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We have synthesized biaryls from the coupliegction between aryl sulfinates and aryl ha
using homogeneous palladium catalytic system. Theldped method is simple and effici
These methodologies are particularly useful to @regymmetrical as well as unsymmeti
biaryls with excellentproduct yield. The suggested protocol demonstratditoad substre
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Introduction

Carbon-carbon (C-C) bond formation is one of thesimo
important reactions in organic synthesis due to \gle
applications in pharmaceuticals, biologically aetisompounds
and in advanced material. It is also an importad tin the
synthesis of natural productsThe most frequently employed
methods for the synthesis of unsymmetrical bipheeylvatives
are Suzukf, Stille® and Hiyama cross-coupling reactions.
Palladium catalyzed cross coupling reactions fonminaportant
class of carbon-carbon bond forming reactions. Thalytic
activity of Pd-based catalysts can be tuned by piog ligands
to get the higher stability in the reactions as vesllprolonged

Silver catalyzed C-C coupling of aryl halides withepylboronic
acid® (Fig. 1, route a), Pd-NCs-catalyzed Migitae-Kostjitle
cross-coupling reactioffs(Fig. 1, route b), palladium catalyzed
C-C cross coupling reaction of tri-aryl bismuth wittylhalide&®
(Fig. 1, route c) and Hiyama cross-coupling reactibrvarious
aryl halides with triethoxy(phenyl)silaffe(Fig. 1, route d) are
well studied methods for the synthesis of biaryls.

Arenesulfinates have been shown to be moretivea
substrates for the synthesis of various aromatimpzundé,
Recently, arenesulfinates were employed as eledtiophartners
for palladium catalyzed Hiyama type cross-couplirgctions’
Palladium catalysed desulfitative arylation of 3egainolines

lifetimes? Palladium and its complexes have been employed awith arylsulfinates using additive tetrabutylammanichloride

efficient and active catalysts for the cross-cauplieaction§.An
overview of some of the earlier reported methods toe
synthesis of symmetrical and unsymmetrical biatys using
transition metal-catalyzed homocoupling reactiores @resented

Fig. 1)—= — — —\ R
(Fig L) & )mom, &))@
— — — —\ R
R )t RS s R/ \ 7
— — — —\ R
) R@B' TR/

(b)

(©)

— — R
— =
R@»] + k) SO, /7 \/ @
— — — — R
RQI -+ R@SOZNa R\/\ / \ / this work

Fig. 1 Synthesis of biaryls by using metal catalyzed tiagp
methods.

is reported’ Pat Forgione and co-workers reported
desulfinylative palladium catalyzed cross-coupliragf aryl
sulfinates with aryl bromides. High temperature aradalyst
loading, higher quantity of arenesulfinate and loyietd are the
shortcomings of this protoct!.To the best of our knowledge, for
the first time, we are reporting the coupling reactiof aryl
iodide and sodium arylsulfinate. Sodium aryl sufin is
currently attracting much attention as it is easyandle, stable
and can be conveniently prepared from the corredipgn
inexpensive sulfonyl chloride. It is used as amaidaternative
aryl source for the synthesis of biaryl compoutfdarylsulfinate
can be used in a palladium catalyzed desulfitatteeipling
reactions, such as desulfitative C—P coupling gf audlfinate
metal salts and H-phosphonatsven though arenesulfinates
were employed in a desulfinative homocoupling reect!
However, previous reported methods have some drawlsacks
as use of high reaction temperature, high catédgsting and low
product yield. Apart from this, by-product formatidae to
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2 Results and discussion

Table 1. Optimization of reaction parametérs.

