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Abstract

The m?-alkoxoallyl complexes of platinum (2a—c: R=Me (a), Et (b), i-Pr (¢)) derived from [(Ph,P),Pt(n>-CH,CCPh)]* (1)
and ROH are dealkylated by OMe ™~ to form the n*-oxoallyl complex (Ph,P),Pt(n*-CH,C(O)CHPh) (3). Reactions of 3 with
Et;0™" and (MeO),SO, regenerate the n’-alkoxoallyl complexes 2a,b. Treatment of 1 with H,O affords binuclear [((PhyP),Pt(n’-
(CH,)(CHPh)C)),01*" (4), which is converted to 3 upon treatment with two equivalents of OMe ™. The n*-aminoallyl complexes
[(Ph;P),Pt(n*-CH,C(NHR)CHPh)]* (6), obtained from 1 and RNH, (R=p-MeCH,NH,, p-O,NC,H,NH,), react with LiPh
to afford the m’-iminoallyl complexes (Ph,P),Pt(n’-CH,C(NR)CHPh) (7). Complexes 7 are protonated by HBF, and alkylated
by (Me0O),SO, to yield 6 and [(Ph;P),Pt(n’-CH,C(NRMe)CHPh)]* (8), respectively. The complex [(PhsP),Pt(n?-CH,C(NMe,)-
CHPh)]* (5) undergoes fluxional behavior at ambient temperatures in solution, and this behavior is ascribed to rotation about
the C-==NMe, bond. The reported chemistry is rationalized by n*-allyl and metallacyclic resonance hybrid properties of 2-8.
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Transition-metal n’-propargyl/allenyl compounds Nu=OR, NR,, SR among others). In this communi-

represent a new and growing class of organometallic
s-complexes [1,2]. They have been the subject of a
recent review [1], which emphasizes approaches to
synthesis, structural properties and reaction chemistry.

With respect to reaction chemistry, the platinum
complexes [(PhyP),Pt(7*-CH,CCR)]* (R=H, Ph (1))
show an unusual variety of behavior and most promising
applications to synthesis [3,4]. Particularly intriguing
are reactions with nucleophiles (NuH), which may be
viewed as additions of NuH to the orthogonal, un-
coordinated C=C bond of 1>-CH,CCR, with the Nu
fragment adding to the central carbon atom (Eq. (1):
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cation, we report further results on the reaction of 1
with hydroxo compounds and organic amines, as well
as some chemistry of the resulting products. The chem-
istry of these products may be rationalized by their
behavior as resonance hybrids of metal m*-allyl and
four-membered metallacyclic structures.

Treatment of 1(OTf) with ROH under various con-
ditions leads to the formation of the appropriate n’-
alkoxoallyl products 2 (R=Me (a), Et (b), i-Pr (c))

R
o7+ 0"
| i 2)
Ph c Ph c (
\c~/"|‘\CH2 + OMe™ —— \c/"'l‘\CH2
|
H Pt H/Pt+
AN
PP’ “PPh, PhaP” “PPh,
2a-b 3



2 M.W. Baize et al. [ Inorganica Chimica Acta 223 (1994) 14

[3,5]. However, attempts at introduction of another
alkoxide group, at one of the terminal carbon atoms,
by reaction of 2a-¢ with one equivalent of NaOMe in
MeOH resulted instead in dealkylation of the OR group
to afford the m’-oxoallyl complex 3' (Eq. (2)).

'H, BC{’H} and *'P{'H} NMR spectroscopic prop-
erties of 3 show similarities to those of its precursor
complexes [3], except for the absence of the appropriate
signals of OR. The appearance of three proton reso-
nances for the CH,C(O)CHPh hydrogens, two with
relatively large J(Pt—H) coupling constants (80,36 Hz),
indicates that the Ph group is syn [6], as for 2a-c [3,5].
In general, NMR spectroscopic data of 3 compare well
with those of a series of complexes L,Pt(n>-
CH(R)C(O)CHR) (L= AsPh;, PPh;, other phosphines,
3 bipy; R=H, Ph, C(O)Me, CO,Me), obtained via
synthetic routes very different from that in Eq. (2) [7].
However, (Ph,;P),Pt(n>-CH,C(O)CH,) was recently pre-
pared by base induced cleavage of the corresponding
n>-acetalallyl platinum complex [8].

The bonding in these n*-oxoallyl [7] as well as in
the corresponding n’-alkoxoallyl platinum complexes is
best described as a hybrid of slipped metal n>-allyl (A)
and puckered metallacyclic (B) resonance structures
(Fig. 1). This conclusion is derived from X-ray structural
[7] and NMR spectroscopic evidence [3, 7], e.g. a
relatively large 2J(H-H) (up to 6.6 Hz) for the CH,
protons [3]. Resonance structure B of 2a,b, incorporating
an alkyloxonium ion feature, likely accounts for the
dealkylation of these complexes by NaOMe. Interest-
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Fig. 1. n*-Allyl (A) and metallacyclic (B) resonance structures of 3
(top) and 2 (bottom).

