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Summary

The reaction of Pt(C,H,)(PPh;), with 1,2-dicyanocyclobutene affords the
new complex bis(triphenylphosphine)(1,2-dicyanocyclobutene)platinum(0),
Pt((NC)C=C(CN)CH,CH,)(PPh,),. The complex has been characterized spec-
troscopically and by means of a low-temperature X-ray diffraction study. The
31p NMR spectrum displays a singlet at 24.84 ppm downfield from external
85% H;PO, with °5Pt satellites (1J(195Pt—3!P) = 3561 Hz), consistent with the
equivalence of the two PPh, groups in the complex. The material crystallizes in
space group C3, — P2,/n of the monoclinic system with four formula units in a
cell at —150°C of @ = 14.525(3), b = 11.981(3), ¢ = 19.721(6) A, 8= 98.22(1)°.
Based on a total of 14 108 observations and 173 variables the structure has
been refined to values of R and R, on F3? of 0.044 and 0.073, respectively.
The cyclobutene is attached to the P,Pt moiety through interaction with the
double bond. The resultant P,PtC, portion of the molecule is essentially planar.
The Pt—P distances are 2.284(1) and 2.301(1) & and the Pt—C distances are
2.091(3) and 2.077(3) A. The 1,2-dicyanocyclobutene portion of the complex
is essentially planar, with the angle between this plane and that of the P,PtC,
plane being 62.6°. The single bonds within the ring have lengths of 1.542(4),
1.546(5), and 1.541(5) A, while the former double bond has on coordination
lengthened to a value of 1.504(4) A.

Introduction

The discovery of platinacyclobutanes by Tipper in 1955 [1] from the ring
opening of cyclopropane by Pt!! initiated the study of the interactions of
Group VIII metals with small rings [ 2—4]. Ring-opening insertions of Pt°, Pt!!,
and Ir! into cyclopropanes proceed by concerted pathways [5]; ring openings
into heterccyclic oxiranes proceed by dipolar intermediates [6]. When the ring
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is unsaturated, the double bond plays a role in initial coordination before the
ring is opened [7,8]. Several structures of w-bound cyclopropenes have shown
considerable lengthening of the C=C bond, perhaps because the metal orbitals
interact to relieve ring strain in the molecule [8,9]. Some of these m-bound
complexes can be converted into metallocycles by insertion of the metal into
an adjacent C—C bond [7]. Activated cyclopropenes may undergo insertion of
Pt into the adjacent C—C bond in solution [10].

Interactions of this type have not been as extensively documented for four-
membered rings. Most of the work to date has involved metal-assisted catalysis
of the rearrangements of cubanes or strained cyclobutenes to less strained prod-
ucts [11]. This usually involves scission of a cyclobutane by Ag!, Cu!, Pd!!, or
Rh!, and the release of a diolefin product, comprising a 46 - 27 + 27 transfor-
mation. Much of the evidence suggests that metallocyclic intermediates are
often important in such processes. The compound Fe(CO); reacts with strained
cyclobutenes to form an initial r-adduct, and then isomerizes the ligand by
ring-opening of the cyclobutene. The result is a cyclobutene-to-butadiene
rearrangement [11]. The use of cyclobutadiene as a 47 ligand has been exten-
sive and many of its complexes have been analyzed structurally [12].

An area which has received much less attention than either of these is the
study of the w-coordination and C—C bond activation of cyclobutenes. The
only compounds that have been observed to coordinate and undergo subse-
quent insertions have been substituted cyclobutenediones [13,14]. Usually,
these first bind in a w-fashion to the metal (a Pt° species) before the Pt center
oxidatively inserts into an adjacent C—C single bond [14]. An intermediate
w-complex has been characterized [15]. Platinum(0) may also be used to trap
unstable organic moities containing a cyclobutene ring. Thus, bicyclo[2.2.0]-
cyclohexene forms a stable m-complex with Pt? at low temperature [16].

An objective of the present work was tc analyze the product of the reaction
of an electron-rich metal species with 1,2-dicyanocyclobutene. This ring is
different from the cyclobutenediones in that the olefin carbon atoms are rela-
tively electron poor and the other carbon atoms are saturated. We thus
expected the formation and stabilization of a m-bound species leaving the ring
intact.

