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Abstract: The short-lived small-ring alkynes cyclohexyne and cycloheptyne (ac) can be trapped in the form of stable complexes
of zerovalent platinum or palladium M(ac)L, [M = Pt, Pd; L, = 2PPh; or Ph,PCH,CH,PPhy(dppe)] from which the alkynes
are not readily displaced by other unsaturated ligands. However, the cyclohexyne complex Pt(C¢Hg)(PPhj3), (1) reacts with
PF3 to give Pt(PF3),(PPh3); and with CO to give Pt2(CO)2(PPh3),(u-CgHg) (11). The two-step reaction of 1 with tert-butyl
isocyanide gives initially Pt(C¢Hg)(PPh3)(¢-BuNC) (9), and finally the insertion product Pt[C(=NBu-1)C¢Hg](PPh3)(z-
BuNC) (10). The cyclic alkyne-platinum(0) complexes are readily protonated by HCl or CF3CO,H to give 1-cycloalkenylpla-
tinum(11) complexes, e.g., PtClI(CsHg)(PPh3), (12). The cyclohexyne complexes differ from the cycloheptyne complexes in
being protonated by a variety of weak protonic acids. Thus Pt(C¢Hg)(dppe) (6) reacts with water or methanol to give stable,
monomeric hydroxo- or methoxoplatinum(1l) complexes Pt(OR)(Cg¢Ho)(dppe) (R = H, 22; R = CHj3, 23) and with weak car-
bon acids such as nitromethane, acetonitrile, phenylacetonitrile, acetone, and acetophenone to give functionalized alkyl cyclo-
hexenylplatinum(11) complexes, e.g., Pt{CH2COCH;)(C¢Hg)(dppe) (28) and Pt{(CH,CN)(CeHg)(dppe) (30). Reaction of
6 with methyl ketones requires the presence of water and proceeds via the hydroxo complex 22. Reaction of 1 or 6 with acet-
amide or benzamide affords N-amidoplatinum(ll) complexes, e.g., PUUNHCOR)(CsHo)(dppe) (R = CH3, 32; R = Ph, 33).
Such complexes are also formed in the reactions of 1 or 6 with aqueous acetonitrile or benzonitrile in which the free amide is
generated catalytically. The bonding in cyclic alkyne complexes is discussed in the light of their reactions, IR spectra, and

structures. It is suggested that the cyclohexyne complexes may be best represented as metallocyclopropenes.

The simplest unsubstituted cyclic alkyne known in the free
state is the eight-membered ring cyclooctyne. The smaller
members of the series, such as cycloheptyne and cyclohexyne,
have defied repeated attempts at synthesis owing to their re-
activity, but their existence as short-lived intermediates has
been established by trapping experiments and kinetic studies.!
Recently, 3,3,7,7-tetramethylcycloheptyne has been isolated
as a pure liquid which undergoes ready thermal dimerization.?
The possibility of stabilizing small-ring acetylenes by com-
plexing with transition metals was foreshadowed in the re-
ported reaction of Co,(CO)s with octafluoro-1,3-cyclohexa-
diene (1,3-C¢Fg) to give a complex Co,(CO)s(CsFg) con-
taining a bridging hexafluoro-1,3-cyclohexenyne ligand
C=C-CF=CF-CF,CF,.3* Since stable complexes
Pt(PPh3),(ac) are formed by a wide range of acetylenes,>® it
seemed worthwhile to try to trap short-lived acetylenes with
Pt(PPhs)s. Following our preliminary report,” we now describe
in detail the preparation, properties, and reactions of small-ring
alkyne-platinum(0) complexes.

Results

Routes to cyclic alkyne-platinum(0) complexes are outlined
in Scheme 1. The best method is the reaction of the 1,2-di-
bromocycloalkene with sodium amalgam in tetrahydrofuran
containing Pt(PPh3); or Pt(PPhj)4 at room temperature, which
gives the colorless, crystalline cyclohexyne complex
Pt(Ce¢Hs)(PPhj3); (1) in 50-60% yield, and the similar cyclo-
heptyne complex Pt(C7H0)(PPh3); (2) in ca. 80% yield. 2 is
also obtained in poor yield from mercuric oxide oxidation of
1,2-cycloheptanedione bis(hydrazone) in the presence of
Pt(PPh3);. Similar treatment of 1,2-cyclooctanedione
bis(hydrazone) gives the cyclooctyne complex Pt(CgH;»)-
(PPh3)3 (3), which has been obtained independently by reac-
tion of cyclooctyne with Pt(PPh3)482 or with PtCl;(PPh;), in
the presence of hydrazine.®® An attempt to prepare the cy-
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Scheme L. Preparation of Cyclic Alkyne-Platinum(0) Complexes
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clopentyne complex by reaction of 1,2-dibromocyclopentene
with sodium amalgam in the presence of Pt(PPhs); was un-
successful. The palladium(0) complexes Pd(C¢Hg)(PPh3); (4)
and Pd(C7H 0)(PPh3)2 (5) can be prepared in ca. 25% yield
by the reductive procedure using Pd(PPh3)s in place of
Pt(PPh3);. These complexes are much less stable than their
platinum analogues, and their chemistry will not be considered
further here.
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Single-crystal x-ray structural analyses of 1-3° confirm that
the hydrocarbon ligands present are the cyclic alkynes, not the
isomeric cyclic allenes. Attempts to displace the alkynes with
1,2-bis(diphenylphosphino)ethane, Ph,PCH,CH,PPh;(dppe),
lead to replacement of the triphenylphosphine ligands and
formation of the colorless, crystalline complexes Pt(CgHg)-
(dppe) (6), Pt(C7H0)(dppe) (7), and Pt(CsH2)(dppe) (8).
The latter resemble 1-3 in being readily soluble in benzene,
dichloromethane, chloroform, tetrahydrofuran, and carbon
disulfide and almost insoluble in saturated hydrocarbons, ether,
and alcohol. The IR spectra of the complexes show a strong
band in the region of 1700-1800 cm~! (Table I) which is as-
signed to »(C==C) modified by coordination. The 'H NMR
spectra generally show two groups of broad, complex meth-
ylene resonances, that at lower field being due to the CH,
protons a to the coordinated triple bond. Owing to the broad-
ness of the resonances, no '9°Pt satellites were observed.

The coordinated cyclic alkynes are much more resistant to
displacement than are their acyclic counterparts. The mass
spectra of 1 and 2 show parent ions in addition to the fragment
[Pt(PPh;)2]*. 1-3 and 6-8 are air stable in solution for several
weeks, whereas the 4-octyne complex Pt(PPh3),(n-PrC,Pr-n)
loses alkyne in the solid state at room temperature and is dis-
sociated in solution.®® 1 is unaffected by diphenylacetylene,
methyl propiolate, dimethyl acetylenedicarboxylate, carbon
disulfide, and 2,2’-bipyridy], while 2 is inert both toward these
ligands and toward carbon monoxide and fer:-butyl isocyanide
(1-BuNC). However, a suspension of 1 in n-hexane reacts with
t-BuNC at room temperature to give a colorless, diamagnetic
substitution product Pt(CgHg)(PPh;)(#-BuNC) (9), which
shows two sets of a-CH3 resonances in its '"H NMR spectrum
and a band at 1705 cm~! in its IR spectrum due to coordinated
cyclohexyne. In benzene at room temperature 1 reacts with an
excess of 1-BuNC to give a pale yellow diamagnetic complex
of empirical formula Pt(C¢Hg)(PPh;)(¢-BuNC); in good yield
which we formulate as the insertion product 10. 10 is also ob-
tained by treatment of 9 with r-BuNC. In the IR spectrum
there is no band assignable to coordinated cyclohexyne, but
there are bands at 1570 and 1601 cm™~! due to “»(C=C) +
y(C=N)", and the '"H NMR spectrum shows the presence of
two different rert-butyl groups. Also consistent with the pro-
posed structure is the bathochromic shift of y(CN) in 10 rel-
ative to 9, which suggests an increase in the formal oxidation
state of the metal. Although isocyanide insertions into
metal-carbon ¢ bonds are well known,!0-!2 there is only one
previous report'? of such an insertion into a metal-alkyne bond,
viz., the reaction of aryl isocyanides with CsHsCo(PhC,Ph)-
(PPh3) to give insertion products such as (CsHs)(Ph;3P)-
CoC(=NPh)—C(Ph)=C(Ph) and (CsHs)(PhNC)-
CoC(=NPh)—C(Ph)=C(Ph)C(=NPh). The cycloaddition
of isocyanides with diphenylacetylene catalyzed by nickel(0)
complexes'4 probably proceeds via intermediates similar to 10.
Further insertion of -BuNC into the Pt-C ¢ bond of 10 is not
observed; this inertness seems to be characteristic of plati-
num(II) o alkyls,!2 since multiple insertions of isocyanides are
well established in other systems,10.11.13.15

In further contrast with the inertness of 2, 1 reacts with
carbon monoxide in boiling benzene to give a pale yellow,
diamagnetic complex of empirical formula CgHgPt,-
(CO),(PPhj), in about 40% yield. The fate of the displaced
cyclohexyne has not been determined. The IR spectrum ex-
hibits two strong »(CO) bands suggestive of cis carbonyl groups
and the 'H NMR spectrum shows a pair of equally intense
methylene resonances; hence the two “acetylenic” cyclohexyne
carbon atoms probably are equivalent. These data, and the fact
that the lower field methylene resonance shows 93Pt satellites
(Jpin = 34 Hz), are consistent with the metal-metal bonded
structure, 11, which contains formal Pt(I); other examples of
binuclear platinum(l) complexes have been reported re-
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Table I. Selected IR and NMR Spectroscopic Data for Cyclic
Alkyne Complexes

v(C=C), Other CH,

cm~!a a-CH, (8)® (8)®
Pt(CsHsg)(PPh;); (1) 1721 2,53 (1) 1.76 (1)
Pt(C+H0)(PPh3); (2) 1781 2.24 (2) 1.69 (3)
Pt(CgH2)(PPh3); (3) 1793 2.12(1) 1.60 (2)
Pd(CgHg)(PPh3), (4) 1780 2.65 (1) 1.74 (1)
Pd(C7H,0)(PPh3); (5) 1848 2.20 (2) 1.68 (3)
Pt(CgH3)(dppe) (6) 1696 2.98 (1) 1.96 (1)
Pt(C,H,0)(dppe) (7) 1761 3.02(2) 1.97 (3)
Pt(CsH12)(dppe) (8) 1775 3.05(1) 1.6-2.1 (2)
Pt(C¢Hg)(1-BuNC)- 1705 2.87 (1), 1.79 (2)
(PPh3) (9) 2.56 (1)

@ Measured in KBr disk. All bands of medium intensity. ¥ Parts
per million downfield of internal Me,Si, measured in CDCl; at 32 °C.
Figures in parentheses denote relative intensities.

cently.'¢-20 We cannot exclude the possibility that the u-cy-
clohexyne moiety lies across and above the Pt-Pt bond, as in
the well-known Co,(CO)s(alkyne) complexes and in the re-
cently prepared Pty(PMe;)2(PhCyPh)(u-PhC,Ph),2! and at-
tempts to grow single crystals of 11 suitable for x-ray study are
being made.

