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Abstract

Reaction of a 1:1 mixture of (L)AuCl [L = P(£Bu),o-biphenyl or IPr] and AgSbFg with internal
alkynes led to isolation of the corresponding cationic, two-coordinate gold m-alkyne complexes in
> 90% yield. Equilibrium binding studies show that the binding affinities of alkynes to gold(l) are
strongly affected by the electron density of the alkyne and to a lesser extent on the steric bulk of
the alkyne. These substituent effects on alkyne binding affinity are greater than are the differences
between the inherent binding affinities of alkynes and alkenes to gold(l).
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1. Introduction

Over the past ten years, gold(l) complexes of the form (L)AuX [L = phosphine or A-
heterocyclic carbene; X = weakly coordinating anionic ligand] have emerged as a soft,
carbophilic Lewis acids for the activation of C—C multiple bonds toward nucleophilic
addition [1]. These gold(l) complexes have shown particular utility as catalysts for the
functionalization of alkynes and typically activate alkynes selectively in the presence of
alkenes [1]. Although this selectivity has been attributed to kinetic rather than
thermodynamic effects [2,3], little is know regarding the relative binding affinities of
alkynes to the cationic, twelve-electron gold(l) fragment (L)Au* or regarding the binding
affinities of alkynes vis-a-vis alkenes toward gold(l). Computational analyses suggest that
ethylene binds more strongly to cationic gold(l) than does acetylene [2,4] and Echavarren
has shown that gold(l) binds preferentially to the C=C moiety of a terminally unsubstituted
1,6-enyne [2]. Although recent efforts have led to the synthesis of cationic, two-coordinate
mi-alkyne complexes that contain an A-heterocyclic carbene [3,5,6], a cyclic alkyl amino
carbene [7], or a phosphine ligand [8], no information regarding the relative binding
affinities of alkynes to gold(l) have emerged [9].

We have recently reported the syntheses and X-ray crystal structures of monomeric,
cationic, two-coordinate gold(l) m-alkene complexes that contained the A-heterocyclic
carbene ligand IPr [IPr = 1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidine] or the sterically-
hindered phosphine ligand P(#Bu),(o-biphenyl) [10-12]. An important component of these
studies was the determination of the relative binding affinities of alkenes to the twelve-
electron LAuU* [L = IPr, P(£Bu),(o-biphenyl)] fragments. These experiments revealed that
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the binding affinity of alkenes to gold(l) increases dramatically with the increasing electron
density of the alkene and is attenuated by steric interactions between the alkene substituents
and the (L)Au moiety [10,11]. We therefore considered that a similar approach might be
suitable to generate data regarding the binding affinities of alkynes to gold(l). Here we
report the synthesis of cationic, two-coordinate gold(l) m-alkyne complexes and an analysis
of the binding affinities of substituted alkynes to gold(l). These studies reveal that the
binding affinities of alkynes to gold(l) are strongly affected by alkyne substitution and these
effects are greater than are the differences between the inherent binding affinities of alkynes
and alkenes to gold(l).

2. Results and discussion

2.1. Synthesis of gold mw-alkyne complexes

Cationic, two-coordinate gold(l) m-alkyne complexes were isolated employing a procedure
analogous to that used to synthesize cationic gold(l) m-alkene complexes [10,11]. As an
example, treatment of a methylene chloride suspension of [P(£Bu),o-biphenyl] AuCl and
AgSbFg with 3-hexyne (1.5 equiv.) at room temperature for 10 min led to isolation of {[P(#
Bu),0-bipheny]Au[n?-EtC = CEt]}* SbFg~ (1a) in 98% yield as an air and thermally stable
white solid that was characterized by NMR spectroscopy and combustion analysis (Table 1).
Complexation of the alkyne to gold in solution was established by spectroscopy. The 13C
NMR spectrum of 1a displayed a resonance at 6 91.4 corresponding to the sp carbon atoms
of the alkyne ligand, which was shifted downfield relative to that of free 3-hexyne (3 81.0).
Similarly, IH NMR spectrum of 1a displayed resonances at & 2.46 (g, /= 7.5 Hz) and 1.21
(t, J=7.5 Hz) corresponding to the ethyl groups of the 3-hexyne ligand that were shifted
downfield relative to those of free 3-hexyne (3 2.15, 1.11).

