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Abstract: The aryl-benzyl cross-coupling in the presence of copper-, nickel- and paliadnum—caaalyns has
heen investigated with a number of chlorine- and methyl-substitoted aryimetal compoumds ArM (M=
MgBr, ZnCl) and (substituted) benzylic halides ArCH,X. The results have been apptied in the selective
synthesis of some toxicologically interesting tetrachlorobenzylioluenes,
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INTRODUCTION

Tetrachlorobenzyliolucnes (TCBTS, formal IUPAC-name tetrachloramethyl diphenylmethanes) are used as
substitutes for polychlorinated biphenyls (PCBs, Scheme 1) in, among others, flame-resistant hydraulic fluids,
especially in underground mining in Germany. The estimated losses amounted up to 700 ton/year, and, probably
via pit water and mine outputs, significant levels (ranging from 0.1 to 25 mg/kg edible portion) of TCBTs have
been detected in fish in the rivers Lippe and Ruhr (Germany) and in the Dutch rivers Mense (Maas) and

PR Sy

H,C
Cl, L, cl,

PCB TCBT
Scheme 1. PolyChloroBiphenyls and TetraChloroBenzylToluenes.
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. In gpite of their resemblance to PCBs, only a few toxicological investigations have been carried out with
TCBTs. However, these were carried out with the commercially available isomeric mixtures such as
U gilec-141.6'9 a technical mixture consisling of 69 previously identified isomers. 10 A recent molecular
modelling study earmarked a few of the TCBTS as particularly interesting because they were expected to have a
dioxin-type toxicity." Verification of these hypotheses with toxicological research and verification of theoretical
models, required the availability of several of these compounds in a pure state (Scheme 2). For our
investigations, we needed four of the 69 isomeric TCBTs, with a purity > 99 %.

CH, o a a
a ci

3, 4, 4, 5-tetrachloro-2-methyldiphenylmethane 3,3, 4, S-tetrachloro4-methyldiphenylmethane
{TCBT-89) (TCBT-9%4)

Qa a a CH, a
CH,

3,3', 4, 4'-tetrachloro-2-methyldiphenyimethane 3, 4, 4, 5-tetrachloro-3-methyldiphenyimethane
(TCBT-87) (TCBT-88)

Scheme 2. The desired TetraChloroBenzylToluenes.

A retrosynthetic approach (Scheme 3) suggested four different combinations of organometallic
compounds and aryl- or benzyl halides, which could be realised under the influence of a transition-metal catalyst.
Combination IV seemed the most likely candidate for the preparation of the designated benzyltoluenes. The
others were thought to have less potential either because the starting compound is tedious to prepare
(combinations 1 and II) or because the reactivity of the substrate is not sufficiently delineated, with the possibility
to give a mixture of difficultly separable isomeric coupling products {(combination II). 12-15

RESULTS AND DISCUSSION

A. Cross-couplings with various arylmetal compounds and benzylic halides- Investigation of
the scope.

It was decided first to investigate the scope of the cross-coupling involved in the synthesis of TCBTs-87,
-88, -89, and -94 applying Cu(I)Br-, NiCla(PPh3)2- and PdCl2(PPh3)z-catalysts mentioned in the literature on
the preparation of unsymmetrical diar_vlrnethanes."f"21 Thus, a number of transition metal-catalysed cross-
couplings between readily available aryl nucleophiles and benzylic halides were carried out (Scheme 4). The
results are summarised in Table 1.
The reaction of benzyl bromide 2a and benzyl chloride 2b (Scheme 4, Table 1) with phenylmagnesiom
bromide 14 proceeded to completion with all of the three catalysts applied, but only with CuBr was the
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X = halogen, MX = MgBr, ZnCl, SnBu,

Scheme 3, Possible combinations (I-1V) of a benzyl- and a tolyl-moiety for the preparation of
TetraChloroBenzylToluenes.

selectivity satisfactory. The Ni- and Pd-catalysed reactions gave considerable amounts of homocoupled products
(PhPh and PhCH2CH2Ph).

1mol %

catnlyst \
Q—cnzx + XM O.CH,_O
L_ 'I'HF 50°C. 1h _ll_ ll

X =C], Br; R, R' = H, Cl, CH;; MX = MgBr, ZnCl

Scheme 4. Transition metal-catalysed aryl-benzyl cross-coupling.

The reactions of the phenylmagnesium bromide 1a with ortho-chlorobenzyl chloride 2¢ were found to
proceed with insufficient selectivities, imespective of whether a Cu-, Ni-, or Pd-catalyst was used, but with zinc
derivative 1b these were excellent in the cases of the Ni- and Pd-catalyst. In'the presence of CuBr no reaction at
all occurred: presumably the obligatory zinc-to-copper transmetallation did not proceed due to the higher
electropositivity of the zinc compound compared to copper. The results of the various copper catalysed reactions
(entries 1, 2, 3, 4, 5, and 13) show that Cu(T})Br can be an efficient catalyst for the cross-coupling of
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Table 1. Cross-Coupling of Aryl Nucleophiles With Benzyl Halides.2

Product
entry RMX®  Benzyl | Cu()Br NiCly(PPh3); PACI(PPhs); |
halikb _No. _ Cc S.c C. S. C. 5.
1 1a 2a 3 >9908F 94 >99 20 >9%9 59
2 1a 2b >99 94 >99 23 >9% 50
3 la 2¢ >99 57 >99 27 >99 24
4 ib 2a 0 1) >99 97 >99 >99
5 1b 2¢ 4 0o 0 >9% 83  >99(8) &4
6 ¢ 2¢ 5 98 32 »>99Y) %
7 1d 2¢ 6 2 92 904 >9
8 e 2¢ 7 90 9  >9907 »>9
9 1t 2¢ 8 12 9746) 85
0 1f 2d 9 0 8 98(89) 95
11 1g 2d of of
12 1h 2d 10 936 o4 >99 &
13 1 24 11 6 23 9355 9 0 56
4 1 2d 12 6 99 87070) 99
15 1k 2d 13 67 63 98 (91) 96

