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conditions to give good to high yields of the C-arylated substrates. Under the same condmons
trlmcsntylblsmuth dlchlorxde affords only poor ylelds of the C—mesnlyldled substrates. Similar influence
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catalysed arylation of hydroxyl or amino groups. © 1999 Elsevier Science Ltd. All rights reserved.
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compound, acting as a carbocation synthetic equivalent, with a nucleophile is now well documented.! These
reactions, taking place by a ligand coupling mechanism, involve a number of organic derivatives of main
group p-block elements, such as iodine, sulfur, selenium, tellurium, phosphorus, antimony, bismuth, lead and
thallium. The arylation reaction is the most common reaction observed with all these elements, although other
groups have also been transferred (alkenyl, alkynyl or perfluoroalkyl groups). In the reactions of
diaryliodonium salts with nucleophiles, preferential bonding of the more hindered aryl group with the

ortho-tolyliodonium tetrafluoroborate in the presence of chloride ion as cleophll afforded 84% of
triacetates, very high yieids of arylated derivatives were obtained with highly substituted eiectron-rich
aryllead triacetate derivatives.3 By contrast, in a recent report, we observed a small detrimental influence of
the introduction of an ortho-substituent in arylation reactions involving organobismuth reagents.4 We

therefore decided to investigate the steric influence of ortho substitutions on the outcome of arylation

reactions with pentavalent triarylbismuth derivatives.
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Triaryibismuth diacetates are useful reagents as they e t the widest range of reactivity, depending
on the reaction conditions.5 Under basic conditions, they lead to the products of C- or O-aryiation. In the
presence of a copper catalyst, they lead to the products of O- and N-arylation. Triphenylbismuth diacetate (9)
and the mono-ortho-tolyl derivatives (10)-(11) can be easily prepared by the sodium perborate in acetic acid
oxidation.® However, when trimesitylbismuthane (8) was treated under these conditions, the expected
trimesitylbismuth diacetate (12) was not obtained. Instead, the reaction afforded an ill-defined compound

(12a), containing acetoxy ligands. To study the arylation reactions under basic conditions. we therefore turned
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prepared by reaction of trimesitylbismuthane with thionyl chloride.? In the case of the reagents (13)-(15),
classical methods of oxidative chlorination can be used. However, we found that ligand exchange takes place
during the treatment of triarylbismuth diacetate with an aqueous saturated sodium chloride solution.

Ar3Bi(OAC)2 + NacCl > AI’3BiCI2

These dichlorides were therefore casily obtained by a modification of our synthesis of triarylbismuth
diacetates.® When triarylbismuthanes were treated with sodium perborate in acetic acid, aqueous work-up
i .

followed bv treatment of the oreanic phase with brine led directly to eood vields of the chlorides (13)-(15)
0 by treatment of the organic phase with brine led directly {0 good yields of the chlorides (13)-(13).
911
R\ Ar ABi | AnBi(OAch | ArBiCl
-2
R3
Rl R2.R3 - 1 5 9 13
Rl = Me,RZ,R3 = H 2 6 10 14
RL,R? = Me,R3 = H 3 7 11 15
R, RZ,R3 = Me 4 8 12 16

Reactions under basic conditions:
The reactions of a variety of substrates (17), (22), (29), (34) and (39) with the dichlorides (13)-(16) in

ce of NN N' N'-tetramethylguanidine (TMG) led usu 1ally to the expected products of g-arvlatio

iy ipseaaaieddav {4 4V4 MBI Y W LUT A e pRLR LT aly 34

ITall, 1 'T‘L meaCATmAA Ao mmatherl i bl sl o Zel s madin oot vt A el el et SR AN
L14abIC 1}, 1HC preschice Ul QIIC lIlCluyl B10Up 0Ll UIC Oring pusitLll ITUULTS UIC 1dIC U1 UIC 1cdal OIl> WILIl (i<%)
PR B2 - W T el '*L,,, PSRN ¢ o L RO S RS T B DR 1
ana (1), which requm:u 10nger reaction umeb dIlUI mgner wemperatures. 1nc yicias ol me w-aryiaiea

products were not significantly reduced by comparison with the reactions with (13). In the case of the reaction
with the phenol (22), the mono-ary! derivatives (24) and (25) were obtained in good to high yields. A small
amount of the O-aryl ether (26) was also isolated in the reaction of (22) with the bismuth reagent (15). By
contrast, the reactions of the mesityl derivative (16) with the various substrates always led to modest yields of
the o-mesityl derivatives. The more reactive 2-naphthol afforded a rclatlvely good yield of 1-mesityl-
2-naphthol (61%) and the more bulky phenol (22)a

e
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Table 1: Arylation reactions under basic conditions
NuH + TMG + ArgBiCl, — NuAr
OH CI)H Q Mo

0 N~ NN 1] ~ e}

=~ Ny COqEt MM h

(\/l\(\,«;r /\i /\( i /J'L\/Jl\ Eﬁz;_ NOz
1‘-Bu)'\\/k t-Bu v

(17) (22) (29) (34) (39)

Ar OH o-Ar 0 COEL o O Ar
//\)\\_\/OH ,)\ _Ar %\ )J\/ 2 M -‘v‘ué""‘l‘“NO‘
S M < UA' /-|\r (’DOQEt

