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Reactivity of 1-alkynylplatinum(Il) complexes towards trialkylboranes
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Abstract

1-Alkynylplatinum(11} complexes of the type cis-[(dppe)P{C=C-R"),] [4. R' = Me (a). 'Bu (b). C(Me)=CH, (c). Ph (d). SiMe, (e)].
cis-{(dmpe)PUC=C-Me),] (5a). cis-[(depe)P(C=C-Ph),] (6d). cis-[(Et,P),Pi"BuXC=C~R")] [7. R' = Me (a). Ph (d)] and rrans-
((Et4P), P(E)-2-pentenyl HC=C-Me)] (8a) react with trialkylboranes R B {2. R = Me (@), Et (b). ‘Pr (¢)] by 1.1-org.anoboration. This
involves cleavage of a Pt-C= bond, and formation of an alkynylborate-like intermediate in which a positively charged platinum fragment
is coordinated o the C=C bond. In mosi cases. the alkenylplatinim complexes of the type 9-13. 28, 30 which result from
1.1-organoboration are not stable. and either n*-alkyne platinum(0) (15-21. 29) or n*-borylalkene platinum(0) complexes (22-27) or
both are the next products. The proposed structures of all new platinuin complexes in solution are based on ''B, P, ""Pt NMR data. and
in xome cases also on complete 'C NMR data scts. © 1997 Elsevier Science S.A.

Kevwords: Boron; Phosphorus: Plitinum: Alkynes: Organoboration; NMR

{. Introduction

Dicthynylplatinum(11) complexes 1 react smoothly
with the trialkylboranes 2 to give platina-24-cyclopen-
tadienes 3 Eq. (1) [1.2). This has been interpreted as the
result of two consecutive 1.l-organoboration reactions
{3). in which one Pt=C= bond is cleaved first in the
course of an intermolecular 1. 1-alkyloboration, followed
by cleavage of the second Pt—Cs= bond prior to the final
intramolecular 1.1-vinyloboration [1.2].
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The mechanistic study and the extension of the reac-
tion shown in Eq. (1) to di-1-alkynylplatinum(ID) com-
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plexes 4-6 in general seemed wttractive, If substituents
other than hydrogen are linked to the C=C bond. the
1. 1-organoboration is expected o hecome slower, and
intermediates may be detected by NMR spectroscopy.
Therefore. in this work we report on an NMR spectro-
scopic study of the reuctivity of 4-6 towards trialkylbo-
ranes 2. In order to assess the influence of the phos-
phane iigands in cis and rrans positions, the complexes
7 and 8 were also prepared and included in this study.
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2. Results and discussion

2.1. Synthesis of the di-I-alkynylplatinum(Il) complexes
4-6 and the mono-1-alkynyiplatinum(Il) complexes 7

and 8

The complexes 4b,c and 6d were prepared by the
reaction of [(dppe)PtCl,] with the corresponding di-1-
alkynyl(dimethyDstannane, following the literature pro-
cedure for the other compous:ls 4 and Sa [4.5].

The complexes 7 were obtained from the reaction of
trans{(Et,P), PUC=C~R')CI] [6] with "BuLi, Only the
cis-complexes 7 were isolated. This can be explained if
one considers the reaction of trans-{(Et;P),P{C=C~
R'),] with "BuLi which leads to the formation of a
Pt-C("Bu) bond by elimination of Et;P to give a
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lithium-bridged dimer [7]. It is conceivable that the
same type of reaction takes place in the case of trans-
[(Et,P),P{C=C-R')Cl] (Eq. (2a)), followed by ab-
straction of LiCl and reentry of Et;P (Eq. (2b)).

o ret, @ EtP
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It has been shown previously that 1,l-cthyloboration
of trans-[(E1,P),P{C=C-Me),] takes place only at
one of the two 1-propynyl groups [8) (Eq. (3a)). Pro-
todeborylation by hydrolysis on alumina affords the
desired complex 8a with rrans-configuration (Eq. (3b))
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Fig. 1. 200.4 MHz 7Pl H} NMR spectra showing the progress of the reuction of cis-[(dppelPH{C=C-Ph), ] (4d) with an excess of ELB (2b) at

room temperature; (a) after 1 h, (h) alter § h. and (c) after 24 h,



B. Wruckmever, A. Sebuald / Journul of Organometallic Chemistr> 544 (1997} 105-114 107

195

(see Section 4 for spectroscopic data of 4b.c 6d. 7a.d tra (see Table 1: supported by evidence from Pt and
and 8a). '*C NMR) of the reaction solutions, the first products
Me " such as 9-11 {(and in an analogous way 12 and 13)
N @ B M o B result from intermolecular 1,1-organoboration of one of
\, {PB’ +ENB_ Egzﬂ):%p{PEh AOs >:«/p( PEe 3) the 1-atkynyl groups (Scheme 1h). A minor product is
EuP \ B\ -HEZOBOH EtP \ the complex of type 14 (&'P ['J(*°Pt *'P)]=456
e 2 B2 we [2573.0] and 38.3 [1540.0]; 8'°Pt= —218.0 [2573.0

