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Abstract: The 3__ryl nzvl rrnqc-rnunlmo in the presence of copper-, nickel- and palladinm-catalysts has
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been investigated wuh a number of chlonne- and methyl~subsutumd arylmetal compounds AM M=

MgBr, ZnCl) and (substituted) benzylic halides ArCH;X. The results have been applied in the selective
synthesis of some toxicologically interesting tetrachlorobenzyltoluenes.
© 1998 Elsevier Science Ltd. All rights reserved.

Tetrachlorobenzyltoluenes (TCBTs, formal IUPAC-name tetrachloromethyl 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 Duich rivers Meuse (Maas) and
Rhine 3
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Scheme 1. PolyChioroBiphenyls and TetraChloroBenzyiTolucnes.
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TCBTs. However, these were carried out with the commercialiy availabie isomeric mixtures such as
Ugilec—ldfl,é'9 a technical mixture consisting of 69 previously identified isomers.!0 A recent molecular
modelling study earmarked a few of the TCBTs as particularly interesting because they were expected to have a
dioxin-type toxicity.rl 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 %.
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3%, 4, 4, 5-tetrachloro-2-methyldiphenylmethane 3, 3°, 4, 5-tetrachloro-4-methyldiphenylmethane
(TCBT-89) (TCBT-94)
Cl cl Cl CH; Cl
) — —_—
CH,
3,3’, 4, 4-tetrachloro-2-methyldiphenylmethane 3’, 4, 4, 5-tetrachloro-3-methyldiphenylmethane
(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 slartmg compound is tedious to prepare

ml'\ipat' n I
RESULTS AND DISCUSSION
A. Cross-couplings with various arylmetal compounds and benzylic halides- Investigation of

the scope.
It was decided first to investigate the

C

-88, -89, and -94 applying Cu(I)Br-, NiClp(PPh n talysts m
- . . 16-21 p mntal A -
the preparation of unsymmetrical diarylmethanes Thus, a number of transition metal-catalysed cross-

results are summarised in Table 1.
The reaction of benzyl bromide 2a and benzyl chloride 2b (Scheme 4, Table 1) with phenylmagnesium
bromide 1a 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-IV) of a benzyl- and a tolyl-moiety for the preparation of

TetraChloroBenzylToluenes.

sclectivity satisfactory. The Ni- and Pd-catalysed reactions gave considerable amounts of homocoupled products
(PhPh and PhCH2CH>Ph).

I/ \\
(\. )X XM= | )
\‘_IL_./ \=|=/ F,50°C, 1

1

X =Cl, 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, irrespective 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
fantrice 1 D 2 A & and 11\ chnus that ' INRr nan ha an afficiant ~rataluct far tha rrnce_rnninling A
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Table 1. Cross-Coupling of Aryl Nucleophiles With Benzyl Halides.?

Product
entry RMXDP Benzyl Cu(D)Br NiCly(PPh3); PdCl2(PPhs); I
halideb No. C.c S.¢ C. S. C. S.
1 1a 2a 3 >99d(98)e 94 >99 20 >99 59
2 1a 2b >99 94 >99 23 >99 50
3 1a 2¢ >99 57 >99 27 > 99 24
4 ib Za 0 0 >99 57 > 99 >899
5 1b 2¢ 4 0 0 >99 83 >99(82) 84
6 1c 2¢ 5 08 32 > 99 (92) 94
7 1d 2¢ 6 42 92 > 96 (74) >99
8 le 2¢c 7 90 99 >99 (97) >99
9 if 2c 8 77 25 97 (46) 85
10 1f 2d 9 80 83 98 (89) 95
11 1g 2d of of
12 1h 24d 10 93 (62) 94 >99 67
13 1i 2d 11 6 23 93 (55) 96 80 56
14 ij 2d 12 66 99 87 (70) 99
15 1k 2d 13 67 63 98 91) 96

2 For procedures, see the experimental part. b 1a: PhMgBr; 1b: PhZnCl; 1c: 2-Me-CgH4ZnCl; 1d: 2,6-Me)-CgH1ZnCl; 1e: 3-Cl-
2-Me-CgH3ZnCl; 1f: 2,4,6-Me3-CgH2ZnCl; 1g: 2-Cl-C¢H4ZnCl; 1h: 3-C1-CgH4ZnCl; 1i: 4-Cl-CgHy4ZnCl; 1j: 2,6-Clp-
CeH1ZnCl; 1k: 2,3-Cly-CgH1ZnCl; 2a: PhCH;Br; 2b: PhCH,Cl; 2¢: 2-Cl-CgH4CHCl; 2d: 3,4-Cl;-CgH3CH,Br. € Conversion
(C.) and Selectivity (S.) determined by GLC after 1h, d Without catalyst: mainly homo-coupling. € Isolated yields in parentheses.