In addition to complex 1a, gold m-alkyne complexes {[P (#Bu)(c-biphenyl)JAu[n?-
alkyne]}* SbFg™ [alkyne = 2-hexyne (1b), 4,4-dimethyl-2-pentyne (1c), 2-butyne (1d)] and
{(IPr)Au [nZ-alkyne]}* SbF¢~ [alkyne = 3-hexyne (2a), 1-phenylpropyne (2b)] were
isolated in = 90% vyield and were fully characterized (Table 1). In addition, the m-alkyne
complexes {[P(#Bu),(c-biphenyl)] Au[n2-PhC=CMe]}* SbFs~ (1€) and {(IPr)Au[n?-
MeC=CMe]}* SbFg~ (2c) were generated cleanly in solution and were characterized
spectroscopically without isolation (Table 1). Worth noting, the 13C NMR chemical shifts of
the alkyne sp carbon atoms of the phosphine complexes 1aldand 1e were, in each case,
shifted downfield relative to the alkyne sp carbon resonances of the corresponding IPr
complexes 2a—2c. This observation points to greater positive charge on the alkyne carbon
atoms of the phosphine complexes relative to the IPr complexes owing to the greater donor
properties of the IPr ligand relative to the phosphine, as has been previously noted [13].

2.2. Determination of alkyne binding constants

We have previously determined the relative binding affinities of alkenes to the twelve-
electron gold fragments [(L)Au* [L = P (£Bu),o-biphenyl, IPr] by measuring the
equilibrium constants for displacement of NCArg [NCAre—N=C-3,5-CgH3(CF3),] from
[LAuU (NCArg)* SbFg™ [L = P(£Bu),0-biphenyl (3a), IPr (3b)] with alkenes in CD,Cl; at -
60 °C employing H NMR analysis [10,11]. Employing a similar approach, we determined
equilibrium constants for displacement of NCArg from 3a with 2-hexyne (Kgq = 86 £ 7),
4,4-dimethyl-2-propyne (Keq = 58 + 4), 2-butyne (Keq = 25 + 2), and 1-phenylpropyne (Keq
=0.43 £ 0.02) and for displacement of NCArg from 3b with 2-butyne (Kgq = 24 £ 1) and 1-
phenylpropyne (Kgq = 8.6 £ 0.6) (Table 2).

Attempts to determine the equilibrium constants for displacement of NCArg from either 3a
or 3b with 3-hexynewere unsuccessful due to the near quantitative displacement of NCArg
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in each case. To circumvent this problem, we determined the equilibrium constants for
displacement of the more tightly binding 2-methyl-2-butene from {(L)Au[n?2-
Me(H)C=CMe,]}* SbFg™ [L = P(£Bu),o-biphenyl (4a), IPr (4b)] with 3-hexyne (Keq=2.9 +
0.2 for 4aand 12.2 £ 0.6 for 4b) (Scheme 1). From these values and from the equilibrium
constants previously determined for the displacement of NCArg from 3a and 3b with 2-
methyl-2-butene (Keq = 156 + 8 for 3aand 64 + 4 for 3b), we estimate equilibrium constants
for the displacement of NCArg from 3a and 3b with 3-hexyne of Kgq = 450 + 39 and 780 +
62, respectively.

