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Summary 

The crystal and molecular structures of the title complexes are described_ 
Crystals of Rh(CSH70)(C,F,)(C,H,) are triclinic, a 7_89(2), b 12_64(3j, c 
S-57(2) A, ar 95.9(2), p121.1(2), y 94-S(2)“, 2 = 2, space group Pi. Full matrix 
least-squares refinement has returned the residual, R, as 0.053. Crystals of 
Rh(CSH,0)(C4F6)(CsH14) are monoclinic, a 14.16(3), b 17.89(3), c 15.71(3) A, 
fi 97.5(2)“, 2 = 8, space group B2Jc. Block-diagonal least-squares refinement 
has returned R as 0.048. Both complexes are monomeric with square planar 
inner coordinations. The olefin and acetylene groups are approximately per- 
pendicular to the square coordination planes. 

The Rh-C and Rh-0 distances are (i) ethylene; olefin 2.142(14), 2.171(17) 
A, acetylene 2.016(10), 2.042(11) A, acetylacetone 2.015(6), 2.033(7) a; (ii) 
cyclooctene; olefin 2.163(13), 2.196(11) & acetylene 2.034,2.059(10) A, 
acetylacetone 2.017(8), 2.038(7) A. The average ‘bend-back’ angle of the sub- 
stituted acetylenes is 30.1’ for both complexes, which is low compared with 

most other hexafluorobut-2-yne complexes. 

Introduction 

Whereas metal-catalysed cyclotrimerisations of acetylenes have been exten- 
sively studied, the cooligomerisation of miztures of acetylenes and olefins has 
only recently been investigated [ 11. It has been suggested that these reactions 
proceed through metallacyclopentene or metallacytilopentadiene intermediates 
[ 21. The metallacyclopentene intermediate itself is presumably derived from a 
mixed acetylene olefin precursor, and hence the specific reaction products will 
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be dictated in part by the relative strengths of the metal-acetylene and metal- 
olefin bonds. Recently, some mono-acetylene mono-olefin complexes of rho- 
dium(1) were synthesised [S] and we now present details of the refined X-ray 
structures of two of these complexes_ 

Experimental 

Crystals of the two complexes were generously supplied by Dr. R.D.W. 
Kemmitt of the University of Leicester. Preliminary precession photographs 
were recorded to establish the space groupsand to determine unit cell dimen- 
sions. The relevant crystal data are listed in Table 1. The space group of the 
cyclooctene complex has been retained as B2Jc rather than the conventional 
P2,/c (No. 14) in order to keep the fl angle reasonably close to 90”. Intensity 
data were collected on a Stoe Weissenberg diffractometer using graphite-mono- 
chromated MO-& radiation and the w scan technique [4] _ The optimum scan 
width was computed for each reflection. The scan rate was 1” min-’ with sta- 
tionary background measurements of 20 s at each end of the scan range. No 
attenuators were required as no reflection exceeded 7000 c s-’ , nor were 
absorption corrections deemed necessary_ The data sets were corrected for 
Lorentz and polarisation effects in the normal manner. 

Structure determination and refinement 
Rhodium atom positions were deduced from Patterson syntheses and the 

TABLE 1 

CRYSTAL DATA 

Compound Rh<==ac)(CqFg)(C2Hq) Rh(acac)(C4F6)(CsH,,) 
Formula weight 392.11 474.25 

Colourand habit yellolv/orengeplates yellow needles 

Forms developed {100)(010){001} 
crystal system- tricliaic monoclinic 

Systematicallyabsent 

reflections no absences hkl when h-cl= 2n+l 

h01 when I= 2n + 1 

OkOwhenk=2n+l 

Spacegroup pi 
7.89(2)A 

B21/c 

a 14X(3)& 

b 12X4(3) 17.89(3) 
c 8.57(2) 15.71(3) 

p" 

95_9(2)" 

121-l(2) W-5(2)' 