4 For procedures, see the experimental part. LET™ PhMgBr; 1b: PhZnCl; 1c: 2-Me-CgH4ZnCl; 1d: 2,6-Me-CgH3ZnCl; 1e: 3-Cl-
2-Me-CgHaZnCl; 1f: 2,4,6-Mes~-CgHoZnCl, 1g: 2-C1-CgH4ZnCl; 1h: 3-Cl-CgH4ZnCl; 1i: 4-Cl-CgHyZnCl; 1§: 2,6-Clp-
CgHaZnCl; 1k: 2,3-Cly-CsH3ZnCl; 2a: PRCH;Br; 2h: PhCH,C); 2¢: 2-C1-CgH/CHCl; 2d: 3,4-Cly-CgH3CH,Br. € Conversion
(C.) and Selectivity (S.) determined by GLC after 1h, 9 Withow catalyst; mainly homo-coupling. € [solated yields in parentheses,

f Afer 3 days.

arylmagnesium bromides with benzyl halides but that it is not suitable for the cross-coupling of arylzinc
chlorides with chlorine-substituted benzyl halides. Entries 11, 12 and 13 of Table 1 shows that meta- and
para-chlorophenylzinc chloride 1h and 1i couple satisfactorily with 2d under the influence of NiCla(PPh3)2 but
that, remarkably, with ortho-chlorophenylzinc chloride 1g no reaction occurred, irrespective of whether
NiClz(PPh3)2 or PAC12{PPh1)2 was used as the catalyst. This inertness may be ascribed 10 an intramaolecular
coordination of the chlorine towards the zinc, resulting in a lower nucleophilicity so that the reduction to the
zerovalent catalytically active Ni- or Pd-species cannot occur. This explanation is supported by the fact that
Pd(PPh3)4 has been reported to effectively catalyse the coupling of ortho-chlorophenylzine chloride with
aromatic halides.22 Comparison of entries 14 and 15 shows that in reaction with dichlorosubstituted arylzinc
halides 1j and 1k PdClz(PPh3); worked with higher selectivity than did the Ni-catalyst. In these reactions we
did not observe any retarding effect of the neighbouring chlorine(s) on the reactivity of the zinc chloride.

For the reaction of methyl-substituted aryl nucleophiles (entries 6, 7 and 9) with 2¢, PdCla(PPhs)z was
shown to be the best catalyst. Increasing methylsubstitution had no influgnce on the reaction. No significant
difference in reactivity was found between the reactions with 2¢ and 2d.

From these results we conclude that: 1. Cu(T)Br is a suitable catalyst for the benzyl-aryl cross-coupling
when arylmagnesium halides are used, 2. NiClp(PPh3)z is the most selective catalyst for the cross-coupling of



R.-J. de Lang et al. / Tetrahedron 54 {1998) 2953-2966 2957

mono-chlorophenylzine chlorides, 3. The use of more sterically hindered nucleophiles does not seem 10 have a
profound influence on the Pd-catalysed reaction, but the Ni-catalysed reaction is severely hampered, 4. An
increasing degree of substitution requires the use of more selective catalysts, nucleophiles with lower polarity of
the carbon metal bond and longer reaction times. Based on the above mentioned experiences, the Pd-catalysed
cross-coupling was applied for the preparation of the aforementioned TCBTs (Scheme §).

Cl cl
PA(PPh
(}Mx + BrH,cGCJ PABPhsh CH, ca
4 THF 4_ -
H,C
Cly

H;C
Cl,

, TCBTs
18, 23, 29, 36 2d 87, 88, 89, 94
Scheme 5. Pd-catalysed cross-coupling of dichlorobenzy! bromide with metallated dichlorotoluene.

B. Synthesis of the four tetrachloromethyldiphenylmethanes.

3', 4, 4', 5-Tetrachloro-2-methyldiphenyimethane (TCBT-89).
CH, CH;

CcH, cl
il i v ZnCl 2d
—_ T cl CH, a
cl cl 3M .,
cl
cl cl
TCBT-89

14 18

i. HNOy, H,80,; ii. FefHCLH, O; iii. NaNO,/CuBr, HBr, H,0; iv. BuLVTHF, ZnCl,.
Scheme &6, The route to TCBT-89,

In the first step (Scheme @) the commercially available 3,4-dichlorotoluene 14 was nitrated with a
mixture of nitric and sulfuric acid at a slightly elevated temperature. Repeated crystallisation resulted in 22 %
yield of the desired o-nitro-derivative 15.23 Reduction of the nitrogroup with Fe/HCI gave, after steam
distillation, the expected toluidine 16 in a 60 % yield. 24 Another method for the reduction of the nitrogroup,
employing hydrazine monohydrate, and Ru/C as the catalyst gave 16 in 98% yin:ld.25 When 16 was subjected 1o
Sandmeyer's reaction (diazotation of the aniline and subsequent reaction with copper bromide), the bromide 17
was obtained in an 88 % yield. The nucleophilic reaclion partner, 4, S-dichloro-2-tolylzinc chleride 18, was
prepared from 17 by a lithium-bromine exchange at low temperatures with #-BuLi, followed by a
transmetallation with anhkydrous zinc chloride. Palladium-catalysed cross-coupling with the benzylic bromide 2d
gave, after repeated crystallisation, the desired TCBT-89 in a 36 % yield.

3, 3’, 4', 5-Tetrachloro-4-methyldiphenylmethane {TCBT-94).
The first step in the synthesis of TCBT-94 (Scheme 7) is the chlorination of the starting compound
p-nitrotoluene 19 with chlorine gas by a method described by Weinstock e al. using antimony(V)chloride as a
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CHs CH,
a Cl
i i B o O_C'
PA(PPh3)4 THF
NQ, ZnCl '
19 23 TCBT-94

i. ShCl/C HQO , Co/CH,;CO0H/PhCI; ii. Fe/HCL, HZO iii. NaNOZIOJBr HBr, H,0;
iv. BuL nCl,.

Scheme 7. The route to TCBT-94.

catalymla::tivatm'.215 The resulting mixture of di-, tri-, and tetrachlorinated products was selectively dechlorinated
to 2,6-dichloro-4-nitrotoluene 20 with copper powder and glacial acetic acid in 65 % yield.27 Reduction of the
nitro group with Fe/HCI, followed by a Sandmeyer reaction with copper bromide, of toluidine 21 gave the
desired bromo dichloroderivative 22 in an 62 % yield. Cross-coupling of the resulting 4, 5-dichloro-2-tolylzinc
chloride 23 with dichlorobenzyl bromide 2d using 5 mol % Pd(PPh3)y4 gave, after crystallisation, the expected
TCBT-94 in a 41 % yield.

3', 4, 4', 5-Tetrachloro-3-methyldiphenylmethane (TCBT-88).

