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The monomeric complex [Pd(dmba)CI(PTA)] [dmizaN,C-chelating 2-(dimethylaminomethyl)phenyl;
PTA = 1,3,5-triaza-7-phosphaadamantane] has been obtained and its crystal structure has been established
by X-ray diffraction. Conditions for an efficient copper- and amine-free catalyzed Sonogashira reaction
of aryl bromides and chlorides with terminal alkynes by [Pd(dmba)CI(PTA)] and Pd¢Id) have
been developed. It is worthwhile noting that a relatively low palladium catalyst loading has been employed.

1. Introduction

The Sonogashira cross-coupling reaction is well-known as
being one of the most important and utilized reactions for the

construction of carboncarbon bonds, in particular for the
formation of alkynes:7 This method has been applied for the

synthesis of natural products, bioactive compounds, and
materials$=2° The most commonly used catalytic systems for

this transformation include Pd&PPh),, PdCL/PPh, and Pd-

(PPhy)4 together with Cul as the cocatalyst and large amounts
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of amines as the solvents or cosolvents. However, the presence

of Cul can result in the formation of some Cu(l) acetylides in

add to the environmental burden. Herrmann reported a procedure

situ that can readily undergo oxidative homocoupling reactions for the Sonogashira reaction of aryl bromides under copper-

of alkynes?=23 In addition, amines such as piperidine, diethyl-

free conditions, but it was necessary to use air-sensitive and

amine, and triethylamine required in most Sonogashira reactionsPyrophoric P{-Bu); as a ligand, although the coupling did
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proceed with only 0.5 mol % of palladium and liga#fd.
Recently, Ngra has disclosed a palladacycle catalyst for the
cross-coupling of aryl bromides and iodides with terminal
alkynes under copper- and amine-free condit#*§However,

this methodology requires relatively harsh conditions (@D

On the other hand, the preparation by Fairlamb et al. of some
monomeric cyclometalated palladium(ll) complexes and their
use in the Sonogashira reactions of aryl halides with phenyl
acetylene (in the presence and absence of Cu(l) salts) has also
been reported’

In the present study our initial aim was to synthesize an
organopalladium complex derived from the N,C-chelating
2-(dimethylaminomethyl)phenyl (dmba) and the known phos-
phine 1,3,5-triaza-7-phosphaadamantane (PTA) and the study
of its catalytic activity in Sonogashira reactions under copper-
and amine-free conditions. We have also done this catalytic
study with the system Pd(OAZPTA. The PTA ligand is unique
due to its small steric demand (cone angle similar to HMes
resistance to oxidation, and its solubility in a wide variety of
solvents. The synthesis of PTA was first reported in 1974,
but the coordination chemistry of this ligand has been explored
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Sonogashira Reaction Catalyzed by PTA Pd Systems

Figure 1. ORTEP of complexl showing the atom-numbering

scheme. Displacement ellipsoids are drawn at the 50% probability

level.
Table 1. Selected Distances (A) and Bond Angles (deg) for
Complex 1
bond distances bond angles
Pd(1)-C(1) 2.0086(16) C(HPd(1-N(1) 80.82(6)
Pd(1)-N(1) 2.1467(14) C(BrPd(1)-P(1) 97.27(5)
Pd(1)-P(1) 2.2260(4) N(BPd(1)-P(1) 172.84(4)
Pd(1)-CI(1)  2.3983(4) C(1yPd(1-Cl(1)  175.38(5)
N(1)—Pd(1)-CI(1) 95.01(4)
P(1)-Pd(1)}-Cl(1) 86.621(15)
Table 2. Hydrogen Bonds [A and deg] for Complex &
D—H-A d(D—H) d(H-+A) d(D--A) O(DHA)
C(5)—H(5)-+-Pd(1)#1 0.95 329  3.7391(17) 111.0
C(7)—-H(7B)---CI(1)#1 0.99 2.60 3.5530(17) 161.9
C(11)-H(11B)--N@)#1  0.99 2.62  3.555(2) 157.7
C(2)~-H(2)---CI(1)#2 0.95 2.90 3.6304(18) 134.7

a Symmetry transformations used to generate equivalent atoms+#1
Y, Z, #2 X, —y+1/2,2-1/2.

only recently® and, as far as we know, only one organopalla-
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Figure 2. Schematic showing the zigzag chain formed by hydrogen
bonding in complex.