Experimental

Synthesis of Pt((NC)C=C(CN)CH,CH, )(PPh),

The previously unreported complex bis(triphenylphosphine)(1,2-dicyano-
cyclobutene)platinum(0) was synthesized by refluxing Pt(C,H,;)(PPhs), [17]
(0.75 g, 1.0 mmol) and 1,2-dicyanocyclobutene [18] (0.27 g, 2.6 mmol) in
benzene (19 ml) for 16 h. Reduction of the volume by half, followed by addi-
tion of absolute ethanol, gave a white precipitate. This precipitate was collected
on a filter, washed with absolute ethanol, and dried in vacuo. Yield = 0.57 g
(68%) {Anal. Found: C, 61.45; H, 4.06; N, 3.34. C,4,H,N,P,Pt calcd.: C, 61.24;
H, 4.16; N, 3.40%). The 3P NMR spectrum (CDC]l,) consisted of a singlet at
24.34 ppm downfield from external 85% H;PO, with '°°Pt satellites (J(*°Pt—
31p) = 3561 Hz). The IR spectrum (KBr pellet) contained a sharp band at 2200
cm™! which we assign to the »(CN) stretching frequency.
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Collection of X-ray data

The title compound was recrystallized from absolute EtOH to give large,
clear crystals. Preliminary film work revealed symmetry and systematic extinc-
tions consistent with the space group C3, — P2,/n of the monoclinic system.
Acquisition of a low-temperature (—150°C) diffraction data set proceeded
using methods described previously [19]. Some details are given in Table 1.

The positions of the Pt atom and the two cis-phosphorus atoms were found
from a sharpened, origin-removed Patterson map. The other atoms in the asym-
metric unit were found in a succession of difference Fourier maps.

Up to the final calculations, each successive refinement was carried out on a
random 20% of the 10 796 unique data for which Fy? > 30(F,?). Full matrix,
least-squares refinement was on F with minimization of Zw(IFyl — |F, )2, The
phenyl groups were constrained as rigid groups of D, symmetry with a C—C
distance of 1.392 A.

The isotropic refinement of non-hydrogen atoms converged to values for R

TABLE 1

DATA COLLECTION PROCEDURES AND REFINEMENT RESULTS FOR
Pt((NC)C=C(CN)CH2CH3)(PPh3);

Formula C42H34No2Po Pt

Formula weight (a.m.u.) 823.79

Space group monochnic C3,-P24/n

Cell constants

a (A) 14.525(3)

b(A) 11.981(3)

c (A) 19.721(6)

B8 93.22(1)

v (&3 3397

b4 4

Density

Caled. (g/em3) 1.61 (—150°C) @

Measured (g/em?) 1.50 (23°C)

Crystal shape irregular decahedral prism, bounded by faces of the forms
{110}, {111}, {oo1}

Crystal volume (mm3) 011

Radiation graphite monochromated Mo-Kg: (A(Ky1) = 0.7093 A)

B (em~1) 43 0

Transmission factors 0.13 to 0.25

Takeoff angle (°) 2.8

Receiving aperture (mm) 5 X 5, 34 cmn from the crystal

Scan speed (°/min) 2

Scan width 1.0° below Kg, to 1.0 above Kq,

Data collection @ /26 methad, 4.0° < 26 < 67.8°

Background counts 10 seconds with the rescan option

Number of unique reflections measured 14 108

Unique data with F§ > 30(F3) 10 796

Number of variables 173

Error in observation of unit weight 1122

R (on F§) 0044

Ry (on F§) . 2 0.073

R (on | Fgl for F§ > 30(Fg)) 0.034

Ry (on }Fol for F§ > 3a(F§)) 0.038

@ The low-temperature system is based on a design by J.C. Huffman [37].
5 The diffractometer was run under the disk-oriented Vanderbilt system [38].
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TABLE 2