Y 94.8<2) 
V 718.57 A3 3945.65A3 
Z 2 8 

Diobs) 1.577 g cm_3 (by flotationin 

acgaeous KI) 
D(CalC) 1.81g cm-3 1.60~ CIII-~ 
g(hlo-IT,) 11.23 cm-I 9.14 cm-1 

F(000) 384 1736 
Layerscollected hkO-his7 hk0 + hk12 

Ma?L. sin 0/h 0.5947 0.6246 
No_observedreflections 12281> 2a(I) 1296I>2a(I) 
Crystalsize approx.0.2X0.2X0.2 0.31x0.15x0.15 nun 
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remaining non-hydrogen atoms from subsequent electron density maps. Atomic 
scattering factors and dispersion corrections were taken from standard listings 
[ 51. The function minimised in the least-squares refinement was Cw(lF,l - 
IF,l)*. Residuals quoted are R = C(IP,l - lF,l)/Z IF,1 and R, = (Z:w(lF,l - 
1~,1~*/~,I~,1*)“*- 

(a) Rh(aca~)(C,F~)(c,H,). The structure was refined using the SHELX pro- 
gram [6]. The full least-squares matrix was employed, although the atoms were 
grouped into blocks for the final cycles. Initial isotropic refinement with unit 
weights returned R = 0.15, thereafter the atoms were assigned anisotropic ther- 
mal parameters, and a weighting parameter, g, was refined [W (Y l/o’(F) + gF2] _ 
Hydrogen atoms were located by a combination of a ‘difference’ electron den- 
sity map and expected geometries, and they were included in fixed positions in 
the final cycles. The terminal residuals and weighting parameter were R = 0.053, 
R, = 0.054, andg = 0.00085. 

(b) Rh(acac)(C4F,)(C~,,)_ The structure was refined using a local block- 

diagonal program SFLS. Initial isotropic refinement using unit weights returned 
R = 0.12. On assigning anisotropic thermal parameters to the rhodium and six 
fluorine atoms the residual fell to 0.068. The weighting scheme was then 

TABLE 2 

POSITIONALPARAMETERS FOR Rh(aCac)(CqF5)(C2H4) 

Atom s/a r/b Z/C 

Rh 

F(1) 

F(2) 
F(3) 
F(4) 
F(5) 
F(6) 
O(1) 
O(2) 
C(l) 

C(2) 

C(9) 
C(l0) 
all) 
C(l2) 
C(13) 
C(14) 

C(15) 
C(16) 
(x17) 
H(1.4) 

HUBI 
H(2A) 
W2B) 
H(13_4) 
H(13B) 
H(13C) 

H(15) 
H(17A) 
H(17B) 
H(17C) 

0.2664(l) 
O-3088(18) 
0.3113(18) 

0.5708(14) 
O-8740(12) 
0X207(12) 
0.7501(14) 
0.0376<11) 

O-3563(9) 
O-2379(24) 

0.1127(22) 
O-4053(19) 
O-4390(20) 
0.5439(18) 
0.7401<18) 

-0.1818(17) 
0.0013(15) 

0.1031<16) 
0.2705(14) 
O-3668(17) 
0.1671 

0.3718 
-0.0195 
0.1721 

--0_2905 
-0.1491 
-0.2393 

O-0541 
P-3366 
0.5184 
0.3187 

0.2433(l) 
0.2325(i) 

0.3917(S) 
O-3369(11) 
0.3896(S) 
O-2624(7) 
0.4125(S) 

O-1777(6) 
0_0982(5) 
0.3951(10) 

O-3821(13) 
O-3147(9) 
0.3028(S) 
O-3112(9) 
0.3424<10) 
0.0484<11) 
0.0776<9) 

-0.0023(9) 
0.0104(8) 

-0.0858(9) 
0.3653 

0.4359 
0.3592 
0.4192 
0.0910 
0.0639 

-0.0308 

-0-0764 
-0.1423 
-0.0648 
--Q.1184 

0.0915(l) 
0.5310(13) 
0.5241<15) 
0.6781<12) 
0_506i<13) 
0_3101(15) 
O-2421(16) 

-0.1650(10) 
0.1458(S) 

-0.0029(20) 

O-0536(23) 
0.5196(17) 
O-3680(16) 
0_3012(17) 
0.3361(18) 

-0.4257<15) 
-0.0228<15) 
-0.1479(15) 

0.0326(14) 
0.0987<15) 

-0.1483 

0.0534 
-0.0052 
0.1890 

-0_4392 
-0.5207 
-0-4548 

-Q-2234 
-0.0062 
0.1817 
0.1781 
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changed to one of the form w = l/(a + W + cF2), where the coefficients a, b 
and c could be adjusted after each cycle. A ‘difference’ map enabled the posi- 
tions of all hydrogen atoms to be deduced, and they were included in the least- 
squares refinement with fixed isotropic temperature factors of 5.0 pi’. All 
other atoms were refined_anisotropically for six cycles, by which time the 
parameter shifts had converged_ Final values were R = 0.048, I?, = 0.047, Q = 
2S439, b = -0.1852, c = 0.0041. 