Taken together, the equilibrium binding affinities of alkynes to the gold fragment [P(#
Bu),0-biphenyl]Au* decrease by a factor of ~1000 in the order 3-hexyne > 2-hexyne > 4,4-
dimethyl-2-pentyne > 2-butyne > 1-phenylpropyne. Likewise, the equilibrium binding
affinities of alkynes to the gold fragment (IPr)Au* decrease by a factor of ~90 in the order 3-
hexyne > 2-butyne > 1-phenylpropyne. Several points are worth noting. The strong
sensitivity of alkyne binding affinity to the electron density of the alkyne is revealed both by
the precipitous drop in the binding affinity of 2-hexyne relative to 3-hexyne and in the
binding affinity of 1-phenylpropyne relative to 4,4-dimethyl-2-pentyne in the phosphine
series. In comparison, the modest decrease in the binding affinity of 4,4-dimethyl-2-pentyne
relative to 2-hexyne suggests that steric factors play only a minor role in the determination
of alkyne binding affinity. The greater sensitivity of alkyne binding affinity to the electron
density of the alkyne in the phosphine series relative to the carbene series is consistent with
the greater L - M g-component of the gold—alkyne binding interaction in the former series
relative to the latter [13], which was also suggested by the 13C NMR data (see above). In a
similar manner, the binding affinities of alkenes to [P(Bu),o-biphenyl]Au* were more
strongly dependent on alkene electron density than were binding affinities of alkenes to
(IPr)Au* [10,11].

Interestingly, 3-hexyne binds more tightly to the gold(l) fragments (L)Au* [L=P(#Bu),0-
biphenyl, IPr] than do any of the alkenes we have investigated. Perhaps the most direct
comparison between the inherent binding affinities of alkynes and alkenes to cationic gold(l)
is between 2-butyne and c¢is- and frans-2-butene. The equilibrium constant for displacement
of NCArg from 3a with 2-butyne (Keq=25+2) falls between the values determined for
displacement of NCArg from 3a with c/s-2-butene (Keq = 126 £ 9) and trans-2-butene (Keq
=14.1 £ 0.1). Similarly, the equilibrium constant for displacement of NCArg from 3b with
2-butyne (Keq = 24 £ 1) falls between the values determined for displacement of NCArg
from 3b with cis-2-butene (Kgq = 38 * 2) and #rans-2-butene (Keq = 12.5 + 0.5). These data
suggest that there is little inherent difference in the binding affinities of alkenes and alkynes
to gold(l).

3. Conclusions

We have synthesized and fully characterized a family of cationic, linear gold m-alkyne
complexes that contain either the sterically-hindered phosphine P(#Bu),(c-biphenyl) ligand
or the N-hetero-cyclic carbene ligand IPr. Equilibrium binding studies reveal that the
binding affinities of alkynes to gold(l) are strongly affected by the electron density of the
alkyne and to a lesser extent on the steric bulk of the alkyne. The effect of the electron
density of the alkyne on binding affinity was more pronounced for the phosphine series than
for the NHC series. The safest conclusion we can draw from the data we have collected
regarding the binding affinities of alkynes and alkenes [10,11] to gold(l) is that the
variability in binding affinity as a function of substitution of the alkene or alkyne is greater
than is the inherent difference between the binding affinities of alkenes and alkynes to

gold(l).
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4. Experimental

4.1. General methods

Reactions were performed under a nitrogen atmosphere employing standard Schlenk and
glovebox techniques unless specified otherwise. NMR spectra were obtained on a Varian
spectrometer operating at 500 MHz for 1H NMR, 101 MHz for 13C NMR, and 202 MHz
for 31P NMR in CD,Cl, at 25 °C unless noted otherwise. IR spectra were obtained on a
Nicolet Avatar 360-FT IR spectrometer. Elemental analyses were performed by Complete
Analysis Laboratories (Parsippany, NJ). Mass spectra were obtained on an Applied
Biosystems Voyager-DE Pro MALDI mass spectrometer operating at a mass range of 500—
4000u with a dihydroxyacetophenone matrix (10 mg/1 mL DCM) and was calibrated with
PEG1000.