Scheme 2
cat. [ Pd]= Ar
- HX

— H

Ar—X + R

R = alkyl, aryl; X = Br, CI

singlet resonance and an AB quartet (ca. 12.7 Hz geminadd H
coupling) due to the NCHP and NCHN methylene groups of
the PTA ligand, respectively. The presence of only a singlet
for the NCHP methylene protons, although rather unusual since
two-bond P-H coupling would be expected, has also been
recently observed in [AUG&CR)(PTA)] complexes* By use
of 2D (HETCOR) and!H{3P} NMR spectra we could
unambiguously confirm the assignment of the PTA ligand
protons. In thé3C NMR spectrum of comples the resonances
due to NCHN and PCHN are observed as doublets @f73
and 52 ppm, respectively, due to coupling®tp.

The structure ofl is shown in Figure 1. Selected bond
distances and bond angles are given in Table 1. Coordination
at palladium is approximately square planar, although the angles

dium compound containing PTA has ever been reported, [Pd- around palladium deviate from 8@ue to the bite angle of the

(salicylaldiminato)(Me)(PTA)F° The unique adamantane-type

cyclometalated ligand. The C@Pd—N(1) angle of 80.82(6)

phosphine that has been used until now in coupling reactionsis within the normal range for such complexX&g® The PTA
is 1,3,5,7-tetramethyl-2,4,8-trioxa-6-phenyl-6-phosphaadaman-ligand is trans to the nitrogen donor due to the difficulty of

tane3! It is worthwhile noting that a relatively low palladium
catalyst loading has been employed in our reactions.

2. Results and Discussion

2.1. Synthesis and Characterization of [Pd(dmba)CI-
(PTA)]. In dichloromethane, the dimeric complex [Pd(dmba)-
(u-Cl)]» reacts at room temperature with 2 equiv of PTA to
yield the monomeric complex [Pd(dmba)CI(PTA]J) (Scheme

1) in a very high yied. The structure was assigned on the basis

of microanalytical and NMR data. Compldxis an air-stable

coordinating a phosphingansto an aryl ligand in palladium
complexes (i.e., the destabilizing effect knowrtrasisphobia.®”

The cyclometalated ring is puckered with the nitrogen atom
significantly out of the plane defined by the palladium and
carbon atoms, a feature that is quite commonly observed in
cyclometalated dmba complexes. The— bond length is
essentially the same as that reported in fPO§H,CH.NMey)-
(PCys)(TFA)].26 The Pd-P distance of 2.2260(4) A is very
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for palladium compounds containing PTA acting as a P-donor

ligand?® TheH NMR spectrum of compleg shows the PTA-

2003 42, 6915.

(31) Abjabeng, G.; Brenstrum, T.; Frampton, C.; Robertson, A. J.;
Hilhouse, J.; McNulty, J.; Capretta, A. Org. Chem2004 69, 5082.

(32) Braunstein, P.; Matt, D.; Dusausoy, Y.; Fischer, J.; Mitschler, A,;
Ricard, L.J. Am. Chem. S0d.981 103 5115.

(33) Falvello, L. R.; Ferhadez, S.; Navarro, R.; Urriolabeitia, E. [Rorg.

transto-NMe; ligand arrangement, as can be inferred from the chem.1997 36, 1136.

small, but significant, coupling constarftd_4 (ranging from
2.4 to 2.7 Hz) of the NMgand the CHN protons with the
phosphorus ator#&33The proton NMR spectrum shows also a

(28) Daigle, D. J.; Pepperman, A. B., Jr.; Vail, SJ_Heterocycl. Chem.
1974 11, 407.

