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Abstract: The reactivity of the 1,2.3 4-tetrahydrocarbazol-4-one derivatives has been analysed and applicd to the synthesis of
(+)- 18-noraspidospermidine (1b). This was synthesised, starting from 4-(1'.3'-dioxolan-2'-yl)cyclohexanone which was
successively transformed to 3-methyl-3-(3-nitropropyl)-1,2,3,4-tetrahydrocarbazol-4-one and to the iminc tetracycle 13 by
means of nickel boride catalyst. The reduction of 13 to the natural cis D ring junction was carried out with the LiAlH4/AICI3
system. The construction of the E-ring was carried out by a Pummerer type reaction from thecis-7-tosyl- 1-phenylthioacetamide

derivative 17 by oxidation followed by intramolecular cyclisation, desulfurization and reduction to 1b. © 1999 Elsevier Science
Ltd. All rights reserved.
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INTRODUCTION
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The Aspidosperma iype indole alkaioids consiiitiie a large group of alkaloids® with uupuf it biological activity

including the antitumor agents vincristine and vinblastine.2 These compounds share as part of their structure, the
pentacyclic indole ring also found in aspidospermidine la. In the context of our work on 1,2.3.4-
tetrahydrocarbazol-4-one (2), we were attracted to the possibility of the transformation of the conjugated carbonyl
group to prepare analogues of aspidospermidine such as 1b.

The structure and reactivity of the carbonyl group in 2 or its N-methyl or N-tosyl derivatives, to prepare C-C
and C-N bonds on position 4 has been analvscd.3 The molccular structure in the solid state of all those compounds
was elucidated by X-ray diffraction analysis. Two remarkable structural features were observed: 1. Compound 2
shows an important intermolecular hydrogen contact between the conjugated N-H and carbonyl groups; i
compound 2 and its N-methyl and N-tosyl derivatives exhibit a similar C=0 conjugated molecular structure with
the cyclohexenone ring moiety in an enveclope conformation. Unfortunately, compound 2 and its ¥-methyl, N-
tosyl and 2,2-dimethyl derivatives, show inactivity to nucleophiles such as Wittig reagents. In this way, the 2,2-
dimethyl derivative of 2 was prepared (o alter the stable envelope conformation and then avoid the extended
conjugation.
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Although, oximation at position 4 of the tetrahydrocarbazole ring could be carried out with hydroxylamine in
methanol-water (2:1), in practically quantitative yield, the oximes also show an extended conjugation, Scheme 1.4
However, the reduction of the corresponding oxime with lithium aluminun hydride affords an imine

intermediate which gives the corresponding tetrahydrocarbazol-4-one derivative after hydrolysis.
3

/EN"DN 0 NOH
9 64 o , N \
2 - 2 2
IA\ H "7 H R \,7’\ /lv\R - I\//’\ /I'\/\R
J 1 “dl LIS (a}
NN N N R2 N R2
iz 016 ]! R
H H 2 1
ia. R= E 2 R™=H; R = H; Me; Ts.
1?)’ R N:e R'=1; R%= Me.
, R=

1(2H)-one derivatives, in polyphosphoric acid at 150 ©C in good yield.# The kinetic analyses for the oximation
and its rearrangement reaction, confirm the N-tosyl oxime as the most reactive, while the 2,2-dimethyl substituted
one shows similar reactivity to the unsubstituted compound 2.

RESULTS AND DISCUSSION

b = 7
has been recently reported for the preparation of the 4-aminotetrahydrocarbazol-1-one derivative as a key step in
byﬂlﬂebib of indole alkaloids. 56
In this way, we undertook the preparation of 3-(1',3"-dioxolan-2"-yl)-1,2,3 4-tetrahydrocarbazol-4-one as a
synthon which exhibits a) a hindered 3,3-disubstituted position and b) a convenient functionalization on position 3
a

to prepare the D ring of aspidospermidine, Scheme 2.
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Scheme 2.
e synthesis of 3-(1',3'-dioxolan-2'-yl)-1,2,3,4-tetrahydrocarbazol-4-one (3), was achieved in good yield by
treatment of 3-(1',3'-dioxolan-2'"-yl)-1,2,3,4-tetrahydrocarbazole with 2,6-dichloro-3,4-dicyano-p-benzoquinone

(DDQ), in THF:H20 at 0 °C. Previously, 3-(1',3"-dioxolan-2'-yi)-1,2,3,4-tetrahydrocarbazoie was prepared by
thermal cyclisation of the phenylhydrazone of 4-(1',3'-dioxolan-2'-yl)cyclohexanone, in ethylene glycol. The 3-
(1',3"-dioxolan-2"-yl)-1,2,3,4-tetrahydrocarbazole was hydrolysed with a hydrochloric solution to give 1,2,3,4-
tetrahydrocarbazol-3-one (white solid, mp 157-159 °C) which would be an interesting synthon for the alkaloid

synthesis.
By comparison with the unsubstituted compound 2, the spectral data of 3a in the solid state suggests an
iated and conjugated NH--O=C structure; IR spectrum also shows two absorption bands centered at 3240



Preparation of an appropniate amino derivative at position 4 in 3a was tried with 2-chloroethylamine but only
the conjugated dehydro derivative 4a (52 %) was isolated, using titanium tetrachloride as catalyst (0.5 equiv.) in
toluene at the reflux temperature.

The reaction of a benzylamine with the N-tosyl-3,3-disubstituted derivative of 2, catalysed by titanium
tetrachloride has been recently reported.” Thus, to stimulate the reaction of the carbonyl group, we prepared N-

tosyl-3-(1',3'-dioxolan-2'-yl)- 1,2,3 4-tetrahydrocarbazol-4-one 3b, which on treatment with 2—chloroethylamine
(6-15 equiv.), in catal ti
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when titanium tetrachloride is added to 3a or 3b perhaps explaing the loss of the catalyst activity.

On the other nanu some synmeuc methods to prepare the aspmospermlame derivatives starung from

,2,3,4,4a,9a-hexahydrocarbazoi-4-one have been recently reported. %:10.11

For the preparation of 18-noraspidospermidine (1b), we undertook the synthesis of a 3,3-disubstituted-
1,23 4-tetrahydrocarbazol-4-one to produce some steric effect on the conjugated carbonyl group and also to force
the stable envelope conformation of the cyclohexene ring in this molecule, 34 Scheme 3.

On the basis of the preceding experiences with 3a, the preparation of the D ring of 1 was undertaken starting
from a 3-alkyl-3-(3 -aminopropyl) compound, which would give the cyclic imino product by condensation with a

prpfnn‘ned C=0 group at pne_t_gp 4: a retrosynthetic route is shown in Scheme 3.
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Scheme 3.

Thus, 4-alkyl-4-cyanoethylcyclohexanone was obtained from aldehyde 7, which was prepared by the
reduction of the ester 6, Scheme 4. Compound 6 was prepared starting from 4-(1',3'-dioxolan-2'-
yl)cyclohexanone by Wittig reaction with the ethyl phosphonoacetate ylide, with rigorous temperature control to
avoid the double bond isomerisation into the ring.12 However, the Michael addition of a methyl group to the ester

6 gave mixtures of the 1,2 and the 1,4 products mainly, employing the following systems: a) Methyl
indide/ocnnrone ochlaride in diathvul athar or taluene: b T ithinm dimethvlcunrate in diethyl ether at -85 OC {oivine
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mainly the 1,2 product); c) more active cuprates as MesCu3Liz; d) cuprous iodide and dimethyl sulfide and
methyilithium or methyimagnesium iodide (aiso giving the 1,2 product); e) the MeCu.BF3 compiex prepared with
methyllithium, cuprous iodide and boron trifluoride etherate (giving the acetal deprotection product).

00kt

D=0
“., f Me (
N = N ii. 88% AN . N
! — —_—
—"'95% iiii. 84% 63%
L1 i | 6 i i 7 | i 8
i. (E10),POCH,CO,EtNaH; Toluene 80°C; ii. DIBAL/CH,CI, -78°C;
jii. CrO3-Py, CHyCly; iv. MexCuLi/Et70, -5°C.
Scheme 4
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Although the rigid chair conformation of the cyclohexane ring due to the acetal group and the p,p-disubstitution
of the double bond avoid the 1,4-addition to the conjugate ester, a more active o,8-conjugated aldehyde group was
prepared. The ester 6 was reduced with DIBAL in dichloromethane, to the allylic alcohol which was finally
oxidised with chromium anhydride in dry pyridine to aldehyde 7 in good yield, 12 Scheme 4.

The 1,4-addition of lithium dimethylcuprate to aldehyde 7 in diethyl ether at -5 °C gave 8 in good yield.

The 4-methyl-1-(1'3'-dioxolan-2'-yl)cyclohexyl-4-y-propanenitrile (Scheme 3) was obtained (44 %)
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mixture with its reduced amine from the cyanhydrin, prepared by addition of sodium cyanide to aldehyde 8 (97
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amine from the mixture results in low efficiency.

i. NaHSO3/NaCN, 97 %; ii. TsCU/EN, 73 %;
iii. NaBILyDMF, 100°C, 44 %.
Scheme 5.
An alternative way was the transformation of the aldehyde 8 into the nitro derivative 9 by condensation with

nitromethane in the presence of ammonium acetate (75 %), 13 which by selective reduction of the double bond with

ive 9 (77 %)
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Scheme 6.

The 3-methyl-3-(3 -nitropropyl)-1,2,3,4-tetrahydrocarbazol (11) was prepared by means of the Fischer
reaction of the nitropropyl derivative 10 with phenylhydrazine hydrochloride in acetic acid. In this reaction,
proton-catalysed acetal cleavage, formation of the phenylhydrazone, and cyclisation to the indole 11 all took place
in one pot in good yield (81 %), Scheme 6.