POSITIONAL AND THERMAL PARAMETERS OF NON-GROUP ATOMS OF
Pt{(CN) C=C(CN)CH,CH3)(PPh3);

arom * v z 811" 822 833 812 az3 azy

PT Q.2265935¢(63) 0.1156153¢83) 0.2235839158) 13.1604) 19.85(5) 8.23123 -Ze2080) 125¢22 2.56¢3)
PL1r ~0.095903 (A6} 0.015888(57) 0.166262135) 146.72126) 18.48¢3) 894115} ~8.05%(26) 2.49016) B.2% (29D
P2y 0.0328541a7) 2.055565(50) §.335178036) 13.60827) 28.88(81) 9.63(15) -Z.00027) 2.86(16)3 2.34028}
c 0.13363(20) g.23185¢27) €.22132118) 18.812) 37.10228) 12.73169 -s.2013) ~2.7HC73 5.68(37)
ce g9.378335128) 0.21768(25) 8.15213(18) 17.20122 27.2¢018) 19.03(6a) -2. 34127 2.2y 5.58¢39)
cn 0.16166¢223 3.17293¢28) °.12275¢173 2Z.3t13) 43.9022? 17.95100) 3.6418} Be0TAY) 8.86111
cta} 8.22006(21} S.28388(32) 0.19433122) 15.5011) 51.8126? 26.7013) ~2.301820 2.€1¢95) 18.5¢15%
c5 G.13681(24) 8.33142(33) 8.26841117) 33.2¢(16) £9.31272 14.33(78)  -22.Te18) -3.23¢88) a.30121
cte} .815720200 8.3308725) 8.11583 (103 23.7¢12} 23.9018) 9.83(81) -6.0012) 8.36(68) 6.07187)
nel. 0.13933¢27) 0.41371(311} 0.29044(18) 85.6121) 57.5¢2N 17.63191} -31.8019) ~f.3111) -1.2¢13)
ne21 ~G.03264(28) 8.38383121) 0.89341€16) 33.3t13) 28.0017) 16,1676 e.ag11) -2.37¢781 21.13¢05)

a 8
ESTIMATED STANOARD QEWIATIONS IM THE LEAST SICMIFICANT FICURE{(S) ARE CIVENM IN PARENTHESES IN TMIS AND ALL SUBSEQUENT TAALES. THE
FOAM OF THE ANISQTRQPIC YHERWAL ELLIPSOID IST EXP(-(B11M 822K ¢3ISL° +2812WKs2813HL42823XL) 1. THE QUANTITIES GIVEW IN THE TARLE
ARE THE THERMAL COEFFICIENTS X 18 o

and R, of 0.080 and 0.091. Next, the hydrogen atom positions of the phenyl
groups were idealized (C—H = 0.95 A). The positions of the cyclobutene hydro-
gen atoms were also idealized using a C—H distance of 0.95 & and an H—C—H
angle of 114° [20]. The contributions of these atoms to the structure factors
were fixed in subsequent refinements. Each hydrogen atom was given a thermal
parameter 1.0 A2 greater than that of the carbon atom to which it is attached.