The only reagents which completely displace cyclohexyne
from 1 are PF; and tetracyanoethylene (TCNE), which give
the known complexes Pt(PF3),(PPh3);22 and Pt(TCNE)-
(PPh3),23 almost quantitatively. In the case of the PF; reac-
tion, attempts to trap the liberated cyclohexyne using 2,5-
diphenyl-3,4-benzofuran?* were unsuccessful and, in the ab-
sence of the trapping agent, no evidence for cyclotrimers or
cyclotetramers of cyclohexyne?s could be obtained. Thus the
fate of the C¢Hg fragment is unknown at present.

The substitution and insertion reactions of 1 discussed so far
are summarized in Scheme 11.

Scheme II. Substitution and Insertion Reactions of Pt(C,Hg)(PPh,),
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Complexes 1, 2, and 6 react with hydrogen chloride or tri-
fluoroacetic acid to give 1-cycloalkenylplatinum(1I) complexes
PtX(C¢Hs)L, [L, = 2PPh;, X = Cl (12), CF3CO; (13); L,
= dppe, X = Cl (14)] and PtX(C;H,)(PPh3y), [X = CI (185),
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Table I1. Selected 'H NMR and IR Spectroscopic Data for Cycloalkenylbis(triphenylphosphine)platinum(11) Complexes

'H NMR*4 IR,® cm-!
5(-CH=)  Upw 5(ring CH3) W(C=C) Other bands
trans-PtCI(CgHo)(PPh3)2 (12)  5.16 (brs) 65  0.34(2),1.28(2),1.48(2) 1613 272 [(PLC)]
trans-PtCI(C7H11)(PPhy)2 (15) 543 (t,Jun =5.6) 69  0.31(2),0.76 (4), 1.42(2), 1600 270[»(PLC1)]
1.74 (2)
trans-Pt(OCOCF3)(CeHo)- 4.92 (brs) 64 0.46 (2),0.76 (2), 1.36 (4) 1610 1689, 1405 [+(COy)],
(PPh3); (13) 1189 [»(C-0)]
trans-Pt(OCOCF3)(C7H,y)- 502(t,Jun =6.0) 67 038 (2),0.96 (4), 1.2-1.91 (4) c 1690, 1402 [«(CO3)],
(PPh3); (16) 1190 [»(C-0)]
cis-P{OCeHsCH3-p)(CeHo)-  5.30 (d, *Jpu = 12) 44 081 (4),1.42(2),1.7-2.3(2)¢  1603¢ 1272 [»(PhO)]
(PPh;), (18)
[Pt(u-SPh)(CgHg)(PPh3)]; (19)  5.00 (brs) 51 0.60 (4),1.24(2), 1.58 (2) ¢
cis-Pt(CH,;NO,)(CgHo)- 530 (d, pn =11) 49  0.78(2), 1.34(4), 1.72 (1), 1610 1502, 1360 [+(NO,)]
(PPh;); (26) 2.38 (1)/
trans-PtH(C¢Hg)(PPh3); (25)  5.42 (brs) 51 1.15(4), 1.82 (4)8 c 1920 [»(PtH)] *

4 Measured in CDClj at 32 °C. Chemical shifts (6) in parts per million downfield of (CH3)4Si. Coupling constants (J) in hertz. All C¢Hg
vinyl resonances showed satellites due to !95Pt (I = 1, 34% abundance) (1:4:1 pattern). » Measured in KBr disk, except where stated otherwise.
All »(C=C) bands were weak, other bands were medium or strong. ¢ Not observed, presumably owing to low intensity. 4 6(CH3) 2.1 (s, 3).
¢ Tentative assignment. / 6 4.28 (m, 1), 4.72 (m with 195Pt satellites, 1, PtCH,); Jun = 7, 3Jyp(trans) = 7, 3/yp(cis) = 4, 2Jpy = 84 Hz).
& Measured in C6D6; 6—4.64 (l, l, PIH, 2JHp(CiS) = 19.5, Jp‘H = 608 HZ). h in CHzClz.

CF3CO; (16)], which show a characteristic vinyl »(C=C)
absorption at 1600-1610 cm™! in their IR spectra (Table I1).
1 is also protonated by aqueous HBF, to give a stable cyclo-
hexenyl aquo salt, [Pt(C¢Ho)(H20)(PPh3),]BF4 (17). The
v(PtCl) values for 12 and 15 are typical of Cl trans to ¢-bonded
carbon, while the corresponding value for 14 is somewhat
higher, as expected for Cl trans to PRj. All the cycloalkenyls
show a vinyl proton resonance in the usual region & ca. 5; in the
trans-triphenylphosphine cyclohexenyl complexes 12 and 13
itis a broad singlet, but in the cycloheptenyl complexes 15 and
16 it is a triplet owing to coupling with the vicinal protons
(3Jun = 6 Hz). In the cyclohexenyl dppe complexes the vinyl
resonance appears as a broad doublet owing to coupling with
the trans phosphorus atom (*Jpy ~ 10 Hz).

Acyclic acetylene-platinum(0) complexes are similarly
protonated by HCI or CF3CO,H (Scheme 111),26:27 though

Scheme IIL Protonation of Acyclic Alkyne-Platinum(0) Complexes
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R = various alkyl or aryl groups; X = Cl, CF,CO,

the resulting o-alkenyl platinum(Il) complexes are more
readily cleaved by an excess of acid to give the corresponding
olefin than are the cycloalkenyls. The cis arrangement of hy-
drogen and platinum on the double bond which has been in-
ferred from the magnitude of 3Jpy in the acyclic o alkenyls
is, of course, a geometrical necessity in the case of the cy-
cloalkenyls. The magnitude of 3Jpyy in the cycloalkenyls
(44-69 Hz) is somewhat less than that in the acyclic alkenyls
BJIpiH(eis) = 63-82 Hz].27

The cyclohexyne complexes differ markedly from the cy-
cloheptyne complexes in being protonated by relatively weak
acids; the dppe derivative 6 is particularly reactive in this re-
spect (Scheme V). 1 reacts at room temperature with p-cresol
or thiophenol to give g-cyclohexenyl complexes, monomeric
Pt(OC¢H4CH3)(CeHo) (PPh3), (18) and dimeric [Pt(SPh)-
(CsHo) (PPh3)]; (19), respectively; the latter probably contains

Scheme IV. Reaction of Pt(C¢Hs) (dppe) with Weak Protonic Acids
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bridging phenylthio groups. 6 reacts similarly to give mono-
meric complexes Pt(OC¢H4CH;)(CsHo)(dppe) (20) and
Pt(SPh)(C¢Ho)(dppe) (21), respectively, but the cycloheptyne
complex 2 does not react with p-cresol under the same condi-
tions. The vinyl resonance of 18 is a broad doublet (*Jpy = 12
Hz), hence the triphenylphosphine ligands are probably mu-
tually cis; the same feature is observed in the spectra of the
dppe complexes 14, 20, and 21.

More remarkably, the cyclohexyne complexes are also
protonated by water and primary alcohols. Thus, on heating
6 with a mixture of water and toluene, the colorless, thermally
stable hydroxo complex Pt(OH)(C¢Ho)(dppe) (22) can be
isolated in good yield. It is soluble in aromatic hydrocarbons,
dichloromethane, and chloroform to give air-stable solutions,
although in chloroform the chloro complex 14 is formed over
a period of hours. The '"H NMR spectrum of 22 shows the
expected doublet vinyl resonance with 195Pt satellites (*Jpn
= 10 Hz, 3Jpu = 52 Hz), but we have been unable to detect
a hydroxyl resonance in the range § +10 to —10, perhaps be-
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Table II1. Selected 'H NMR and IR Spectroscopic Data for PtX(CgHo)(dppe)

'H NMR=#
X 0(=CH-) 4Jyp(trans) 3Jpyy 6 (others) J (others) IR,cm~1 %
Cl, 14 5214 1 ¢ 1604 [#(C=C)], 293 [»(PtC)]
OCsHCHj-p, 5.13d 1l 49 2.06s (CH3)4 1602 [»(C=C)], 1257 [»(PhO)]
20
SPh, 21 5.13d 12 c
OH, 22 5.47d 10 52 e 3692, 3560 [u(OH)]f
OCH,, 23 5.35d¢# 14 51 3.95d (OCH3)¢ 5.6 (4Jyp(trans)) 52 (3Jpy) 1055 [»(C-0)]
CO,CHs, 24* 5.13d 10 74 3.455 (CO,CH3) 7 (4Jpw) 1640, 1632 [/(C=0)]
1030 [(C=0)]
CH;NO,, 27 ~5.21 ¢ 5.09dd (PtCH,) 9.6 3Jyp(trans)), 5.6 1495, 1352 [»(NO3)]
(3/up(cis)), 98 (2 pH)
CH,COCHj;, 28 5.14d 10 64 2.78dd (PtCH3) 11 (3/np(trans)) 93 yp(cis)), 1620 [#»(C=0)]
1.84s (COCH3) 106 (M pchy)
CH,COPh, 29 4944 9 56 3.26dd (PtCH,) 11 (Wnp(trans)), 8 (Jup(cis)), 1612 [s(C=0)]
104 (3JpicH,)
CH,CN, 30 5.25d 10 67 J 2200 [»(CN)]
CH(CN)Ph,31  5.17d 9 ¢ 395t(PtCH) 11 (Jup(trans)), 11 (Jup(cis)), 2198 [s(CN)]

137 (Jpun)

a Measured in CDCls. CH; resonances of C¢Hg and dppe were broad complex multiplets in range 6 0.6-2.8 in all cases. Protons coupled
to 195Pt exhibited a 1:4:1 resonance pattern. » Measured in KBr disk, except where stated otherwise. All bands except »(C=C) and »(OH)
were medium or strong. ¢ 195Pt satellites could not be located. 4 Overlaps CH; resonances. ¢ OH resonance could not be located. / Weak bands
in CH,Cl; or CHCl3. £ Owing to hydrolysis, peaks due to 22 and to CH3OH (6 3.36, s) were also present. #* Measured in CDCl;. ! Broad signal,
partly overlaps Pt-CH,. / Pt-CH, overlaps with CH; resonances of C¢Hg and dppe.

cause it is masked by methylene resonances, e.g., 8(OH) for
Ir(OH)(CO)(PPh3), in CDCls is reported as 1.7.28 However,
for other recently prepared hydroxoplatinum(IIl) complexes
it is generally about =2 to —4.2% The »(OH) band in the solid
state IR spectrum of 22 cannot be detected, but in chloroform
solution there are two strong bands at 3692 and 3560 cm™!.
On dilution the intensity of the lower frequency band decreases,
which suggests that it arises from an associated, hydrogen-
bonded species. The hydroxo-metal formulation is also sup-
ported by the observation that 22 catalyzes the hydration of
nitriles to amides, a property which is shared by the known
hydroxo complexes M(OH)(CO)(PPh;); (M = Rh, Ir).30
Attempts to isolate a hydroxo complex Pt(OH)(CgHy)(PPh3),
by reaction of 1 with water/toluene mixture have been un-
successful.

