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Abstract:..In HF - SbFs at O°C, vindoline 1a and its deacetyl derivative 1b yield the

cathovaline like compounds 4 and §, respectively, and the furanic diastercoisomers 2 and 3.
Fluorn derivativee (2050-10h.d rearranee in suneracids to A (Q?“A\ < {m%\ and to lactone 11

LIUVIV ULIRVaR VS \LVid) abmis AVGiiaiigy Ul Supliatals W W0 alCiN

(58%), respectively, whereas the (20R) analogs are completely unreacuve Thls last result can
be accounted for by mtervenmg of a reactive conformation of the fluoroethyl group in the (205)
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series, the corresponding one in the (20R) series being disfavored for steric reasons. © 1999 Elsevier
Science Ltd. All rights reserved.
INTRODUCTION

Natural vinbiastine and semi-synthetic vinorelbine are two widely used antineoplastic agents'.
Structure modification of the lower half (vindoline moiety) of these bisindoles alkaloids has been
extensively studied in the aim of producing more potent derivatives with improved antitumor
propertiesz.

In a totally original chemical approach we conceived to investigate the reactivity of alkaloids in
superacidic media. Thus we reported novel reactions carried out on Aspidosperma alkaloids
vincadifformine and tabersonine™*. More recently we described the reaction of vindoline with NBS, NCS
or H,0, in HF-SbFs (4% SbFs) to yield 7B-substituted (Br, Cl, OH)-20-fluoro-6,7-dihydrovindoline’.
We would like to report in this paper the rearrangement of vindoline 1a and derivatives in more acidic
conditions (HF-SbFs, 9% SbFs).

RESULTS

temperature for 3 hours. After usua! wsrk—u", flash-chromatography over SiQ; yielded successively
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starting materiai, compounds 2, 3 and 3 (see tabie 1).
Tabie 1. Rearrangement of compounds ia and ib in HF - SbF;
5

’ 2+3 4 1a 1b
\ (50/50)
substrates | Nu N (%) % % % %
4 19 7 12 €
g Fal s 1n 1£ z 12
i v | g8 2 10 g
benzene 13 15 6 19 €
b 18 35 23
Cr 31 19 10

With the aim of trapping the intermediate carbenium ion, the same reactions were performed in
the presence of a nucleophile (chloride ion or benzene). Table 1 shows that though formation of chioro
or phenyl derivatives was not observed, the relative amounts of the products were modified in favour of
compounds 2 and 3.

a-Structure determination of compounds 2 and 3

H_igb_ resolution mass spectrometry shows that the molecular weight r comnounds

T
comnatible with formula Ca.HaoN-Q. Furthermore EI-MS exhibits ions at m/z 188 24
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The major changes in '"H NMR spectra of compounds 2 and 3 compared to that of vindoline 1a are the
nnnnnnnnnnnn Al e lia hodeanana at 0 L and 7 AF tha ginalat aé D NQ mnen Ancerncman dies
uxba.ppca.l Alue 01 Vil yu uyunu GO al VTU allld T/, Ul LG DL 15xct alL L.\vJo Pplll uuucapuuuuls lU UIC
acetoxy group at C-4, and of the triplet due to CHs-21 (table 2).
Tabie 2. Selecied '"H NMR Data.
\s%trates
1a 2 3
hydrog\el\ - - -
H, 5455 463dJ=108Hz | 478dJ=10.7Hz
H; ~ 249m 258m
He 525dJ=102Hz 2.00m 2.02m
H,; 5.84dd 1.74tJ=11.0Hz
J=102and46Hz | 164metl74m 1.87m
Hayo 1.14qand 1.67¢q 406qJ=65Hz
J=74Hz 385m
Hy 049t)J=74Hz 128dJ=64Hz 114dJ=65Hz

For compounds 2 and 3, chemical shifts and signals of hydrogen H-4, of CH;-21 (as a doublet)
and of only one hydrogen at C-20 are compatible with the presence of the tetrahydrofuran ring as
indicated.