Before the reduction of the nitro group in compound 11, the preparation of compound 12 was achieved by
mild treatment of 11 with 2,3-dichloro-5,6-dicyano-1,4-p-benzoquinone (DDQ) in THF-H20 (9:1), in good yield
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the NH and the C=0 groups respectively and the * MR spectrum shows a deshielding broad singiet at 9.8 ppm

for the NH group.
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Finally, the reduction of the nitro to amino group in compound 12 was carried out with nickel boride as
catalyst, which was prepared in situ by reduction of the nickel(II) chloride hexahydrate with sodium borohydride
in ethanol,!4 using hydrazine hydrate as the hydrogen generator. During the reduction of the nitro group, an
intramolecular condensation took place giving the imine and ring D, 13. Thus, the double substitution at position
3 in compound 12, facilitates the intramolecular reaction of the recently formed terminal amino group with the
carbonyl group, in one pot to give 13 in excellent yield as a yellow solid (mp 128-9 °C, 91 %), Scheme 7.

Compound 13 exhibits as structural characteristics in the NMR spectra, a deshielding effect of the signal for
H-11at 8 18 npm_. and an imine carbon C-11c¢c. at 1686 nnm
H-11 at 8.18 ppm, and an imine carbon C-11c, at 168.6 ppm.
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Scheme 7.

Recently, the N-p-methoxybenzenesulfonyl derivative of 13 was obtained by annulation from a 3-azidoethyl
derivative of 12, but all attempts of reduction of the imine afforded the undesired trans CD ring junction isomer.”
The stereoselective reduction of the imine 13 to prepare the natural cis C/D ring junction isomer 14a was
examined with differer mine 13 with sodium
borohydride, or sodium

thyl e
previous work,’ Tabie

ent h dride rnmplex syst_.ms and solvents. Thus, the reaction of the im

hydride in die
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Table 1. Stereoselective reduction of the imine 8 by hydride complexes.

H-N" H=NT
A = B
-+ —
o — OrIF. CrGr.
NFUNT N ~ "N N
H H
" 14a 14b
Reagent Solvent cis:trans Reagent Solvent cis:trans
NaBH4 iPrOH 0:100 NaBH4-BF3 THF 0:100
DIBAL THF 5:95 DIBAL CH,Cl1 10:90
LiAlH4 EtO 0:100 LiAlHg ERO 0:100
LiAlHg THF 20:80 LiAlH4-AICH EtO 0:100
LiAIHy/AICH toluene:THF 4:1 45:55 LiAlH4-AICH toluene:THF 9:1 50:50
LiAiH4-AICH ioluene: THF 20:1 6535 LiAlH4 AICH toluene:THF 30:1 70:30

However, treatment of the imine 13 with lithium aluminium hydride in the presence of aluminium trichloride,

in THF or mixtures with toluene, afforded both cis and trans isomers, in variable relative amounts depending of

the solvent employed, Tablc 1. Thus, in toluene:THF 30:1, the cis:trans ratio was 70:30 respectively (by 1H-
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NMR, Me; cis 0.92 14a and trans 0.88 ppm 14b) and both isomers were isolated by silica gel column
chromatography. A

On the other hand, the trans diequatorial type C/D rings junction in 13 is the more stable (crystallographic -
datal3) with both rings in a chair and a half chair conformation respectively, that permits an aproach of hydride
attack. Thus, the coordination of the aluminium trichloride to the imine nitrogen by the sterically more accessible
face, allows the hydride ion attack on the more hindered side, Scheme 8. The solvent competes with the imine
nitrogen in the coordination to the aluminium trichloride which produces increasing in the trans isomer product.
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Scheme 8.
The reduction of the imine 13 with the LiAlH4/AICI3 system in toluene failed, however we found that addition
of a little THF rendered the reaction mixture homogeneous, which favoured the N-aluminium trichloride
coordination and hence a selectivity of the reduction reaction to the cis isomer 14a.

ine derivative, resulted
unsucessful. In this way, we attempted the preparation and cyclization of the more active N-bromoacetyl derivative
of 14a, through the indolylmagnesium salt. The N-bromoacetyl product was obtained by treatment of 14a with
bromoacetyl chloride in toluene in the presence of triethylamine (93 %). The compound shows a conformational
equilibrium between two rotamers of the amide (2:1), the main isomer having the carbony! group on the same side
as the hydrogen 11c, on the basis of the anisotropic deshielding effect observed on this proton in the 1H NMR
spectrum.

Moreover, according to crystallographic data, 15 the main conformer in a chair conformation for the D ring,
the C-Br bond to the notential
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carbanion centre in the N-salt, Scheme 9. Unfortunately, although posessing the favourable geometry, the
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intramolecuiar cyclisation of the N-bromoacetyi derivative through the N-indol

/imagnesium (or sodium) sali i

THF or in toluene, failed to prepare ring E of the aspidospermidine analogue.

Scheme O
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An aliernative cyclisation to prepare the E-ring was carried oui by a Pum
methodology reported by Magnusi® and applied by Desmagéle and d”Angeio. 1rstiy, we prepared the N-tosyl
derivative 15 from the conjugated imine 13, by reaction with tosyl chloride and sodium hydroxide in presence of
tetrabutylammonium iodide (74 %).

The stereoselective reduction of 15 to the amine cis 16a was achieved with LiAlH4-AICl3 system in

toluene/THF 30/1 (93 %; cis/trans, 75/25; white solids, mp 165-7 and 125-7 °C respectively), Scheme 10.
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Finally, the preparation of the E—n’ng was carried out by intramolecular rearrangement of the derivative 18

obtained from the N-thioacet l denvat f 16a. Scheme 11. Hence. for this nurnose the N-tosvl-cis icomer
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16a was treated with phenvithioacetvl chloride {0 prepare 17 (98 %) Thig thicacetv]l amide 17 axhibite a
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the same side as the hydrogen 11c, (5.62 and 4.72 ppm, respectively, in the lH NMR spectrum).

The thicacetyl amide 17 was transformed into the acylsulfinyl derivative 18 by treatment with sodium
periodate (72 %, as a conformational equilibrium, 1:1), Scheme 11.
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Scheme 11

Pummerer rearrangement of compound 18 was carried out with trifluoroacetic anhydride at room temperature,
giving the pentacyclic compound 19 (68 %, as a mixture of diastereoisomers 7:3), by electrophilic attack on the
indole ring, through a sulfenium intermediate, Scheme 12.16
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Desuifurization of compound 19 was carried out by treatment with Raney nickel at room temperature to give
the dihydro derivative 20 (82 %) which was stereospecifically reduced with an excess of LiAlH4 in THF to (z)-
18-noraspidospermidine 1b in moderate yield (50 %), Scheme 12.

The D/E and C/E rings junction are in a trans conformation (H-21/C-5 and H-21/C-6 respectively in trans)
while the C/D one is in a cis conformation (H-21/C-19 in cis), which is the same as the stereochemistry of natural
aspidospermidine alkaloids, confirmed by X-ray analysis.15 Moreover, H-2 and C-6 are in a cis configuration. In

the IH NMR qpectrum H-2 appears at 3.51 ppm as a doublet of doublets with J; = 10.9 and J»= 6.2 Hz in good
08and]
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Melting points were determined on a Reichert hotstage microscope and are uncorrected. IR spectra were

obtained as neat films between NaCl plates or KBr pellets. The !H and 13C NMR spectra, were recorded at 200
and 50 MHz respectively. Chemical shifts were obtained from CDCI3 solutions with tetramethylsilane as internal
standard and are given in 6. Mass spectra analyses were recorded by electron impact at 70 eV on a GC-MS
spectrometer.

211 2t _Arnwnlan i) _1 PR ep e ..I....- Oy Tpps IS
JTELL g 'uuuuuall'b '.yl)'l,&,a,-"lcu anyurocarvazoic (J9).

a) Phenylhydrazone of 4-(1',3'-dioxolan-2'- )cyclohexanone In a round-bottomed flask attached to a Dean-
Stark system under argon atmosphere were pl aced 4-(1',3'-dioxolan-2'-yl)cyclohexanone (4 g, 0.026 mol) and
freshiy distiiied phenyihydrazine (2.5 mL, 0.026 mol) in toiuene (160 mL). The mixture was warmed at refiux

temperature unhl pvnlnhnn nf water ceased. After toluene evanoratio phenvl uflmvnnp was isolated as an orange
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oil, 6.2 g, 98 % yield.

IH NMR (CDCl3) & 1.22 (m, 4H), 2.40 (two t, 4H, J= 16.3 and 6.5 Hz), 3.86 (s, 4H), 6.20 (t, 1H, J=7.4
Hz), 6.92 (d, 2H., J= 7.4 Hz), 7.21 (t, 2H, J= 7.4 Hz)- IR (film) 3320 (NH), 1600 (ArH), 1500 (C=N), 760 and
TN £ A vl sAanascnhot )
7uou Al monosuos. )

b) Thermal indolisation of the phenylhydrazone. In a round-bottomed flask, under argon atmosphere, was
placed phenylhydrazone of 4-(1',3'-dioxolan-2"-yl)cyclohexanone (6.1 g, 24.6 mmol) in argon saturated ethylene

glycol (155 mL). Then, the mixture was warmed at 180 °C for 4 h and then, poured on water (250 mL) at 0 °C,
extracted with dichloromethane (50 mL) and dried on MgSO4. After, solvent was removed giving a brown oil
which was Dunﬁed by flash silica gel column chmmatogranhv (hexane:ethyl acetate 2:1). The 3-(1'3'-dioxolan-

2'-yl)-1,2, 3, 4-tetrahydrocarbazole was obtained as a rose solid (58 ), which was washed with dxethyl ether
glvmg a white solid, mp 146-148 °C, 4.8 g, 83 % yield.