-Bu tBu tBu t-Bu
(18), Ar=(1) 23), Ar=(1) @30), Ar=(1) @35, Ar=(1) 40, Ar=(1)
(19), Ar=(2) (24), Ar=(2) 31), Ar= (2) 36), Ar=(2) (41), Ar=(2)
(20), Ar=(3) (25), Ar=(3) (26), Ar=3) (32), Ar=(3) (37), Ar=(3) (42), Ar=(3)
(21), Ar=(4) 27), Ar=4) (28), Ar=(4) (33), Ar=(4) (38), Ar=(4) (43), Ar=(4)
Substrate | Reagent Reaction conditions™ Products (%) Ref
a7 13) CgHg, RT,4.5h (18) 90 10
(14) RT, 15h (19) 86
(15) RT, 15h (20) 94
(16) RT, 17 h, then 10 h at 50°C under No (21) 61
22) (13) CgHg, NaH, reflux, 3.5 h (23) 26, (23a) 2** 10
(14) 18 h, 50°C (24) 80
(15) 15 h, 50°C (25) 57,(26) 10
(16) 15 h, 60°C under N> (27) 24,(28) 25
2% 13) CeHg, 80°C, 2 h (30) 75 ii
(14) RT,4d (31) 64
(15) RT,4d (32) 63
16) RT, 5 d under (33) 25
(34) (13) CgHg, 80°C, 2 h (35a) 74*** 11
14 RT,20h 36) 76
(15) RT,2d 37) 53
(16) RT, 15 h, then 3 h at 60°C under N (38) 31
39) 13) RT, 3 (40) 81 12
(14) RT, 4d 41) 79
(18) T 44d an 79
o) N, 4C \F&) P4
(16) RT, 50 h, then 30 h at 60°C under N3 {43) 7w
*  All reactions performed in THF in the presence of TMG, unless otherwise indicated.
**  (23a) is 2,6-diphenyl-3,5-di- tert-butylphenol When two equivalents of the bismuth reagent (13)
were used, (23a) was obtamed ina77% yleld
**%  (35a) is 3,3-diphenyl-2,4-pentanedione; 2 equivalents of bismuth reagent were used.
**%%  Compound (43) could not be isolated pure.
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results with the known examples of mesitylation reactions with iodine or lead

Comparison of these

reagents shows that the bismuth reagent is as susceptible to steric hindrance as the corresponding
reagents.13.14 However, as only mesitylation of 1,3-indandione derivatives was reported for the iodonium
reagent!3 and one example of arylation of a B-ketoester with the mesityllead triacetate was reported,!4
comparison of the relative reactivity patterns is not significant. The difference in the yields between the two
series of reactions (arylbismuth reagents with only one ortho-methyl group and arylbismuth reagents with two

ortho-methyl groups) is likely to result from the difference in the overlap between the n-systems of the aryl

plane containing the bismuth atom and the three ipso-carbon atoms becomes more important with the
presence of one methyl group and even more in the case of two ortho-methyl groups. In the case of the
2-naphthol, the flatness of the naphthyl ligand allows an easier overlap between the two n-systems, which can
take a parallel arrangement favourable for the ligand coupling. Ligand coupling takes place also to give a
relatively good overall yield of coupled products in the base-catalysed reaction of the more bulky 3,5-di-tert-
butylphenol (22). However, the steric bulk of the two rert-butyl groups leads to a less favourable overlap
between the two n-systems. Therefore, the ligand coupling occurs between the ipso carbon of the mesityl
group with the C-2 carbon of the phenol as well as with the oxygen center to afford equivalent amounts of the

C-aryl derivative (27) and of the O-aryl ether (28).

an equatorial aryl ligand can be reasonably reached (Scheme 1, intermediate A). In the case of the mesityl
serics, the two apical positions of the covalent bismuth-nucleophile intermediate are equally hindered and the

overlap is strongly impeded (Scheme 1, intermediate B).

Intermediate A Intermediate B
Scheme 1: Possible structures of the covalent bismuth-nucleophile intermediates

Copper-catalysed reactions:
In the presence of a catalytic copper species, triarylbismuth diacetates react with hydroxyl or amino

1ils 11C1 S 1 A

1
groups to afford the corresponding O-aryl ethers or aniline derivatives.3 A similar behaviour is observed in
t

an oxidant and as the catalyst. In this study as well as in our related work on mono ortho-substituted
organobismuth reagents, the influence of the substitution pattern of the aryl groups of the triaryibismuth
diacetates appeared clear-cut.#