(34) Mohr, F.; Cerrada, E.; Laguna, l@rganometallic2006 25, 644.

(35) Ruiz, J.; Cutillas, N.; Rofljuez, V.; Sampedro, J.; bez, G;
Chaloner, P. A.; Hitchcock, Rl. Chem. Soc., Dalton Tran$999 2939.

(36) Bedford, R. B.; Cazin, C. S. J.; Coles, S. J.; Gelbrich, T.; Horton,
P. N.; Hursthouse, M. B.; Light, M. EOrganometallic2003 22, 987.

(37) Vicente, J.; Arcas, A.; Bautista, D.; Jones, P.GBganometallics
1997 16, 2127.



5770 Organometallics, Vol. 25, No. 24, 2006

Table 3. Sonogashira Coupling of 4-Bromoacetophenone
with Phenylacetylene: Solvent Study

H3COC4©*Br¢ </ a— H;COC Q

H Pd(dmba)CI(PTA)] 2 mol%
solvent, 24 h

entry solvent temperaturéQ) yield (%}
1 acetonitrile 60 92
2 acetone 60 82
3 tetrahydrofuran 60 66
4 toluene 60 48

aDetermined by GC. Conditions: 1.0 equiv of aryl bromide, 1.5 equiv
of phenylacetylene, 1.5 equiv of &30;, 4.0 mL of solvent, 60C, 24 h.

Table 4. Screening of Bases for Sonogashira Coupling of
4-Bromoacetophenone with Phenylacetylene

asnaT. w0

[Pd(dmba)CI(PTA)] 2 mol%
60°C,24h

entry base yield (%)
1 CsCOs 92
2 KoCOs 68
3 EtN 45

aDetermined by GC. Conditions: 1.0 equiv of aryl bromide, 1.5 equiv
of phenylacetylene, 1.5 equiv of base, 4.0 mL of£CN, 60°C, 24 h.

Table 5. Effect of the Copper Additive on the Efficiency of
Sonogashira Coupling of 4-Bromoacetophenone with

Phenylacetylene
H3COCQBr R Q%H — H,COC Q = O
entry Cul (mol %) yield (%)
1 0.0 50
2 0.5 46
3 1.0 44

aDetermined by GC. Conditions: 1.0 equiv of aryl bromide, 1.5 equiv
of phenylacetylene, 1.5 equiv of &303, 4.0 mL of CHCN, 2.5 mol % of
catalyst [Pd(dmba)CI(PTA)], 86C, 2 h.

Table 6. Sonogashira Coupling of 4-Bromoacetophenone:
Influence of the Ratio Pd(OAC):PTA

80°C,2h
H3COCOBr + ©%H H;COC Q = O
entry catalyst ligand molar ratio yield (%)
1 Pd(OAc) PTA 1:1 50
2 1:2 72
3 1:3 88
4 1:4 28
5 1.5 12

aDetermined by GC. Conditions: 1.0 equiv of aryl bromide, 1.5 equiv
of phenylacetylene, 1.5 equiv of €303, 4.0 mL of CHCN, 2.5 mol % of
Pd(OAc), 80°C, 2 h.

similar to those found iris-[PdCh(PTA),],% and it is almost

0.1 A shorter than that observed in [Pd(dmba)CI(Rif 2.321

A.39 This last observation is consistent with the smaller cone
angle (1038) and more basic nature of PTA as compared to
PPh.3° In the crystal, a three-dimensional macromolecular
network structure is observed built up by hydrogen bonding,
which involves the PTA ligand, the coordinated chloride, the

dmba, and even the metal center (Table 2 and Figure 2), the

C(5)—H(5)-*-Pd(1) interaction being a rather weak dfie.
2.2. Sonogashira Reaction of Aryl Halides Catalyzed by
PTA Palladium Systems.Complexl and Pd(OAcyPTA were

Ruiz et al.