IH NMR (CDCl3) 6 2.05 (t, 2H, J= 6.5 Hz, H-1), 2.85 (t, 2H, J= 6.5 Hz, H-2), 2.96 (s, 2H, H-4), 4.05 (s,
4H, O-CH2CH3-0), 7.15 (m, 3H, H-5, H-6, H-7), 7.45 (m, 1H, H-8), 7.8 (s br, 1H, NH); IR (KBr) 3420
(NH), 1595 (ArH), 1100 (O-CH»-CH»-0), 750 (ArH 1,2-disubst.). Anal.Calcd for C14HjsNOg: C, 73.34;
H, 6.59; N, 6.11. Found: C, 73.15; H, 6.72; N, 5.84.

1,2,3 4-lelranydrocarbazol -3-one. To a solution of 3 (l .5 ‘.dioxolan-2'- yl) 1 2 3 4-te[ranydrocarbazole
(174 g, 7.6 mmol) in THFE (22 ml)) was added HCI (7 mL_ 15 %) and the mixture was stirred at room

[T 7o 1ARAANJEJ KAR R ARR \&LAD Riikv), GUIVIVE L E%L | 7 IRk, Lo JUJ, QUM UV MITALUIL VWAS Ouiiwe & iUV

temperature for 2 h, neutrahsed with sodium carbonate, extracted with dichloromethane and dried on NazSO4
After solvent elimination the residual solid was purified by silica gel column chromatography (THF:ethyl acetate
1:1). The 1,2,3 4—tetmhydroca.rbazol-3 one is a white solid, mp 157-159°C, 1. 07g, 76 % yield.
IH NMR (MeOD) 6 2.78 (t, 2H, J= 6.5 Hz, H-2), 3.15 (t, 2H, J= 6.5 Hz, H-1), 3.62 (s, 2H, H
2H, H-6, H-7), 7.38 (m, 2H, H-5, H-8); IR (KBr) 3400 (NH), 1702 (C=Q), 750 (ArH 1 2-dist 1%

A=, 2R 237 22T 2AN RAsaL ) STUN Fend RAR332 2,87R220%8

Anal Calcd for ClenNO C, 77.81; H, 599; N, '756 Found C 78. 15 H, 562 N, 7.54.

v T av AT o2 o4

-4), 7.14 (m,
t.)
o

3-(1',3'-dioxolan-2'-yl)-1,2,3,4-tetrahydrocarbazol-4-one (3a). To a solution of 3-(1',3'-
dioxolan-2'-yi)-1,2,3,4-tetrahydrocarbazoie (2 g, 8.73 mmol) in THF (56 mL) and water (6.5 mL) was added a
anlntine AFMMNY AANE o 177 QA4 masmnl) in TEHLD (2 sl \ ot N OO rllt"w{\- 20N ven Tha mivinra tiyno otirrad at
ULV vl UW S OV 5 L 7.0 HIIHVULJ, T 11K \OJ 1L dl U "\w uul llls oLV} llllll i llC HILIALULIGY Wad OlllivAl A lwlll

temperature for 7 h and then, with solid K2CO3 (9.34 g) for 1 h, and finally the solvent was evaporated. The
residual brown solid was purified by silica gel column chromatography (ethyl acetate:hexane 2:1). Compound 3a

was isolated as a white solid, mp 106-107 °C, 1.89 g, 89 % yield.

iH NMR (CDCi3) 8 2.34 (t, 2H, J= 6.1 Hz, H-1), 3.15 (1, 2H,
o 720 (m 2H H.S H'T\ "7Aﬂ(m 1H H.-6) Rlﬁ(n"\ 1H H.

NSJy Foedus \KEky 4wk Xy 237y 2277 SN N\, 21, 127Uy, Oed 11z, 12

K)
1640 (C=0), 1590 (ArH), 1110 (O-CHa-), 770 (ArH 1,2-disubst.).
539: N. 5.76.Found: C, 68.85: H, 5.42: N, 5.54.

Reaction of 3a with 2-Chloroethylamine. To a solution of 3a (150 mg, 0.62 mmol) in toluene (4 mL)

L L Iamine, 10 a solution e ML

under argon atmosphere, was added a solution of 2-chloroethylamine (1 mé:°1.85 mmol) in toluene @ mL) and

a solution of titanium tetrachloride (0.4 mL., 0.32 mmol) in toluene (0.7 mL). The mixture was stirred at 120 °C
for 20 h, and the black solid formed was recovered by filtration and then stirred with a saturated solution of HCI in

diathyl ather (20 ml ) for 30 min  After neutralization with sodinm carbonate (25 %) was extracted with
MIVUHIYE VUL (& B LUL W d1LLEE, £33 HIVUUIGIICQUUIE WVILH SVMLULL VA VUG (Lo JUf, WWARS WARGWIAL  Yravid

dichloromethane and dried on MgSOy. After solvent elimination, a brown oil was isolated, which was purified by
silica gel column chromatography (hexane:ethyl acetate 2:1). A yellow oil was isolated and identified as 4, 77 mg,
52 % yield.

IH-NMR (CDCl3) 6 3.95 (m, 2H, OCHy), 4.16 (m, 2H, OCH3), 6.84 and 7.09 (AB system, 2H, J= 8.1 Hz,
H-1 and H-2), 7.20 (m, 2H, H-6 and H-7), 7.38 (m, 1H, H-8), 8.33 (d, 1H, J= 6.5 Hz, H-5); IR (film) 3390
(NH), 1605 (C=0), 1600 (ArH, C=C), 760 (ArH 1,2-disubst.). Anal.Calcd for Cj4H11NO3: C, 69.70; H,
4.60; N 5.81. Found:C, 69.45; H,4.42; N, 5.54.
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N-tosyi-3-(i',3'-dioxoian-2'-yi)-1,2,3,4-teirahydrocarbazoi-4-one (3b). To a solution of 3a
(1.0 g, 4.12 mmol), under argon atmosphere, in dichloromethane (8 mL), was added a solution of NaOH (164
mg, 4.12 mmol) in water (0.33 mL) and INBuyg (1.52 g, 4.12 mmol), in dichloromethane (2 mL), and the

mixture tirred for ”0 mm at room temperalure Then, a solutron of tosyl chloride (1.02 8 5.35 mmol) in

Vrarrmrerntlenmn £Q cal \ werneo tho csviwtizen 1o oftimead o et ard DU, TR

dichloromethane \o ulL.) was added, and the mixture was stirred for 5h. The mixture was nyuroryseu with water
(25 mL) and extracted with dichloromethane (2x25 mL). The organic layer was dried on MgSOy4, and after solvent
elimination a residual brown oil was obtained. The product was punfled by silica gel column chromatography

(hexane:ethyl acetate 1:1). Compound 3b was isolated as a white solid, mp 145-147 °C, 1.39 g, 85 % yield.

1H NMR (CDCl3) & 2.31 (s, 3H, CH3-Ts), 2.40 (t, 2H, J= 6.7 Hz, H-1), 3.55 (1, 2H, J= 6,7 Hz, H-2), 4.2
(m 4H O-CHACH~-O). 721 (m. 2H. T$). 732 (m. 2H H-5H- 7 777 (m. 2H Ts) 8 18 m. 2H H.6 H-R).

NiiEy TR Ay NI A AN K ATTNS g [ ok h \$Fhy amh Ky £ 5fy /oad ke Riky &k hy RXT0 270 fg o7 7 \Bhiy Lhdy 1 0)y O 200 (M1, &l dy 115U, 2155),

IR (KBr) 1675 (C=0), 1170 (O-CH3-), 850 (ArH 1,4-disubst.), 760 (ArH 1,2-disubst.); 13C NMR (CDCl3) &
21.4 (CH3-TS) 22.6 (C 1), 32.8 (C- 2), 65.9 (O—CHzCHz ), 103.9 (C-4a) 113.8 (C- 8) 116.4 (C-%9a), 121.6
(C-6), 124.8 (C-7), 125.4 (C-5), 125.5 (C-4b), 126.5 (Ts C-2"), 130.1 (Ts C-3',5"), 135.0 (C-3), 136.2 (C-8a),
145.8 (Ts C-1", 150.1 (Ts C-4), 189.5 (C-4); MS (70e¢V) m/z 397 (M+, 4), 242 (100), 198 (15), 170 (29), 156
(23), 128 (17, 91 (26). Anal.Calcd for Cp1H19NO3sS: C, 63.46; H, 4.81; N, 3.52. Found:C, 63.85;
H,4.42; N, 3. 54.

Daanstinn of Th with Y_Chlarnathuvlamina Th a anlittian ~Af 2 121 ma N A1 mmnal) tnlis mT
-‘c‘."‘lull UL JuU "l.-ll -~ \/I."’l U(lll.’lﬂllllllc. 1V Qa4 JsvIuiIvIiL ‘,u \].Jl lllé, V.*r1 “ll‘lull ‘ll I'UII.IUIIC \L llll_d}

under argon atmosphere, was added a solution of 2-chloroethylamine (1.65 mmol) in toluene (2 mL) and titanium

tetrachloride (0.18 mL, 1.65 mmol) and the mixture was stirred at 120 °C for 20 h. After cooling, a saturated
solution of HCl in dlethyl ether (20 mL) was added and stirred l”or 30 min, neutralised with a sodium carbonate
solution (25 %) and extracted with dichloromethane (20 mL). The organic layer was dried on MgSO4. After
solvent elimination was isolated a brown oil which was purified by silica gel column chromatography

(hexane:ethyl acetate 2:1). A brown oil was isolated and identified as 5, 10 mg, 7 % yield.
IH NMR (CDCIl3) & 2.26 (s, 3H, CH3-Ts), 3.58 (m, 2H, O-CHj3), 3.60 (m, 2H, O-CH3), 3.98 (m, 2H,
CICHZ-) 4.17 (m, 2H, C=N-CHj-), 7.05 and 7.95 (AB, 2H, J= 8.9 Hz, H-1 and H- 2) 7.36 (ud, 1H, J=7.5

nemAd 11 LT &£ T AT fed 1L T_ "1 Q and 1 § 1 LI ONE /43 1L T T O nemd 1 1 IYON ©232 71 1171
and 1.1 Hz, H-6), 7.47 (td, 1H, J=7.9 and 1.5 Hz, H-7), 8.05 (dd, 1H, J=7.8 and 1.1 Hz, H-8), 833 (d, 1H,