The refined atomic positions for Rh(acac)(C4F6)(C2H4) and Rh(acac)(C,F6)- 
(C&H,*) are listed in Tables 2 and 5 respectively. Thermal parameters and struc- 
ture factor tables are available on request from the authors (G.R.C.). 

The structure of Rh(acac)(C,F,)(C,H,) 
The complex is monomeric. The molecular geometry and atomic numbering 

are illustrated in Fig. 1. The coordination geometry about rhodium is best 
described as square planar, with the olefin and acetylene ligands, (both con- 
sidered to be monodentate) lying approximately perpendicular to the square 
plane (Table S). 

Bond distances and angles together with least-squares estimated standard 
deviations are given in Tables 3 and 4 respectively. All are normal values. The 
C-F bond lengths have been corrected to allow for the artificial shortening 
effect of the high thermal anisotropy of the fluorine atoms 171. The packing 
of the molecules into the crystal can be seen in the stereopair diagrams of Fig. 
2. Of the ten closest intermolecular approaches (<3.5 A) seven are F ---F con- 
tacts. None is sufficiently short that it would be expected to influence the 
coordination geometry. 

Fk l_ Molecular geometry and atomic numbering for Rh(acac)(C4F6)(C2H4). Anisotropic ellipses rep=- 

sent5092 probability boundaries_ 
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TABLE3 

BONDDISTANCES (A> FOR Rh<acac)(C4F6)<CzH4) 

Rh-O(l) 

Rh-O(2) 

Rh-C(l) 

Rh<(P) 
Rh-CXlO) 
Rh-C(ll) 

F(l)-'XS) 
F(2)-C(9) 
F<3)-‘79) 

F(4)--C(13) 

F<5)-C(12) 

2.015(6) 

2.033(7) 
2.142<14) 
2.171(17) 

2.042(11) 
2.016(10) 
1.278<19) 
l-281(19) 
1.288<12) 

1.316(13) 
1.298(18) 

F~6)-‘312) 
0(1)-C(14) 

0(2)-C(l6) 

C(1ww) 
c(S+C(1O) 
C(lO)-C(ll) 
c(ll)-C(l2) 
C(13)-C(14) 
C<l4)-C<15) 

C(l5)-C(l6) 
C(l6)-C(li) 

l-282(21) 

1.279(13) 
1.267(11) 

l-31(3) 
1.45(2) 
l-23(2) 
l-43(2) 
1.509(13) 
l-370(16) 

l-403(12) 
1.493(15) 

TABLE4 

BOND ANGLES (O)FOR Rh(acac)(CqFg)(CZHq) 

O(l)-Rh--0(2) 92-O(3) 

O(l)-Rh-C(l) 87.0(4) 
O(l)-Rh--C(2) 85.9<4) 
O(l)-Rh-C(lO) 164_4(6) 
O(l)-Rh--c(ll) 160.4(6) 
O(2)-Rh-C(l) 160-l(6) 
O(2)-Rh--c(2) 164.3(6) 
O(2)-Rh-C<lO) 89.0(4) 

O(2)-Rh-C(ll) 87.0(4) 

C(l)-Rh-C(2) 35.4(8> 
C(l)-Rh-C(lO~ 97.2(5) 

C(l)-Rh--c~ll) 87.3(5; 

C(2)-Rh'-C<lO) 88.9(6) 

C(Z)-Rh-C(ll) 100.1(5) 
C(lO)-Rh-C(II) 35.3(7) 
Rh--O(I)--C(l4) 123.8(6) 
Rh-O(2)--C(l6) 124.3(6) 

Rh-C(l)-C(2) 73.5(10) 
Rh-C(2)-C(l) 71.1(10) 

F(lkC@b---F(2) 104.1<15) 

F<l)-WS)--F(3) 104.5(12) 

F(lk-C~S)--C<lO) 116.3(11) 

F(2)%(9)-F(3) 