Methanol reacts with 6 at room temperature to give a
o-methoxoplatinum(1l) complex Pt(OCH;)(CgHo)(dppe)
(23) in 50% yield as thermally stable, diamagnetic colorless
crystals which are soluble in benzene, chloroform, and meth-
anol. The IR spectrum shows a strong band at 1055 cm™! due
to v(C-0) and in the '"H NMR spectrum the methoxy! protons
appear as a doublet at § 3.96 with |93Pt satellites (*Jpy = 5.6
Hz, 3Jpn = 51 Hz). The vinyl proton appears as the expected
doublet (4Jpy = 10 Hz). 23 reacts with carbon monoxide under
ambient conditions to give the methoxycarbonyl complex
Pt(CO,CH;3)(CsHo)(dppe) (24), which can also be made di-
rectly from 6 and methanol in an atmosphere of carbon mon-
oxide. 24 shows typical ester bands in its IR spectrum (Table
111), and the ester methyl resonance in the 'H NMR spectrum
is a singlet with 195Pt satellites (3/p,y = 7 Hz). A benzene
solution of 23 also reacts rapidly with water to give the hydroxo
complex 22, but the reverse reaction does not occur when 22
is heated with methanol.

Silver ion promoted hydrolysis of platinum(Il)-tertiary
phosphine complexes gives unstable products and, until fairly
recently, few nonionic hydroxo- or alkoxoplatinum(II) com-
plexes were known. Complexes originally formulated as
Pt(GePh3)(OR)(PEt3)2 [R = H, CH3, C2H5, CH(CH3)2]3I
are now known to be Pt(C¢Hs)[Ge(OR)Ph,] (PEt;); following
a single-crystal x-ray study of the hydroxo derivative (R =
H).32 Binuclear complexes Pt;(OH),(u-R,EQ),L, (L =
various tertiary phosphines; E = P, As) containing terminal

hydroxy groups and bridging phosphinato or arsinato groups
are also known.3 Following our initial report,34 a number of
planar methoxo complexes of palladium(11) and platinum(II)
of general formula PK(OCH:;)R(PPI'I:;)Z (R = C6H5, C6F5,
CCl=CCl,;, CH=CCl,) have been made from PtCIR (PPhs),
and sodium methoxide, and the corresponding hydroxo com-
plexes have been obtained by hydrolysis of the methoxides.2®
The complexes Pt(OH)(CHs)(dppe)3S and Pt(OCHs)-
(C¢Hs)(PEt3),36 have been made by similar routes.

The thermal stability of these alkoxo complexes is surprising
because the thermal decomposition of intermediate alkoxides
by B-elimination is thought to be responsible for the ready
formation of hydrido complexes of the noble metals in basic
alcoholic media.?” Thus, although it is unaffected by cold
methanol, 1 reacts with methanol under reflux to give a col-
orless hydrido complex of apparent formula PtH(CgHs)-
(PPh3);, (25) in 69% yield. A similar reaction occurs more
slowly in refluxing ethanol, but the yields of 25 and of acetal-
dehyde are poor (ca. 24%), and 1 is recovered quantitatively
from refluxing 2-propanol. Presumably alkoxo complexes
similar to 23 are intermediates, but we have been unable to
detect them. In contrast, 23 shows no tendency to decompose
to a hydrido complex. Reaction of 1 with CH;0D gives the
corresponding 1-deuteriocyclohexenyl complex [»(CD) 2198
cm™!], as expected. The 'H NMR spectrum of 25 in C¢Dg
shows typical cyclohexenyl resonances together with a triplet
hydride resonance at § —4.65 (7 14.65) (2Jpy = 19.5 Hz, Jp,ny
= 608 Hz), and the IR spectrum of a dichloromethane solution
shows a »(PtH) band at 1920 cm™'. The spectroscopic pa-
rameters, which indicate the hydride ligand to be trans to a
ligand of fairly high trans-bond weakening influence, are re-
markably similar to those reported by Kudo et al.38 for com-
plexes formulated as trans-PtH,(PR3), (PR3 = various bulky
tertiary phosphines). Recently, such trans dihydrides have been
prepared by different routes, and characterized unambigu-
ously.39-42 Their spectroscopic properties differ from those
reported by Kudo et al.,3% and Shaw and Uttley3® have sug-
gested that Kudo’s compounds are in fact platinum(IV) hy-
drides, either PtH4(PR3); or dihydrido complexes containing
internal metal-carbon ¢ bonds. The fact that the IR spectrum
of 25 is almost identical with that of 12 in the 1560- and
750-cm~! regions, where ortho-metalated triphenylphosphine
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Table IV. Selected '"H NMR and IR Spectroscopic Data for N-Amidoplatinum(11) Complexes

I'H NMR, 62 IR, cm~! 4
NH =CH CH; »(NH) »(C=0)
Pt{NHCOCH;)(CgHog)(dppe) (32) 551 br 5.35d¢ 1.89s 3390 1615
[‘UHp(trans) =10,3/py = 56]
Pt(NHCOP)(CsHog)(dppe) (33) 6.14br 534d¢ 3365 1610
[4/up(trans) = 10, 3Jpy = 52]
trans-Pt(NHCOCH;)(CgHg)(PPh3);  2.11 br 5.03 br m¢ 0.85s 3370 1608
(34)
[%pi = 36]
trans-Pt(NHCOCH;)(CH3)(PPh3), 3.26 br 1.13 s (COCHa); 3300 1600

(35)¢

0.17 t (PtCH3)*
[3JHP(Ci5) =6.5, 2Jp‘H = 65.5]

a Measured in CDCls, except where stated. ® Measured in KBr disk. ¢ With '95Pt satellites (1:4:] pattern). ¢ 'H NMR spectrum measured

in C6D6.

complexes generally show characteristic absorptions,*? indi-
cates that 25 is probably a platinum(Il) hydride
PtH(C¢Hg)(PPh3),, not an ortho-metalated platinum(lV)
hydride, PtH(CsHg) (0-CsH4PPh,),.8! However, reaction of
1 with CD3O0D gives the hydride 25 instead of the expected
deuteride, presumably as a consequence of exchange with an
ortho hydrogen atom of triphenylphosphine.*4 In contrast with
the behavior of the cyclohexyne complexes, the cycloheptyne
complex 2 does not react with methanol or 2-methoxyethanol
even on prolonged heating or in the presence of KOH.

Nitromethane is a stronger acid than either methanol or
ethanol,** and CH,NO,~ can be expected to have a higher
affinity than OCH;~ for the class B (“soft’’) metal plati-
num(I1). Thus it is not surprising that the cyclohexyne com-
plexes 1 and 6 react with either aqueous or anhydrous nitro-
methane in refluxing toluene to give air-stable o-nitromethyl
complexes Pt(CH;NO;)(C¢Ho)(PPh3), (26) and
Pt(CH2NO,)(CeHo)(dppe) (27), respectively. In the 'H
NMR spectrum of 26, the Pt-CH, protons appear as two
broad multiplets which, on 3P decoupling, sharpen to an AB
spectrum with 93Pt satellites [Jyn = 7 Hz, 3Jyp(trans) = 10
Hz, 3Jup(cis) = 6 Hz, 2Jpjy = 98 Hz]. The magnitude of
Jp(_cH, shows that the nitromethyl group is ¢ carbon bonded
to the metal, and the inequivalence of the methylene protons
indicates that the triphenylphosphine ligands are mutually cis;
this is confirmed by the cyclohexenyl vinyl proton resonance,
which is a broad doublet owing to coupling with the trans
phosphorus atom, Nitromethyl-platinum(I1) complexes have
been postulated as intermediates in the formation of fulminato
complexes, e.g., Pt(CNO),(PPh3), from Pt(PPh3)4 and ni-
tromethane,*¢ but they have not hitherto been isolated from
this reaction.

Neither 1 nor 6 reacts with anhydrous acetone or other
methyl ketones on heating but in the presence of water the dppe
derivative 6 reacts with acetone or acetophenone to give 8-
oxoalkylplatinum(II) complexes, Pt(CH,COR)(CgHo)(dppe),
as colorless, air-stable, diamagnetic crystals (R = CH3, 28; R
= Ph, 29). These show »(C=0) IR bands in the 1600-cm™!
region (Table I11). The Pt-CH; resonances in their 'H NMR
spectra resemble those of 27, and the magnitude of Jpch2 (ca.
106 Hz) is strong evidence for the presence of a Pt-C ¢ bond;
this has been confirmed by single-crystal x-ray structural
analysis of 29.34 1 does not react with methyl ketones even in
the presence of water, and 6 does not react with 2-butanone
or cyclohexanone. The reactive species in the water-promoted
reaction of 6 is undoubtedly the hydroxo complex 23, since the
analogous complexes Pt(OH)(CH;)(dppe)3® and Pt(OH)-
(CeHs)(PPh3),2% are known to react directly with methyl
ketones under mild conditions to give 8-oxoalkylplatinum(1I)
complexes. Closely related B-oxoethyl complexes [PtCl-
(acac)(CH,CHO)]~ and PtCI(CH,CHO)(PPhj;); have re-

cently been reported:*? the first is the conjugate base of the
72-vinyl alcohol complex PtCl(acac)(CH;=CHOH), while
the second is obtained by oxidative addition of chloroacetal-
dehyde to Pt(PPhj).

Surprisingly, acetonitrile, which has a larger pK, than ac-
etone, 8 reacts with 6 under reflux in the absence of water to
give the o-cyanomethylplatinum(Il) complex Pt(CH,CN)-
(C¢Ho)(dppe) (30). In the presence of excess water, however,
formation of 30 is suppressed and the main product is acet-
amide, which is formed catalytically (17 mol per mol of 6 in
3 h).30 The more acidic phenylacetonitrile reacts with 6 even
in the presence of water to give the o-phenylcyanomethyl
complex Pt{CH(CN)Ph]}(CsHs)(dppe) (31), hydration of the
nitrile being almost completely suppressed. The methine proton
of 31 appears as a triplet with 93Pt satellites [3Jyp(trans),
3Juplcis) ~ 11 Hz, 2Jpy = 137 Hz], hence the tertiary carbon
atom is attached directly to platinum. o-Cyanomethylpla-
tinum(I1) complexes have been prepared previously by oxi-
dative addition of chloroacetonitrile to platinum(0) com-
plexes.49-3!

