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The tetrahydroquinolone Melodinus alkaloid scandine 
(5)' (Chart I) is believed to result from an oxidative re- 
arrangement of Als-tabersonine ( l).ll Although this highly 
probable biogenetic filiation was suggested several years 
ago?? no successful in vitro correlation had been performed 
until recently. Some months ago, we described the first 
example of such a transformation, i.e., the partial synthesis 
of tetrahydroscandine (7) from vincadifformine (1; 
3,14,18,19-tetrahydr0)~ through the thermal rearrangement 
of a derived aziridine (viz., 3, tetrahydro). Very shortly 
after, Palmisano and Danieli e t  al. published a partial 
synthesis of N (  1)-methylte$rahydromeloscine through the 
rearrangement of the vincadifformine derived a-ketal 8 to 
16-hydroxytetrahydromeloscine (9).5 

These two different and independent routes compare 
in favor of the latter regarding the yield of the rear- 
rangement step. To its advantage the shorter aziridine 
route is probably closer to the biosynthesis in that it allows 
retention of the significant methoxycarbonyl group and 
generatipn of the N( 1)-unsubstituted Melodinus skeleton. 
These potentialities are now further illustrated by the 
successful synthesis of the natural compounds themselves, 
namely, scandipe ( 5 )  and meloscine (6), by an extension 
of our previous work. 

h18-Tabersonine (1) was prepared from vindolinine after 
Langlois and Potier6 and further oxidized7 to the unstable 
16-chloroindolenine 2, which was reduced without puri- 
fication (NaBH,CN, AcOH) to the amorphous aziridine 
3 (53% from 1). A salient feature in the 'H NMR spec- 
trum was the AB system of the 17-methylene protons, 
which appeared as two doublets at 0.65 (strong anisotropic 
effect) and 2.67 ppin respectively (J = 12 Hz). The I3C 
NMR spectrum compared with our previous findings4 and 
was fully consistent with structure 3. 

Flow thermolysiss of 3 was conducted in MeOH-PhMe 
(2: l )  with a ca. 500 "C heated glass fitted colpmn. I t  
allowed recovery of 3 (12-44%), regeneration of 1 
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(18-25%), and isolation of imine 4 (7-11%). The imine 
proton H(2) was detected as a sharp singlet a t  7.52 ppm. 

Selective oxidation of the imine group in 4 proved to be 
difficult, and several attempts failed. The difficulty was 
circumvented by using 2 equiv of Jones' reagent a t  -10 "C 
for 30 min, which allowed a 35% transformation to com- 
pound 5 the spectral data (IR, MS, UV, lH NMR) and the 
TLC behavior of which were identical with those of au- 
thentic scandine. The measured rotation was somewhat 
low, due to difficulty in crystallization (+205-210°, c 0.2, 
EtOH; lit.2 +254O), and it was then decided to correlate 
5 with two other Melodinus alkaloids. Catalytic hydro- 
genation yielded tetrahydroscandine (7): mp 209-211 "C; 
[ a ] D  +92.4O (MeOH, c 0.1); spectral data (IR, UV, MS, 'H 
NMR) and TLC identical with reference material. De- 
carbomethoxylation2 gave meloscine (6): mp 177-183 "C  
(lit.' mp 181-185 "C); ['Y]D +130° (EXOH, c 0.04) (lit.2 [ N ] ~  
+133.8'); spectral data (IR, MS, 'H NMR) and TLC 
identical with reference material. 

Of interest is the fact that  no imine corresponding to 
16-episcandine was found in the flow thermolysis products, 
which indicates that the rearrangement occurs with com- 
plete inversion a t  C(l6). The reaction is then best ac- 
counted for by two simultaneous 1,2 shifts (7,2-bond - 
7,16-bond and 16,l-bond - 2,l-bond). Such a rear- 
rangement is reminiscent of the evolution of cyclopropane 
intermediates 8a,b to norfluorocurarine 9a and akuam- 
micine 9b, r e s p e c t i ~ e l y . ~ ~ ' ~  
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Regeneration of A18-tabersonine from 3 also necessitates 
cleavage of the 1,16-bond, along with a shift of H(2), either 
to N(1) or to C(l6). 

