for
CisHN,OS: C, 67.88; H, 8.23; N, 8.80. Found: C,
67.65; H, 8.16; N, 8.68%.

4.14. (1aR,2aR,6aS,7a5)-Phenyl-(1,1,6a-trimethylocta-
hydro-4-oxa-6-azacyclopropa|b|naphthalen-5-ylidene)-
amine 15

To a stirred solution of 0.50 g (1.57 mmol) of thiourea
derivative 14 in 15 mL of methanol, 0.54 mL (8.64
mmol) of iodomethane was added and the solution was
stirred at 15°C for 3 h. After evaporation of the sol-
vent, the residue was stirred in 15 mL of 2.5 N KOH in
methanol for 4 h. The solution was then evaporated,
and the residue was dissolved in water (30 mL) and
extracted with chloroform (3x30 mL). After drying
(Na,S0O,) and evaporation of the organic layer, the
crystalline product was recrystallized from hexane,
which resulted in oxazine 15 (0.40 g, 90% yield); mp
132-134°C; [«]®=+29.7 (c 1, MeOH); IR =1669, 2921
cm™!; 'TH NMR (CDCly) 6 (ppm): 0.60-0.82 (2H, m,
H-7a, H-1a), 0.92 (3H, s, Me-1), 0.95 (1H, m, H-7),
1.03 (3H, s, Me-1), 1.21 (3H, s, Me-6a), 1.26-1.38 (1H,
m, H-2), 1.62-1.92 (3H, m, H-2a, H-2, H-7), 3.97 (1H,
dd, J=3.5, 10.1 Hz, H-3), 4.30 (1H, dd, J=4.0, 10.6
Hz, H-3), 6.89-7.27 (5H, m, Ph); '*C NMR (CDCl;) §
(ppm): 15.3, 17.9, 18.1, 19.1, 19.4, 21.4, 25.9, 28.7, 31.9,
34.2,70.5, 121.6, 122.6, 124.2, 129.4, 148.3. Anal. calcd
for C,H,,N,O: C, 76.02; H, 8.51; N, 9.85. Found: C,
75.95; H, 8.26; N, 9.75%.

4.15. tert-Butyl (1R,3R,4S5,65)-(3-aminocarbonyl-4,7,7-
trimethylbicyclo[4.1.0]hept-4-yl)-carbamate 17

N-Boc-B-lactam 3 (2.0 g, 7.17 mmol) was dissolved in
20 mL of a 25% solution of NH; in dry methanol. The
reaction mixture was allowed to stand at 4°C for 12 h.
After evaporation (first at room temperature and then
on a 60°C water bath), the white crystalline product
was purified by flash chromatography on a silica gel
column (hexane:ethyl acetate=4:1) to give 17 (1.27 g;
60% yield); mp 81-85°C; [«]&=+33 (¢ 1, MeOH); 'H
NMR (CDCly) ¢ (ppm): 0.64.0.79 (3H, m, H-6, H-1,
H-5), 0.90 (3H, s, Me-7), 1.01 (3H, s, Me-7), 1.29 (3H,
s, Me-4), 1.43 (9H, s, tert-butyl), 1.58-1.63 (1H, m,
H-2), 1.75 (1H, dd, J=7.1, 15.1 Hz, H-5), 2.10 (1H, dd,
J=9.6, 15.6 Hz, H-2), 3.15-3.21 (1H, m, H-3), 3.96
(IH, bs, NH); *C NMR (CDCl;) § (ppm): 16.1, 17.9,
18.1, 18.7, 21.4, 25.6, 29.2, 30.2, 30.3, 38.4, 51.0, 51.7,
79.1, 1559, 178.9. Anal. caled for C,;H,sN,O5: C,
64.83; H, 9.52; N, 9.45. Found: C, 64.76; H, 9.38; N,
9.27%.
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4.16. (1R,3R,4S,65)-4-Amino-4,7,7-trimethylbicyclo-
[4.1.0]heptane-3-carboxamide 18