F(2k-C(9)--C(lO) 
F(3)-C(9)+ZlO) 
Rh-C(lO)X(S) 
Rh-C<lO)--C(ll) 
C(9)-C(lO)~(ll) 
Rh-C<llkC<lO) 

Rh-C(ll)-C(l2) 

c(lo)-c(l1)-C(12) 
F(4)-C(l2)-F(5) 
F<4)-C<l2)-F(6) 
F<4)-C(l2)--C(ll) 
F(5)-C(12)-F(6) 
F(5)-C(12)--C(ll) 
F(6)-C(12)+(11) 
O(l)-C(14P-C(13) 
0(1)-C(14)--c(15) 

G(13)-C(14)--C(15) 
C(14)-C(15)-C(16) 

0(2)-C(16)-C(15) 
0(2)--C<l6)-C(17) 
C(l5)-C(l6PC(l7) 

103.1(11) 

115.3(12) 
112.1(14) 
Z35.3<10) 
71.2<8) 

153.5(10) 
73.5<7) 

140.1(12) 

146.3(12) 
103.3(10) 
102.1<10) 
114.8(15) 
107.4(16) 

113.8(10) 
114.2(11) 
113.4(10) 
127.5(8) 

119.0(10) 

126.2(S) 
126.1(10) 
115.3(7) 
118.5(S) 

Fig.2.Stereoscopicdiagams showin~themolecularpackingforRh(acac)(C4Fs)(C7H4)_ 
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Fig. 3. Molecular geometry and atomic numberin, - for Rh(acac)(C4Fe)(CSH14)_ Anisotropic ellipses rePre- 

sent 33% probability boundaries. 

The structure of Rh(acac)(C,F,)(C,H,,) 
The complex is monomeric. The molecular geometry and atomic numbering 

are depicted in Fig. 3. Bond distances and angles together with least-squares 
estimated standard deviations are listed in Tables 6 and 7 respectively. The 
C-F distances have been corrected for the effects of thermal libration. The 
coordination geometry about rhodium is again best described as square planar, 
with the acetylene and olefin lying approximately perpendicular to the square 
plane. It is somewhat surprising, in view of the bulk of the cyclooctene group, 

Fig. 4. Stereoscopic diagrams showing the molecular packing for Rh(acac)<CqFg)<CgH14). 
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TABLE5 

POSfTIONALPARAhlETERS FOR Rh(acac)(CqF6)(CSKt4) 

Atom x/n r/b P/C 

Rh 

F(1) 
F(2) 
F(3) 
F(4) 
F(5) 
F(6) 
Q(1) 
O(2) 
C(1) 

C(2) 
C(3) 
C(4) 
C(5) 

C(6) 
C(7) 
C(8) 
C(9) 
C(l0) 
C<ll) 
C(12) 
C(l3) 
C(l4) 
C(15) 
C(16) 
C(l7) 

H(lA) 
H<2B) 
H(3A) 

H(3B) 
H(4A) 
H(4B) 
H(5A) 
H(6B) 
H(6A) 
H(6B) 
H(7A) 
H(7B) 
H(8A) 

W8B) 
H(13A) 
H(13B) 

H(13C) 

H(l5) 
H(17A) 

H(17B) 
H(17C) 

0.30566(6) 
O-3303(7) 
O-4377(6) 
0.4198(S) 
0.0946(S) 
0.1016(6) 

0.0643(6) 
0.3458(5) 
0.3324(5) 
0.2324(S) 

0.3261(S) 
0.3977(S) 
0.3989(g) 
0.3030<13) 

O-2385(13) 
0.1563(10) 
O-1889(9) 
0.3734(9) 
O-3048(7) 
0.2224(S) 
O-1236(8) 
0.3920(9) 
O-3714(7) 
0.3818(S) 

0.3620(S) 
O-3777(9) 
0.1857 
0.3259 
0.3781 
0.4622 
0.4413 
0.4264 
0.3177 
0.2693 
0.2770 
0.2082 
0.1138 
0.1208 
0.2379 
0.1325 
0.4106 
0.3342 

0.4457 
0.4048 
0.3829 

0.4373 
0.3222 

0.03003(5) 
O-2494(5) 
O-2093(5) 
0.1607(5) 
0.1919(S) 
O-1570(7) 
0.0892(i) 