This synthesis of scandine from the readily available 
A18-tabersonine is though to mimic in a very short process 
one more biotransformations of the highly versatile As- 
p i d o s p e r m a  precursors. 

Experimental Section 
Melting points were taken on a Reichert Microscop and are 

uncorrected. 'H NMR spectra were measured on a Perkin-Elmer 
R12B spectrometer (60 MHz) or on IEF 400, a prototype built 
a t  the University of Orsay (402 MHz), in CDCl, using Me$i as 
internal standard. Separations were done on TLC and with a 
Chromatotron (R) apparatus with Kieselgel60 PF2% (Merck) and 
eluant CH2C12/MeOH. 

16-Chloroindolenine 2. t-BuOC1(6% w/v solution in CH2C12, 
6.4 mL) was added over a period of 1 h to  a solution of A'*-ta- 
bersonine ( 1)6 (720 mg) and triethylamine (0.32 mL) in methylene 
chloride (35 mL) under cooling at 0 "C. Evaporation of the solvent 
and crystallization from acetone gave 2 (564 mg, 71%): mp 
15G158 "C dec; MS, m/z 368 (M'.), 370; UV A,,, 222, 275 nm; 
IR uc0 1735 cm-'. 

Aziridine 3. The 16-chloroindolenine 2 prepared from 720 
mg 1 was dissolved in AcOH (20 mL) and portionwise added with 
NaBH,CN (1 g) over a period of 1 h at  room temperature. The 
solution was poured into a saturated aqueous solution of K2C03 
and extracted with CH2C12. Purification through centrifuge TLC 
(ChromatotronR, silica, 99:l CH,Cl,/MeOH) afforded 382 mg 
aziridine 3 (53% from l),  which could not be induced to crystallize: 
[ a ] D  +49" (c  1.4, MeOH); MS, found for M'. 334.1692 (calcd for 
C21H22N202 334.1676); MS, m / z  (relative intensity) 105 (60), 119 
(80), 120 (43), 133 (loo), 167 (12), 201 (13), 214 (lo), 228 (28), 229 
( E ) ,  275 (6), 333 (7), 334 (11); UV A,,, 212, 230 (sh), 270, 280 
nm; IR (film) I J ~ O  1730 cm-'; 'H NMR (60 MHz) 6 0.65 (1 H, d, 
J = 12 Hz) and 2.67 (1 H, d, J = 12 Hz) [H-17 and H-17'1, 3.8 
(3 H, s, CO,CH,), 5-6 (5 H, m, olefinic protons), 7-7.4 (4 H, m, 
aromatic protons); 13C NMR 6 (carbon number) 26.1 (17), 37.6 
(6), 41.3 (20), 45.8 (5), 49.5 (16), 53.0 (OMe), 53.4 (71, 54.5 (3), 
57.4 (2), 74.6 (21), 113.7 (18), 122.0 (12), 122.6 (9), 124.7 (14), 126.9 
(lo), 128.1 (ll), 129.8 (15), 143.9 (19), 147.9 (8), 149.1 (13), 170.9 
(22). 

