
Inorganica Chimica Acta, 102 (1985) Ll-L4 Ll 

The Crystal Structure of 1-Methyl-3-trifluoromethyl- 
1,3-propanedionatobiis(triphenylphosphite)rhodium(I) 

G. J. VA?-! ZYL, G. .l. LAXPRECET and 1. G. l.,~ll%LET 

Department of Chemistry, University of the Orange Free 
State, Bloemfontein 9300, South Africa 

Received February 2,198s 

It was reported in a previous paper [l] that dealt 
with the crystal structure of 1-phenyl3&ifluoro- 
methyl -1,3 - propanedionatobis (triphenylphosphite)- 
rhodium(I), [Rh(TFBA)(P(OPh)s),] , that the small 
but significant difference in the two Rh-P bond 
lengths may be attributed to a difference in the 
relative thermodynamic trans-influence [2] of the 
oxygen atoms of the Pdiketone TFBA. A more 
recent paper [3] in which the structure of [Rh- 

(ac4GP’W~l was reported (acac = 1,3-dimethyl- 
1,3-propanedione) dealt with determining whether 
the difference in the Rh-P bond lengths observed 
in IRh(TFRAUP(fIPhL.Ll f 11 WIS airrnifirant or net. _-- L___\_- -__,\_ \ ---‘,J, ‘, L-, .._I I_D ___-__ I_” 
In [Rh(acac)(P(OPh)3),] [3] the two oxygen atoms 
in the bidentate ligand acac are chemical equivalent, 
and an insignificant difference in the Rh-P bond 
lengths was found. 

This letter reports the crystal structure of 
1 -methyl -3 - trifluoromethyl- 1,3 -propanedionatobis- 
(triphenylphosphite)rhodium(I), [Rh(TFAA)(P(O- 
Ph)3)2]. The /3-diketones TFAA, TFBA and acac 
have CH3, CF3 and C6H5 as terminal groups with 
eiectronegativities of 2.3, 3.35 and 3.0, respectiveiy 
[4]. In the case of the ligand TFBA the difference in 
the electronegativities of the two terminal groups is 
0.3 and in TFAA the difference is 1 .O. It is thus 
expected that the bigger difference in the electro- 
negativity in TFAA would result in a larger differ- 
ence in the relative thermodynamic trans-influence 
of the two oxygen atoms of the Bdketone TFAA, 
compared to the fl-diketone TFBA. Hence a larger 
difference in Rl-P bond distances is expected. 

Experimental 

The title compound, [Rh(TFAA)(P(OPh)3)1], 
was prepared by methods described earlier [ 11. 
The resulting light-yellow precipitate was filtered, 
. ..““L..A ..,:+I, -,&l.,,,, -^--.“c^ll:-^~ r-,- ^^ WLlJ‘lcill WlLl‘ IIKl.I‘(uI”I and Ic&‘ysraluGu ll”lll ill, 
acetone-water solution. Well formed needle-like 
pale-yellow crystals suitable for data collection were 
obtained. 

Crystal Data 
RhC41H340sF3P2r molecular mass = 877.57, tri- 

clinic space group Pi, a = 20.741 A, b = 20.953 A, 
c = 10.109 ii, (II= 105.99’, 0=96.26”, y= 68.163, 
I-A J - 1 “01^ --3 ..**..v \ - c nn _--1 L. -v,u&- I.LtO, gull , p(‘“,“lLoJ - J 2” Gut . 

The three dimensional intensity data were col- 
lected with a Philips PW 1100 four circle single 
crystal X-ray diffractometer using graphite mono- 
chromated MO& radiation (A = 0.7107 A) for f3 
values between 3’ and 23”. Three reflections were 
used as standards and remeasured after every 60 
reflections. No decomposition of the crystal was 
detectable during the data collection. A total of 
10494 reflections were measured of which 5391 
were considered as observed reflections. The data 
were corrected for Lorentz and polarization effects. 
A crystal with dimensions 0.25 X 0.11 X 0.10 mm3 
was used for the data collection. 

The structure was solved using the X-ray 72 
system of programs on a Univac 1100 computer. 
The rhodium atoms of the two crystallographic 
independent molecules were located from a three 
dimensional Patterson synthesis. The positional 
narametern nf the Q&er ~gn-hvdm37en atnmn were r--------- -- , -__D___ -______ 
deduced from successive Fourier and difference- 
Fourier synthesis. A full matrix least square refine- 
ment using all the observed reflections and aniso- 
tropic temperature parameters for all the atoms 
resulted in the residual factor R of 10.1%. The atomic 
scattering factors were those tabulated by Cromer 
and Waber [5]. The final positional and thermal 
parameters with their standard deviations are listed 
in Table I. 