-0.0703(4) 
0.0805(5) 

-+X0240(6) 

+X0117(6) 

-O.O749(7) 
-0.1044(S) 
-O-1263(8) 

+X1738(9) 
-0.1404(S) 
-0.0985(S) 
0.1883<7) 
O-1358(5) 
O-1194(6) 
O-1422(8) 

-O-1635(7) 
-0.0808(6) 
-0.0277<7) 

0.0499(7) 
0.0996(S) 
0.0113 
0.0299 

-0.1157 
-0.0562 
-0.1497 
-0.0649 
-0.1554 
-0.0800 
-0.2018 
*.2091 
-0.1837 
-0.1064 
-0.1294 
-0.09L2 
-0.1681 

--0.1946 

-0.1819 

-0.0441 

0.0694 

0.1295 

0.1351 

O-04022(6) 
-0.0720(7) 
0.0253(7) 

-O-0974(8) 
-0.0459(10) 
O-0747(7) 

-0.0190(11) 

O-0947(5) 
0.1557(5) 

-O-0755(7) 

-0.0853(S) 

-0.0853(S) 
-O-1755(9) 
-U.2243(11) 

-0.1840(10) 
-0.1416<10) 
-0.0599<9) 
-0_0392(10) 

-0.0114<8) 
0_0008<8) 
0.0014(9) 
0.1994(9) 
O-1750(7) 
O-2383(7) 

0.2261<7) 
0.3039(S) 

-0.1043 
-0.1267 
-0.0473 
-0.0616 
-0.1724 
-0.2104 
-0.2769 
-0.2430 
-0-1372 
-0.2288 
-0.1312 

-0.1854 
-0.0224 
-0.0275 
0.2626 
0.1815 

0.1688 

0.2979 

0.3584 

0.3035 

0.3038 

that the olefin-rhodium, acetylene-rhodium, and acetylacetone-rhodium planes 
are more nearly orthogonal-than they are for the simple ethylene complex 
(Table 8). 
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TABLE6 

BONDDISTANCES & FOR Rh<acac)(CqFg)(CsH14) 

Rh-O<l) 
Rh-O(2) 
Rh-C<l) 
Rh-C(2) 

Rh-C(lO) 
Rh-C(ll) 

FU)-C(9) 
F(2)-C(9) 
F(3)-C<9) 
F(4)-C(12) 
F(5)-C(12) 

F<6)-CX12) 
O(l)-al4) 
0~2)-c(16) 
C(l)-a2) 

2.038(i) 
2.017(8) 
2.196<11) 
2.163(13) 
2_059<10) 
2.334(10) 
l-346(15) 
1.336(17) 
l-340(18) 
l-324(16) 
l-303(18) 
l-366(17) 
l-281(13) 
1.256<14) 
l-373(16) 

C<l)-WO 
cw-a3) 
C<3)--a4) 
C(4)-a5) 
Ceo-a6) 
CW--C<i) 
C(7)-W3) 
C(9)-C<W 
C(lO)-c<ll) 
C(11)-C(12) 

C(13)-c(14) 
C<14)--c(15) 
C<15)-C<16) 
C(16)-C<lP) 

1:503<17) 
1.519(16) 

l-514(19) 
l-522(22) 

l-451(25) 
l-535(25) 
1.507<19) 
1.459<17) 

l-241(15) 
1.458(16) 
l-546(16) 
1.369(17) 
1.424(18) 
l-505(17) 

TABLE7 

BONDAKGLES(') FORRh<acac)(C4F6)<CgH14) 

O(l)--Rh-O<Z) 
O(l)-Rh-C<l) 
O(l)-Rh-C<2) 

O(l)-Rh-C<10) 
O(l)-Rh--c(ll) 
O(2)-Rh-C(l) 

O(2)-Rh-C(2) 

O(2)-Rh--C(lO) 
O(2)-Rh--c<ll) 
C(l)-Rh-C(2) 
C(l)-Rh-%<lO) 

C<l)-Rh-CXll) 
C(2)-Rh-C(lO) 
C(Z)-Rh-C<ll) 

C(lO)-Rh-C(ll) 
Rh--C?(lj-C(14) 
Rh-O(2)--C(16) 
Rh-C<l)-C<2) 
Rh-C<l)-C<8) 

