Chemistry and Materials Research www.iiste.org
ISSN 22243224 (Print) ISSN 2225956 (Online) Ly
Vol 2, No.7, 2012 ns'

Synthesis and chemical shifts of five new rotenoids.

Aimé-Jhustelin ABOGO MEBALE; Alain MAGGIANI,? Jean Aubin ONDG,
Richard MENYE BIYOGO, André SAMAT?
!Laboratoire Pluridisciplinaire des Sciences (LAPI)JUScole Normale Supérieure
BP 17009 Libreville, Gabon.
“CINaM, CNRS UMR 7325, Aix-Marseille Université
Faculté des Sciences de Luminy, 163 Avenue de Lyndiase 901
F-13288 Marseille Cedex 9 France.

" E-mail of the corresponding author: abogo.mebale@y.fr
Abstract
Five new rotenoids are prepared using the synthapigroach developed by Pastine and Sames with some
modifications. The *H and *C NMR resonances were assigned completely withaiceyt using a concerted
application of one- and two-dimensional experimébBSPT; gs-COSY, gs-HMQC and gs-HMBC).
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1. Introduction

Rotenoids are rotenone derivative compounds (LaférdHaller, 1932;Crombie, 1963). Many natural ratieis are
extracted from the tropical plants of thabacae family like Derris dliptica (Ahmad-Junan e&l, 1992),Derris
trifoliate (Ito etal, 2004),Indigofera tinctoria (Kamal etal, 1993)...etc.

Rotenoids have been extensively studied since nummades for their pharmacological properties: isee
(Burgos & Redfearn, 1965), antifeedant (Nawrotakt 1989), antiviral (Takatsuki edl, 1969) or anticancer
(Undeani etl, 1997).

Many synthetic routes leading to rotenoids are rilesd in the literature (Ahmad-Junan &t 1992; Amos &
Whiting, 1987). This paper reports firstly syntteegiven best yields and based on two key cyclipati®astine &
Sames, 2003) and, secondly, the NMR chemical sfittsand™*C ) obtained from one- and gradient-selected two-
dimensional NMR techniques for five rotenoids (Feya).

2. Results and discussion

2.1 Synthesis
The synthesis of rotenoidia-e (Table 1 for the nature of substituents) starteth whe preparation of the two
propargylic etherd needed for the synthesis of the compowade (Figure 2). Treatment of

compoundsl with n-BuLi in anhydrous THF, followed by reaction witlroveniently substituted aldehydes, gave
the expected acetylenic alco@kse with a very good yield (92-95%).

The oxidation of compounda-e into the acetylenic ketoriga-e according to the experimental procedure proposed
by Pastine and Sames [12] was not very efficiemdteéd, when Mn@is used as oxidative agent, the reaction failed
or a very low yield was observed. The ket@aee were obtained with a moderate yield (50-66%) u€in@; with a
catalytic amount of 580, in dry DMF at 20°C (Snatzke, 1961).

The platinum-catalysed 6-endo hydroarylation of gheducts3a-e was realized using PtCas catalyst (5 mol%) in

anhydrous toluene and gave the compoutads with 35 to 56% vyield. In this reaction, when Bt@l used instead
of PtCl,, a lower yield is observed (28-35%).
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Compoundsta-e were converted to the ketongs-e in variable yields by demethylation with bororchiioride in
anhydrous CHKCl, at -78°C. This reaction is not very efficient fbe compounds including a second methoxy group
(5a and5b). For the compoundsc, 5d and5e a good yield is observed (78-83%).

Finally, rotenoids6a-e were obtained with a good yield (66-80%) via alisgtion reaction realised through an oxo-
Michael addition in mild basic conditions.

2.2 NMR assignments

The °C and*H chemical shifts for compoundia-e are presented in Tables 2 and 3 respectively, sehetted
proton-proton coupling constants in Table 4.

The'H and*C chemical shifts of these compounds were detemhine straightforward manner using chemical
shift considerations and concerted application BPD-135, COSY, HMQC and HMBC experiments.

The total assignments for all compounds have beatized. However, for the compour@, the distinction
between H-7 and H-9 has not been possible. The icaéshift of H-4 is deshielded when C-2/C-3 antielais
introduced. For the compoud, H-17 is strongly deshielded in comparison todbmpounds$d and6e.

The C-7 was assigned with the DEPT-135 sequenceexpscted it can be seen that the presence of laoryet
group in the 3-position leads to the deshieldin@f Ga and6b compared t@c, 6d and6e). The chemical shift of
C-11 is dependant of the type of substitution anstiongly shielded when a C-12/C-13 annelationtisduced.