Results and Discussion 

A perspective view of one of the two crystallo- 
graphic independent [Rh(TFAA)(P(OPh),),] mole- 
cules as well as the numbering system of the atoms 
is shown in Fig. 1. Selective bond distances and bond 
angles are given in Tables II and III respectively. 
The structure consists of well separated discrete 
molecular units. 

The rhodium atom in each molecule has approx- 
imately a square planar coordination as proved by 
calculation of the best plane through the atoms of 
the coordination polyhedra. The two chelate rings 
are also planar and make angles of 5.9’ and 4.1’ 
with their respective polyhedra. The Rh-P bond 
lengths in the two independent [Rh(TFAA)(P(O- 
Ph)3)2] molecul& are 2.148(4), 2.136(6) and 2.145- 
/I\ 1 Ilcl/L\ R . . . ..“_..^G...%... ?Y.,. rl:4V,...,,nno . 
\“I? L.lJO(“, li, IG;JpGLLIYEjly. l,lG U1IIGlG‘lk.G~ iii 
these Rl-P bond lengths are of such magnitude 
(l-2 times the standard deviation) that they are 
considered to be insignificant and no conclusion 
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TABLE I. Atomic Coordinates (with e.s.d.s in parentheses) and Equivalent Isotropic Thermal Parameters (A’). 

Atom Molecule 1 Molecule 2 

x Y z @aa x Y z 9s a 

Rh 

P(l) 
P(2) 
O(1) 
O(2) 
C(L) 
C(2) 
C(3) 
C(4) 
C(5) 
P(l) 
P(2) 
P(3) 
(x11) 
002) 
W3) 
(x21) 
O(22) 
o(23) 
C(ll1) 
C(ll2) 
C(113) 
C(l14) 
C(l15) 
C(ll6) 
C(121) 
C(l22) 
C(123) 
C(124) 
C(l25) 
C(126) 
C(l31) 
C(l32) 
C(l33) 
C(l34) 
C(l35) 
C(l36) 
C(211) 
C(212) 
C(213) 
C(214) 
C(215) 
C(216) 
C(221) 
C(222) 
C(223) 
C(224) 
C(225) 
C(226) 
C(23 1) 
C(232) 
C(233) 
C(234) 
C(235) 
C(236) 

0.25567(8) 
0.2842(3) 
0.2859(3) 
0.2196(7) 
0.2234(7) 
0.1750(18) 
0.1902(11) 
0.1700(12) 
0.1842(11) 
0.1569(13) 
0.1072(12) 
0.2019(10) 
0.1237(11) 
0.2481(7) 
0.3618(7) 
0.2711(7) 
0.3546(7) 
0.2334(7) 
0.2961(7) 
0.1757(11) 
0.1275(12) 
0.0582(11) 
0.0345(12) 
0.0845(16) 
0.1546(12) 
0.4070(11) 
0.4017(14) 
0.4512(14) 
0.5031(14) 
0.5072(15) 
0.4609(13) 
0.2924(9) 
0.2969(13) 
0.3167(14) 
0.3290(13) 
0.3227(12) 
0.3066( 11) 
0.3838(g) 
0.3743(10) 
0.4067(13) 
0.4507(16) 
0.4587(13) 
0.4226(11) 
0.1627(10) 
0.1287(10) 
0.0578(13) 
0.0195(13) 
0.0553(12) 
0.1268(10) 
0.3439(13) 
0.3204(24) 
0.3630(24) 
0.4265(20) 
0.4537(17) 
0.4034(14) 