L atl goiciiiificad Dy w.L a

f After 3 days.

arylmagnesium bromides with benzyl halides but that it is not suitable

@]
e

1€ Cross- CO"p} ing of 1yu.uw
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 NiCl(PPh3)2 but
that, remarkably, with ortho-chlorophenylzinc chloride 1g no reaction occurred, irrespective of whether
NiCl(PPh3)s or PACl>(PPh3)2 was used as the catalyst. This inertness may be ascribed to an intramolecular
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(PPh2)4 has been reported to effectively catalyse the coupling of ortho-chlorophenylzinc chloride with

L it 1Y C
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1ows that in reaction with dichlorosubstituted arylzinc
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CG"“ arison of entries 14 and 15 sh ati
halides 11 and 1k PdClz(PPhg)z 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.

v

For the reaction of methyl-substituted aryl nucieophiles (entries 6, 7 and 9) with 2¢, PdCi2(PPh3)2 was
shown to be the best catalyst. Increasing methylsubstitution had no influence on the reaction. No significant
difference in reactivity was found between the reactions with 2c and 2d.

From these results we conclude that: 1. Cu(I)Br is a suitable catalyst for the benzyl-aryl cross-coupling
when arylmagnesium halides are used, 2. NiCla(PPh3); is the most selective catalyst for the cross-coupling of
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mono-chiorophenylzine chiorides, 3. The use of more sterically hinder

profound infiuence on the Pd-cataiysed 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 §).

pe pe

(/I . aax + BerC__‘\/’“\)_u PA(PPhs)s (/?)_CH _<:>

/- d l lll
H3C GI H3
Cl, Cl,
TCRTs
18, 23,29, 36 2d 57“,55,589, 94

Scheme 5. Pd-catalysed cross-coupling of dichlorobenzyl bromide with metallated dichlorotoluene.
B. Synthesis of the four tetrachioromethyldiphenyimethanes.

3’, 4, 4', 5-Tetrachloro-2-methyldiphenylmethane (TCBT-89).
CHs CH, cl

e »

v A ZnCl - ~

cl \l cl Pd(PPhs)4 ,THF —
C

, | cl
i Ci
TCBT-89
14 18
i. HNOy, H,580,; ii. Fe/HC1LH,O; iii. NaNG,/CuBr, HBr, H,G; iv. BuLi/THF, Znll,
Scheme 6. The route to TCBT-89.
In the first step (Scheme 6) the commercially available 3.4- dichlorotoluene 14 was nitrated with a

mixture of nitric and sulfuric acid at a2 shgh'.!y elevated temperature. Repeated crystallisation resulted in 22 %
yield of the desired o-nitro-derivative 15. 23 Reduction of the nitrogroup with Fe/HCl gave, after steam

distillation, the expected toluidine 16 in a 60 % yie:ld.?'4 Another method for the reduction of the nitrogroup,
employing hydrazine monohydrate, and Ru/C as the catalyst gave 16 in 98% yiei(.i.25 When 16 was subjected to
Sandmeyer's reaction (diazotation of the aniline and subsequent reaction with copper bromide), the bromide 17
was obtained in an 88 % yicld. The nucleophilic reaction partner, 4, 5-dichloro-2-tolylzinc chloride 18, was
preparcd from 17 by a lithium-bromine exchange at low temperatures with n-BuLi, followed by a
transmetallation with anhydrous zinc chloride. Palladium-catalysed cross-coupling with the benzylic bromide 2d
gave, after repeated crystallisation, the desired TCBT-89 in a 36 % yield.

The first S[Cp in ihe synmcsls

-y Vo S PR IR ]

1
p-nitrotoluene 19 with chlorine gas by a method described by Weinstock er ai. using antimony(V)chioride as a
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19 23 TCBT-94
i. SbCICL,, H,0, Co/CH,O000H/PHCY; ii. Fe/HCY, H,0; iii. NaNO,/CuBr, HBr, H,0;
iv. BULYTHF, ZnCl,.

Scheme 7. The route to TCBT-94.

cata]yst/activator.% 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 % Vield Cross-coupling of the resulting 4, S-dichloro-2-tolylzine
chlonide 23 with dichlorohenzv zy 1 bromide 2d usin 5 mol % Pd(PPh3)4 gave, after crystallisation, the e .cted

A e LLPL | 23748 DYy 223Ul L1 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 crystailisation from
acetonitrile, compound 25 (Scheme 8). By a Sandmeyer reaction with copper(I)chloride the amino group was
converted into the corresponding chlorine in 26, subsequent reduction of the nitro 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, bromide 28 was subjected to a lithium-bromine exchange

with n-butyllithium in THF, followed by a transmetallation to the corresponding 4, 5-dichloro-3-tolylzinc
chloride 29 The reaction of 29 with henzyl hromide 2d in the presence of a catalytic amount of Pd(PPh3)y,
afforded the depicted tetrachlorobenzyltoluene TCBT-88 in a 41 % yicld.