OM
(H) OMe O e
I S_ - Li O
©/ ) ©/ o Ng Pd source, Ligand l ) l
MeO MeO

conditions
1 2 3 4
Entry Catalyst (mol%) Ligand (mol%) Base Time(h)  Conversion Yield(%)°
(mmol) (%)
3 4
1. Pd(dppf)C} (2.5) P(OPh) (5) NaHCQ 24 86 79 07
2. Pd(dppf)C} (2.5) P(OPh) (5) C3COs 24 100 64 36
3. Pd(dppf)C} (2.5) P(OPh) (5) NaCO; 24 69 67 02
4, Pd(dppf)Cl, (2.5) P(OPh);  (5) K,CO, 24 100 94 06
5. Pd(OAc), (5) P(OPR) (10) KCO, 48 100 74 26
6. PdCl, (5) P(OPh) (10) KCO; 48 100 75 25
7. Pd(PPh), (2.5) _ ICO; 24 42 42 00
8. Pd(PPh).Cl, (2.5) P(OPr)  (5) KCOs 24 39 39 00
9. Pd(dppf)C} (2.5) P(Ph) (5) KCO; 24 66 64 02
10. Pd(dppf)C} (2.5) Tri(otolyl)phosphine K,COs 24 95 90 05
®)
11. Pd(dppf)C} (2.5) b & KCO, 24 53 51 02
12. Pd(OAc), (5) Dppf (5) €0, 48 90 75 15
13. PdC}, (5) Dppf (5) RO, 48 100 71 29
14. Pd(dppf)C}h (2) P(OPh) (4) KCO; 24 88 82 06
15. Pd(dppf)C} (2.5) P(OPh) (5) KCO; 24 100 94 06
16. Pd(dppf)C} (2.5) P(OPh) (5) KCO; 24 71 66 0%

#The reactions were performed by usikgnethoxy iodobenzert€0.5 mmol), sodium aryl sulfinat&0.75 mmol), Palladium source (mol%), ligand source
(mol%), Base (1.5 mmol), DMF (2 mL), 150 °C, undier "GC yields based oh €160 °C,%140 °C.

P(OPh} as ligand in DMF at 150 °C under inert atmosphere

homocoupling is also observed in most of the abmported (Scheme 1).

methods, which is the main drawback. Eventually isoal 0 O OMe
decreases the yield of desired product. Hence alingugaction /@/I ©/S\(5N; Pd(dppf)Cl,, DMF O
: . : : N
betv_veen aryl halide and sodium arylsulﬂlna.te ‘was !l;ngh MO P(OPh)s, KoCOs,
desirable which could overcome the above limitatiddsrein, 150°C, Ny, 24h.

we report the synthesis of biaryls using aryl halided sodium

arylsulfinates as starting materials, Pd(dppf)&$ catalyst and Schgeme 1 Rez_iction between 4-methoxy iodobenzene and
sodium aryl sulfinate.