C<2)-C<l)--c(8) 
Rh-C(2)*(1) 
Rh-C(2)-C<3) 

fXl)-C<2)--c<3) 
C<2)-=<3)-C<4) 
C<3)-a4)-a5) 
Ct4)-CW--c<6) 

C<5)-CW-C(7) 

90.4<3) 
92-O(4) 
90.9(4) 

164.3(4) 
159_9<4) 
162.6(4) 

160.5(4) 
86.2(4) 

87.5<4) 
36.7<4) 
95.8<4) 

84.3<4) 
87.3(4) 
97.7(5) 

35.3(4) 
124.8<7) 
126.8<8) 

70.3(7) 
114.5(8) 
125_7(11) 
73-O(7) 

115.2(8) 
122.3<10) 
110.4<10) 
116.3(11) 
120.2(14) 

121.2<13) 

C&C~8,-C;7~ 

FW-C(9)-F(2) 
FW--C<9)-F(3) 
F<l)-C<9)-C<l0) 
F<2)-Ct9)-F(3) 

WWWW-C(10) 
F(3)-C(9)+XUJ) 
Rh--C(lO)--C(9) 
Rh-C<lO)--C(ll) 
c~9)-c<1o)--c(11) 

Rh-C(ll)-C(lO) 
Rh--C(ll)-fZ<12) 
C(lO)-C(11)~<12) 
F<4)-C<12)-F(5) 

F<4)-C(12)-F(6) 
F<4)-C<12)<(11) 
F(5)-C(12)-F(6) 
F(5)-C~12)-C<ll) 
F~6)--C<12)~<11) 
O(l)-C<14)-c(13) 
0<1)-C(14)--c(15) 
c(13)-C<14)--c<15) 
C<14)-C<15)-C(16) 
0(2)-C<16)-C~15) 
0(2)-C(16)--c:17) 

C(15)--c(16)-C(17) 

113.5<11) 
112.9(11; 
107.4(11) 

107.0<13) 

110.9<11) 
106_7<12) 

111.8<12) 

112.7(11) 
137.7<8) 
71.3(7) 
151.oal) 
73.4(6) 

137.4(9) 
148.9<11) 
107_7<14) 

103.5(14) 
117_1<12) 
98.8<13) 

114.6(11) 
113.0(11) 
113.9(10) 
127.1(10) 
119_0<10) 
125.4(10) 
125.5<10) 
117.1<11) 
117_5<11) 

Discussion 

Ofefin-rhodium coordinations 

The olefm-rhodium coordinations are characterised by Rh-C distances of 
Z-142(14), 2.171(17) a and 2.163(13), 2.196(11) A, and C-C distances of 
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l-31(3) and l-37(2) A respectively for the ethylene and cyclooctene complexes. 
It might be expected that the Rh-C distances in the cyclooctene complex 
would be somewhat longer than those in the ethylene complex but the differ- 
ewes are not significant. Unfortunately, the standard deviations are such as to 
preclude any informative discussion on the relative C-C distances_ 

Ethylene-rhodium distances recently observed in other simple ethylene com- 
plexes are 2.105, 2.105, 2.115 and 2.134(8) a in [h’-CS(CsH5)&l]Rh(C2H& 
[8] ; 2.174, 2.190(12) R in Rh(C,H,)(C&F,)(acac) [9]; 2-117, 2_11S(4) A in 
Rh(C2H&(acac) 191; 2.167(2) A in (-ir-CsHS)(CzH4)(CzF4)Rh [10];2.159,2.165 A 
in Rh(Cl)((C,H,),NH)(C,H,)(CO) [ 11],2.116, 2.1X3(2) a in trczns-Rh(Cl)- 
(C2H4)(triisopropylphosphine)z [12j, and 2.24, 2.25 A in Rh(&H,),(aceto- 
nitrile)2BF4 1131. It can be seen that in the present complexes, the Rh- 
ethylene distances lie within the above range. 

The cyclooctene-rhodium distances are significantly longer than distances 
observed in other cyclic olefins of 2.108, 2.116, 2.116, 2.135(6) ,& in (but-2- 
enyl-1-methylallyl ether)(acetylacetonato)rhodium [ 141 and 2.08, 2.10, 2.10, 
2.12(2) a in di-l.r-chlorobis(triphenylphosphite)cycloocta-l,5-diene)dirhodium(I) 
1151. 