and 1540.0]) (Scheme 1c) which was observed only in

the case of the reaction of 4d with 2d, most likely as the

result of a side-reaction of the zwitterionic intermediate

A (Scheme la). Such zwitterionic intermediates have

2.2. Reactions of the di- I1-alkynyiplatinum(II) complexes been observed in the course of the 1,1-organoboration
4-6 with trialkylboranes 2 of di-1-alkynyltin [3.9-12] or di-1-alkynyllead com-
pounds [3,13,14]. In analogy it is suggested that the

The reactions of the di-1-alkynylplatinum(Il) com- complexes of type 9-13 undergo an ntramolecular
lexes 4-6 with trialkylboranes were monitored by "B, rearrangement by migration of the 1-alkynyl group from

*'P NMR (see Figs. 1 and 3), and partly also by "3py platinum to boron to give the zwitterionic intermediate
NMR spectroscopy (see Fig. 2), and the results are B (Scheme 1e). Cationic platinum(ll) complexes with an
summarized in Scheme 1. According to *'P NMR spec- n>-alkyne ligand have been described [15-19] but ap-
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Fig. 2. 107.0 MHz "*Pt NMR spectra of the reaction of cis{(dppe)PUC=C-Ph),) (4d) with an excess of Et,B (2h) at room temperature
corresponding to the *'p NMR spectra shown in Fig. 1: (a) after 2 b (b) after 6 h. and (¢) after 24 h.
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Fig. 3. 80.2 MHz "' P{' H} NMR specira showing the progress of the reaction of cis-{{dppe)PC=C~'Bu), ] (4b) with an excess of Et,B (2b) in
C,H,/C.D, at 35 °C: (a) after 24 f, (b) after 4 days, (¢) after 3 weeks (after four weeks extensive decomposition is observed).

pear 10 be fairly unstable in the absence of electronega-
tive substituents at the C=C bond, The intermediate B,
although a potential precursor of platina-2.4-cyclopen-
tadienes [1.2] (Scheme 1h), gives instead either n-al-
kyne platinum{(0) complexes 15=19 (and analogousty 20
and 21) by ehmmanon of dmlk%/l(nlkynyl)bomne (de-
tected i in the ''B NMR spectra: 8''B 72.0 [20); Scheme
1) or n*-alkenylbory] platinum(0) complexes 22-27 by
oxidative C=C coupling (Scheme 1g), or mixtures con-
taining both types of complexes. The proposed principal

Table 1

structure of 15-21 is based on typical [21-24) VP and
Pt NMR duta, together with ''C NMR evidence [25)
in several cases (Table 2), There is also a consistent ' P
and ""Pu NMR data set for 22-27 (Tuble 3) wgether
with some evidence from ''B and "'C NMR in support
of the proposed structure with an n“alkenylborane
ligand. The shift of the '' B NMR signals by 40-50 ppm
to lower frequencies with respect (o alkenylboranes
indicates that the B=-C=C group is involved in the
coordination to platinum [2.26]. All NMR data of 22--27

P NMR data  of the complexes 9-13
No. R R P rLICPL P RITRITAITY) PR TR TRITY)
9 ) Me 38,4 [1346) (<9) WA [2678]
10 Er 'Bu 3341379 (<5 R [2233)
n Et Ph 8.4 [1493) 6.0 R0 [2681]
12 Ft Me 2.2[1392] (<$) 19.9 [2566]
13 Bt Ph PMA0817 (<5) $2.0[2587]

N‘K

! lh CD, L ,: coupling constants 'J(
m»,p&mms atom in fraas-position to me alkeny! grour
P@mphum atom in_trars-position to the alk\nya roup.

48P e — 15700 8V (e, Vo)) (e, ! gc»

(‘H.nCH‘ =C=1 207 broad CH, B: 88 CH,~CH,B.