Furthermore DEPT experiment showed the presence of one hydrogen at C-5 and at C-6. Finally

ctures were confirmed by HMQC experiment and H-H correlation.



positive NOE's between hydrogen atoms H-4a and H-5a, H-5a and H-6a,, H-6¢ and H-7a, H-6a and
H-20. According to the last correlation, configuration at C-20 is R in compound 3 and consequently is S

in compound 2.

b-Structure determination of compounds 4 and 5

HRMS of compounds 4 and S shows that the molecular weight is in agreement with the formula
C25H3:N205 for compound 4 and C3H3uN,Os for deacetyl analog S.
Compounds 4 and 5 have been previously isolated when vindoline 1a was subjected to microbiological
conversion using Streptomyces cultures®. These compounds may be compared to cathovaline 6a and

deacetylcathovaline 6b isolated from the leaves of Catharanthus ovalis or C. lanceus ™*’.

In the EI-MS spectrum of compound 4, besides the molecular peak M 456, are observed the
expected ions at m/z 188, 297, 397, analogous to those arising from fragmentation of 6a and 6b **
Structures of compounds 4 and 5 have been confirmed by 'H and C NMR (see experimental part).

c-Reaction mechanism

Firstly it should be pointed out that, in HF-SbFs, substrates 1a and 1b should be polyprotonated,
the resulting species being in equilibrium in the reaction conditions.

The basic nitrogen atom N-9 must be irreversibly protonated thus decreasing the basicity of the
C-6-C-7 double bond. Nevertheless formation of both series of products must involve protonation of
this double bond, the resulting carbenium ion (or its equivalent) at C-6 being in a concerted process
trapped either by the ethyl group shifting from C-5 to C-6 to yield finally compounds 2 and 3 (Scheme

oy 11%
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39

he h drnxvl group at at C-3 to give compounds 4 and 5 (Scheme 3).
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The relative amounis of the products are dramatically modified with the addition of an externai
nucleophile favoring the formation of rearranged compounds 2 and 3 (tablel). This result can be

accounted for by the intermediacy of a 6B chloro or 6B-phenyl derivative followed by a concerted
elimination reaction as shown in Scheme 4.
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different protonations of the substraies. it can be assumed that in the protonaied deacyivindoiine 7
repulsive interactions of the positive charges favors the equilibrium with the more reactive species 8.

7 Q.
B~ o ~0o—cu, N
+ H

htcd

NG

On the other hand starting from vindoline 1a, the corresponding protonated system 9 is more
stabilized by the esiers groups (ihe positive charge at C-4 being delocalized over two oxygen atoms)".
As a resuit this protonated species shouid be iess reactive than cation 8 towards protonation at the C-6-
C-7 doubie bond.

It should be noticed that 3-acetylvindoline lc in the same conditions, even in the presence of
nucleophiles (chloride ion or benzene), is completely unreactive, protonation of nitrogen atom N-9 and

the three esters groups deactivating completely the C-6-C-7 double bond towards electrophilic reagents.

I Reaction of 20-fluoro derivatives of vindoline in HF-SbFs

We have reported recently that vindoline la reacts with NBS, NCS and H;O; in HF-SbF;s to
yield 7B-substituted (Br, Cl or OH)-20-fluoro-6,7-dihydrovindolines, the (205)-fluoro derivatives being
the major products’.

Hydrogenolysis of compounds 10a (20R or 20S5) gave the corresponding debromo analog 10b

(20R or 20S)

Deacetyl derivatives 10¢ (20R or 20S5) were prepared by treating ester 10b with Na,CO; in
methanol. Finally 3-acetylvindoline 1d was obtained from the reaction of vindoline la with acetic
anhuderida nuridina far 2 dave
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Scheme 5
Compounds (20R)-10b-d are completely unreactive, whereas the diastereoisomeric compounds
(205)-10b-d yield rearranged products, 4 (92%), S (60%) and 11 (58%), respectively.

a-Structure determination of compound 11

Structure of lactone 11 was unambiguously established by NMR experiments and HRMS shows
that the molecular weight (M"™ = 484) is compatible with formula CsH3,N,0-, and exhibits ions at m/z
188, 297 and 310 expected for such a structure®.