Methylene chloride was purified by passage through columns of activated alumina under
nitrogen. CDCl3 and CD,Cl, were dried over CaH, and distilled under nitrogen prior to use.
(IPr)AuCl, hexanes, AgSbFg, 3-hexyne, 2-butyne, 1-phenylpropyne, 2-hexyne, and 4,4-
dimethyl-2-pentyne were purchased from major chemical suppliers and used as received.
[P(£Bu),0-bipheny]AuCl [14], {[P(£Bu),c-bipheny] Au(NCArg)}* SbFg~ (3a) [11],
{(IPr)Au(NCArp)}*SbFg™ (3b) [10], {[P(£Bu),0-bipheny]Au[n2-Me(H)C=CMe,]}* SbFg~
(4a) [11], and {(IPr)Au[n2-Me(H)C=CMe,]}* SbFs~ (4b) [10] were prepared employing
published procedures.

4.2. Synthesis of gold(l) r-alkyne complexes

4.2.1. {[P(t-Bu),0-bipheny]Au[n2-EtC=CEt]}* SbFg~ (1a)—A suspension of [P(
Bu),o-bipheny]AuCl (35 mg, 0.066 mmol), AgSbFg (22.7 mg, 0.066 mmol), and 3-hexyne
(8.2 mg, 0.10 mmol) in CH,Cl, (1.5 mL) was stirred in a sealed flask at room temperature
for 10 min. The resulting suspension was filtered through a pad of Celite, which was flushed
with additional CH,Cl,. The filtrate was concentrated to ~2 mL, diluted with two volumes
of hexanes, and cooled at 4 °C for 24 h to give 1a (52.5 mg, 98%) as a white solid. 1H
NMR: § 7.95-7.90 (m, 1 H), 7.70-7.60 (m, 2 H), 7.57-7.52 (m, 1 H), 7.48 (t, /= 7.5 Hz, 2
H), 7.35-7.31 (m, 1 H), 7.24-7.20 (m, 2 H), 2.46 (q, J= 7.5 Hz, 4 H),1.45 (d, J= 16 Hz,18
H),1.21 (t, J= 7.5 Hz, 6 H). 13C {1H} NMR: 3 149.1 (d, /= 12.3 Hz), 143.4 (d, J= 6.9 Hz),
134.1,133.7 (d, /= 7.8 Hz), 132.1 (d, /= 3.1 Hz), 130.0, 129.1, 128.6, 128.3 (d, /= 7.0 Hz),
123.7 (d, J= 49.3 Hz), 91.4, 39.0 (d, /= 24.6 Hz), 31.2 (d, J= 6.2 Hz), 16.4, 14.1. 31P{1H}
NMR: 6 65.5. Anal. calcd (found) for CogH37PFgAuSh: H, 4.59 (4.51); C, 38.40 (38.49).

All remaining gold(l) m-alkyne complexes were synthesized employing similar procedures
unless noted otherwise.

4.2.2. {[P(t-Bu),0-bipheny]Au[n2-MeC=CCH,CH,CH3]}* SbFg~ (1b)—White solid,
96%. 1H NMR: & 7.95-7.90 (m, 1 H), 7.70-7.60 (m, 2 H), 7.58-7.52 (m, 1 H), 7.49 (t, J=
7.5 Hz, 2 H), 7.36-7.30 (m, 1 H), 7.23 (d, J= 7.0 Hz, 2 H), 2.37 (qt, J= 2.5, 7.0 Hz, 2 H),
2.16 (t, J= 2.0 Hz, 3 H), 1.61 (sextet, J= 7.5 Hz, 2 H), 1.45 (d, J= 16.5 Hz, 18 H), 1.00 (t, J
= 7.5 Hz, 3 H). 13C{;H} NMR: § 149.8 (d, /= 12.8 Hz), 143.1 (d, J= 6.7 Hz), 133.8, 133.3
(d, J=7.7 Hz), 131.8, 129.6, 128.7, 128.3, 128.0 (d, J= 7.7 Hz), 123.4 (d, J= 48.0 Hz), 88.7
(d, J=7.7 Hz), 86.3 (d, J= 6.7 Hz), 38.5 (d, J= 25.1 Hz), 30.8 (d, J= 6.8 Hz), 24.0, 22.4,
13.2, 7.2. 31P{1H} NMR: & 65.3. Anal. calcd (found) for CogHa7PFgAuSh: H, 4.59 (4.36);
C, 38.40 (38.35).