. ''P) are accurate to +2 He,

106,3 (1.7, 13.9) =CPr: 111.2 (316, 25) =

C: 274 [3051 (14 CH.-C=; 141
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Scheme 1.

are comparable with those obtained previously for simi-
lar complexes [2].
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‘l“uhle‘ : .
e NP and PONMR data ¢ of the complexes 18-21

Trimethylborane (2a) reacts much faster than trieth-
ylborane (2b). and the reaction of triisopropylborane
(2¢) with 4a is extremely siow (> 7 days) at room
temperature (prolonged heating of mixtures of 2¢ and 4
causes extensive decomposition). It appears from *'P
NMR spectra of reaction mixtures containing 2b and 5a
or Sd that these complexes are somewhat more reactive
than 4a or 4d. Within the series of compounds 4. 4a is
more reactive than 4¢ and 4d. The least reactive com-
plexes are 4b and 4e; thus mixtures of 2b and 4b or de
require several days of heating at 50-100°C in order to
observe partial conversion into 10 or further reactions to
24 or 27. Again, prolonged heating at > 50°C is accom-
panied by decomposition. In the absence of an excess of
the trialkylborane 2, a complex mixture of numerous
unidentified compounds is formed. This is due to the
presence of R,B-C=C-R' (Scheme lc. f) which is
more reactive than R,;B, and therefore may compete
effectively with R;B in the initial stage of the 1.1-
organoboration reaction. In the presence of a large
excess of 2 and in the case of the fairly reactive starting
complexes. one observes mainly the reactions with 2.
Nevertheless, the presence of the unstable, reactive
boranes R, B-C=C-R' always gives rise to decomposi-
tion and side-reactions, leading to unidentified impuri-
ties, and hampering the isolation of pure products.
However, *'P NMR spectra indicate that the products
shown in Scheme 1 represent at least 70% of the
reactions, although it appears that the ratio of the com-
plexes 15=21/22-27 depends critically on reaction
conditions (solvent, temperature, concentration). Even
careful attempts to keep such factors unchanged did not
always lead to a constant product distribution in repeti-
tive experiments,

F==T7

No, R R' SR TP CaCp ey Sl PL TP &P
18" Me Me 52.3 [3062] n.m. 52.1[3062] - 2826
16 ¢ Et Me 52.3 [3071] 60.0) 51.2 [3069] .

17 Pr Me §2.4 [3071] (69.6) 50.7 [3075] ..

18 ¢ kit CMe=CH, S1.8[3124] (65.4) 59.5 [3052) ~ 380.7
19 Et Ph ’ 51.9 [3140] 62.00 50,9 [3043] -~ 3822
20 Et Me 19.3 [2891) (61,9 17.6 [2886] nam,

21 Er Ph 52.7 [2085) (48,00 51.) [2888] 4388

198

* In CD,Cl,: coupling constants ' A decy \
P RENMR: 8'C (JCTP O = 1219 630 X e O,
CH,C=.

*Pr, *'P) are accurate to 42 Hz: nun, means not measured: §''P \'uluclx e not assigned, e 1
+1CP 1O ) C=C 160 20 X e Vo), L+ R ) )

(32

CUCNMR: BC TP O = 12005 (47,5, 400, 1209 (51,0, 11.5) C=C 242 (115, 10.2) CHL-Co=2 180 (0.0, 10.0) CH,-C =1 100

CH.CH,C=,

$IC NMR: 8°C [JCTPL OGP, O = 139.4 (65,0, 5.0) = C-C: 1274 (60.0. .00 = CEE 138.2.(10.0,9.0.) = C-C=: 1168 [44.3]
(4.4) =CH,: 237 [35.7)46.0) CH,C=: 247 (0.7, 7.7) CH.C=: 16,7 [34.9](5.1) CH,CH ,Ce2: some ™ Pt satellites could not be assigned with

certainty due to nvcrlup with other ''C MMR signals,
“ e NMR: 8 "

PO TR, O = 140.7 [310.0](70.1, 5.0) =CPh: the ' 'CC=CED NMR signal is not assigned due to overlap with

i " the phe . { i 46,0 ~Cz: 135.8 [49.8] (29.6. 5.4) i, 136.1 [49.4]
signals of the phenyl groups: 135.5 (< 31 (10.8, 8.1) i, 131.9 [46.0] (6.1) o, 128.4 m, 125.6 p Ph-C=. |
(310, 6.1) 0. 133.2[25.0) (14.2. 2.00 0, 128.6 [ < 3] (9.4), 128.8 [ < 3] (8.4) m. 130.1 [< 3] (200 130.2 [ < 3] (2.0) PhP: 31.5 [12.0] (24.3, 10.8).
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2.3. Reaction of the cis-mono-1-alkynyl-bis(triethyl-
phosphane)platinum(il)complexes 7 with trietitylborane
2b

The reaction of 7 with 2b proceeds smoothly by
1,1-ethyloboration to give the alkenylpiatinum(II) com-
plexes 28 (Scheme 2a); the reaction is complete after
warming the mixture from - 78°C to room temperature.
The alkynylborate-like intermediate C, anaiogous to A
(Scheme 1) is shown in Scheme 2b. The proposed
structute of 28a,d is based on consistent ''B, "°C, "'P
and '"*Pt NMR data (Table 4). After several days, *'P

NMR spectra of the reaction sulutions show growing
signals typical of the complexes 29 (Scheme 2c) to-
gether with numerous smaller signals owing to decom-
position.