Acetylacetone-rhodium coordinations 
In both complexes the acetylacetone ligands are planar, with veiy similar 

geometries. The Rh-0 distances of 2.015(6), 2.033(7) A and 2.017(8), 2.038(7) 
A respectively show a shorter/longer pattern which is consistent in the two com- 
plexes. The shorter bond lengths are below the range normally found for Rh- 
O(acac) bonds (2.025-2-087 A) [ 14,16-19]_ At the top of this range are bonds 
which are situated trans to a carbonyl group which is known to exert a relatively 
large structural trans influence [ 173. In the present complexes the bonds are 
trans to olefins and acetylenes, which exert little or no such influence. In addi- 
tion we note that no difference in the structural trans influences between olefin 
and hexafluorobut-2-yne ligands can be discerned, since the Rh-0 bond of 
2.015 A in the ethylene complex lies trans to the acetylene, whereas the bond 
of 2.017 s in the cyclooctene complex lies trans to the cyclooctene. 

In the acetylacetone ligand the metallocyclic C-O and C-C bond lengths 
exhibit the usual intermediate bond order attributed to an enolate-type reso- 
nance in the chelate rings [14,16--191. The C-O bond lengths average 1.271 w 
and the C-C bond lengths average 1.392 A. 

Hexafluorobut-2-yne-rhodium coordination 
The hexafluorobut-2-yne ligands are symmetrically r-bonded to the metal 

atoms with Rh-C distances of 2.016(10) and 2.042(11) A in the ethylene com- 
plex and 2.034 and 2.059(10) A in the cyclooctene complex. The ligands lie 
.approximately perpendicular to the square coordination planes (Table 8). 

Coordination of an acetylene to a metal results in a lengthening of the 
carbon-carbon bond with a concomitant bending back of any substituent 
groups from colinearity with the multiple bond. The observed CZ distance in 
the free ligand is 1.22 A [20] and in simple alkynes is approximately 1.20 a 
[21], and although the lengthening observed in the two complexes (to 1.23(2) 
and l-241(15) & is not statistically significant, it is nevertheless most likely a 
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TABLE8 

LEAsT-6QU-ARES PLANES ANDDIHEDRALANGLES FOR (i)Rh<acac)(CqFg)<CZH4) AND (ii) 

Rh(acac)(CqFg)(CsH14) 

<a) OlefiiRhC(1) C(2) 

<i) 0.249X -0_458Y + 0.8542‘-1.866 = 0 
(ii) O-192\--0_898Y+O.3962- 0.580 = 0 

(b) Acetylene RhC(lO)C(ll) 

(i) 0.2415 -O_SOSYt 0.3432 -2.343 = 0 
(ii) 0.0515 +0_3%3y+ 0.9202+1_002=0 

Displacements<i) C<9)--0_010 C<12)-0_042 
(ii)C(9) 0.019 C<12) 0.096 

(c)AretylacetoneRh0(1)0<2)C(14) C(16) C(16) 

(i) 0.90%. +0_164Y-0.3832 -l-743= 0 
(ii)O.9755 + 0.162Y -00.1562 -4.133= 0 

Displacements(i) Rho.004 0<1)-0.008 O(2) 0.002 c(14)0_005 C<15) 0.004 C(16)-0.007 

C<13)-0.045 c(17)0.049 

<ii)Rh-O.006 O(l)O.Ol? 0<2)-0.002 C(14) -0.016 C(15) 0.001 
C(16)0.006 C(13)-0.078 C<17)0.023 

Dihedralangles 

Plane 

1 
1 

2 

PIk%lfZ (i) 0.0 

2 86.36 88.52 

3 86.50 88.85 

3 88.55 88.24 

real effect. The extent of the lengthening as the bond order is reduced upon 
coordination is smaller than those found in many other coordinated acetylenes 
(see for example Table VIII of reference 22). Unfortunately many of the struc- 
ture determinations have been carried out on platinum complexes, and the un- 
certainties in the positions of carbon atoms in close proximity to such a heavy 
metal are invariably‘ high_ 

