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The synthesis of a number of telechelic biphenyls with one 
of the functional groups, B(OH),, TMS, Br and  I, a t  each ring 

is presented. These biphenyls constitute a construction kit for 
modular chemistry using the Suzuki cross-coupling protocol. 

Repetitive strategies are of importance in synthetic organic 
chemistry whenever structurally defined and monodisperse molecu- 
lar objects in the nm-range are the targets. Such methods use the 
same building blocks, coupling reactions and functional groups 
over and over again to minimize the enormous effort otherwise 
involved. The growth process can either be linear or exponential. 
In the latter case, the total number of reaction steps is small, even 
for compounds whose molecular weights are already in the range 
of polymers['-3]. In a long-term project we aim at developing a 
flexible and versatile route for the synthesis of oligophenylene rods 
(telechelic~)[~] and "giganto" cycles[5] with the help of such growth 
schemes. This paper lays the foundation of this work in that it 
describes the multigram-scale syntheses of a number of biphenyl 
derivatives, all of which have the features required for their usage 
as building blocks (modules) in molecular  construction^[^^^]. Prob- 
lems of low solubility are circumvented by the introduction of 
alkyl chains. 

Results and Discussion 
Our strategy for an efficient synthesis of large objects with phen- 

ylene repeating units is described In brief, it involves 
aromatic nuclei which bear the four functional groups: B(OH)2, 
trimethylsilyl (TMS), Br and I. It uses the Suzuki cross-coupling of 
aromatic boronic acids and aromatic halides (Br, I) and Pd(O/II)- 
catalysis[s], the high selectivity of this coupling method towards 
iodo as well as the relatively high degree of flexibility 
in interconversions between the four functional groups. Of specific 
importance in the latter case is the synthesis of biphenyls with the 
functional group patterns I/Br and TMS/B(OH)2 which are the 
starting materials for the next coupling step to quaterphenylenes. 
TMS acts as place holder, ensuring completely ips0 substitution['"]. 

Syntheses: Scheme 1 depicts all transformations involving only 
one benzene nucleus. Schemes 2 - 5 summarize all cross-couplings 
to biphenyls and their subsequent transformation into properly 
functionalized, linear and kinked modules. Schemes 2-4 are or- 
ganized according to the kind of arylboronic acid used, while 
Scheme 5 depicts the coupling of boronic acid l c  with the poten- 
tially trifunctional compound 12. All compounds are new, except 
for 2 and 3 which are commercially available and 1["], ld[''I, 7[121, 
lo["] and 12[131 which have been reported in the literature. Some 
features are worthly of discussion: The lithiation of dibromoben- 
zene 1 (Scheme 1) was performed in diethyl ether at -78°C using 
an excess of butyllithium. In this way a clean monolithiation could 
be achieved as is indicated by the very high yield of the quenching 

product la .  The iodo function of l b  was introduced by @so iodode- 
silylation of 1 a with iodine monochloride following a literature pro- 
cedure[l41. This conversion proceeded cleanly and gave the product 
in yields of 94-98%. All other iododesilylations proceeded com- 
parably smoothly. With the exception of compound Id, the boronic 
acids were generated from the corresponding bromoarenes by the 
sequence of lithiation, boronation of the lithiated intermediate with 
triisopropyl borate, and hydrolysis of the resulting boronic acid es- 
ter. The borate employed gave yields that were approximately 20% 
higher than with the more commonly used trimethyl borate. Com- 
pound Id  was obtained by desilylation of l a  using boron tribrom- 
ide. This procedure is not of great importance within the context 
of this paper but is a very valuable method for the respective con- 
version of higher olig~phenylenes[~]. 

Scheme 1 
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The Suzuki cross-couplings were performed in refluxing toluene/ 
water with either sodium carbonate or barium hydroxide as base 
and 0.5-2.0 mole percent Pd(PPh& as catalyst precursor. De- 
pending on the ortho-substituent of the boronic acid, the isolated 
yields varied between some 70-80% (ortho-alkyl) and 90- 100'%1 
(ortho-hydrogen). In the case of boronic acids with ortho-alkyl 
groups, deboronation occurred during coupling to an extent of 
20-30%1, which explains the lower yield of coupling product in 
these instances. The iodo/bromo selectivity of the coupling ex- 
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ceeded 98% in all cases but one (13a) in favour of coupling at the 
iodo site. The mass spectra of the crude products did not give any 
indication of coupling at the bromo site, with the exception of com- 
pound 13a, where a relatively low yield of the desired coupling 
product (66%) was accompanied by a terphenylene (50/0), which 
was formed through coupling at both the iodo and bromo sites. 
This phenomenon is not yet understood. There was no indication 
for coupling at any chloro site. 

Scheme 2 

/ 
C6H13 

1C 1 b: R’ = R3 = CsHi,. R2 = Br 
2: R’ = Br. R2=  R3=H 
3: R’ = R2 = H, R3 = Br 

4a: R’ = R3 = CsH13. R2 = Br 
5a: R’ = Br. R2 = R’ = H 
6a: R’ = R 2 =  H, R3= Br 

4c: R’ = R3 = C6Hi3, R2 = B(OH)2 
5C: R’ = B(OH)?, R2 = R3 = H 
6C: R‘ = RZ = H, R3 = B(OH)2 

Scheme 3 

4b: R‘ = R3 = CpHl3, R2 = Br 

6 b  R’ = R2 = H. R3= Br 
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5b: R’ = Br, R2 = R3 = H 
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ClrLir.cic.t~,riiution: All products other than the boronic acids were 
fully characterized. The iodoaromatics show the expected upfield 
shift of the iodinated carbon in the ”C-NMR spectrum. The TMS 
proton shift in silylated compounds is sensitive to substituents in 
the orrho-position. For example, the TMS groups of compounds 
4a-6a and 4ce6c, which bear an ortho-alkyl group, absorb at ap- 

Scheme 4 
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proximately 6 = 0.60, whereas the signal of the same group in com- 
pounds 8a, 9a, l l a  and 12a, which have no alkyl group near the 
TMS moiety, is shifted considerably upfield to approximately F = 
- 1.10. Boronic acids tend to form cyclic anhydrides (boroxines) 
and, depending upon solvent polarity and water content, exist as 
mixtures of the monomeric and trimeric forms[’5]. This, of course, 
complicates their NMR spectra. The spectra were recorded in 
either chloroform or DMSO, in which the cyclic trimer and the 
monomeric species, respectively, are favoured. With the exception 
of compounds l c  and Id, for which both sets of NMR data are 
given in the Experimental Section, the listed shifts of all other bo- 
ronic acids were taken from the trimeric form in CDCI?. The co- 
existence of differently dehydrated forms becomes very apparent in 
the case of the boronic acids 6 ~ [ ’ ~ 1  and 13c. Figure I shows a series 
of ‘H-NMR spectra of 13c in chloroform (a) as obtained from 
synthesis, (b) after the addition of water at 20°C, and (c) after 
removal of this water with MgS04. As can be seen, the low inten- 
sity signals in Figure l(a) increase on addition of water and de- 
crease on addition of a drying agent. This shows that these signals 
do not stem from impurities but from a less condensed, presumably 
monomeric form and that the equilibrium can be shifted easily. 
Correct elemental analysis data could not be obtained for the bo- 
ronic acids as is typical of this class of compounds. The El mass 
spectra invariably showed the correct molecular ion peak of the 
trimer and no indication of the monomer. For the two representa- 
tive boronic acids Ic and Sc, high resolution mass spectra were also 
recorded which were in full agreement with the proposed elemental 
composition. A simple and reliable additional means of charac- 
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terization for laboratory use is TLC, using silica and hexandethyl 
acetate (3:l) as eluent. The R,-value of boronic acids is normally 
the lowest of all compounds in a reaction mixture and the spot 
tails very characteristically over approximately 0.2 Rf values. For 
cross-couplings the boronic acids were used as obtained directly 
from their syntheses (which involved a drying step in high vacuum 
at 35 "C for several hours). They were obtained in a 1 .O: 1 .O stoichi- 
ometry, assuming they exist exclusively as trimers. 

