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Selective Isomerization ofcis-PtL 5(1-alkenyl), to cis-PtL »(2-alkenyl),
Complexes
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Heating the 1-alkenyl complexess-[Pt(1-alkenylbL,] [alkenyl = 1-pentenyl, 1-hexenyl, 1-heptenyl,
and 1-octenyl; b = 1,3-bis(diphenylphosphino)propane (dppp) or 1,2-bis(diphenylphosphino)ethane
(dppe)] to 100°C caused a quantitative isomerization to the corresponding 2-alkenyl comple}Bs-
(2-alkenyl}L,]. This novel isomerization is strongly dependent on the length of the alkenyl chains as
well as the nature of the ligand,LThe new 2-alkenyl complexes were fully characterized by analytical
and spectroscopic methods. An X-ray crystal structureciefPt(2-pentenyl(dppp)] confirms this
isomerization. Possible reaction mechanisms are discussed.

Introduction

Metal-alkenyl compounds are of interest since they are key

intermediates in some catalytic reactibasd they have been
shown to be useful for generating thin platinum fifrfer
microelectronic and catalytic applicatiénssing the chemical
vapor deposition (CVD) methadThus metal-alkenyls are an
important class of compounds with potential useful applicattons;
however, their chemistry is relatively unexplored. The stability

and reactivity of metal-alkenyl compounds depends on various

factors but particularly the metal and the other ligahBgcently

Schene 1 . Transformation of (1-Alkenyl)platinum(ll) to
(2-Alkenyl)platinum(ll) Complexes
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we have shown that these bis(alkenyl) metal complexes are2-methylprop-1-enyl complexes has been rep8tgcDeeming
novel precursors for the preparation of a range of metallacy- et al. Also a facile transformation between parallel and

cloalkenes through the ring-closing metathesis ((RCM) reac-

tion.57
We now find that bis(1-alkenyl)platinum(Il) complexebs<

4) undergo an irreversible and quantitative isomerization in
solution to yield the corresponding bis(2-alkenyl)platinum(ll)

complexes %—8) without prior decomposition (see Scheme 1).

This is the first example of this type of transformation to the
best of our knowledge However, there are some other similar

reports in the literature about the isomerization of related

perpendicular alkyne binding modes and subsequent formation
of vinyl groups on reaction of alkynes with the heterobinuclear
complex [RhMn(COy(dppm)] have been reportetiRecently,

the isomerization of the 1-alkenyl group in disubstituted
alkenylphosphine derivatives of [RICO)¢ has been ob-
served® This isomerization occurs within the coordination
sphere of the hexarhodium clusters to give the allyl compounds
coordinated through the double bond of the rearranged alkenyl
moieties. In a similar way, the products obtained by the reactions

organometallic species. Thus, the acid-catalyzed reversibleof x*-alkenyl triruthenium carbonyl clusters with alkynes yielded

isomerization of 2-methylallyliridium(lll) to the corresponding
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vinylidene-bridging complexes at refluxing temperaturfeshe
isomerization of cyano-olefins by nickel complexes has been
found to go through the formation of an intermediatene-
thylallyl metal complext?

Experimental Section

All manipulations were carried out under a nitrogen atmosphere
unless otherwise stated. The solvents were commercially available
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Excess =CHCH,—), 126.5-131.6 (m, Ph), 123.9, 124.3, 124.7 (isomers,
BrMg(CH;),CH,CH,CH=CH, =CHCHy), 29.6, 27.6, 26.0, 23.2, 17.6, 14.1.
L\ /C' [n=14] N /‘CHZ)nCHZCHZCH:CHZ cis-[Pt(2-hexenyl)(dppp)] (6). Compound6 was prepared in
F’t\ Pt M the same fashion as compoubdtilizing (108 mg, 0.14 mmol) of
L/ al Et,0 ,_/ (CHp)nCH,CH,CH=CH, 2 in toluene at 110C for 60 h. After removing the solvent, the

residue crystallized out of 10 mL oFhexane at-10 °C and was
recrystallized from a CkCl,/n-hexane mixture. The yield of the

. . . white crystalline solid was 84 mg (78%), mp-988 °C (dec). Anal.
and distilled from dark purple solutions of sodium/benzophenone ~gcd for GeHagP,Pt: C, 60.53: H, 6.25. Found: C, 60.64; H, 6.17.