To a stirred solution of N-Boc carboxamide 17 (0.20 g,
0.67 mmol) in dry CH,Cl, (10 mL), trifluoroacetic acid
(0.50 mL) was added at 0°C. After stirring for 2 h, the
trifluoroacetic acid was neutralized with saturated
aqueous NaHCO;, and the phases were separated. The
aqueous phase was extracted with CH,Cl, (2x20 mL).
The combined organic phase was dried (Na,SO,) and
evaporated to give 18 as a yellow oil product (0.10 g,
77% yield); [¢]®¥=+36.2 (¢ 1, MeOH); 'H NMR
(DMSO) ¢ (ppm): 0.63 (1H, dd, /=5.0, 9.6 Hz, H-6),
0.74 (1H, d, J=7.6 Hz, H-1), 0.93 (3H, s, Me-7), 1.00
(3H, s, Me-7), 1.09 (1H, dd, J=4.5, 15.6 Hz, H-5), 1.18
(3H, s, Me-4), 1.82 (1H, dd, J=6.0, 13.6 Hz, H-2),
1.94-2.08 (2H, m, H-5, H-2), 2.12 (1H, dd, J=9.6, 15.6
Hz, H-3), 3.93 (2H, bs, NH,); '*C NMR (DMSO) ¢
(ppm): 14.8, 15.9, 17.6, 17.9, 19.6, 23.9, 28.6, 30.2, 44.4,
51.7, 176.6. Anal. calcd for C,;H,,N,O: C, 67.31; H,
10.27; N, 14.27. Found: C, 67.12; H, 10.09; N, 14.11%.

4.17. tert-Butyl (1R,3R,45,65)-(3-benzylaminocarbonyl-
4,7,7-trimethylbicyclo[4.1.0]hept-4-yl)-carbamate 19

N-Boc-B-lactam 3 (0.28 g, 1.0 mmol) was dissolved in
dry DMF (10 mL) under a N, atmosphere. Benzyl-
amine (0.21 g, 2.0 mmol) and 0.05 g of KCN were
added. After stirring for 24 h at 40°C (the reaction was
monitored by means of TLC), diethyl ether (20 mL)
was added to the solution and the mixture was washed
in turn with brine (2x20 mL), IN HCI (20 mL) and
saturated aqueous NaHCO; (20 mL). After drying
(Na,SO,) and evaporation of the organic phase, the
white crystalline product obtained was purified by flash
chromatography on a silica gel column (hexane:ethyl
acetate=4:1) to give 19 (0.29 g, 78% yield); mp 182-
184°C; [¢]y =+31.5 (¢ 1, MeOH); IR =1716, 2934, 3284
cm™!; '"H NMR (CDCl;) 6 (ppm): 0.61-0.79 (4H, m,
H-6, H-1, H-5, H-2), 0.87 (3H, s, Me-7), 1.25 (3H, s,
Me-7), 1.43 (9H, s, tert-butyl), 1.52 (3H, s, Me-3), 1.72
(2H, dd, J=7.1, 15.1 Hz, CH,-Ph), 2.25 (1H, ddd,
J=28.06, 14.6, 19.6 Hz, H-2), 3.20 (1H, dd, J=9.1, 14.6
Hz, H-5), 443 (1H, d, J=6.0 Hz, H-3), 6.25 (1H, bs,
NH), 7.22-7.38 (5H, m, Ph); *C NMR (CDCl;) ¢
(ppm): 16.1, 17.9, 18.2, 18.7, 21.7, 25.7, 26.3, 28.8, 29.2,
30.1, 44.3, 52.1, 79.0, 128.4, 128.5, 129.5, 138.4, 156.0,
176.2. Anal. caled for C,;H;,N,O;5: C, 71.47; H, 8.87,
N, 7.25. Found: C, 71.12; H, 8.59; N, 7.11%.

4.18. (1R,3R,45,65)-N-Benzyl-4-amino-4,7,7-trimethyl-
bicyclo[4.1.0]heptane-3-carboxamide 20

The Boc group of the N-benzyl derivative of 19 (1.0 g,
2.59 mmol) was removed according to Section 4.17 to
give benzylamide 20 as a yellow oil (0.48 g, 65% yield);
[¢]¥=+34.3 (¢ 1, MeOH); 'H NMR (D,O) J (ppm):
0.34-0.52 (2H, m, H-6, H-1), 0.70 (6H, s, Me-7, Me-7),
0.75 (3H, s, Me-4), 1.47 (2H, m, H-5, H-2), 1.62 (1H,
dd, J=6.0, 11.6 Hz, H-5), 1.83 (2H, m, H-2, H-3), 4.03
(2H, s, CH,-Ph), 6.95-7.19 (5H, m, Ph); *C NMR
(D,0) ¢ (ppm): 15.6, 18.0, 18.1, 18.7, 21.6, 29.3, 29.8,
35.2, 427, 49.1, 49.1, 127.6, 128.1, 129.1, 140.4, 176.3.

Anal. calcd for C,;iH,(N,O: C, 75.48; H, 9.15; N, 9.78.
Found: C, 75.22; H, 8.99; N, 9.61%.
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