Figure 1. Aromatic region of the 'H-NMR spectrum of boronic 
acid 13c in CDC13 at 293 K: (a) as obtained from synthesis; (b) 
after addition of water; (c) after removal of the added water with 
MgS04; the marked signals (*) indicate the trimeric anhydride of 

the boronic acid 

* *  * a) * *  

I I  

1 ~ ' J ' l " ' ~ l ' ' " l ~ ~ ' ' l ~ ~  
8.5 8.0 7.5 7.0 6.5 
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Experimental Section 
General: Starting materials were either prepared according to lit- 

erature procedures or purchased from Fluka, Aldrich or Acros and 
used without further purification. All solvents were purified and 
dried by standard methods. All reactions were carried out under 
N2. The catalyst was stored under N2 at -30°C. It was weighed 
out on the bench top and transferred in air. - 'H-NMR spectra: 
Bruker AM 270 spectrometer (270 MHz) (TMS at 6 = 0, CHCI, 
at 6 = 7.24, CH2C1, at 6 = 5.32 or DMSO at 6 = 2.49 as internal 
standard). - "C-NMR spectra: Bruker AM 270 spectrometer 
(67.9 MHz) (CDC13 at 6 = 77.0 as internal standard). - MS: 
Varian MAT 71 1 spectrometer. - Melting points: Biichi 510 (open 
capillaries, uncorrected values). - Column chromatography: 
Merck silica gel 60, 0.040-0.063 mm (230-400 mesh). - Analyti- 
cal TLC: alumina sheets, silica gel Si 60 F254 (Merck), detection: 
UV absorption. - Elemental analyses: Perkin Elmer EA 240. - 
Preparative HPLC: Nucleosil 100 CI8 (Macherey-Nagel), 5 pm, 250 
X 16 mm, UV detection. 

I - Brorrio-2.5-ul-n-1ie~~~l-4-tri~zetl~yl.~il~~lbcnzene (la): To a suspen- 
sion of 75 g (185.5 mmol) of 1 in diethyl ether (1000 ml) at -78°C. 

150.75 ml of a 1.6 M solution of n-butyllithium in hexane was added 
over a period of 45 min. and the reaction mixture was allowed to 
warm to 0°C. The colourless solution was then cooled once again 
to -78°C and 40.3 g (371 mmol) of trimethylchlorosilane was 
added over a period of 30 min. The reaction mixture was allowed 
to warm to room temperature over 12 h and then 500 ml of water 
was added. The layers were separated, the aqueous layer was 
washed twice with diethyl ether (200 ml) and the combined organic 
layers were washed twice with water (200 ml). The organic phase 
was dried over MgS0,. Distillation gave 71.9 g (98%) of l a  as a 
colourless oil; b.p. 157"C/0.25 mbar. - ' H  NMR (270 MHz, 
CDC13): 6 = 0.35 (s, 9H, SiMe3), 0.90 (m, 6H,  Me), 1.30-1.45 (m, 
12H, y-, 6-, s-CH,), 1.50-1.70 (m, 4H,  0-CH,), 2.60-2.75 (m, 
4H,  a-CH,), 7.28 (s, 1 H, aromatic H), 7.37 (s, 1 H, aromatic H). 

22.64, 22.67, 29.18, 29.59, 30.15, 31.68, 31.79, 32.40, 35.60, 35.84, 
125.98, 132.53, 136.23, 137.08, 138.29, 148.00. - MS (EI, 70 eV, 
80°C); mlz ('YO): 396 (6.8), 397 (2.7), 398 (7.0), 399 (2.4) [M+], 73 
(100) [SiMef], - C21H37BrSi (397.51): calcd. C 63.45, H 9.38; 
found C 63.21, H 9.17. 

- NMR (67.9 MHz, CDC13): 6 = 0.39 (3 C), 14.11 (2 C), 

Typical Procedure for the Conversion of the Trimethylsilyl Func- 
tion into the Iodo Function: 4-Bromo-2,s-Di-n-hexyl-1-iodobenzene 
( lb) :  To a solution of 30.0 g (75.47 mmol) o f  l a  in CCI, (150 ml) 
at O'C, a solution of 13.43 g (82.72 mmol) of IC1 in CCI4 (50 ml) 
was added over 20 min. The reaction mixture was allowed to warm 
to room temperature over a period of 30 min. 100 ml of a 1 M 

aqueous solution of sodium disulfite was then added. The layers 
were separated, the aqueous layer was washed twice with CCI, (50 
ml) and the combined organic layers were washed twice with water 
(50 ml). The organic phase was dried over MgSO,. Chromatog- 
raphic separation on silica gel with hexane gave 33.1 g (97%) of l b  
as colourless crystals; m.p. 37°C; Rf = 0.51 (hexane). - 'H NMR 
(270 MHz, CDC13): F = 0.85-0.95 (m, 6H,  Me), 1.25-1.45 (m, 
12H, y-, 6-, s-CH,), 1.45-1.60 (m, 4H,  0-CH2), 2.55-2.65 (m, 
4H, a-CH,), 7.30 (s, 1 H, aromatic H): 7.60 (s, 1 H, aromatic H). 