Acetamide and benzamide react with 6 in refluxing toluene
to give N-amidoplatinum(Il) complexes Pt(NHCOR)-
(CsHo)(dppe) (R = CHj, 32; R = Ph, 33). 33 can also be
isolated from the reaction of 6 with benzonitrile and water,
which gives benzamide catalytically. The triphenylphosphine
cyclohexeny! derivative Pt(NHCOCH;)(C¢Hg)(PPh3), (34)
is formed similarly during the hydration of acetonitrile to
acetamide catalyzed by 1. For comparison, we have made
Pt(NHCOCH;)(CH;)(PPh3), (35) by nucleophilic attack of
KOH on the cationic acetonitrile complex [Pt(CH,)-
(CH;CN)(PPh3),]BF4 (36), which is itself readily accessible
from PtI(CH;3)(PPhs); and AgBF4 in acetonitrile. The fact
that 32 and 35 catalyze the formation of acetamide from ac-
etonitrile and water implicates N-amido complexes in the
catalytic process,3® further investigations of which are in
progress. The IR spectra of 32-35 show weak »(NH) and in-
tense »(C==0) bands in the 3300- and 1600-cm™! regions,
respectively, and resemble the spectrum of the known N-
benzamido complex PtCI(NHCOPh)(PEts3);,52 which has
been isolated from the reaction of phenyl azide with
PtHCI(PEt3),. An alternative imino-enol formulation
PtN=C(OH)Ph is excluded by the absence of »(OH) bands
in the 3500-cm~! region. The 'H NMR spectra of 32-35 show
broad signals due to the NH protons, those of the dppe com-
plexes being 3-4 ppm to lower field than those of the triphen-
ylphosphine complexes. A similar, though less pronounced,
trend is evident in the case of the N-acetamido methyl reso-
nances (Table 1V).

Discussion
The formation of stable small-ring alkyne complexes of
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platinum(0), 1 and 2, demonstrates the utility of the Pt(PPh;),
moiety in trapping short-lived unsaturated hydrocarbons.*?
Unfortunately the organic ligands in 1 and 2 are not readily
displaced by other unsaturated ligands such as carbon disul-
fide, so that at present 1 and 2 do not represent convenient
sources of the respective cyclic alkynes. The possibility of ox-
idative displacement of the alkynes remains to be investigated.
Although free medium-ring acetylenes and allenes are equil-
ibrated under basic conditions,** there is no evidence for a
similar process in their small-ring counterparts owing to their
rapid oligomerization. Complexes 1 and 2 can be recovered
unchanged from potassium fer¢-butoxide in rert-butyl alcohol,
and there is therefore no evidence for alkyne — allene isom-
erization in the complexes. Recently, the preparation of the
platinum(0) complexes of 1,2-cycloheptadiene and 1,2-cy-
clooctadiene, Pt(C;H o) (PPh3); and Pt(CgH 3)(PPhs),, has
been reported briefly.> Prolonged heating of the 1,2-cyclo-
heptadiene complex with carbon disulfide gives dimers of the
cyclic allene, whereas the isomeric cycloheptyne complex is
unaffected. The greater stability of the alkyne complex prob-
ably reflects the greater strain in cycloheptyne than in 1,2-
cycloheptadiene, i.e., more energy is gained in complex for-
mation by relief of strain in the alkyne than in the allene. An-
other manifestation of relative strain energies is the shift of the
base-promoted equilibrium between medium-ring allenes and
alkynes toward the former as the ring size decreases.’* This
is as expected, since in the alkyne four carbon atoms are re-
quired to be collinear, whereas in the allene the corresponding
number is three.

In trying to account for the chemical differences between
the cyclohexyne and cycloheptyne complexes, we start from
the structures of 1 and 2 determined by x-ray crystallography.®
The coordination geometry and metal-ligand bond lengths of
1 and 2 are similar in most respects to those of Pt(PPh;); or
Pd(PPh3), complexes of acyclic alkynes.5¢-6! As a consequence
of the small ring in 1, however, the deviation from linearity of
the substituents on the coordinated alkyne (the bend-back
angle) is 53°, whereas in 2 and all other Pt(PPh3); complexes
of acyclic alkynes the angle is about 40°. Bending is believed
to be a consequence of metal — alkyne (7*) back-bonding,¢2-64
and the bend-back angle is a rough measure of the perturbation
of the alkyne on coordination. The bend-back angles in the free
cyclic alkynes have been estimated®s as 15 (CgH,,), 25
(CsH,0), and 40° (C¢Hg), although the value found®® by
electron diffraction in gaseous cyclooctyne is 21° and the C=C
bond length is unexpectedly long (1.23 A). In forming its
Pt(PPh,), complex, the alkyne substituents of cycloheptyne
require to be bent back by only another 15° or so to bring the
ligand to the geometry favored for bonding to the metal, and
the residual ring strain is accommodated by appreciable dis-
tortions of the internal angles at some of the ring methylene
carbon atoms from the expected tetrahedral values.® The
bend-back angle in free cyclohexyne must be close to the fa-
vored value for Pt(alkyne)(PPh;); complexes, and the fact that
a further 13° or so bend-back is observed suggests that there
is a very strong o-7 interaction between Pt(PPh3); and cy-
clohexyne. The large deviation from linearity calculated for
free cyclohexyne will probably lead to an energy difference of
ca. 1 eV between the alkyne m orbitals,” so that overlap of the
more energetic of these two orbitals with an empty metal or-
bital is likely to lead to considerable stabilization. The alkyne
7 orbitals in cyclohexyne could also contain appreciable s
character, hence a reasonable representation of 1 may be as
a double o-bonded platinacyclopropene, 1. In support of this

(} _PPh
Pt
ppp,
1
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idea is the ready substitution of one triphenylphosphine ligand
in 1 by tert-butyl isocyanide to give 9, since o-bonded carbon
is known to have a high trans effect.®® Moreover, the insertion
of tert-butyl isocyanide into the platinum-cyclohexyne bond
of 9 is, as already noted, reminiscent of the behavior of
metal-carbon o-bonded complexes.

Spectroscopic evidence for the strong platinum-cyclohexyne
interaction is provided by the trend in “y(C=C)” values in the
series Pt(cyclic alkyne)(PPhs); and Pt(cyclic alkyne)(dppe),
viz., CgH;2 > C7H,o > CgHg (Table 1). The values for the
dppe complexes are consistently lower than those of the tri-
phenylphosphine complexes, presumably owing to the greater
o-donor/poorer m-acceptor ability of dppe relative to 2PPhs.
The values for the palladium complexes 4 and § are larger than
those of their platinum analogues 1 and 2, as is observed also
for acyclic alkyne complexes of these two elements.® Although
the values of “»(C=C)” are qualitatively consistent with the
observation that the coordinated C=C bond lengths in 1 and
2 are closer to a C=C bond than to a C=C bond,” the trends
in “v(C=C)” are not reflected in the C=C bond lengths,
which are identical within experimental error in 1, 2, and 3.
Also, the value of “»(C=C)" in 9 is lower than that in 1, which
would appear to indicate that r-BuNC is a poorer = acceptor
than Ph;P, contrary to the conclusion drawn from a compar-
ison of »(CO) values in Ni(CO),(t-BuNC);and Ni(CO),-
(PPh31),.%? 1t is noteworthy that, in the series M(RC,;R)L,,
when M = Niand R = Ph, the “v(C=C)” values are in the
expected order L = t-BuNC > PPhj, whereas for M = Pd and
R = CO,CHj; the order is reversed.®7% These observations
emphasize the dangers of drawing conclusions from simple
comparison of “v(C=C)” values of coordinated alkynes; they
may be vitiated by vibrational coupling between »(C=C) and
other modes such as y(C=0) and 8(CH,).

Despite their stability, cyclohexyne-platinum(0) complexes
are very reactive, much more so than their cycloheptyne an-
alogues. The reactions of 1 with CO and t-BuNC, and the ease
with which 1 and 6 are protonated by water, methanol, and
other weak acids, indicate that cyclohexyne bound to one metal
atom is severely strained, even when the metal is in a low oxi-
dation state. Protonation probably occurs by initial oxidative
addition at the metal atom and subsequent transfer of hydro-
gen to the ring, as suggested also for the protonation of acyclic
alkyne-platinum(0) complexes by strong acids.2627 An oxi-
dative addition intermediate has been isolated from the reac-
tion of 1 with methyl iodide.”!

The reaction of 1 and 6 with carbon acids gives a series of
functionalized alkylplatinum(Il) complexes which are not
readily accessible by other routes and which should prove
useful in studying oxidative addition/reductive elimination
sequences in platinum(ll) chemistry. Nitromethane, aceto-
nitrile, or phenylacetonitrile react with 6 under anhydrous
conditions, presumably by an oxidative addition/hydrogen
transfer mechanism, whereas methyl ketones react only in the
presence of water via the preformed hydroxo complex 22. A
related oxidative addition of acetonitrile, acetone, and other
carbon acids to the fragments M(dmpe), [M = Fe, Ru; dmpe
= (CH;),PCH;CH;P(CH3),] formed by elimination of
naphthalene from MH(C oH7)(dmpe), has recently been
reported.’?