The starting compound, 2-methyl-4-nitroaniline 24 was chlorinated to yield, after crystallisation from
acetonitrile, compound 25 (Scheme 8). By a Sandmeyer reaction with copper(Dchloride the amino group was
converted into the corresponding chlorine in 26, subsequent reduction of the nitre group gave aniline 27. This
compound was converted into 28 by another Sandmeyer reaction with copper(I)bromide in a 63 % yield. In
order to synthesise the target compound TCBT-88, bramide 28 was subjected to a lithium-bromine exchange
with n-butyllithium in THF, followed by a transmetallation to the corresponding 4, 5-dichlore-3-tolylzinc
chloride 29 The reaction of 29 with benzyl bromide 2d in the presence of a catalytic amount of Pd(PPh3)4,
afforded the depicted tetrachlorobenzyltoluene TCBT-88 in a 41 % yield.

NH; Cl
cH, 9 ™
s ivy
Pd(PPh;).‘
NGO ZnCl

24 29 TCBT-83
i. Cly; #i. NaNOQy/CuC), HCL, H,O, iii. Fe/HCL, H,0; iv. NaNQ,/CuBr, HBr, H,0; v. BULVTHF, ZnCl,.
Scheme 8. The route to TCBT-88. '

3, 3', 4, 4"-Tetrachioro-2-methyldiphenylmethane {TCBT-87).
As we did not succeed after numerous attempts to synthesise the necessary 6-bromo-2,3-dichlorotoluene, a
completely different strategy (Scheme 9) was chosen for the preparation of TCBT-87. The phenolic
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OH-group in 3,4-dichlorophenol 30 was protected using N, N-diethylcarbamoyl chloride in pyridine.28

The so protected phenolic OH-group in 31 functions as a DMG (Directed Metallation Group).2
Metallation of 31 with sec-butyllithium-TMEDA at low temperature, resulted in ortho-metallation at the position
between the DMG and the chlorine, Subsequent functionalisation with excess methyl jodide gave compound 32

Cl
Cl Cl
i 0 B I
CH;
OH OTf
k) M
Cl CHs Cl
Pd(PPh3)4
3 + BusSnCH, Cl CH; Cl
LlCl DMF
TCBT-87

i. ELN(CO)C1, pyridine; ii. s-BuL/TMEDA, THF, CH,l, iii . LiAlH/THF; iv. Tf,0, pyridine.
Scheme 9. The route to TCBT-87.

in excellent yields. Removal of the carbamoyl moiety with LiATHg afforded the phenol 333031 By reaction with
triflic anhydride in pyridine the corresponding triflate 34 was obtained in excellent yields. The target compound
(TCBT-87) was obtained by an unprecedented Stille coupling of the aromatic triflate (34) with 3,4-
dichlorobenzyitributyltin 35 with Pd(PPh3)4 in DMF.3233

CONCLUSIONS

Starting from commercially available materials, the aryl moieties of the desired tetrachlorobenzyltoluenes
are preparable. The latter can be used in the form of dichlorotolylzing chlorides in palladium-catalysed cross-
couplings with 3, 4-dichlorobenzyl chloride 2d to give the desired compunds TCBT-89, TCBT-94, and
TCBT-88 with excellent purilies and reasonable yields. The fourth TCBT, TCBT-87 can be prepared by the
synthesis of the dichlorotolyltriflate 34 and subsequent Stille cross-coupling with 3,4-dichlorobenzyl tributyltin
35, which seems to be without precedent. In all cross-coupling reactions small amounts of homo-coupling
products are found, but sufficiently pure end products can be obtained by repeated crystallisations. Preliminary
toxicologic investigations have shown that TCBT-87 indeed shows dioxin-type toxicity, further toxicological
research being currently in progress.

EXPERIMENTAL

General. All 1H- and 13C-NMR specira were recorded on a Bruker AC-300 spectrometer (1H: 300 MHz,
13C: 75 MHz) at room temperature, using CDCI3 as solvent and internal standard unless otherwise stated.
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Chemical shifts are given in ppm downfield from TMS, coupling constants are given in Herz, NiClz(PPh;.;)z“,
PdCl2(PPhs)2*® and Pd(PPh3)4>® were prepared by literature procedures. THF was dried by distillation from
LiAlHy/ benzophenone, DMF by distillation from calciumhydride and stored under nitrogen over molsieve 44,
Diethyl ether was dried over powdered KOH and subsequently filtered, hexane was distilled from sodium sand/
benzophenone. Zinc chloride was dried by azeotropic distillation with toluene. Phenylmagnesium bromide was
prepared from bromobenzene and magnesium in THF. After titration with ethanol, using 1,10-phenantroline as
indicator, a solution of 1.43 M phenylmagnesium bromide in THF was obtained, which was stored under
nitrogen and used as such. All other reagents were commercially available and were used as such.

3, 4-Dichlorobenzyl bromide (2d, Scheme 5). Following the procedure for para-nitrobenzy!l
bromide? 2d was prepared from 3,4-dichlorotoluene 14 and bromine in a 66% yield. B.p. 84-836°C/ 0.3 mm
Hg H-NMR: 8= 7.47 (d, J= 2.1, 1H, C2(H)), 7.38 (d, J= 8.2, 1H, Cs(H)), 7.20 (dd, 7= 8.2, 2.1, 1H,
Ce(H)), 4.39 (s, 2H, Ccna(H)). 13C-NMR: 8= 137.9 (C1), 132.7 (Ca), 132.5 (C4), 130.8 (C2), 130.7 (Cs),
128.4 (Cg), 31.5 (Ccom).

