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Abstract : A systematic study of oxidants used in fluoro acid medium allowed us to increase 
notably the number of @icent reagents for the non-phenolic oxidative coupling of lignan and 
alkaloid precursors. If dibetuylbutanolide had no methylenedioxyle group, Rez07 and 
Ru02.2Hz0 were the most efficient. With a methylenedioxyle group, best results were obtained 
with Tlz03, Mn(OAc)j.2Ht0 and Ce(OH)e. Finally, aporphines were obtained with good yields 
with Ce(OH)4, Ru02.2Hz0 and Fe(OH)(OAc)z. 

Activity in our group concentrated, over the last few years. towards the development of a biomimetic 
approach for the synthesis of potential antitumor and antiviral drugs. We have been interested, among active 
alkaloids and lignans, in the wide class of naturally occuring compounds which possess a biaryl linkage.2 
These can be synthesized from open-chain precursors, using selective oxidative metallic reagents.3~4*s Thus, 
Landais and Robin discovered that ruthenium (JV) dioxide dihydrate in fluoro acid medium was a powerful 
and efficient reagent for the oxidative non phenolic and phenolic coupling of lignans and alkaloids.t*6*7 
Meanwhile, ruthenium (JV) dioxide dihydrate was found to be inefficient for the coupling of some 
precursors, especially compounds which possess a methylenedioxyle substituent on the aromatic ring. 
Therefore, we undertook a systematic study of the different redox couples* (Table I) in order to prepare new 
selective and versatile reagents which could overcome these problems. 

1. Exuerbnental conditions 

Metallic trifluoroacetates were prepared in situ by combination of commercial metallic salts (oxides, 
acetates, hydroxides) with trifluomacetic acid @ka=O.3) and its anhydride, as previously reported9 CH& 
was used as the reaction solvent. Similar reactions using either CHsCN, Ccl4 or CHCls instead of CH&!ls 
were less successful.t*1o BF3-EbO was used as an electrophilic assistance agent.9**1 Finally, ultra-sonic 
assistance allowed us to reduce notably reaction times and quantities of metallic salts.’ 
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RedOX couple8 
Table I 

E’(V) 
sb203 I sb 0.15 
WIAg 0.79 
As203 I As 0.23 

Si~ISl 0.29 

CeN / cd” 1.74 

cr,42- I CF 1.99 

co”’ I co2* 1.77 

cl?+ I cu+ 0.17 

Sri’” I Sn” 0.14 

Fe” I Fe’* 0.77 

It0 Ilr 
? 

0.99 

Mn “I Mn ” 1.49 

Moo 2* I Moos 

N&l Nii 

0.49 

0.42 

PPlP?+ 2.99 

Fw; I Reo, 0.77 

Rh,O, / Rh 0.97 

TeO, I Te 0.59 

vo2+ I vo2’ 0.99 

n”/n+ 1.29 

Ru02 I Ru 0.79 

2. Amlications to the synthesis of lactonic bisbenzocwlooctadiene linnans 

The oxidative properties of the different metallic salts, listed above, in fluoro acid medium were studied 
in the oxidative coupling of dibenzylbutanolides la-b to the corresponding bisbenzocyclooctadienes 
(BBCOD) lignan lactones 2a-b (Scheme I). 

1% Rp Ii; R,‘R2’R,dtsd7s~ 0Me 
lb: R,= H; R&s OCH# Ra.R,ztRs= OMe 

2m-2b 3 4 

Dibenzylbutanolides la-b were prepared by known procedure~.~ The study of the different redox 
couples consisted fitly in carrying out reactions with the best appropriate model to oxidative biaryl 
coupling in order to eliminate metallic reagents which were not efficient for coupling (Table II). Precursor 
la was choosen because of its easy synthesis’, and also because aromatic rings are activated by methoxyles 
which favours the biaryl coupling (Table II). Difficulties encountered with some metallic oxides such as 
MoOa, Ni203, SnOz, SbzOs, Bi,Oa, As*Oa, I@ and Rh,O$H,O were probably attributable to a difficult 
attack by trifluoroacetic acid. Over five metals showed close performances with that of thallium (III) and 
eight metals were more efficient than TI’FA. Moreover, we observed with Cu(OAc),.H,O, the formation of 
an unexpected by-product 3 (Scheme I). Finally, six metallic oxides which gave no coupling reactions 
(MOO,, Ni,Oa, SnOZ, Sba03, Bi,O,, A%Oa) were eliminated. These results could be explained by the poor 
redox potential of these reagents (Table l). 
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Txbk II: Oxldxllvo ooupllr~ of lx lo 2x usIt dlffue~l oxIdanta ln lluc,ru aold madlum. 

