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Summary

Hexafluorobut-2-yne reacts with [Rh(dpm](CO]z], (dpm = dipivaloyl-
methanato) to give the complex, [haidpm.C4F82§C4FS][CD]Z], in
which there is &an alkyne molecule co-ordinated parallel to a

rhodium-rhodium bond. Crystals of the complex, ha(dpm.CAFB)Z(CAFSJ

[CDJZ] are triclinic, space group PT with g = 15.34, b = 18.50, ¢ =
IB.OIR, a = 83.9, 8 = 99.2, X'= 89.5, z = 4, The alkyne bridges the

metal atoms to give a dirhodacyclobutene ring, the carbon-carbon bond

is dinclined by 15° to the rhodium-rhodium bond. Mean bond lengths are

Rh-Rh 2.684, Rh-0 2.30, 2.19 and .10, Rh-Clcarbonyl) 1.78 and Rh-C

[CF3)C(CF3) 2.11R. The n4—hexakistrifluoromethylbenzene complex,

[Rh(dpm.C4FS]{CSCCF3]S}] is formed from C,F. and [Rh[dpm][CD]z]
at 110°C. The reactions described show similarities to the

reaction of hexafluorobut-2-yne with [Rth(CD]z], (cp=n5-C5H5].
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Introdaction -

ﬁe have recently investiuated ‘the reactions of hexarluorobut 2-yne
f(C F ) w1th various rhodium(I] B ketonnolate alkene systemsl'2 and have
7 observed that this hlghly electrophillc alkyne Cﬂnﬂnnly adds 1,4 across
lrthe B- ketoenolatorhodlum ring. Subsequent studies have further shown
th;ta range of . alkynes will add 1,4 abrass a six-membered 2,4—pentane-
-diiminatocobalt ring of the macrocyclic cobalt(II) complex [to(sz 22N 1.3
1,4 addition across a B- kﬂtoenolatometalla ring system produces a tri-
dentate ligand having a formal negative charge. Reaction of C4F5 with
[Rh[dpm][cdlz] might therefore produce a five-co-ordinate complex similar
to IRth(CU]Z]. Reactions of disubstituted alkynes with the latter compound
have beeﬁ;studied extensively, and a number of complexes, thaught to be in-

termediates in the trimerisation of alkynes have been isolated.4_1U

Experimental

M.p’s were determined on a Reichert hot-stage apparatus and are un-
corrected. I.r. spectra (Nujol mulls) were recorded on Perkin-Elmer models
225 and 457 spectruméters. 1H n.m.r. and lgF n.m.r. (relative to a,a,a-tri-
fluorotolﬁene) were recorded on Varian Associates T60 and DASD spectrometers
respectively. [Rh(dpm][CD]z] was prepared by passage of carhon monoxide
through a solution of [Rh(dpm)(1,5-C0OD)}] in diethyl ether solution and
purified-by vacuum sublimation.
v[CO), 2011, 2080 cm—l. (Found-C, 45.4, H, 5.5, 13 19 4Rh requires C,

45.6, H, 5.6%].

Reaction of hexafluorobut-2-yne with dipivaloylmethanatodicarbonylrhodium(I} -

(a) At room temperature. A solution of dipivaloylmethanatodicarbonylrhodium(I],

. . - 3
n(D.?Ug, 2.04 mmoll), in dlethyl ether was introduced into a Carius tube (150.cm ).
An excess of hexafluurobut 2-yne (2.0 cm ] was condensed (-1967c) into the tube.

After>shak1ng for 24 h at room temperature. the tube was opened and volatile



343

material removed. The residue was recrystallised from dichleromethane/methanol
solutions>to give vellow crystals of the complex (1) (1.80g, 82%), m.p. 183°
{decomp.). (Fdund C,38.7; H,3.2; F,30.2:M(acetone)1101. CBBH38F1805Rh2
requires C,38.3; H,3.3; F,30.0%; M,1114. vl(terminal CO) 2089s, 2003s:; v(C=C}
1679s, 1660s; v(C=C) 1587w, 1580w, 1539m,cm_1. The lgF n.m.r. spectrum (CH2C12]
showed signals at § ~ 12.19 (3F, multiplet), -11.45 (3F, g, broad, JFF 16 Hz3J,

-8.07 (3F, q, J 13 Hz}, -7.63 (3F, q. J 16 Hz), -6.85 (3F, qg. Jee 15 Hz)

FF FF ©

and -6.58 (3F, multiplet}, p.p.m.

(b) At 110°C. A solution of Rh{dpm)(C0),] (0.20g, 0.59mmol) in diethyl

ether was introduced into a Carius tube (150 cma]. An excess of hexafluorobut-
2-yre (1 cma) was condensed (-1967C) into the tube. After shaking for 24 h at
1100C, the tube was opened and volatile material was removed. Slow evaporation
of the solutiocn gave bright yellow crystals of (2), (0.43g., 78%), which was

identified by its i.r. and lgF n.m.r. spectrum.

i s o o - o
Reaction of [ha[dpm.C;ESlQ[leE][CD)Z] with hexafluorobut-2-yne at 110 C.

An excess of hexafluarobut-2-yne (2.0 ch] was condensed (-196°C) anto a

solution of [ha(dpm.C4F5)2(C4F5)(CU)ZJ, (1.0g, 0.88 mmol), in diethyl
ether contained in a Carius tube (150 cmSJ. After shaking at 110°¢ for
24 h the tube was opened and volatile material was removed. Slow evapor-
ation of the solution gave bright yellow crystals of (2), (0.71g, 85%),
which was identified by its i.r. and 19F n.m.r. spectrum.1

DSthl], n-= 1114.5, trielinie. a = 15.34 = 0.02,

Crystal Bata - C3SH35F13
= 18.50 x 0.03, = 16.01 = D.DSR, e = 83.9 + C.3, B = 99.2 + 0.3,

10

-]
3 -
%X - g9.5+0.5°, u-44608% , D = 1.65g.cm ° (by flotation), Z = 4,

1.66g.cm >, F (000) = 2216. Mo K_ radiation, A = 0.7107 R, u(mo-—k ) =
L LS K

D
e

8.5 cm I, Space group P1 (E;. No.2).