0.40863(8) 
0.3093(3) 
0.3535(3) 
0.5063(6) 
0.4631(7) 
0.5544(16) 
0.5300(11) 
0.5792(12) 
0.5631(10) 
0.6208(12) 
0.6816(10) 
0.6421(10) 
0.6035(10) 
0.3135(7) 
0.2693(7) 
0.2455(6) 
0.2840(7) 
0.3228(6) 
0.3999(7) 
0.3417(11) 
0.3347(12) 
0.3615(12) 
0.3930(13) 
0.3979(13) 
0.3712(12) 
0.3086(10) 
0.3480(11) 
0.3818(14) 
0.3725(16) 
0.3294(18) 
0.2914(14) 
0.1731(9) 
0.1327(11) 
0.0588(14) 
0.0292(13) 
0.0743(11) 
0.1472(12) 
0.2322(11) 
0.2468(10) 
0.1908(12) 
0.1261(12) 
0.1137(13) 
0.1675(10) 
0.3540(11) 
0.3076(11) 
0.3319(13) 
0.4074(16) 
0.4548(14) 
0.4278(10) 
0.4359(11) 
0.4983(18) 
0.5385(22) 
0.5097(20) 
0.4489(18) 
0.4128(16) 

0.4298(l) 0.0396 
0.2753(S) 0.0414 
0.5885(5) 0.0367 
0.5749(12) 0.0476 
0.2782(12) 0.0529 
0.1620(25) 0.1080 
0.2961(23) 0.0598 
0.4215(23) 0.0655 
0.5458(21) 0.0637 
0.6741(24) 0.0724 
0.6480(20) 0.1610 
0.7512(18) 0.0683 
0.7526(20) 0.1799 
0.1279(11) 0.0474 
0.2210(14) 0.0602 
0.3098(12) 0.0501 
0.5619(12) 0.0662 
0.6353(12) 0.0526 
0.7411(12) 0.0502 
0.1113(18) 0.0516 
0.1943(21) 0.0732 
0.1664(22) 0.0716 
0.0564(27) 0.0613 

-0.0266(24) 0.0577 
-0.0005(22) 0.0517 

0.2365(20) 0.0666 
0.1451(21) 0.0788 
0.1600(27) 0.0989 
0.2604(29) 0.0960 
0.3471(29) 0.1063 
0.3317(25) 0.0678 
0.2434(17) 0.0448 
0.3281(23) 0.0912 
0.2695(25) 0.095 1 
0.1284(29) 0.1178 
0.0480(22) 0.0505 
0.1037(20) 0.0458 
0.6341(18) 0.0443 
0.7749(19) 0.0448 
0.8402(22) 0.0574 
0.7682(27) 0.0807 
0.6220(24) 0.0715 
0.5550(23) 0.0811 
0.6161(19) 0.0591 
0.5630(22) 0.0575 
0.5473(25) 0.0806 
0.5819(26) 0.1295 
0.6349(27) 0.1062 
0.6557(20) 0.0730 
0.7725(21) 0.0402 
0.8779(28) 0.0497 
0.9178(3 1) 0.0760 
0.8658(35) 0.0651 
0.7500(4 1) 0.1580 
0.7039(37) 0.1119 

0.81073(8) 
0.7120(3) 
0.7816(2) 
0.9102(7) 

0.8384(6) 
1.0244(10) 
0.9585(10) 
0.9586(9) 
0.9000(10) 
0.9079(13) 
0.9702(9) 
0.8811(15) 
0.8745(14) 
0.7080(6) 
0.6734(6) 
0.6515(7) 
0.8342(6) 
0.7705(6) 
0.7088(6) 
0.7514(9) 
0.8028(12) 
0.8440(11) 
0.8295(13) 
0.7760(12) 
0.7346(12) 
0.6148(9) 
0.5750(10) 
0.5131(10) 
0.5004(13) 
0.5455(13) 
0.5995(11) 
0.6449(11) 
0.5839(12) 

0.5750(13) 
0.6287(16) 
0.6859(15) 
0.6973(14) 
0.8644(12) 
0.8320(12) 
0.8674(13) 
0.9318(15) 
0.9630(14) 
0.9302(13) 
0.8182(g) 
0.8737(10) 
0.9160(12) 
0.8993(14) 
0.8408(12) 
0.7984(13) 
0.6862(10) 
0.6678(13) 
0.6439(14) 
0.6393(11) 
0.6575(12) 
0.6831(12) 

0.08162(8) 
0.0725(3) 
0.1804(3) 
0.0817(6) 

-0.0143(7) 
0.0528(12) 
0.0351(10) 

-0.0328(9) 
-0.0496(10) 
-0.1218(13) 
-0.1634(8) 
-0.1548(10) 
-0.1168(10) 
- 0.0049(7) 

0.1074(7) 
0.1012(7) 
0.2235(6) 
0.1847(6) 
0.2398(6) 