In the case of the aniline (§1), the introduction of an ortho-methyl group on the aryl group of the
bismuth reagent had no effect on the yield of the derived diarylamines (53) and (54) (84-88%). However, the
reaction rate appeared again slower than in the case of the unsubstituted reagent. Even an attractive yield of
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Table 2 Cup“pt":r-uaial ysed dryldtm‘l reactions
. Cu(OAc
R-Z-H + ArsBi(OAc), O . Rzar
Z =0o0orN
OH Me_ Me 7\ 7
a
A e o
t—BUM tBu HO OH Me ~ \(\)
(22) (46) (51) (56)
o,Ar
Me M
P Y ve— )n /\jN A
_ —Ar
i) e = A NG N
LBU” " 1Bu Ar-O OH Me \(\)
(44), Ar=(1) 47), Ar=(1) (52), Ar=(1) (57), Ar=(1)
(45), Ar=(2) (48), Ar=(2) (53), Ar=(2) (38), Ar=(2)
(26), Ar=(3) (49), Ar=(3) (54), Ar=(3) (59), Ar=(3)
(28), Ar=(4) (50), Ar=(4) (55), Ar=(4) (60), Ar=(4)
Substrate | Reagent Reaction conditions Products (%) Ref
(22) (C))] Cu(OAc)2 (0.1 equiv.),RT, 1 h 44) 80 15
10) Cu(OAc)2 (0.1 equiv.), RT, 3d 45) 16 4
a1 Cu(OAc)3 (0.1 equiv.), 50°C, 10 h (26) 19
(12a) Cu(OAc); (0.1 equiv.), 50°C, 10 h (28) <5
(46) 9) Cu(OAc)2 (0.1 equiv.),RT, 1 h 47) 82 16
(10) Cu(OAc)2 (0.1 equiv.),RT, 32 h (48) 65
(11) Cu(OAc)2 (0.1 equiv.), RT,3 h 49) 51
8) Cu(OAc)2 (1 equiv.), pyridine (3 equiv.), 50°C, 3 d (50) 16
(51) ® Cu(OAc); (0.1 equiv.), RT, 2h (52) 86 17
1% Cu{OAc)2 (0.1 equiv.),RT, 16 h (53) 84
(i1) Cu(OAc); (0.1 equiv.), RT, i d {(54) 88
@8 Cu(OAc)2 (1 equiv.), 50°C,2d (85) 51
(56) &) Cu(OAc)2 (1 equiv.), pyridine (1 equiv.), RT, 24 h (57) 98 18
(10) Cu(OAc); (0.1 equiv.), pyridine (1 equiv.), RT,3 d (58) 18
6) Cu(OAc); (1 equiv.), pyridine (1 equiv.), RT, 2d (58) 31
an Cu(OAc), (6.1 equiv.), pyridine (3 equiv.), RT, 3 d 89 19
t)] a) NaBO3, AcOH; ) Cu(OAc); (0.1 equiv.), (60) i8
pyridine (3 equiv.), RT, 35 h
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copper (II) diacetate. With less reactive substrates, such as the giycol (46), a significant drop was already
observed with the mono ortho-methyl derivatives. With the least reactive substrates, phenol (22) and
phthalimide (56), the reactions were so slow that decomposition of the reagent became predominant and the
O- or N-arylation products were obtained in very modest yields (< 20%).

In these various copper-catalysed reactions, the steric hindrance of the organobismuth reagent plays a
significant role, probably at the stage of the transmetallation bismuth --> copper. When this transfer is very
easy (by coordination of the copper species with an aniline), the steric effect induces less important

Conclusion:

In the base-catalysed type of reactions, the steric hindrance plays an inhibitory role which is more
pronounced in the mesityl series. This behaviour is similar to the reactivity of dimesityliodonium salts with
nucleophiles, although a limited number of reactions were described at the time.!3 As this effect is likely to
result from steric interactions during the ligand coupling step, dissymetric reagents, such as mixed
phenylmesitylbismuth derivatives, should offer an attractive alternative to obtain higher yields of coupled
products. It should also be useful to improve the efficiency of the copper-catalysed reactions with very
hindcred reagents. Work in this direction is now underway and will be reported in due course.

TrielD A4 A=tr1mnfhv]r\hpr\‘:|\]‘\;cmnf Aichlaride (14) wae nranarad hy traatmant nf () with thinnul ~hlAarida 8
LRI04y Ty USLL LT LI Y IPARVEL Y R JUISHIIU ML BIVILVLIUT (AU) wad PiCpaiTu Uy ulduntlit Ui (U) Wil uliviiys Linuliuc.
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colourless plates from dichloromethane-pentane (
(9H, s, 4-Me), 2.55 (9H, s, 2-Me), 7.15-7.33 (6H, m, 5-H and 6-H) and 8.14 (3H, d, J 8, 3-H); éc
22.9 (CH3CO), 23.4 (2-Me), 128.9, 133.9, 134.3 (C-3, C-5 and C-6), 140.8 and 141.7 (C-2 and C-4), 159.8

(C-Bi) and 176 (CH3CO) (Found: C, 52.14; H, 5.23. CgH33B104 requires: C, 52.34; H, 5.18%).

Synthesis of triarylbismuth dichloride by ligand exchange: A mixture of sodium perborate monohydrate
(6 mmol) and triarylbismuthane (2 mmol) in acetic acid (20 mL) was stirred at room temperature for 1 h. The
resulting solution was poured into brine (60 mL) and then vigorously shaken for 15 minutes. The mixture was

extracted with dichloromethane (3 x 20 mL). The organic extracts were combined, washed with water, dried
over MgSO4. The solvent was distilled under reduced pressure and the solid residue was recrystallised from
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Triphenylbismuth dichloride (13): 91%, m.p. 156-157°C, lit.8 156°C.

Tris(Z-methyiphenyl)bismuth dichioride (14): 87%, m.p. uz"C iit.8 169-171°C; 6y 2.73 (9H, s, Me),
7.35-7.55 (9H, m, 3-H, 4-H and 5-H) and 8.02 (3H, dd, Jye-Hs 6.8, d, JHe-H4 2.3, 6-H); ¢ 24.2 (Me), 128.9,
131.5, 133.5, 134.5 (C-3, C4, C-5 and C-6), 141.9 (C-2) and 161.6 (C-Bi).
Tris(2,4-dimethylphenyl)bismuth dichloride (15): colourless plates, 65%, m.p. 169°C; &g 2.37 (9H, s,
4-Me), 2.68 (9H, s, 2-Me), 7.20-7.35 (6H, m, 3-H and 5-H) and 7.90 (3H, d, J 8.1, 6-H); 6c 21.3 (4-Me), 24
(2-Me), 129.4, 134, 134.4 (C-3, C-5 and C-6), 141.2 and 141.9 (C-2 and C-4) and 158.6 (C-Bi) (Found: C,
48.42; H, 4.57. Cy4H»7BiCl; requires: C, 48.42; H, 4.57%).