NH; Cl

| Cl | cH, H,C, Cl

N o S =\ —

I i i iviy I «a -Cl CH, 4 N\ cl
I\‘/' v Pd(PPh;), ,THF v —
| I V4

8. The route to TCBT
3, 3°, 4, 4'-Tetrachloro-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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i. ELN(CO)CI, pyridine; ii. s-BuL/TMEDA, THF, CH,l; iii . LiAIH/THF; iv. Tf,0, pyridine.
Scheme 9. The route to TCBT-87.

in excellent yields. Removal of the carbamoyl moiety with LiAlH afforded the phenol 33.3031 By reaction with

iriflic anhydride in pyridine the corresponding triflate 34 was obtained in excellent yields. The target compound
(TCBT-87) was obiained by an unprecedented Stille coupling of the aromaiic triflaie (34) wiih 3,4-
- 12 33
dichlorobenzyltributyltin 35 with Pd(PPh3)4 in DMF.”~~
CONCLUSIONS

Starting from commercially available materials, the aryl moieties of the desired tetrachlorobenzyltoluenes
are preparable. The latter can be used in the form of dichlorotolylzinc 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 puritics 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 smaill 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

rescarch being currently in progress.

EXPERIMENTAL
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PdCir(PPh3) )2““ and Pd(PPh3) )4“" were prepared by literature procedures. THF was dried by distiliation fro

LiAlH4/ benzophenone, DMF by distillation from calciumhydride and stored under nitrogen over molsieve 4A.
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.Dich 1 mide (2d, Scheme 5). Following the procedure for para-nitrobenzyl
bromide?® 2d was prepared from 3,4-dichlorotoluene 14 and bromine in a 66% yield. B.p. 84-86°C/ 0.3 mm
Hg 1H-NMR: 8= 7.47 (d, J= 2.1, 1H, Ca(H)), 7.38 (d, J= 8.2, 1H, Cs(H)), 7.20 (dd, J= 8.2, 2.1, 1H,
Cﬁ(")), 4.39 (s, 2H, Coma(H)). 13C-NMR: 8= 137.9 (C1), 132.7 (C3), 132.5 (C4), 130.8 (C2), 130.7 (Cs),

128.4 (Ce), 31.5 (Ccn)-
Diphenylmethane (3, Scheme 5, Table 1). Yield 98%, from 4.3 g (25 mmole) of benzyl bromide
(2a) and 18 mL of a solution of 1.43 M (26 mmole) phenylmagnesium bromide (1a) in 50 mL of dry THF. 1H-
NMR: 8= 7.81-7.70(m, 10H, Carom.(H)), 4.47 (s, 2H, CH3). 13C-NMR: &= 141.0 (Cy), 128.8 (C2), 128.3

(C3), 126.2 (C4), 41.7 (CCH2).

2-Chlorodiphenylmethane (4, Scheme S, Table 1). Yield 82%, from 4.0 g (25 mmole) 2-
chlorobenzyl chloride (2¢) and 26 mmole of phenylzinc chloride prepared from 18 mL of a solution of 1.43 M
(26 mmole) phenylmagnesium (1a) bromide in 50 mL of dry THF to which 3.4 g (25 mmole) ZnClj was added
1H-NMR: 3= 7.58-7.10 ('n, 9H, Carom.(H)), 4.21 (s, 2H, CHj). 13C-NMR: 5= 139.4 38.6 (C1)

5
134.1 (Cy), 1309
(Ccn2)-

Typical Cross-Coupling Procedure. Preparation of 2'-Chloro-2, 6-dimethyldiphenyl-
methane (6, Scheme 5, Table 1). A 100 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 n-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 ZnCl; was added. The reaction mixture was

. .
stirred for another 15 min and allowed to reach 0°C. The mixture was cooled at < -90°C after which 4.0 g (25

- - ~ o A - PRS ntale: Lol . T L. NAL 1 £l eV .0 F1TAN
mmoie) of 2-chiorobenzyi chloride (2Z¢) was added, immediately followed by (.25 mmole of the catalyst (140

mg NiClp(PPh3), 180 mg PdCiy(PPh3)2 or 40 mg copper(I)bromide, respectively). The reaction mixture was
warmed to 50°C and stirred for 1 hr. The reaction mixture was poured into 100 mL of 2 M HCI and extracted
three times with 25 mL portions of pentane. The combined organic fractions were dried over MgSQy, the solvent
removed and the resulting oil flash chromatographed over a short silica column (3 cm) using pentane as the
eluens. The desired product was obtained in a 74 % yield. IH-NMR: &=7.43 (d, /=17, 1H, Cs(H)), 7.19 -
7.05 (m, 5H, Cy_g(H)), 6.60 (d, J = 7.7, 2H, Cy4, ¢(H)), 4.12 (s, 2H, CHp), 2.23 (s, 6H, C2, 6(CH3)). 13C-
NMR: 8= 137.4 (C2 ¢), 137.2 (Cy), 135.7 (Cy?), 134.4 (Cy), 129.1 (Cg), 128.1 (C37), 127.2 (Ca), 126.8