Table 7. Sonogashira Coupling of Aryl Bromides with
Terminal Alkynes

/N o e LN —
(AT n— 4

R

entry product cat. yield entry product cat. yield

(%) (%)

1 1 100 21 1 9%

2 2 100 2 2 98

3 1 100 2 1 100

o O, 24 O— 2 100

s 1 100 25 176
MeDC—O—-—O AQ—E*P"

2 100 26 2 80

7 1 100 27 1 4
MQOC—< ,—: 1Bu "CsHya

8 2 100 28 g 2 50

9 1 70 29 1 75
O =0

10 2 78 30 2 80

1 1 100 31 1 80

12 = 100 2 Q = 2 88

13 1 98 33 1 60

w O—0O , 99 34 M O—=n 2 7

15 1 100 35 1 88

{ >—-—lBu MeD—< >—=—_ CeHy3
16 2 100 36 99
17 1 70 37 1 80
Me =—Ph —O%O

18 = 2 7 8 " 2 ®»

19 1 92 39 1100

20 M O——-am 2 99 s o= 5, g

a Determined by GC. Conditions: 1.0 equiv of aryl bromide, 1.5 equiv
of alkyne, 1.5 equiv of G£0;s, 4.0 mL of CHCN, 2.5 mol % of [Pd], 80
°C, 24 h.

Table 8. Sonogashira Coupling of 4-Chloroacetophenone
with 1-Ethynylcyclohexene: Solvent Study

cocd et (e — ot

entry solvent temperature (°C) yield (%0)
1 acetonitrile 80 66
2 acetone 60 26
3 dioxane 100 35
4 tetrahydrofuran 60 23
5 toluene 100 40

aDetermined by GC. Conditions: 1.0 equiv of aryl chloride, 1.5 equiv
of 1-ethynylcyclohexene, 1.5 equiv of £30s, 4.0 mL of solvent, 3 mol
% of Pd(OAc), 9 mol % PTA, 24 h.

Table 9. Screening of Bases for Sonogashira Coupling of
4-Chloroacetophenone with 1-Ethynylcyclohexene

entry base yield (96)
1 CsCOs 66
2 K2COs 15
3 KsPOs 10
4 E&N 14

a Determined by GC. Conditions: 1.0 equiv of aryl chloride, 1.5 equiv
of 1-ethynylcyclohexene, 1.5 equiv of base, 4.0 mL of acetonitrile, 3 mol
% of Pd(OAc), 9 mol % PTA, 80°C, 24 h.

For preliminary optimization of the reaction conditions, we

screened for catalytic activity in the cross-coupling of aryl first studied the reaction of 4-bromoacetophenone and phenyl-
bromides or aryl chlorides with terminal alkynes under copper- acetylene under nitrogen at 8C in the presence of 2 mol %
and amine-free conditions (Scheme 2). of complex1 with respect to the aryl bromide. The solvents
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Table 10. Sonogashira Coupling of 4-Chloroacetophenone deactivated substrate 4-bromoanisole is used (a good indicator

with 1-Ethynylcyclohexene: Influence of TBAB of optimal catalyst performance) also good conversions were
H,coc OCI : < > — e hcoc Q _ ' obtained (entries 3340).
} Due to our excellent results with the arylbromides, then we
entry equiv of TBAB yield (%) decided to study also the activity of catalydtand2 in the

1 0 o6 cross-coupling o_f the less reactive aryl chlorlde_s with terr_mnal
> 0.1 68 alkynes. For preliminary optimization of the reaction conditions,
3 05 74 we first studied the reaction of 4-chloroacetophenone and
4 1.0 90 1-ethynylcyclohexene with cataly&t (Pd(OACYPTA in 1:3
2 %g gg molar ratio) in different solvents (Table 8) and different bases