Arylation reactions with triarylbismuth derivatives in the presence of N,N,N',N'-tetramethylguanidine
{TM@G): General procedure: A mixture of the substrate (0.25-0.5 mmol, 1 equiv.) and TMG (1.2 equiv.) in
distilled THF (5 mL/ mmol of substrate) was stirred for 10 min at room temperature. The triarylbismuth
dichloride reagent (1.2 equiv) was added and the mixture stirred as indicated below. The solvent was distilled

off and the residue was purified by chromatography as described below to afford the reaction products.

With 2-Naphthol (17):
1-(2'-Methylphenyl)-2-naphthol (19): CC (eluent: pentane-ether 7:3); colourless plates, m.p. 79°C; éy 2.07
(3H, s, 2'-Me), 5.04 (1H, s, OH), 7.15-7.49 (8H, m, ArH) and 7.79-7.91 2H m,

viids v--,-

(.2 19N2AC_1Y 17922 1048 196 6 17960 1919 1 1 1 121 & (0O A 8 & 7 C.Q M.
Ty, LLUD \m1 ), 1£D.0, 159,50, 149.0, 14U.7, 140.4, 1 , 1 , 1 , 131 L, Lm0, U0, U/, U0, U-T,
C-4', C-5"and C-6'), 133.1 and 133.2 (C—9 and C-10), 139 (C-1' and C-2") and 150.1 (C-2) (Found: C, 87.05
H, 6.06. C17H 140 requires: C, 87.15; H, 6.02%).

1-(2',4'-Dimethylphenyi)-2-naphthol (20) CC (eluent: pentane-ether 7:3); colourless gum; oy 2.04 (3H, s,
2'-Me), 2.47 (3H, s, 4-Me), 7.18-7.40 (7H, m, ArH) and 7.79-7.91 (2H, m, ArH); &c 19.5 (2'-Me), 21.3
(4'-Me), 117.3 (C-3), 120.3 (C-1), 123.2, 126.5, 127.7, 128.1, 129.3, 131.5 and 131.8 (C-4, C-5, C-6, C-7,
C-8, C-3', C-5"and C-6"), 129 (C-10), 130 (C-9), 133.3 (C-1"), 138.7 (C-2' and C-4") and 150.2 (C-2) (Found:
C, 86.98; H, 6.52. C;3H 60 requires: C, 87.06; H, 6.49%).

1-2'4',6'-Trimethylphenyl)-2-naphthol (21): CC (eluent: pentane-ether 7:3) and PLC (eluent: pentane-
ether 7:3); colourless plmpc m.p. q7°C (npnmne--mhpr R:2) &y 1.93 (AH. 5. 2'-Me and 6'-Me), 2,42 (3H s,

hd e b ~Jy ¥n \WA Ry Sy 2
Al \J,\\ A O (1LY NI T N0 DLT & 2" LY naa d &' TIY 7T 1Y 7T A1 FALY AWITN 21 70N TOT1T NET A TTH
4 -Vic ), 4. 95 (1H, s, OH), 7.09 (<X, 8, 3-11 ana >-nj, 7.14-7/.41 {411, M, Afrj ana /.o0U-/.¥1 (<R, M, ATTl);
Iy 1l\l\l"l AMA_ 1 Y RN N1 M A RA N 11 M 7t AN R N e W Areall Y 1M D 1A i ¥ Yol TMNO N ~N TN 1 74
OC 17.7(£-MI€ANId O-IVIC), L1.0 (4 -VI€), 11/.4 (-0}, 117.0(-1), 1£3.03, 124, 1£0./, 148.0, 1LY, 1.Y.1 (L-4,
C-5, C-6, C-7, C-8, C-3" and C-5), 129 and 132.8 (C-9 and C-10), 138.5 (C-4"), 138.9 (C-2' and C-6") and

w
o

150.2 (C-2) (Found: C, 86.93; H, 6.87. C19H 30 requires: C, 86.99; H, 6.92%).

With 3,5-di-fert-butylphenol (22):

3,5-Di-tert-butyl-2-(2'-methylphenyl)phenol (24): CC (eluent: pentane-ether 5:1) and PLC (eluent: pentane-
ether 5:1); colourless plates, m.p. 72°C (pentane); dyg 1.21 (9H, s, 5-CMes), 1.33 (9H, s, 3-CMe3z), 2.06 (3H,

s, 2'-Me), 4.30 (1H, s, OH), 6.88 (1H, d, J 1.9, 6-H),
\
- J

A'_U S'_H an AA LI\ S5~ 100 (' _NMay 21 1 (3 Nan _ { =

11, 711 Al lu l& r7.7 \L l'lU}, <~ 1.1 \J \,LVIUJ bl';kj}, \ AVA\I;, \ _\‘ }, ANF 7.7
(C-6), 116.1 (C-4), 123 (C-19, 126 (C-3"), 128.4 (C-5"), 130.4, 132.2 (C-4' and C-6 ), 136.2 (C-Z), 138.7
(C-2, 147.5 (C-3), 151.1 (C-5) and 152.3 (C-1) (Found: C, 85.04; H, 9.54. C1H330 requires: C, 85.08; H,

9.52%).
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TR I _toest _hurd] VI I A' Alenrathylanhanuylinhanal /128 O (alhiant: mantana_athar 101} ~alanarlace
Ty I RTINS ULY 174" & o7 ~UIHICUIYIPUCIIY 1JPITHUL { 40 ). UL (Cluvlit. plitaliC-Cucts 17,1, COIOULIT>S
araoenhoae oo —~ 1NVT_1NROL™ fmnmtanmale K. 1 12 /QLT o & MRA~-N 1 QLY . 2 _ OAA-Y YN AT o
HIVL PHUUY Y LU /-1U0 L (poeliaiic ), U4 1.10 (711, 5, J-L1lviCy), 1, 7Il, >, J-LIVIUY ), 4.UL (I, S,