J=78 Hz. H-5), 7009 (m_ 2H H-3' H-§ 'Tc\ 7.65 (m, 2H, H-2' H-6'-Ts); 13(‘ NMR 1r*nm,\ a 0;‘4 {CHa-

ARduy XATT)y \23dy v ay 22T, NriP) W i ST iy

Ts), 45.5 (CH2-Cl), 50.3 (=N-CHy), 61.4 and 71.4 (O-CHz), 109.2 (C-1), 112.6 (C-8), 114.9 (C-7), 120.2 (C-
4a), 122.5 (C-5), 123.9 (C-6), 125.5 (C-4b), 1264 (C-2'C-6), 126.8 (C-2), 129.5 (C-3'.C-5), 1323 (C-%),

AW B N d el Y 1M A s O\ 170 O s 1 1 A AP 17N AN 1T AT M\ rMY AN T Y 1[‘(\/\ 7 A o 1 AN s WY ~
134.2 (L-3), 154./ {L'ba), 120.8 (L-1), 144.7 (L-4), 14/.7 (-9), IK U.llm) 17U (Arn), 1440 (L=N), /0U
A1 I_dienhot Y+ MQ /" TNaVY m/2 ASR (M+ 10M 412 I’)i\ AN /AN 280 /0N I (ALY 2D 12 1QK (AA
LAllr &~ UISUUDL J, IV { 7UV Y J I L SO \IVE  , LUVUJ, 10 (LT ]y TUD \ Tk )y &t 7 \TT ]y & \rJ), &UZ \J0), 17U (),

39; N, 5.76.Found: C, 68.85: H, 5.42: N, 5.54.

mf
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5). Anal. Caled for Ca3H23NO4Cl: C, 69.12; H,
Ethyl 4-

hottomed flas
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mL) and ethyl phosphonoacetate (7.06 mL, 35 mmol), at 0 °C was droped during 30 min. and the mixture was
stirred at room temperature for 1 h. After, a solution of 4-(1',3'-dioxolan-2'-yl)-cyclohexanone (5.0 g, 32 mmol)

in dry toluene (35 mL) was added at 0 °C for 30 mm The mixture was wanned at 80 °C for 90 min and then, was

hydrolysed with waier (35 mL) and exiracied with diethyl ether (2x25 mL). Finally, solvent was removed giving a
vellnw oil which was nunﬁed by flash silica gel column chromatogranhv (hexane:ethyl acetate 5:2). Compound 6

L2200 (P8 v YUY L L L1 AR gl e L

was isolated as a transparent oil, 6.85¢g, 95 % yield.

IH NMR (CDCl3) & 1.26 (t, 3H, J= 7.8 Hz, CH3), 1.77 (m, 4H, CH2-2 and CH3-6), 2.38 (m, 2H, H-2, H-

6), 3.02 (m, 2H, H-3, H-5), 3.90 (s, 4H, OCH2CH2 0), 4.15(q, 2H, J=7.8 Hz, COOCH;) 5,68 (s br, 1H,
C=CH); IR (film) 1710 (C=0), 1645 (1645), 1100 (O-CHjy). Anal. Calcd f r C12H120 4 C, 63.70; H, 8.02.

1)y Sr Jy AN E A iGs. S&aatsa %0

Found: C, 6345 H, 820

’ZE) ag P [ [, A _eN_ 1 favaloahawwIl1 o _n...l a v
a- [‘l-\l -dioxoian-2 “¥yij-i-iCyCionexyi) j-p-inyGrox Xymiet IjEinene. To a solution of

compound 6 (6 85 g, 30 mmol), in dry dichloromethane (70 mL), was droped a solution of DIBAL (1.5 M, 67
mmol) in toluene (44 mL) at -78 °C and stirred for 1h. After, the mixture was hydrolysed at room temperature
with an aqueous saturated solution of amonium chlon'de 30 mL) with stjm'ng for 15 min. The organic layer was

Lo b [ Y.y PRrSFS DU o mala ol

(]rleq on MgDU4 dﬂu alter bUl vent cummatiun lllC uuc Lumpuunu was UUl.djlleU asa pdic- yCllUW Ull 4. 3 g, OO ‘M

1',3'-dioxolan-2'-yi)-1-cyclohexyiidene)acetate (6). In a previousiy flamed round-
¥

nder areon atmosnhere. were nlaced sodivm hvdqd@ (46 me. 35S mmol) in drv toluene (155

B G maL RuaUSpPnata Provaas SR e U g, RRIERINSA ) 211 NAX Y WIJAULARL (1.0

o

IH NMR (CDCl3) 6 1.15 (m, 4H, H-2, H-6), 2.23 (m, 4H, H-3, H-5), 3.10 (s br, 1H, OH), 3.9 (s, 4H, O-
CH»-CHy), 4.05 (d, 2H, J= 7.3 Hz, CH,0H), 532 (t, 1H, J= 73 Hz C=CH); IR (film) 3400 (OH) 1120 (O-

rn-—-— 4 oy vy n;-

CHj-), 1090 (C-O). Anai.Caicd for Cy2H1603: C, 65.19; H, 8.75. Found: C, 64.87; H,

4-(1',3'-dioxolan-2'-yl)(cyclohexylidenyl)acetaldehyde (7). To a solution of dry pyridine (9.2
mL, 114 mmol) in dichloromethane (15 mL), was added CrO3 (5.71 g, 70 mmol) at O °C and the mixture was
stirred at room temperature for 1 h. Then, a solution of «-[4-(1',3'-dioxolan-2'-yl)-cyclohexyl)]-g-

vdrnvumathe r‘\at‘»\cna I1 & a & mmaol) in dry ﬂlnhlnrnmnthann (O ml\ was a(‘r‘pﬂ and chmnn fr\r AN m
\uyuru yuu:u YijLuUuiviiv (1.2 5, O iiivij i ul MIVINVIVLIIVWLLGIIY \ 7 k) QLU DSuiliig & 4V min.
Finally, dichloromethane (15 mL) was added and the mixture was filtered on a Biichner. The solution at 0 °C, was

W
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successively washed with: 1. NaOH (5%, 20 mL) .

an
(20 mI Y and- an anuennc catnratad nnl nf NaH
{<U M) and; il an aGueius sawuraiea soiution of Nan

and after solvent elimination, a yellow oil was obtamed which was purified by silica gel column chromatograpy
(ethyl acetaterhexane 2:1). Compound 7 was isolated as a transparent oil, 1.07 g, 70 % yield (air unstable).

1H NMR (CDCl3) & 1.84 (m, 4H, H-3, H-5), 2.48 (m, 2H, H-2, H-6), 2.88 (m, 2H, H-2, H-6), 4.00 (s,
4H, O-CH;CH3-0), 5.88 (d, 1H, J= 8.2 Hz, C=CH), 10.01 (d, 1H, J= 8.2 Hz, CHO); IR (film) 1670 (C=0),

1655 (C=C), 1120 (O-CH2-). Anal.Calcd for CjoH1403: C, 65.91; H, 7.74. Found: C, 65.52; H, 7.95.

aqueous saturated aqueous solution of amonium chlondc

Oh (Iv1S mT Y The aroanie la aver was driad ~
(LR V.G lllL.A’ 100 Ul gdiiiC 1ayCl was Grica on J.Vlso\.lq,

4-methyl 1-(1',3'-dioxolan- 2'-yl)cycIohexylacetaldehyde (8). To a solution of Me2Culi (10.2

mmal) Aiashel thae \ ot & o i Armeeaad a enlntinm AF A 112 _dinvalan DV
111110U1) lll unculyl ClllCl \JU IllLa) at -J -, Was UIUPPC a d>uiuauvun ul b gul I QU -aioXGiain-<4

yh(cyclohexylidenyl)acetaldehyde (7) (1.55 g, 8.5 mmol) in dry diethyl ether (15 mL) and stirred under argon

atmosphere at -5 °C for 2h. The mixture was hydrolysed with a saturated aqucous ammonium chloride solution
(25 mL) and extracted with diethyl ether. The solvent was removed giving a residual yellow oil which was
purified by silica gel column chromatography (ethyl acetate:hexane 1:1), to provide the aldehyde derivative 8 as a
transparent oil, 1.07 g, 63% yield.

lH NMR (CDC13) 51. 13 (s, 3H, CHj3), 1.60 (m, 8H, (CH2)4), 2.33 (d, 2H, J= 3.1 Hz, CH>2-CO),
3.94 (s, 4H, O-CH,CH2-0), 9.86 (t, 1H,J= 3.1 Hz, CHO); IR (film) 1710 (C=0), 1100 (O-CH>3-) cm-L.
Anal. Calcd for CyH;803: C, 66.64; H, 9.15. Found: C, 66.35; H, 8.92.

[1-methyl-4-(1',3'-dioxolan-2'-yl)cyclohexyl]-p-propanenitrile.

a) 1. a-[4-(1',3'-dioxclan-2'-yl)- 1 -(cyclohexyl) ]-ﬂ-(hydroxymethyl)ethefte. 'To a solution of NaHSOg3 (843
mg, 8 mmol) in water (12 mL‘) was added a solution of 8 (1.07 g, 5.4 mmol) in diethyl ether (2 mL) and stirred at

Fme 18 oun Tha 1o addad A arlqnl athar F 1N ml Y and at N O a enliitinm AF Naf™ N /2077 »n Q

foom l.cunpcuau.uc Ior l.J ullu 1 e, was aGaGea UITHIEYL LUl 1V L) allu at \J oy @ DULIUNUIL UL INa\IN \OF 7 "lE’
mmol) in water (5 mL) and stirred for 3h. The organic layer was separated and the aqueous was extracted with
diethyl ether. The organic extracts were dried on MgSO4. After the solvent was removed to give the title
compound as a yellow oil, 1.18 g, 97 % yield.