In 'H NMR disappearance of the methyl group of ester at C-3, and chemical shifts and signal of
CH;-21 at 1,39 ppm (3H, d, J = 6.7 Hz) and of hydrogen H-20 at 4.1 ppm (1H, q, J = 6.7 Hz) are in
agreement with the postulated structure which has been confirmed by COSY C-H and COSY H-H.

Finally, absolute configuration R at C-20 was established by NOE experiment, signals revealing
positive NOE's between H-20 and H-19 and between CH;-21 and H-4.

b-Reaction mechanism
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Our resuits show thati the reactivity of compounds i0b-d is dramatically dependeni on the
configuration R or 3 at C-20.

In the 208§ series, examination of the conformations of the fluoroethyl group shows that two
rotamers I and II might a priori be involved in the fluoride elimination, considering that the resulting
incipient vacant orbital at C-20 should be parallel to the migrating carbon hydrogen bond C6-Ha.
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Loss of fluoride ion from the rotamer I, wouid give ion III which might in a non-concerted
process be followed by the 1,3-hydride shift from C-6 to C-20 concerted with the participation of the
hydroxyl group at C-3 to give compounds 4 and 5. Formation of a free carbenium ion at C-6 must be
ruled out, its intervention conducting besides compounds 4 and § either to the rearranged products 2
and 3 or to compounds la or 1b by deprotonation (vide supra).
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Intervening of rotamer [II is not operative. Loss of fluoride from this eclipsed conformation II
would be concerted with the 1,3-hydride shift from C-6 to C-20 and participation of the hydroxyl group
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This concerted process can be ruled out since the corresponding conformation II' in the
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unreaciive 20R series being a forfiori more favorable than II for steric reasons bei 1g not operative

Consequently the involvement of conformation I weil accounts for the formation of the compounds 4
and 5 as indicated. Involvement of conformation 1 also explains why, in the 20R series the corresponding

conformation I' less stable than I (the methyl group interacting with the aromatic system) is not
operative.
Furthermore the postulated mechanism implies that 208 fluoro derivatives 10b and 10c¢ are

probably in equilibrium with the corresponding carbenium ions ITI.

2) formation of lactone 11
As a result of acylation of compounds (20R or 20S) 10b to give 10d, the C-ring undergoes a
conformational inversion from a boat to a chair conformation necessary to create the lactonic ring.
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Examination of the Dreiding models shows that involvement of conformation I through a
concerted mechanism perfectly accounts for the formation of the lactonic ring, with inversion of
configuration at C-20.
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M 11
The postulated mechanism also accounts for the fact that (20R)-10d is not modified,
conformations I' and II' being unreactive (vide supra).
it shouid be noticed that analogous lactonic systems have been prepared previously by reaction
of cathovalinine with NaBH;CN®, and by acid treatment of echitovenine*’.
To conclude our results confirm the interest of superacids in organic chemistry, leading to novel
reactions which are not observed in conventional acids.

Acknowledgment. C. L., M.P. J, J.C. J, thank CNRS and "La Ligue contre le Cancer" (Comité de
Charente Maritime) for financial support
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1 Reaction of deacetylvindoline 1b with NaCl in HF/SbFs

To a mixture of SbFs (0.12 mol) and HF (1.35 mol) at 0°C were added deacetylvindoline 1b
(1.89 mmol - 822 mg) and sodium chioride (2.84 mmol - 166 mg). The reaction mixture was stirred at
0°C for 30 minutes. The reaction mixture was neutralized with water/ice (500mL) and sodium carbonate
(1.4 mol - 150 g). The reaction mixture was worked-up by the usual manner and products were isolated
by column chromatography over SiO,.
-eluent: MeOH/AcOEt; (2.5/97.5; v/v) : compound 2 (129 mg, 15.6%), compound 3 (128 mg, 15.6%)
and unreacted deacetylvindoline 1b (79 mg, 9.6%).
-eluent: MeOH/CHCl;; (20/80; v/v) : compound 5 (157 mg, 18.6%).