(Table 9). The best solvent was acetonitrile (Table 8, entry 1)
aDetermined by GC. Condition_s: 1.0 equiv of aryl chloride,_1:5 equiv and the best base €03 (Table 9, entry 1).
of 1-ethynylcyclohexene, 1.5 equiv oI 03, 4.0 mL of acetonitrile, 3 On the other hand, recent studies have shown that the
mol % of Pd(OAc), 9 mol % PTA, 80°C, 24 h. . ) .
presence of tetrabutylamonium bromide (TBAB) can be crucial

used were toluene, acetonitrile, acetone, and tetrahydrofuran!© ©btain good conversions in cross-coupling of aryl chlo-
(Table 3). The best conversion was obtained when acetonitrile rides:2#*Therefore, we have also studied the influence of TBAB

was used (entry 1), although in acetone the yield was also high!" the rea_lction of 4-chloroacetophenone and 1-_ethyny|cyc|o-

(82%, entry 2). hexene with catalyst (Table 10), the best result being observed
Another important initial goal was to find a suitable base that 0F 1.5 equiv of TBAB (entry 5). The presence of copper

would effect the desired reaction. Surprisingly, commonly used cocatalyst has a deleterious effect on the desired transformation

tertiary amine bases such as triethylamine gave inferior results(TaPle 11), as observed also with the aryl bromides (vide supra).

(Table 4). Gratifyingly, however, both @80; and K.CO; were After preliminary optimization of the reaction conditions, we
effective as bases, with @30z being the more reactive (92%, tested the catalytic activity of complexand the mixture Pd-
entry 1). (OAC)/PTA (1:3 molar ratio, catalys) in the Sonogashira

Another important observation was also made during our coupling of aryl chlorides with terminal alkynes in acetonitrile
initial experiments. The presence of copper cocatalyst (added@t 80°C, 24 h (the reaction time was not optimized).C&s
prior to the start of the reaction) has a deleterious effect on the @S base, and TBAB. The results are summarized in Table 12.
desired transformation (Table 5), an effect that has been foundA relatively low palladium catalyst loading was used (3 mol %
previously by Buchwald et &f

For the catalytic system Pd(OA#PTA we have also In the case of the reaction of the activated aryl chlorides with
optimized the ratio palladium:phosphine (Table 6). The molar terminal alkynes the yields of products with both catalytic
ratio 1:3 showed the best activity (entry 3). systems (entries-124) were excellent. Good conversions were

After preliminary optimization of the reaction conditions, we ~also obtained in the case of chlorobenzene (entries32). We
tested the catalytic activity of compleixand the mixture Pd- have also tried with heterocyclic chlorides, such as 4-chloro-
(OAC),/PTA (1:3 molar ratio, catalys®) in the Sonogashira  Pyridine, with excellent results (100% yields, entries-3®).
coupling of aryl bromides with terminal alkynes in acetonitrile It is worthwhile noting that these last coupling products are of
at 80°C, 24 h (the reaction time was not optimized) and-Cs  biological importancé? It must also be noticed that no metallic
CO; as base, and the results are summarized in Table 7. Apalladium was observed.
relatively low palladium catalyst loading was used (2.5 mol %  In summary, we have established in this paper that both
[Pd]). systems1l and 2 based on the PTA ligand catalyze the

In the case of the reaction of the activated 4-bromoacetophe-Sonogashira reaction of aryl bromides and chlorides with
none with terminal alkynes the yields of products with both excellent results in the absence of amine and Cul. The results
catalytic systems (entries-B) were excellent (100%). Excellent ~ are better than those obtained in systems basedteBup{*>4¢
conversions were also obtained in the case of bromobenzenesuch as [Pd(allyl)CP(-Bu)s (2.5 mol %/10 mol %Y$ for
(entries 9-16) and the deactivated 4-bromotoluene (entries 17  which the coupling between 4-chloroacetophenone and phenyl-
24), except when phenylacetylene was used (ca. 70% yield) dueacetylene was 50% yield.
to partial formation of the homocoupling product (Glaser-type  On the other hand, we have observed that our systems behave
reaction). The cross-coupling of sterically hindered aryl bro- with an efficiency similar to that found for Pd(PA-Btgba (PA-
mides (bromomesitylene) also proceeded quite well with both Ph = 1,3,5,7-tetramethyl-2,4,8-trioxa-6-phenyl-6-phosphaada-
catalytic systems (entries 232). When the electronically = mantane§! the unique adamantane-type phosphine that has been