TABLE 3
DERIVED PARAMETERS FOR GROUP ATOMS OF Pt((CN)C =C(CN)CH,CH; )(PPh3),

atom x r z a.lz Aton x r z a!.z
3331 ~8.27288¢222 ~R.12332(12) G.14Z838(902 1eb0(8) Claz? 0.2588585(54) 8.95758017) 0.381377(an 1.42(8)
CL12)  ~0.80099(12) -3.18898(15) 0.3833274(73) 1.781a} Cta2? 2.22221€12) 0.019804173 0.3a7518167) 17508}
ct133 0.22305€122 ~8.28982(15) T e.186832¢91) 2.14(5) Ctal) Q312210100 C.00948¢17) R.3824882887? 1.93¢(5)
Ct1s)  -2.32293¢13) InE 960123 0.189978197) 298183 [1{Y}) 2.335854¢923 R.038ST(18) 4513430060 1.87t8)
cr3) ~-0.09976 113} za¥sL %) 2.068530¢82} 1.93(5) Ctas) 0.2%951¢12) 1.077a%¢018)} 254 &7} 29508
Ce183  ~0.12118(21)  -0.178ABC1N} C.085873 (26} 2.76(8} Ctas) 169516203 S.08583¢27) 458528 (80D 17318}
cwen ~G.10560011) 0.076848116) 8.08213%(69) 1.36¢s8) ctssy 80392¢123 -0.08015¢11) e.358685(11) E Y411}
C22)  -8.030288(A8)  B.e3s2201 M) 8.335585(am) 1.7LL8) ces2s 09778¢€11)  -0.12435¢1%) 3.36807C212 1.000a2
CIZ3r  -0.1183a(12) 0.17363018) -0.03388T7 (1) 2.1515) ces3) 125317¢581) -8.22533¢16) e6.352281711) 2.1715)
cezer —0.22370¢131 Qe 10163(20) ~0.050723175) 2.5815) CtSat -2.45916¢13) -0.32022¢22) 8.35622 0120 Z.39(5}
ces -0.275812192) 0.12834(28) ~0.084139(99) 2.4616) cessy Ca33861¢12) ~0.28391013) 2.35858111) Z.09t(8)
ct26) ~2.28897¢20) 0.0863%6 (28} 0.362333¢88) 1a83C42 ciser 2.062232¢(48) -0.17293(15) 2.355aT¢20) 174N
Ce32)  -8.2977S(18) 2.81138¢14) 2.211338(865) 13313 C(52)  -0.€2957¢13) C.2473302%5) 2.385972198) 1.53(8)
Ct323  -D.21228¢12) s.13061¢12} F.253Ta7(35) 1.59(8) C(62)  -D.08439(15) 9.189331(13} R.a3887¢11) 2.15(5)
CE33) -8.28486(23) 0.03635 1Y) 8292771 ¢9%) 1.98¢5) CI63)  -0.12661(15) Q.18588¢18) g.a7I68CIMD 2.61¢8)
(X813} -3.38291021% f.008701 ) 0.209380(37) 2.15(5) [ {13] -0.11462416) 0.29992(180 a.s8a58021) 2.8%46?
€138 -8.32835(122 518013 Q.24696010) 1.9008) €t6S)  -0.08389417) 0.33784122) 8.01568112) 2.7916)
(441} -0.255001(13) -0.281%3¢13) 0.2379393491) 1.71t4h} ctsss -0.01757¢14) 0.26135(1682 9.37708118) 2245
RIGIO GROUP PARAMETERS
Group x‘ v z DEL‘I’IB EPSILON ETa
13 <. 3

Prmirs -8.8503608003) ~B.23218811) 9.125358162) 1.9258018) 2.3708012) ~2.7540¢015)
Prm2ps -8.179458 S».310828C11) 84013723165} 1.6201{108 ~2.77996(28) -1.2624014)
[L 3 1] -a.278330c812 g.e077ZI10) 2.259355(613 2.85620011) 2.7977¢12) e.rrarea3s

2P ] a8y T.86836118) 2.416461¢(632 G 7520(2S) ~Z.808010210 2.8%34025)
P22 ~0.031582¢87) ~0.23913¢11) 5.353802062) ~1.867d319%) S.08a2(12) 0.078a¢13)
PrxIp2 ~0.0722%1(35) d.22362022) 8.42577T(TY ~0.46842815) 2.53871238 T3382C1 60
A

ch 'c. ang Zc ARE THE FRACTIOMAL COORDIMAYES OF TME JRIGIN OF THE RIGID GRQUP. s‘TNE RIGID GROUP GRIENTATION ANGLES DELTA, EP-
SILONs AND ETA(RAOZANS) MAVE OEEN DEFINED PREVIOUSLY2 SeJda LA PLACA AXD Jel. ISERS, ACTA CRYSTALLOGR., 18. SI1{1345).
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TABLE 4
IDEALIZED HYDRCGEN PARAMETERS OF Pt((CN) 6=C(CN)CH26H2)(PPh3)2