Diphenylmethane (3, Scheme 5, Table 1). Yield 98%, from 4.3 g (25 mmole) of benzy! bromide
(2a) and 18 mL of a solution of 1.43 M (26 mmale) phenylmagnesium bromide (1a) in 50 mL of dry THF. 1H-
NMR: &= 7.81-7.70(m, 10H, Cgrom.(H)), 4.47 (s, 2H, CH3). 13C-NMR: 8= 141.0 (Cy), 128.8 (C3), 1283
(C3), 126.2 (Cq), 41.7 (CcH2)-

2-Chlorodiphenylmethane (4, Scheme 5, Table 1). Yield B2%, from 4.0 g (25 mmole) 2-
chlorobenzyl chloride (2¢) and 26 mmole of phenylzinc chloride prepared from 18 mL of a solution of 143 M
(26 mmole) phenylmagnesium (1a) bromide in 50 mL of dry THF to which 3.4 g (25 mmole) ZnCl; was added.
TH-NMR: 5= 7.58-7.10 (m, 9H, Carom.(H)), 4.21 (s, 2H, CHz). L3C-NMR: 3= 139.4 (C}"), 138.6 (Cy),
134.1 (C3), 130.9 (Cs), 129.4 {Cg), 128.8 (C2> ¢), 128.4 (C3 57}, 127.5 (Ca), 126.7 (C4), 126.1 (Cq), 39.1
(Con)-

Typical Cross-Coupling Procedure. Preparation of 2'-Chloro-2, 6-dimethyldiphenyl-
methane (6, Scheme 5, Table 1). A 190 mL three-necked round-bottomed flask equipped with a gas inlet,
a thermometer and a reflux condenser was charged with 50 mL of dry THF and 4.6 g (25 mmole) of
2,6-dibromoxylene . The air in the flask was completely replaced with nitrogen and the mixture was cooled at
-80°C. Subsequently 17 mL of a solution of 1.6 M r-BuLi in hexane was added over a few min. The mixture
was stirred for 30 minutes at -80°C after which 3.4 g (25 mmole) of ZnClp was added. The reaction mixture was
stirred for another 15 min and allowed to reach (°C. The mixture was cooled at < -90°C after which 4.0 g (25
mmole) of 2-chlorobenzyl chloride (2¢) was added, immediately followed by 0.25 mmole of the catalyst (140
mg NiCl2(PPhs)2, 180 mg PdCl2(PPhs); or 40 mg copper{l)bromide, respectively). The reaction mixture was
warmed to 50°C and stirred for 1 hr. The reaction mixture was ponred into 100 mL of 2 M HCI and extracted
three times with 25 mL portions of pentane. The combined organic fractions were dried over MgS80y, the solvent
removed and the resulting oil flash chromatographed over a short silica column (3 ¢cm) using .pemane as the
eluens. The desired product was obtained in a 74 % yield. VH-NMR: 8= 7.43 (4, J = 7.7, 1H, Cs(H)), 7.19 -
7.05 (m, 5H, C3_g(H)), 6.60 (d, J = 7.7, 2H, C4, 6(H)), 4.12 (s, 2H, CHy), 2.23 (s, 6H, Cz, (CH3)). 13C-
NMR: 8= 137.4 (C3, ¢), 137.2 {Cy), 135.7 (Cp), 1344 (C2), 129.1 (Cg), 128.1 (C3), 127.2 (C4), 1268
(Cs?), 126.6 (Cq), 128.2 {C3, 5), 32.6 (CcH2), 19.9 (Ccns). HRMS found: 230.0872 calculated: 230.0862

The following compounds were prepared by analogous procedures:

2'-Chloro-2-methyldiphenylmethane (5, Scheme S, Table 1). Yield 92%, from 4.0 g (25
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mmole) 2-chlorobenzyl chloride (2¢) and 4.3 g (25 mmole) 2-bromotoluene. IH-NMR: 8= 7.66-7.14 (m, 8H,
Carom (H)), 4.33 (s, 2H, CHa), 2.50 (s, 3H, CHs). 13C-NMR: 8= 138.0 (Cy), 137.3 (C3), 136.6 (Cy), 134.3
(Cz), 130.2 (Cs, ), 129.6 (C3), 129.2 (Cy), 127.4 (Cy), 126.7 (Cs), 126.6 {Cs), 126.1 (Cy), 36.9 (CcHz).
19.2 (Ccu3). HRMS found: 216.0753 calculated: 216.0706

2' 3-Dichloro-2.methyldiphenylmethane (7, Scheme §, Table 1). Yield 97%, from 4.0 g (25
mmole) 2-chlorobenzyl chloride (2c) and 5.1 g (25 mmole) 2-bromo-6-chlorotoluene. 1H-NMR: 8= 7.51- 7.47
(m, 1H, C3(H)), 7.29 - 7.19 (m, 4H, C4, ¢, 5, s(H)), 7.02 - 6.98 {m, 2H, Cs, 5(H)), 4.11 (s, 2H, CH3y), 2.31
(s, 3H, C2(CHj3)). 13C-NMR: 8= 138.5 (Cy), 137.3 (Cz), 135.9 (C19), 134.2 (Cy2), 132.0 (C3), 130.7 (C¢).
130.1 (Cg), 130.0 (C3), 129.4 (Cq), 127.6 (Cs), 126.8 (Cy7), 126.0 (Cy4), 36.1 (Ccyz), 19.3 (Coys). HRMS
found: 25(0.0320 calculated: 250.0316

2'-Chloro-2, 4, 6-trimethyldiphenylmethane (8, Scheme §, Table 1). Yicld 46%, from 4.0 g
(25 mmole) 2-chlorobenzyl chloride (2c) and 5.0 g (25 mmole) bromomesitylene. 1H-NMR: 8= 7.41 (dd, J =
7.8, 1.4, tH, C3(H)), 7.14 (ddd, J = 7.8, 1.5, 0.8, 1H, Cy(H)), 7.06 (ddd, J = 1.6, 7.5, 1.4, 1H, Cs(H)),
6.95 (s, 2H, C3, 4(H)), 6.61 (dd, J = 7.6, 0.8, 1H, Cg(H)), 4.07 (s, 2H, CHy), 2.34 {5, 3H, C4(CH3)), 2.18
(s, 6H, C3, 6(CH3)). 13C-NMR: 8= 137.5 (Cy), 137.2 (C2, 6), 135.9 {C1), 134.3 (Cy), 132.6 (C2), 129.0
(Cs?), 128.9 (C3, s}, 128.2 (Ca), 127.1 (Cy), 126.8 (Cs), 32.3 (Conz), 209 (Cy.cH3) 19.8 (Cons). HRMS
found: 244,1154 calculated: 244.1019

3, 4'-Dichloro-2, 4, 6-trimethyldiphenylmethane (9, Scheme 5§, Table 1). Yield 89%, from
6.0 g (25 mmole) 3, 4-dichlorobenzyl bromide (2d) and 5.0 g (25 mmole) bromomesitylene. IH-NMR: §=7.32
(d. 7 = 8.2, 1H, Cs:(H)), 7.14 (d, J = 2.0, 1H, C(H)), 6.94 (s, 2H, C3, s(H)), 6.87 (dd, 7 = 8.2, 2.0, 1H,
Ce(H)), 4.00 (s, 2H, CHy), 2.34 (s, 3H, C4(CHs)), 2.23 (s, 6H, C2, 6(CHj3)). 13C-NMR: 8= 140.6 (C1),
136.8 (C3, g), 136.2 (Cq), 132.4 (Cg, 4), 130.3 (Cg), 130.2 (C3, 5), 129.7 (Cy), 129.1 (Cs5), 127.2 (Cg),
33.9 (Cemn). 20.9 (Coma), 20.0 (Cy.cpy). HRMS found: 278.0633 calculated: 278.0629