2.4. Reaction of the trans-1-propynyl-bisitriethylphos-
phanelplatinum(1l) complex 8a with tricthylborane 2b

The complex 8a reacts very slowly with an excess of
2b (see Fig. 4). Evcn after two weeks at room tempera-
ture almost half of the amount of 8a is still present. The
main new component of the mixture is the 1,1-ethylo-
boratior product 30, accompanied by two other com-
plexes in a l:1 ratio. The latter result from the sym-
metrization reaction of 8a. The complex trans-
{(Et,P), P{C=C~Me),] thus formed reacts with 2b as
shown in Eq. (3a), whereas trans-{(Et;P),Pt-
(C(Me)=C(H)Et),} does not react with 2b. The struc-
tural assigament is based on &'P data, relative intensi-
ties in the *'P NMR NMR spectra and coupling con-
stants 'J(7Pt, ' P) (see Fig. 4). Since 8a reacts much

Table 3
"B, P and "*Pt NMR data * of the complexes 22-27
No. R R 5 PP TPY) GO, P S PJICTPL P P
220 Me Me 49.1 [3598) 142.5) 48.6 [3686) ~787.0
23 b Bt Me 49.1 {3612) (44.0) 4% 1 [3683) n.m.
4' Et "Bu 49,1 {3497) (37.8) 46.7 [3766] n.m.
28 Et CMe=CH, 48.3 [3554) 36.1) 47.7 [3658]) - 843.0
26 b Et Ph 48.1(3712] (25.3) 47.3{3n15] = §39.0
27« Et SiMe, 38,4 [4000) (v.5) 37.6 [3060) = 860.0
* 1n C,D, (25 £ 1°C) if Aot noted otherwise; coupling constants 207 Py, 1'PY are accutite 1o+ 2 Hz nm. means aot measured; 8'' P values sie
hot ussigned,

In CD,Cl,.

“ In [D, hoiuene,

8"'B =248 (h,,, = 425 Hz). ''C NMR: 8''C: 92.2 broud, =C-B: 74.7 =CMe: 3.4 CH,C=: 23.2, 219 CH,C = all other ''C NMR signals

overlap with resonances of 18 or i :purities,
‘ 8''B 31.0 (k5 = 650 Hz).
8'B 28.5 (hy 5 = S00 Ha).
* ¢ NMR: 8
of the major component 19,

‘;i;able ;t ‘
B. 'C, "'P and ""*Pt NMR data ° of the complexes 28a.d

'€ 0P, VO] = 98.8 broad, =C-B; 93.8 [240.0) =C-Ph: 96.1, 91.8 C=C=Ph; ull other ''C NMR signals overlap with signals

No. 8"'C=CP 8'C(=CB) &"C(CH.PV

3p e IR, TP) 8kt F3™

Watt 191.6(881.2](114.4,12.7) 148.6(60) '
2014 183.8{893.01 (113.0. tL.7)  1499[45)" (h}

22.3[335.71(89.0.7.3)  S7[1s%1) (11O

~0.9[1824] 2591591, 1824]

58073 Lo 1211937 165 (1731, 1837]

* In €, D, at 25 + 1°C; coupling constants J("™ Py, '*C) (4 1 Had und 'JC%Pr, 'P) (4 2 Ho) are given in square brackets, JC'P, "'C) (1 H)

gn parentheses,
Phosphorus atom in trans-position to "Bu,
[ . . : 2 R
Phosphorus atom in cis-position 1o "B,

¢ Other 8''C data: 34.8 {15.2] B8, < 1), 27.2 [76,0} (4.5.1.9), 14.5 [<3] (< 1) ~CH,CH,CH ; 29.3 [108] (108, < 1), 155 [<3] (<D

: 8'"B 760 £ 0.5,
Broad signal owing to partially relaxed "'C-"'B coupling.
ES'B RO ).
Assignment uncertain due to overlap with other '*C NMR signals.

=C-CH,CH,; 26.1 [71.2) (108, < 1) =C-CH,;: 193", 95 B-CH,CH,.