13: yield 73%, m.p. 208 °C (dec.). Selected NMR data (CDCl3):
'H NMR &: 3.94 (d, J(P-H)=11.6, J(Pt-H) =80 Hz, CHPh), 2.53
(m, syn H of CHy,), 2.33 (m, J(Pt-H) =36 Hz, anti H of CH.); *C{'H}
NMR &: 1779 (t, J(P-C)=4.9, J(Pt-C) =151 Hz, CCC), 66.7 (dd,
J(P-C)=57, 3.6, J(Pt-C)=305 Hz, CHPh), 49.9 (dd, J(P-C)=>52,
4.6, J(Pt-C) —305 Hz, CH,); *'P{'"H} NMR &: 21.3 (d, J(P-P)=5.1,
J(Pt-P)=3107 Hz), 19.9 (d, J(Pt-P)=2964 Hz). Anal. Found: C,
63.3; H, 4.60. Calc. for C4HaOP,Pt: C, 63.4; H, 4.50%.

ingly, whereas 2a—c [3, 5], 3 and syn,syn-(Ph,P),Pt(n*-
CH(Ph)C(O)CHPh) [7¢] show no fluxional behavior at
ambient temperatures, other platinum n’-oxoallyl com-
plexes undergo scrambling of the syn and anti groups
of CHR. The observed fluxionality has been attributed
to inversion of the puckered metallacyclic ring (cf. B)
[7]-

Complex 3 can be alkylated to regenerate 2. Thus,
it rcacts with Et;O*PF,~ in CH,Cl, at room tempcr-
ature to give essentially a quantitative yield of 2b (Eq.
(3)). Methylation of 3 with an excess of (MeQ),SO,
in CDCl, under comparable conditions proceeds sim-
ilarly to 2a.

+
Et

fon o”
r |
Ph C Ph ¢
\04'|‘\CH2 v EO" — \c|:4|*-CH2 (3)
H /Pt+ H Pt
AN
Php”  PPh, PhsP” “PPh,
3 2b

Stirring a solution of 1(OTf) (0.18 g, 0.18 mmol) and
a large excess (0.1 ml) of H,O in 10 ml of CH,Cl, for
four days, followed by removal of all volatiles and
recrystallization from benzene/pentane, afforded
4(OTf),* as awhite-beige powder. This sparingly soluble
product exhibits 'H and *'P{'H} NMR spectroscopic
properties very similar to those of 2a—c¢ [3] and 3, and
shows notable absence of an IR »{OH) band. The
assigned structure is supported by reaction of 4 with
two equivalents of NaOMe, which affords 3 as the only
platinum complex (Eq. (4)).
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Reactions of 1(OTf) with H,O under other conditions,
e.g. with one equivalent of H,O in CH,CL,/THF, also
afforded 4 rather than an 7*-hydroxoallyl complex,
[Ph,P),Pt(n*-CH,C(OH)CHPh)]*. It is possible that

24(OTY),: yield 80%. Selected NMR data (CD,Cl,): 'H NMR &:
4.0 (d, J(P-H) =11, J(Pt-H) =47 Hz, CHPh), 3.3 (m, syn H of CH,),
2.4 (m, J(Pt-H)=55 Hz, anti H of CH,); *'P{'"H} NMR &: 19.6 (d,
J(P-P)=10, J(Pt-P)=3652 Hz), 15.7 (d, J(Pt-P)=3861 Hz). Anal.
Found: C, 55.4; H, 4.10. Calc. for Cy.H,,F,O,P,Pt.S,: C, 55.6; H,
3.97%.
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such an n*-hydroxoallyl complex forms from 1 and H,O,
but rapidly reacts with available 1 to yield 4.

We reported eatlier [3] that 1 reacts with Et,NH to
afford the n*-aminoallyl complex [(PhsP),Pt(n*-
CH,C(NEt,)CHPh)]*, which shows only one set of
signals for the two Et groups in the ambient temperature
'H and *C{'H} NMR spectra. To investigate possiblc
fluxional behavior of such n*-aminoallyl complexes, we
have synthesized the analogous dimethylamino deriv-
ative 5° by a similar reaction of 1 with Me,NH. Its 'H
NMR spectrum in CDCl; at 45 °C shows one sharp
triplet (J(P-H)=10.0 Hz) at 4 2.99 for the Me groups.
As the temperature is lowered this signal broadens,
and coalescence occurs at S °C (250 MHz). At —50
°C, two sharp triplets are observed at & 3.15 and 2.85.
Throughout these measurements, the three signals of
the m-allyl protons (syn,anti-CH,, syn-CHPh) remain
essentially unchanged in position and appearance to
demonstrate that PtC, ring inversion, reported for
[(Ph;P),Pt(n’-CH,C(NMe,)CH,)] * [9], is not occurring,
The observed fluxionality of 5 is best attributed to
rotation about the C-:NMe, bond. A free energy of
activation, AG*=13.5 kcal/mol, was calculated from the
coalescence temperature [10] for this process.
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The primary amines p-MeC,H,NH, and p-