Flow Thermolysis of Aziridine 3. Aziridine 3 (44 mg) in 
MeOH-PhH (2:1,20 mL) was passed through a glass fitted column 
heated at  495-510 "C under a slight vacuum (water pump) while 
the eluant was trapped in a liquid nitrogen cooled vessel. 
Evaporation of the solvent and separation on TLC afforded 
ill8-tabersonine (l) ,  8 mg (18%), and imine 4 , 5  mg ( l l % ) ,  along 
with recovered aziridine 3, 13 mg (29%). Imine 4: [a]D +161" 
(c  0.5 MeOH); UV A,,, 215, 270 nm; IR uco 1725 cm-', V C N  1610 
cm-' (weak); MS, found for M+- 334.1600 (calcd for C21H22N202 
334.1676); MS, m / z  (relative intensity) 105 (21), 119 (28), 120 (35), 
134 (loo), 170 (20), 214 (29), 275 (38), 276 (16), 303 (5), 334 (75); 
'H NMR 6 3.61 (3 H, s, C02CH,), 4.8-6 (5 H, m, olefinic protons), 
7.2-7.5 (4 H, m, aromatic protons), 7.52 (1 H, s, H-2); 13C NMR 
6 (carbon number) 40.8 (6), 45.5 (17), 47.0 (20), 48.2 (3),52.4 (OMe), 
53.9 (5), 54.6 (7), 60.3 (16), 85.1 (21), 114.8 (18), 123.4 (14), 126.3 
(12*), 127.3 (lo), 128.6 (9*), 128.7 ( l l ) ,  131.5 ( E ) ,  133.2 (8), 140.2 
(13), 142.4 (19), i59.9 (2), 170.6 (22) [*may be inverted]. 

Oxidation of Imine 4. Imine 4 (14 mg) in acetone (2 mL) was 
added with 2 equiv of Jones' reagent a t  -10 "C. After 30 min, 
the solution was placed a t  +4 "C for 2 more hours. The solvent 
was evaporated a t  room temperature under vacuum, and an 
aqueous 10% solution of NaHS0, (2 mL) was added. After 
basification with NazC03,  the solution was extracted with CHpCl,. 
Separation on TLC afforded imine 4,3.5 mg (25%), and scandine 
(E), 5 mg (35%): [ a ] ~  +206-210° (c 0.2, MeOH) [lit.' ["ID +254"]; 
the IR, UV, MS, and 'H NMR spectra and the R, were identical 

(11) Note added in proof This rearrangement apparently better 
accounts for the configuration of scandine presented in Chart I* than for 
the revised - configuration of the COOMe later p r ~ p o s e d . ~  Moreover, the 
NMR spectrum of the amine resulting from the reduction of 4 exhibited 
a COOMe signal a t  3.61 ppm, which reflected an anisotropic effect of the 
benzene ring consistent with the depicted configuration. 
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with those of an authentic sample. 
Hydrogenation of Synthetic Scandine (5). Catalytic hy- 

drogenation (PtOz, 20 mg) of synthetic scandine (5) (2 mg) in 
methanol (1 mL) followed by crystallization from hexane-CH2C12 
gave tetrahydroscandine 7, which was identical with an authentic 
sample: mp 209-211 "C; [a]D +92.4" (MeOH, c 0.1); IR, MS, and 
RF were all identical with an authentic sample. 

Meloscine (6). Saponification and decarboxylation2 of syn- 
thetic scandine (5) (5 mg) afforded meloscine (6) (3.5 mg), which 
was identical [mp 177-183 "C (lit.' mp 181-185 "C); ["ID +130° 
(c 0.04, EtOH) ( l k 2  ["ID +133.8"); IR; MS; 400-MHz 'H NMR) 
with an authentic sample. 
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13-Dihydrodaunomycin 1 has long been recognized as 
the major human metabolite of the antineoplastic an- 
thracycline daunomycin 2.' Whilst 1 has been prepared 
by microbial2 and chemical reduction3 of 2, no attempt to 
assign the stereochemistry a t  C134 has been reported. 
Recently Cassinelli et al. have reported5 that 4-demeth- 
oxydaunomycin 3 (idarubicin) can be reduced microbially 
to afford an idarubicinol4 identical with that excreted by 
patients treated with 3. These authors initially assigned 
the 13R stereochemistry to this product, although this was 
subsequently corrected by Broadhurst et a1.: who showed 
that the totally synthetic 1 3 s  isomer corresponded to the 
biologically obtained product. As both dihydroderivatives 
1 and 4 are active antineoplastic  agent^,^^^ routes leading 
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