B. Wrackmever, A. Sebald / Journal of Orgunometallic Chemistry 544 (1997) 105-114 b1

E'><.ps Bt Me
SPEy >§( PEt,
H H 4 BEL,

E‘:P/ PR Et;P/
M t
8a e / z;q
Et Me
X PEt
0" B
Et:P(.,N E
e | Et ™ Me
'
H H
Etyp”
Me t

Q

*.- LUJULJUJM L

20 10 0 -10 53

Fig. 4. 80.2 MHz “p{'H) NMR spectrum of lhe“reaclion sohution (C,D,) comainin% qlhe comples 8a and an excess of Et;B after 2 weeks of
reaction time at room temperature. The central *'P NMR signals are assigned and Pt satellites are marked by arrows, asterisks, filled and
non-filled circles. Other weak signals belong 10 unidentified decomposition products.

slower with 2b than comparable complexes 4-7 with known NMR data sets of similar compounds [4,5,27~
cis-configuration, it is assumed that steric hindrance 29). In the case of 8a, the presence of the olefinic
exerted by the phosphane ligands is responsible. proton (see Fig. 5) invites for carrying out \Earii)us 1D
S o heteronuclear double resonance experiments [30] or 2D

2.5. NMR spectroscopic results heteronuclear shift correlations (HETCOR) in order to
The NMR data of the new l-alkynylplatinum(li) determine absolute si‘%ns of coupling constants LSI.BZ],
complexes db,e, 7a,d and 8a agree consistently with the Thus, selective 'H ("P) experiments ('H and "'P are

(@)

1

60 Hz g

Fig. 5. 200 MHz 'H (a) and 'H{*'P) NMR spectrum (b) of srans-{(Et,P), PUC=C~Me)-(E)-C(Me)=C(H)EL] (8a), showing the signal of the
olefinic proton; the coupling constants *J('H, 'H) = 6.6 Hz (1), U('H-C=C-C'H,) 1.6 Hz (q) are clearly resolved, together with the "™"Pt
satellites [*2('**Pt, 'H) = 46.3 Hz].
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the active spins and "*Pt is the so-called passive spin)
reveal that the signs of 'J('**Pr, *'P) (>0 [26]) and
3J("%5Pt, 'H) (across the C=C bond) are alike. The 2D
3¢ /'H HETCOR (based on 'J(°C, 'H): 'H and/or
1*C are the active spins, and Pt is the passive spin)
shows that the signs of "J('”’Pr. 'H) (> 0, vide supra)
and 2J("*PtC=""C) are opposite. Other signs of cou-
pling constants for 1-alkynylplatinum(II) complexes
have been determined previously [33,34].

Although it was not possible to record meaningful
3¢ NMR spectra of most of the mixtures formed in the
course of the 1,1-organoboration reactions, some prod-
ucts were formed reasonably pure, allowing to extend
the 'P and Pt data set by "'C NMR data. Thus the
proposed structure of the complex 11 is supported by
diagnostic ’C NMR data (Table 1), Similarly, the
complexes 18 and 19 are formed almost selectively, and
a fairly complete '*C NMR data set could be obtained
(Table 3).

3, Conclusions

The various products formed by 1.1-organoboration
of l-alkynylplatinum(il) complexes result primarily
from cleavage of a Pt=C= bond, similar to the findings
for 1-alkynylsilicon, -germanium, -tin and -lead com-
pounds [3]. This confirms the previously proposed
mechanism [1.2] for the reaction of 1-
ethynylplatinum(ll) complexes with trialkylboranes
[1.2). In contrast to 1,1-organoboration of 1-ulkynyltin
or -lead compounds, zwitterionic intermediates with
Pt} coordinuted to the C=C bond of an alkynylborate
(A, B, or ©) could neither be isolated nor detected by
NMR measurements. However, the intermediacy of such
upstable species can be deduced from the nature of the
products such as n-alkyne platinum(®) or n*-alken-
ylborane platinum(0) complexes.

4, Experimental

All compounds were prepared and handled in an
atmosphere of Ar or N,, observing necessary precau-
tions to exclude traces of oxygen or moisture. Starting
materials such as terminal alkynes or "BuLi (1.6 M in
hexane) were obtained commercially or prepured fol-
lowing literature procedures: [(dppe)PCl1.} [3S).
[(depe)PtC1,] [36] ', trans-[(Ft,P), PHCIC=C-Me] {5],
dade, Sa [4) Me,Sn(C=C-"Bu),, Me,Sn(C=C~
CMe=CH,), {37}, Me,B [38), E1,B [39), 'Pr,B [40}.

See also Ret. {2),

NMR measurements were carried out at 25°C using
Bruker WP 200, AC 300, ARX 250 and DRX 500
instruments, all equipped with multinuclear units.
Chemical shifts are given with respect to Me,Si [8'H
(C,D;H) = 7.15, (CHCl, /CDCl, = 7.24, (CHDCl,) =
5.33; 8"°C (C,D,) = 1280, (CDCl,) = 77.0, (CD,Cl,)
=53.8], Et,0-BF, [§''B=0, =(''B)=32.083971
MHz], H,PO, (85%. aq) [&'P=0, EC'P)=
40.480747 MHz) and to 8'”°Pt = 0 with Z("°Pp) = 21.4
MHz.