3, ¥, 4-Trichlorodiphenylmethane (10, Scheme 5, Table 1}. Yicld 62%, from 6.0 g (25
mmole) 3, 4-dichlorobenzyl bromide (2d) and 3.3 g (25 mmole) 3-bromochlorobenzene, TH-NMR: 8= 7.36 (d,
J=82, 1H, Cs(H)), 7.26 (d, J = 2.1, 1H, Ca(HY), 7.24 - 7.20 (m, 2H, Cz ¢(H)}, 7.15 (m, 1H, Cs(H)),
7.00 (dd. J = 8.2, 2.1, 1H, Cg(H)), 3.90 (s, 2H, CHp). 13C-NMR: 3= 141.7 (C1), 140.4 (Cy), 134.5 (C3},
132.5 (Cy), 130.7 {C2), 130.5 (Cs), 130.3 (Cy), 129.9 (Cs), 128.9 (C3), 128.3 (Cg), 127.0 (Cg), 126.8
(C4), 40.5 (Ccona). HRMS found: 269.9645 calculated: 269.9770

3, 4, 4'-Trichlorodiphenylmethane (11, Scheme 5, Table 1}. Yield 55%. from 6.0 g (25
mmole) 3, 4-dichlorobenzyl bromide (2d) and 3.3 g (25 mmaole) 4-bromochlorobenzene, TH-NMR: &= 7.36 (d,
J =82, 1H, C4(H)), 7.29 (d, J = 8.4, 2H, C3 5(H)), 7.26 (d, J = 2.0, 1H, C;(H)), 7.10 (d, J = 8.4, 2H,
Cz, ¢(H)). 7.00 (dd, J = 8.2, 2.0, 1H, Cs5(H)), 3.90 (s, 2H, CHy). 13C-NMR: 8= 140.7 (Cy), 138.1 (C1),
132.4 (C3), 132.3 (Cyg), 131.2 (C2), 130.3 (Cs), 130.2 (C4), 130.1 (Cy, 5, 128.7 (C, 6. 128.2 (Cg), 40.1
(Ccnz). HRMS found: 269.9776 calculated: 269.9770

2, 6, 3', 4'-Tetrachlorodiphenylmethane (12, Scheme 5, Table 1). Yield 70%, from 6.0 g
(25 mmole) 3, 4-dichlorobenzy! bromide (2d) and 5.6 g {25 mmole) bromo-2, 6-dichlorobenzene. 1H-NMR: &=
7.34 (d, 7= 8.0, 2H, C3 _s5(H)), 7.32 (d, J = 8.3, iH, Cs(H)), 7.29 (d, J = 2.1, 1H, Cp(H)), 7.16 (dd, J =
8.3, 7.5, 1H, C4(H)), 7.04 (dd, J = 8.3, 2.1, 1H, Cg(H)), 4.28 (s, 2H, CHz). 13C-NMR: &= 138.1 (Cy),
135.7 (Cy?), 135.3 (Cq, ¢), 132.1 {C3), 130.1 (C4), 130.0 (Cs), 130.0 (Cq), 128.4 (C3), 128.2 (Cy, 5.
127.6 (Cg), 35.5 (Ccnz). HRMS found: 303.9427 calculated: 303.9380

2, 3, 3, 4'-Tetrachlorodiphenylmethane (13, Scheme 5, Table 1). Yicld 91%, from 6.0 g
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(25 mmole) 3, 4-dichlorcbenzyl bromide (2d) and 5.6 g (25 mmole) bromo-2, 3-dichlorobenzene, IH-NMR: 3=
7.37 (dd, J = 8.4, 1.5, 1H, C4(H)), 7.35 (d, J = 8.2, IH, Cs«H)), 7.27 d, J = 1.9, 1H, C»(H)), 7.15{dd, J
= 8.4, 7.7, 1H, Cs(H)), 7.07 (dd, J = 7.7, 1.5, 1H, Cg(H)), 7.01 (dd, J = 8.2, 1.9, 1H, Cg(H)), 4.08 (s, 2H,
CHa). 13C-NMR: 8= 139.6 (C3). 139.1 (C1). 132.5 (C3), 132.4 (C3), 132.4 (Cgq), 130.6 (C2), 130.5 (C4).
1303 (Cs9), 130.3 (Ce), 129.0 (Cy), 128.2 (Cg), 127.3 {Cs), 39.2 (CcHz). HRMS found: 303.9422
calculated: 303.9380 :

4, 5.Dichloro-2-nitrotoluene (15, Scheme ‘6). The nitration of 3,4-dichlorotoluene 14 was carried
out by & procedure described in the literature™, By threefold crystallisation of the crude product (yield 72 %)
from ethanol pure 14 m.p, 57-59°C (uncorr., lit37 63-64°C), was obtained in a (22 %). TH-NMR: 8= 8.11 (s,
1H, C3(H)), 7.48 (s, 1H, Cg(H)), 2.60 (s, 3H, Ccpa(H)). 13C-NMR: 5= 147.4 (Cy), 137.7 (Cs), 134.1 (Cg),
133.6 (Cq), 130.9 (Cq), 126.6 {C3), 20.1 {Cch3).

" 2-Amino-4, S-dichlorotoluene (16, Scheme 6). The procedure described in the literature®? gave,
starting from 15, pure 16 in 60% yield, (m.p. 101-102°C, uncorr.). lH-NMR: 8= 7.12 (s, 1H, Ca(H)), 6.78
(s, 1H, Cs(H)), 5.27 (bs, 2H, NH3), 2.03 (s, 3H, CH3). 13C-NMR: 8= 149.5 (Cg), 133.3 (C3), 130.5 (C3),
124.7 (C1),118.4 (Cy), 116.7 (Cs), 19.1 (CcHs).