4.2.3. {[P(t-Bu),0-bipheny]Au[n2-MeC=CC(CHs)3]}* SbFs~ (1c)—White solid,

90%. 1H NMR: & 7.96-7.90 (m, 1 H), 7.70-7.60 (m, 2 H), 7.59-7.52 (m, 1 H), 7.49 (t, /=
7.5 Hz, 2 H), 7.35-7.28 (m, 1 H), 7.22 (d, J= 7.5 Hz, 2 H), 2.19 (s, 3 H), 1.47 (d, /= 16.5
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Hz, 18 H), 1.27 (s, 9 H). 13C{;H} NMR: § 149.2 (d, J= 12.6 Hz), 143.4 (d, /= 6.8 Hz),
134.2,133.9 (d, J= 7.7 Hz), 132.2, 130.0, 129.4, 128.5, 128.3 (d, J= 7.7 Hz), 123.5 (d, J=
47.9 Hz), 98.3, 87.0, 39.2 (d, J= 24.9 Hz), 31.9, 31.2 (d, /= 5.8 Hz), 8.4. 3;P{yH} NMR:
65.9. Anal. calcd (found) for Co7HsgPFgAuSh: H, 4.75 (4.66); C, 39.20 (39.14).

4.2.4. {[P(t-Bu),0-bipheny]Au[n2-MeC=CMe]}* SbFg~ (1d)—White solid, 91%. 1H
NMR: & 8.00-7.84 (m, 1 H), 7.72-7.44 (m, 5 H), 7.38-7.30 (m, 1 H), 7.30-7.16 (m, 2 H),
2.11 (s, 6 H), 1.44 (d, J= 16.5 Hz, 18 H). 13C{;H} NMR: 5 149.1 (d, J= 13.0 Hz), 143.5 (d,
J=7.0 Hz), 134.0, 133.6 (d, /= 6.9 Hz), 132.1, 129.9, 128.9, 128.7, 128.3 (d, /= 7.8 Hz),
123.8 (d, J=48.6 Hz), 84.9, 39.7 (d, J= 24.6 Hz), 31.2 (d, J= 6.2 Hz), 7.4. 31P{1H} NMR:
0 65.2. Anal. calcd (found) for Co4H33PFgAUSDh: H, 4.24 (4.23); C, 36.71 (36.62).

4.2.5. {[P(t-Bu),0-bipheny]Au[n2-PhC=CMe]}* SbFg¢~ (1e)—An NMR tube
containing a suspension of [P(£#Bu),o-bipheny] AuCl (30 mg, 0.057 mmol), AgSbFg (19.4
mg, 0.057 mmol), 2-butyne (6.6 mg, 0.057 mmol), and 1,3-dimethoxybenzene (1.4 mg,
internal standard) in CD2Cl, (0.5 mL) was shaken briefly and allowed to stand at room
temperature. Following precipitation of AgCl, the sample was analyzed by *H and 13C NMR
spectroscopy at 25 °C, which revealed formation of 1ein 92 + 5% yield. 1H NMR: & 7.93—-
7.81 (m, 1H), 7.70-7.50 (m, 4H), 7.46 (t, J= 7.5 Hz, 2H), 7.43-7.32 (m, 4H), 7.32-7.24 (m,
1H), 7.16 (d, J= 7.0 Hz, 2H), 2.35 (s, 3H), 1.34 (d, J= 16.5 Hz, 18H), 1.00. 13C{;H} NMR:
3 147.9 (d, J=12.5 Hz), 142.9 (d, J= 6.7 Hz), 133.4, 132.7 (d, J= 7.2 Hz), 132.1, 131.4,
131.1,129.2,129.0, 128.2, 127.8 (d, J= 7.7 Hz), 127.1, 122.6 (d, J= 49.6 Hz), 117.9, 90.6
(d, J=8.6 Hz), 86.0 (d, /=7.2 Hz), 37.8 (d, /= 24.9 Hz), 30.3 (d, /= 5.8 Hz), 8.4. 3:P{1H}
NMR: 6 65.7.