1YY RIR ATY s TsS1 1 N .. ATT MHET_N\ I_ o‘l"l PR o™y 111 |’="1n L! Yol B PN 1 on 74
IH NMR (CDCl3) 5 1.06 (s, 3H, CH3), 1.4-1.7 (m Hajg), 1.87 {d, 1H, J=

/.9
1H, J= 6.5 Hz, CH3),3.22(d br, 1H, J=6.5 Hz_ OH), 395 (s 4H, O-CH2CH3»-0O), 456(dt 1H, J=6.5and

..t IRL., e (U i1l

6.4 Hz, CH-CN); 13C NMR (CDCl3) 5 23.8 (CHj3), 30.4 (C-3), 34.8 and 34.9 (C-2',6' and C-3',5", 46.0 (C-
1Y, 57.9 (C-2), 63.9 (O-CH,CH-0), 108.6 (C-4"), 120.9 (CN); IR (film) 3400 (NH) 2230 (CN) 1100 (O-

CHz-).
a) 2. Tosylation of the C\’ﬂ.'!hyd.’i!!i To a solution of the cyanhydrin (1.18 g, 5.2 mmol) in dry

e ATS yeesslie 2sL SALER] L1:20 Hi1)

dnch]oromethane (15 mL) and triethylamine (1.43 mL, 10.2 mmol), under argon atmosphere at 0 °C, was dropped

s

a solution of tosyl chloride (1.29 g, 6.8 mmol) in dichloromethane (5 mL). The mixture was stirred at room
temperature for 4 h and then hydrolysed with water (10 mL). The aqueous layer was extracted with
I‘ﬂ

dishlaramathana and n MeSQ4 Solvent was removed and the residual vellow solid was washed with

VRO /G- SUITULLL WaAS 1VIHUVYLA QiU LIS 1W0IUMuGAL yLUUW UL FYas Waosiive Wil

erivative as a white solid, mp 96-98 °C, 1.46g, 73 % yield.

diethyl ether giving theL svl deriva

IH NMR (CDCl3) & 1.04 (s, 3H, CH3), 1.50 (m, 8H, CH2) 1.95 (d, 1H, J= 5.8, H-3), 2.01 (d, 1H, J= 7.4,
H-3), 2.47 (s, 3H, CH3—T¢) 3.93 (s, 4H, O-CH;CH»>-O), 5.14 (dd, 1H, J= 7.4 and 5.8 Hz, H-2), 7.39 (m,
2H, H-3 and H-5 Ts), 7.84 (m, 2H, H-2 and H-6 Ts); IR (KBr) 1590 (ArH), 1100 (O-CH3), 870 (ArH 14

dicubat Y- MC (70 aVY m/z 364 (MF 1) 224 (82) 155 (8} 90 {100 8K (33). 55 (22,
umuuat} WIS \FUCTY JIIWL DU \IVL  , 1], L& \J&)y LIIT\I]y 77 \LUNIJy ART\JT ]y Jd \ i ]

b) Reduction of the tosyl derivative. To a solution of sodium borohydride (60 mg, 1.6 mmol) in dry DMF (2
mL) was added a solution of the above tosylated cyanhydrin (300 mg, 0.8 mmol) in dry DMF (3 mL). The

mixture was warmed at 100 ©C for 1 h, and then was hydrolysed with water (15 mL), extracted with
dichloromethane (2x15 mL) and dried on MgSO4, Solvent was removed and the residual oil was purified by silica
gel column chromatography (hexane:ethyl acetate 1:1), giving ethylenacetal of [1- methyl-4-(1',3'-dioxolan-2'-

uiiiil Cdiiuiila ALy

yl)cyclohexyl] B- propanemmle asa yellow oil, 73 mg, 44 % yield. .
IH NMR (CDCl3) 6 0.94 (s, 3H, CH3) 1.45 (m 4H (CH?_)z) 165 (m §H (CH2)3) 231 (m, 2H,

CH,CN), 3.96 (s, 4H, OCH;CH20); IR (film) 2240 (CN), 1100 (O-CHy). Anal. Calcd for CiaHioNGa: C,
68.87; H, 9.15; N, 6.69. Found: C, 68.55; H, 9.02; N, 6.46.

4-methyl -1- (1 3 -dioxolan -2’-yl)cyclohexyl-4-y-propane enitrile (10).
=) A PR o £ en v} mitenmathana (2 ml ) wae etirrad with ammaninm anstate {188 mo
4) A buluuun Ol o \.JUU ulg, 4 DRI in niromenant (s m 11, wad SulivAa vwill ai [yt

2.0 mmol) at 80 °C for 1h. Then g_ e S vapt was ramm/ed and the gs

&.\J 13EBX i 1ivaa, VoIt

2Y 2 Q8 (s A VA QO J— 1 {
)y 2.FI O, 11, 1l I Jy U.ZZ 1k, o= 1.7 H > 2o\, iia,
and 8.3 Hz, H-2); IR (film)1640 (C=C),1 5 and 1350 (N-0),1100 (O- CHo ,940 (C=C)cm-1,

b) To a solution of NaBH4 (67 mg, 1.8 mmol) in ethanol (5mL) at -10 °C, was added a solution of the
nitropropene 9 (400 mg, 1.8 mmol) in ethanol (1 mL), and stirred for 1h. After the mlxture was hydrolysed w1th a

saturated aqueous ammonium chioride solution (25 mL) and extracted with dichloromethane (20 mL). The resid
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oil was purified by silica gel column chromatography (ethyl acetate:hexane 1:1), to obtain the nitro propane
denvatlve 10 as a transparent oil, 321 mg, 79 % yleld

IH NMR (CDCI3) 3 0.94 (s, 3H, CH3), 1.30 (m, 2H, CHj), 1.40 (m, 4H, CH3), 1.70 (m, 4H,
CH3), 2.00 (m, 2H, CHy), 3.93 (s, 4H, OCH;CH;,0), 4.34 (1, 2H, J= 7.0 Hz, H-1); 13C NMR(CDCl3)
x‘!IO/I“_’)\ M4 /f'u- ')n-( AN 21 L 1IN DAL ‘n(n AW E (WM EN LAN IONOTY LT \
O L1.7 (L2, &3.4 (L3, 3U.0 (L-3), 51.0 (L-1), 340 (L-2,0), 537.5 (C-3.,5), 64.0 (UCHL 1120,
76.2 (C-1), 108.7 (C-4"); IR (film) 1545 and 1370 (N-0O), 1100 (O-CHz-) cm-1. MS (70eV) m/z 243
(M*, 1 %), 242 (5), 99( 00), 86 (21), 55 (19). Anal. Calcd for CyaH104N: C, 59.24; H, 8.70; N, 5.76
Found: C, 58.96; H, 8.65; N, 5.48.

3-methyl-3-(3 -nitropropy!)-1,2,3 4-tetrahydrocarbazole (11). A mixture of phenylhydrazine

hydrochloride (1.14 g, 7.9 mmol) and 10 (1.64 g, 7.2 mmol) in acetic acid (99 %, 10 mL) was stirred at 100 °C,
under argon aImosphere during 2h. After coolmg, the mixture was neutralised with an aqueous solution of NaOH
(10%, 40 mL) and extracted with dichioromethane (30 mL.) and dried on magnesium sulfate. The solvent was
removed and the residual brown oil was purified by silica gel column chromatography (hexane:ethylacetate
3:2) to obtain 11 as an orange 0il,1.58 g, 81%yield.

lHNMR(CDCI:;)(E’I 00 (s, 3H),1.35 (m, 2H), 1.64 (t, 2H, J= 6.3Hz), 2.0 (m, 2H), 2.46 (d, 2H,

J= 0.9 Hz), 2.62 (t, 2H, J= 63 Hz), 4.25 (t, 2H, J= 7.0 Hz),7.05 (m, 2H),7.20 (m,
1H),7.45(m,1H),7.62 (s br,1H); !3CNMR(CDCl3) 6 135.9, 132.6, 127.8, 120.9, 118.9, 117.5, 110.4,
1 2.4, 24.1, 22.15, 20.0; IR (film) 3400, 1540, 1380, 740 cm-!; MS (70 eV) m/z

), 143 (100), 77 (6). Anal. Calcd for C3gH2102N: C, 70.30; H, 7.74; N, 10.25.

i % Sl o =5 235 L]

2 P | adaen bo ..l..AAA.. =l A o em o £17) MA n anlistine ~Ff 11 71 A
J'lll‘lll’l'J'\J'lllll uprupy l}‘l,&,J,""lCll allyurocal AZO01-4-00i¢ ti&)e 10 adUIUIUON VI 11 (1.¢4 g,

5.06 mmol) in THF (35 mL) and H2O (5 mL) was dropped a solution of DDQ (2.39 g, 10.6 mmol) in THF (10
mL) and stirred at O °C for 3 h. Then, was added solid K2CO3 (4.74 g) and stirred for 2 h and extracted with
dichloromethane (2x20 mL). The solvent was removed and the residual brown solid obtained was purified by

silica gel column cnromatograpny (ethyl acetate:hexane 2 l), to pl'OVldC iZasa yellow SOlld m.p. 13/- 138%
1.25 g, RO% \nplrl

il By

1H NMR (CDCl3) 5 1.22 (s, 3H), 1.7 (m, 2H), 2.00 (m, 2H), 2.20 (m, 2H), 2.99 (t, 2H, J= 6.1 Hz), 4.14
(t, 2H, J= 7.1 Hz), 7.20 (m, 2H), 7.40(m,1H),8.20(m,1H), 9.8 (s br, 1H); 13 NMR (CDCl3) & 198.5,
150.7, 136.3, 125.0, 123.1, 122.1, 120.7, 111.3, 111.1, 75.7, 44.2, 34.1, 33.5, 22.3, 20.9, 20.0. IR (KBr):