Ly 7

126.6 (C4), 128.2 (C3 5), 32.6 (C
A dr A ol \JJJJ’JJUV\J
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mmole) 2-chlarohenzvl chlaoride (2e) and 4 2 ¢ (75 mmole) 2-hromotoliene 1TH.NMR: &= 7 66-7 14 (m {H
llllll\]l\/! TN RRAND UUUIIIJJI A2V piviw \‘\_I aliv TF.J E \‘-J llllll\llhl AT RIANSRIIUI I AN RN ARTIVNIVAAN, U= [ . UUT .17 \lll, Qi i,
el Vs & %Y A £ ATT MHIT.\N A EN £ AT MIT 134 ATRADY . S8 120 N 77N\ 127 2 £ 12L £ 7.\ 1241
Carom.(1)), 4.33 (8, 20, Cny), 2.0U (8, 50, Unj). *°C-INMIR: 0= 130.0U (L1), 137.3 (L2), 156.6 (Ly), 134.5
(C921), 130.2 (Cg, 6, 129.6 (C3), 129.2 (Cy'), 127.4 (Cyq), 126.7 (Csv), 126.6 (Cs), 126.1 (C4), 36.9 (CcH2),

19.2 (Ccy3). HRMS found: 216.0753 calculated: 216.0706

2' 3-Dichloro-2-methyldiphenylmethane (7, Scheme 5, Table 1). Yield 97%, from 4.0 g (25
mmole) 2-chlorobenzyl chloride (2¢) and 5.1 g (25 mmole) 2-bromo-6-chlorotoluene. IH-NMR: 8= 7.51- 7.47
(m, 1H, C3:(H)), 7.29 - 7.19 (m, 4H, C4 4, 5, ¢(H)), 7.02 - 6.99 (m, 2H, Cs, ¢(H)), 4.11 (s, 2H, CH3), 2.31
(s, 3H, C2(CH3)). I3C-NMR: 8= 138.5 (Cy), 137.3 (Cy), 135.9 (Cy), 134.2 (Cy), 132.0 (C3), 130.7 (Cg),
130.1 (Cg), 130.0 (C1), 129.4 (Ca), 127.6 (Cs), 126.8 (Cs), 126.0 (Ca), 36.1 (Ccyr), 19.3 (Con

..... LRLY ALY 2L 1£U.0 1LY 45 2 O s ¥4, ol O ¢ J AEN1VED

found: 250.0320 calculated: 250.0316

2'-Chloro-2, 4, 6-trimethyldiphenylmethane (8, Scheme 5, Table 1). Yield 46%, from 4.0 g
I e N A ALY 1 ALt d L AN A E N AE TN b o fe o JET OWTRATY . R 7 A1 A3 T
(43 mmolie) Z-Chiorobenzyi cnloride (4€) and J5.U g (<5 mMmOoi¢) oromomesityiene. “r-INMIR: 0= /.41 (04, s =
7.8, 1.4, 1H, C3(H)), 7.14 (ddd, J = 7.8, 7.5, 0.8, 1H, C4(H)), 7.06 (ddd, J = 7.6, 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 (s, 3H, C4(CH3)), 2.18

(s, 6H, C3, 6(CH3)). 13C-NMR: 8= 137.5 (Cy), 137.2 (Cz, 6). 135.9 (Cy), 134.3 (Cy4), 132.6 (Cy), 129.0
(Ce), 128.9 (C3, 5), 128.2 (C31), 127.1 (Cy), 126.8 (Cs), 32.3 (CcH2), 20.9 (Cs.cH3), 19.8 (Ccns). HRMS
found: 244.1154 calculated: 244.1019

3', 4'-Dichloro-2, 4, 6-trimethyldiphenylmethane (9, Scheme 5, Table 1). Yield 89%, from
(25 mmole) 3, 4-dichlorobenzyl bromide (2d) and 5.0 g (25 mmole) bromomesitylene. 1H-NMR: 8= 7.32

6.0 g (25

(d, J =82 1H, Cs(H)), 7.14 (d, J = 2.0, 1H, Cy(H)), 6.94 (s, 2H, C3 s(H)), 6.87 (dd, J = 8.2, 2.0, 1H
Uy & = U.dy 101y WHYLL))y 7.177 Uy v Uy dildy N NAR) ) VTT Dy &RE, o5 DNAE), L &oisy Az
Ce(H)), 4.00 (s, 2H, CHp), 2.34 (s, 3H, C4(CH3)), 2.23 (s, 6H, C2, (CH3)). 13C-NMR: 8= 140.6 (C1),

-~ o~ 1r\ 1 AN~ L T BN o AN

i36.8 (Cy, ), 136.2 (q), 132.4 (Cy, 4), 130.3 (Cy), 130.2 (Cy, 5), 129.7 (Cp), 129.1 (Cs), 127.2 (Cg),
33.9 (Ccuz), 20.9 (Cciz), 20.0 (C4.cu3)- HRMS found: 278.0633 calculated: 278.0629