ketyl. *H and3'P NMR spectra were recorded on a Bruker DMX- 14 NMR: 6 6.95-7.62 (m, 20H, Ph), 5.225.59 (m, 4H,=CH)

400 spectrometer, and dH chemical shifts are reported relative 1.82-2.19 (m, 6H, P-CH,), 0.73-1.79 (m, 18H, CH and CH).
to the residual proton resonance in the deuterated solvents (all atip NMR: & 3.94 ’(m) (16?;1 Hz). Y

298 K, GiDg). Microanalyses were conducted with a Thermo Flash
1112 Series CHNS-O Analyzer instrument. GC analyses were

carried out using a Varian 3900 gas chromatograph equipped with of 3in toluene at 110C for 24 h and recr : :
ystallized as described
an FID. and a 30 mx 0'32. mm CP-Wax 5_2 cB cqumn_(O.;ZBfn for compound6. The yield was 101 mg (81%) of the white
film thickness). The carrier gas was helium at 5.0 psi. The oven crystalline solid, mp 8890 °C (dec). Anal. Calcd for GHsP,Pt:
was programmed to hold at 3Z for 4 min and then to ramp to C 6141 H. 6 5’4 Found: C. 61.68 H. 6.681 NMR: 6 6.95—
200°C at 10 deg/min and hold 5 min. GC-MS analyses for peak - ’63 ('m ’20|’_| .Ph). 5275 51 ’(m .4H ’=ClH). 202-2 14 (m' 6H

identification were performed using an Agilent 5973 gas chromato- P—CH,). 0.71—1.97 29H C d CH). 3P NMR: 6 3.4
graph equipped with MSD and a 60 m 0.25 mmRtx-1 column (1625 leiyz). 7(m,  CHand CH). $034(s)

(0.5 um film thickness). The carrier gas was helium at 0.9 mL/
min. The oven was programmed to hold at D for 2 min and
then ramp to 250C at 10 deg/min and hold 8 min. Pt(COD){?
Pt(PPR).Cl,,* Pt(dppp)C},** and 1-alkenyl Grignard reagents
(BrMgCH,CH,(CH,),CH=CH,; n = 1, 3, 4, 6) were prepared
according to literature procedur®sThe compound—4 were H, 6.80. Found: C, 62.41: H, 6.8%H NMR: 0 6.96-7.61 (m
prepared in a similar way to that mentioned abofex 1). 2(Y)H. PH) 5.2?541' (m'4|-i =&:H') 2'.05_2_1'7 (m .6H IiCHz) ’
cis-[Pt(1-pentenyl)(dppp)] (1). In a Schlenk flask, P{(COD)- 75 5 (4 (m, 26H, Cl—j and Cl-g);’2.34—3.43 (m,’ 6H: FLCHZ):
Cl, (406 mg, 1.085 mmol) in diethyl ether (20 mL) was cooled to 0.88-2.35 (m, 14H, CH). 3P NMR: o 3.66 (s) (1611 Hz)%C-
—78°C and 1-pentenyl Grignard reagent (2.8 mL of 1.34 M, 3.75 {1H} NMR: 133.7, 133.8, 133.9 (isomers:=CHCH,—), 127.7-

mmol) was added. The solution was brought to c&CGand then 132.2 (m, Ph), 123.8, 124.4, 124.8 (isomer&HCH), 36.7, 33.1
stirred until the solution became clear. To this dppp was added 35 16 296 27.6 26.0. 23.1. 18.1 14.3. 13.8.

(448 mg, 1.086 mmol) and the reaction mixture stirred for 36 cis[Pt(oct

. . . yl)2(dppp)] (11).In a Schlenk flask, Pt(COD)&(306
until a cliegr _:]ol(;mcrn \_Nas;gormedt._The g);cess %”g"a[d rfeag:enttw:smg, 0.818 mmol) in diethyl ether (15 mL) was cooled-t@8 °C
remove Ny )I/ rto_y;;?gc (_e”r1eac lon mix Iure Wi m c;]s;\ u_rg]es and octyl Grignard reagent (4.7 mL of 0.62 M, 2.863 mmol) was
aqueous Nikl a - INe agueous layer was washed wi added. The solution was brought to c&€@®and then stirred until