33
'-Me), 4.36 (1H, s, OH), 6.87 (1H, d, J 2, 6-H) and 7.0
and 6-H), oc 20.2 (2 "“Me), 21.3 (4-Me), 31.5 (3-CMe3), 32.1 (5-CMe3), 34.9 (3-CMe3), 37 (5-CMe3), 109.6
(C-6), 116.3 (C-4), 123.2 (C-1' and C-3"), 131.5 (C-5"), 132.4 (C-6"), 133.2 (C-2), 138.3 (C-4"), 138.7 (C-2),
148 (C-3), 151.3 (C-5) and 152.8 (C-1) (Found: C, 84.92; H, 9.68. C22H300 requires: C, 85.11; H, 9.74%).
(3,5-Di-tert-butylphenyl)(2',4'-dimethylphenyl)ether (26): colourless oil; g 1.26 (18H, s, 3-CMe3 and
5-CMe3), 2.21 (3H, s, 2'-Me), 2.29 (3H, s, 4'-Me), 6.70-6.81 (3H, m, 2-H, 6-H and 6'-H), 6.82-6.95 (1H, m,
5-H), 7.03 (1H, s, 3'-H) and 7.08 (1H, t, J 1.6, 4-H); 6c 16 (2'-Me), 20.5 (4'-Me), 29.5 (CMe3), 34.7 (CMey),
111.8 (C-2 and C-6), 116.2 (C-4), 118.4 (C-6"), 127.1 (C-3", 128.9 (C-4"), 131.6 (C-5"), 132.4 (C-2"), 152.2

7ol 3PN amd 187 1 (0 1N Baad 9 08 NAQ0. LT Q79 requires: C. 85.11- H
(L-0 dild W=)), 10Z.4 (L-1) ailu 107.1 \~1) (FOoUnd. , o0V7, N, 7./4. \422“30\) u:qu S, L, 00.11, 11

3,5-Di-tert-butyl-2-(2',4',6’-trimethylphenyl)phenol (27): CC (eluent: pentane-ether 97:3) followed by PLC
(eluent: pentane-ether 97:3); colourless plates, m.p. 87°C (pentane); 8y 1.09 (9H, s, 5-CMe3), 1.31 (9H, s, 3-
CMe3), 1.96 (6H, s, 2'-Me and 6’-Me), 2.31 (3H, s, 4'-Me), 4.36 (1H, s, OH), 6.85 (1H, d, J 1.9, 6-H), 6.94
(2H, s, 3'-H and 5'-H) and 7.11 (1H, d, J 1.9, 4-H); dc 20.9 (2'-Me and 6’-Me), 21.3 (4'-Me), 31.6 (3-CMe3),
32.4 (5-CMe3), 35 (3-CMe3), 37.3 (5-CMe3), 109.5 (C-6), 117.6 (C-4), 121.7 (C-1", 129.1 (C-3' and C-5"),
133.1 (C-2), 138.1 (C-4", 138.8 (C-2' and C-6'), 147.4 (C-3), 151.2 (C-5) and 152 (C-1) (Found: C, 85.35; H,
3: H. 9,94%).

cd Tty mdy

\

T [ Y ~ =

3'-H and 5°-H) and 7 (iH, t, J 1.7, 4-H); a¢ 16.5 (2'-Me and 6’-Me), 20.9 (4-Me), 31.5 (CMe3), 3
109 (C-2 and C-6), 115.1 (C-4), 129.5 (C-3' and C-5", 131.1 (C-2' and C-6"), 134.2 (C-4"), 148.8 (C-17), 152.3
(C-3 and C-5) and 157.7 (C-1) (Found: C, 84.92; H, 9.94. C23H370 requires: C, 85.13; H, 9.94%).

5-CMej3), 2.08 (6H, s, 2'-Me and 6’-Me), 2.30 (3H, s, 4'-Me), 6.58 (2H, d, J 1.7, 2-H and 6-H), 6.88 (2H, s,
C 5

With ethyl 2-oxocyclohexanecarboxylate (29):
Ethyl 1-(2'-methylphenyl)-2-oxocyclohexanecarboxylate (31): CC (eluent: pentane-ether 7:3); colourless
oil; 6y 1.21 (3H, t, J 7.1, CH3CH;0), 1.65-1.97 (4H, m, 4-H and 5-H), 2.18 (3H, s, 2'-Me), 2.41-2.75 (4H, m,

3-H and 6-H),4.19 (1H, q, J 7.1, CH3CH»0), 4.20 (1H, q, J 7.2, CH3CH»0) and 7.09-7.25 (3H, m, Ar-H); &

/3 AN I MYV Ry AAHARL =y My v D ~7 Amnd ALy ARy 4 A WAL
120 (LTI MNEIT. AN\ D1 & £ ARAAY 11T N7 Q 2L & nead AN £ mernlen MLY LY _MIY N\ £ L nN&E 7
15.0 (L3 pyU), 21.3 (£-ME), 21.7, 2.6, 50.5 and 4u 3.7