ATam x Y 14 ] ATOM x Y z R

SHGEOIEPCLSE S0 ACLEE NI CE IO NEENEETPIREISEEORERIFIIPERIEILIN N NN ISR IT AP ICIENOIEPItNRtOsPTQueineTaddee

H1C(3) 1542 « 0976 «10R4 3.18 H1C(351? -«3869¢ -e1453 «2434 2.19
H2C(3) «1209 «2218 <0901 3.18 H1C(26) ~e?2477 -sl414 «1794 231
HIC(4) «2412 «1147 «2133 3.94 H1C (421 «2107 <0011 <3002 2.87
H2C (&) «2693 «2382 <1948 3.94 H1C(43) «3622 -s0124 «3589 2.78
H1C(12) <0331 ~e1465 «2222 2.72 H1ICE44) «3927 .033) -4753 3.02
H1C(13) «0698 ~a3291 «1933 2492 RIC(45) 2717 «094] «5330 3.26
H1C(14) —-+0137 ~s4153 «Q%70 3.2% H1C(46) «1202 <1086 8742 2473
H1C(13) -s1239 ~-e3188 <0298 2.7 HICLS2}Y ~alé32 - 0%T0 03451 2495
H1C (18} ~+1705 ~e1361 «0%ns 2.47 H1C(53) -.1287 ~a2440 3498 3.72
HI1C(22) -«0191 <0882 «0491 287 H1C(58) -u 0767 -a3829 03586 353
H1C(23) -e0782 1442 -a0624 3.38 H1C(55) ~0809 —-e3408 -3628 3.13
H1C(24) -e2366 <1654 ~e0958 3,49 H1C(%6) «1264 -.1538 «3581 2.82
H1C(29) -e3399 <1285 -e0176 3.813 H1C(62) -+0912 0318 «4416 2464
H1C(268) - 2828 «070¢ «0939 2460 H1C(63) ~-+1638 1598 «5066 3.67
H1C(32) -s1706 «1637 « 29467 2.82 HIC(E4) —a1442 «3316 «4913 367
H1C(33) -e2923 «1598 «3224 254 H1IC(&5Y —a0522 «4158 %112 3.80
HLICL34) =+3918 « 0032 «3170 2486 H1C(e6) « 0204 «2880 «3462 3,02

S0P 0000080000REES0RE0EICTNRIEEICUOERERSOSRURINIINIETINNIEPECN IO POOtOIOGEeIN PP RIRYINEIPUSGITIEROIAY

The final refinement on Fy?, with w = 1/0%(F,?), and minimization of Zw(Fyz —
F.?)?, was based on 173 variables and 14 108 unique data and converged to val-
ues for R and R,, (on F,?) of 0.044 and 0.073, and to an error in an ohserva-
tion of unit weight of 1.12 e For unique data having F,2 > 30(F,2) the values
of R and R, (on F,) are 0.034 and 0.038. A final difference Fourier map dis-
plays peaks no higher than 1.3 e/A3, approximately 12% of the height of a
C atom in the structure. An analysis of the Zw(F,2 — F.2)? as a function of
IF, 1, Miller indices, and A™! sin # exhibited no unusual trends.

The final positional, thermal, and group parameters are given in Tables 2 and
3. The idealized parameters for the hydrogen atoms are given in Table 4. Root-
mean-square amplitudes of vibration for the nongroup atoms are given in Ta-
ble 5. A listing of observed and calculated structure amplitudes is available >.

Results and discussion

The crystal structure consists of the packing of monomers of Pt((CN}C=C-
(CN)CH,CH,)(PPh,),; a stereo view of the unit cell is shown in Fig. 1. There are

* Table 5 and the table of structure amplitudes have been deposited as NAPS document no. 03763
(49 pages). Order from NAPS % Microfiche Publications. P.O. Box 3513, Grand Central Station,
New Yoirk, N.Y. 10017. Remit 1n advance, in U.S. funds only $ 12.25 for photocopies or $ 3.00 for
microfiche. Outside the U.S. and Canada add postage of $ 3.00 for photocopy and $ 1.00 for
microfiche.
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Fig. 1. A stereo view of the umt cell of Pt((CN)C=C(CN)CH5CH,)(PPh3),. The view is down the b axis.
The 50% probabiity ellipsoids are shown here and i subsequent figures.

no significant intermolecular interactions, the closest contact being the
H(2)C(4)---H(1)C(56) distance of 2.34 A. There are four other H---H contacts
in the range 2.36 A to 2.46 A; other contacts of H---H, C---H, and N---H are
greater than 2.5 A.