Table 11. Effect of the Copper Additive on the Efficiency of Sonogashira Coupling of 4-Chloroacetophenone with
1-Ethynylcyclohexene

wese - Oy —= o=t )

entry mol % of Cul yield (%9
1 0.0 78
2 1.5 66
3 3.0 64
4 6.0 54
5 9.0 48

aDetermined by GC. Conditions: 1.0 equiv of aryl chloride, 1.5 equiv of 1-ethynylcyclohexene, 1.5 equiyG®44.5 equiv of TBAB, 4.0 mL of
acetonitrile, 3 mol % of Pd(OAg) 9 mol % PTA, 80°C, 6 h.
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Table 12. Sonogashira Coupling of Aryl Chlorides with Terminal Alkynes

/N +'—=—>/\:'
QC]R H R/_ R’

R
entry product cat. yield entry product cat. yield
(%) (%)"
1 1 80 21 1 100
MeOC—< >—: Ph NC—©+©
2 2 80 2 2100
3 1 100 23 1 100
g O, g 2 Al =—m 5 g0
5 1 100 25 1 50
_ { >—= Ph
6 O—=0 2 95 26 2 50
7 1 100 27 1 60
Meoc—©+tsu —
8 2 100 28 O 2 58
9 1 100 29 1 66
HOOC—@éPh H
10 2 100 30 2 65
N — e, | 100 31 C . 1 70
12 2 100 32 2 72
13 1 100 33 N\ 1 100
N = ph
14 " O—=0 2 100 34 — 2 100
15 1 100 35 N\ 1 100
N ==—C4xH
16 " O—m 2 100 36 — o 100
17 1 100 37 1 100
7 \ __
NC- =—Ph N =
18 O 2 100 38 — 2 100
19 1 100 39 1 100

Z\
A
I
?

20 ¢ O = sy 100 40 — 2 100

aDetermined by GC. Conditions: 1.0 equiv of aryl chloride, 1.5 equiv of alkyne, 1.5 equiv.0f@3s1.5 equiv of TBAB, 4.0 mL of acetonitrile, 3 mol
% of [Pd], 80°C, 24 h.

Table 13. Crystal Data and Summary of Data Collection 3. Experimental Section
and Refinement for Complex 1

formula GieHaCINSPPd Instrumental Measurements.The C, H, and N analyses were
fw 433.20 performed with a Carlo Erba model EA 1108 microanalyzer.
cryst syst monoclinic Decomposition temperatures were determined with a SDT 2960
a(Ah) 6.0478(3) with a TA Instruments DSC-TGA at a heating rate of&G min-?!
b () 17.7771(8) with the solid samples under nitrogen flow (100 mL mijn The
c(®) 15.6673(7) 1H, 13C, and®!P NMR spectra were recorded on a Bruker AC 200E,
a (deg) 90 a Bruker AC 300E, or a Bruker AV 400 spectrometer, using SiMe
B (deg) 92.531(2) .
7 (deg) 90 and HPQ, as standards. Infrared spectra were recorded on a Perkin-
volume (43) 1682.78(14) Elmer 1430 spectrophotometer using Nujol mulls between poly-
temperature 100(2) ethylene sheets. Mass spectra (positive-ion FAB) were recorded
space group P2(1)k on a VG AutoSpecE spectrometer and measured using 3-nitrobenzy!
z - 4 alcohol as the dispersing matrix. GC analyses were performed on
ﬁgmgf] re)flns collected 1f85270 a CEinstruments GC 8000 fitted with a 30 m SPB column.
no. of indep reflns 3444 Materials. The starting complex [Pd(dmba)Cl)]. and the PTA
R(int) 0.0168 ligand were prepared by procedures described elsevifiéfte.
R1[l > 20(1)]? 0.0181 Solvents were dried by the usual methods.
WR; (all data¥ 0.0465

ap] — _ - 2 _ 2\2]0.5 (38) Darensbourg, D. J.; Decuir, T. J.; Stafford, N. W.; Robertson, J.