28.99, 29.02, 29.82, 30.11, 31.60 (2 C), 35.32, 40.08, 98.82, 124.46, 
132.77, 140.27, 141.51, 144.65. - MS (El, 70 eV, 60°C); m/z (YO): 
450 (loo), 451 (24), 452 (99), 453 (21), 454 (3) [M+]. - C18H281Br 
(451.23): calcd. C 47.91, H 6.25; found C 47.87, H 6.19. 

i'jpicul Procedure .for the Conversion of the Bronw Function into 
Boronic Acid: 2,5-Di-n-hesyl-4-trinieth~~lsilylbenzenL.-I -horonic Acid 
(lc): To a solution of 27.42 g (69.0 mmol) of l a  in a mixture of 
diethyl ether (500 ml) and tetrahydrofuran at -78"C, 129.4 ml(207 
mmol) of a 1.6 M solution of n-butyllithium in hexane was added 
over a period of 35 min. and the reaction mixture was allowed to 
warm to -10°C. The solution was then cooled once again to 
-78°C and 51.90 g (276 mmol) of triisopropyl borate was added 
over a period of 60 min. The reaction mixture was allowed to warm 
to room temperature overnight. Thereafter, 400 ml water was add- 
ed. The layers were separated, the aqueous layer was washed twice 
with diethyl ether (200 ml) and the combined organic layers were 
washed twice with water (200 ml). The organic phase was dried 
over MgSO,. Chromatographic separation on silica gel with (a) 
hexane and (b) hexanelethyl acetate (3:l) gave 20.76 g (87%) of l c  
as a colourless oil; Rf = 0.29 (hexanelethyl acetate, 3:l). - 'H 
NMR (270 MHz, CDCI?): 6 = 0.40 (s, 9H,  SiMe3), 0.78-0.88 (t ,  
J =  8 Hz, 3H, Me), 0.88-1.00 (t, J =  8 Hz, 3H,  Me), 1.32-1.53 
(m, 12H, y-, 6-, E-CH?), 1.59-1.79 (m, 4H,  /3-CH2), 2.78 (t. J =  8 
Hz, 2H, a-CH,), 3.21 (t, J = 8 Hz, 2H,  a-CH2), 7.39 (s, 1 H, iiro- 
matic H), 8.04 (s, l H ,  aromatic H). - 'H NMR (270 MHz, 
[DGIDMSO): 6 = 0.24 (s, 9H,  SiMe,), 0.78-0.90 (m, 6H,  Me), 
1.18-1.33 (m, 12H, y-, 6-, s-CH,), 1.39-1.57 (m, 4H, a-CH2), 

- "C NMR (67.9 MHz, CDC13): 6 = 14.09 (2 C), 22.59 (2 C), 
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2.78. 7.10 (s, 1 H, aromatic H), 7.20 (s, l H ,  aromatic H), 7.94 [(s, 

14.11, 22.70 (2C). 29.26, 29.84, 31.94 (2 C), 32.95, 33.36, 35.22, 

70 eV, 150°C); m / z  (%): 1031 (16), 1032 (59), 1033 (loo), 1034 (72), 
1035 (35). 1036 (13) [M+]. - C63H111B303Si3: calcd. 1032.81202, 
found 1032.81209 (MS). 

2H,  B(OH),]. - I3C NMR (67.9 MHz, CDCI,): 6 = 0.44, 14.07, 

36.12, 139.48, 136.05, 137.11, 142.47, 145.16, 146.90. - MS (EI, 

4-Bror~io-2,5-~~i-n-l1~.s)'lhen=ene-l-horonic Acid (Id): 1 g (2.52 
mmol) of l a  was dissolved in 20 ml dichloromethane. To this solu- 
tion 3.77 mmol of boron tribromide in 12 ml of dichloromethane 
was added over a period of 15 min. After stirring this solution for 
3 h, 10 ml of water was added. The layers were separated, the aque- 
ous layer was washed twice with dichloromethane ( 5  ml) and the 
combined organic layers were washed twice with water (20 ml). The 
organic phase was dried over MgS04. Chromatographic separation 
on silica gel with (a) hexane and (b) dichloromethane gave 0.83 g 
(94%) of Id as colourless crystals; m.p. 85.5"C (ref. 11: 
85-87.5"C); R, = 0.27 (hcxandethyl acetate, 3:l). - 'H NMR 
(270 MHz, CDCI?): 6 = 0.72-0.82 (t, J = 8 Hz, 3H, Me), 
0.82-0.94 ( t ,  J =  8 Hz, 3H, Me), 1.15-1.48 (m, 12H, y-, 6-, E- 

CH2). 1.48-1.71 (m, 4H, p-CH,), 2.74 (t, J = 8 Hz, 2H, a-CH,), 
3.1 1 (t .  J = 8 Hz, 2H,  a-CH,), 7.23 (s, 1 H, aromatic H), 7.94 (s, 
I H,  aromatic H). - 'H NMR (270 MHz, [D,]DMSO): 6 = 

0.78-0.90 (m, 6H, Me), 1.18-1.37 (m, 12H, y-, 6-, E-CH,), 
1.40-1.59 (m, 4H, P-CH?), 2.53-2.70 (m, 4H, a-CH,), 7.29 (s, 
1 H, aromatic H), 7.31 (s, I H, aromatic H), 8.04 [s, 2H, B(OH),]. 

Typicnl Procedure .for the Suzuki Coupling: 4-Bromo-2,2',5,5'- 
rc~r~i-n-lie.u~l-4'-tri~netI~~lsilylb~henyl(4a): 21.88 g (63.53 mmol) of 
Ic and 28.67 g (63.54 mmol) of l b  were dissolved in 200 ml toluene. 
The solution was degassed and flushed with N2 repeatedly. 200 ml 
of a saturated aqueous solution of Ba(OH), was then added. The 

ed again and 367 mg (0.32 mmol) of tetrakis(tri- 
phenylphosphane)palladium(0) was added. The mixture was re- 
fluxed for 48 h with vigorous stirring. Then the mixture was al- 
lowed to cool to room temperature, the layers were separated, the 
aqueous phase was washed twice with toluene (20 ml) and the com- 
bined organic layers once with water (20 mi). The organic layer was 
dried (MgS04). The unreacted bromoiodobenzene l b  was distilled 
off. Chromatographic separation on silica gel with hexane gave 28.5 
g (69%) of 4a as a colourless oil; Rf = 0.45 (hexane). - 'H NMR 
(270 MHz, CDC13): 6 = 0.37 (s, 9H, SiMe?), 0.78-0.94 (m, 12H, 
Me), 1.08-1.23 (m, 12H, y-, 6-. E-CH,), 1.23-1.47 (m, 12H, y-, 
6-, c-CH2 and 4H,  P-CH,), 1.50- 1.66 (m, 4H, @-CH,), 2.19-2.40 
(m, 4H,  a-CH2), 2.59-2.79 (m, 4H,  a-CH2), 6.88 (s, 1 H, aromatic 
H). 6.95 (s, I H, aromatic H), 7.31 (s, 1 H, aromatic H), 7.42 (s, 1 H, 
aromatic H). - I3C NMR (67.9 MHz, CDCI,): 6 = 0.62 (3C), 
14.07 (4C), 22.46, 22.53, 22.64 (2 C), 29.07 (2C), 29.25, 29.64, 
29.95, 30.81, 31.09, 31.54, 31.61, 31.71, 31.87, 32.57 (2C), 32.87, 
35.66, 35.91, 129.88, 131.51, 132.58, 135.15, 136.61 (2C), 138.53, 
140.21, 140.35. 140.66, 145.41. - MS (El, 70 eV, 120°C); m/z ( X I ) :  
640 (86). 641 (44), 642 ( I O O ) ,  643 (46), 644 (12) [M+]. - C39H65SiBr 
(641.93): calcd. C 72.97, H 10.21; found C 72.85, H 10.15. 