: < .8 u;yuic \,nz), 61.
(C-39, 126.8 (C-S'), 127.3, 132 (C-4' and C-6"), 136.1 (C-2"), 137.8 (C-1"), 1
(Found: C, 73.75; H, 7.74. C16H2003 requires: C, 73.82; H, 7.74%).
Ethyl 1-(2',4'-dlmethylphenyl)-2-oxocyclohexanecarboxylate (32): CC (eluent: pentane-ether 7:3);
colourless oil; &y 1.21 (3H, t, J 7.2, CH3CH20), 1.64-2.03 (4H, m, 4-H and 5-H), 2.14 (3H, s, 2'-Me), 2.28
(3H, s, 4'-Me), 2.48-2.81 (4H, m, 3-H and 6-H), 4.19 (1H, q, J 7.1, CH3CH,0), 4.20 (1H, ¢, J 7.1,
CH3CH»0) and 6.85-7.09 (3H, m, 3'-H, 5'-H, 6'-H); dc 14 (CH3CH;0), 20.8 (4'-Me), 21.5 (2'-Me), 22, 28.1,
36.8 and 40.9 (cyclic CHy), 61.5 (CH3CH,0), 66.7 (C-1), 126.7 (C-3"), 127 (C-5), 133.3 (C-6), 133.4 (C-1"),

LN 4 W2 100

137.2 (C-29, 137.8 (C-49, 171.8 (CO2CH>) and 207.9 (C-2) (Found: C, 74.39; H, 8.11. C;7H2203 requires:

74 AN LT O NOOZN
C, /4.42; 11, 0.U670)
Ethyi 1-(2',4',6'-trimethyiphenyi}-2Z-oxocyclohexanecarboxyiate (33): CC (eluent: pentane-ether 3:1) and
PLC (eluent: pentane-ether 7:3); colourless oil; oy 1.21 (3H, t, J 7.2, CH3CH0), 1.58-1.73 (1H, m, cyclic
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LI 194 1T 0Q /2LT 2n Avrnlina £IT. Y D 14 /LU o Y AAA . d L RAAY T 1 ALY - A' RAY DY 2N DY &1 2LT aan
Lri2j, 1.04-1.70 (o, ili, CYCiiC L1} ), £.10 (U1, 8, £ -MI€ @l U -MIE), £.21 (J11, §, 4-IVIC), £.5U-£.51 {an, 0L
cyclic CHy), 2.60-2.75 (1H, m, cyciic CHy), 4.19 (iH, q, J 7.2, CH3CH70), 4.20 (iH, q, /7.2, CH3CH»O)

and 6.80 (2H, s, 3'-H and 5'-H); ¢ 13.8 (CH3CH30), 20.5 (4'-Me), 21.7 and 26 (C-4 and C-5), 23.4 (2'-Me
and 6'-Me), 36.9 and 40.8 (C-3 and C-6), 61.8 (CH3CH;0), 68 (C-1), 131.3 (C-3' and C-5"), 135.2 and 136.3
(C-1' and C-4", 137.1 (C-2' and C-6"), 171.5 (CO,CHy) and 207.8 (C-2) (Found: C, 74.81; H, 8.36.
C18H2403 requires: C, 74.97; H, 8.39%).

With 2,4-pentanedione (34):

3-(2'-Methylphenyl)-2,4-pentanedione (36): CC (eluent: pentane-ether 7:3); pale yellow gum; &y 1.79 (6H,
s, 1-H and 5-H), 2.16 (3H, s, 2'-Me), 6.95-7.31 (4H, m, Ar-H) and 9.97 (1H, s, 3-H); d¢c 19.6 (2'-Me), 23.5
(C-1 and C-5), 113.4 (C-3), 126.2 (C-3"), 127.8 (C-5"), 130.2, 131.2, 137.7 (C-4' and C-6"), 135.8 (C-2", 137.5
(C-1" and 190.5 (C-2 and C-4) (Found: C, 74 equires: C, 75.76; H, 7.42%).

i I Y b 2 )
e s 11, /. 21 UIEsS. U, 72,70,
n

t
§
{
(

P
"3

(2
\ﬁ

3 A' . NDimothvin v.? oantanodi ont. tana_ather 51V ralanrlace nlatee m n

L g A7ERERN AN P B IJ Ly ) CEAVABAALLERVRL WwAUWLLIL,. LILQALIVW Wwilllwl 7. 1k Jy VUIUULIVOO l—"lal\‘og l‘l-}}-
49°C (ether-pentane 1:19); oy 1.78 (6H, s, 1-H and 5-H), 2.11 (3H, s, 2'-Me), 2.32 (3H, s, 4'-Me), 6.85-7.15
[T o AL ITY S A OO0 /1IT o 2 ITN. S 100 /AN RAN A1 N A RAY MY Q N1 o1V EN 117 K s AN 1A A
(o, I, Ar-rnj dna ¥.77 (1ir, 5, 5-11), OC 17.0 (&4 -IVI€), £21.2 (4 -lVIC), £3.0 (-1 AIld L-J), 1120 (L-D), 1L/.2

. 5
(C-6Y, 131.2 (C-3"), 131.4 (C-5), 133.1, 137.5, 137.7 (C-1', C-2' and C-4') and 190.9 (C-2 and C-4) (Found:
C, 76.60; H, 7.93. C13H 1603 requires: C, 76.44; H, 7.90%).
3-2' 4',6'-Trimethylphenyl)-2,4-pentanedione (38): CC (eluent: pentane-ether 3:1); colourless solid, m.p.
83-84°C (pentane), lit.19 83°C.