Compwlaon with known maganta ” TlFA and RuC21H20 . 

~*qwqqO %vwww%o 
metal OXldXlll w” llny yl&(%) (WJ Iho wcw 
Ru (IV) RuO,.PH,O (2) 18h 98 - _ 

Tl (Ill) 372% (0.W 3Omn 73 (0.66) 2h 85 

Ml (III) Mn(OAc),.PH,O (1.9) 15mn 84 (2.45) 2h 90 

ce (Iv) WOH), (4.8) 3h 72 (4.8) 2h 83 

V WI “20, (4.6) 5d 87 (4.8) lld 85 
Re (VII) Re207 (1.9) 3h 98 (1.9) 4h 100 

Fe (Ill) WOH)(OA+ (3.8) 82 (3.8) 42h 48h 

co (Ill) Co,04 (9.5) : 78 (10) 58 d 
Ag (0 cF,‘+% (14) Id 86 - _ 

Cr (VI) Cfl3 (3.8) 6d 71 (4.8) 7d 74 

Rh (Ill) Rh,O$H,O (4.8) t4d 39* (4.8) 28 d 
Ir (IV) I*2 (4.8) 16d 77 (4.8) 28 d 
Pr (IV) PLlO, 1 (11.6)’ 64h 74 (11.6)’ 5d 94 

se (IV) B*2 (5) 70 

Te (IV) T&2 (10) 3 80 

(5) 12h 72 

(10) 35hb Qo 

cu (II) Cu(OAc)Z.H20 (3.8) Id 22’ (3.8) 4d 34’ 

’ yield of laolad product. b ultra-sound. ’ prnmwa of compound 3 (29%). d oq. In wrpmulon In CH&l2/ 

TFAITFAA/BF,E~OITSZQ’C. epraeno of moovered slmtlng mxtwlrl, cormoled yldd: 66%. ‘ 11.6 eq. of 

Pr02. g eq. In xuxpenslon In CH2Cla/C,F,Co,H/(C,F,Co)?O/EF,-ET~O~~~C. h prosonce of 3 (18%). 

I presenoa of 3 (32%). 1 recovaed rbrting matedal. 

Next, we decided to improve the biaryl coupling of compounds which possess a methylenedioxyle 
group. We previously reported the failure of RuOz.2HzO in the oxidation of yatein lb to isostegane 2b. 
Degradation due to the opening of b-enzodioxole ring was generally observed.’ Likewise, Cambie and 
co-workers12 obtained the formation of an orthoquinone by oxidation of 2b with ‘ITFA, showing clearly that 
overoxidation of isostegane 2b in the medium was responsible for the low yield in the oxidation of lb. We 
solved these problems by using the procedure of Cambie and co-workerst2 who successfully carried out the 
oxidative coupling of lb to 2b, using TTFA in neat TFA (Table III). In most cases (R~07, V20,, @04, 
CF3C02Ag, cro,, Rh20s.5H20, bC,, &Oti, Se02, Te02, C~(OAC)~H~O), degradation was observed. 
However, we obtained good yields with Ce(OH)4 (68%) and Mn(OAc)a.2H20 (78%). An improved yield 
(85% vs 65%12) was obtained with ‘lTFA, using a shorter reaction time (10s vs 15rn1r’~). 

Tabla Ill: Oxldatlve coupling of 1 b lo 2b using dlffaront oxldanta In Ruoro xdd modlum 

CFPY ‘V&Ox” 

metxt oxidant @4Sb time’ ylddx (%) MWd tlmo’ y WdxC%) 
TI (Ill) T’izOa (0.55) 510s (OX) 85 (0.6) lmn(O’C) 75 

Mn (Ill) Mn(OAc)r2H,0 (2.5) 510s (WC) 78 (3) 5mn(OC) 68 

@a (IV) WOH), (5) 30mn(O’C) 68 (5) 3h 82 

Fe (Ill) Fe(OH)(OAc), 00) 3hY.J 18 

’ yield of Isolated product. b eq. In TFA/BF3-E120. cresctlons at room temperature unlesr othemlsa Indlcated. 

d sq. In C,F,CO,lWBFs-Et20. 