. I-Broi~io-2,2' .5,5'-trtm-n-l1e.~~~l-4~-iodoh~l~en~~l (4b): The pro- 
cedure was analogous to that described for Ib: 14.8 g (23.06 mmol) 
of 4a in 200 ml of CCI4, 4.09 g (25.20 mmol) of ICI in 40 ml 
of CCI4, 80 ml of a 1 M aqueous solution of sodium disulphite. 

separation on silica gel with hexane gave 15.2 g 
colourless oil; Rr= 0.45 (hexane). - 'H NMR 

(270 MHz. CDCI?): 6 = 0.75-0.95 (m, 12H, Me), 1.06-1.24 (m, 
12H, */-, 6-, E-CH?), 1.24-1.46 (m, 12H, y-, 6-, E-CH, and 4H, 
P-CH?). 1.46-1.68 (m, 4H, 0-CH,), 2.10-2.36 (m, 4H, a-CH,), 
2.57-2.70 (m, 4H,  a-CH2), 6.89 (s, 1 H, aromatic H), 6.91 (s, 1 H, 

aromatic H), 7.42 (s, 1 H, aromatic H), 7.70 (s, 1 H, aromatic H). 
- I3C NMR (67.9 MHz, CDC13): 6 = 14.06 (4 C), 22.46 (2 C), 
22.61 (2 C), 29.03 (2 C), 29.08 (2 C), 29.92, 30.28, 30.71, 30.74, 
31.53 (2 C), 31.67 (2 C), 32.32, 32.52, 35.63, 40.24, 99.44, 123.26, 
130.42, 131.35, 132.71, 138.77, 139.20, 139.45, 140.01, 140.14, 
140.24, 142.14. - MS (EI, 70 eV, 150°C); m/z (YO): 694 (97), 695 
(48), 696 (IOO), 697 (43), 698 (12) [M+]. - C36H56BrI (695.65): 
calcd. C 62.16, H 8.11; found C 62.20, H 8.03. 

2,2',5,5'-Tetra-n-hexyl-4'-trimethylsilylbipheny1-4-boroni~ Acid 
(4c): The procedure was analogous to that described for l c :  19.3 g 
(30.1 mmol) of 4a in a mixture of 300 ml diethyl ether and 300 ml 
THF, 60 ml (96 mmol) of a 1.6 M solution of n-butyllithium in 
hexane, 26.1 g (139 mmol) of triisopropyl borate. Chromatographic 
separation on silica gel with hexanelethyl acetate (6: 1) gave 13.7 g 
(77%)) of 6c as a colourless oil; Rf = 0.30 (hexanelethyl acetate, 
3:l). - 'H  NMR (270 MHz, CDCI3): 6 = 0.48 (s, 9H, SiMe,), 
0.75-0.96 (m, 12H, Me), 1.09-1.80 (m, 32H, p-, y-, 6-, E-CH~),  
2.24-2.53 (m, 4H, a-CH,), 2.62-2.76 (t, J = 8 Hz, 2H, a-CH,), 
3.06-3.24 (m, 1 H, a-CH,), 3.32-3.46 (m, l H ,  a-CH,), 7.01 (s, 
1 H, aromatic H), 7.10 (s, 1 H, aromatic H), 7.38 (s, 1 H, aromatic 
H), 8.19 (s, 1 H, aromatic H). - I3C NMR (67.9 MHz, CDCI,): 
6 = 0.69 (3 C), 14.10 (4 C), 22.58 (2 C), 22.70 (2 C), 29.34 (3 C), 
29.68, 31.18, 31.36, 31.70 (2 C), 31.94, 32.09, 31.61, 32.90, 33.03, 
33.21, 35.18, 36.01, 127.49, 129.78, 131.56, 135.19, 136.43, 136.53, 
137.35, 138.27, 141.67, 145.11, 145.37, 148.00. - MS (EI, 70 eV, 
300°C); mls (%): 1763 (12), 1764 (37), 1765 (93), 1766 (IOO), 1767 
(72), 1768 (39), 1769 (17) [M+]. 

3-Bvomo-2',5'-dii-n-hexyl-4'-trimethylsilylb~henyl (5a): The pro- 
cedure was analogous to that described for 4a: 28.5 g (82.8 mmol) 
of l c ,  23.4 g (82.8 mmol) of 2 and 390 mg (0.34 mmol) tetrakis(tri- 
phenylphosphane)palladium(O) in a mixture of 400 ml toluene and 
400 ml of a saturated aqueous solution of Ba(OH),. Reflux for 1 
d. The unreacted bromoiodobenzene 2 was distilled off. Chromato- 
graphic separation on silica gel with hexane gave 32.2 g (82%) of 
5a as a colourless oil; Rf = 0.35 (hexane). - 'H NMR (270 MHz, 
CDCI,): 6 = 0.38 (s, 9H,  SiMe,), 0.85 (t, J = 8 Hz, 3H, Me), 0.9 
(t, J =  8 Hz, 3H, Me), 1.15-1.25 (m, 6H, y-, 6-, E-CH,), 
1.25-1.35 (m, 4H, y-, 6-, E-CH,), 1.35-1.55 (m, 2H, y-, 6-, E-CH, 
and 2 H, O-CH2), 1.6- 1.7 (m, 2 H, P-CH,), 2.57 (t, J = 8 Hz, 2 H, 
a-CH,), 2.75 (t, J = 8 Hz, 2H,  a-CH,), 7.05 (s, 1 H, aromatic H), 
7.26-7.30 (m, 2H, aromatic H), 7.39 (s, l H ,  aromatic H), 
7.45-7.53 (m, 2H, aromatic H). - I3C NMR (67.9 MHz, CDCI3): 
6 = 0.58 (3 C), 14.07 (2 C), 22.53, 22.64, 29.14, 29.70, 31.48 (2 C), 
31.82, 32.61 (2 C), 35.98, 122.11, 127.81, 129.43, 129.70, 129.90, 

70 eV, 120°C); m/z (Yn): 472 (14), 473 ( 5 ) ,  474 (15), 475 ( 5 ) ,  476 (2) 
[M+], 73 (100) [SiMe;]. - C2,H4'BrSi (473.61): calcd. C 68.47, H 
8.73; found C 68.23, H 8.44. 