4.2.6. {(IPr)Au(n2-EtC=CEt)}* SbFg~ (2a)—White solid, 94%. 1H NMR (400 MHz,
CDCly): 3 7.52 (t, J= 8 Hz, 2H), 7.49 (s, 2 H), 7.30 (d, J= 7.6 Hz, 4H), 2.48 (sept, J= 7.2
Hz, 4H), 2.20 (q, J= 7.6 Hz, 4H), 1.23 (d, J= 6.8 Hz, 24H), 0.57 (t, J= 7.6 Hz,

6H). 13C{;H} NMR (CDCls): & 177.2, 145.7, 133.0, 131.4, 125.1, 124.5, 87.2, 28.8, 24.6,
23.9,14.7, 13.1. Anal. calcd (found) for C33H46AUFgN,Sh: H, 5.13 (5.05); C, 43.87 (43.76);
N, 3.10 (3.37).

4.2.7. {(IPr)Au(n2-PhC=CMe)}* SbFg~ (2b)—Pale green solid, 99%. 1H NMR
(CDCly): 8 7.58 (t, J= 8 Hz, 2H), 7.51 (s, 2 H), 7.36 (d, J= 8.0 Hz, 1H), 7.31 (d, J= 8 Hz,
4H), 7.15 (t, J= 7.5 Hz, 2H), 6.81 (d, J= 7.5 Hz, 2H), 2.45 (sept, J= 7 Hz, 4 H), 2.05 (s, 3
H), 1.22 (d, J= 7 Hz, 12 H), 1.14 (d, J= 7 Hz, 12 H). 13C{;H} NMR (CDCl5): § 175.7,
145.8,132.9, 131.8, 131.4, 129.1, 125.1, 124.5, 117.1, 86.9, 83.5, 28.7, 24.5, 23.9, 6.6.
MALDI-MS calcd (found) for [CzgHa4N>AU* (MT): 701.3 (700.9).

4.2.8. {(IPr)Au(n?-MeC=CMe)}* SbFg~ (2c)—An NMR tube containing a suspension
of (IPr)AuCl (35 mg, 0.066 mmol), AgSbFg (22.7 mg, 0.066 mmol), 2-butyne (3.6 mg,
0.066 mmol), and toluene (1.2 mg, internal standard) in CD,Cl5 (0.5 mL) was shaken briefly
and allowed to stand at room temperature. Following precipitation of AgCl, the sample was
analyzed by H and 13C NMR spectroscopy at 25 °C, which revealed formation of 2c in 97
+ 5% yield. TH NMR (300 MHz): & 7.60 (t, /= 8.1 Hz, 2H), 7.48 (s, 2H), 7.39 (d, /= 7.8
Hz, 4H), 2.51 (septet, J= 6.9 Hz, 4H), 1.88 (s, 6H), 1.29 (d, /= 6.9 Hz, 12H), 1.27 (d, J=
6.9 Hz, 12H). 13C{4H} NMR: § 177.1, 146.1, 133.3, 131.8, 125.2, 124.9, 81.5, 29.2, 24.8,
24.1,6.1.

4.3. Determination of alkyne binding constants

4.3.1. Reaction of 2-butyne with {[P(t-Bu),0-bipheny]Au(NCArg)}+SbFg~ (3a)—
2-Butyne (1.03 mg, 0.019 mmol) was added via gas tight syringe to an NMR tube sealed
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with a rubber septum that contained a CD,Cl, solution of 3a (20 mg, 0.021 mmol) at -60°C.
The tube was shaken, placed in the probe of an NMR spectrometer cooled at —-60°C and
allowed to equilibrate for 10 min. The relative concentrations of 3a, 1d, NCArgand 2-butyne
were determined by integrating the resonances corresponding to the aromatic protons of
bound [$ 8.41, 8.38 (2:1)] and free [0 8.15, 8.14 (2:1)] NCArg and the resonances
corresponding to the methyl protons of bound (6 2.06) and free (6 1.70) 2-butyne. An
equilibrium constant of Kgq = [1d][NCArg]/[3a][2-butyne] = 25 + 2 was determined (Table
2).