3310, 1615, 1605, 1540, 1370, 740 cm-1. MS (70 eV) m/z 286 (M+, 26), 240 (47), 199 (16), 157 (100), 129

(BN 1Y) (1AY Anal Calad foar O H. .o No O &7 19-H £24- N 0'79 Found:- (C &62-H A‘)Q N 0<<
\_”l, AV \IUI I211AR. QAINAS lUl \Alblllaujl‘l Nvy W7 hduy 11y \O%F, N, 7,7 1 VUG, oy, VUL, 11, V.o, 1Y, PR

4a-methyl-2,3,4,4a,5,6-hexahydropyrido[4,3-b]carbazole (13). To a solution of NiCl2.6H20
(298¢, 2. 55 mmol) in ethanol (4 mL) under argon atmosphere at 0 °C, were succwsively dropped a solution of

Al-DLT _ 71 [EURERR L RIS NP ey a andiitiac AF NI MLT /N 1 AL mal \ ise athaemnl ned aticend fae 2N
l‘laDrl4 1 lVl, LJ IIIL, L.J llllllUl} 1 cumuun dllU a soiution of NaUn (V.1 1v), AJ lllL} H1 CUialiUl allld duiicu jul ov

min at room temperature. Then, a solution of 12 (1.2 g, 4,2 mmol) in ethanol (25 mL) was added, and the

mixture heated at 80 ©C and then, NHaNH,.H20 (4 mL, 83.7 mmol) was added and stirred at 80 °C for 4 h. The
residual catalyst was ﬁltcrcd, and solvent removed to give a yellow solid that was hydrolysed with an aqueous

acetic acid solution (10 %) (35 mL). The mixiure was neuiralised with solid K2CO3 and exiracied with
dichloromethane (2x25 mlL). Fmallv after evannrahnn of solvent the imine derivativel3was obtained as a

pale-yellow sohd_ mp 128-129 °C_ 0.91g, 91%yneld

IHNMR(CDCl3) 6 1.19 (s, 3H), 1.6-2.1 (m, 6H), 2.8 and 3.0 (m, 2H), 3.75 and 4.05 (m, 2H),
7.12 (m, 2H), 7.30 (m, 1H), 8.18 (m,1H); 13CNMR(CDCI3) 5 18.8, 20.3, 22.5, 37.5, 34.1, 343,
483, 109.7, 111.2, 120.4, 120.7, 121.7, 1253, 137.6, 143.5, 168.6. IR (KBr): 3340, 1605, 740 cm-i; MS (70

-~ P R e L R o LR T e T e e U NV L I R Y4 T A 12T 2 N1

eV) miz 238 (M+, 100), 210 (83), 209 (53), 195 (22), 156 (28), 155 (61), 55 (23). Anal. Calcd for CjeH18N2:
C, 80.63; H, 7.61: N, 11.75. Found: C, 80.52: H, 7.45: N, 11.47.

y 2 aa

4a- methyl~2 3.4 4a,5,6,7,llc octahydro 1H

Fy P | P Ry T | PPt (i ——

ke

pyrido[3,2-c]carbazole (14). In a round bottom
s .__ A Awer t~dazsnenns 2N 1 £ TN
I\ <+

1NN o N A ) S . e 2 o)
1W mg, V.4 ninoi) iil ary wWOIucrc. 1 rir JuLl (U IiL)
5 min and then was added LiAlH. (128 mg, 34

11asK, unuer ar; gon dlmospncre, was le compouna i
and AI(CL, (N AAR o 2 4 mmnl) and ctirrad at () OO r]l rl

o
QLU NI \V.FFO0 5, SO ATV Al Sulive 4y VO Ju 1116

mmol). The mixture was stirred at room temperature for 2h and then was hydrolysed with THF: H20 1:1 (10 mL)
and extracted with dichloromethane (15 mL). The solvent was removed and a yellow oil was obtained which was
identified as both diastereoisomers cis:trans (70:30), 98 mg, 97% yield. The diastereoisomers were isolated by

column chromataeranhv usine ethvl acetate ag the eluent. The natural cis isomer was obtained as a white qnhd

column chromatography using ethyl acetate as the eluent. natural cis isomer obtained as a white soli
mp 185-7 ©C, and the trans isomer as a transparent oil.

cis diastereocisomer, 14a: lHNMR(MeOD)s 0.92(s, 3H),1.30(m, 2H), 1.70 (m, 4H),2.5-2.9 (m, 3H),
3.05 (m, 1H), 3.68 (s, 1H), 7.01 (m, 2H), 7.29 (m, 1H), 7.56 (m, 1H);IR (KBr): 3380,1605, 740cm"!; MS
(70 eV) m/z 240 (M+, 100), 239 (90), 225 (22), 185 (54), 183 (29), 182 (29), 172 (22), 171 (26), 169 (20), 168

AInAdy AdRi ARA alg | &R0 222
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(24), 167 (25), 157 (24), 59 (39). Anal. Calcd for C 1 C, 7 g .66 . Four , 79.63;
H, 8.01; N, 11.42

rmns diastereoisomer, 14b: l|H NMR (CDCl3): 4 0.88 (s, 3H),1.4-1.9 (m, 6H), 2.60 (m, 1H), 2.7 (m,
1H), 2.87(td,1H, J=12. and 3.3Hz), 3.27(d,1H, J=5.0Hz), 3.84(t, 1H, IJ=
2.0Hz),7.05(m,2H),7.23(m, iH),7.82(sbr,iH),7.9i(m,iH); !3C NMR (CDCi3) s 14.5, 20.2, 22.8,
28 € 241 27O A2 £H7 0 11NA2 111 A 1197 1AM 1 TAMNAD 1A A 197 A 12 O T 701\ AANN A
IIdy QU L, D17, L3, OL.6, 11UD, Mg, 110.7, 12U.1, 12U.5, 124/7.U, 133.4, 130.7; IK (11iM) 353, /55 Cm
L MS (70 eV) m/z 240 (M+ Q1) 230 (100Y IRS (S1) 1R32 (76) 171 (D6 157 (I8) 142 (99) 120 (232 50

’ LA ML &V \UVE , TRy el P \AUVUfy AU \JL)y LOJ \aV)y L4 L \&UJy, A \ed), LD \ &), LIV \&J), I7
(36). Anal. Calcd for CygH20N2: C, 79.96; H; 8.39; N, 11.66. Found: C, 79.90; H; 8.15, N; 11.28.

1- Bromoacetyl 4a-methyl -cis-2,3,4,4a,5,6,7,11c-octahydro-1H-pyrido-[3,2-¢]-ca bazole
In a hattam _fla mreavianly flamad and . A argnn atmacnhkare wac mlared o ..Al iam ~AF 1A N o mal)
AL & WAWULLLT uaans Py lU\-lly 11GIIICU aliu unaer LUEUU dllllUDPllClC wad PldbCU a lul Ukl O - B WA llls, U,D llllll\)l}

Lrin YRk Ny A2, Qs v LN Al

(0,02 mL, 0,3 mmol). The mixture was stirred at 0 °C for 2 h and hydrolysed with water (10 mL) and extracted
with dichioromethane (2x10 mL). The organic layer was dried on MgSOj4 and then solvent was removed giving

the title compound as a mixture of the amide conformers (2:1), as a pale-yellow solid, mp 79-81 °C, 98 mg, 93 %

yicld.

1
j &
in dichloromethane (5 mL) at 0 °C, and drnnppd triethylamine (0,04 mL, 0,3 mmol) and bromoacetyl chloride

IH NMR(CDCl3) 8 1.00 and 1.18 (two s, 3H, CH3-4a), 1.2-2.0 (m, 4H, -CH3-), 2.6-2.9 (m, 4H, -CH3-)
3.61 (m, 1H, H 2), 40—45(m 3H, CH,Br and H-2), 4.72 and 5.50 (two s, 1H, H-11c), 6.9-7.3 (m, 4H, H-8,
H-9, H-10, H-11), 8.46 an 5( wo s br, 1H, NH); IR (fllm) 3390 and 3280 (NH) 1615 (CO), 740 (ArH
1,4-disubst.). Anal. Calcd fo r CigH21NO: C, 62.25; H, 6.10; N, 4.03. Found: C, 62.37; H, 6.21; N, 3.85.

4a-Methyl-7-(p-toluensulfonyl)-2,3,4,4a,5,6-hexahydropyrido[3,2-c]Jcarbazole (15). In a
round bottom flask under argon atmosphere were placed the imine 13 (700 mg, 2.8 mmol) in dichloromethane (25
mL) and at 0 °C was added a soluuon of tosyl chloride (0.615 mg, 3.5 mmol) in dxchloromethane (15 mL)

taten b Trncenonn neacs Aa 71 10O ——— | [ R PO WP | P PPURVEwR |

wllduulyld.llllll\)lllulll IUl.uut: (1.17 g, J .) llllllUl} ana a WlutiUll 01 SOaiim quIU)iluc 11..’ lllg ‘D 3 mmUl} in Wdl.cl
(] S5 mL). The mixture was stirred at 0 °C for S min and then was added water (70 ml ) extracted with

et BEAR) AR W N IVL W BEMEAR QIS LRV, yvaswr 1/ IEAR s g, ¥V AuRa

dlchloromethane (2x30 mL), and dried on MgSO4. The solvent was removed giving a brown oil wich was
purified by column chromatography (hexane:ethyl acetate 1:1) and compound 15 was isolated as a yellow oil,

I OINIVIR (CDC!_?) $ 1.08 (S, 3H, CH“-4a), 1.5-20 (m, 6H, -CHQ-] 2.29 (S, 3H, CH’j-TS), 3.25 (m, 2H,
CH»-6), 3.70 (m, 1H, H-2), 4.05 (m, 1H, H-2), 7.17 (d, 2H, J= 8,3 Hz, H-3", H-5%), 7.25 (m, 2H, H-9, H-
10), 7.64 (d, 2H, J= 8,3 Hz, H-2", H-6"), 8.13 (m, 1H, H-8), 829 (m, 1H, H-11); 13C RMN (CDCl3) 6 18.9
(C-4), 21.4 (C-3), 21.8 (CH3-4a) 33.7 (CH3-Ts), 33.9 (C- 5) 37 1 (C 6) 499 (C-2), 64.0 (C-4a), 113.7 (C-
11b), 121.7 {C-11), 122.24 (C-6a), 124.0 (C-8), 124.4 (C-10), 126.1 {C-2" and C-5" Ts), 126.4 (C-9), 1298
(C-3" and C-5° TS) 130.1 (C-11a), 137.1 (C-7a), 140.5 (C-1" Ts), 144.9 (C-4" Ts), 166.7 (C-11c); IR (KBr)
1620 (C=N), 1590 (ArH), 1170 (SO). 810 (ArH 1 4-disubst.), 750 (ArH 1,2-disubst.). Anal.Caled for
(,23H24N2802 C, 70.38; H, 6.16; N, 7.14. Found: C, 70.15; H, 6.21; N, 6.85.