3, 3', 4-Trichlorodiphenylmethane (10, Scheme 5, Table 1). Yield 62%, from 6.0 g (25
mmole) 3, 4-dichlorobenzyl bromide (2d) and 3.3 g (25 mmole) 3-bromochlorobenzene. 1H-NMR: &= 7.36 (d,
J =82, 1H, Cs(H)), 7.26 (d, J = 2.1, 1H, Ca(H)), 7.24 - 7.20 (m, 2H, C2, 4#(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: 8= 141.7 (Cy), 140.4 (Cy), 134.5 (C3),
132.5 (C3), 130.7 (Cp), 130.5 (Cs), 130.3 (Cq), 129.9 (Cs), 128.9 (C3), 128.3 (C¢), 127.0 (Cg'), 126.8
(Ca). 40 5 (Cory ound: 269 9645 calculated: 269.9770

o]
\-&sy TV ANUTLL

1 A A Teishloradinhant athana Schama 8§ Tahlae 1) Yield §5% from 60 o (25
J9 Wy T T LININMUVIUUIpIITR UL MGG y JLIIVIIIW Jy AMUIW Ay AiIwitd JJ U, LAV V.Y 5 (&Y
e EaY 2 A bk e bna] bt ds A and 22 g (OK mmnle) A_heamanhlasnhanayana [HI_NMB. 8~ 7 24 (d
HE ) Iy #-UlliliulL 1 UTUHIIIUC (&U ) dllU 5.0 g (40 HULUIL) F"UTUITUMVRUTUUGILLUIIG. " T3SINIVEAR, U= 1.JU M4,

o a
J = 8.2, 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, Cs(H)), 3.90 (s, 2H, CHp). 13C-NMR: 6= 140.7 (Cy), i38.1 (C1),
132.4 (C3), 132.3 (Cy), 131.2 (C3), 130.3 (Cs), 130.2 (Cy), 130.1 (C3', 5, 128.7 (C2, ), 128.2 (Cg), 40.1
(Ccu2). 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-dichlorobenzyl bromide (2d) and 5.6 g (25 mmole) bromo-2, 6-dichlorobenzene. TH-NMR: 8=

7.34 (d, J = 8.0, 2H, C3, 5(H)), 7.32 (d, J = 8.3, 1H, Cs((H)), 7.29 (d, J = 2.1, 1H, Cp(H)), 7.16 (dd, J =

Q.V; £1%5

oy ety ? .
12€ 7 .\ 12872 (. A\ 1221 (LY 1201 (O 1NN (O 12DV D (5, 1799 A (CAY 198D (Cay =~
130.7 (1), 130.0 \\ 2 §'), 104.1 \\L3), 10U (g), LIU.U (L })), LtIoUV.U \\...4} 140,57 \\J )y L&U.& \Vv3H Y
PR A e Y- - al A YY) AR 1. AN N A~NST 1 1. AN NAON
127.6 (Lg), 39.0 (LCHZ)- HKIVID [ound: 3U3.¥42/ CaiCulaied: sus.¥38U
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. 35 ({d, J= 8.2, IH, Cs(H)), 7.27 (d, J = 1.9, 1H, Cy(H)),
= 8.4, 7.7, 1H, Cs(H)), 707 (dd, J=17.7, 1.5, 1H, Ce(H)), 7.01 (dd, J = 8.2, 1.9, IH, C¢(H)), 4.08 (s, 2H,
CHj). 13C-NMR: 8= 139.6 (C3), 139.1 (Cy"), 132.5 (C3), 132.4 (C3), 132.4 (C4), 130.6 (Cy), 130.5 (Cy),
130.3 (Csv), 130.3 (Cg), 129.0 (Cy), 128.2 (Cg), 127.3 (Cs), 39.2 (Ccuz2). 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 a procedure described in the literature3”. By threefold crystallisation of the crude product (yield 72 %)
from ethanol pure 14 m.p. 57-59°C (uncorr., 1it37 63-64°C), was obtained in a (22 %). 1H-NMR: 6= 8.11 (s,
1H, C3(H)), 7.48 (s, 1H, Cg(H)), 2.60 (s, 3H, Ceops(H)). 13C-NMR: 8= 147.4 (Cp), 137.7 (Cs), 134.1 (Cg),
122 £ (™. 12N Q (™. 1NVL £ (- N1 -

133.6 (C4), 130.9 (Cy), 126.6 (C3), 20.1 (Ccus).