132.19, 135.76, 136.38, 137.36, 140.95, 144.28, 146.05. - MS (EI, 

3'-Bromo-2,5-di-n-hexyl-4-iodobiphen~l (5b): The procedure was 
analogous to that described for lb:  7.10 g (15.0 mmol) of 5a in 40 
ml of CC14, 2.68 g (16.5 mmol) of IC1 in 20 ml of CC&, 30 ml of 
a 1 M aqueous solution of sodium disulfite. Chromatographic fil- 
tration through silica gel with hexane gave 7.65 g (97%) of 5b as a 
colourless oil; Rf = 0.42 (hexane). - 'H NMR (270 MHz, 
CD2C12): 6 = 0.85 (t, J = 8 Hz, 3H, Me), 0.9 (t, J = 8 Hz, 3H, 
Me), 1.15-1.25 (m, 6H,  y-, 6-, E-CH~),  1.25-1.50 (m, 6H,  y-, 6-, 
E - C H ~  and 2H,  p-CH,), 1.5-1.65 (m, 2H,  P-CH?), 2.47 (t, J = 8 
Hz, 2 H, a-CH,), 2.7 (t, J = 8 Hz, 2 H, a-CH2), 7.0 (s, 1 H, aromatic 
H), 7.20-7.32 (m, 2H, aromatic H), 7.43-7.52 (m, 2H,  aromatic 
H), 7.74 (s, 1 H, aromatic H). - I3C NMR (67.9 MHz, CDC13): 
6 = 14.03, 14.09, 22.43, 22.59, 28.93, 29.06, 30.29, 31.12, 31.35, 
31.60, 32.02, 40.27, 100.06, 122.20, 127.59, 129.46, 129.94, 130.24, 
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131.95, 139.628, 139.88, 140.26, 142.62, 143.11. - MS (EI, 70 eV, 
120°C); mlz (Yn): 526 (loo), 527 (25), 528 (95), 529 (24), 530 (3) 
[M+]. - C24H32BrI (527.33): calcd. C 54.66, H 6.1 1; found C 54.77, 
H 6.03. 

2',5'-Di-n-hex~~1-4'-trimethylsilylbiphenyl-3-boronic Acid (5): 
The procedure was analogous to that described for lc: 9.70 g (20.5 
mmol) of Sa in a mixture of 150 ml diethyl ether and 150 ml THF, 
38.4 ml(61.4 mmol) of a 1.6 M solution of n-butyllithium in hexane, 
15.3 g (81.7 mmol) of triisopropyl borate. Chromatographic separ- 
ation on silica gel with hexanelethyl acetate (6: 1) gave 6.57 g (76%) 
of Sc as a colourless oil; Rf = 0.24 (hexanelethyl acetate, 3:l). - 
'H  NMR (270 MHz, CDC13): 6 = 0.36 (s, 9H, SiMe3), 0.71-0.79 
(m, 3H, Me), 0.83-0.92 (m, 3H, Me), 1.10-1.20 (m, 6H, y-, 6-, 
E-CH,), 1.28-1.38 (m, 4H, y-, 6-, E-CH,), 1.38-1.51 (m, 2H, y-, 
6-, E - C H ~  and 2H, P-CH,), 1.51-1.69 (m, 2H, P-CH,), 2.50-2.60 

7.10 (s, lh, aromatic H), 7.40 (s, 1H, aromatic H), 7.53-7.58 (m, 
2H, aromatic H), 8.17 (d, J = 2 Hz, 1 H, aromatic H), 8.19-8.25 
(m, 1 H, aromatic H). - I3C NMR (67.9 MHz, CDC1,): 6 = 0.60 
(3 C), 14.07 (2 C), 22.52, 22.63, 29.25, 29.75, 31.48, 31.59, 31.81, 
32.61, 32.77, 36.01, 127.67, 129.76, 130.20, 133.50, 134.13, 135.70, 
136.21, 136.67, 136.83, 141.71, 142.37, 146.01. - MS (EI, 70 eV, 
300°C); mlz (YO): 1260 (ll),  1261 (24), 1262 (18), 1263 (lo), 1264 
(5) [M+], 73 (100) [SiMe:]. - C81H123B303Si3: calcd. 1260.9059, 
found 1260.9065 (MS). 

(t, J =  9 Hz, 2H, a-CH,), 2.67-2.76 (t, J =  9 Hz, 2H, CL-CH~), 

2-Bromo-2',S'-di-n-hexyl-4'-trimethylsilylbiplzenyl (6a): The pro- 
cedure was analogous to that described for 4a: 7.72 g (22.4 mmol) 
of lc, 6.34 g (22.4 mmol) of 3 and 129 mg (0.1 1 mmol) tetrakis(tri- 
phenylphosphane)palladium(O) in a mixture of 150 ml toluene and 
150 ml of a saturated aqueous solution of Ba(OH),. Reflux for 2 
d. The unreacted bromoiodobenzene 3 was distilled off. Chromato- 
graphic separation on silica gel with hexane gave 7.13 g (67'1/0) of 
6a as a colourless oil; Rf = 0.32 (hexane). - 'H NMR (270 MHz, 
CDCl,): 6 = 0.39 (s, 9H, SiMe,), 0.85 (t, J =  8 Hz, 3H, Me), 0.9 
(t, J = 8 Hz, 3H, Me), 1.17-1.29 (m, 6H, y-, 6-, E-CH~), 
1.29-1.56 (m, 6H, y-, 6-, &-CH2 and 2H, P-CH,), 1.58-1.70 (m, 
2H, P-CH,), 2.31-2.59 (m, 2H, a-CH,), 2.70-2.80 (m, 2H, a- 
CH2), 6.99 (s, l H ,  aromatic H), 7.17-7.39 (m, 3H, aromatic H), 
7.41 (s, 1 H, aromatic H), 7.69 (dd, JI = 8 Hz, J2 = 1 Hz, 1 H, 
aromatic H). - I3C NMR (67.9 MHz, CDCI,): 6 = 0.64 (3 C), 
14.08 (2 C), 22.48, 22.66, 29.13, 29.57, 30.78, 31.47, 31.85, 32.41, 
32.85, 35.89, 123.95, 126.81, 128.46, 129.76, 131.22, 132.51, 135.19, 
136.49, 137.29, 141.32, 142.67, 145.57. - MS (EI, 70 eV, 120°C); 
mlz (%): 472 (60), 473 (22), 474 (65), 475 (21), 476 (5) [M+], 73 
(100) [SiMef]. - C27H41BrSi (473.61): calcd. C 68.47, H 8.73; 
found C 68.29, H 8.64. 

2-Bromo-2',S'-di-n-hexyl-4'-iodobiphenyl (6b): The procedure 
was analogous to that described for lb: 2.52 g (5.32 mmol) of 6a 
in 15 ml of CC14, 0.95 g (5.85 mmol) of IC1 in 10 ml of CCI4, 10 
ml of a 1 M aqueous solution of sodium disulfite. Preparative re- 
versed phase HPLC [Nucleosil 100 CI8, 5 pm, 250 X 16 mm flow: 
20 ml/min, methanolldichloromethane (7:3)] gave 2.38 g (85%) of 
6b as a colourless oil; Rf = 0.34 (hexane). - 'H NMR (270 MHz, 
CD2CI2): 6 = 0.85 (t, J = 8 Hz, 3H, Me), 0.93 (t, J = 8 Hz, 3H, 
Me), 1.16-1.25 (m, 6H, y-, 6-, E-CH?), 1.25-1.50 (m, 6H, y, 6-, 
&-CHI and 2H, S-CH?), 1.5-1.67 (m, 2H, P-CH,), 2.20-2.50 (m, 
2H, a-CH2), 2.68-2.77 (m, 2H, a-CH2), 6.95 (s, 1 H, aromatic H), 
7.21-7.28 (m, 2H, aromatic H), 7.33-7.40 (m, l H ,  aromatic H), 
7.65-7.69 (m, 1 H, aromatic H), 7.76 (s, 1 H, aromatic H). - I3C 
NMR (67.9 MHz, CDCI,): 6 = 14.05, 14.10, 22.38, 22.60, 28.91 (2 
C), 30.09, 30.38, 31.34, 31.61, 32.23, 40.20, 100.19, 123.71, 126.84, 
128.71, 130.23, 130.93, 132.48, 139.44, 140.00, 140.65, 141.47, 

142.15. - MS (EI, 70 eV, 120°C); mlz (YO): 526 (59), 527 (21), 528 
(60), 529 (18) [M+]. - C24H32BrI (527.33): calcd. C 54.66, H 6.11; 
found C 54.77, H 5.84. 