4a-Methvl. 7. (n-tnlnncnlfnnvl\ 1.2.3.4 4a 8 K 11c-0ctahvdra-1 "-nvrirlnl'" ‘7.(-h-nrhnwn|

SRy RS 7 S TS VIVIASWAL ViR Aydigg Ve TRy jwees -ww.uv-v

(16a, 16b). In a round bottom flask under argon atmosphere were placed the N- tosyhmme 15 (0.826 g, 2.1
mmol) in toluene/THF 9:1 (70 mL) and at 0 °C was added AICl3°(1.12 g, 8.4 mmol) and LiAlH4 (322 mg, 8.4
mmol). The mixture was stirred at 0 °C for 4 h and then hydrolysed with water (70 mL) and treated with a

solution of sodium hydr0x1de (10 %, 100 mL), -extracted with dichloromethane (2x50 mL), and dried on MgSQOq4.
The solvent was removed giving a residual solid as a mixture of cis and frans isomers, which were purified by

column chromatography (hexane ethyl acetate 1:1). Both cis and trans isomers 16a and 16b (75:25) are white
solids, mp 165-7 and 125-7 °C respectively, 0.77 g, 93 %.

Compound 16a:!H NMR (CDCl3) 8 0.82 (s, 3H, CH3-4a), 1.2-1,7 (m, 6H, -CHy-), 2.33 (s, 3H, CH3-Ts),
2.7-3.0 (m, 3H, CHy-6 and H-2), 3,16 (m, 1H, H-2), 3.57 (s, 1H, H-11c), 7.2 (m, 4H, H-3", H-5", H9 and
H-10), 7.50 (m, 1H, H-8), 7.64 (d, 2H, J= 7,7 Hz, H-2" and H-6"), 8.13 (m, 1H, H-11); 13C NMR (CDCl3)
21.4 (CH-4a), 22.0 (C-4), 22.9 (C-3), 24.9 (CH3-Ts), 27.8 (C-5), 31.2 (C-4a), 37.7 (C-6), 46.1 (C-2), 56.6
(C-11c), 114.1 (C-11b), 1143 (C-11), 118.2 (C-8), 119.9 (C-6a), 233(c-10), 123.8 (C-2” and C-6"), 126.2

9, 1

(C-9), 129.7 (C-3" and C-5"), 135.3 (C-11a), 136. l (C-Ta), 136. 6
1170 (SO, K10 (ATH 1 A.dicuhst ), 750 (ArH 1.2-disubst). An

ALY WS i/ \amid Ay TFTRITw U, TN \iBaid 4, Nz ey

6.64; N 7 10. Found C, 69.87, H 661 N 6.85.
Compound 16b: 1H NMR (CDCl3) 4 0.76 (s, 3H, CHz-4a), 1.2-1.9 (m, 6H, -CHz-), 2.31 (s, 3H CH3-Ts)

..... v

2.3-3.0 (m, 3H, H-6), 3.0-3.3 (m, 2H, H-2), 3.70 (s, 1H, H-11c), 7.16 (d, 2H, J= 8.4 Hz, H-3", H-5"), 7.1-

7.2 (m, 2H, H-0 and H-10), 7.61 (d, 2H, J= 8.4 Hz, H-2" and H-6"), 8.07 (d, 1H, J= 6.3 Hz, H-8), 813 (d,
1H, J= 7.6 Hz, H-11); IR (KBr) 1590 (ArH), 1170 (SO), 810 (ArH 1,4-disubst.), 750 (ArH 1,2-disust.); IR

(KBr) 1590 (ArH) 1170 (SO); 810 (ArH 1,4-disubst.); 750 (ArH 1,2-disubst.). Anal.Calcd for
C23H26N2S8032: C, 70.02; H, 6.64; N, 7.10. Found: C, 70.27; H, 6.41; N, 7.15.

44,5 (C-47); IR (KB l') 15% (ArH),
: r N»2SO , 70.02; H,
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ci‘-i-(i-‘hé“yisniﬁn“i‘aceiyi-"i-(p toiuensuifonyi)-4a-methyi-1,2,3,4,4a,5,6,11c-octahydro-
!H~pyrit_lg-[3?2 clearbazole (18).
a) cis-1-(p enyltluoacezyl) 4a- methyl 7-(p-toluensulfonyl)-1,2,3,4,4a,5,6,11c-octahydro-1H-pyrido-[3,2-c]-

carbazole (17). In a round bottom flask under argon atmosphere were placed a solution of the N-tosylamine 16a
(444 mg, 1.12 mmol) in dichloromethane (5 mL) and at room temperature was added triethylamine (0.16 mL, 1.2
mmol), phenylthioacetyl chloride (0.16 mL, 1.2 mmol) [obtained from thiophenoxyacetic acid, 280 mg, and

thionyl chloride, 0.48 mmol]. The mixture was stirred at room temperature for i8 h and then, was added
dichloromethane (4U mL} and then washed successively with a hydrochloric acid solution (2N, 20 mL) and water

(m ml \ Tbe OI'O:-\I‘H{‘ Invpr was dried on MoS8O): and the cnlvent waeg ramavad tn oive a hrawn nil which wag
C 3831 VAS UL U IVIEUNG QUM il SUIY UL WWAS ILIUVOU WU gV a viUw il Ulr, wilivil yvas

punﬁcd by column chromatography (hexane:ethyl acetate 1:1). Compound 17 was isolated as a brown oil, as a
conformational equilibrium (5:1, by 1H NMR), 0.6 g, 96 %.

Compound 17: 'H NMR (CDCI3) 4 1.04 and 1.12 (s, 3H, CH3~4a), 1.2-2.0 (m, 6H, -CH»-), 2 .33 (s, 3H,

Pl @ { e T et An

CHj3-Ts), 2.60 (id, iH, J= 10.7 and 3.4 Hz, H-2), 3.05 (m, 2H, H-6), 3.59 (m, iH, H-2); 3.94 and 4.03 (iwo
s, 2H, CHSPh), 472 and 5.62 (two s, 1H, H-11¢), 7.0-7.5 (m, 9H, H-3", H-5", H-9, H-10 and PhS), 7.54

Sy Lday R AR 2aj, T4 Quaaa 2%, L1711y Joos \RER, FLly 1170 4 11T 4 1157, 21T 3V QNI 1 aWJ),

(m, 1H, H-8), 7.60 (d, 2H, J= 86 Hz, H-”’ and H-6 ), 8.13 (d 1H, J= 8.5 Hz, H-11); IR (film) 1630 (CO),
1600 (ArH), 1170 (SO) 810 (ArH 1 4—disubst) 735 (ArH 1 2—disubst.). Anal.Calcd for C31H32N28205: C,
68.35; H, 5.92; N, 5.14. Found: C, 68.17; H, 6.21; N, 4.95.

b) Penodate oxzdatton of 17. To a eolutmn of compound 17 (0.48 g, 0.8 mmol) in THF (15 mL) was added
a solution of sodium periodate (0.8 g, 7.2 mmol) in water (20 mL). The mixture was stirred at room temperature
for 48 h and then was successively added dichloromethane (40 mL) and water (40 mL). The organic layer was
dried on MgSO4 and then the solvent was removed giving a dark brown oil, which was purified by column
chromatography (ethyl acetate:hexane 4:1). Compound 18 was isolated as a yellow oil, as a conformational
equilibrium (1:1, by 1H NMR), 356 mg, 72 %.

IH NMR (CDCl3) 0.89 and 1.17 (two s, 3H, CH3-4a), 1.55-1.92 (m, 6H, -CHjy-), 2.32 (s, 3H, CH3-Ts),
3.3 (m, 2H, H-6), 3.7-4.3 (m, 4H, H-2 and CH,S0), 5.60 and 5.65 (two s br, 1H, H-11c¢), 7.22 (m, 5H, ArH),
7.60 (m, 6H, ArH), 7.88 (m, 2H, ArH), 8.12 (m, 1H, H-11); IR (film) 1630 (CO), 1170 (SO), 1040 (SO), 810
(ArH 1,4-disubst.), 750 (ArH 1,2-disubst.). Anal.Calcd for C31H32N28204: C, 66.40; H, 5.75; N, 5.00.
Found: C, 66.27; H, 6.05; N, 4.85.

Al el een fon &alla UEnsu \ nn ine =l Py e POTeR ¥ PpRTy prrree o [ Py 10N
&,lv‘ulucll]ul U‘l‘\l"luluc D lUIl] ll’l‘“ uuupncu_yluapluuapcl llllulll'D'UllU Li7).