by 511/[02%(%‘:?)' N (f;')ga':t;’,';]’mzere P[z=[vz(2[|::002 N Ezgj]é%ﬁvé? gﬂdﬁ B.; Draper, J. B.; Reibenspies, J. H.; Kattto; Jog F. Inorg. Chem1997,

36, 4218.
(39) Mentes, A.; Kemmitt, R. D. W.; Fawcett, J.; Russell, D.JRMol.
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Preparation of Complex [Pd(dmba)(PTA)(CI)] (1). To a and 3.0 mol % de [Pd] for the aryl chlorides), and in some cases
solution of [Pd(dmba)(-Cl)], (300 mg, 0.543 mmol) in dichlo-  tetrabutylamoniun bromide ((1.5 mmol) was added (only for the
romethane (15 mL) was added PTA (170.8 mg, 1.086 mmol). The aryl chloride reactions). The resultant mixture was then heated at
resulting solution was stirred at room temperatunelfds 30 min 80 °C for 30 min, and then the corresponding alkyne (1.5 mmol)
and then concentrated under vacuum. The addition of hexane cause@vas added. Stirring was continued at D under nitrogen for the
the precipitation of a white solid, which was collected by filtration, ~corresponding reaction times indicated in the tables, after which
washed with hexane, and air-dried. time an aliquot of 0.2 mL was extracted, to which@4(0.5 mL)

Data for Complex 1. Yield: 96%. Anal. Calcd for GsH24N4- was added to quench the reaction. The aqueous layer was extracted
CIPPd: C,41.6; H, 5.6; N, 12.9. Found: C, 41.7;H,5.8; N, 12.9. with toluene (4x 1 mL). To the organic extract was added
Mp: 225°C dec.*H NMR (CDCl): ¢ (SiMey) 7.06-6.99 (m, 4 hexadecane (0.204 mmol, internal standard), and then the mixture
H, aromatics of dmba), 4.54 (AB ¢, = 12.7 Hz, 6 H, NCGi;N), was dried over MgS® The conversion to product was determined
4.47 (s, 6 H, E,P), 3.89 (d, 2 H, ;N of dmba,Jyp = 2.4 Hz), by GC.

2'68 (d, 6 H, NMe, Jup = 2.7 Hz). *C{'H} NMR (CDC|_3): 0 X-ray Crystal Structure Analysis. Crystal of complexl was
(SiMes) 148.8, 147.8, 135.9, 126.0, 124.7, 123.5 (aromatics dmba), 1, nted in inert oil on glass fibers and transferred to the cold gas

7f3.3 (d,J=6.9 Hz,_NCH_»N of PTA), 72-f6 (dJ=33 |‘(|ij (_:'Z-’N stream of the diffractometer (Bruker Smart Apex CCD). Data were
of dmba), 5f2§’ (g‘] _3116'1 Hz, NCH,P 9 ;TA)' 50.1 (416J5_1 7 collected using monochromated MoaKradiation in @ mode.
Hz, NMe; of dmba).3P NMR (CDC): 6 (HsPQy) —46.51 (s). Absortion correction was based on multiscans (program SADABS).

PN P
Pocs;mve '?TD FAB dmasfs s;;;ecérumﬁz 3h97 (RM tquil i The structures were refined anisotropicaflydydrogen atoms were
eneral Frocedure for the Sonogashira Reactiomli reactions included using rigid methyl groups or a riding model.

were performed in a Radleys carousel adapted for rigorous inert
atmosphere reactions. To a mixture of the appropriate aryl halide
(1 mmol), the appropriate base (1.5 mmol), and the solvent (4 mL)  Acknowledgment. This work was supported by the Direc-
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