The optimization studies were performed on the dagpl

reaction of 4-methoxy iodobenzene with sodium affiisates. cl 1 SO,Na
Initially screening of various bases for desulfatite coupling 4 \©/ ©/ (3d) 88
was carried out by employing NaHGOK,CO;, CSCO; and
N&CO; (Table 1). In the course of this study, it was fduhat
K,CQO; is the most effective base as it afforded maxinyieid 1 SO,Na
(94 %) of the desired product (Table 1, entrieg).1t4was also 5 /©/ ©/ (3e) 88
found that 1.5 mmol of }CO; was sulfficient for the reaction. We F
also investigated suitable palladium source as talysa for
model reaction by employing Pd(dppf)CPd(OAc), PdC}, 1 SO,Na
Pd(PPh), and Pd(PP§),Cl, as catalyst (Table 1, entries 4-8). It 6 @[ ©/ (3f) 87
was observed that Pd(dppfl@las the best choice as it afforded
94% yield of biaryl with 100% conversion of aryl iud, while
Pd(OAc), PdC}, Pd(PPk), and Pd(PP,Cl, were found to be I SO;Na
inferior. When the amount of catalyst Pd(dpp$)®has decreased 7 @[CF ©/ (39) 86
from 2.5 mol% to 2.0 mol% the yield also decreaseth 94% to }
82% (Table 1, entry 14). Phosphine ligand playsgy crucial
role in homogeneous palladium catalysis with respegroduct i S0,Na
yield. Therefore, we carried out the model reactiaith 8 NC/©/ ©/ (3h) 87
Pd(dppf)C} as a catalyst in DMF using various ligands. Here we
screened three ligands such as triphenyl phospRif@Ph}],
triphenyl phosphine [P(P§)and Tri(o-tolyl)phosphine (Table 1, 1 SONa
entries 4, 9, 10). The results clearly show thahehyl phosphite ©/ /©/ (3¢) 90
is the most superior ligand than others giving mmaxin product
yield. Triphenyl phosphite is a better ligand thaiphenyl
phosphine (Table 1, entries 4, 9). The phosphinli stabilizes ! SO,Na .
Pd(0) and prevent the formation of inactive paliaaiblack®® 10 . co/©/ /©/ (3) 91
Triphenyl phosphite is a strongeracceptor and a weaker ’
donar than triphenyl phosphife. The selectivity is low in the ! SO
absence of ligands and only 51 % product yield waisined 11 /©/ D/ > () 88
(Table 1, entry 11).
We also performed modelact®ons with
Pd(OAc) and PdG (5mol%) in presence of Dppf (1;1 cl I SO,Na
bis(diphenylphosphino)ferrocene) ligand (5mol%)150 °C for 12 \©/ )©/ (3k) 87
48h which afforded 75% and 71% vyield of the product
respectively (Table 1, entries 12,13). The optint@mperature
was found to be 150 °C for the model reaction. laseein I SO;Na
temperature to 160 °C, did not improve the prodyietid, 13 F/©/ /©/ (3 86
whereas significant decrease in the product yield elzerved
when the temperature was decreased to 140 °C (Talaetries
4, 15, 16). The reaction time was 24h for aryl iedi and 26h for ! SO,Na
aryl bromide derivatives to achieve maximum conosis 14 @[ D/ (3m) 86
I
Table 2. Reaction betweearyl iodides and aryl sulfinatés. 15 ©i /©/SOzNa oy 64
lcl) CF;
R'|\\ 1 R"|\\ SO0 Na Pd(dppf)Cl,, DMF
+ I
1/ 2/ P(OPh);, K,CO;3 i " O/ /©/502Na 30) 85
NC
Entry Ar-X Ar-SO,Na Yield #The reactions were performed by usiagyl iodides (0.5 mmol), aryl
sulfinates(0.75 mmol), Pd(dppf)GI(2.5 mol%), P(OPR)(5 mol%), KCOs
(%)° (1.5 mmol), DMF (2 mL), 150 °C, 24h undes.Nsolated yield.
All above experiments reveal that the optimized tieac
: SO;Na conditions are 4-methoxy iodobenzene (0.5 mmol)liwsn
1 ©/ @ (3a) 91 arylsulfinates (0.75 mmol), Pd(dppf)AR.5 mol%), P(OPR)(5
mol%), K;CO; (1.5 mmol), DMF (2 mL), 150 °C temperature
and 24h reaction time under inert atmosph&ce examine the
! SO,Na scope of this desulfinylative cross-coupling reawtiwe have
2 H3CO/©/ ©/ (3b) 92 investigated the reactions using a variety of agldes and aryl
sulfinates as substrates under the optimized mracinditions.
The results are shown in Table 2. Aryl iodides withngna
1 SO,Na valuable functional groups present on aromatic $ogh as -
3 /©/ ©/ (3c) 90 OCH;, -Cl, -F, -CH,, -CRand -CN were well tolerated to give
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the desired unsymmetrical biaryl in good to highlgs (Table Br SO,Na

2, entries 1-16). Regardless of their electroniaratters, aryl /©/

sulfinates coupled smoothly with aryl iodides begriboth 11 (30)82
electron-deficient and electron-rich substituerits,afford the

corresponding products in good to excellent yieldsvas also
observed that the yield was lower in the case ofoostibstituted

SO,Na
aryl halides than those obtained with the para gubet ones, 12 OOO D/ (3178

which might be due to steric factors.

Table 3. Reaction betweearyl bromides and aryl sulfinatés.

o SO,Na
3 13 ) Q 35)81
R|\\ Br RI\\ S0 Ng Pd(dppf)Cly, DMF O O (3s)
Z = P(OPh);, K,CO;
4 2
Entry Ar-X Ar-SO,Na Yield

04 )P #The reactions were performed by usiag/l bromides (0.5 mmol), aryl
(%)
sulfinates(0.75 mmol), Pd(dppf)GI(2.5 mol%), P(OPR)(5 mol%), KkCO;

(1.5 mmol), DMF (2 mL), 150 °C, 26h undes.Nsolated yield.

1 o ©/502Na (32)90 In order to investigate the scope of aryl halideshie coupling
with aryl sulfinates, different aryl bromides weremayed in the
reaction (Table 3, entries1-13). Electron donatimgl electron-
withdrawing aryl bromides readily coupled to give dagelds of
SO,Na (30)91 respective unsymmetrical biaryl products. A traceoam of
biphenyl was detected as a by-product in the reastaf aryl

iodides and aryl bromides.