3. Experimental section

3.1 General

Tetrahydrofuran and diethyl ether were distilledl@margon over sodium in the presence of benzopteerdexane
was distilled over sodium. Dichloromethane wasiltist in the presence of di-Phosphorous pentoxie®d).
Products were purified by chromatography on sitiehusing hexane and ether as eluent. All new comg® gave
satisfactory elemental analysis (C, H, O).

The reactions were monitored by thin-layer chromgegphy on aluminium plates precoated with Merckaigel 60
F254 (0.25 mm). Column chromatography (CC) wasqueréd on silica gel 60 (230 - 400 mesh). The new
compounds were determined to be >95% puréHyNMR spectroscopy and gas chromatography (GC).sMas
spectrometer coupling with GC were made with a BP35apparatus with HP-5 5% Phenylmethylsiloxan rmolu
using helium as a vector gas. Elemental analysi®wade by “Spectropole” (Aix-Marseille 11l Unigity-France).
Melting points (Mp in °C) were measured with Elettrermal 1A 9100.

3.2 NMR spectra

Experiments were performed in 5 mm tubes on a Bréi@-250 spectrometert: 250 MHz; **C: 63 MHz) in
CDCl; and acetone-D6 solutions (concentration was 10niig) at 300 K and tetramethylsilane (TMS) was used as
an internal standard. Proton coupling constant vesteacted from the resolution-enhancktl spectrum using
Gaussian multiplication technique Ferrige & Lindd®78). Resonance multiplicities f&iC were established via
the acquisition of DEPT spectra (Doddrellakt 1982). For the DEPT sequence, the width 51CGa90°C pulse was
7us, that of aH 90°C pulse was & and the ZJ)*delay was set at 3.4 ms. For two-dimensional erpamts an
inverse probehead incorporating a shielded Z-gradi@s used. The gradients were amplified by a 8r8SMS
GAB gradient amplifier BD.

gs-COSY spectra were obtained using a pulse segueasyllgs in the operating Bruker software) windtudes
a 1:1 gradient combination (Hurd, 1990). The sp¢etidths were 10 ppm and the spectra were colleae2K x
256 blocks of data. Zero filling was appliedrnin order to have a symmetrical matrix of 512 x 542 data points,
which was processed in each by unshifted sinuseitdalows.

The gs-HMQC spectra (inv4gs in the Bruker softwaesulted from a 1024 x 1024 data matrix size WiBh32
scans pet; depending on the sample concentration, an intesepdelay of 3.2 ms and a 5:3:4 gradient combinatio
(Hurd & John, 1991). gs-HMBC spectra were acquiarsimg a pulse sequence optimized?dror 3J couplings
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(inter-pulse delay for the evolution of long rargriplings: 65 ms) and the same gradient ratio asrited above
for HMQC experiments (Wilker etl, 1993).

3.3 Experimental protocols
When not described, the experimental procedurethésynthesis of different intermediates are thaeseribed by
Pastine and Sames (Pastine & Sames, 2003).

Ketones3a-e

Cr0Os; (5.04 mmol, 0.48 g) was slowly added to a solutibacetylenic alcohol (2.52 mmol) in 15 mL of dF.
Then 5 drops of concentrated3$0, was added to the mixture. After stirring at ro@mperature for 40 min., water
(20 mL) and E£O (30 mL) was added and the aqueous phase wastextiaith EtO. The combined organic layers
was washed with satured solution of NaCl, dried §@g and concentrated under reduce pressure. Thaieegids
purified by CC (85% n-hexane and 15%@xt

Demethylated ketonésa-e

A 1M solution of BC} (1.2 mmol) was slowly added, under argon at -7&8Q solution of compoundt-e (1.01
mmol) in 25 mL of dry CHCI,. After stirring for 1h, the mixture was quencheithvsatured solution of NI (15
mL), extracted with AcOEt and the combined orgdayers dried (MgS¢) and concentrated under reduce pressure.
The residue was purified by CC (90%nhexane and 10% D).

Rotenoida-e

A solution of demethylated ketonBa-e (0.3 mmol) in 10 mL of ethanol was satured withgssium acetate. The
mixture was heated under reflux for 1h. After cogliat room temperature AcOEt (20 mL) angDH10 mL) was
added. The aqueous layer was extracted with AcO&tlae combined organic layers washed with satsodation
of NaCl, dried (MgS@ and concentrated under reduce pressure. Theugesids purified by CCnthexan/E4O
using different percentage).

Rotenoid 6a:

Yellow oil. Yield 66%. Elemental analysis (%): Calated (C: 72.33, H: 5.00, O: 22.67) ; Found (C362H: 4.98,
0: 22.66).

Rotenoid 6b:

Yellow solid. Mp 179.2. Yield 80%. Elemental anasy$%): Calculated (C: 75.89, H: 4.85, O: 19.260uRd (C:
75.91, H: 4.82, O: 19.27).