2.Amino-4, S-dichlorotoluene (16, Scheme 6) by reduction with Ru/C-hydrazine
monohydrate. A modified procedure for 16 gave the compound in 98 % yield as a yellow l:»owder.25

2-Bromo-4, 5-dichlorotoluene (17, Scheme 6). The compound was prepared in a 82% yield from
16 following the general procedure for diazotation and subsequent halogenation as described in ref38 m.p. 85-
86°C, uncorr. lH-NMR: 3= 7.60 (s, 1H, C3(H)), 7.30 (s, 1H, Cg(H)), 2.35 (s, 3H, Ccpi(H)). 13C-NMR: 5=
138.0 (Cy), 133.3 (Ca), 131.7 (Cg), 131.3 (C4),130.4 (Cs), 122.8 (C3), 22.3 {Ccus).

2, 6-Dichloro-4-nitrotoluene (20, Scheme 7). Following the known procedures26 20 was
obtained in 45 % yield as a yellow solid starting from 0.5 mol of para-nitrotoluene 19, 'H-NMR:
(CDCl3/DMSO-dg, 1/1): 8= 7.84 (s, 2H, C3, 4(H)), 2.23 (s, 3H, Ccy3(H)). 13C-NMR: (CDCl3/DMSO-dg,
1V1): 8= 145.7 (Cy4), 141.9 (Cy). 135.9 (C7, ¢), 1224 (C3, 5), 17.8 (CcH).

4-Amino-2, 6-dichlorotoluene (21, Scheme 7} was prepared using the Fe/HCl-procedure
described for compound 16 from 2, 6-dichloro-4-nitrotoluene 20 in an 81 % yield as a white solid. 1H-NMR:
5= 6.48 (s, 2H, C3, 4(H)), 3.93 (bs, 2H, Cnp2(H)), 2.18 (5, 3H, Copa(H)). 13C-NMR: &= 145.9 (Cy), 135.3
(Ca, 6), 122.5 (Cy), 114.2 (C3, 5), 16.1 (Ccn3). ‘

4-Bromo-2, 6-dichlorotoluene (22, Scheme 7). The compound was prepared from 75 mmole 21
in a 62% yield following the general procedure for diazotation and subsequent halogenation as described in the
literature®® TH-NMR: 8= 7.42 (s, 2H, Cq, 5(H)), 2.40 (s, 3H, Ccyz(H)). 13C-NMR: 8=136.1 (C3,4 ). 133.6
(Cy), 130.4 (C3, 5), 119.0 (C4), 17.1 (Cch3)-

2-Amino-3-chloro-5-nitrotoluene (25, Scheme 8). A 2 L, three-necked, round-bottomed flask,
equipped with a mechanical stirrer was charged with 76.5 g (0.5 mol) of 2-methyl-4-nitroaniline 24 and 450 mL
of 10 M HCL. Stirring of the yellow reaction mixture for 2{} hours at room temperature resulted in a fine grey
suspension. About 1 kg of crushed ice was added and a solution of 35 g (0.5 mol) chlorine gas in 100 mL of
cold CCly was added portionwise over a period of 30 minutes with vigorous stirring. The colour of the reaction
mixture changed from grey to brown. After an additional 30 minutes, the organic solvent was removed under
reduced pressure. Filration gave an orange-brown residue, which was successively washed twice with 500 mL
of ice water, 200 mL of 50 % ethanol/water and 500 mL of water and dried in vacue affording 67.3 g (yield
72%) of the product. 'H-NMR(CDCI3/DMSO-dg, 1/1). 8= 8.14 (d, J= 2.5, C2(H)), 7.93 (4, J= 2.5, IH,
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Cy(H)), 5.4 - 3.8 (bs, 2H, Cnua(H) ), 2.28 (s, 3H, Cens(H)). 13C-NMR(CDCly/DMS0-dg, 1/1): 5= 145.4
(C2), 134.2 (Cs), 121.7 (Cg). 120.6 (C4), 119.2 (Cy), 1140 (C3), 15.3 {Coma).

2, 3.Dichlaro-5-nitrotoluene (26, Scheme 8). The compound was prepared from 48 mmole 25 in
a B0 % yield following the peneral procedure for diazotation and subsequent halogenation as described in the
literature.’® TH-NMR: 3= 8.18 (d. J= 2.5, 1H, Cs(H)), 8.03 (d, J= 2.5, C4(H)), 2.53 (s, 3H, CHa). 13C-
NMR: 8= 145.8 (Cs), 139.9 (C2), 139.8 {C1). 134.0 (C3), 123.4 (Cg), 1229 (C4). 21.5 {CH3).

5.Amino-2, 3-dichlorotoluene (27, Scheme 8). The compound was prepared from 0.15 mole of
26 in a 78% yield as a purple solid using the Fe/HCl-procedure analogous to the procedure for compound 16.
IH-NMR: 8= 6.63 (d, J= 2.5,1H,C4(H)), 6.50 (d, J= 2.5, 1H, C(H)), 5.41 (bs, 2H, Cnu2(H)), 2.20 (s, 3H,
Ccua(H)). 13C-NMR: 8= 150.6 (Cs), 140.1 (Cy), 133.8 (C3), 119.1 (C3), 117.4 (Cg), 115.0 (Cq). 23.2
(Ccna)-

5-Bromw-2, 3-dichiorotoluene (28, Scheme 8). The compound was prepared from (.1 mole 27
in a 61% yield following the general procedure for diazotation and subsequent halogenation as described in ref38
IH-NMR: 6= 7.46 (d, J= 2.2, LH, Cg(H)), 7.29 (d, J= 2.2, 1H, C4(H)), 2.39 (5, 3H, Cons(H)). 13C-NMR:
8= 1399 (C1), 133.7 (C3), 131.9 {C3), 130.4 (Cg, 4}, 119.6 (Cs), 21.0 (Ccha).