¥

Br
2
H;CO

Table 4. Reaction betweervarious aryl halides and aryl

SONa (30187 sulfinates’

¥

Entry Ar-X Ar-SO;Na Yield

(%)°

1
L }{% SONa 30y 7
N
SO,Na
©/SOZNa (3080

SO,Na

(3c)89

%

(3h)87

iog
F
Br
T
: Br
NC

Q

SO,Na

Br
° o T e C D Oy
S
B
7 Q ' QSOZN*‘ (3i)90 4 ad @ N usr
H;CO SN
Br
SO,N
8 SO,Na (3|)87 5 _ ©/ LNa
| (3v)84

SO,Na

i Cl SO,Na
(3))89 . ©/ ©/ ) (300

*The reactions were performed by usiag/l bromides (0.5 mmol), aryl
sulfinates(0.75 mmol), Pd(dppf)GI(2.5 mol%), P(OPR)(5 mol%), KkCO;
(1.5 mmol), DMF (2 mL), 150 °C, 26h undes.Nsolated yield.

SO,Na

10 (30)85

il
F
S eu
o
NC

Q Q

Additionally, the reaction was carried out quite efficiently when
the scope of this catalytic system was further edednto the

coupling of heteroaryl halides with aryl sulfinatesyield biaryls
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(Table 4, entries1-5). However, no product was formduan 4.2 Hz, 1H), 7.28 (d, J = 7.8 Hz, 2H), 2.42 (s, 31-3(; NMR
chlorobenzene was used in the coupling with sodium(101 MHz, CDC}) 6 141.17, 138.36, 137.00, 129.47, 128.70,
benzenesulfinate under optimized reaction conditiffable 4, 126.99, 126.97, 21.10. GCMS (m/z/rel.int.): 168[\B2(12.5),
entry 6). The mechanism (Scheme 1) is consisterfit thi¢ one  152(26.0), 165(26.7), 167(69.0), 168(100).

proposed by Pat Forgione and co-workérs. 3-chloro-1, 1-biphenyl(3d)}"® (83.0 mg, 88%) as a yellow
Conclusions liquid. 'H NMR (400 MHz, CDC)) 8 7.56 (dd, J = 8.4, 1.0 Hz,
In conclusion, we have developed a simple andieffianethod 3}22 7(':4[?(:;)784114:(,%33';2,”977";0 1_3162(? grgg?ggplggﬂg?(ll%l? 84
for the desulfinylative cross-coupling reaction vibe¢n aryl 127 ’26 127.19 12'7 0’9 12'5 2’8 Gbl\/iS (m./z/r,el inl.88('M*)' o

sulfinates and aryl halides. Controlling the exteof
homocoupling of aryl halide and increasing the djief desired 63(9.0), 76(23.5), 152(48.7), 153(28.4), 188(100).

product efficiently by the catalyst Pd(dppf)@ the highlight of  4-fluoro-1, 1'-biphenyl(3e)*"® (76.0 mg, 88%) as a white solid.
this protocol. The developed methodology toleratéde range 'H NMR (400 MHz, CDC)) & 7.54 (qd,J = 5.1, 3.0 Hz, 4H),

of electron donating, electron withdrawing and stlyc 7.43 (dd,J = 10.3, 4.8 Hz, 2H), 7.38 — 7.30 (m, 1H), 7.17 — 7.07
hindered functional groups and afforded the respedtiphenyls  (m, 2H)."*C NMR (101 MHz, CDGCJ) 8 163.66, 161.21, 140.23,
with low palladium loadings. Coupling product affoddby less  137.30, 128.88 — 128.51, 127.22, 126.98, 115.68.,461 GCMS
reactive aryl bromide is the advantage of this meth (m/zirelint.): 172(M): 63(3.1), 73(5.3), 85(12.2), 171(38.2),
172(100).

2-methyl-1, 1'-bipheny(3f).""® (74.0 mg, 87%) as a colourless
liquid. *H NMR (400 MHz, CDCJ) § 7.44 (ddd,]J = 7.6, 2.8, 0.9
The Palladium catalysts were purchased from SigmaighidAll  Hz, 2H), 7.37 (dddJ = 6.2, 2.3, 0.9 Hz, 3H), 7.32 — 7.25 (m,
chemicals were purchased from Sigma Aldrich, Alfa Aseat  4H), 2.31 (s, 3H):°C NMR (101 MHz, CDG)) & 141.96, 135.33,
commercial suppliers. The resulting products wergfipd by ~ 130.30, 129.79, 129.19, 128.06, 127.24, 126.75,752520.46.
column chromatography on silica gel (100-200 mesftroleum  GCMS (m/z/relint.): 168(NM): 63(7.9), 82(21.8), 153(49.3),
ether). The reaction was monitored by TLC and GCyaisml 165(40.9), 168(100).