-0.0640(10) 
-0.0587(13) 
-0.1223(13) 
-0.1840(11) 
-0.1863(12) 
-0.1231(10) 

0.1051(10) 
0.0691(11) 
0.0708(10) 
0.1039(14) 
0.1369(14) 
0.1408(12) 
0.1537(10) 
0.2121(11) 
0.2673(13) 
0.2583(15) 
0.2009( 15) 
0.1465(13) 
0.2369(10) 
0.2408(10) 
0.2557(13) 
0.2626(12) 
0.2580(13) 
0.2446(11) 
0.1384(10) 
0.1531(11) 
0.1087(14) 
0.0544(15) 
0.0391(13) 
0.0840(12) 
0.3138(g) 
0.3583(12) 
0.4333(12) 
0.4569(11) 
0.4078(12) 
0.3335(22) 

0.5468(l) 0.0348 
0.4847(S) 0.0347 
0.4915(5) 0.0363 

0.6082(12) 0.0471 

0.6006(13) 0.0560 
0.7048(22) 0.0412 
0.6524(17) 0.0563 

0.6564(17) 0.0475 

0.63 1 l(20) 0.0576 
0.6415(28) 0.1084 
0.6616(24) 0.1758 
0.5472(28) 0.1489 

0.7476(27) 0.3427 
0.4383(13) 0.0490 
0.3608(13) 0.0562 
0.5969(14) 0.05 23 
0.5379(12) 0.0393 
0.3351(12) 0.0512 
0.5493(12) 0.0435 

0.3397(17) 0.0358 
0.2704(24) 0.0705 
0.1752(21) 0.0526 
0.1545(23) 0.0350 
0.2209(23) 0.0398 
0.3181(18) 0.0108 
0.2840(19) 0.0429 

0.3120(20) 0.0583 

0.2238(20) 0.0507 
0.1172(24) 0.0951 
0.0959(23) 0.0981 
0.1837(20) 0.0701 

0.7176(18) 0.05 16 

0.7299(26) 0.0944 

0.8526(28) 0.1010 
0.9544(25) 0.0883 
0.9352(24) 0.0779 
0.8163(19) 0.0591 
0.6660(20) 0.0301 
0.7855(21) 0.0508 
0.9118(25) 0.0616 
0.9137(22) 0.0467 
0.7965(28) 0.0405 

0.6698(26) 0.0553 
0.2267(17) 0.0464 
0.2057(17) 0.0669 
0.0959(21) 0.1131 
0.0043(20) 0.1243 
0.0303(22) 0.0826 
0.1447(18) 0.0377 
0.5524(19) 0.0544 
0.6797(21) 0.0587 
0.6918(28) 0.093 1 
0.5747(25) 0.0996 
0.4523(23) 0.0959 
0.4335(22) 0.0630 

aGs = L/3(urr + l_Jz2 .t u33 + z&3 + 2u13 + 2u12). 
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can be made from it. The Rh-P bond distances 
in [Rh(TFAA)(P(OPh)a)J are, as in the case of 
[Rh(TFBA)(P(OPh)s)J [l] and [Rh(acac)(P(O- 
Ph)&] [3] significantly shorter than the Rh-P 

L3 

Fii. 1. Perspective view of a Rh(TFAA)(P(OPh)& molecule. 
The numbering system of the atoms of the phenyi rings of 
the phosphite groups is as follow (see Table I): the first 

digit refers to the phosphorous atom, the second digit refers 
to the oxygen atoms bonded to the phosphorous atom and 
the third digit refers to the carbon atoms of the phenyl ring 

bonded to the oxygen atom. 

TABLE II. Selected Interatomic Distances (A) with e.s.d.s 

in Parentheses. 

Bond 

Rh-P(1) 
Rh-P(2) 

Rh-O(1) 
Rh-O(2) 

P(l)-O(11) 

P(l)-O(12) 
P(l)-O(13) 
P(2)-O(21) 

P(2)-O(22) 
P(2)-0(23) 

C(l)-C(2) 

C(2)-C(3) 
C(3)-C(4) 
C(4)-C(5) 
C(2)-O(2) 
C(4)-O(1) 
C(5)-F(1) 
(X5)-F(2) 
C(5)-F(3) 

Molecule 1 

2.148(4) 
2.136(6) 

2.085(10) 
2.068(14) 

1.602(13) 

1.591(14) 
1.591(17) 

1.596(12) 