;Ilstrr\m_vm; olli::hlc::]ometfllwankevl;e:‘orre ::evorgar::g Ierq:e(rjwas dsefaratfd'the solution became clear. To this was added dppp (338 mg, 0.819
€ voiatiles € flask were removed under reduced pressure, mmol) and the reaction mixture stirred for 36 h until a clear solution

and the residue obtained was recrystallized from a@jhexane f . . . .
. . - : ormed. The reaction mixture was worked up as described in the
mixture (5 mL:10 mL) at~10°C for 48 h. The colorless crystalline preparation of compound. The colorless crystalline solid was

solid was separated by decanting the mother liquor and dried under . : ;
vacuum. Forl: mp 120-122 °C: yield 97%. Anal. Calcd for obtained from the mother liquor and dried under vacuum for few

. 1 0, o _

CoHuP,Pt. C, 59.59; H, 5.95. Found: C, 50.50; H, 5.681  nourS-Fom9: yield 94%, mp 93 95°C. Anal. Calcd for GeHeqP

" e ) Pt: C, 62.55; H, 7.70. Found: C, 62.38; H, 7.66l NMR: o
NMR: 6 7.22-7.60 (m, 20H, Ph), 5.485.62 (m, 2H,=CH); . . .

- 7.67-7.7 (m, 20H, Ph); 2.052.21 (m, 6H, P-CH,); 0.79-1.89
4.67-4.77 (M, 4H,=CH,), 2.43-2.56 (m, 6H, P-CH,), 0.86- (M. 34H, ~CHy). *P{1H} NMR: 0 3.91 () Orep = 1619 Hz)
2.08 (M, 12H,—CHy,). 3*P{*H} NMR: 3.59 (S) (pr_p = 1623 Hz). ' ' : ' ' ‘
13C{1H} NMR: 140.8 (s,CH=), 127.3-134.1 (m, Ph), 112.7 (s, , _
=CH,), 40.8, 32.1, 28.2, 24.5, 25.5, 25.6, 20.3. Results and Discussion

cis[Pt(2-pentenyl)(dppp)] (5). A Schlenk flask was charged
with (115 mg, 0.154 mmol) of in toluene (30 mL), and the mixture
was heated at 11T for 125 h under reduced pressure. The reaction . .
was monitored byH NMR. All the volatiles were removed from tlo ylﬁl]d the 2-a||§enyl platlnum(:l) clompliaxeg{—S) (Sct?emg
the pale yellow-brown reaction mixture. The product was recrystal- ; )'. ese reactions are comp.ete.y selective, as t ere 1s no
lized from a CHCl/hexane mixture (3 mL:5 mL) at 10 °C for indication of any further isomerization to 3-alkenyl species or
48 h to give pure as a crystalline, colorless solid. Yield: 96 mg indeed any other organic decomposition products. All the
(84%). Mp: 143-145°C. Anal. Calcd for GHaPsPt: C, 59.59: products5—8 were isolated in good yields and fully character-
H, 5.95. Found: C, 59.66; H, 5.73H NMR: & 6.76-7.74 (m, ized by analytical and spectroscopic methods (see Experimental
20H, Ph), 5.2+5.58 (m, 4H=CH), 1.83-2.13 (m, 6H, P-CHy,), Section). These reactions can readily be followed by observing
0.68-1.77 (m, 14H, CHand CH). 3P NMR: 6 3.88 (m) (pip the disappearance of the termiraCH, signal of1—4 in the
= 1645 Hz). 13C{*H} NMR: 133.4, 133.5, 133.6 (isomers, H NMR spectrum and the appearance of a re@H signal.
Fine structure in théP NMR spectra fob and6 (see Figure

(13) Clark, H. C.; Manzer, L. EJ. Organomet. Cheni973 59, 411— 1) was observed during the react®nyhich we believe is due
428. to the presence of several alkene isomers that differ only slightly

(14) (a) Slack, D. A.; Baird, M. Clnorg. Chim. Actal977, 24, 277— ; i 31 ; i i i
280. (b) Hackett, M. Whitesides, G. M. Am. Chem. Sod988 110 in their 3P NMR chemical shifts, as shown in Figure 1. In

1449-1462.
(15) McDermott, J. X.; White, J. F.; Whitesides, G. M. Am. Chem. (16) The reaction was carried out at 1D, and the’’P NMR spectrum
So0c.1976 98, 6522. was run at room temperature.