3. Utilization of pentafluoropropionic medium 

In order to test the mildest oxidative coupling conditions, we replaced trifluoroacetic acid and its 
anhydride by the less acidic pentafluoropropionic acid (CaFsCOsH) and its anhydride ((CsFsCO)sO). 
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Pentafluoropropionic acid has never been used in this type of reaction. First, the study was carried out on the 
model la used previously (Table II). We generally noted better yields in pentafluoropropionic medium with 
longer reaction times than those obtained in trifluoroacetic medium. Meanwhile, we recovered unchanged 
starting material with Co304, BhsO3 and IrOs. These results were certainly due to a more difficult attack of 
these oxides by pentafluoroptopionic acid than by tritluoroacetic acid. Secondly, we tested the 
pentafluoropmpionic medium on model lb which possesses a methylenedioxyle group. We observed lower 
yields in pentafluoropropionic medium (Table III). 

4. Modification of renioselectivitv in absence of BF3&Q 

Cambie and co-workersl* observed that oxidative coupling of lb by TI’FA without BF3-Et30 gave 
predominantly the aryltetraline 4 l3 (Scheme I). Rationalization of these results could be made by the 
influence of BF,-Et30 on the methoxyle C-3’ and C-5’. Lewis acids activate the para-position of the 
methoxyle group by association and favours oxidative coupling of lb to BBCOD. In the absence of 
BF3-Et30, the benzylic radical is more stabilized by uncomplexed methoxyles and led preferentially to the 
aryltetraline 4. So, we investigated this reaction by using the oxidants studied above (Table IV). We 
observed lower yields in pentafluoropmpionic medium as shown above. Again, we found that D303, 
Mn(OAc),.ZH,O or Ce(OH)4 were the most efficient reagents even in the absence of BF3-Et30 (yield=046 
for Cu(OAc)2.HZ0, Fe(OH)(OAch. V205, Bh203.5H30, IrO3, PrsOtr and 003). 

Tabla Iv: OridmUv~ aoupllng of 1 b In llwm mid modlum In &wno of BFs-EbO 

oxldult (oq.) oolvOnt tlmo’ product and yttib(%) 
1 sb 

I”209 (ass) TFA 2omn (0-C) 52 3 
nzOa (1) C2F8-W 1 h30 (0%) 43 5 
Mn(OAc),.2H20 (3) TFA 20mn (0%) 50 4 

M~(OAC)~PH,O (4) C2F6C0,H 30mn 20 3 

WOW, (5) TFA 45mn 13 10 

WOH), (5) C2FP’z” 4h30 37 10 

’ mctlon~ at room temperatwo unker olhwwlse Indloatod. b yield of looMed product. 

5. Application to the svnthesis of avorthines 

The good results obtained with non-phenolic dibenzylbutanolides prompted us to extend our procedures 
to the synthesis of alkaloids which possess a biil linkage.* Within this large family, we limited our study 
to the synthesis of aporphins. The study was performed on a commercial product, the laudanosine 5, which 
was reported to give the glaucine 6r4 by oxidative coupling (Scheme II). 

Schema II 
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By comparison with uifluoroacetic medium, pentafluoropropionic medium gave systematically lower 
yields (Table V). Three metallic salts gave good results (Ce(OI-& RuOp2HzO and Fe(OI-I)(OAc)$ and 
seven metals gave middling performances. It is worth mentionning the remarkable reaction using Ir$ 
which gave predomiuantly the benxocycloheptisoquinoline 7 probably formed by a Friedel and Crafts 
reaction between laudauosine and C!I-I~Cl~ in oxidative medium (Scheme II). 

unwr0lwb nmdlum’ 

oxldanl (eq.) timec !w+ w lhd Yklk (W 

fl& (0.6) lOm(O’C) 66 xlmn 36 

Mn(OAc&.2Hz0 (3.5) lh 40 d 

Re24 (2.3) 6h30 60 2d 40 

FNOH)(OAc), (10) 3d 72 3d 10 

s-2 (5) 6Oh 46 3d 44 

WOH), (5) 6h 60 

vp, (10) 56 60 

P$O,, (12)’ ss 60 

Te02 (10) e 44 

Ru02’2H20 (4) Id 76 

CF,CO+g (20) 3d 0” 