Experimental Section

IR spectra were measured on a Perkin-Elmer 457 instrument cal-
ibrated with polystyrene; 'H NMR spectra were recorded on a Varian
HA-100 instrument using tetramethylsilane as internal reference.
Melting points were measured in open capillaries on a Gallenkamp
hot-stage apparatus and are uncorrected. Mass spectra of
Pt(CsHg)(PPh3); and Pt(C7H ;o) (PPh;); were measured by Mr. K.
Goggin onan AELI-MS9 instrument at 70 eV. Analyses and osmom-
etric molecular weights (Model 301 A, Mechrolab, chloroform, 37 °C)
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Table V. Melting Points, Elemental Analysis, and Molecular Weight Data for Cyclic Alkyne Metal Complexes and Derivatives

% C % H % P Mol wt

Complex Mp, °C Caled Found Caled Found Caled Found Caled Found
Pt(C¢Hg)(PPh3), (1) 157-159 63.1 63.3 48 5.0 7.75 7.8 799 7294
Pt(C7H0)(PPh3); (2) 163-166 6345 636 5.0 5.0 7.6 7.5 813 820
Pd(C¢Hg)(PPh3); (4) 89-92 70.9 709 5.4 5.4 8.7 8.5
Pd(C7H0)(PPh31)2 (5) 100-102 71.2 71.25 5.6 5.5 8.55 8.2
Pt(CsHg)(dppe) (6) 163-166 57.2 57.2 4.8 47 9.2 9.2 676 644
Pt(C7H o) (dppe) (7) 172-174 57.6 57.6 5.0 5.1 9.0 9.0 688 631
Pt(CsH,)(dppe) (8) 177-178 58.2 57.7 5.2 5.8 8.8 8.4
Pt(CsHg)(PPh3)(1-BuNC) (9) 105-108 56.1 56.1 5.2 5.1 5.0 5.0 620 637
Pt(CsHg)(PPh3)(-BuNC),-C¢Hg (10) 113-114 61.4 61.3 6.1 6.6 4.0 3.8
Pt2(CsHg)(CO)2(PPh;3)2-CgHg (11) 100 53.2 53.5 3.9 4.1 5.5 5.6 1187 1057¢
PtCl(CsHg)(PPh3); (12) 205-207 60.3 60.2 47 48 7.4 7.34 836 769
Pt(0O,CCF3)(CgHo)(PPh;3); (13) 190 57.8 58.2 43 45 6.8 6.9 829 914
PtCI(C¢Hg)(dppe)-CHCI; (14) 217-218 47.8 47.1 4.1 44 6.5 7.0¢ 710 790
PtCI(C;H;1)(PPh;); (15) 194-198 60.7 60.4 49 4.6 7.3 7.05/
Pt(O,CCF3)(C7H11)(PPh3); (16) 178-179 58.25 585 445 44 6.7 6.8 929 819
[Pt(C¢Ho)(H,0)(PPh3)2]BF4-CHCl;3 (17) 130-133 50.4 50.7 4.1 44 6.05 5.8¢
Pt(OC¢H4CH3)(Ce¢Ho)(PPh3); (18) 150-152 64.8 63.8 5.1 53 6.8 7.7
[Pt(SPh)(C¢Hog)(PPh3)]5 (19) 206-208 55.6 55.1 4.5 438 4.8 48 1201 1290
Pt(OC¢H4CH3)(CsHo)(dppe) (20) 182-183 59.9 60.2 5.2 5.45 7.9 7.55 783 759
Pt(SPh)(CsHg)(dppe) (21) 234-236 56.9 56.9 5.0 5.1 8.2 7.6
Pt(OH)(CsHg)(dppe) (22) 178-181 55.6 55.9 4.95 49 9.0 8.2 692 691
Pt(OCH3)(C¢Ho)(dppe) (23) 160 56.2 56.1 5.1 5.65 8.8 8.55
Pt(CO,CH;3)(Ce¢Ho)(dppe) (24) 163-165 55.5 55.0 49 5.1 8.45 8.3 734 759
PtH(CsHs)(PPh3), (25) 143-148 62.9 62.5 5.0 49 7.7 7.4 802 860
Pt(CH3NO3,)(CsHo)(PPh3), (26) 145-151 60.0 59.8 48 5.0 7.2 6.8 860 864
Pt(CH3NO;)(CsHo)(dppe)-0.5C3;HsOH (27) 176-178 539 54.4 5.1 4.8 8.2 8.21
Pt(CH,COCH;)(CgHo)(dppe) (28) 182-184 57.4 57.35 5.2 5.3 8.5 8.2 732 707
Pt(CH,COPh)(Cg¢Hg)(dppe)-C2;HsOH (29)/ 166-168 60.1 60.3 5.5 5.7 7.4 7.2
Pt(CH3CN)(CgHo)(dppe) (30) 136-144 57.1 57.1 4.9 5.2 8.7 8.4
Pt[CH(CN)Ph](C¢Ho)(dppe)-CH,Cl; (21) 190-193 56.2 56.6 49 47 7.1 6.9k
Pt(NHCOCH;)(CsHo)(dppe) (32) 197-201 557 55.65 5.1 5.2 8.5 8.2/
Pt(NHCOPh)(C¢Ho)(dppe) (33) 192-195 58.9 58.0 495 5.4 7.8 7.6m 795 762
Pt(NHCOCH;3)(CgsHo)(PPh3); (34) 149-150 61.5 61.7 5.05 5.25 7.2 6.97

4799 (mass spectrometry). » 813 (mass spectrometry). ¢ By osmometry in C¢Hg. 4 % Cl: caled, 4.9; found, 4.2. ¢ % Cl: caled, 17.1; found,
17.1. /% Cl: calcd, 4.2; found, 4.5. & % Cl: caled, 10.4; found, 9.9. # % N: calcd, 1.6; found, 1.5. / % N: caled, 1.9; found, 2.0. Presence of 0.5
mol of C;HsOH confirmed by 'H NMR in CDCls. / Presence of | mol of C;HsOH confirmed by 'H NMR in CDCl3 and by x-ray study (ref
34). k 9 N: calcd, 1.6; found, 1.6. Presence of 1 mol of CH,Cl; confirmed by 'H NMR in CDCl;. / % N: caled, 1.9; found, 2.0. ™ % N: caled,

1.8; found, 1.8. " % N: calcd, 1.6; found, 1.5.

were carried out by the Microanalytical Laboratories of the Research
School of Chemistry and the John Curtin School of Medical Research,
Australian National University (Miss Brenda Stevenson and Dr. Joyce
Fildes and their associates). Spectroscopic data are in Tables 1-1V;
analytical data are in Table V.

Solvents were routinely dried and degassed by standard techniques
before use, and all preparations were carried out under nitrogen, al-
though most of the platinum complexes were air stable once isolated
from solution.

Preparations. Bis(triphenylphosphine)cyclohexyneplatinum(0),
Pt(C¢Hg)PPhs); (1). To a magnetically stirred suspension of 1% so-
dium amalgam prepared from freshly cut sodium (0.31 g) and mer-
cury (30 g) in freshly distilled tetrahydrofuran (30 mL) was added
Pt(PPh31)373 (2.2 g, 2.24 mmol). After 5 min a solution of 1,2-dibro-
mocyclohexene” (1.61 g, 6.72 mmol) in tetrahydrofuran (15 mL) was
added and the mixture was stirred for 4 h at room temperature. Excess
of amalgam was separated either by filtration or centrifugation and
the supernatant liquid was evaporated in vacuo to give a deep brown
oily residue which crystallized on trituration with a few milliliters of
ethanol. Recrystallization from benzene/ethanol gave colorless
crystals of 1 (1.06 g, 59%).

Bis(triphenylphosphine)cycloheptyneplatinum(0), Pt(C7H,oXPPh3);
(2). (1) The procedure for 1 was followed using 1,2-dibromocyclo-
heptene’ instead of 1,2-dibromocyclohexene. Recrystallization from
benzene/ethanol gave colorless crystals of 2 in 81% yield.

(2) A mixture of Pt(PPhs3)3 (0.196 g, 0.2 mmol), 1,2-cyclohep-
tanedione bis(hydrazone) (0.14 g, | mmol),”® mercuric oxide (0.54
g, 2.5 mmol), sodium sulfate (5 g), and benzene (10 mL) was heated
at 45-50 °C for 1.5 h. When gas evolution had ceased the mixture was
filtered and the dark brown filtrate was evaporated in vacuo to give

a brown, viscous oil. Addition of ethanol gave colorless crystals of 2
(0.04 g, 25%).

Bis(triphenylphosphine)cyclooctyneplatinum(0), Pt(CsH ,2XPPh3),
(3). This was prepared as under (2) above using 1,2-cyclooctanedione
bis(hydrazone)” in place of its cycloheptanedione analogue. The
crude product was recrystallized from benzene/ethanol to give col-
orless crystals of 3 in 20% yield, mp 180-182 °C dec (lit.82-8> | 80-182,
205-207 °C dec).

Attempted Preparation of Bis(triphenylphosphine)cyclopentyne-
platinum(0), Pt(CsHg{PPh3);. A mixture of Pt(PPhs); (0.39 g, 0.42
mmol) and excess of 1% sodium amalgam in tetrahydrofuran (20 mL)
was treated with 1,2-dibromocyclopentene’® (0.45 g, 2 mmol) and the
mixture was stirred for 3.5 h at room temperature. Since no color
change was observed, the mixture was heated under reflux for 48 h.
Evaporation in vacuo of the filtered solution gave unreacted Pt(PPhs);
and 1,2-dibromocyclopentene.

Bis(triphenylphosphine)cyclohexynepalladium(0), Pd(C¢HgXPPh3),
(4). To a stirred suspension of 1% sodium amalgam prepared from
sodium (0.1 g) and mercury (10 g) in freshly distilled tetrahydrofuran
(15 mL) were added successively Pd(PPh;3)47° (0.41 g, 0.4 mmol) and
1,2-dibromocyclohexene (0.29 g, 1.2 mmol). The mixture was stirred
for 1-1.5 h at room temperature and filtered or centrifuged, and the
yellow liquid was evaporated in vacuo to give an oily residue. Addition
of a few milliliters of degassed n-hexane gave an off-white solid which,
on recrystallization from either toluene/n-hexane or ether, gave col-
orless crystals of 4 (0.083 g, 30%).

Lower yields and less pure product result if the reaction mixture
is stirred for more than 2 h.

Bis(triphenylphosphine)cycloheptynepalladium(0), Pd(C7H 0{PPhs),
(5). The procedure for 4 was followed using 1,2-dibromocycloheptene
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in place of 1,2-dibromocyclohexene. Recrystallization from ben-
zene/n-hexane gave colorless crystals of § in 25% yield.

1,2-Bis(diphenylphosphino)ethanecyclohexyneplatinum(0), Pt-
(CsHg)dppe) (6). A mixture of 1 (0.079 g, 0.1 mmol), dppe (0.043 g,
0.11 mmol), and benzene (5 mL) was heated under reflux for 3 h. The
solution was evaporated in vacuo and the residue was washed with
n-hexane. The hexane-insoluble solid was recrystallized from ben-
zene/n-hexane to give colorless crystals of 6 quantitatively. Evapor-
tation of the n-hexane washings gave triphenylphosphine (0.05 g,
95%).

1,2-Bis(diphenylphosphino)ethanecycloheptyneplatinum(0), Pt-
(C7H 0)dppe) (7), and -cyclooctyneplatinum(0), Pt(CgH,)Xdppe) (8).
These were prepared similarly to 6 starting from 2 and 3, respectively.
After recrystallization from benzene/ethanol the colorless, crystalline
products were obtained in 60 and 75% yields, respectively.

Attempted Reaction of 1 with 2,2'-Bipyridyl. A mixture of 1 (0.080
g, 0.1 mmol), 2,2’-bipyridyl (0.019 g, 0.12 mmol), and benzene (5 mL)
was heated under reflux for 45 h. The solution was evaporated in vacuo
and the residue, on recrystallization from benzene/n-hexane, gave
1 quantitatively.