1.605(18) 
1.620(13) 
1.539(38) 
1.386(27) 
1.363(33) 
1.500(27) 
1.280(24) 
1.240(23) 
1.381(29) 
1.278(34) 
1.304(40) 

Molecule 2 

2.145(6) 
2.138(6) 
2.089(13) 

2.084(15) 
1.589(16) 

1.612(15) 
1.611(15) 

1.615(15) 

1.594(13) 
1.602(11) 
1.549(33) 

1.434(30) 
1.366(31) 
1.493(36) 
1.254(21) 
1.268(21) 
1.293(28) 
1.226(37) 
1.300(42) 

TABLE III. Selected Bond Angles (deg) with e.s.d.s in 
Parentheses. 

Angle 

P(l)-Rh-P(2) 
P(2)-Rh-O(1) 

P(l)-Rh-O(2) 
O(2)-Rh-O(1) 
Rh-P(l)-O(l1) 

Rl-P(l)-O(12) 

Rh-P(l)-O(13) 

Rh-P(2)-O(21) 

Rh-P(2)-O(22) 
Rh-P(2)-O(23) 

Molecule 1 

90.6(2) 
91.1(4) 

90.1(4) 
88.0(5) 

115.0(5) 

121.0(6) 

116.9(5) 

116.5(6) 

119.8(5) 
116.4(6) 

Molecule 2 

92.3(2) 
92.4(4) 

87.4(4) 

87.9(5) 
118.1(5) 

116.0(7) 

119.7(6) 

116.7(5) 
121.9(5) 

116.3(6) 

bond distances in similar Rh(I)-phosphine com- 
plexes. The Rh-P bond distances in [Rh(TTA)- 

WW’FWI M and [WTFDMWPWPhdI 
[7] are 2.245(4) and 2.239(2) A, respectively. The 
significantly shorter Rh-P bond distances in the case 
of the phosphite complexes are probably the result 
of the strong n-electron acceptor properties of the 
phosphite ligand [4], resulting in a relative stronger 
Rh-P bond and hence a shorter bond length. 

The two P-Rh-P bond angles of 90.6(2)’ and 
92.3(2)” in the present structure are, as in the case 
of [Rh(TFBA)(P(OPh)&] [l] and [Rh(acac)(P- 
(OPh)sh] [3] significantly larger than the P-Rh-C 
bond angles of 87.1(4)’ and 87.8(2)’ in Rh- 
phosphine complexes like [Rh(TTA)(CO)(PPhs)] 
[6] and [Rh(acac)(CO)(PPhs)] [8], respectively. 
This relative large P-Rh-P bond angle may be 
explained by the fact that the two P(OPh)s groups 
cis two one another experience a larger steric hin- 
drance than a PPhs-group and a CO-group cis to each 
other. This is due to tb_e relatively large cone ar$e 

(1284 of the P(OPh)a group [9]. 
There is a good comparison between the average 

R&O bond distance of 2.082 A and the averages 
of 2.069 and 2.069 A found in [Rh(acac)(P(O- 

hkkl 131 and N-4TFW(PPh)& 1 [ 11, 
respectively. This correlation is also good with the 
Rh-0 bond distance (oxygen atom trans to the 
phosphine group) in Rh-phosphine complexes like 
[Rh(TTA)(CO)(PPhs)] [6] (2.085(7) A) and [Rh- 

^^_,_\ 0. 
iaCaC~Ciij@rhsj] [Sj @.uq4) A). 

Each of the four P atoms are tetrahedrally sur- 
rounded by the Rh-atom and three oxygen atoms. 
The average P-O bond distance of 1.602 A compares 
well with the averages of 1.606 and 1.609 w found in 
[Rh(TFBA)(P(QPh)s),] [ 1] and [Rh(acac)(P(O- 
Ph)sh] [3], respectively. The average C-O bond 
length of 1.404 A in the four P(OPh)s-groups, is 
also in good agreement with the values of 1.389 A 
and 1.394 A found in the above-mentioned two 
complexes, respectively. 
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The twelve phenyl rings are planar within experi- 
mental error and the average C-C bond distance and 
bond angle in the phenyl rings are within experimen- 
tal error identical to the accepted values of 1.399 A 
and 120’ for phenyl rings [lo]. The average C-F 
bond length of 1.297 A is in good agreement with 
the average (1.303 A) found in [Rh(TFBA)(P(O- 

PW,l [Il. 
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