In a bottom flask under argon atmosphere was placed a solution of compound 18 (356 mg, 0.64 mmol) in
dichloromethane (60 mL) and then was slowly added trifluoroacetic anhydride (0.2 mL). The mixture was stirred
at room temperature for 25 min and then, was added chiorobenzene (60 mL) and placed at the reflux temperature

far 2 h fdichlarcamasthane was romavead hu dictillatinn) Tha olarchan Zéne was rltetillnA tn oive a dark hrawn il
1ur & 11 \“l\/llll’l\llll\tlllﬂll\l YVAD VUYL , UIoUIIGUIVIL). ) ll\rll, \«lvwiub\« wvao 1211 El'\a QA BaIn vivwil v

which was purified by column chromatography (hexane:ethyl acetate 1:1). Compound 19 was isolated as a yellow
oil, 240 mg (68 %) as a mixture of diastereomers (7:3).

IH NMR (CDCl3) 3 0.45 and 0.58 (two s, 3H, CH3-19), 1.3-1.8 (m, 6H, -CHy"), 2.19 and 2.25 (s, 3H,

o & N 1T LY 22 M oL 11 l] 2\ ‘)d(\ aad D PrTTras 17 LY 1Y A MNA 1Y LI &\ £ Y
bn3‘lb) LDJ \lll, 1n, r-J2), &4.00 \Ill, 1n, rn-J2), 5.0U and J. UL \tWU S, 1r1, Ii~<L1), 4.49 \lIl ln, n-v), V.Vi/

and 6.32 (two dd, 1H, J=10.0 and 4.0 Hz, H-16), 7.0-7.4 (m, 10H, ArH), 7.72 (d, 2H, J= 8.1 Hz, Ts), 7.80
(d, 1H, =73 Hz H-12) IR (CDCl3) 1670 (CO) 1590 (ArH) 1170 (SO) 810 (ArI-I 14—d1subst) 740 and
730 (mono and 1,2-disubst.). Anal.Calcd for C31H32N28203: C, 68.48; H, 5.75; N, 5.15. Found: C, 68.17,

H, 6.11; N, 4.95.

Desulfurization of 19. To a solution of compound 19 (240 mg, 0.44 mmol) in ethanol (20 mL) and DMF

(l 2 mL) was added a little amount of Kaney nickei. The mixture was stirred at room temperature for 1 h and men
wasg filtered off on celite. washed successivelv with ethanol (10 mL) and dichloromethane (10 mL) Flnall\.r the

TWAS 11V Vi VAL VUEITL, TYASIIVE SULLAUOOI VUL VY I WRAREIVL {4V Bliiv) GEENE WIS WAV LIIGRIA | A\ AiEkog. & IRIEEX ), taav

solvent was removed to give a brown oil, whlch was purified by column chromatography (hexane:ethyl acetate
1:1). Compound 20 was isolated as a yellow oil, 160 mg, 82 %.

iH NMR (CDCl3) 5 0.60 (s, 3H, CHs-19), 1.4-1.8 (m, 6H, -CH

T2y 282 /4 1L T— 1Q H> LI D1y 414 MU I LY A 12744 1= Q"I
i~3J), 5.J3 (U, LI, J— 1.6 112, 11-4.1),-71-ruu, Lliy $1°0 ), Uil \UNMy 4= O. 7

(s

2
H-9, H-10, H-11), 7.13 (d, 2H, J= 8.2 Hz, Ts), 7.54 (d, 2H, J= 8.2 Hz, Ts), 7.77 (d, 1H, J= 80 HZ H 12);
IR (film) 1660 (CO), 1600 (ArH), 1170 (SO), 810 (ArH 1,4-disubst.), 740 (1,2-disubst.); MS (70 eV) 434 (M*,
45), 279 (100), 251 (19), 91 (27). Anal.Caled for C25H26N2S03: C, 69.10; H, 6.03; N, 6.45. Found: C,

£O AT, 1T £ AE. N\ £ AN
OY.27; N, 0.23; N, 0.4V,

(x)18-noraspidospermidine (1b). In a round bottom flask under argon atmosphere were placed LiAlHyq
(0.648 g, 13.5 mmol) in dry THF (5 mL) and then was slowly added a solution of compound 20 (120 mg, 0.27

mmol) in THF (15 mL). The mixture was stirred at room temperature for 48 h and then, was hydrolysed with
water {15 mlL) and treated with a solution of sodium hvdroxide {| S % 185 ml ) extracted WIth dichloromethane

VAW | Lof BEBAs) GUIW W TILA YRR & SULMLEL U ORReEs ARISAARAT R 22 Aol Rizkg) WARMIGALANAS TYRRAL SRRl Rt

(2x25 mL) and dried on MgSOj4. The solvent was removed af! fords a resndual onl which was purified by column
chromamgraphy using ethyl acetate as the eluent. Compound 1b was isolated as a yellow oil, 35 mg, 50 %.

iH NMR (CDCl3) 8 0.73 (s, 3H, CH3), 1.1-1.6 (m, 6H, -CH3-), 1.7-2.1 (m, 2H, H-16), 2.28 (m, 3H, H-3
and H-21), 2.9 (s br, 1H, NH), 3.15 (m, 2H, H-5), 3.51 (dd, 1H, J= 6.2 and 10.9 Hz, H-2), 6.64 (d, 1H, J=



7.8 Hz, H-12), 6.72 (td, 1H, J=7.5and 1.0 Hz, H-10), 7.02 (¢td, IH, J=7.5 and 1 4 Hz, H-11), 7.06 (d, tH,
J= 7.5 Hz, H-9); 13C RMN (CDCl) 521.7 (C-19), 26.7 (C-15), 28.4 (C-17), 29. 7 -14), 33.0 (C-6), 38.0 (C-
16), 39.0 (C- 20) 52.7 (C-3), 53.2 (C-7), 53.8 (C-5), 65.1 (C 2), 71.3 (C 21, 4 (C-12), 119.1 (C-10),
122.7 (C-9), 127.2 (C-11), 135.4 (C-8), 149.5 (C-13); MS (70 ¢V) m/z 268 (M+ ’79) 24()( ()) 143 7), 130
(11), 110 (100); IR (film) 3340 (br NH), 1600 (ArH), 745 (ArH 1,2-disubst.). Anal.Calcd for CygHo4N2: C
80.54; H, 9.01; N, 10.44. Found: C, 80.37; H, 9.19; N, 10.35.

ACKNOWLEDGEMENT

This work was supported by the DGICYT PB92-0142-C02-01 and in part by the DGICYT PB97-0060.

73

° ® d e

REFERENCES

. The Monoterpenoids Indole Alkaloids: Saxton, J. E. The Chemistry of Heterocyclic Compounds; John Wiley and Sons, Inc.,
New York, 1983, Vol. 25, Part 4, pp 330-437, Suppl. 1994. Aspidosperma alkaloids: Cordell, G. A. and Saxton, J. E. in The
Alkaloids, Manske, R. H. F. and Rodrigo, R. G. A, Eds. Academic Press, New York, 1981, Vol. 20, pp 132-280.

. Saxton, J. E. Nat. Prod. Rep. 1994, 11, 493.

1.8 _ £ y SR

. Rodriguez, j. G.; Temprano, F.; Esicban-Calderén, C.; : Mariinez-Ripoll, M. J. Chem. Soc. Perkin Trans. 1 1989, 2117-2121.

. Rodriguez, J. G.; del Valle, C.; Esteban-Caider6n, C.; Martinez-Ripoil, 1

z
o5
3
E
sl

. Patir, S.; Gotz, P. H. Liebigs Ann. Chem. 1993, 1323-1325.

Foms, P; Diez, A; Rubiralta, M. J. Org. Chem. 1996, 61, 7882-7888.
D’Angelo, J.; Desmaéle, D. Tetrahedron Lett. 1990,31, 879-882; ibid, 1990, 31, 883-886.
Abrahamson, H. B. Organometallics 1984, 3, 1379-1382.

. Stork, G.; Dolfini, J.E. J. Am. Chem. Soc. 1963, 85, 2872-2873. Ban, Y .; Sato, Y .; Inoue, I.; Nagai, M; Oishi, T.;

Terashima, M.; Yonemitsu, O.; Kanaoka, Y. Tetrahedron Lett. 1965, 2261. Stevens, R. V., Fitzpatrick, J. M.; Kaplan, M.;
Zimmerman, D. L. J. Chem. Soc. Chem.Comm. 1971, 857-858.

10. Azzonzi, A.; Perrin B.; Sinibaldi M.E.; Gramain J.C. Tetrahedron Lett. 1993, 34, 5451-5454. J.C.Gramain, H P.Husson,

Y Troin, J. Org. Chem. 1985, 50, 5517-5520.
1. Desmatle, D.; d"Angelo, J. J. Org. Chem. 1994, 59, 2292-2303, and references cited therein.

12. Urrutia, A.; Rodriguez, J.G. Tetrahedron Lett. 1998, 39, 4143-4146.
13. Canoira, L.; Rodriguez, J. G.; Subirats, J. B. Eur. J. Med. Chem. 1989, 24, 39-44.

14. Lloyd, D. H.; Nichols, D. E. J.Org.Chem. 1986, 51, 4294-4295; Han, B. H.; Shin, D. H.; Cho, 8.Y. Tetrahedron Leul.

1985, 50, 6233-6234. Okamoto, Y.; Nitta, Y.; Imanaka, T.; Teranishi, S. J. Chem. Soc., Faraday Trans. 1, 75, 2027,
1979. Ganem, B.; Osby, J. O. Chem. Rev. 1986, 86, 764.

15. Gallagher, T.; Magnus, P.; Huffman, J. C. J. Am. Chem. Soc. 1983, 105, 4750-4757.
16. Magnus, P.; Sear, N. L.; Kim, Ch. S.; Vicker, N. J. Org. Chem. 1992, 57, 70-78.