A stereo view of the molecule is shown in Fig. 2. The structure is the antici-
pated one, with coordination of the cyclobutene to the P,Pt moiety through
the olefinic bond. The inner coordination sphere around the Pt atom is nearly
planar; the dihedral angle (6) between the Pt, C(1), C(2) plane and the Pt, P(1),
P(2) plane is only 2.4(1)°, compared with typical values of 8° to 9° in similar
Pt° olefin complexes [21] *. The deviations of atoms Pt, P(1), P(2), C(1), and
C(2) from the best weighted least-squares plane are 0.0002(1), —0.0022(7),
—0.0040(7), —0.020(4), and —0.069(3) A. The P(1)—Pt—P(2) angle of
103.90(3)° and the C(1)—Pt—C(2) angle of 42.3(1)° are typical for Pt com-
plexes with electron-poor olefins [ 23]. Other important bond distances and
angles are tabulated in Table 6, and a comparison with similar structures is
made in Table 7 [24—26]. The cone angles and P—C distances of the phos-
phines are normal. The phenyl groups around phosphorus display a propeller
conformation.

The 1,2-diecyanocyclobutene ligand has retained the planarity of its four-
membered ring on complexation to Pt; the deviations of atoms C(1), C(2),
C(3), and C(4) from the best weighted least-squares plane are 0.006{3),
—0.005(3), 0.006(3), and —0.008(4) A. This plane makes an angle of 62.6°
with the PtP,C, plane. A detailed view of the coordinated ligand is shown in
Fig. 3. Backbonding of Pt d-electrons into the w*-orbital of the 1,2-dicyanocy-
clobutene ligand has lengthened the carbon—carbon double bond to 1.504(4) A
from the average length of 1.35 A found in some substituted cyclobutenes
[27]. Structures of cyclobutenes provide a wide range of lengths for this bond,
from 1.342 A in cyclobutene itself to 1.41 X in substituted cyclobutenediones
(squaric acid and its derivatives) [28—30]. But the length of this bond in the
present complex is comparable with those in other coordinated olefins (Ta-
ble 7) which may be formally described as Pt!!-metallocyclopropanes.

« * A dihedral angle of 3.2(5)° is found in the Pt(bicyclo[2.2.0lcyclohexene) complex [22].
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Fig. 2. A stereo view of the Pt.((CN)(f=C(CN)CH2i >Hp)(PPh3)s molecule. Only the cyclobutene hydrogen
atoms have been included.

TABLE 6
DISTANCE AND ANGLES FOR Pt((CN)6=C(CN)CH2bH2)(PPh3 )2

Distances (A) Angles )

Pt—P(1) 2.284(1) PQ)—Pt—P(2) 103.90(3)
Pt—P(2) 2.301(1) P(1)—-Pt—C(2) 106.48(8)
Pt—C(1) 2.091(3) P(2)—-Pt—C(1) 107.31(8)
Pi—C(2) 2.077(3) C(1)—Pt—C(2) 42.3(1)
C(1)—C(2) 1.504(4) C(1)—C(2)—C(3) 90.6(2)
C(2)—C(3) 1.542(4) C(2)—C(3)—C() 89.4(2)
C(3)—C(4) 1.546(5) C(3)—C()—CQ) 89.1(2)
C(4)—C(1) 1.541(5) C(4)—C(1)—C(2) 91.0(3)
C@1)—C(5) 1.428(5) C(4)—C(1)—C(5) 122_.2(3)
C(2)—C¢(6) 1.420(4) C(4)—C(1)—Pt 114.1(2)
C(5)—-N(1) 1.144(5) C(3)—C(2)—C(6) 123.9(3)
C(6)—N(2) 1.152(4) C(3)—C(2)—Pt 114.9(2)
P(1)—C(11) ¢ 1.827(2) C(2)—C(1)—Pt 68.3(2)
P(1)—C(21) 1.830(2) C(1)—C(2)—Pt 69.4(2)
PQ1)—C(31) 1.822(2) C(2)—C)—C(5) 123.3(3)
P(2)—C(41) 1.824(2) C(1)—C(2)—C(6) 124.3(3)
P(2)—C(51) 1.842(2) C)r—C(5)—N(1) 178.7(4)
P(2)—C(61) 1.827(2) C(2)—C(6)—N(2) 179.1(3)