compound 2:
'"H NMR (300MHz, CDCL): 1.28 (d, 3H, J=6.4 Hz, Hy), 1.64 (m, 1H, H;), 1.74 (m, 1H, H), 2.00 (m,

1H, Hq, 1H, Hy), 2.31 (m, 2H, Hy), 2.39 (m, 1H, Hiv), 2.49 (m, 1H, Hs), 2.62 (s, 3H, Hz;), 3.01 (d, 1H,

J=10.3 Hz, Hy), 3.23 (m, 2H, Hy,), 3.74 (s, 1H, H,), 3.77 (s, 3H, Hys), 3.85 (d, 1H, J=6.4 Hz, Hyy), 3.86
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(s, 3H, Ha), 4.63 (d, 1H, J=10.8 Hz, Ha), 6.04 (s, 1H, Hy7), 6.30 (d, 1H, J=8.1 Hz, Hjs), 6.88 (d, 1H,

J=8.1 Hz, Hy).

C NMR (75 MHz, CDCls): 14.6 (s, C21), 22.6 (s, C7), 36.6 (s, Cs), 38.1 (s, C12), 39.0 (s, Co), 43.1 (s,
Ci1), 49.5 (s, Cs), 52.4 (s, Cz4), 52.6 (s, C10), 53.9 (5, C12), 55.4 (s, C35), 70.2 (s, C19), 75.1 (s, Cy), 76.3
(s, C3), 76.9 (s, Ca), 83.8 (s, C2), 95.5 (5, C17), 104.1 (s, Cy5), 123.0 (s, C1a), 125.3 (s, C13), 154.4 (s,
Cis), 161.0 (s, Ci¢), 172.9 (s, Cn).

MS (70 eV); m/z (%): 414 (M™, 97), 326 (100), 240 (98), 188 (97), 174 (87).

HRMS: C53H30N,Os calculated: 414.21520, found: 414.21547

compound 3:
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H7j, 2.02 (
2 d, 1H, J=11.0 Hz, Hs), 3.24 (m, 1 10), 3.73 (s, 1H, Hy), 3.78 (s,
Hs), 3.86 (s, 3H, Hay), 4.06 (d, 1H, J=6.5 Hz, Hy), 4.78 (d, 1H, ]=10.7 Hz, Hy), 6.07 (d, 1H, J=2.1
Hyy), 6.32 (dd, 1H, J=8.1; 2.1 Hz, Hys), 6.89 (d, 1H, J=8.1 Hz, Hy,).

3C NMR (75 MHz, CDCL): 18.6 (s, C1), 28.1 (s, C5), 33.8 (s, Cs), 38.3 (s, C2), 41.2 (s, C), 43.2 (s,
C11), 49.5 (s, Cs), 52.3 (s, Ca4), 52.5 (s, C10), 53.8 (s, C12), 55.3 (s, Cas), 69.7 (s, C1o), 73.7 (s, C4), 77.1
(s, Cs), 79.5 (s, Cao), 84.0 (s, C2), 95.6 (s, Ci7), 104.1 (s, Cis), 123.0 (s, Ci4), 125.1 (s, Cy3), 154.4 (s,
Cis), 160.9 (s, Cis), 172.9 (s, C).

MS (70 eV); m/z (%): 414 (M™, 74), 326 (93), 240 (99), 188 (100), 174 (78).

HRMS: C;3H3N,Os calculated: 414.21630, found: 414.21547
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action of compound (208)-10b in HF/SbE s

To a mixture of SbF; (0.138 mol) and HF (0.15 mol) at -12°C were added compound (205)-10b
(0.21 mmol - 100 mg).The reaction mixture was stirred at -12°C for 50 minutes. The reaction mixture
was neutralized with water/ice (200mL) and sodium carbonate (1.4 mol - 150 g). The reaction mixture
was worked-up by the usual manner and product 4 was isolated (88 mg, 92%).

compound 4:

'H NMR (300MHz, C,DsCO): 0.82 (t, 3H, J=7.4 Hz, Hy,), 1.37 (g, 1H, J=7.4 Hz, Ha), 1.60 (q, 1H,
J=7.4 Hz, Ha), 1.75 (m, 1H, Hg), 1.82 (m, 2H, Hy), 1.92 (s, 3H, Hyy), 2.40 (td, 1H, J=12.6; 7.4 Hz, Hy),
2.52 (m, 1H, Hy)), 2.72 (m, 1H, Hyy), 2.78 (s, 3H, H,), 2.91 (m, 1H, Hy,), 3.04 (m, 1H, H,p), 3.55 (s,
1H, Hy), 3.66 (s, 1H, Hyg), 3.73 (s, 3H, Has, 3H, Hys), 3.95 (m, 1H, Hy), 5.35 (s, 1H, Hy), 6.01 (d, 1H,
J=2.3 Hz, Hy7), 6.22 (dd, 1H, J=8.1; 2.3 Hz, Hys), 7.01 (d, 1H, J=8.1 Hz, H,4).
BC NMR (75 MHz, C;D6CO): 9.3 (s, Cz1), 20.7 (s, Ca7), 22.8 (s, Ca), 25.5 (s, C7), 36.0 (s, C12), 42.0
(s, C11), 47.0 (s, Cs), 47.3 (s, Cs), 51.6 (s, C12), 52.0 (s, Cas), 54.6 (s, Cig), 55.2 (s, Cas), 67.6 (s, Cyo),
75.6 (s, Cs), 77.9 (s, Ce), 85.6 (s, C2), 88.6 (s, C3), 95.0 (s, C17), 103.5 (s, Cis), 121.7 (s, C1a), 131.6 (5,
Cu3), 1516 (s, Cis), 161.7 (s, Cyg), 169.0 (s, Cs5), 170.1 (s, Cy3).
MS (70 eV)' m/z (%): 456 (M™, 37), 397 (57), 297 (100), 188 (97).

IMS: C,:H:,N,O; calculated: 456.230500, found: 456.226037
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3 Reaction of compound (205)-10c¢ in HF/SbFs

To a mixture of SbFs (0.02 mol) and HF (0.225 mol) at -12°C were added compound (205)-10¢
(2.1 mmol - 91 mg).The reaction mixture was stirred at -12°C for 50 minutes. The reaction mixture was
neutralized with water/ice (200mL) and sodium carbonate (1.4 mol - 150 g). The reaction mixture was
worked-up by the usual manner and product was isolated: compound § (51 mg, 59%).

compound 5:
'H NMR (300MHz, CDCL): 0.89 (t, 3H, J=7.4 Hz, Hy), 1.37 (q, 1H, J=7.4 Hz, Hy), 1.60 (q, 1H,
J=7.4 Hz, Hy), 1.80 (m, 2H, Hy), 1.87 (m, 1H, Hy), 2.30 (td, 1H, J=12.9; 7.3 Hz, H;s), 2.63 (m, 1H,
Hn), 2.73 (m, 1H, Hy1), 2.83 (s, 3H, Hy), 2.99 (m, 1H, Hy), 3.13 (m, 1H, Hy,), 3.57 (s, 1H, H,), 3.70
(s, 1H, Hio), 3.78 (s, 3H, Has), 3.90 (s, 3H, Hz), 3.98 (m, 1H, H.); 4.22 (m, 1H, Hg), 6.02 (d, 1H, J=2.3
Hz, Hy7), 6.27 (dd, 1H, J=8.1; 2.3 Hz, Hs), 6.93 (d, 1H, J=8.1 Hz, Hy).
C NMR (75 MHz, CDCL): 8.8 (s, C21), 22.1 (5, Cx), 24.4 (s, C3), 37.1 (s, C2), 41.4 (s, C11), 46.3 (s,
Cs), 46.5 (s, Cs), 50.4 (s, Cy3), 52.4 (s, C24), 53.9 (s, Cr0), 55.4 (s, C35), 67.1 (s, Cio), 73.4 (s, Cy), 77.6
(s, Cs), 84.4 (s, C;), 88.7 (s, C3), 95.4 (s, C17), 103.5 (s, Cys), 121.1 (s, C1a), 131.2 (s, Cy3), 150.9 (s,
Cys), 160.7 (s, Ci6), 171.8 (s, C23).
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(100).
HRMS: C23H30N,0s calculated: 414.21650, found: 414.21547
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4 Hydrolysis of compounds { 20R or 205)-10b
To a solution of (20R)-20-fluoro-6,7-dihydrovindoline 10b (0.05 mmol - 26 mg) in methanol (5