Cyclohexyne-fert-butyl isocyanide(triphenylphosphine)platinum(0),
Pt(C¢Hg)X PPh3) t-BuNC) (9). rert-Butyl isocyanide (0.022 g, 0.27
mmol) was added to a suspension of 1 (0.11 g, 0.14 mmol) in #-hexane
(5 mL) and the mixture was stirred at ambient temperature for 1 h,
The colorless, crystalline product which separated was filtered off,
washed with n-hexane, and dried in vacuo to give analytically pure
9 quantitatively.

3,4,5,6-Tetrahydro-1-{(tert-butyl isocyanide)(triphenylphos-
phine)jplatina-2-tert-butyliminocyclobutacyclohexene, (¢-BuNC)-
(Ph3P)Pt{(C=NBu-£)C¢Hg] (10). A mixture of 1 (0.08 g, 0.1 mmol),
tert-butyl isocyanide (0.022 g, 0.26 mmol), and benzene (5 mL) was
stirred at room temperature for 10 h. Solvent was evaporated in vacuo
to give a yellow, oily residue which crystallized on addition of n-hex-
ane. Recrystallization from benzene/n-hexane gave 10 as a pale
yellow, crystalline solid (0.047 g, 67%).

10 was also isolated in 70% yield from reaction of 9 with 1-BuNC
in benzene: IR (KBr) 1570, 160} cm~! m [»(C=C), »(C=N)]; 'H
NMR (CDCl3) 6 0.79 (s, 9, t-Bu), 1.74 (s, 9, 1-Bu), 1.2-1.9 (m, 6,
CH,), 2.84 (m, 2, CH;).

Attempted Reaction of 2 with tert-Butyl Isocyanide. This was car-
ried out as described for the synthesis of 9. The cycloheptyne complex
2 was recovered unchanged after stirring at room temperature for 20
h.

Bis(triphenylphosphine)-u-cyclohexyne-dicarbonyldiplatinum(Pt.
Pt), Pt2(C¢Hg)CO)2(PPh3), (11). Carbon monoxide was bubbled into
a refluxing solution of 1 (0.16 g, 0.2 mmol) in benzene (15 mL) for
3 h. The yellow-brown solution was concentrated under reduced
pressure to 2 mL and the product was precipitated by addition of n-
heptane (5 mL). Yellow, crystalline 11 was obtained by recrystalli-
zation from benzene/n-heptane under CO: yield 0.078 g (66%); IR
(CH,Cl3) 2035 vs, 1992 cm~! m [»(CO)]; NMR (CDCl3) 6 2.55 (m
with 195Pt satellites, |, a-CH,, 3Jpy = 34 Hz), 1.80 (m, I, 8-
CH,»).

2 was recovered unchanged after a similar treatment with CO for
6.5h,

Reaction of 1 with PF3. PF; was bubbled into a refluxing solution
of 1 (0.24 g, 0.3 mmol) and 2,5-diphenyl-3,4-benzofuran (0.084 g,
0.3 mmol) in benzene for 2 h. The yellow solution was evaporated to
dryness under reduced pressure 1o give a yellow solid which was
washed with carbon tetrachloride. The residue when recrystallized
from benzene/n-heptane gave Pt(PF3)2(PPh;3); quantitatively, mp
200 °C dec (lit.22 202 °C dec). The CCly extract was chromato-
graphed on alumina. Elution with CCl, gave 2,5-diphenyl-3,4-ben-
zofuran (0.02 g). Elution with methanol and subsequent evaporation
of the colorless eluate gave unidentified colorless crystals (0.05 g)
which showed a strong »(C=0) band at 1664 cm~! (KBr disk) but
no »(CH>) bands.

Reaction of 1 with Tetracyanoethylene (TCNE). A suspension of
1(0.08 g, 0.1 mmol) in n-hexane (10 mL) was treated with a solution
of TCNE (0.014 g, 0.11 mmol) in benzene (3 mL). The yellow,
crystalline product which precipitated almost immediately was
identified as Pt(PPh3),(TCNE) from its IR spectrum.23

2 behaved similarly on reaction with TCNE.

Attempted Reaction of 1 with Carbon Disulfide. A solution of 1 (0.08
2. 0.1 mmol) in carbon disulfide (5 mL) was heated under reflux for
30 min. 1 was recovered unchanged when solvent was removed in
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vacuo. 2 also failed to react with CS; under reflux over a 3-h period,
even in the presence of 2,5-diphenyl-3,4-benzofuran. Prolonged re-
fluxing caused decomposition.

Attempted Reaction of 1 with Alkynes. A solution containing 1 (0.04
g, 0.05 mmol) and dimethyl acetylenedicarboxylate (0.015 g, 0.1
mmol) in chloroform (5 mL) was stirred for 3 h at room temperature.
The oily residue obtained after removal of solvent crystallized on
addition of ethanol and unchanged 1 was recovered quantitatively.
Diphenylacetylene and methyl propiolate likewise did not react with

Attempted Isomerization of Coordinated Cyclohexyne to 1,2-Cy-
clohexadiene. A mixture of 1 (0.080 g, 0.1 mmol), potassium tert-
butoxide (0.028 g, 0.25 mmol), rerr-butyl alcohol (2 mL), and toluene
(5 mL) was heated under reflux for 16 h, Solvents were removed under
reduced pressure and the residue was extracted with benzene. Evap-
oration of the benzene solution gave unchanged 1 quantitatively.

Reactions of Cyclic Alkyne Complexes with Protonic Acids. (1)
Hydrogen Chloride. (a) Benzene saturated with HCI (0.22 mL, 0.1
mmol) was added to a solution of 1 (0.08 g, 0.1 mmol) and the mixture
was stirred for 20 min at room temperature. Evaporation under re-
duced pressure gave an amorphous solid which, on recrystallization
from dichloromethane/ether, gave colorless, crystalline trans-
PtCl(CgHo)(PPh3); (12, 0.062 g, 74%).

(b) Similarly prepared from 2 and 6, respectively, were trans-
PtCI(CsH1)(PPh3), (18) (47% yield after recrystallization) and
PtCl(CsHg)(dppe)-CHCl; (14) (90% yield after recrystallization from
chloroform/ether).

(2) Trifluoroacetic Acid. (a) To a solution of 1 (0.08 g, 0.1 mmol)
in benzene (10 mL) was added CF;CO,H (0.013 g, 0.11 mmol). The
mixture was stirred at room temperature for | h at room temperature
and solvent was then evaporated in vacuo. The colorless crystals which
separated were recrystallized from benzene/n-hexane to give trans-
Pt(O,CCF3)(CgHg)(PPh3); (13, 0.075 g, 80%).

(b) Similarly prepared from 2 was trans-Pt(O,CCF;3j{CsHyy)-
(PPh3); (16) in 64% yield.

(3) Fluoroboric Acid. A suspension of 1 (0.08 g, 0.1 mmol) in 40%
aqueous HBF4 (3 mL) was heated at 50-60 °C for 2 h. The colorless
powder which separated was filtered off and washed successively with
water and benzene. Recrystallization from a large volume of hot
chloroform gave the colorless, crystailine aquo salt [Pt(Ce¢Hg)-
(H20)(PPh3)2]BF4-CHCI3 (17, 0.07 g, 78%). Its very low solubility
even in polar solvents such as nitrobenzene, dimethyl sulfoxide, ni-
tromethane, and chloroform prevented measurement of the 'H NMR
spectrum.

(4) p-Cresol. (a) A mixture of 1 (0.08 g, 0.1 mmol), p-cresol (0.012
g, 0.11 mmol), and benzene (5 mL) was stirred for 2.5 h at room
temperature. Removal of solvent under reduced pressure gave a pale
yellow oil which crystallized on addition of n-hexane. Recrystallization
from benzene/n-hexane gave colorless, crystalline c¢is-
Pt(OCsH4CH3-p)(CsHog)(PPh3); (18, 0.068 g, 75%).

2 was recovered unchanged on attempted reaction with p-cresol.

(b) Reaction of 6 with p-cresol as described above gave
Pt(OCsH4CH3-p)(CeHo)(dppe) (20) in 65% yield.

(5) Thiophenol. (a) A mixture of 1 (0.08 g, 0.1 mmol), thiophenol
(0.013 g, 0.13 mmol), and benzene (5 mL) was stirred for 1 h at room
temperature. Removal of solvent under reduced pressure gave a solid
which, on recrystallization from benzene/ethanol, gave pale yellow
crystals of [Pt(SPh)(CsHg)(PPh3)]5 (19, 0.056 g, 86%).

(b) Similarly prepared from 6 was Pt(SPh)(C¢Hoq)(dppe) (21) in
57% yield after recrystallization from chloroform/n-hexane.

(6) Water. (a) A mixture of 6 (0.067 g, 0.1 mmol), water (1 mL),
and toluene (5 mL) was heated under reflux for 17 h. Concentration
of the pale yellow solution gave a yellow solid which, on recrystalli-
zation from benzene/n-heptane, gave colorless, crystalline Pt(OH)-
(CeHo)(dppe) (22, 0.044 g, 65%).

(b)30 A solution of 6 (0.63 g, 0.95 mmol) in benzene (40 mL) was
treated with methanol (20 mL) to give a yellow sclution and then after
| min with water (1 mL). After being allowed to stand at room tem-
perature for 45 min the solution was evaporated to dryness under re-
duced pressure. The residue afforded 0.56 g (86%) of 22 after re-
crystallization from benzene/n-heptane.

(7) Alcohols. (a) A mixture of 1 (0.08 g, 0.1 mmol), benzene (5 mL),
and methanol (5 mL) was heated under reflux for 1.5 h. Removal of
solvent under reduced pressure gave a yellow solid which showed
»(PtH) bands at 1855 and 1940 cm™! (br) in the IR spectrum. Re-
crystallization from benzene/methanol gave colorless, crystalline
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trans-PtH(CgHo)(PPh3), (25, 0.055 g, 69%) which appears to exist
in two different crystalline forms having »(PtH) bands at 1855 and
1940 cm~!. Either one or both forms may be obtained on recrystalli-
zation; their solution IR and 'H NMR spectroscopic properties are
identical (Table 11).

Reaction of 1 with CH30D or CD30OD gave colorless, crystalline
trans-PtH(C¢HgD)(PPh3)3, mp 136-142 °C dec, in 62% yield: IR
(KBr) 1855, 1950 [»(PtH)], 2198 cm~! [,(CD)].

(b) 1 (0.16 g, 0.2 mmol) was heated under reflux in benzene/ethanol
(20 mL) for 16 h. Evolved acetaldehyde was trapped as its 2,4-dini-
trophenylhydrazone (0.013 g, 29%), and workup as above gave 25
(0.038 g, 24%).

Under similar conditions 1 did not react with 2-propanol.

(¢) A colorless solution of 6 (0.067 g, 0.1 mmol) in benzene (3 mL)
immediately turned yellow on addition of absolute methanol (2 mL).
After | h at room temperature, the solution was evaporated in vacuo
toca. I mL and refrigerated. The colorless crystals which separated
were filtered and washed with absolute methanol at —30 °C. After
drying in vacuo the yield of Pt(OCH;3)(CgsHg)(dppe) (23) was 0.04
g (57%). Refluxing the reaction solution for 1 h gave only 23 and no
hydride was detected. Reaction with water gave 22 in good yield (see
above).