4.1. Cis-di-1-alkyayl{1,2-bis(diorganyiphos-
phinoJethanelplatinumi1l) 4b.c and 6d

The complexes were prepared and isolated in 95%
yield in the same way as reported previously [4] by the
reaction of cis-{(dppe)PtCl, or cis-[(depe)PtCl,] with
the respective di-1-alkynyl(dimethyl)stannane in THF.

4b: m.p. 235°C decomp. ""C NMR (50.3 MHz,
CD,CL,): 8"C (4P “O) (JC'P, “YC)=90.3
[1130.5]) (149.0, 16.0) dd =~-CPt; 120.5 [302.5] (33.7,
1.4) dd C=, 294 [< 4] (< 1) C-C=; 322 [8.2] (< 1)
Me~C 28.6, 130.2, 134.1, 128.8; 131.3 dppe. "'P NMR
809 MHz, CD,CL): &P ['J("*P. "'P) =411
[2258.0]. "'Pt NMR (428 MHz, CD,Cl,): &Pt
(2P Y'P) = - 386.8 [2258.0 .

4¢: m.p. 210°C decomp.; IR (CH,Cl,): »(C=C) =
2110 (m), 2075 (w) em™'. "'C NMR (50.3 MHz.
cpCl): 8 (™ e (TP 1C) = 1084
[1137.0] (146.5, 15.5) dd =CPt 113.5 [305.2] (341,
1.0] dd C=: 131.1 {25.8] (< 1) =C: 1156 [124] (< 1)
=CH,: 248 (7.7) (£ 1) Me-C=: 28.8 [40.4] (38.3,
10.9) dd CH,P: 130.4 [24.3T(54.8). 1339, 129.1, 131.5
PhP, "'P NMR (809 MHz, CD,CL,): 8"P ['2(" P,
")) = 41,3 [2264.0), "*Pt NMR (42:8 MHz, CD,CI, ):
8P (" Pr, V' P)) = 382.0 [2264.0) 1,

6d: m.p. 180°C decomp.: IR (CH,Cl,): v(CeC) =
2114 (m), 2108 (m) em™'. "'C NMR (50.3 MHz.
CD,CLL): 8" [P, VO] (P, YO = 1098
[1084.8] (139.8, 16.7) dd =CP1; 110.8 [197.3] (34.4,1.5)
dd C=; 128.9 [25.6). 131.4 [8.8], 128.2. 125.5 Ph-C=;
245, 18.8, 8.8 depe. 'P NMR (80.9 MHz, CD,Cl,):
8P [P, “P) = $1.6 [2209.0). Pt NMR (42.8
MHz. CD,CL,): &bt ['2(™p, V'P)] = —387.2
22090} t.

4.2, Cis-l-alkyayln-buex ) bisteriethylphos -
phane) Iplatinwni 1) 7a.d

A solution of 2.0 mmol each of rtrans-
[(Et,P), PHCIC=C-R'] [R' = Me (a). Ph (d)] in 30 ml
of hexane and 5 ml of benzene was cooled at —78°C,
and 1.25 ml of a solution of “"BuLi in hexane (1.6 M)
was added to the stirred suspension within 5 min. After
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warming to room temperature all insoluble material was
filtered off and the solvents were removed in vacuo.
The colourless mﬂldues turned out o be the pure (>97%
according to 'P NMR) complexes 7a.d in ca. 65%
yield.

7a: mp. 65°C decomp.; "C NMR (50.3 MHz,
CD.Cl,): 8“C [J(*°P, Se) (JC'P, Boy=1039
[1226.3] (147.0, 21.6) dd =CPt; 96.1 [341.8] (33.3,
<1) d C=; 6.8 [25.6] (< 1) Me-C=-: 16.8 [535.4]
(91.6, 7.2) dd, 36.3 [13.9] (3.9, < 1) d, 89[882](89
<1) d. 148 [<3] (< 1) Pt-CH,CH,CH,CH,. *'P
NMR (80.9 MHz, CD,Cl,): &' P[' J('”Pt 3‘|>)]( J(“P
Yp) = 10.3 [1426.0] (14.3); 10.3 [2587.0] (14.3). Pt
NMR (42.8 MHz, CD,Cl,): 8Pt ['J("*Pt, *'P)} =
-ﬂ7so['>ss7o 1426.0] dd.

m.p. 55°C decomp.: NMR (50.3 MHz, CD,Cl,):
a“cu(' p. YO (JC'P, *C) 120.5 (1467, 21.9) dd
=CPt: 105.8 [338.0] (31.0, < 1) d C=; 131.4, 128.1,
124.8 Ph—C=; 16.7 [526.6] (88.4. 6.4) dd. 36.2 [9.0]
(4.6, <1)d. 28.8[83.8]1(100, <14, 148[<3}J(< )
Pt~CH.CH.CH.CH,. *'P NMR (80.9 MHz, CD,Cl,):
&P [P P FICP, V' P)] = 9.3 [1430.0] (15.5);
9.8 [?6"‘7 0] (16.6)). *Pt NMR (42.8 MHz, CD,ClL,):
SUPt [' (%P, V'P)) = —262.4 [2627.0,1430.0] dd.