Rotenoid 6c:

White solid. Mp 155.7. Yield 76%. Elemental anaty§lo): Calculated (C: 81.80, H: 4.58, O: 13.62puiRrd (C:
81.77, H: 4.63, O: 13.6).

Rotenoid 6d:

White solid. Mp 209.3. Yield 68%. Elemental anady§¥o): Calculated (C: 79.46, H: 4.67, O: 15.88)uka (C:
79.43, H: 4.68, O: 15.89).

Rotenoid 6e:

Grey solid. Mp 238.4. Yield 71%. Elemental analy@s): Calculated (C: 63.01, H: 3.44, O: 12.59, B@.96);
Found (C: 62.98, H: 3.47, O: 12.64).
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Figure 1. Structure of rotenoidia-e (numbers of atoms were assigned to facilitate coispa of the chemical
shifts).
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Figure 2. Synthetic pathway to the substitutednois.

Table 1. Nature of substituents for the compoumtise .

Compounds | R'| R? |R* R

a H| OMe| H | H

b H  OMe %j
s A

P vIrs
AL | A

D]
LA

e KjHBr
LA
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Table 2*C NMR chemical shifts of rotenoida-€

Atom 6a" 6b" 6c" 6d" 6e" Atom 6a" 6b"  6c" 6d" 6€"

C-1 160.3 158.8 154.8 151.3 1474 C-13 1179 1299 1305 1223 1128
C-2 102.0 103.1 1244 126.7 124.1 C-14 136.4 136.7 1342 136.7 137.6
C-3 160.5 160.2 1369 1359 1323 C-15 1189 129.2 1175 1151 1184
C-4 105.8 105.3 127.2 120.6 1194 C-16 1543 153.7 161.7 160.6 157.8
C-5 127.6 118.2 120.8 1181 118.6 C-17 521 557 1264 126.7 120.2

C-6 108.2 109.3 113.0 112.0 1054 C-18 - 1246 128.7 128.1 125.2
C-7 66.3 640 651 625 648 C-19 - 128.2 128.7 128.4 125.9
C-8 71.9 720 707 771 704 C-20 - 125.1 1259 1344 127.1
C-9 448 434 452 46.1 436 C-21 - 129.1 123.8 - -
C-10 190.4 192.7 190.9 1899 1879 C-22 - - 129.7 - -
C-11 1218 1115 1133 1226 123.1 C-23 - - 128.1 - -
C-12 129.0 131.0 1328 129.2 1284 C-24 - - 129.7 - -

'In ppm from TMS
"CDCl; as a solvent.
"Acetone-D6 as a solvent

Table 3XH NMR chemical shifts of rotenoidia-€

Atom 63" 6b|l GCII 6d|l| 66"

H-2 6.38 7.07 - - -
H-4 6.38 6.43 7.34-7.37 7.72-7.84 7.46-7.49
H-5 7.86 7.74 7.70-7.74 7.72-7.84 7.46-7.49
H-7  4.15@), 458¢)  4.34-4.40 4.39( 4.828) 4.57(1), 4.80) 4.40(1), 4.890)
H-8 4.88 5.18 5.12 5.72 5.09
H-9 3.82 4.34-4.40 4.05 457 4.12
H-12 7.09 - - 7.35-7.50 8.04
H-13 6.86-7.04 - - 7.01 -
H-14 7.09 7.72 7.52-7.60 7.35-7.50 7.25
H-15 6.86-7.04 7.07 7.34-7.37 7.01 6.83
H-17 3.65 3.72 8.21 8.20 8.19
H-18 - 9.13 7.34-7.37 7.35-7.50 7.34
H-19 - 7.59 7.34-7.37 7.35-7.50 7.71
H-20 - 7.40 7.70-7.74 8.09  7.46-7.49
H-21 - 7.87 7.70-7.74 - -
H-22 - - 8.16 - -
H-23 - - 7.34-7.37 - -
H-24 - 7.52-7.60 - -

"In ppm from TMS.
"CDCl; as a solvent.
"Acetone-D6 as a solvent.
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Table 4H-'H coupling constants (Hz) for rotenoifia-e

Coupling Pair of 6a 6b 6c 6d 6e

constant  protons

2J 7a-7B 120 - 120 - 120

% 7B-8 3.0 - 40 - 40
4-5 9.2 8.2 - - -
8-9 3.5 - 4.0 - 4.0
14-15 - 8.2 - - 78.
12-13 9.2 - - - -
20-21 - 9.0 - - -
17-18 - - 8.7 -
18-19 - 8.5 - - -

4 12-14 - - - - 25
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