Lz = Ph,P(CHz)3PPh; (dppp) n=14

cis-[Pt(2-heptenyl)(dppp)] (7). Compound? was prepared in
the same fashion as compou8ditilizing (125 mg, 0.156 mmol)

cis-[Pt(2-octenyl)x(dppp)] (8). Compound was prepared in the
same fashion as compoubditilizing (120 mg, 0.145 mmol) of
in toluene at 110C for 18 h and recrystallized as described for
compoundb. The yield of the white crystalline solid was 106 mg
(88%), mp 82-85°C (dec). Anal. Calcd for &HseP,Pt: C, 62.23;

Heating compound4—4 in toluene or benzene at 1TC
results in quantitative isomerization of both 1-alkenyl chains
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Figure 1. 3P NMR spectrum for bis(2-pentenyl)platinum(i),3.88 Jpp = 1645 Hz).

Figure 3. Molecular structure of the major component of com-
pound®6 in the solid state, depicted at the 30% probability level.
Selected bond lengths (A): Pt@P(1) 2.2833(12); Pt(BP(2)
2.2877(12); Pt(%)C(1) 2.109(5); Pt(2)yC(7) 2.104(5); C(5)-C(6)
1.4994(10); C(11yC(12) 1.4996(10); C(4)C(5) 1.3200(10);
C(10)-C(11) 1.3205(10). Selected bond angles (deg): Prt)
(1)—P(2) 91.17; C(1yPt(1)-C(7) 86.3.

methylene hydrogens, as the signals were seen as a broad
multiplet in the™™ NMR. In a similar way,'*C NMR spectra
Figure 2. Molecular structure of the major component of com- also showed the coupling constants in a range of 638 to 646
pound2 in the solid state, depicted at the 30% probability level. Hz for thelJ(*9P#3C) for both the precursord {4) as well as
Selected bond lengths (A): Pt(p(1) 2.2782(10); Pt(HP(2) the isomerized products5€8). Single crystals of2 and 6
2.2805(10); Pt(1yC(1) 2.120(4); Pt(1yC(7) 2.118(4); C(5)-C(6) suitable for X-ray analysis were grown from @El,/hexane
1.271(7); C(11} C(12) 1.315(6). Selected bond angles (deg): P(1)  go|ytions. These structures confirmed tifais a 1-alkenyl
Pt(1)-P(2) 93.95; C(1yPt(1)-C(7) 85.03. compound and thaé is a 2-alkenyl compound (see Figures 2

contrast3IP NMR spectra of compoundsand8 showed sharp and 3). Interestingly, it also shows that the two alkenyl chains
singlets 'atd 3.40 and 3.66 Jp = 1620 Hz), respectively in 6 are different from each other, within the same molecule,
indicating that in these cases the presence of isomers, if they"ith One chain showing that the alkene H atomsasdo each
are present, did not have any effect on 88 NMR. The other, whereas the other shotvans-positioned H atoms. Bond
corresponding dppp complex of bis(octyl)platinum(1f1) Iengt_hs_ and angles @fa7nd6 are consistent with those reported
showed a similar coupling constark,_p = 1619 Hz at 3.91  for Similar compounds!

We also find that 1-alkenes such as 1-pentene, 1-hexene, and

ppm. This could be due to the terminal alkene moiety being o L : .
further away from the metal it and8. The range of coupling 1-octene undergo selective isomerization to their corresponding

1 . ;
conStantS"](Pt H), of platinum with the hydrogen of the (17) Allen, F. H.; Kennard, O.; Watson, D. G.; Taylor, Rternational
a.dJ?CGnt meth)_/'ene group was found to be 76 to 80 Hz. It was Taples for CrystallographyWilson, A. J. C., Ed.; Kiuwer Academic
difficult to assign the coupling constants for the rest of the Publishers: Dordrecht, 1992; Vol. C.
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2-alkenes in the presence bf-4 under similar experimental
conditions (eq 2). These alkene isomerization reactions are
catalytic. In addition, we show that the incoming 1-alkene ends
up as the alkyl group in P#R,, suggesting that l-alkene
insertion into a PtH bond is a key step in these reactions.