2',S'-Di-n-hesyl-4'-trimethylsilylbiphenyl-2-boronic Acid (6c): 
The procedure was analogous to that described for lc: 8.00 g (16.9 
mmol) of 6a in a mixture of 150 ml diethyl ether and 150 ml THF, 
37.0 ml(59.1 mmol) of a 1.6 M solution of n-butyllithium in hexane, 
22.2 g (1 18 mmol) of triisopropyl borate. Chromatographic separ- 
ation on silica gel with hexanelethyl acetate (6: 1) gave 5.43 g (76%) 
of 6c as a colourless oil; Rf = 0.40 (hexandethyl acetate, 6:l). - 
'H NMR (270 MHz, CDC1,): 6 = 0.29-0.39 (3 s, 9H, SiMe,), 
0.68-0.95 (m, 6H,  Me), 0.99-1.23 (m, 8H, CH,), 1.23-1.50 (m, 
6H, CH,), 1.52-1.64 (m, 2H, -CH2), 2.28-2.52 (m, 2H, a-CH2), 
2.58-2.72 (m, 2H, a-CH,), 6.69-6.78 (m, 0.75H, aromatic H), 
6.83-6.88 (2 s, 0.75H, aromatic H), 7.01-7.16 (m, 2.1H, aromatic 
H), 7.31-7.48 (m, 2.2H, aromatic H), 7.95-8.05 (m, 0.2H, aro- 
matic H). - ',C NMR (67.9 MHz, CDCI,): 6 = 0.56, 0.81, 13.87, 
14.01, 19.15, 22.45, 22.61, 29.06, 29.62, 30.91, 31.44, 31.53, 31.74, 
32.46, 32.73, 32.90, 33.58, 35.90, 36.02, 62.39, 125.80, 126.59, 
126.71, 129.19, 129.34, 129.79, 129.93, 130.22, 130.66, 135.10, 
135.34, 135.68, 136.17, 136.93, 137.16, 136.93, 137.16, 137.93, 
138.19, 142.48, 142.70, 144.42, 145.20, 146.643, 146.57, 146.72, 
147.07, 149.11. - MS (EI, 70 eV, 200°C); m/z (YI): 1259 (8), 1260 
(42), 1261 (78), 1262 (66), 1263 (35), 1264 (13), 1265 (3) [M+], 421 
(100) [1/3 M+]. 

4-Bromo-2,S-di-n-hexyl-4'-triinethylsilylbiphenyl (8a): The pro- 
cedure was analogous to that described for 4a: 13.6 g (77.2 mmol) 
of 7, 34.85 g (77.2 mmol) of lb and 446 mg (0.39 mmol) tetrakis- 
(triphenylphosphane)palladium(O) in a mixture of 200 ml toluene 
and 150 ml of an aqueous 1 M solution of Na2C03. Reflux for 2 
d. Chromatographic separation on silica gel with hexane gave 33.4 
g (91 YO) of 8a as a colourless oil; Rf = 0.59 (hexane). - 'H NMR 
(270 MHz, CDC13): 6 = 0.33 (s, 9H, SiMe,), 0.84 (m, 3H, Me), 
0.91 (m, 3H, Me), 1.15-1.25 (m, 6H, y, 6-, E-CH~),  1.31-1.42 
(m, 6H, y-, 6-, E-CH~),  1.48 (m, 2H, P-CH,), 1.63 (m, 2H, P-CH2), 

1 H, aromatic H), 7.29 (dd, J 1  = 8 Hz, J2  = 2 Hz, 2H, aromatic 
H), 7.47 (s, 1 H, aromatic H), 7.58 (dd, J ,  = 8 Hz, J Z  = 2 Hz, 2H,  
aromatic H). - ',C NMR (67.9 MHz, CDC1,): 6 = -1.06 (3 C), 
14.08 (2 C), 22.44, 22.61, 28.98, 29.15, 29.99, 31.16, 31.43, 31.67, 
32.32, 35.75, 123.26, 128.45 (2 C), 131.65 (2 C), 133.06 (2 C), 
138.81, 139.09, 139.76, 140.99, 141.49. - MS (EI, 70 eV, 100OC): 
mlz (YO): 472 (94), 473 (38), 474 (IOO), 475 (24), 476 (10) [M+]. - 
C27H41BrSi (473.61): calcd. C 68.47, H 8.73; found C 68.38, H 8.59. 

2.53 (t, J = 2H, u-CH~), 2.72 (t, J =  8 Hz, 2H, a-CH,), 7.07 (s, 

4-Bromo-2,S-di-n-hexyl-4'-iodobipheiiyl(8b): See ref.I41. 

2,5-Di-n-hex~~l-4'-trimethylsilylb~henyl-4-boroni~ Acid (8c): See 
ref.r41. 

3-Bromo-4'-trimethylsilylbiphenyl (9a): The procedure was anal- 
ogous to that described for 4a: 4.54 g (25.8 mmol) of 7, 7.00 g (25.8 
mmol) of 2 and 298 mg (0.26 mmol) tetrakis(tripheny1phosphane)- 
palladium(0) in a mixture of 150 ml toluene and 150 ml of an aque- 
ous 1 M solution of Na,COI. Reflux for 3 d. Chromatographic sep- 
aration on silica gel with hexane gave 7.55 g (96%) of 9a as a 
colourless oil; Rf = 0.27 (hexane). - 'H  NMR (270 MHz, CDC13): 
6 = 0.42 (s, 9H, SiMe,), 7.28-7.36 (m, 1 H, aromatic H), 
7.44-7.68 (m, 6H, aromatic H), 7.78-7.82 (m, 1 H, aromatic H). 
- "C NMR (67.9 MHz, CDC13): 6 = -1.13 (3 C), 122.87, 125.72. 
126.38 (2 C), 130.22 (3 C), 133.90 (2 C), 139.98, 140.06, 143.26. - 
MS (El, 70 eV, 50°C); ink (%): 304 (27), 305 (6), 306 (28), 307 (6) 
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[M'], 289 (98), 290 (21). 291 (loo), 292 (20), 293 (5) [M - CH31. 
- CIjH,,BrSi (305.29): calcd. C 59.01, H 5.61; found C 58.86, 
H 5.43. 