Dihedral Angles ® (°)

C(5)C(1)C(4)—C(6)C(2)C(3) 84.6(4) (@)
PtP(1)P(2)—PtC(1)C(2) 2.4(1) ()

Vector-Plane Normal Angles & (°)

C(1)C(2)—C(5)C(1)C(4) 41.3(4) (8;)
C(1)C(2)—C(6)C(2)C(3) 43.3(4) (B2)
C(1)C(2)—PtP(1)P(2) 88.1(2) (V)

Tarsion Angles 2 ()

C(5)C(1)C(2)C(3) 129.5(3) (v1)
C(4)C(1)C(2)C(6) 134.0(3) (v2)
PtC(1)C(2)C(3) 116.5(2) (51)
PtC(2)C(1)C(4) 115.6(2) (62)
PtC(2)C(1)C(5) 113.9(3) (63)
PtC(1)C(2)C(6) 110.4¢3) (54)

% Atom C(nl) of phenyl ring n is attached to a P atom, and the other atoms of the ring axe C(n2) through
C(n6). ¥ These are defined in ref. 21.
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TABLE 7
COMPARISON OF STRUCTURAL PARAMETERS OF Pt(olefin)(PPh3); COMPLEXES

NC, cn® PR, rme® NC ot NC on’ NG H®
Er )—__——\( \c:c/ \c=c/ \C=C/
g e pn/ \CN Nc/ \CN H/ \CN
Dastances (A)
Pt—P(1) 2.284(1) 2.271(4) 2.295(2) 2.291(9) 2.277(5)
Pt—P(2) 2.301(1) 2.309(4) 2.289(2) 2.288(8) 2.296(4)
Pt—C(1) 2.091(3) 2.12(2) 2.102(7) 2.12(3) 2.05(2)
Pt—C(2) 2.077(3) 2,00(2) 2.113(8) 2.10(3) 2.16(2)
C(1)—C(2) 1.504(¢4) 1.53(3) 1.50(1) 1.49(5) 1.53(4)
p—cf 1.829(7) 1.84(2) 1.830(8) 1.82(4) 1.829(8)
c=nT 1.149(6) — 1.16(2) 1.15(3) 1.15(3)
Angles (*)
P(1)—Pt—P(2) 103.90(3) 103.9(2) 103.51(9) 101.4(3) 104.4(2)
P(1)—Pt—LC(2) 106.48(8) 108.2(5) 104.6(2) 111(1) 102.7(7)
P(2)—Pt—CQ) 107.31(8) 103.5(5) 110.0(2) 106(1) 1190.5(7}
C(1)—Pt—C(2) 42.3(1) 43.5(7) 41.7(3) 42(1) 43(1)
C(4)—C(1)—C(5) 122.2(3) 131¢2) 111.5(6) 110(4) -
C(3)—C(2)—C(6) 123.9(3) 120(2) 114.6(6) 116(3) -
Pt—P—C f 115(2) 114(7) 115¢(5) 114(¢4) 114(3)
C—P—C f 103(3) 104(4) 104(3) 105¢4) 105(2)
Dihedral Angles € (°)
@ 84.6(4) 72(3) 64.1(8) 66.1
f1.2 41 3(8) 63(3) 55.2(8) 63.8
43.3(4) 45(2) 60.8(9)

71,2 129.5(3) 147(1) 144.2(7) 141.3

134.0(3) 136(2) 138.0(6)
5104 116.5(2) 104(2) 110.5(5) —

115.6(2) 99(1) 105.3(6)

113.9(3) 109(3) 112.0(7)

110.4(3) 125(2) 110.0(6)
2] 2.4(1) 22(1) 8.9(4) 8.3
v 88.1(2) 73(1) 83.2(4) —

@ This paper. P Ref. 15. € Ref. 24. € Ref. 25. € Ref. 26. | These are average quantities. £ Ref. 21.