With ethyl 2-nitropropionate (39):

Ethyl 2-(2'-methylphenyl)-2-nitropropionate (41): CC (eluent: pentane-ether 7:3); pale yellow oil; dy 1.30
MM «+ 771 CHCH-N 295 {QU ¢ M ar V' NMMa) 292 /2 o V' Ma A 2. 1Y A 122 /(1T ~ TT71

\ILL, G v ol AV, Lol \JXL, Dy, O-11 UL 4 -1aC ), £4.40 \J11, 5, 4-aC O JO-11), .55 (111, 4, 4 /.1,
CH3CH;0), 4.34 (1H, q, J 7.2, CH3CH20) and 7.10-7.35 (4H, m, Ar-H); &c 13.6 (CH3CH>0), 20.6 (2'-Me),

24.1 (C-3), 63.2 (CH3CH,0), 95.9 (C-2), 126 (C-3Y, 126.7 (C-5"), 129.3, 132.5 (C-4' and C-6", 133.5 (C-2",
137.2 (C-1'y and 167.3 (CO2CHj) (Found: C, 60.62; H, 6.38; N, 5.83. C12H15NO4 requires: C, 60.75; H,
6.37, N, 5.90%).

Ethyl 2-(2',4'-dimethylphenyl)-2-nitropropionate (42): CC (eluent: pentane-ether 5:1); pale yellow oil; dyg
1.30 (3H, t, J 7.2, CH3CH;0), 2.24 (6H, s, 3-H and 2'-Me), 2.31 (3H, s, 4-Me), 4.33 (1H, q, J 7, CH3CH0),
4.34 (1H, q, J 7.1, CH3CH,0) and 7.02-7.06 (3H, m, 3'-H, 5'-H, 6'-H); dc 13.9 (CH3CH;0), 20.8 (2'-Me),
20.9 (4'-Me), 24.4 (C-3), 63.3 (CH3CH70), 96 (C-2), 126.9 (C-3", 127.1 (C-5), 130.9 (C-1", 133.6 (C-6),

137.4 (C-2". 1397 (C-4" and 167.8 (CO>CH») (Found: C. 62.08: H. 6.99: N. 5.55. Ci:H-NOQOy4 reguires: C
LI L g, 10700 e allG 1070 (V2N wOunuL O, G, 11, U.757, 1IN, J.JJ. 307184 ICQUITES. «,
62.14' H. 6.82: N. 5.57%)
0Z.14 11, 0.8, IN, 2.07/70).

1

P

Ethyi 2-(2',4',6'-trimethyiphenyl)-Z-nitropropionaie (43). CC (ciuent: pentane-ether 7:3) foliowed by PLC
(pentane-ether 7:3); impure pale yellow oil; 8y 1.35 (3H, t, J 7, CH3CH0), 2.19 (3H, s, 3-H), 2.26 (3H, s,
4'-Me), 2.57 (6H, s, 2'-Me and 7'-Me), 4.12 (1H, q, J 7, CH3CH»0), 4.13 (1H, q, J 7.1, CH3CH70) and 6.83
(2H, s, 3'-H and 5'-H).

Copper-catalysed arylation reactions with triarylbismuth diacetates: General procedure: A mixture of
the substrate (1 eauiv.), conper diacetate (0.1 eguiv.) and the triarylbismuth diacetate (1.1 equiv.) in THF (5
e S et bt N A P2 T o of ARSIV AV VY 7 J 1 b | J AN

vl Jemaanl AfF ciilhotental rac ctirrard at ranm tamnoratiire far tha timma indisrated Tahla 2Y Tha cnlvent wac
JSSTESESISILUIORU Y DuUDllaLC’} wads dulivu al 1vuviil L\rlllyblﬂlul\« AU UIIw LLILIW JIBsIvailsau \_1 auviv [4}. 411V DOULYLlIL yYwao
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and the residue was purified by column chromatography on silicagel (eluent indicated below) to

With 2,2-dimethyl-1,3-propanediol (46):

3-(2'-Methylphenoxy)-2,2-dimethylpropan-1-ol (48): (eluent: pentane-ether 7:3); colourless oil; dg 1.05

(6H, s, CMey), 2.19 (1H, s, OH), 2.24 (3H, s, 2'-Me), 3.57 (2H, s, 1-H), 3.77 (2H, s, 3-H), 6.75-6.95 (2H, m,

Ar-H) and 7.10-7.21 (2H, m, Ar-H); dc 16.7 (2'-Me), 21.5 (CMey), 36.3 (C-2), 69.9 (C-1), 74.5 (C-3), 110.5

(C-6'), 120.2 (C-4"), 126.3 (C-2", 126.7, 130.4 (C-3' and C-5") and 156.7 (C-1") (Found: C, 74.18: H. 9.30.
8()2 equires: C, 74.19; H, 9.34%).

LAV L7, Axy 7.2

1.04 (6H, s, CMey), 2.20 (3" s, 2'-Me), 2.25 (3H, s, 4'-Me), 3.56 (2H, s, 1-H), 3.74 (2H, s, 3-H) and 6.69-
6.95 (3H, m, Ar-H); oc 16.2 (2'-Me), 20.5 (4'-Me), 21.8 (CMe»), 70.4 (C-1), 75.3 (C-3), 110.9 (C-69), 126.4
(C-2), 127 (C-3%, 129.7 (C-4"), 131.5 (C-5') and 154.9 (C-1") (Found: C, 74.92; H, 9.68. C13H2003 requires:

C, 74.96; H, 9.68%).