3-Broriio-4'-io~lobiplicn~l (9b): The procedure was analogous to 
that described for lb: 6.58 g (21.6 mmol) of 9a in 100 ml of CCI4, 
3.67 g (22.6 mmol) of ICI in 30 ml of CC&, 30 ml of a 1 M aqueous 
solution of sodium disulfite. Chromatographic separation on silica 
gel with hexane gave 7.16 g (93%) of 9b as a colourless oil; Rf = 
0.32 (hexane). - ' H  NMR (270 MHz, CDC1,): 6 = 7.26-7.38 (m, 
3H, aromatic H), 7.44-7.56 (m, 2H,  aromatic H), 7.76 (s, l H ,  
aromatic H). 7.78-7.88 (m, 2H, aromatic H). - I3C NMR (67.9 

130.39, 130.61, 137.98 (2 C), 139.18, 142.15. - MS (EI, 70 eV, 

CI2H8BrI (359.00): calcd. C 40.15, H 2.25; found C 40.21, H 2.34. 

3 - B r ~ 1 r ~ 1 ~ - 3 ' - t r i 1 ~ ~ ~ t l ~ ~ ~ l ~ i l ~ l b i p l ~ e n y l ( l l  a): The procedure was anal- 
ogous to that described for 4a: 3.83 g (21.8 mmol) of 10, 6.1 g 
(21.74 mmol) of 2 and 125 mg (0.1 1 mmol) tetrakis(triphenylph0- 
phane)palladium(O) in a mixture of 100 ml toluene and 100 ml of 
an aqueous 1 M solution of Na2C03. Reflux for 3 d. Chromato- 
graphic separation on silica gel with hexane gave 6.30 g (95%) of 
1 1  a as a colourless oil; Rf = 0.28 (hexane). - 'H  NMR (270 MHz, 
CDCI,): 6 = 7.18-7.25 (m, l H ,  aromatic H), 7.28-7.47 (m, 5H, 
aromatic H), 7.56-7.61 (m, 1 H, aromatic H), 7.63-7.67 (m, 1 H, 
aromatic H). - I3C NMR (67.9 MHz, CDC1,): 6 = -1.09 (3 C), 
122.87, 125.87, 127.66, 128.22, 130.07, 130.28, 130.27, 131.94, 
132.84, 139.05, 141.28, 143.78. - MS (EI, 70 eV, 40°C); mlz ((XI):  
304 (29). 305 (6), 306 (30), 307 (6), 308 (2) [M+], 289 (99), 290 (21), 
291 (loo), 292 (20), 293 (5) [M+ - CH,]. - CI5HI7BrSi (305.29): 
calcd. C 59.01, H 5.61; found C 58.79, H 5.54. 

MHz, CDCI,): 6 = 93.79, 123.03, 125.48, 128.87 (2 C), 129.91, 

60°C); I > ! / :  (%): 358 ( I O O ) ,  359 (14), 360 (97), 361 (13) [M+]. - 

3- Bronzo-3'-io~obiphen}~l(l I b): The procedure was analogous to 
that described for lb: 5.54 g (18.2 mmol) of l l a  in 100 ml of CCI4, 
3.24 g (19.9 mmol) of IC1 in 30 ml of CC14, 30 ml of a 1 M aqueous 
solution of sodium disulfite. Chromatographic separation on silica 
gel with hexane gave 6.38 g (98'Yn) of l l b  as a colourless oil which 
slowly solidified; m.p. 56°C; Rf = 0.30 (hexane). - 'H  NMR (270 
MHz, CD2C12): 6 = 7.16-7.24 (m, 1 H, aromatic H), 7.29-7.37 
(m. 1 H, aromatic H), 7.47-7.57 (m, 3H. aromatic H), 7.68-7.74 
(m. 2 H. aromatic H), 7.9 1-7.95 (m, 1 H, aromatic H). - 13C NMR 
(67.9 MHz, CDC13): 6 1 94.83, 122.90, 125.61, 126.26, 130.02, 
130.29, 130.43, 130.69, 135.96, 136.69, 141.53, 141.72. - MS (EI, 
70 eV. 60°C); ndz (%I): 358 (71). 359 (lo), 360 (70), 361 (9) [M+], 
150 (13), 151 (19), 152 (IOO),  153 (14) [C,,H;]. - CI2H8BrI 
(359.00): calcd. C 40.15, H 2.25; found C 40.15, H 2.22. 

2-~rorrio-3'-tritnell~~~lsil~lhiphenyl(12a): The procedure was anal- 
ogous to that described for 4a: 7.00 g (39.8 mmol) of 10, 11.25 g 
(39.8 mmol) of 3, 229 mg (0.2 mmol) tetrakis(tripheny1phosphane)- 
palladium(0) in a mixture of 150 ml toluene and 100 ml of a satu- 
rated aqueous solution of Ba(OH),; reflux 40 h. Chromatographic 
separation on silica gel with hexane gave 11.2 g (92%) of 12a as a 
colourless oil; Rf = 0.27 (hexane). - 'H NMR (270 MHz, CDC13): 
6 = 7.28-7.36 (m. 1 H, aromatic H), 7.44-7.56 (m, 2H, aromatic 
H), 7.57-7.63 (in. 2H. aromatic H), 7.70-7.77 (m, 1 H, aromatic 
H),  7.79-7.87 (m. 2H, aromatic H). - "C NMR (67.9 MHz, 
CDCI?): 6 = -1.09 (3 C), 122.70, 127.29, 127.35, 128.60, 129.72, 
131.31. 132.49. 133.14, 134.36, 140.12, 140.26, 142.79. - MS (EI, 
70 eV. 40°C); / id: ( I%)) :  304 (38), 305 ( I l ) ,  306 (38), 307 (10) [M+], 
289 (99), 290 (28). 291 (loo), 292 (26) [M+ - CH3]. - CISHI7BrSi 
(305.29): calcd. C 59.01, H 5.61; found C 58.81, H 5.58. 

3-B~or~~o-~-chloro-2',5'-~i-n-liesyI-4'-trimetl~yl.til~lbipl1enyl (13a): 
The procedure was analogous to that described for 4a: 4.12 g (12.0 

V. Hensel, A,-D. Schliiter 

mmol) of lc ,  3.80 g (12.0 mmol) of 12 and 276 mg (0.24 mmol) 
tetrakis(triphenylphosphane)palladium(O) in a mixture of 75 ml 
toluene and 75 ml of a saturated aqueous solution of Ba(OH),. 
Reflux for 2 d. The unreacted bromoiodobenzene 12 was distilled 
off. Preparative reversed phase HPLC [Nucleosil 100 CI8, 5 pm, 
250 X 16 mm flow: 25 ml/min, methanolldichloroemthane (7:3)] 
gave 4.03 g (66%) of 6b as a colourless oil; Rf = 0.50 (hexane). - 
'H NMR (270 MHz, CDCI,): 6 = 0.40 (s, 9H, SiMe3), 0.90 (t, J = 
8 Hz, 3H, Me), 0.97 (t, J = 8  Hz, 3H, Me), 1.17-1.31 (m, 6H, 
y-, 6-, E-CH~), 1.31-1.41 (m, 4H, y-, 6-, E-CH,), 1.41-1.58 (m, 
2H,  y-, 6-, E - C H ~  and 2H, P-CH?), 1.58-1.73 (m, 2H, P-CH,), 