mL), was added the solution of potassium carbonate (5 ml) The mixture was stirred at room
temperature for 3 days. The reaction mixture was worked-up by the usual manner and the product
(20R)-10c (12 mg, 51%) was isolated by column chromatography over SiO; (eluent: MeOH/CH,Cl;;
0.5/99.5; v/v).

1H, J=97 Hz, Higy), 3 1-- J=12.0 Hz, Hg,), 3.75 (s, 1H, Hy), 3.77 (s, 3H, Hy;), 3.86 (s, 31
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Has), 4.30 (qd, J=6.5; 50.9 Hz, 1H, Hay), 4.79 (d, 1H, J=7.6 Hz, Hy), 6.08 (d, 1H, J=2.1 Hz, H;7), 6.32
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L iNLVIIG \I.J J.VulL, \/U\/l}}. P7.> \U, JTLT L ' \/2]}, Ll T \D, \/7}, Lad T \U, JT7 114, \/6), 20.1 \D, \/22},
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45418, Uyy), 450, J72V Z, Usj, J&. 1 (8, L), 54.0 (S, L}, 54.0 (8, Liz), 72.4 (8, Lg), I0.9 {5, Uzs),

71.5 (s, Cio, Cs), 79.3 (s, Cs), 83.3 (s, Cy), 94.7 (d, =169 Hz, Ca), 96.2 (s, C17), 105.0 (s, C1s), 123.4

(s, Ci4), 1253 (s, Ci3), 154.4 (s, Cys), 161.2 (s, Cis), 173.6 (s, Cxa).

MS (70 eV); m/z (%): 434 (M, 8), 316 (28), 260 (39), 142 (97), 86 (100).
HRMS: C,3H3N,OsF calculated: 434.2224, found: 434.2217007

rom (205)-20-fluoro-6,7-dihydrovindoline_10b (0.2 mmol -129 mg), compound (205)-10¢ (76 mg,

X

65%) was obtained.

H NMR (300MHZ, LDLI;) 1.18 (dd 3H, J=6.8; 24.0 Hz, l-l21) 1.74 (m, 2H, Hv) 2.10 (m, 1H, Hjo.x),
2.31 (m, 2H, Hs, 2H, Hyy), 2.40 (q, 1H, J=8.9 Hz, Hs.y), 2.61 (s, 1H, Hys), 2.64 (s, 3H, Hyy), 3.07 (d,
1H, J=10.8 Hz, Hioey), 3.23 (m, 1H, Haeg), 3.72 (s, 1H, Hy), 3.78 (s, 3H, Hys), 3.80 (m, 1H, Hy), 3.87
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(s, 3H, Hay), 3.99 (d, 1H, J=7.5 Hz, H,), 6.06 (d, 1H, J=2.1 Hz, H), 6.34 (dd, 1H, J=2.1; 8.2 Hz, H,s),
6.95 (d, J=8.2 Hz, 1H, Hya).
C NMR (75 MHz CDCl): 14.2 (d, J=23 Hz, Cy1), 21.9 (s, Cs), 22.9 (s, Cy), 38.7 (s, Cx), 44.3 (d,

J=14 Hz, Cs), 44.6 (s, C11), 51.4 (s, Cyo), 52.3 (s, Cs), 52.6 (s, Cas, C12), 55.4 (s, Czs), 68.5 (d, J=6 Hz,
Ci9), 69.0 (d, J=4 Hz, Cy), 79.5 (s, C3), 83.9 (s, C2), 92.2 (d, J=176 Hz, Cz), 96.2 (s, C17), 104.7 (s,
Cis), 123.8 (s, C1a), 125.9 (s, C13), 153.7 (s, Cis), 161.0 (s, Ci5), 173.8 (s, Cas).

MS (70 eV); m/z (%): 434 (M, 16), 316 (35), 260 (56), 142 (100).