4.3. Trans-(E)-2-pentenvl( ]-propyayl)|bis(triethylphos-
phane)iplatinum(1l) 8a

Triethylborane (3 ml, 21.4 mmol) was added in one
portion to a solution of 1.27 g (2.5 mmol) of rans-
[(Et,P), PUC=C--M:),] in 20 ml of benzene, and the
mixture wiis kcpl i the dark at room temperature {or
two weeks. "'P NMR spectra indicated that ¢a, 90% of
the starting platinum complex was converted into the
alkenylborane (Eq. (3u)) by l.l-ethyloboration. Then
the reaction mixture was added to0 a column (length 20
em, diameter 3 cm) filled with neutral alumina and
benzene. After elution with 150 ml of benzene, all
volatile material was removed in vacuo, and 0.94 g
(70%) of 8a was left as a colourless oil. IR (hexane):
u(C%-C)’I"I(m) em™ ' p(C=C) 1585 (broad) cm™',
H NMR (200 MHz, C,[,): S‘H[J(""Pt. H)] (J('P,
'H) = 202 [ml3 2] (20) ! CH -—C : 5.41 [+46.3)
(0.5), "J('H, 'H) = 6.6 Hz. "J('H, H)mlez m(su.
Fig. 5) H-C=: 2.03 m CH,-C=: 2.20 m, 1.08 “J('H,
'H)=17.5 Hz, t, =C-CH, —CH 18 m, 1.0 m P-
CH.CH, - "C NMR (503 MHz, C,D,): 8"C
[P, PO IR, 1TC) = 96,6 (79601 (15.3) 1 =CPx;
100.7 [2100] (< 1) C=; 6.7 [17.8] (< 1) Me=Cs=;
146.3 [643.5] (10.8) t =CPy; 131.8 [33.0] (41) C=;
25.3[44.5] (< 1) Me~C=; 23.3[51.5] (< 1) CH, —Ls-
16.8 [< 3]} (< 1) CH,-CH,-C=; 15.5, 8.2 Eip. P
NMR (80.9 MHz, c?’b""cn ): &' PLIPPL Y P =113
[2797.01. Pt NMR (428 MHz. C,D,: 8Pt
(7% P, ' P)] = —87.1 [2797.0 t.

4.4, Reactions of the I-alkvnylplatinum(ll} complexes
4-8 with trialkylboranes 2 (general procedure)

The respective l-alkynylplatinum(I) complex (ca.
0.1 to 0.3 mmol) was dissolved in 2.0 ml of CD,Cl, (if
heating was required [D; ltoluene served as solvent) at
room temperature. These solutions were transferred into
NMR tubes and cooled at —78°C. An excess of the
respective trialkylborane (ca. 2—-3 mmol) was added in
one portion through a syringe (or in the case of Me,B,
the borane was condensed into the NMR tube which
then was sealed after several pump-freeze circles). The
reaction mixtures were warmed to room temperature,
and the progress of the reactions was always monitored
b‘% 'P NMR spectroscopy, in favourable cases also by

Pt NMR spectroscopy. In general, the colour of the
mixtures turned dark but the solutions stayed clear for
several days at room temperature. After heating at
> 50°C or after more than 10 d at room temperature
extensive decomposition started, indicated by precipita-
tion of insoluble matenal and by the appearance of
numerous unassngned 'P NMR signals.

Acknowledgements

Support of this work by the Deutsche Forschungsge-
meinschaft and the Fonds der Chemischen Industrie is
gratefully acknowledged. We thank Prof. Dr. R. Koster,
Mulhcim, for a generous gift of triethylborane and
DEGUSSA AG for the loan of precious metal salts,

Refcrences

[1] A. Scbald. B. Wrackmeyer. J. Chem. Sec. Chem Commun,
(1943) 1293,

(2] A. Sebald. B, Wrackmeyer, J. Organomet. Chem, 04 (1986)
271,

(3] B. Wrackmeyer, Coord. Chem. Rev. 145 (1995) 125,

{4) A. Sebakd, B. Wrackmeyer. Z. Naturforsch, 38b (1983) 1156.