7.03 (s, 1 H, aromatic H), 7.26-7.30 (m, 1 H, aromatic H), 
7.37-7.41 (m, 2H,  aromatic H), 7.49-7.55 (m, 1 H, aromatic H). 
- I3C NMR (67.9 MHz, CDC13): 6 = 0.51 (3 C), 14.08 (2 C), 
22.54, 22.64, 29.09, 29.70, 31.47 (2 C), 31.80, 32.49, 32.63, 35.93, 
122.25, 128.14, 129.53, 129.63, 130.55, 134.60, 135.86, 136.27, 
138.02, 139.60, 145.36, 146.22. - MS (EI, 70 eV, 150°C); idz  ((YO): 
506 ( 5 3 ,  507 (2.4), 508 (7.1), 509 (2.8), 510 (2.4) [M+], 73 (100) 
[SiMe?]. - C27H40BrC1Si (508.06): calcd. C 63.83, H 7.94; found 
C 63.71, H 7.96. 

2.58 (t, J =  8 Hz, 2H,  a-CH,), 2.74 (t, J =  8 Hz, 2H, a-CH,), 

3-Bromo-5-chloro-2',5'-di-n-he,~yl-4'-iodobiphenyl (13b): The 
procedure was analogous to that described for lb: 2.16 g (4.25 
mmol) of 13a in 25 ml of CC&, 0.76 g (4.68 mmol) of ICI in 15 
ml of CCI4, 15 ml of a 1 M aqueous solution of sodium disulfite. 
Chromatographic separation on silica gel with hexane gave 2.31 g 
(97%) of 13b as a colourless oil; Rf = 0.55 (hexane). - 'H NMR 
(270 MHz, CDC13): 6 = 0.85 (t, J = 8 Hz, 3H, Me), 0.9 (t, J = 8 
Hz, 3H, Me), 1.09-1.26 (m. 6H,  y-, 6-, E-CH,): 1.26-1.49 (m, 
6H,  y-, 6-, E-CH, and 2H, P-CH?), 1.49-1.64 (m, 2H, P-CH2), 

6.94 (s, 1 H, aromatic H), 7.18 (dd, J1  = 2 Hz, J 2  = 2 Hz, 1 H, 
aromatic H), 7.30 (dd, J l  = 2 Hz, J2 = 2 Hz, 1 H, aromatic H), 
7.49 (dd, J l  = 2 Hz, J2 = 2 Hz, 1 H, aromatic H), 7.70 (s, 1 H, 
aromatic H). - I3C NMR (67.9 MHz, CDCl3): 6 = 14.02, 14.07, 
22.45, 22.60, 28.92, 29.07, 30.31, 31.14, 31.37, 31.61, 31.96, 40.28, 
100.53, 122.38, 127.99, 129.86, 130.03, 130.38, 134.74, 139.04, 
139.59, 140.07, 142.93, 144.27. - MS (EI, 70 eV, 120°C); mlz ('YO): 
560 (77), 561 (28), 562 (loo), 563 (31), 564 (29), 565 (9) [M+]. - 
C24H31BrClI (561.77): calcd. C 51.31, H 5.56; found C 51.36, H 
5.50. 

2.44 (t, J =  8 Hz, 2H,  a-CH,), 2.67 (t, J =  8 Hz, 2H, a-CH,), 

5- Chloro-2',5'-di-n-hexyl-4'- trimethylsilylbiphenyl-3-boronic Acid 
(13c): The procedure was analogous to that described for lc: 5.50 
g (10.8 mmol) of 13a in 100 ml diethyl ether, 7.27 ml (10.8 mmol) 
of a 1.5 M solution of n-butyllithium in hexane, 3.06 g (16.3 mmol) 
of triisopropyl borate. Chromatographic separation on silica gel 
with hexanelethyl acetate (3:l) gave 3.68 g (75%) of 13c as a 
colourless/slightly yellow oil; Rf = 0.25 (hexanelethyl acetate, 3: I). 
- 'H  NMR (270 MHz, CDC13): 6 = 0.38 (s, 9H,  SiMe,), 0.77 (t, 
J =  7 Hz, 3H,  Me), 0.89 (t, J =  9 Hz, 3H, Me), 1.09-1.27 (m, 
6H, y-, 6-, E-CH,), 1.27-1.38 (m, 4H,  y-, 6-, E-CH~), 1.38-1.53 
(m, 2 H, y-, 6-, E-CH, and 2 H, P-CH,), 1.53- 1.69 (m, 2 H, P-CH?), 

7.06 (s, l H ,  aromatic H), 7.39 (s, 1 H, aromatic H), 7.53 (dd, J I  = 
2 Hz, J2  = 2 Hz, 1 H, aromatic H), 8.05 (dd, J l  = 1 Hz, J2 = 1 Hz, 
l H ,  aromatic H), 8.14 (dd, JI = 2 Hz, J 2  = 1 Hz, I H ,  aromatic 
H). - 13C N M R  (67.9 MHz, CDC13): 6 = 0.62 (3 C), 14.08, 14.12, 
22.59, 22.70, 29.26, 29.81, 31.49, 31.65, 31.86, 32.67, 32.75, 36.05, 
129.95, 131.34, 133.73, 134.22, 134.22, 134.45, 135.91, 136.56, 
137.70, 140.80, 143.93. 146.25. - MS (EI, 70 eV, 300°C); nil; (Yo): 
1362 (OS), 1363 (0.7), 1364 (OX), 1365 (0.9), 1366 (0.7), 1367 (0.5) 
[M+], 73 (100) [SiMe.;]. 

2.56 (t, J = 8 Hz, 2H, a-CH2), 2.72 (t, J = 8 Hz, 2H,  a-CH,), 
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SHORT COMMUNICATION 
[‘“I Since TMS groups are not protective groups in the common 

sense, we prefer to use the term “place holder”, which precisely 
defines their function. 

[I1] M. Rehahn, A,-D. Schluter, G. Wegner, W. J. Feast, Polymer 
1989, 30, 1060. 

L1*] D. Kaufmann, Chenz. Ber. 1987, 120, 901. 
[I3] PreDared using a Drocedure similar to that of  G. B. Heisin, J.  

Am: Chern. Sgc. 1928, 50, 139. 
- 

[I4] For examde. see: B. C. Berris. G. H. Hovakeenian Y.-H. Lai, 
H. Mestdagh, K. P. C. Vollhardt, J Am. Chem. Soc. 1985, 
107, 5670. 

[I5] Boron and Oxygen, Gmelin Handbook of Inorganic and Or- 
ganometallic Chemistry, Springer, Berlin, 1987; B 3rd Sup- 
plement, Vol. 2, p. 147. 

[ I6 ]  The ‘H-NMR sDectrum of 6c shows three signals for TMS; the 
intensities of t6e signals prove the existen& of stereoisomers 
andlor condensation products. 

[96312] 
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