With 3,4-dimethylaniline (51):
N-(3,4-Dimethylphenyl)-N-(2'-methylphenyl)amine (53): CC (eluent: pentane-ether 95:5) and PLC (eluent:
pentane-cther 19:1); yellow oil; 8y 2.22 (6H, s, 3-Me and 4-Me), 2.25 (3H, s, 2'-Me), 5.27 (1H, s, N-H), 6.5¢
6.70 (3H, m, Ar-H) and 7.01-7.28 (4H, m, Ar-H); & 17.6, 18.7, 19.7 (CMe), 115.7, 117.1, 1

ik 11} AV‘V[,

[«
[«
’3

>

P]

M

]

N
Q7

6.63%).
N-(2',4'-Dimethylphenyl)-N-(3,4-dimethylphenyl)amine (54): CC (eluent: pentane-ether); yellow oil; 8y
2.32 (9H, s, 3-Me, 4-Me and 4'-Me), 2.41 (3H, s, 2'-Me), 5.25 (1H, s, N-H), 6.70-6.89 (2H, m, Ar-H) and
7.03-7.25 (4H, m, Ar-H); é¢c 17.7, 18.8, 19.8, 20.6 (CMe), 114.5, 118.7, 119.3 (C-2, C-6 and C-6"), 127.1,
130.2, 131.5 (C-5, C-3' and C-5"), 128.1, 128.5, 131.1, 137.3 (C-3, C-4, C-2', C-4") and 139, 142.3 (C-1 and
C-19 (Found: C, 85.20; H, 8.49; N, 6.14. C;gH 9N requires: C, 85.29; H, 8.50; N, 6.22%).

N-(2'-Methylphenyl)phtalimide (58): CC (eluent: pentane-ether 65:35) and PLC (eluent: pentane-ether
65:25); colourless powder, m.p. 181°C, 1it.20 182°C.
N-(2',4'-Dimethylphenyl)phtalimide (59): CC (eluent: pentane-ether 65:35) and PLC (eluent: pentane-ether

60:40); colourless powder, m.p. 152°C (pentane-dichloromethane 7:3), 1it.20 153°C.

Reaction of tris(Z 4 6~trimethylphenyl)bismuth and stoichiometric copper diacetate:

(2H, s, 1-H), 3.62 (2H, s, 3-H) a‘dﬁ”[R{’)H s 3 Ha d5’_n

A&a i, oL \Ldi, Sy O \aizg Sy i & AR

(CMe»), 36.4 (C-2), 71.2, 79.9 (C-1 and C-3), 129.3 (C-3' and C-5"),
7

i52.4 (C-1") (Found: C, 75.57; H, 9.99. C14H220; requires: C,
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w:th 3 A_dimmathvulanilinas AT A DimathvinhanvD A/.(M' 4 '4&'trimathvinhanvhlamina (§8):- CC (alnient-
VvV ALER ,'1 ul.l.ll‘.o‘-ll.y AGAAERARREANL o 4V \J," l)llll!-\vll.y ll-'ll\rll.’ l] LY \H ,'I, F - llll\;lvll.’ ll‘u\-llJ l_]u.l.lllm \d.’). N N \Ul\flvll\-.
nantana_athar 241\ and DI " falhiant nontana_athar 1001 vallaw nils 52 10 291 and 9 24 (1S ¢ Ar_No)
lJLdll.a.uD CHILL L. 1 ) Al LA \WIULIIL. yulltallh“hlllbl 17.1), ]bllUW Viiy UH 4.1 7, &odwdl AN &0 J™F (1 U101, Oy, SRITIVAN ),
5 (1H, s, N-H), 6.27 (1H, dd, JH6H58andJH6-H225,6H),639(1H d, J -H), 6.9 (1H, d, J 8, 5-H) and
7 (2H, s, 3-H and 5'-H); &c 18.3 (2-Me and 6'-Me), 18.8, 20, 20.9, (3-Me, 4-Me and 4'-Me), 11 .8 (C-2),

115.1 (C-6), 129.2 (C-3' and C-5"), 130.3 (C-5), 125.9, 135, 135.6, 136 (C-3, C-4, C-2',C-4' and C-6’), 1374
and 144.6 (C-1 and C-1') (Found: C, 85.28; H, 8.82; N, 5.85. C;7H2N requires: C, 85.31; H, 8.84; N,
5.85%).

Ocxidation of tris(2.4.6-trimethylphenyl)bismuth with sodium perborate and copper-catalysed reaction
with phtalimide: A mixture of tris(2,4,6-trimethylphenyl)bismuth (1 g) in acetic acid (20 mL) was treated

k nnr] inm narhArata moann Arata (N &8 o) far 1 hane at ranm tamnaratnre A ftar anmniannc arl_nn
W 1 SUUIULL Pol UU alv lllUllUll-y ul al:\i \U sad ol s} LAVt 1 1IUUl At 1uUvlll wviupviatui e Faveivs i a‘-l ULUUDS WUILN ul_),
PSS P I A, ) | a1 . P PR taaAd Conmnzaa F2 L1 . 1. —
extracuon wiin GlCIllOIOIIlClﬂdHC, lllc Lruuc pr()uucl was Lfyhl §CU 1ToI1n aicCil

romethane-ether-peniane to
afford (12a) (0.55 g) which was directly used in the aryiation reaction. A mixture of copper diacetate (0.010
2), phtalimide (56) (0.07 g), (12a) (0.39 g) and pyridine (0.11 g) in THF (5 mL) was stirred for 35 h at room
temperature. The solvent was distilled and the residue was purified by column chromatography on silicagel
(eluent: pentane-ether 7:3) to afford N-(2'4',6'-trimethylphenyl)phtalimide (60) (0.023 g, 18%), as a

colourless amorphous solid, m.p. 177-178°C, lit.21 178-179°C.
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