(d) Carbon monoxide was passed into a solution of 6 (0.067 g, 0.1
mmol) in benzene (5 mL) and methanol (5 mL) at room temperature
for I h. Removal of solvents in vacuo gave a viscous yellow oil which
crystallized on trituration with methanol. Recrystallization from
benzene/n-hexane gave colorless, crystalline Pt(CO,CH3)(CgHo)-
(dppe) (24, 0.045 g, 61%).

24 was also obtained in 70% yield by carbonylation of the isolated
methoxo complex 24 in methanol.

(8) Nitromethane. (a) A solution of 1 (0.08 g, 0.1 mmol) in toluene
(5 mL) and nitromethane (0.91 g, 1 5 mmol) was heated under reflux
for 5 h. The dark yellow solid which remained after solvents had been
removed under reduced pressure was recrystallized from benzene/
n-hexane to give colorless, crystalline cis-Pt{(CH2NO,)(CsHo)(PPh3);
(26,0.047 g, 54%).

(b) Similarly prepared from 6 and nitromethane, and recrystallized
from benzene/ethanol, was Pt(CH,NO,)(CgHg)(dppe)-0.5C,HsOH
(27,0.03 g, 38%).

(9) Methyl Ketones. (a) A mixture of 6 (0.067 g, 0.1 mmol), aceto-
phenone (0.036 g, 0.3 mmol), water (2 mL), and toluene (5 mL) was
heated under reflux for 5 h. Solvent was removed in vacuo to give a
brown oil which crystallized on addition of a few milliliters of etha-
nol/n-heptane. Recrystallization from benzene /ethanol gave colorless,
crystalline Pt(CH;COPh)(CgHo)(dppe)-C,HsOH (29, 0.03 g, 37%).
In the absence of water, 6 was recovered unchanged.

1 failed to react with aqueous acetophenone under the same con-
ditions.

(b) A mixture of 6 (0.067 g, 0.1 mmol), acetone (5 mL), and water
(0.5 mL) was heated under reflux for 5 h. Workup as in (a) and re-
crystallization from benzene/n-hexane gave colorless, crystalline
Pt(CH,COCH3)(CeHo)(dppe) (28, 0.06 g, 84%).

(10) Nitriles. (a) A mixture of 6 (0.067 g, 0.1 mmol), acetonitrile
(5 mL), and water (2 mL) was heated under reflux for 3 h. Concen-
tration of the mixture under reduced pressure gave a colorless solid
which, on sublimation at 80 °C (bath) (5 mmHg), gave acetamide
(0.105 g, 17 mol/mol 6), mp 78-81 °C. The yellow, involatile residue
was recrystallized from dichloromethane/ether to give colorless
crystals, mp 158-160 °C dec, tentatively identified as
Pt(NHCOCHS;)2(dppe), yield 0.04 g (72%). Anal. Caled for
C30H3:N20,P2Pt: C, 50.77; H, 4.55; N, 3.95. Found: C, 50.56; H,
4.74; N, 4.80.

(b)80 A solution of 6 {0.12 g, 0.18 mmol) in acetonitrile (5 mL)
which had been freshly distilled from P4O ;o was heated under reflux
for 24 h. Solvent was removed in vacuo and the residue was recrys-
tallized from dichloromethane/n-hexane to give colorless
Pt(CH,CN)(Cg¢Hg)(dppe) (30, 0.083 g, 67%).

(¢) A mixture of 1 (0.16 g, 0.2 mmol), acetonitrile (10 mL), water
(3 mL), and benzene (3 mL) was heated under reflux for 16 h (no
reaction was evident after 3 h, 1 being recovered quantitatively). The
residue, after removal of solvents, afforded acetamide (0.81 g, 58
mol/mol 1) on sublimation. The involatile residue on recrystallization
from benzene/n-hexane gave trans-Pt{NHCOCH 3)(CsHo)(PPh3)2
(34, 0.07 g, 40%).

(d) A mixture of 6 (0.067 g, 0.1 mmol), phenylacetonitrile (2 mL),
water (2 mL), and toluene (5 mL) was heated at 90-100 °C for 8 h.
Evaporation in vacuo gave a yellow oil which crystallized on addition

of ether. Recrystallization from dichloromethane/n-hexane gave
colorless, crystalline Pt{CH(CN)Ph](C¢Hoq)(dppe) (31, 0.046 g,
53%).

(11) Amides. (a) A mixture of 6 (0.067 g, 0.1 mmol), acetamide
(0.018 g, 0.3 mmol), and toluene (6 mL) was heated under reflux for
5 h. Solvent was removed under reduced pressure to give a yellow oil
which crystallized on addition of n-heptane. Recrystallization from
benzene/n-heptane gave colorless, crystalline Pt(NHCOCH;)-
(CsHg)(dppe) (32, 0.052 g, 70%).

(b) A similar reaction between 6 and benzamide gave colorless,
crystalline Pt{NHCOPh)(CsHoq)(dppe) (33, 0.041 g, 50%).

Acetonitrilebis(triphenylphosphine)methylplatinum(Il) Tetrafluo-
roborate Benzene Solvate, [Pt(CH3)(CH3CNYXPPh3);]BF 4+CsH¢ (36).
A suspension of trans-Pt1{CH3)(PPh3), (0.28 g, 0.33 mmol) in ace-
tonitrile (5 mL) was treated with a solution of silver tetrafluoroborate
(0.065 g, 0.33 mmol) in acetonitrile (I mL) to give an immediate
precipitate of silver iodide. After 10 min at room temperature the
solution was filtered and concentrated under reduced pressure to give
an oil which crystallized on addition of ether. Recrystallization from
benzene/acetonitrile gave colorless crystals of 36 (0.22 g, 80%): mp
188-190 °C dec; 'H NMR (CD,Cly, CH,Cl; internal reference) 0.08
(t with 195Pt satellites, 3, 3/yp = 7.2, 2/p = 78 Hz, PtCH3), 1.22
(s,3,%piy = 7Hz, CH3;CN), 7.3-7.8 (m, 30, Ph + C4Hp); IR (KBr)
1060 [»(BF)], »(CN) not observed. Anal. Caled for C4sH42BFsNP,Pt:
C, 59.0; H, 4.6; N, 1.5; P, 6.7. Found: C, 59.5; H, 4.9; N, 1.5; P,
6.0.

Bis(triphenylphosphine)- N-acetamidomethylplatinum(Il), Pt-
(CH3XNHCOCH 3} PPh3); (35). A solution of 36 (0.168 g, 0.2 mmol)
in acetonitrile (5 mL) was treated with aqueous potassium hydroxide
(0.2 mmol). After being stirred for 1 h at room temperature the col-
orless solution was evaporated to dryness under reduced pressure. The
solid residue was washed with water, dried, and recrystallized from
benzene to give colorless crystals of 35, mp 161-163 °C dec, quanti-
tatively. Anal. Calcd for C39H39NOP,Pt: C, 59.1; H, 4.7; N, 1.8; P,
7.8; mol wt, 793. Found: C, 59.05; H, 5.0; N, 1.65; P, 7.6; mol wt
(CHCly), 747.

Acknowledgments. We thank Professor Sei Otsuka, De-
partment of Chemistry, Faculty of Engineering Science, Osaka
University, Japan, for a gift of tert-butyl isocyanide.

References and Notes

(1) A. Krebs in "Chemistry of Acetylenes™’, H. G. Viehe, Ed., Marcel Dekker,
New York, N.Y., 1969, Chapter 15.
(2) A.Krebs and H. Kimling, Angew. Chem., Int. Ed. Engl., 10, 508 (1971).
(3) R. L. Hunt and G. Wilkinson, Inorg. Chem., 4, 1270 (1965).
(4) N. A, Bailey and R. Mason, J. Chem. Soc. A, 1293 (1968).
(5) J.Chatt, G. A. Rowe, and A. A. Willlams, Proc. Chem. Soc., London, 208
(1957).
(6) E. O. Greaves, C. J. L. Lock, and P. M. Mattlis, Can. J. Chem., 46, 3879
(1968).
(7) M. A. Bennett, G. B. Robertson, P. O. Whimp, and T. Yoshida, J. Am. Chem.
Soc., 93, 3797 (1971).
(8) (a) T. L. Gilchrist, F. J. Graveling, and C. W. Rees, Chem. Commun., 821
(1968); (b) G. Wittig and S. Fischer, Chem. Ber., 105, 3542 (1972).
(9) G. B. Robertson and P. O. Whimp, J. Am. Chem. Soc., 97, 1051 (1975);
unpublished work by these authors on Pt{CgH12)(PPhj)2.
(10) Y. Yamamoto and H. Yamazaki, Coord. Chem. Rev., 8, 225 (1972).
(11) 8. Otsuka, A. Nakamura, and T. Yoshida, J. Am. Chem. Soc., 81, 7196
(1969).
(12) P. M. Treichel, K. P. Wagner, and R. W. Hess, Inorg. Chem., 12, 1471
(1973).
(13) H. Yamazaki, K. Aoki, Y. Yamamoto, and Y. Wakatsuki, J. Am. Chem. Soc.,
87, 3546 (1975).
(14) Y. Suzuki and T. Takizawa, J. Chem. Soc., Chem. Commun., 837
(1972).
(15) K. Aokiand Y. Yamamoto, Inorg. Chem., 15, 48 (1876).
(16) A. C. Skapskl and P. G. H. Troughton, J. Chem. Soc. A, 2772 (1969).
(17) P. L. Goggin and R. J. Goodfellow, J. Chem. Soc., Dalton Trans., 2355
(1973).
(18) F. Glockling and R. J. L. Pollock, J. Chem. Soc., Dalton Trans., 2259
(1974).
(19) M. P. Brown, R. J. Puddephatt, and M. Rashidi, Inorg. Chim. Acta, 19,L33
(1976).
(20) M. Green, J. A, K. Howard, A, Laguna, M. Murray, J. L. Spencer, and F. G.
A. Stone, J. Chem, Soc., Chem, Commun., 451 (1875).
(21) M. Green, D. M. Grovs, J. A. K. Howard, J.L. Spencer, and F. G. A. Stone,
J. Chem. Soc., Chem. Commun., 759 (1976).
(22) Th. Kruck and K. Baur, Z. Anorg. Allg. Chem., 364, 192 (1969).
(23) W. H. Baddley and L. M. Venanzi, Inorg. Chem., 5, 33 (1966).
(24) G. WIttig and A, Krebs, Chem. Ber., 84, 3260 (1961).
(25) G. Wittig and U. Mayer, Chem. Ber., 86, 329 (1963); G. Wittig and J.
Weinlich, ibid., 98, 471 (1965).
(26) B. E. Mann, B. L. Shaw, and N. |. Tucker, J. Chem. Soc. A, 2667 (1971).
(27) P.B. Tripathy, B. W. Renoe, K. Adzamll, and D. M. Roundhlll, J. Am. Chem.