{5] C.J. Cardin, D.J. Cardin, M.F. Lappert, J. Chem. Soc. Daiton
Trans. (1977) 767.

[6] A. Sebuld, C. Suder, B. Wruckmeyer, W. Bensch. J. Organomet.
Chem. 311 (1986) 233,

[7] A. Sebuld. B. Wrackmeyer, C.R. Theocharis, W, Jones, J.
Chem. Soc. Dalton Trans. (1984) 747.

(8] A. Sebald, B. Wrackmeyer. J. Chem. Soc, Chem. Commun.
(1983) 309,

[9] B. Wrackmeyer, G. Kehr, R. Boese, Angew. Chem, 103 (1991)
1374.

[10] B. Wrackmeyer, G. Kehr. R. Boese, Angew, Chem, Int. Ed.
Engl. 30 (1991) 1370,

{11] B. Wrackmeyer. S. Kundler, R, Boese, Chem. Ber. 126 (1993)
1361,

{12] B. Wruckmeyer. S. Kundler, W, Milius, R. Boese, Chem. Ber,
127 (1994) 333,

[13] B. Wrackmeyer. K. Horchler, R. Boese, Angew. Chem. 101
(1989) 1863.



114 B, Wrackmever, A. Sebuld / Journal of Organometallic Chemistry 544 (1997) 105-114

[t4] B. Wrackmeyer, K. Horchler. R. Boese, Angew. Chem. Int. Ed.
Engl. 28 (1989) 1500,

{15] B.W. Davies. R.). Puddephat, N.C. Payne, Can. J. Chem. 50
(1972) 2276.

[16] HC. Clark. L.E. Manzer, J. Ara. Chem. Soc. 95 (1973) 3813.

[17] H.C. Clark, R.). Puddephat, Inorg. Chem. 10 (1971) 18.

(18] N. Chaudhury, R.). Puddephat, Inorg. Chem. 20 (1981) 467.

{19]) T.-M. Huang, §.-T. Chen, G.-H. Lee, Y. Wang, J. Am. Ciiem.
Soc. 115 (1993) 1170.

[20} B. Wrackmeyer. H. Noth, Chem. Ber. 110 (1977) 1086.

[21] Y. Koie, S. Shimoda, Y. Saito, J. Chem. Soc. Dalton Trans.
(1981) 1082,

[22] M.A. Bemnett, H.-D. Schwemlein, Angew. Chem. 101 (1989)
1349,

[23] M.A. Bennett, H.-D. Schwemlein, Angew. Chem. Int. Ed. Engl.
28 (1989) 1296,

[241 Z. Lu, K.A. Abboud, WM. Jones, J. Am. Chem. Soc. 114
(1992) 10991,

[25] N.M. Boag. M. Green. DM. Grove, J.AK. Howard, J.L.
Spencer. F.G.A. Stone, J. Chem. Soc. Dalton Trans. (1980)
2170.

[26] H. Wadepohl. W, Siebert, Z. Naturforsch, 39b (1984) 50,

[27] P.S. Pregosin, Coord. Chem. Rev. 44 (1982) 247.

[28] P.S. Pregosin, Annu. Rep. NMR Spectrosc. 17 (1936) 285,

[29] A. Sebald, W. Wrackmcyer, W. Beck, Z. Nawrforsch. 38b
(1983) 45.

{30] W. McFarlane, Annu. Rep NMR Spectrosc. 1 (1968) 135,

{31] A. Bax, R. Freeman, J. Magn. Reson. 45 {1981) 177.

{32] T.C. Wong, V. Rutar, J.S. Wang, J. Am. Chem. Soc. 106 (1984)
7046.

{33] B. Wrackmeyer, Z. Natarforsch. 46b (1991) 35.

[34] B. Wrackmeyer, K. Horchler von Locquenghien, E. Kupce, A.
Sebald, Magn. Reson. Chem. 31 {1993) 45.

[35] T.G. Appleton. M.A. Benett, J.B. Tomkins, J. Chem. Soc.
Dalton Trans. ¢1976) 439,

[36] C.A. McAuliffe, W. Levason, Phosphine, Arsine and Stibine
Complexes of the Transition Elements, Elsevier, Amsterdam
1979, p. 291.

[37] W.E. Davidsohn, M.C. Henry, Chem. Rev. 67 (1967) 73.

[38) H.C. Brown, J. Am. Chem. Soc. 67 (1945) 374,

[39] R. Kuster, P. Binger. W.V. Duahlhoff, Synth. React. Inorg.
Metal.-Org. Chem. 3 (1973) 339,

[40] E. Krause, P. Nobbe, Chem. Ber. 64 (1931) 2112,