11/- o I ™

Fa 7
A-AmIDO-‘l, 5-dichiorotoluene (10, DC e 0). 1ne proceaure described in the literature” gave,

starting from 15, pure 16 in 60% yicid, (m.p. 101-102°C, uncorr.). !H-NMR: 8= 7.12 (s, 1H, C3(H)), 6.78
(s, H, Cs(H)), 5.27 (bs, 2H, NH>), 2.03 (s, 3H, CH3). 13C-NMR: 8= 149.5 (Cg), 133.3 (C3), 130.5 (C3),
124.7 (Cy),118.4 (Cy), 116.7 (Cs), 19.1 (Ccys).
2-Amino-4, 5-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 powder.25
2-Bromo-4, 5-dichlorotoluene (17, Scheme 6). The compound was prepared in a 82% yield from

16 following the sencral proce dure for diazotation and v.uhv.eauem halngenatmn as described in ref38 m.p. R85-

1 Lwillp ¥ ¥l cLUUIu Q470

86°C, uncorr. IH-NMR: 8= 7.60 (s, 1H, C3(H)), 7.30 (s, 1H, Cg(H)), 2.35 (s, 3H, Ccys(H)). 13C-NMR: 8=
138.0 (C1), 133.3 (C3), 131.7 (Cg), 131.3 (C4),130.4 (Cs), 122.8 (C2), 22.3 (Cciiz)-

san 1 2
Ly, O- Dichloro-d-nitrotoiuene {4V, Scheme I). rouowmg the known proceaure”

[=))

20 was
obtained in 45 % yield as a yellow solid starting from 0.5 mol of para-nitrotoluene 19. IH-NMR
(CDC13/DMSO-dg, 1/1): 8= 7.84 (s, 2H, C3, 4(H)), 2.23 (s, 3H, Ccia(H)). 13C-NMR: (CDCl3/DMSO-dg,
1/1): 8= 145.7 (C4), 141.9 (C1). 135.9 (C2,6), 122.4 (C3, 5), 17.8 (CcH3)-
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:
3= 6.48 (s, 2H, C3 4(H)), 3.93 (bs, 2H, Cnp2(H)), 2.18 (s, 3H, Ccha(H)). 13C-NMR: 8= 145.9 (Cy), 135.3
(C2,6), 122.5 (Cp), 114.2 (C3, 5), 16.1 (CcH3).
4-Bromo-2, 6
in a 62% yield following the general procedure for diazotatio
3

1ry n7nany YINY A AN 7

meramre38 Ari-INIVIKR 0— 7. 42 [S Aﬂ \,4 5\“ )y £.94U 5,
(C1), 130.4 (C3, 5), 119.0 (Cy), 17.1 (Ccns)-
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 HCI. Stirring of the yellow reaction mixture for 20 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. Filtration gave an orange-brown residue, which was successively washed twice with 500 mL
of ice water, 200 mL of 50 % ethanol/water and S00 mL of water and dried in vacuo affording 67.3 g (yield
72%) of the product. !H-NMR(CDCli3/DMSO-dg, 1/1). 6= 8.14 (d, J= 2.5, Ca(H)), 7.93 (d, J= 2.5, iH,



£ TN & A . 2Q (e NI N ___ (TN D27Q (o 21T M _.___/IT\\ 13(‘ ANIRMAD /T /TSN A, 171\, S_ 1A A
C4irij), J.9 - 3.0 (U, &x1, UNH2ZWUL) J, £.20 \S, 511, L(CH3\1)) CEINIVERN (L /UL IVIOU-UG, 1/1). U= 1904
(C2), 134.2 (Cs), 121.7 (Cg), 120.6 (Cy), 119.2 (Cy), 114.0 (C3), 15.3 (Ccha)-

2, 3-Dichloro-5-nitrotoluene (26, Scheme 8). The compound was prepared from 48 mmole 25 in
a 80 % yield following the general procedure for diazotation and subsequent halogenation as described in the
literature.3® 1H-NMR: 8= 8.18 (d, J= 2.5, 1H, Cs(H)), 8.03 (d, J= 2.5, C4(H)), 2.53 (s, 3H, CH3). 13C-
NMR: &= 145.8 (Cs), 139.9 (C3), 139.8 (C1), 134.0 (C3y), 123.4 (Cg), 122.9 (Cy), 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.
1H-NMR: 8= 6.63 (d, J= 2.5,1H,C4(H)), 6.50 (d, J= 2.5, 1H, Cg(H)), 5.41 (bs, 2H, Cnu2(H)), 2.20 (s, 3H,

_______ L31)s W 2235 =ORERS T SISy SINKLEANT T/

Ccu3(H)). 13C-NMR: 8= 150.6 (Cs), 140.1 (C1), 133.8 (C3), 119.1 (C2), 117.4 (Cg), 115.0 (Cy), 23.2
(Ccha).
5-Bromo-2, 3-dichiorotoiuene (28, Scheme 8). The compound was prepared from (0.1 mole 27
in a 61% yield following the general procedure for diazotation and subsequent halogenation as described in re8
1H-NMR: 8= 7.46 (d, J= 2.2, 1H, Cg(H)), 7.29 (d, J= 2.2, 1H, C4(H)), 2.39 (s, 3H, Ccu3(H)). 13C-NMR:
3= 139.9 (Cy), 133.7 (C3), 131.9 (Cy), 130.4 (Cg, 4), 119.6 (Cs), 21.0 (CcH3)-
l-N, N-Diethylcarbamoyl-3, 4-dichlorobenzene (31, Scheme 9). The compound was
ared by a modified literature procedure. 28 A 500 mL three-necked, round bottomed flask charged with 82 g

to room temperature, a white nrex‘n\;mtp was formed. The reaction

vas stir nigh 00°C. Aft oling to room tempe form eaction

mixture was poured into 100 mL water and extracted two times with 50 mL-portions of a 1/1 mixture of ether