Noyori et al. /| Reaction of a.a’-Dibromo Ketones and Iron Carbonyls 1759

Soc., 93, 4406 (1971). -

(28) C. A. Reed and W. R. Roper, J. Chem. Soc.. Dalton Trans., 1365
(1973).

(29) T. Yoshida, T. Okano, and S. Otsuka, J. Chem. Soc., Dalton Trans.. 993
(1976).

(30) M. A. Bennett and T. Yoshida, J. Am. Chem. Soc., 95, 3030 (1973).

(31) R. J. Cross and F. Glockling, J. Chem. Soc., 5422 (1965).

(32) R. J. D. Gee and H. M. Powell, J. Chem. Soc. A, 1956 (1971).

(33) J. Chatt and B. T. Heaton, J. Chem. Soc. A, 2745 (1968).

(34) M. A. Bennett, G. B. Robertson, P. O. Whimp, and T. Yoshida, J. Am. Chem.
Soc., 95, 3028 (1973).

(35) T.G. Appleton and M. A, Bennett, J. Organomet. Chem., 55, C88 (1973);
Inorg. Chem., in press.

(36) D.R. Coulson, J. Am. Chem. Soc., 98, 3111 (1976).

(37) H.D.Kaesz andR. B. Saillant, Chem. Rev., 72, 231(1972), and references
cited thereln.

(38) K. Kudo, M. Hidai, and Y. Uchida, J. Organomet. Chem., 56, 413 (1973).

(39) B. L. Shaw and M. F. Uttley, J. Chem. Soc., Chem. Commun., 918
(1974).

(40) M. Green, J. A. Howard, J. L. Spencer, andF. G. A. Stone, J. Chem. Soc.,
Chem. Commun., 3 (1975).

(41) A.Immirzi, A. Musco, G. Carturan, and U. Belluco, Inorg. Chim. Acta, 12,
L23 (1975). k

(42) T. Yoshida and S. Otsuka, J. Am. Chem. Soc., 99, 2134 (1977).

(43) M. A. Bennett and D. L. Milner, J. Am. Chem. Soc., 81, 6983 (1969).

(44) G. W. Parshall, W. H. Knoth, and R. A. Schunn, J. Am. Chem. Soc., 91, 4980
(1969).

(45) A. Albert and E. P. Serjeant, ''The Determination of lonization Constants”,
2nd ed, Chapman and Hall, London, 1971, pp 86, 88.

(46) K. Schorpp and W. Beck, Chem. Ber., 107, 1371 (1974).

(47) J. Hillis, J. Francis, M. Ori, and M. Tsutsui, J. Am. Chem. Soc., 96, 4800
(1974).

(48) J.R. Jones, "The lonization of Carbon Acids’, Academic Press, New York,
N.Y., 1973, pp 29, 64.

(49) W. J. Bland, R. D. W. Kemmitt, and R. D. Moore, J. Chem. Soc., Dalton
Trans., 1292 (1973).

(50) K. Suzuki, H. Yamamoto, and S. Kanie, J. Organomet. Chem., 73, 131
(1974).

(51) R. Ros, J. Renaud, and R. Roulet, Helv. Chim. Acta, 88, 133 (1975).

(52) W. Beck and M. Bauder, Chem. Ber., 103, 583 (1970).

(53) A recent example is the formation of the Pt{(PPhg), complex of A'*-bicy-

clo[2.2.0}hexene: M. E. Jason, J. A. McGinnety, and K. B. Wiberg, J. Am.
Chem. Soc., 98, 6531 (1974).

(54) W. R. Moore and H. R. Ward, J. Am, Chem. Soc., 85, 86 (1963).

(55) J.gP. Visser and J. E. Ramakers, J. Chem. Soc., Chem. Commun., 178
(1972).

(56) J.O. Glanville, J. M. Stewart, and S. O. Grim, J. Organomet. Chem., 7, P9
(1967).

(57) B. W. Davies and N. C. Payne, Inorg. Chem., 13, 1848 (1974).

(58) B. W. Davies and N. C. Payne, J. Organomet. Chem., 99, 315 (1975).

(59) J. A. McGinnety, J. Ghem. Soc., Dalton Trans., 1038 (1974).

(60) S. Jagner, R. G. Hazell, and S. E. Rasmussen, J. Chem. Soc., Dalton Trans.,
337 (1976).

(61) M. A, Bennett, G. B. Robertson, and J. M. Rosalky, unpublished work.

(62) R. Mason, Nature (London). 217, 543 (1968).

(63) A. C. Blizzard and D. P. Santry, J. Am. Chem. Soc., 90. 5749 (1968).

(64) R. McWeeny, R. Mason, and A, D. C. Towl, Discuss. Faraday Soc., No. 47,
20 (1969).

(65) Reference 1, p 1006.

(66) J. Haase and A. Krebs, Z. Naturforsch. A, 26, 1190 (1971).

(67) H. Schmidt, A. Schweig, and A. Krebs, Tetrahedron Lett.. 1471 (1974).

(68) F.R. Hartley, ""The Chemistry of Platinum and Palladium™, Applied Science
Publishers, London, 1973, pp 302-305.

(69) G.F.van Hecke and W. D. Horrocks, Inorg. Chem., 5, 1960 (1966).

(70) S. Otsuka, T. Yoshida, and Y. Tatsuno, J. Am. Chem. Soc., 93, 6462
(1971).

(71) M. A. Bennett and T. Yoshida, unpublished work.

(72) S.D. lttel, C. A. Tolman, A. D. English, and J. P. Jesson, J. Am. Chem. Soc.,
98, 6073 (1976).

(73) L. Malatesta and C. Cariello, J. Chem. Soc., 2323 (1958).

(74) A. Faworsky and M. Bushowsky, Justus Liebigs Ann. Chem., 390, 122
(1912).

(757 N. A. Domnin, Bull. Soc. Chim. Fr., 3, 1735 (1936).

(76) G. Wittig and A. Krebs, Chem. Ber., 94, 3260 (1961).

(77) A. T. Blomquist and Lian Huang Llu, J. Am. Chem. Soc., 75, 2153
(1953).

(78) M. F. Chestakowski, Bull. Soc. Chim. Fr., 3, 1732 (1936).

(79) L. Malatesta and M. Angoletta, J. Chem. Soc., 1186 (1957).

(80) We thank Dr. T. G. Appleton for this experiment.

(81) NOTE ADDED IN PROOF. This conclusion has now been confirmed by a
single-crystal x-ray study: G. B. Robertson, G. McLaughlin, and D. Kelley,
personal communication.

Reaction of a,o’-Dibromo Ketones and Iron Carbonyls.
Mechanistic Aspects!:2

R. Noyori,*3 Y, Hayakawa,? H. Takaya,3 S. Murai,* R. Kobayashi, and N. Sonoda*

Contribution from the Department of Chemistry, Nagoya University,
Chikusa. Nagoya 464, Japan, and the Department of Petroleum Chemistry,
Faculry of Engineering, Osaka University, Suita, Osaka 565, Japan.

Received February 28, 1977

Abstract: The mechanism of the title reaction has been examined with various substrates and reaction conditions. Reaction of
endo-a-bromocamphor with Fe,(CO)g in N, N-dimethylformamide (DMF) containing 5% of D,O affords exo-«a-deuterio-
camphor in 80% yield. Debromination of 2,4-dibromo-2,4-dimethylpentan-3-one with Fe;(CO)g in moist DMF proceeds in
a stepwise manner, giving first 2-bromo-2,4-dimethylpentan-3-one and then 2,4-dimethylpentan-3-one. Treatment of 1,3-di-
bromo-1,3-diphenylpropan-2-one with Fe2(CO)g in benzene produces 1-phenyl-2-indanone in 70% yield. Reductive rearrange-
ment of 2,4-dibromo-6,6-diphenylbicyclo[3.1.0]hexan-3-one affords 6,6-diphenylbicyclo[3.1.0]hex-3-en-2-one in 95% yield.
Reaction of 3,5-dibromo-2,2,6,6-tetramethylheptan-4-one gives a cyclization product, 2-tert-butyl-3,3,4-trimethylcyclobuta-
none, in 78% yield. Reduction of 2,6-dibromo-2,6-di-terr-butylcyclohexanone in benzene gives a mixture of 5-rert-butyl-
1,7,7-trimethylbicyclo[3.2.0]heptan-6-one (80%), 2-tert-butyl-6-isopropyl-6-methylcyclohex-2-enone (3%), and 2,6-di-tert-
butylcyclohex-2-enone (15%). In DMF or tetrahydrofuran (THF), the di-rert-butylcyclohexenone is the sole isolable product.
2,6-Dibromo-2,6-diisopropylcyclohexanone upon reaction with Fe2(CO)g in methanol gives 2-methoxy-2,6-diisopropylcyclo-
hexanone (two stereoisomers, 61% yield) along with 2,6-diisopropylcyclohex-2-enone (21%). Reaction of 2,4-dibromo-2,4-
dimethylpentan-3-one in the presence of sodium acetate gives 2-acetoxy-2,4-dimethylpentan-3-one (60%) and 2,4-dimethyl-
pent-1-en-3-one (20%). Regioselectivity has been observed in the reaction of an unsymmetrical dibromo ketone. Treatment
of 2,4-dibromo-2-methylpentan-3-one with Fe,(CO)g in methanol gives two kinds of methoxy ketones, 2-methoxy-2-methyl-
pentan-3-one and 2-methoxy-4-methylpentan-3-one, in a ratio of 90:10 (45% combined yield); the reduction in DMF contain-
ing sodium acetate gives rise to 2-acetoxy-2-methylpentan-3-one and 2-acetoxy-4-methylpentan-3-one in a 69:31 ratio (46%
yield) accompanied by a small amount of 2-methylpent-1-en-3-one (<3%) and 2-methylpentan-3-one (9%). These findings
indicate that the reaction of dibromo ketones with iron carbonyls produces first enolate intermediates and subsequently reac-
tive oxyallyl-iron(II) species. The latter species, depending on their structures and reaction conditions, experience a variety
of cationic rearrangements, nucleophilic trapping, and prototropy forming «,3-unsaturated ketones, etc.

Organic reactions of a-halo ketones have received consid-
erable attention in recent years and proved to be of great syn-
thetic value. The diversity of the chemical reaction is ascribed
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to the presence of various functionalities in the molecules, viz.,
reactive halogen-carbon bond, acidic hydrogen atom, and
carbonyl moiety. The halogen atom suffers facile nucleophilic
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