To ensure that equilibrium was achieved under these conditions, the following control
experiment was performed. NCArg (4.9 mg, 0.02 mmol) was added via syringe to an NMR
tube that contained a CD,Cl, solution of 2-butyne complex 1d (16 mg, 0.02 mmol) at — 60
°C. The tube was shaken, placed in the probe of an NMR spectrometer cooled at —-60 °C and
allowed to equilibrate for 10 min. The relative concentrations of 3a, 1d, NCArgand 2-butyne
were determined as was described in the preceding paragraph. The equilibrium constant
determined from this experiment {Kgq = [1d] [NCArg]/[3a][2-butyne] = 24 + 1} was not
significantly different from that obtained from treatment of 3a with 2-butyne.

Similar procedures were employed to determine the equilibrium constants for the
displacement of NCArg from 3a with 2-hexyne, 4,4-dimethyl-2-pentyne, and 1-
phenylpropyne and for displacement of NCArg from 3b with 2-butyne and 1-
phenylpropyne. Error limits refer to the standard deviation in Kgq determined from three
independent experiments.

4.3.2. Reaction of 3-hexyne with {[P(t-Bu),0-biphenyl]Au[n?-Me(H) C=CMe,]}*
SbFg™ (4a)—3-Hexyne (1.6 mg, 0.02 mmol)was added via gas tight syringe to an NMR
tube sealed with a rubber septum that contained a CD,Cl, solution of 4a (16 mg, 0.02
mmol) at —=60°C. The tube was shaken, placed in the probe of an NMR spectrometer cooled
at —60°C and allowed to equilibrate for 10 min. The relative concentrations of 4a, 1a, 2-
methyl-2-butene, and 3-hexyne were determined by integrating the resonances
corresponding to the olefinic proton of bound (3 3.99) and free (8 5.12) 2-methyl-2-butene
and the resonances corresponding to the methylene protons of bound (8 2.40) and free (8
2.10) 3-hexyne. An equilibrium constant of Kgq = [1a][2-methyl-2-butene]/[4a][3-hexyne] =
2.9 £ 0.2 was determined (Scheme 1). Multiplication of this result by the equilibrium
constant for displxacement of NCArg from 3a with 2-methyl-2-butene (Keq = 156 + 8) [10]
provided an equilibrium constant for the displacement of NCArg from 3a with 3-hexyne of
Keq = [1a] [NCATrg]/[3a][3-hexyne] = 450 + 45.

A similar procedure was employed to determine the equilibrium constant for the
displacement of 2-methyl-2-butene from 4b with 3-hexyne (Kgq = 12.2 + 0.6) and to
calculate the equilibrium constant for the displacement of NCArg from 3b with 3-hexyne
(Keq = 780 % 62). Error limits for the reactions of 3-hexyne with complexes 4a and 4b refer
to the standard deviation in Kgq determined from three independent experiments. Error
limits for equilibrium binding affinities of 3-hexyne relative to NCArg were estimated from
propagation of the errors of the associated Kq measurements.
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Table 2

Equilibrium constants for displacement of NCArg from 3a [L = P(£#Bu),0-biphenyl] or 3b (L = IPr) with
alkynes in CD,ClI, at —60°C.

R! R!
@ CD,Cl, )]
L—Au-NCAr; + || ==—— L—Au—|| + NCA%
3 —60 °C
R? R
entry L alkyne Keg
1 P(£Bu),(o-biphenyl) Me—==—n-Pr 86+7
2 P(#Bu),(c-biphenyl) Me—==—1t-Bu 58 + 4
3 P(#Bu),(o-biphenyl) Me—=—Me 25+2
4 P(£Bu),(c-biphenyl) Me—==—~Ph 0.43 +£0.02
5 IPr Me—————Me 24+1
6 1Pr Me—==—=>"h 8.6+0.6
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