- P, e P U g Uy 4 1N g7 LI o |
and pemdane. 1ne com'(‘)mc r&dlllb lI'dbLlUllb WCIC buLLCb\lVLly wa.sm.u IWILC w1u1 AW lllh Ul 1V 70 il and

~ r oy

twice with 100 mL of 10 % KOH and subsequenily dried over NapS0Oy4. After removal of the solvent the

~a s

protected phenol 31 was isolated as a clear liquid in 99 % yield (129 g). IH-NMR: 8= 7.34 (d, J= 8.8, 1iH,
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, Ccn2(H)), 1.16 (m,
6H, Ccys(H)). 13C-NMR: 8= 153.0 (Cc= 0), 150.1 (Cy), 132.2 (C3), 130.1 (Cs), 128.3 (C4), 123.7 (Cy),
121.2 (C¢), 42.1, 41.7 (CcH2), 13.9, 13.0 (CcH3)-

1-N, N-Diethylcarbamoyl-2, 3-dichlorotoluene (32, Scheme 9). The compound was prepared
v a modified literature procedure.3? A 1 L, three-necked, round-bottomed flask equipped with a thermometer, a

machanical ctirrer and a gag inlet wa¢ charosed with 2 mixt of 500 ¢ (019 ol) of 31 in 30X} L o rv
IMVAV LIV ALE OHIvi; GEIV & LG0 Ve, TRlo VSISV TRl G MAAIBAY Wi SULRS |\ a5 SRR s WS R AR JSRSRS L3R4 RS el
TLID cwd 98 5 /NI oY AF AT A A AI tatramathuylathylanadiamina MTAMENAY Tha flaclk wae fluchad with
IO @ilU 2J B (V.22 THUL) UL 1V, £V, 4V, IV "ICUaTHCUL YICULY IVHVURAIHIIL ( BIVILDA/AL ). 110 LIAOAR Wad Liudiivu wiul

nitrogen and cooled to below -90°C. To the mixture was added 170 mL of a solution of 1.3 M (0.22 mole) sec-
BuLi 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 MgSOy, the solvent
was removed in vacuo and 51.9 g of a brown oil remained, corresponding to a 99% yield. 1H-NMR: 6= 7.28

(d, J= 8.8, 1H, Cs5(H)), 6.96 (d, J= 8.8, 1H, C4(H)), 3.42 (m, 4H, CcH2(H)), 2.28 (s, 3H, Ccyi(H)), 1.24
(m, 6H, Ccy3(H)). 13C-NMR: 8= 1534 (Cn= n\ 148.9 (Cg), 133.3 (Cy), 131.6 (Cy), 1295 (Ca\ 121.3
x5y Usay S{_[1I\%2)) ~— A W W V] At 701 N™L7y AY a7 NFEas

VN 1Y Lo AN Y AYN (M N 1AL (oo N 1A 122 o)

(“4), 1£41.0 \LS}. Q4si.4, 42U \U_CH2)s 14.0 \U_CH3/)> 14.0, 13.0 L CH3)
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0 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 LiAlH4 over a period of 30 minutes resuited
in an exothermic reaction. The reaction mixture was stirred overnight at room temperature, then treated with 20
mL of ethanol and 50 mL of 10 % HCI. The resulting suspension was subjected 1o continuous extraction with
diethyl ether during 5 h. Removal of the solvent and crystallisation of the remaining solid from pentane resulted
in 22.3 g (yield 62 %) of the desired compound as a white solid. 1H-NMR: 8= 7.15 (d, J= 8.7, 1H, C4(H)),
6.64 (d, J= 8.7, 1H, Cs(H)), 4.84 (bs, 1H, Coy(H)), 2.33 (s, 3H, Ccu3(H)). 13C-NMR: 8= 152.6 (Cg),
133.3 (Cy), 127.3 (C4), 124.9 (C3), 124.6 (Cy), 114.1 (Cs), 13.6 (Coma).