/(/\)\/\ 14,11 M\
AN P @
Benzene or
1-alkene 2-alkene

Toluene, 100°C

Also our experiments on the catalytic isomerization of
1-alkenes with bis(octyl)platinum(ll) complekl as catalyst

suggest that the reaction proceeds through an intermolecular

interaction (eq 2). Surprisingly, the catalytic activity of metal-
alkyl complexes PtkR; in this regard is quite comparable with
that of compound4d—4.

An experiment was carried out to determine if ML species
were involved in the isomerization reaction that could have
arisen from twof-H eliminations of Ptl(1-alkenyly. The
PtLoH, species could react with 1-alkene to give IRL
However, the attempteth situ generatio®® of PtL,H, and
reaction with 1-alkene did not result in the formation of a bis-
(alkyl)platinum(ll) complex, as observed by tF# NMR.

It is significant to note that this selective isomerization is
dependent on the concentration of the solution. In a dilute
solution, the isomerization is faster than in a more concentrated
onel® This may suggest that the isomerization reaction proceeds
via an intramolecular process.

During the isomerization of compounds-4, the solution

Organometallics, Vol. 26, No. 24, 2006789

Scheme 2. Proposed Mechanism for the Internal
Isomerization Reactions of the Bis(1-alkenyl)platinum(ll)

Complexes
/ Benzene, P\
S (0

100°C
P
1-4 (n = 1-4)

t n
\/

W
S

n

P\Pt
/

5-8

diphosphine ligand, rearrangement to an allyl hydride intermedi-
ate, followed by isomerization to give the 2-alkenyl product.
In attempts to obtain support for this mechanism, we investigated
the'H and®!P NMR spectra of} at high temperature. However,
these spectra did not show any peaks corresponding to the
intermediate® and 10, nor could any ligand dissociation be
detected even though 40% of isomerized product was formed
during the measurements.

It is possible that intermediatésand 10 are involved, but
they may be too short-lived to be detected. The experiments

changed from colorless to yellow-brown, which is a character- clearly reveal that the transformation of 1-alkenes and self-
istic color of P? and some other nanoclustéfsTo eliminate isomerization of metal bis(1-alkenyls) are possible and allylic
the possibility that Pt(0) species were catalyzing the isomer- intermediates would seem to be most likely. Under these
ization, the reactions were carried in the presence of Hg metal. experimental conditions the isomerization is favored rather than
Since the reaction proceeded in the presence of mercury, wethe expectegd-hydrogen elimination reaction for these com-
believe that Pt(0) species are not the main species responsiblgyounds.

for this catalytic isomerization. The addition of free ligand
(dppp) completely retarded the isomerization reactioh wfider
similar experimental conditions, and a new product, Pt(dppp)
was formed with reductive elimination of 1-decene and 1,9-
decadiene (see eq 3); traces of 1-pentenerapentane were
also detected. As Pt(dppmlso did not show any isomerization
of 1-alkene, the involvement of Pt(0) species was ruled out.

P

P\Pt N\/ Excess of dppp
e \/\/\

1
3)

P P
PP~
N~ > 7
N
P
+ other products
Taking all the above into account, we suggest a possible

mechanism for these isomerizations (see Scheme 2) involving
coordination of the pendant alkene, partial dissociation of the

(18) Yoshida, T.; Yamagata, T.; Tulip, T. H.; Ibers, J. A.; Otsuka).S.
Am. Chem. Sod 978 100, 2063.

(19) The two different concentrations of compouhn 5 mL of toluene
as solvent) were taken as710~* and 2.8x 103 M for the isomerization
reactions, and the time of reaction (product formed) was observed as 110
h (100%) and 110 h (65%), respectively.

(20) (a) Creighton, J. A.; Eadon, D. @. Chem. Soc., Faraday Trans.
1991, 87, 3881. (b) Finney, E. E.; Finke, R. Ghorg. Chim. Acta2006
359, 2879-2887.

We also find that the isomerizations are strongly dependent
on the length of the alkenyl chains. Thus, it was found that the
longest chain (1-heptenyl) investigated is the fastest to undergo
isomerization (see Figure 4). This could be due to strain in the
small rings when the alkenyl chains coordinate to the metal, as
in 9in Scheme 2.