Cro, (10) d 

Rh203.5H,0 (5) ti 0” 

b,O, (10) 2ff Oh 

102 (10) 28 (30%) 0’ 

* CH,C~,JTFA~~FAAIBF,-E~O. b CHpfi Fp$V(CrFsCC)pBF,-Et~O. ’ rrctlona et room 

tamprature unka olbuwlso Ml&ad d yield of IrolaWd product. ’ ultmeound ‘ 12 oq. of PrC, 

g dqndalkn of smrtlng material. h racovemd stmtbtg matlal. ’ fommtion of 8 (729b). 

Conclusion 

We found new efficient reagents for the non phenolic oxidative coupling of bisbenzocyclooctadiene 
lignan and aporphinic alkaloid precursors. It is possible to establish a classification for each representative 
precursor. Fit. if dibenxylbutanolide has no fragile substituant (benxodioxole ring), the reaction is possible 
with 13 oxidants. Best results were obtained with Re& and Ru02.2HzO. Oxidative couplings with PrhOtl, 
TeOz, CFsCOzAg and particularly RqO7 have not been reported before. If dibenzylbutanolide possesses a 
methylenedioxyle group, only T&03, Mn(OAc)3.2H20 and Ce(OH)4 are efficient. Finally, non phenolic 
aporphines were obtained using eight different metals; best results were obtained with Ce(OI-Q, 
Ru02.2Hz0 and Fe(OH)(OAck. We are currently using these different procedures to prepare natural 
phenolic compounds and analogs containing a biaryl bond. 

Experimental section 

Organic compounds la-b were prepared from known procedures.1 Laudanosine 6 and metallic salts 
used in this study were commercially available in very high purity. Dichloromethane was dried through a 
column of alumina and stored over 4-A molecular sieves. All glassware was dried thoroughly in a drying 
oven and cooled in a dessiccator containing Pz05 and silicagel. Ultra-sound experiments were accomplished 
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in an ultra-sonic bath equipped with a thermostatic control (T=20°C +/- 2’C) and the reaction was 
monitored by TLC. Melting points determined on a Reichert microscope am reported in “C (uncorrected). 
Infrared spectra (IR) were recorded on a ET Nicolet 5DX spectrophotometer or on a Beckman (acculab 2) 
spectrophotometer. Nuclear magnetic resonance (NMR) spectra were recorded on a Varian EM 90, on a 
Brucker 300 or on a Brucker 500 specuospin spectrometer using tetramethylsilane (Me$i) as an internal 
standard, and CDCls as the solvent unless indicated otherwise. Mass spectra were obtained on a Varian Mat 
311 spectrometer. Since the coupling reactions performed are all similar in many respects, typical reactions 
will be described as a general method. For mom details about equivalents of used oxidants, see theoretical 
part. Numbering systems used to describe NMR spectra of BBCOD 2a-b, aryltetralin 4, glaucine 6 and 
isoquinoline 7 are explained in Scheme I and Scheme II. 

General coupling procedure for the preparation of (+/-)-Neoisostegane 2a (method A). To a stirred 
suspension of R%O, (0.178 g; 0.37 mmol) in CH#ZI, (10 ml), TFA (1 ml) [or C2F&02H (0.7 ml)] and 
TFAA (0.7 ml) [or (C,FsCO),O) (0.4 ml)], a solution of la (0.08 g; 0.19 mmol) in CH$!l2 (4 ml) was added 
at O’C under nitrogen, followed immediately by BFs-EbO (0.05 ml, 0.38 mmol). The mixture was stirred at 
room temperature (3h in TFA; 4h in QFsC02H) and was treated with saturated NaHCOs. The organic layer 
was decanted and the aqueous layer was extracted several times with CH,Cl,. The combined extracts were 
washed with brine and dried over MgS04. Evaporation of the solvent under vacuum gave an oil which was 
chromatographed on silica gel (C,H,,-EtOAc 8:2). Crystallization fmm ether gave 2a (TFA: 78 mg; 98%. 
CzF&O@ 80 mg; 100%) as a white solid. Compound was found to be identical (mp, IR, ‘H NMR) to the 
material reported in the literature: mp 183-184°C [lit.’ mp 183-185’C (CH,Cl,E~O)]; IR (CHCls) 1770 
(C=O), 1600 (C=C) cnrl; ‘H NMR 8 1.7-3.25 (m, 6H, aliphatic protons), 3.75 (m, lH, H-13), 3.8-4.04 (5s, 
15H, 5 OCH,), 4.38 (m, lH, H-13), 6.50 (s, lH, H-l), 6.70 (s, lH, H-4), 6.72 (s, IH, H-12). 

