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of the individual rate constants k,, k_, and k,, a composite rate
constant k,, = k,k,/k_, = Kk, can be calculated directly (Table
I) to describe the formation of the final 2:1 adduct [{LCu},(0,))**
(3). This has a negative temperature dependence (i.e., AH* =
-21 kJ mol™!), clearly explained by the fact that k_, has a stronger
temperature dependence than k, and k, combined; thus binding
of O, to form the 2:1 adduct (3) is slower at higher temperatures.
The overall data analysis leads to the calculated final spectra shown
in Figure 1; the spectrum of 3 agrees very closely with that ob-
served under “synthetic™ conditions.?

It is interesting to compare the results here with the limited
data available in other copper-containing systems? as well as for
iron and cobalt.'"1® The present study provides the first full data
for 1:1 Cu(I)-dioxygen adduct development, either in protein or
synthetic systems. The formation of [LCu(O,)]* (2) (k, ~ 108
M5, caled at 25 °C, Table 1) is faster than the rates seen for
most LCo(11) 1:1 oxygenation reactions (k, = 10°*-10¢ M1 s,
25 °C).!¢ The molecularity of the reaction of O, with 1 precludes
meaningful comparisons of k, with other Cu,0, complexes derived
from discrete dinuclear precursors.’ However, k,, = 4.4 X 10°
M2 57! at 25 °C for 3 (6.0 X 107 at =90 °C) parallels ligand-
dependent values seen for peroxo—dicobalt(I1T) (Co,0,) complexes
analogously derived from mononuclear LCo(I1) species.!® For
heme—proteins or porphyrin—Fe! model complexes, the O, on-rates
(k, ~ 105-10° M~!s7!) are similar to that seen for formation of
2. However, it appears that off-rates for iron species are much
smaller, giving rise to larger K, values (K; ~ 10*-10¢, 20 °C).1¢

For 1 and other nonprotein Cu(I) complexes,’ the strong low-
temperature O, binding for either 1:1 or 2:1 adducts is enthalpic
in origin.? Large negative AS® values preclude room-temperature
stability of the Cu,0, synthetic complexes; this effect is not present
in the multisubunit protein hemocyanin.*1® Co,0, complexes
also exhibit large negative AS® values, but considerable room-
temperature stabilities (log Ko, ~ 6-15)!1¢171% are derived from
much larger negative AH®(,maion Values (e.g.. =120 to -150
kJ/mol). 1617

The 1:1 Cu/O, species is of considerable interest as the im-
portant primary cuprous ion-dioxygen adduct, since its further
reduction leads to O, activation in both chemical and biological
systems.# %2021 Chemical investigations of Valentine and co-
workers?2 and Thompson?? lead to the formulation of such species
as superoxo—cupric complexes (e.g., Cu''-0,7), and Thompson
was able to isolate a stable solid compound [LCu(O,)] (L =
hydrotris(3,5-dimethyl-1-pyrazolyl)borate, vgo = 1015 cm™! for
180,; Amax = 524 nm (e = 600 M~! cm™'). The structure of this
complex was suggested to contain an unsymmetrical terminally
coordinated O, ligand, but a symmetric side-on 52-superoxo
ligation probably merits consideration.?* Further efforts will be
aimed at the characterization and reactivity studies of stable
analogues of [LCu(0,)]* (2).
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Alkynyliodonium species, 1, have become useful reagents for
the preparation of monofunctionalized acetylenes and other
valuable synthetic transformations.'”> However, to date, with

RCEC11+Ph X

the exception of the 3-Me,Si-substituted system (1: R = Me;Si),
no SB-functionalized alkynyliodonium species are known,* the full
synthetic potential of these novel tricoordinate iodine species®
thereby being limited.

Hence in this communication, we report the preparation of a
variety of hitherto unknown S-functionalized alkynyl(phenyl)-
iodonium triflates via a new, unique iodonium-transfer process
involving the readily available PhI*CN -OTf as the transfer
agent.’

A variety of functionalized alkynyliodonium salts may be
prepared in good yields in a single step by the interaction of the
appropriate alkynylstannanes® 2 with PhAI*CN “OTf (Scheme I)
in CH,Cl, at low temperature. Compounds 4a—f are isolated by
low-temperature filtration under a N, atmosphere and are re-
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Table I. Physical and Spectral Properties of Alkynyliodonium Triflates 4