HRMS: Cy3H3;N,O5F calculated: 434.2219, found: 434.2217007

5 Acetylation of compounds (20R or 205)-10b
To a solution of (20R) 20-fluoro-6,7-dihydrovindoline 10b (0.26 mmol - 126 mg) in pyridine
(0.5 mL), was added the solution of acetic anhydride (4.2 mmol - 0.5 mL). The mixture was stirred at

room temperature for 3 davs. After evaporation of pyridine and aceti

i

hromatography over SiO,

C
A_20-fh -6 7 A "“r e wvindalin
1m&V (¥}

1N 78}
LIUUILUTU, "uul] A7V RAK

worked-up by the usual manner and product was 1solat d by co
nt: AcQOFEt/netroleum ether/MeQH: 45/45/0 3 u/v\ (20, ‘) -a

NSAu TAVANAS A Ry LTSI Y \ i

o

I
Cae  $=
e

—h

C

15
'H NMR (300MHz, CDCL): 0.59 (dd, 3H, J=6.6, 25.2 Hz, Hz), 1.23 (m, 2H, Hg), 1.56 (m, 2H, Hy),
1.86 (dt, 1H, J=2.6; 10.6 Hz, Hipw), 1.99 (5, 3H, Hyy), 2.07 (s, 3H, Ha), 2.23 (m, 2H, Hy)), 2.33 (m,
1H, Hs.y), 2.60 (s, 1H, His, 3H, Hy), 2.98 (d, 1H, J=9.6 Hz, Hu), 3.14 (m, 1H, Hs.), 3.62 (s, 1H,
H,), 3.77 (s, 3H, Hay), 3.78 (s, 3H, Hys), 4.86 (qd, 1H, J=6.6; 42.0 Hz, Hy), 6.07 (d, 1H, }=2.2 Hz,
H,7), 6.30 (s, 1H, Hy), 6.34 (dd, 1H, J=2.2; 8.2 Hz, H;5), 6.96 (d, J=8.2 Hz, 1H, H,,).

C NMR (75 MHz, CDCL): 15.7 (d, J=23 Hz, Cz), 20.8 (s, Cy), 21.2 (s, Cz7), 22.8 (s, C), 24.6 (d,
J=8 Hz, Cs), 38.0 (s, C2), 43.1 (s, Cn), 45.0 (d, J=19 Hz, Cs), 52.4 (s, C1o, Cas), 52.6 (s, C12), 54.8 (s,
Cs), 55.4 (s, Css), 70.7 (d, J=8 Hz, Cyo), 73.7 (d, J=7 Hz, Cy), 79.7 (s, C5), 81.7 (s, C3), 93.7 (d, J=170
Hz, Cy), 96.6 (s, Cy7), 105.6 (s, Cis), 123.4 (s, Cu), 128.8 (s, C13), 153.3 (s, Cis), 160.9 (s, Ci¢), 168.5
(s, Cas), 168.7 (s, Cz6), 170.2 (s, C3).
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6,7-dihydrovi

'H NMR (300MHz, CDCls): 1.23 (dd, 3H, J=6.2; 25.8 Hz, Hy;), 1.33 (m, 1H, Hg), 1.43 (m, 1H, He),
1.57 (m, 1H, Hy), 1.67 (m, 1H, Hy), 1.87 (dt, 1H, J=3.3; 10.9 Hz, Hyo.), 1.99 (s, 3H, Hy7), 2.07 (s, 3H,
Hy), 2.29 (m, 2H, Hyy), 2.36 (m, 1H, Hsu), 2.61 (s, 1H, Hys, 3H, Hy), 2.99 (d, 1H, J=9.9 Hz, Hioy),
3.15 (m, 1H, Haeg), 3.65 (s, 1H, Hy), 3.77 (s, 3H, Has, 3H, Hys), 4.47 (qd, 1H, J=6 2; 467 Hz, Hy),
5.74 (s, 1H, Hy), 6.09 (d, 1H, J=2.2 Hz, H;»), 6.38 (dd, 1H, J=2.2; 8.2 Hz, Hs), 0.02 (d, 1H, J=8.2 Hz,
Hua).