Reaction of la with Cu(OAc)&O/TFA/TFAA/BFs-EhO. To a stirred suspension of 0.183 g (0.92 
mmol) of Cu(OAc)~HzO in CH$& (7 ml). TFA (1.8 ml). TFAA (0.3 ml). a solution of O.lg (0.24 mmol) of 
la in CH& (2 ml) was added at O’C under nitrogen, followed immediately by BFs-Et20 (0.06 ml; 0.48 
mmol). The mixture was stirred at room temperature for 24 h. The work-up was carried out as before to give 
22mg (22%) of 2a and 34mg (29%) of 3 as white needles which was recrystallized from ether: mp 
146-148’C, IR (CHCI,) 1763 (C=O), 1670 (C=O), 1600 (C=C) cm-‘; ‘H NMR 6 2.47 (s, 3H, CHsCO), 2.56 
(s,3H, CHsCO), 2.64 (m, lH, H-8’) (by irradiation of 7’a), 2.67 (m, lH, H-8) (by irradiation of 9a). 2.79 (dd, 
lH, J= 8.0 Hz, 13.8 Hz, H-7’b), 2.93 (m, 2H, H-7), 3.06 (dd, lH, J= 5.0 Hz. 13.7 Hz, H-7’a), 3.88 (s, 3H, 
0CH3), 3.91 (s, 6H, 2 OCHs), 4.00 (dd, IH, J= 7.0 Hz, 8.8 Hz, H-9b), 4.01 (s, 3H, OCHs), 4.18 (dd, lH, J= 
7.1 Hz, 9.1 Hz, H-9a), 6.57 (s, IH, H-6), 7.16 (s, lH, H-3), 7.33 (s, lH, H-6’), 12.63 (s, IH, chelated OH); 
MS m/e 486.1889 (M+). 

General coupling procedure for the preparation of (+/-)-Isostegane 2b (method B). To a stirred 
suspension of Mn(OAc)s.2HZ0 (0.168 g; 0.62 mmol) in TFA (1.5 ml) [or C$F,CO,H (1.5 ml)] and 
BFS-Et20 (0.06 ml; 0.5 mmol), a solution of lb (0.1 g; 0.25 mmol) in TFA (1 ml) [or qFSCOzH (1 ml)] 
was added quickly at 0°C under nitrogen. The mixture was stirred at OY! (5-10s in TFA, 5mn in C2FsC0,H) 
and was then treated as described above in method A to give 2b (TFA: 78 mg; 78%. qF,COzH: 68 mg; 
68%) as a white solid which was recrystallized from ether: mp 168-17O’C [lit.’ mp 169-17O’C 
(CH2Clz-cyclohexane)]; IR (CHCI,) 1720 (CEO), 1590 (C=C) cm-‘; *H NMR 6 2.1-3.33 (m, 6H, aliphatic 
protons), 3.57 (s, 3H, OCHs), 3.75 ( m, lH, H-13), 3.93 (s, 6H, 2 OCHs), 4.29 (m, lH, H-13), 6.03 (s, 2H, 
OCH*O), 6.65 (s, 2H, H-4, H-l), 6.77 (s, lH, H-9). 