The Pt—C distances of 2.091(3) and 2.077(3) A do not differ from those of
similar structures. The olefin is bound so as to minimize steric repulsions with
the phosphine groups. The various angles useful for defining the non-planarity
of the bound olefin are summarized in Table 6. The «, 8, and -y angles, which
describe the disposition of the olefin, are significantly different from those of
other Pt(olefin)P, complexes; this is presumably the result of the C(8) and
C(4) carbon atoms being tied back in the four-membered ring. The dihedral
angles, &, which describe the disposition of the cyano groups and ring carbon
atoms, are similar to those in related complexes (Table 7).

Although cyclobutene m-complexes appear to be rare, many structures
involving the 1,2-bis(dimethylarsino)-8,3,4,4-tetrafluorocyclobutene ligand are
known [27,31—36]. In most cases, this molecule is used to provide a rigid,
planar diarsine ligand (or an analogous phosphine) for binding to a single metal
or chelation to a metal cluster [81,82]. In all instances, the arsenic atoms are
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coordinated to a metal, but for two Fe dimers [38,34] and two Fe trimers,
[35,36], the cyclobutene double bond is also involved in metal coordination.
An average length for the uncomplexed carbon—carbon double bond is 1.35 A;
the coordinated double bonds range in length from 1.44 to 1.51 A. In one of
the Fe dimers [35] there is both a coordinated cyclobutene (C=C 1.476(8) &)
and an uncoordinated cyclobutene (C=C 1.326(8) A). In these complexes, the
atoms attached to the olefinic carbon atoms are fairly electron-rich (phos-
phorus or arsenic); the backbonding relieves ring strain in the cyclobutene by
opening the acute bond angles of the saturated carbon atoms opposite the dou-
ble bond. The insertion of the metal into an adjacent C—C single bond, as is
common with the cyclobutenediones, is not seen in these systems; the —C¥F,—
site is not as prone to undergo intramolecular nucleophilic attack as is the car-
bonyl site of the cyclobutenediones [14,15].

Although the present complex shows little distortion in the attachment of
olefin to metal, the Pt-cyclobutenedione complex (Table 7), on the other hand,
shows considerable distortion [15]. This molecule is very crowded. Thus, there
are close contacts of the phenyl substituent on the olefin with a triphenylphos-
phine group. This may be why the carbon atoms of the olefin are out of the Pt,
P(1), P(2) plane. The fact that this 1-phenyl-2-methylcyclobutenedione com-
plex is stable in solution over long periods of time has been attributed to this
steric crowding [15]. The less crowded 1-phenyl, 1-phenyl-2-methoxy, and
1,2-dimethoxycyclobutenediones undergo the insertion of Pt(PPh,), at room
temperature in either benzene or chloroform [14] to form platinacyclopen-
tenediones. The tendency of the cyclobutenedione 7-complexes to undergo
insertion reactions perhaps implies some interaction of the Pt center with the
carbonyl carbon atoms which gives the w-intermediate complex a pseudo-
facial coordination. The title compound is stable as a 7-complex in refluxing

Fig. 3. A perspective of the nongroup atoms of the inner coordination sphere of Pt((CN)(5=C(CN)-
(CH26H2)(PP113)2. with distances and angles of the coordinated cyclobutene.
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benzene, even though the cyanocyclobutene has minimal steric requirements.

Upon coordination, both cyclopropenes and cyclobutenes show consider-
able lengthening of the olefinic bond. Concomitant opening of the acute bond
angles opposite to this bond occurs, thus reducing the strain energy of the mole-
cule. Upon coordination, the olefinic double bond of unstrained polycyano-
olefins is also lengthened to about the same degree. These polycyano-olefins
have low energy n*-orbitals to match the energy of the d-orbital of the metal,
thus maximizing orbital overlap. On the basis of the resultant bond lengths, it
appears that these two factors, namely the relief of ring strain in strained ole-
fins and the presence of electron-withdrawing substituents on unstrained ole-
fins, have about the same effect on the degree of backbonding from metal to
olefin. The present complex, a m-bonded eyano-cyclobutene, has both factors
operating to enhance this backbonding. The effects are clear in the lengthening
of the olefinic double bond to 1.504(4) A and in the opening of the C(2)—
C(3)—C(4) and C(3)—C(4)—C(1) angles to nearly 90°, as detailed in Fig. 3. The
upper limit to which the coordinated olefinic bond may be lengthened with
strong w-backbonding appears to be 1.53 A.
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