performed on PerkinElmer Clarus 480. GC equipped fiatime tei ) . 17¢ 0
ionized detector with capillary column (Elite- 17GB0m X 0.32 2 (l':nflulqrorge}ny:\)lI\%,Rldftalé)ﬁl:yl(?gg). (§67'34mg"]8_67ﬁ% as a
X 0.25) using M as carrier gas. GC-MS (Shimadzu QP 2010)ye ow quid. ( Z o774 (dJ=75Hz,

) g gas. 1H), 7.55 (tJ= 7.5 Hz, 1H), 7.45 ( = 7.6 Hz, 1H), 7.41 — 7.36
instrument with El detector and capillary columnitger 1, 30m, (m ’3|_'|) 732 (de :’5 9 ’3'5 Hz 3H).130 I\]MR ’(161 MH.z
0.32mm ID, 0.25um film thickness) using helium carrier gasd CD’CI) ,6 '141 38 139-8’0 '131 ég 1'31 24 128.91 12’7 63

3, . y . y . y . Il . ) . ’

13 .
and “C NMR spectra were recorded with 400 MHz and 101y57 58 156 00, 125.47, 122.75. GCMS (m/z/rel.ir222(M);
MHz spectrometer. 76(5.1), 100(6.0), 152(13.9), 201(35.1), 222(100).
D(T?ylflnylatll\;]e pa}llhao:[gm-.catalyze;j croessd—couplmg of aryl 1, 1'-biphenyl]-4-carbonitrile(3h)}"#(78.0 mg, 87%) as a white
sulfinateswith aryl halides; General procedure solid. 'H NMR (400 MHz, CDCJ)  7.74 — 7.64 (m, 4H), 7.58
A mixture of aryl halides (0.5 mmol), aryl sulfinatg0.75 (dd,J = 5.2, 3.3 Hz, 2H), 7.50 — 7.44 (m, 2H), 7.44 — 7138
mmol), Pd(dppfCI (2.5 mol%), P(OPR)(5 mol%), KkCO, (1.5 1H). ®C NMR (101 MHz, CDC) & 145.64, 139.14, 13255,
mmol) and 2 mL of DMF in a schlenk tube was heatetis@°C ~ 129.07, 128.62, 127.70, 127.19, 118.89, 110.88CMS
under inert atmosphere (24h for aryl iodides antl && aryl  (m/z/relint.): 179(M): 63(5.0), 76(11.8), 151(15.9), 178(26.8),
bromides). The reaction mixture was cooled to roemperature, 179(100).

diluted with ethyl acetate and filtered through agpbf Celite. ' ' i W 17d

- - . . 4-methoxy-4'-methyl-1, 1’-biphen{8i).””™ (91.0 mg, 91%) as a
The f|_|trate was washed sequen_tlally withHand brine. The white solid'H NMR (400 MHz, CDCJ) § 7.54 — 7.48 (m, 2H),
organic layer was separated, dried £8@,), and concentrated 7.45 (d,J = 8.1 Hz, 2H), 7.27 — 7.22 (m, 2H), 7.00 — 6.94 (m

under vacuum. The crude product was purified by roalu 2H), 3.84 (s, 3H), 2.38 (s, 3HYC NMR (101 MHz, CDC) 3
chromatography (silica gel; petroleum ether). Alé throducts 158.88, 137.92, 136.34, 133.70, 133.02, 129.42,9827.26.56,

were analyzed by GC-MSH NMR, *C NMR and IR of only 11412, 55.32, 21.06GCMS (m/zirelint): 198(N): 99(6.8)
representative products are given, as all the mtsdare highly 128.(9 6) 15'5(é4 6). 183(54.4) 198(1(.)0). ' ' o
reported. V), -0), 4), .

Biphenyl(3a)! (71.0 mg, 91%) as a white solftH NMR (400
MHz, CDClL) & 7.65 — 7.57 (m, 4H), 7.45 (dd, J = 10.3, 4.8 Hz
4H), 7.40 — 7.31 (m, 2HJ*C NMR (101 MHz, CDGCJ) § 141.21,
128.74, 127.24, 127.16. GCMS (m/z/rel.int.): 15HNM1(7.7),
76(22.2), 152(28.8), 153(42.3), 154(100).