O,NCcH,NH, also readily react with 1 to afford, re-
spectively, the n’-aminoallyl complexes 6a and 6b*
analogous to 5, as syn (minor)—anti (major) mixtures.
6a,b undergo quantitative deprotonation by LiPh in
THEF to give the corresponding n*-iminoallyl complexes,
which were isolated as beige (7a) and orange (7b)
solids® (Scheme 1).

35(OTH): yield 91%. Selected NMR data (CDCl;): 'H NMR &:
4.41 (m, syn CHPh), 2.72 (m, syn H of CH,), 2.29 (dd, J(P-H)=10.6,
J(H-H)=7.9, J(Pt-H)=54 Hz, anti H of CH,); "C{'H} NMR &
153.5 (t, J(P-C)=4.4, J(Pt-C) =120 Hz, CCC), 61.4 (d, J(P-C)=50,
J(Pt—C)=219 Hz, CHPh), 38.0 (d, J(P-C)=45, J(Pt-C)=182 Hz,
CH,). MS (FAB): m/z 879.50 (M *; calc. for C,7H,NP,Pt* 879.50).

‘6b(OTY): yield 96% (c. 90% anti, 10% syn), pale yellow solid.
Selected NMR data (CDCly), anti isomer: 'H NMR & 9.69 (t,
J(P-H)=4.1 Hz, NH), 5.1 (m, CHPh), 3.6 (m, anti H of CH,), 2.7
(m, syn Hof CH,); *'P{'H} NMR &: 15.0 (d,J(P-P) =8.9,J(Pt-P) = 3620
Hz), 13.9 (d, J(Pt-P)=3365 Hz). MS (FAB): m/z 972.25 (M™; calc.
for Cs;Ha3N,O,P,Pt* 972.24).

57h: 90% yield. Selected NMR data (CD,ClL,): '"H NMR &: 3.82
(m, J(Pt-H)=73 Hz, CHPh), 2.31 (m, syn H of CH;), 2.22 (m,
J(Pt—H) = 66 Hz, anti H of CH,); *'P{'H} NMR 6 20.6 (d,J(P-P)=3.9,
J(Pt-P)=2960 Hz), 18.2 (d, J(Pt-P)=2782 Hz). MS (FAB): m/z
972.43 (M* +H).

R R

N
N
N N
e g
PhHC4'|'\‘~CH2 - PhHC< >CH2
Pt Pt
N
Ph3P/ PPh, 7a-b PhsP™  PPhy
HBF, ||LiPh (Me0),SO,
R R. Me *
N\, 7 AN
N
1 |
c c
PRHC ™| ™=CH, PhHC#* | ™ CH,
Pt Pt
AN
PhP” “PPhy PheP” “PPhy
6a-b 8a-b

Scheme 1.

The preparation of 7a,b completes a series of platinum
complexes with the isoelectronic ligands 1*-oxoallyl, n*-
iminoallyl and n*-alkylideneallyl (or n’-trialkylidene-
methane [3]). Complexes 7a,b are protonated by HBF,
to regcneratc 6a,b, and methylated by (MeQ),SO, to
yield 8a,b%. Other reactions of 7, including those with
metal complexes, are under investigation.

In conclusion, we have shown that platinum 7°-
alkoxoallyl and m’-aminoallyl complexes can be de-
alkylated and deprotonated, respectively, to the cor-
responding 7*-oxoallyl and ’-iminoallyl complexes and
that such reactions can be reversed. The four classes
of compounds are best described as resonance hybrids
of n’-allyl and metallacyclic structures, and these rep-
resentations are useful in rationalizing and exploring
their chemistry.

Supplementary material

Complete spectroscopic data for complexes 3-8 are
available from the authors on request.
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‘8b(0OSO;Me) (anti isomer). Selected NMR data (CDCly): 'H
NMR & 4.45 (m, CHPh), 3.40 (t, NMe), 2.94 (m, syn H of CH,),
2.63 (m, anti H of CH,); “C{'H} NMR &: 147.6 (t, J(P-C)=4.2,
J(Pt-C)=84 Hz, CCC), 689 (d, J(P-C)=45 Hz, CHPh), 42.5 (d,
J(P-C)=41.2, J(Pt—C) = 145 Hz, CH,). MS (FAB): m/z 986.28 (M *;
calc. for Cs;H,sN,O,P,Pt* 986.26).
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