General procedure for oxidation of yatein lb in absence of BF,-Et20 (method C). To a stirred 
suspension of Mn(OAc)s.2H20 (0.201 g; 0.75 mmol) in TEA (1.5 ml) [or C2F&02H (1.5 ml)]. a solution of 
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lb (0.1 g; 0.25 mmol) in TFA (1 ml) [or QFsCOzH (1 ml)] was added quickly at 0°C under nitrogen. The 
mixture was stirred (20mn (O’C) in TFA, 30mn (2O’C) in CaF&OZH) and was treated as described above in 
method A, to give 2b (TFA: 4 mg; 4%. CZF$OZH: 8 mg; 8%) and isodesoxypodophyllotoxine 4 (TFA: 50 
mg; 50%. GFsCO$-E 20 mg; 20%) as a white solid which was crystallized from CH$la-EtzO: mp 
255-257’C [lit.13 mp 256-258Oc]; IR (CHCls) 1775 (C=O), 1455 (OCHaO) cm-‘; ‘H NMR 6 2.36-3.08 (m, 
5H, aliphatic protons), 3.66 (s, 9H, 3 OCH3), 4.25-4.62 (m, 2H, H-11), 5.87 (s, 2H, OCHzO), 6.31 (s, lH, 
H-8), 6.40 (s, 2H, H-2’, H-6’), 6.58 (s, lH, H-5). 

General coupling procedure for the preparation of glaucine 6 (method A). Glaucine 6 was obtained 
from laudanosine 5 by using the procedure reported for preparation of neoisostegane 2a (method A). To a 
stirred suspension of Ce(OH)d (0.146 g; 0.7 mmol) in CH,Cla (5 ml), TFA (1.6 ml) and TFAA (0.2 ml), a 
solution of 6 (0.05 g; 0.14 mmol) in CH&lz (1 ml) was added at O’C under nitrogen, followed immediately 
by BFs-Et,0 (0.07 ml, 0.28 mmol). The mixture was stirred at room temperature for 6h and was treated with 
saturated NaHCOs. The work-up was carried out as in method A. After chromatography on silica gel 
(CHaCla-MeOH 99:l) and crystallization from CHaCla-EtaO, glaucine 6 (40 mg; 80%) was obtained as 
white needles: mp 135-137’C [lit.14 mp 137-139’C (MeOH-EtzO)]; IR (CHCl3) 1235 (NCHs), 1600 
(C=C)cm-‘; ‘H NMR 8 2.60 (s, 3H, NCH,), 2.5-3.44 (m, IOH, aliphatic protons), 3.67 (s, 3H, 0CH3), 3.86 
(s, 3H, OCH3), 3.90 (s, 3H, 0CH3), 3.93 (s, 3H, 0CH3), 6.58 (s, lH, H-8), 6.78 (s, lH, H-3), 8.09 (s, lH, 
H-11). 

Reaction of laudanosine 5 with IrO,/TFAPrFAA/BF,-Et,0. To a stirred suspension of 0.314 g (1.4 
mmol) of IrO, in CH,Cl2 (5 ml), TFA (5 ml), TFAA (0.5 ml), a solution of 0.05g (0.14 mmol) of 
laudanosine 5 in CHaCl, (1 ml)was added at 0°C under nitrogen, followed immediately by BFs-Et20 (0.035 
ml; 0.28 mmol). The mixture was stirred at 30°C with ultra-sound for 2 days. The work-up was carried out 
as before to give 37 mg (72%) of quinoline 7 as an oil. Compound 7 was found to be identical (IR, ‘H 
NMR) with material prepared in the literature 15: IR (CHCl,) 1600 (C=C), 1235 (NCHs) cm-l; ‘H NMR 8 
2.63 (s, 3H, NCH3), 2.71 (dd, lH, J= 4.5 Hz, 15.0 Hz, aliphatic proton), 2.75-3.00 (m, 2H, aliphatic 
protons), 2.98 (dd, lH, J= 12.1 Hz, 16.3 Hz, aliphatic proton), 3.16 (m, lH, aliphatic proton), 3.39 (dd, lH, 
J= 3.7 Hz, 16.2 Hz, aliphatic proton), 3.75 (s, 3H, OCH,), 3.80 (s, 3H, 0CH3), 3.82 (s, 3H, OCH,), 3.87 (s, 
3H, OCH,), 4.00 (d, lH, J=15.1 Hz, H-12), 4.10 (d, lH, J= 15.1 Hz, H-12), 4.30 (dd, lH, J= 4.0 Hz, 12.3 
Hz, aliphatic proton), 6.53 (s, lH, H-3), 6.56 (s, lH, H-l l), 6.73 (s, lH, H-8); MS m/e 369.1932 (M+). 
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