4-methoxy-1, 1'-bipheny(3b)!"® (85.0 mg, 92%) as a white
solid. *H NMR (400 MHz, CDCJ) § 7.57 — 7.50 (m, 4H), 7.44 —
7.37 (m, 2H), 7.33 = 7.26 (m, 1H), 7.01 — 6.94 (m,, 2434 (s,
3H). °C NMR (101 MHz, CDGC)) & 159.10, 140.79, 133.76,
128.68, 128.12, 126.70, 126.62, 114.17, 55.32. GCM
(m/z/rel.int.): 184(M): 63(5.8), 115(35.4), 141(56.8), 169(51.2), 1
184(100).

4-methyl-1, 1’-bipheny{3c)"®(76.0 mg, 90%) as a white solid.
H NMR (400 MHz, CDCJ) 5 7.63 — 7.58 (m, 2H), 7.52 (d, J =
8.1 Hz, 2H), 7.45 (dd, J = 10.4, 4.8 Hz, 2H), 7.34 (Hd 10.4,

Experimental Section

General

4, 4-dimethyl-1, 1'-bipheny(3j)."® (81.0 mg, 88%) as a white
solid. '"H NMR (400 MHz, CDC})) & 7.49 (d,J = 8.1 Hz, 4H),
'7.24 (d,J = 7.9 Hz, 4H), 2.39 (s, 6H)°C NMR (101 MHz,
CDClL) & 138.25, 136.68, 129.42, 126.79, 21.09. GCMS
(m/z/rel.int.): 182(M): 51(2.5), 89(13.5), 152(11.4), 167(48.8),
182(100).

3-chloro-4'-methyl-1, 1’-bipheny{3k).""® (88.0 mg, 87%) as a
colourless liquid’H NMR (400 MHz, CDC}) & 7.56 — 7.53 (m,
1H), 7.48 — 7.41 (m, 3H), 7.37 — 7.33 (m, 1H), 7.32.28 (m,
H), 7.28 — 7.24 (m, 2H), 2.39 (s, 3HJC NMR (101 MHz,
DCly) 6 142.95, 137.72, 136.87, 134.55, 129.9, 129.59,187
26.80, 125.06, 21.12. GCMS (m/z/rel.int.): 202(VB1(25.8),
152(25.1), 166(21.5), 167(55.6), 202(100).

4-fluoro-4'-methyl-1, 1'-bipheny(31).”® (80.0 mg, 86%) as a
white solid."H NMR (400 MHz, CDCJ) § 7.56 — 7.50 (m, 2H),
7.47 — 7.42 (m, 2H), 7.25 (d, J = 7.8 Hz, 2H), 7.17.08 (m,
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2H), 2.40 (s, 3H)C NMR (101 MHz, CDGC) & 163.49,
161.05, 137.46, 137.13, 137.02, 129.53, 126.84,681315.43,
21.08. GCMS (m/z/relint): 186(f%t 82(9.7), 91(11.0),
165(30.0), 168(30.9), 186(100).

2, 4'-dimethyl-1, 1’-bipheny(3m)*" (79.0 mg, 86%) as a yellow
liquid. *H NMR (400 MHz, CDCJ) § 7.29 — 7.21 (m, 8H), 2.41
(s, 3H), 2.29 (s, 3H)**C NMR (101 MHz, CDG)) & 141.83,
138.99, 136.36, 135.38, 130.27, 129.84, 129.06,762827.05,
125.73, 21.18, 20.535CMS (m/z/rel.int.): 182(M): 82(12.6),
115(11.8), 152(24.4), 167(100), 182(82.8).

4'-methyl-2-(trifluoromethyl)-1, 1'-bipheny(3n)!"® (100 mg,
84%) as a colourless liquidd NMR (400 MHz, CDCJ)  7.72
(d, = 7.9 Hz, 1H), 7.53 (t, J = 7.7 Hz, 1H), 7.43)(§ 7.9 Hz,
1H), 7.31 (d, J = 7.6 Hz, 1H), 7.21 (m, 4H), 2.40 (d).3°C
NMR (101 MHz, CDCJ)) & 137.28, 136.98, 136.78, 132.12,
131.21, 128.78, 128.42, 127.09, 125.98, 21.Z3CMS
(m/zlrelint):  236(M):  117(13.0), 167(27.9), 196(14.0),
201(17.5), 236(100).