L

&5 LS=272C22:°0° Ltad 2R E 1A 5 & aSals 7e &3 AURS 2324 2R TRV RNy

round-bo
equipped with a gas inlet, a thermometer, and a magnetic snmng bar, was chargcd with 4.4 g (25 mmole) of

wmbine 1 22 €N . T
pllCllUl 23, JU ILL L.
e

cooied 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 MgSQO4. Removal of the solvent under reduced pressure gave 6.8 g (yield 90%) of a
white powder. 1H-NMR: 8= 7.40 (d, J= 8.8, 1H, Cs5(H)), 7.16 (d, J= 8.8, 1H, C4(H)), 2.46 (s, 3H,
Ccus(H)). 13C-NMR: 8= 146.2 (Cy), 134.5 (C3), 132.9 (C3), 131.9 (Cy4), 127.9 (Cs), 120.1 (Cg), 23.7

(Coma).

AR

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 dxy
Alath ]l ailia A £1 - P Ao URPAPEY | ey ORI 7 PO R B NN SO C TN }_
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ogen a few arops o1 f dibromoethane were added and the suspensio

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 (yield 19 %) of a colourless oil, which was
used as such.

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 ZnClz 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 aqueous solution of NH4Cl were added. The layers were separated and the water layer

wazg extracted twice with 50 mL of nentane. The combined oreanic fractions were washed with 50 mL of water
was extracted twice with D0 ml of pentane. 1he comobined organic [ractions were washeg with D0 mi, oI water,
Arind ~var MaCMN . and Sltarad nvar A tn rarm ragidiial nnalladi, Damnual nf tha enlvant nndar ma A
Qrica Over Migou4 and terca over fesigua 1aQium. AaMoval 01 i€ SO:vVent unacer G
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11, 2 )s - §, 111, . ’ J y &V, 6(“))‘ - ( 1, C
Ccns(H)). 13C-NMR: 8= 139.3 (Cp), 137.9 (Cy), 136.6 (Cy), 131.7 (C3») , 131.5 {C3), 130.9 (Cs), 130.1
(Ca), 130.6 (Cyq), 125.6 (Cs), 129.6 (C27), 128.8 (Cs), 127.9 (Cq'), 37.1 (CcH2), 18.5 (Ccus). 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, J= 8.2, 1H, C5(H)), 7.27 (d, J= 2.1,
1H, C2(H)), 7.08 (s, 2H, C3, s(H)), 6.98 (dd, J= 8.2, 2.1, Cg(H)), 3.83 (s, 2H, Cona(H)), 2.42 (s, 3H,

235 LR AY) 12 6\it) )y ©.70 O \R2/)s 700 5y L HZ\i3}) 3y

Cona(H)). 13C-NMR: 8= 139.9 (Cy), 139.3 (C3.5), 135.6 (Cy, 4), 132.7 (C3), 131.6 (C4), 130.7 (C2),
130.6 (C5), 128.2 (Cg), 128.1 (C2, ¢), 39.9 (CcH2), 17.1 (CcH3). HRMS found: 317.9554 calculated:
317.9537

¥, 4, 4', 5-Tetrachloro-3-methyldiphenylmethane (TCBT-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 2d 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. 'H-NMR: 8= 7.36 (d, J=
8.2, Hs'), 7.24 (d, J= 2.0, 1H, Hy'), 7.19 (d, J= 1.4, 1H, H3), 6.98 (dd, J= 8.2, 2.0, 1H, Hg'),6.92 (d, J=
1.4, 1H, H3), 3.34 (s, 2H, Cch2(H)), 2.40 (s, 3H, Ccua(H)). 13C-NMR: 8= 140.2 (Cs), 138.9 (Cy, 1),

138.6 (C3, 3), 132.9 (Cy), 132.6 (Cg), 130.7 (C2), 130.6 (Cg), 129.5 (Cs?), 128.2 (C2) ,128.2 (Cg), 40.1
(Cramm) 21 2 (Crria) MS found: 317.9632 calculated: 2317 Q537
W CH2 s &#1.4 (U CH3 /- Vi 10UNGL 51 7.57054 CailCliaicG: 51 17.5357

3, 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 iniet-
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 MgSQy, 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 (yield 22%) of white crystals. lH-NMR: 8= 7.34 (d, J= 8.2, 1H, Cs(H)), 7.28 (d, J= 8.2,

| ot hat A G S I NTTIY =

1H, Cs(H)), 7.16 (d, J= 2.0, 1H, Co(H)), 6.95 (d, J= 8.2, 1H, Cs(H)), 6.91 (dd, J= 8.2, 2.0, 1H, Ce(H)),
Py e o eIV 13- NNMD. R 110 £ /1Y 127 & /0. N 12T NN 122 &£

3.95 (s, 2H, Ccuz(H)), 2.30 (s, 3H, Cens(H)). P2C-NMR: 8= 139.6 (Cy), 137.5 (L1, 1), 137U {L3), 1350

(C3), 132.6 (Cyq), 131.6 (C4q), 130.5 (Cg), 130.3 (Ce), 128.9 (C2), 127.8 (Cs'), 127.6 (Cs), 39.2 (CcH2),
17.5 (Ccnu3z). HRMS found: 317.9489 calculated: 317.9537
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