A rise in temperatureX150°C) of benzene solutions df-4
led to the cleavage of the P€ bonds, yielding the correspond-
ing 1-alkenes, 2-alkenes, dienes, etc.

These isomerization reactions were also found to be depend-
ent on the nature of the phosphine ligand system present; thus
the chelating effect of diphosphines reduces the amount of
decomposition of the l-alkenyl compounds, even at high
temperatures. The PRhand PBus-containing metal-alkenyl

D

100

80
s . A-Bis(butenyl)
§ o B B-Bis(pentenyl)
S 40 C- Bis(hexenyl)
! 0 D- Bis(heptenyl)

50

100
Time of heating, hrs

Figure 4. Effect of length of alkenyl chains on isomerization of
bis(alkenyl)platinum(ll) complexes at 10C in benzene.
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Table 1. Details of Crystallographic Data Collection and The molecular structures d¢f and 6 were determined by
Refinement Parameters single-crystal X-ray analysis and are illustrated in Figures 2 and
2 6 3, respectively. The structural analysis confirms thas the
structure formula PtGHeP, PtGagHusP isomerization product 2. The main changes in the structural
fw 773.80 773.80 features of complexe® and 6 are the differences in some of
data collection temp (K) ~ 113(2) 113(2) _ the bond angles and bond lengths. ThePbonds of compound
grz;)t syst, space group 14”;‘1’38?2";“?21’ n tfl'g“g'gcsvg’é) 2 are slightly shorter than for compouséd whereas the PC
b (A) 14:5423(2) 12:8451(2) bonds (_)f2 are slightly longer than Fhose f@r However these
c(A) 18.3322(2) 14.5163(3) bond distances are comparable with the literature relddus
a (deg) 90 77.775(1) related compounds (for PC, 2.118(3)-2.110(3) A, and Pt
/3 (deg) 111.156(1) 84.714(1) P, 2.263(9)-2.293(7) A, respectively), while the=€C distances
%ﬁ%’g ) 3?5?10 08() 712'3767%1()6) range from 1.271(7) to 1.3200(10) A. The internal alkerre C
z 4 2 C distance ir6 is longer than ir2. The P-Pt—P and C-Pt-C
D, calcd density (g cm?)  1.464 1.480 bond angles ir?2 and 6 vary from 93.95(4) to 91.17(4) and
Ié;?gggr)) coeffe (mm™?) ‘i-élég ‘;-élg7 85.06(15) to 86.03(2j, respectively. Table 1 lists the pertinent
cryst size (mm) 0.05 016% 0.18  0.15x 017 0.21 crystal data for2 and6 (see also the Supporting Information).
6 range for data collection ~ 1.846.74 3.42-25.97 .
limiting indices +17;+18;-23,22 —11,12;415;+17 Conclusions
no. %fic;ﬁg”s collscted/ 61 043/7453 42 620/6749 The cis-[Pt(1-alkenyl}L,] complexes undergo irreversible
no. of params 380 353 selective isomerization reaction to the correspondisgPt(2-
extinction coeff 0.00062(7) 0.0002(3) alkenylyL ;] complexes. The rate of isomerization is mainly
goodness-of-fit ori2 1.092 1.065 dependent on the length of the alkenyl chains, the ligand, and
final Rindices | > 20(1)] ~ R1=0.0341 R1=0.0330 the concentration. These complexes also serve as catalysts that
wR2=0.0595 wR2= 0.0802 . : . .
Rindices (all data) RE 0.0514 R1= 0.0409 selectively isomerize 1-a|!<enes to their g-alkene an.alogues.
WR2 = 0.0648 WR2= 0.0841 Currently, we are exploring the interesting properties and
largest diff peak and 1.464/-0.915 1.2094-2.821 reactivity of these compounds. We are also investigating similar
hole (e A9) compounds with other metal systems.
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the corresponding 2-alkenes as the major products (with 65%

trans-2-alkene and 35%is-2-alkene), which were analyzed by d
GC-MS. These yields depended significantly on the experi-
mental conditions for decomposition, i.e., whether in solid state
or in solution. OM0611249
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