4'-methyl-[1, 1'-biphenyl]-4-carbonitrilg30)*"™" (100 mg, 84%)
as a colourless liquidH NMR (400 MHz, CDCJ) § 7.72 — 7.62
(m, 4H), 7.48 (dJ = 8.2 Hz, 2H), 7.27 (d] = 8.0 Hz, 2H), 2.40
(s, 3H)."*C NMR (101 MHz, CDGCJ) 6 145.56, 138.72, 136.22,
132.54, 129.81, 127.43, 127.03, 119.04, 110.471&1LGCMS
(m/z/rel.int.): 193(M): 83(3.5), 95(10.1), 165(19.7), 192(45.4),
193(100).

7-(tert-butyl)-5-phenyl-7H-pyrrolo [2, 3-d]pyrimidan(3p). (100
mg, 79%) as a white solitH NMR (400 MHz, CDCJ) § 9.23 (s,
1H), 8.87 (dJ = 15.2 Hz, 1H), 7.62 — 7.56 (m, 2H), 7.53 (s, 1H),
7.44 (t,J = 7.6 Hz, 2H), 7.30 (] = 7.4 Hz, 1H), 1.83 (s, 9HY’C
NMR (101 MHz, CDC}) & 151.07, 149.64, 148.05, 148.03,
133.51, 129.10, 126.97, 126.81, 123.99, 114.585(5729.22.
GCMS (m/z/rel.int.): 251(M): 115(4.6), 140(11.0), 168(5.4),
195(100), 251(16.9). IR(ATRjcn
l)3045,2973,2870,1587,1538,1460,1426,1370,1328,9!20,47,5
2,692,616,548,501.

2-(p-tolyl) naphthalen€¢3q) " m. p. 93-95 °C, (90.0 mg, 82%) as
a white solid GCMS (m/z/rel.int.): 218(M): 94(12.2), 107(13.5),
108(12.4), 217(34.2), 218(100).

9-(p-tolyl) anthracend3r). *"m. p. 107-110 °C, (105 mg, 78%)
as a yellow solid. GCMS (m/z/rel.int.): 268(M 113(11.5),
126(26.7), 252(46.3), 253(38.0), 268(100).

9-(p-tolyl)phenanthreng3s)™ m. p. 78-80 °C, (109 mg, 81%)
as a white solid. GCMS (m/z/rel.int.): 268(M 126(24.7),
132(14.3), 252(41.5), 253(36.63), 268(100).

2-phenylthiophend3t) " (63.0 mg, 78%) as a white solitH
NMR (400 MHz, CDC)) § 7.62 (ddJ = 7.8, 7.2 Hz, 2H), 7.50 —
7.16 (m, 5H), 7.13 — 6.99 (m, 1HJC NMR (101 MHz, CDGJ)
8 144.42, 134.39, 128.88, 128.01, 127.46, 127.17%.9K
124.80, 123.07. GCMS (m/z/rel.int.): 160(M45(6.0), 77(7.0),
89(8.0), 115(38.0), 160(100). IR(ATR) v(em
3066,2921,2849,1600,1489,1447,1255,1204,1029,88592.

3-phenylpyridine(3u)!’™ (63.0 mg, 81%) as a colourless liquid.
GCMS (m/zlrelint): 155(N): 51(10.0), 77(7.0), 102(11.0),
127(16.0), 155(100).

5-phenylquinoling3v).}"" (87.0 mg, 84%) as a yellow solitH
NMR (400 MHz, cdd)) 5 8.90 (d,J = 2.5 Hz, 1H), 8.22 (dt] =
18.1, 8.8 Hz, 2H), 7.73 (§, = 7.8 Hz, 1H), 7.55 — 7.31 (m, 6H),
6.88 (ddd,J = 27.1, 7.9, 4.5 Hz, 1H)°C NMR (101 MHz,

CDCl;) & 157.51, 149.69, 147.82, 140.57, 139.10, 136.76,

135.09, 129.99, 129.40, 128.30, 127.60, 126.79,1B21119.47,

Tetrahedron

115.78. (GCMS' (m/z/rel.int.): 205() 77(11.0), 102(17.0),
151(9.0), 176(19.0), 205(100). IR(ATR) v(cm
3058,2926,1592,1502,1468,1387,1238,957,807, 75697
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