1-N, N-Diethylcarbamoyl-3, 4-dichlorobenzene (31, Scheme 9). The compound was
prepared by a modified literature procedm‘e.28 A 500 mL three-necked, round bottomed flask charged with 82 g
(0.5 mal) of 3,4-dichlorophenol 30, 68 g (0.5 mol) of N,N-diethylcarbamoylchloride and 200 mL of pyridine
was stirred ovenight at 100°C. After cooling to room temperature, a whiie precipitate was formed. The reaction
mixture was poured inta 100 mL water and extracted two times with 50 mL-portions of a 1/1 mixture of ether
and pentane. The combined organic fractions were successively washed twice with 100 mL of 10 % HCI and
twice with 100 mL of 10 % KOH and subsequently dried over NapSOy4. After removal of the solvent the
protected phenol 31 was isolated as a clear liquid in 99 % yield (129 g). TH-NMR: 8= 7.34 (d, /= 4.8, 1H,
Cs(H)), 7.24 (d, J= 2.7, 1H, Ca(H)), 6.97 (dd, J= 8.8, 2.7, 1H, Cg(H)), 3.34 (m, 4H, Ccp2(H)), 1.16 (m,
6H, Cops(H)). 13C-NMR: 8= 153.0 (Cc= @), 150.1 (Cy), 132.2 (C3), 130.1 (Cs), 128.3 (C4). 123.7 (C32).
121.2 (Cg), 42.1, 41.7 (CcH2), 13.9, 13.0 (Ccns).

1-N, N-Diethylcarbamoyl-2, 3-dichlorotoluene (32, Scheme 9). The compound was prepared
by a modified literature pmcedure.m A 1L, three-necked, round-bottomed flask equipped with a thermometer, a
mechanical stirrer, and a gas inlet, was charged with a mixture of 50.0 g (0.19 mol) of 31 in 300 mL of dry
THF and 25 g (0.22 mol) of N, N, N', N-ietramethylethylenediamine {(TMEDA). The flask was flushed with
nitrogen and cooled to below -90°C. To the mixture was added 170 mL of a sclution of 1.3 M (0.22 mole) sec-
BulLi in hexane while maintaining the temperature of the mixture between -80 and -90°C. The light yellow
reaction mixture was stirred for 2 hours at -80°C. Subsequently 45 g (0.32 mol, excess) of methyl iodide was
added, after which the reaction mixture was stirred for another hour. During this period the temperature was
allowed to reach 0°C. To the clear reaction mixture 100 mL of water was added. Threefold extraction with 50
mL portions of pentane was carried out. After drying the combined organic fractions over MgSQy, the solvent
was removed in vacuo and 51.9 g of a brown oil remained, comresponding to a 99% yield. 1H-NMR: 5= 7.28
(d, 7= 8.8, 1H, Cs(H)), 6.96 (d, J= 8.8, 1H, C4{H)), 3.42 (m, 4H, Ccua(H)), 2.28 (s, 3H, Ccxi(H)), 1.24
(m, 6H, Ceop3(H)). 13C-NMR: 8= 153.4 (Cc= ), 148.9 (Cg), 133.3 (C3), 131.6 (Cy), 129.5 (C3), 127.3
(Cg), 1216 (Cs), 42.2, 42.0 (CcHa2). 14.6 (Ccna), 14.3, 133 (Copa).

2, 3-Dichloro-6-hydroxytoluene (33, Scheme 9). The compound was prepared by a modified
literature procedum.” In a 1-L, three-necked, round-bottomed flask, equipped with a thermometer, a magnetic
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stirring bar and a gas inlet, 51.9 g (0.19 mol) of 32 was dissolved in 300 mL of dry THF under an inert
atmosphere. Cautious, portion-wise addition of 7.6 g (0.2 mol) of LiAIH4 over a period of 30 minutes resulted
in an exothermic reaction. The reaction mixture was stirred ovemight at room temperature, then treated with 20
mL of ethanol and 50 mL of 10 % HCI. The resulting suspension was subjected to continuods extraction with
diethyl ether during 5 h. Removal of the solvent and crystallisation of the remaining solid from pentane resulted
in 22.3 g (vield 62 %) of the desired compound as a white solid. 1H-NMR: &= 7.15 (d, J= 8.7, 1H, C4(H)),
6.64 (d, J= 8.7, 1H, Cs(H)), 4.84 (bs, 1H, Con(H)), 2.33 (s, 3H, Coya(H)). 13C-NMR: &= 152.6 (Cg).
133.3(C2), 127.3 (Cy), 124.9 (C3), 124.6 (C1), 114.1 (Cs), 13.6 (CcHa).

2, 3-Dichlorotolyl-6-trifiate (34, Scheme 9), A 100 mL three-necked, round-bottomed flask
equipped with a gas inlet, a thermometer, and a magnetic stirring bar, was charged with 4.4 g (25 mmole) of
phenol 33, 50 mL of pyridine and 25 mL of CH3Cla. The mixture was brought under an inert atmosphere and
cooled at 0°C. Triflic anhydride (7.8 g, 27 mmole) was added over a period of 30 min. The mixture was stirred
overnight at room temperature, then poured in 100 mL water, after which two extractions with 50 mL portions
of diethyl ether were carried out. The combined organic fractions were washed with 50 mL of brine and
subsequently dried over MgS804. Removal of the solvent under reduced pressure gave 6.8 g (yield 90%) of a
while powder. lH-NMR: 8= 7.40 (d, J= 8.8, 1H, C5(H)), 7.16 (d, J= 8.8, 1H, Cs(H)), 2.46 (s, 3H,
Ccui(H)). 13C-NMR: 8= 146.2 (Cy), 134.5 (Cp), 132.9 (C3), 131.9 (Cq), 127.9 (Cs), 120.1 (Cg), 23.7
(CcHa).

3, 4-dichlorobenzyltributyltin (35, Scheme 9). A 100 mL Schlenk vessel equipped with a
magnetic stirring bar and a reflux condenser was charged with 6.5 g of Zn dust (Merck p.a.) and 50 mL of dry
diethy] ether. After flushing with nitrogen a few drops of dibromoethane were added and the suspension heated
until reflux. After the evolution of gas had ceased and the mixture had cooled to room temperature 2d (12 g, 50
mmole) was added and the mixture was stirred overnight. The reaction mixture was transferred into a 100 mL
centrifugal vessel. Tributyltin chloride (16.3 g, 50 mmole) was added, after which a weakly exothermic reaction
took place. The reaction mixture was stirred overnight at room temperature. After removal of the solvent from
the grey suspension, the remaining oil was diluted with 50 mL of hexane, the mixture subjected to centrifugation
and the upper layer decanted. The precipitate was washed twice with 10 mL hexane. The hexane fractions were
combined and the solvent removed under vacuum resulting in 4.3 g (vield 19 %) of a colourless oil, which was
used as such.