“C NMR (75 MHz, CDCL): 14.7 (d, J=23 Hz, Cy), 20.7 (s, Cy), 2

1
38.2 (s, Cz), 43.8 (d, J=26 Hz, Cs), 43.9 (s, C11), 52.0 (s, (*0), 52
25), 69.0 (d, =6 Hz, Cy5), 71.6 (d, J=5 Hz, Cy), 80.1

Q IiZ, Y19 AR L Ly N4, .1

(s
\

£

( C ) 1052(8 C}s) 1238 (S C14 Cn) 152.8 (S, Cls), 160.
1
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MS (70 eV);, m/z (%): 518 (M, 27), 344 (14), 316 (54), 296 (37), 188 (76), 174 (62), 142 (100).

EXTIR AC, | P ) 10 "NAY

HRMS: C57H3isN,O0F calculated: 518.2434, found: 518.242530
6 Reaction of compound (205)-10d in HF/SbFs
To a mixture of SbFs (0.041 mol) and HF (0.45 mol) at -12°C were added (205)-3-acetyl-20-
fluoro-6,7-dihydrovindoline 10d (145 mmol - 75 mg).The reaction mixture was stirred at -12°C for 80
minutes. The reaction mixture was neutralized with water/ice (200mL) and sodium carbonate (1.4 mol -
150 g). The reaction mixture was worked-up by the usual manner and product was isolated by column
chromatography over SiO; (eluent: MeOH/CHCls; 0.3/99.7; v/v): compound 11 (37 mg, 58%).
compound 11:
'H NMR (300MHz, CDChL): 1.39 (d, 3H, J=6.7 Hz, Hy), 1.19 (m, 1H, H5), 1.62 (m, 2H, Hg), 1.70 (m,
2H, H;1), 1.82 (d, 1H, J=14.2 Hz, Hy), 2.07 (s, 3H, Hy7), 2.08 (m, 1H, Hyp), 2.19 (s, 3H, Hy), 2.21 (m,
1H, Hg), 2.52 (s, 1H, Hys), 3.02 (m, 1H, Hs), 3.07 (s, 3H, Hy), 3.11 (m, 1H, Hyo), 3.73 (s, 3H, Hays),
3.96 (s, 1H, Hy), 4.10 (q, 1H, J=6.7 Hz, Hy), 5.86 (d, 1H, J=2.2 Hz, H};), 6.10 (dd, 1H, J=8.0; 2.2 Hz,
His), 6.15 (s, 1H, Hy), 6.80 (d, 1H, J=8.0 Hz, Hys).
BC NMR (75 MHz, CDCL): 17.5 (s, C21), 21.2 (s, Cz7, Ca9), 22.7 (s, Cs), 31.2 (s, C7), 33.1 (s, C),
41.4 (s, Cs), 45.1 (s, C11), 51.2 (s, Cio), 53.0 (s, Cs, C12), 55.1 (s, Cys), 69.8 (s, Cy), 72.2 (s, C!:,)s 75.6
(s, C2), 80.7 (s, C3), 83.1 (s, Cy), 93.0 (s, Cy7), 100.9 (s, Cy5), 119.7 (s, C14), 128.3 (s, Cy3), 150.1 (s,

¥ Wil 2 2SS 157 —=% ~

p—

C|g), 160.7 (S, Cm), 165.8 (S, CB), 169.1 (S Czs) 170.3 (S Czﬁ).
MEC (70 aV) m/7 (04} A4 (M™ 40) 110 (218) 207 {37 1RR (100) 174 (A1) 140 (44)
FA S ¥ \IU DV}’ MV L \/U} TOUTY \LV.I » "/}', ~ A \JUI, A 7 \Jll, 100 \IU\J}, F S A 2 \'Tl}, 17TV \"'T}.
LIDRMMC. M LY AN M ~anlacdadad. 404 DID10D Farrnd- AQ0A IINOKLEL1Q
FINIVIS ] U26013210N207 CAICUIALSN. 40%.241 7, TOUNG 404.44VU7 510
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