The observed bend-back angles in the present complexes are 26.5 and 33.7” 
(av. 30.1”) in the ethylene complex, and 29.0 and 31.1° (av. 30.1’) in the cyclo- 
octene complez Typical bend-back angles in other hexafluorobut-2-yne com- 
plexes are 30-40” 1221 although values as high as 45.5(S)” have been observed 
[23] and the low values observed here are consistent with the small lengthening 
of the carbon-carbon multiple bond. Although the average bend-back angles 
are identical in the two complexes, there is a greater disparity between the 
individual values in the ethylene complex. This is most likely a consequence of 
the individual CF3 groups adopting their most favourable positions so as to 
minimise any of the F ---F intermolecular contacts described earlier. It is note- 
worthy that more close contacts involve F atoms on C(12) than on C(9), and 
that C(12) is more displaced from the Rh, C(lO), C(11) plane than is C(9) 
(Table 8). 



241 

Acknowledgement 

We thank the University of Auckland for the award of study leave to G.R.C. 
and Dr. R.D.W. Kemmitt for supplying the crystals. 

References 

1 
2 

C.W. Bird. Transition Metal Intermediates In Organic Synthesis. Logos. London. 1967. 
Y. Wakatsuki, K. Aoki and H. Yamazaki. J. Amer. Chem. Sot.. 96 (1974) 5284: H_ Suzuki. IS. Itoh. 
Y. Ishii. K. Simon and J.A. Ibers. ibid.. 98 (1976) 8494; Y. Wakatsuki and H. Yamazaki, J. Organo- 
metal. Chem.. 139 (1977) 169. 

3 

4 
5 

J-H. Barlom. G-R. Clark. M-G. CurL M.E. Howden. R.D.Vf_ Kemmitt and D.R. Russell, J. Organometal. 
Chem.. 144 (1979) C47. 
H.C. Freeman, J.M. Gum. C.E. Nockolds. R. Page and A. Webster. Acta Cryst.. A26 (1970) 149. 
International Tables for X-ray Crystabography. Vol. IV. Kynoch Press, Birmingham. 1974. PP_ 99-100. 
149-150. 

6 
7 
8 
9 

10 
11 

G.M. Sheldrick. 1976. University Chemical Laboratory. Lensfield Rd. Cambridge. England. 
D.W.J. Cruickshank. Acta Cryst.. 9 (1956) 757. 
V-W_ Day. 3-R. Stults. K.J. Reimer and A. Shaver, J. Amer. Chem. Sot., 96 (1974) 1227. 
J-A. Evans. D.R. Russell and P__4. Tucker. to be published; J.A. Evans and D.R. Russell. J. Chem. Sot.. 
Chem. Commun.. (1971) 197. 
L.J. Guggenberger and R. Cramer. J. Amer. Chem. Sot.. 94 (1972) 3779. 
J.J. Bonnet. Y. Jeannin. A. Maisonnat. P. KaIck and R_ Poilblanc. C.R. Acad. Sci.. Ser. C. 281 (1975) 
15. 

12 C. Busetto. A. D’Alfonso. F. Maspero. G. Perego and A. Zazzetta. J. Chem. Sot.. Dalton Trans., (1977) 
1828. 

13 
14 
15 
16 
17 
18 

G. de1 Piero, G. Perego and M. Cesari. Cryst. Struct. Commun., 3 (1974) 15. 
R. Grigg. B. Kongkathip and T.J. King. J. Chem. Sot.. Dalton Trans.. (1978) 333. 
I. Coetzer and G. Gafner. Acta Cryst.. B26 (1970) 985. 
F. Huq and A-C. Skapski. J. Cryst. Mol. Struct.. 4 (1974) 411. 
J.G. Leipoldt, S.S. Basson, L.D.C. Bok and T-1-A. Gerber. Inorg. Chim. Acta. 26 (1978) L35. 
M. Green. J.A.K. Howard. R.P. Hughes. S.C. KeIIett. and P. Woodward. J. Chem. Sot.. Dalton Trans.. 
(1975) 2007. 

19 K. HuxnI and J_ Jecny, Acta Cry&_. B35 (1979) 2413. 
20 J-A. Ihers and WC. Hamilton. Acta Cry&. 17 (1964) 781. 
21 International Tables for X-ray Crystallography. Vol. III. Kynoch Press. Birmingham. 1962. p. 276. 
22 B.W. Davies and NC. Payne. Inorg. Chem., 13 (1974) 1848. 
23 J.F. Richardson and NC. Payne. Can. J. Chem., 55 (1977) 3203. 