¥, 4, 4, S.Tetrachloro-2-methyldiphenylmethane (TCBT-89, Scheme 6). A 100 mL, three-
necked, round-bottomed flask equipped with a mechanical stirrer, a gas inlet and a thermometer was flushed
with nitrogen and charged with a solution of 12.0 g {50 mmole) of 17 in 80 mL dry THF. The mixture was
cooled to -70°C and 31 mL of a solution of 1.6 M n-BuLi in hexane was added over 5 min while the temperature
was kept at -70°C. The colour of the reaction mixture changed from clear white to purple/pink. After stirring for
an additional 15 minutes, 6.8 g (50 mmole) of anhydrous ZnCly was added and stirring continued for another 15
minutes followed by 12.0 g (50 mmole) of 2d and 1.2 g (1 mmole, 2 mol %) of Pd(PPh3)4. The yellow reaction
mixture was heated at 60°C for 15 minutes and then allowed to cool to room temperature. Pentane (100 mL}) and
100 mL of a saturated agueous solution of NH4Cl1 were added. The layers were separated and the water layer
was extracted twice with 50 mL of pentane. The combined organic fractions were washed with 50 mL of water,
dried over MgSO4 and filtered over Alz03 to remove residual palladium. Removal of the solvent under reduced
pressure afforded a yellow oil, which solidified on standing. Crystallisation from methanol resulted in 5.7 g of
white crystals (yield 36 %). 'H-NMR: 8= 7.35 (d, J= 8.2, 1H, Cs(H)), 7.24 (s, 1H, C4(H)), 7.18 (d. J= 2.0,
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1H, C(H)), 7.14 (s, 1H, C3(H)), 6.93 (dd, J= 8.2, 2.0, Cg(H)), 1.88 (s, 2H, Copa(H)), 2.18 (s, 3H,
Coya(H)). 13C-NMR: §= 139.3 (Cz), 137.9 (C1), 136.6 (C)), 131.7 (C3) , 131.5 (C3), 130.9 (Cs), 130.1
(C4), 130.0 (Cq7), 129.6 (Cg), 129.6 (C), 128.8 (Cy), 127.9 (Cg», 37.1 (CcHz), 18.5 {(CcH3). HRMS found:
317.9570 calculated: 317.9537

3, 3', 4', 5-Tetrachloro-4-methyldiphenylmethane (TCBT-94, Scheme 7). The compound
was prepared by an analogous method used for TCBT-89 from 20.0 g (83 mmole) of 22 and 22.0 g (92
mmole) of benzyl bromide 2d using 5.0 g (5 mol %) of Pd(PPh3)4 to give, after workup, 27.95 g of a
crystalline product (95 %). Twofold crystallisation from petroleum ether (b.p, 40-60°C) afforded 10.8 g (yield
41 %) of the pure, white tetrachlorobenzyltoluene. 1H-NMR: 8= 7.38 (d, /= 8.2, 1H, Cs(H)), 7.27 (d, J=2.1,
1H, C(H)), 7.08 (s, 2H, C3, s(H)), 6.98 (dd, J= 8.2, 2.1, Cg'(H)), 3.83 (s, 2H, Ccy2(H)). 2.42 (s, 3H,
Ceus(H)). 13C-NMR: 8= 139.9 (Cyv), 139.3 (C3.5), 135.6 (Cy, 4), 132.7 (Ca?), 131.6 (Cy), 130.7 (C2),
130.6 (Cs), 128.2 (Cg'), 128.1 (Cy, 6), 39.9 (Ccn2), 17.1 (Coxa). HRMS found: 317.9554 calculated:
317.9537

3', 4, 4', 5-Tetrachloro-3-methyldiphenylmethane (YCBT-88, Scheme 8). The compound
was prepared by an analogous method as described for TCBT-89 from 13.8 g (58 mmole) of 28 and 15.2 g
(63 mmole) of benzyl bromide 24 using 5.0 g (5 mol %) of Pd(PPh3)4 to give, after workup, 19.1 g of a white
solid. Two crystallisations from hexane resulted in 2.2 g (yield 12 %) of a white solid. 1H-NMR: §=7.36 (d, J=
8.2, He), 7.24 (d, J= 2.0, 1H, Hy"), 7.19 (d, J= 1.4, lH, H2), 6.98 (dd, /= 8.2, 2.0, 1H, H¢'),6.92 (d, J=
1.4, 1H, H3), 3.34 (s, 2H, Ccya(H)). 2.40 (s, 3H, Cepa(H)). 13C-NMR: 3= 140.2 (Cs), 138.9 (Cy, 1),
138.6 (C3, 3, 132.9 (C4), 132.6 (C4), 130.7 (C2), 130.6 (Cg). 129.5 (C5?), 128.2 (C2) ,128.2 (Cg), 40.1
(Cci2), 21.2 (CoHz). HRMS found: 317.9632 calculated: 317.9537

3, ¥, 4, 4'-Tetrachloro-2-methyldiphenylmethane (TCBT-87, Scheme 9). A 250 mL, three-
necked, round-bottomed flask equipped with a reflux condenser, a magnetic stirring bar and a gas inles-
thermometer combination was charged with 10,3 g (35 mmole) of triflate 34, 18 g (40 mmole) of
3,4-dichlorobenzyltributyltin (35), 1.7 g (40 mmole) of lithium chloride and 2.0 g (1.7 mmole, 5 mol %) of
Pd(PPh3)4 dissolved in 100 mL of dry DMF. The mixture was stirred under an inert atmosphere for 48 hours
under reflux an then poured in 200 mL of 5M HCI after which four extractions with 50 mL portions of hexane
were carried out. The organic fraction was dried over MgSQ4, the solvent removed under reduced pressure and
the resulting oil purified by flash chromatography over a short silica column with pentane. Crystallisation from
pentane gave 2.5 g (yvield 22%) of white crysils. IH-NMR: 8= 7.34 (d, J= 8.2, 1H, Cs(H)), 7.28 (d, J= 8.2,
1H, Cs(H)), 7.16 (d, J= 2.0, 1H, Ca(H}), 6.95 (d, J= 3.2, 1H, Cg(H)), 6.91 (dd, J= 8.2, 2.0, IH, Cg(H)),
3.95 (s, 2H, Cenz(H)), 2.30 (s, 3H, Ccps(H)). 13C-NMR: 8= 139.6 (C3), 137.5 (Cy, 1), 137.0 (C3), 133.5
(C3), 132.6 (Cy). 131.6 (Ca), 130.5 (Cg?), 130.3 (Cg), 128.9 (C2), 127.8 (Cs), 127.6 (Cs), 39.2 (Ccua),
17.5 (Ccus). HRMS found: 317.9489 calculated: 317.9537
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