5871

19p
% mp NMR,
compd yield dec, °C IR, em™ IH NMR, ¢ 3C NMR, § )
4a 77 113-114  (Nujol) 3071, 3067, 2158 (CDCl,) 8.15 (d, 2 H), 8.10 174.9 (CO), 135.5, 135.0, -78.3
(C=Q), 1652 (CO), (d, 2 H), 7.70 (t, 1 H), 134.8, 133.1, 132.7, 130.2,
1598, 1579, 1294, 1241, 7.63, (t, 1 H), 7.56 129.1, 119.6 (q, J = 319 Hz),
1220, 1180, 1162, 1017 (t, 2 H), 747 (1, 2 H) 116.7, 101.5 (BC), 40.6 («C)
4b 82 119 (Nujol) 3085, 2153 (C=C), (CDCl,) 8.09 (d, 2 H), 7.67 190.6 (CO), 134.5, 132.9, ~-71.6
1681 (CO), 1562, 1293, (t, 1 H), 7.53 (t, 2 H), 132.5,119.4 (q, J = 318 Hz),
1234, 1217, 1165, 1024 1.15 (s, 9 H) 116.7, 101.0 (B8C), 45.2, 40.1
(«C), 25.4 (CHy)
4c 72 100-101 (CCl,) 3061, 2290 (C=N), (CD,CN) 8.22 (d, 2 H), 136.2, 134.5, 133.5, 120.6, -78.9
2149 (C=C), 1562, 1471, 7.78 (t, 1 H), 7.62 (q, J = 319 Hz), 117.8, 104.6
1447, 1263, 1231, 1175, (t,2 H) (BC), 75.3 (CN), 38.7 (aC)
1017
4d 56 117-118  (CCl,), 3093, 3056, 2987, (CD4CN) 8.11 (d, 2 H), 148.7, 137.0, 136.2, 134.6, -78.7
2135 (C=C), 1596, 1471, 7.81 (d, 2 H), 7.77 133.8, 131.5, 128.8, 118.1,
1447, 1331 (Ts), 1313, (t, 1 H), 7.58 (t, 2 H), 99.4 (8C), 45.3 («C), 21.8 (CH;)
1265, 1232, 1207, 1161, 7.47 (d, 2 H), 2.47 (s, 3 H)
1084, 1020
de 42 48-50  (CCl,) 3056, 2179 (C=C), (CD,CN) 8.20 (d, 2 H), s -79.0
1722 (CO), 1474, 1444, 7.79 (t, 1 H), 7.62
1334, 1304, 1255, 1231, (t, 2 H), 3.73 (s, 3 H)
1209, 1180, 1023
af 77 72-73 (Nujol) 3091, 2190 (C=C), (CDCl,) 8.05 (d, 2 H), 7.62 134.1, 132.5, 132.3, 119.6 =71.7

1561, 1274, 1243, 1224,
1177, 1166, 1024

(t, 1 H), 7.51 (t, 2 H),
4.35 (s, 2 H), 3.35
(s, 3H)

(q. J = 318 Hz), 116.4,
104.8 (8C), 60.6 (CH,),
58.4 (CH,), 30.2 («C)

“Due to the limited solubility and low stability of 4e, the 1*C NMR spectrum was unobtainable.

Scheme [
CHZClp, 40 °C
YC=CSnR, + PhI"CN-OTt —=2
-RaSNCN
2a: Y =PhC(0),R=El 3

a

b: Y = +-BuC(O), R = Et

e: Y=CN,R=Et

d: Y= p-CH3CsH4SOQ, R=Et

e: Y=CH;OC(Q), R=Et

f: Y = CH30CH,, R = Bu

YC=CI'Ph™OT!
1 Y = Ph¢(0)

1 Y = 1-Buc(0)
Y=CN

1 Y= p-CH3CSH4SOQ
1 Y= CH3OC(O)

H £ CH3OCH2

~0Qa00D

crystallized from CH,Cl,/pentane. The pure functionalized io-
donium salts, with the exception of de, are stable, white, micro-
crystalline solids that can be stored at room temperature for several
days, whereas salt de turns black at room temperature in a matter
of minutes but can be stored at =20 °C for extended periods.

Alkynyliodonium salts 4a—f were fully characterized® by
multinuclear NMR and IR as summarized in Table I. Specif-
ically, the infrared spectra display characteristic C=C signals
between 2135 and 2270 cm™! and absorptions due to the triflate
as well as the various other functional groups. The 'H NMR
spectra display the typical 2:1:2 aromatic resonances between 7.50
and 8.25 ppm characteristic of phenyliodonium species, as well
as the appropriate signals for the remaining protons. The 13C
NMR spectra are particularly diagnostic of the individual 8-
functionalized alkynyl(phenyl)iodonium species 4 as summarized
in Table 1.

Preliminary results indicate that these new functionalized
alkynyliodonium salts are highly reactive both toward nucleophiles
and in cycloaddition reactions. Hence, we believe that these and
related functionalized alkynyl(phenyl)iodonium salts, readily
accessible by our newly discovered iodonium-transfer reaction,
will greatly extend the already demonstrated synthetic usefulness

(9) With the exception of de, all new compounds gave satisfactory (£0.4%)
C, H, and S analyses.

of these tricoordinate iodine species.
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We report the absence of nucleophilic assistance to the reaction
of tertiary cumyl derivatives, XArC(Me),Y, either by azide ion,
1-propanethiol and methanol, or by a solvent of 50:50 (v/v)
trifluoroethanol /water.

The role of solvent in the solvolysis of tertiary substrates has
attracted wide attention,!” and the importance of nucleophilic
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