Crystals grown from diethyl ether/light petroleum solutions (b.p. <
o ) .
40°C) were orange-yellow plates on {001}. X-ray intensities were measured
o .
at 24-27°C on a Stoe Weissenberg diffractometer using MD—EQ radiation and

an w-scan technique. Unit cell dimensions were measured from precession



uphotographs using Mo‘K radlatlon. Becauss of cs&stal decompu51tions; two ;
!"crystals were LSEd for data collection, the first to- collect layers h o1
tho;gh h 7 l and the second to collect layers ho- l and h B l through h lB 1.
i,The daua ?rom the ¥1rst crystal were scaled to that from the second crystal

by ‘use of the h 0- 1 reflectlons.

Of the measured data 4661 unigue reflectiohs were regardeg‘as having
signiflsanf infehsity {I > 20(I) ). These intensities were corrected for
VLorentz snd polarisétiun effects but not for absorption. The least-squares
refinemenﬁrwas:c;rried out at the University of Manchester Regional Computing
Centré using the °'X-Ray System'’ program package. Atomic scattefing factors

were taken- from-Ref. 11, including full correction for anomalous scattering

by rhodium.’?

Structure Determination - The positions of the non-hydrogen atoms of the two

molecules in tﬁs asymmetric unit were deduced using standard heavy atom
methods .
Hydrogen atoms were not located or included in the structure factor cal-
culations. Blocked—matri# least-squares refinement of positional and
isctropic fhermal parameters ?or all.non-hydrdgen atoms reduced R to 0.150.
- A difference Fourler synthesis calculated at this stage of the refinement
indicated that four ofnthe twelve trifluoromethyl groups were disordered
and for each of these four groups six fluorine atoms were subsequently
refined, each with half occupancy. A weighting scheme with'w = (49.73 -
O.Ds?lEOI+D.DIDIEO[2)-1 was introduced in order that EAZ be approximately
indepeﬁ;snt>0F IE;]. The function minimised was ZQAZ. In subsequent cycles
of refinement, an;sotropic temperature factors

After further cycles refinement converged with an R of 0.038 (Em = zm
(If;l-[fcll/zmlfol = 0,122} for 4515 reflections.’ In the final‘cysles or

Vrefiq:ement 146 reflections with small intensity and poor agreement betwsen

5

T A list of observed and calculated structure factors is availaﬁlé'gn request.
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Fig.l. Molecular geometry and atom numbering for molecule (IJ,
molecule (II) is essentially identical. The F atoms
of two CF3 groups are disordered (& tached to C(11) aﬁd
C(20), only one orientation is shown. Terminal methyl
carbon and fluorine atoms are not labelled as they have

different orientations in each molecule. Fluorine atoms

are shaded.

EO and EC were excluded from the data set. Parameters of equivalent -atoms
?ng malg;ules (I} and (II) were refined in the same block because of an
approximate relationship between them (xlylzl = 0.58-x, 3-y, 1-z). In the
penultimate cycle layer scale factors were refined to check the data scaling
but only small variations in scale factor were observed. The maximum shift
in the final cycle was 0.30. A difference Fourier synthesis calculated at

the end of the refinement showed no maxima or minima with an absolute value

greater than 0.8 eg-a.



Final ztomic. coordinates and thermal parereters wirth est
3 3 : i S (;.n_''pmn:r}\thesés}T %

‘Moleeule (1) T T T eleews (1D

e iy m T L 2y Ty z/, u

RRUD . -0.082801).  0.2156(1) . 0.7823(1) . 0.5256(1)°  0.2853(1)  0.2407(1) .

SoRn(2Y | 0.1078(1F - 0.1506€1) - " 0.7858(2) R 0.8752(1) .0.2585(1) 0.2208(2)° . =+
Coetyy - 0.036(2) - 0.32001) 0:656{1) .. 0.097(8)  0.848(2) . 0.183(1)°  ©.351(2] . 0.116(8)
ot2) - = -o0.00801] ‘0.022(11 o.a1e(11 0.035(63  .0.564{1) .  0.460(11° 0.185(1) 0.087(5}
a2 -0.16501) 0.14201)  0.ESBC11 . ©-0.075(5]  0.44a01) © gl3secl] 0.15401) * 0.c61(4)
ofsr  Courzmn . @as2(i o 0.667(1) 7 0.873(5} - -0.482(13° - 0,35100) - 0.33301) - 0.084(S)
ors) T . @.ss€1) . p,28501) 0.776(1) |0.068(5) . 0.760(1) 0.254(1} 0.24201) . 0.078(5)
06 | T 0.2801) - 0.10201) . 0.838(1)  0.08008) 0.804(2) - - T0.335(1) @.17201] " 0.036(8)
cu 7 L.0.023(23-  0.2a101) - 0.877(3} 2.057¢73  6.551(2) 0.256(1) 0.130¢2} 0.075¢8)
cr2) s 0.0a3(2) 0.158(1) u'.'a"s'isrt‘zl -0.070(7) 0.623(2]) 0.302(1) - 0.113(2}) 0.070(7)
ctz) - -0.022(2) . 8.286(2] 0.924(z1  0i16s(11)  O.512(2) 0.202(2) 0.078(2) 0.106(11)
cril . 0.135(3) 0.173¢2) D.SSS:(31' 70.135(14] 0.652(3) 0.316(2} 0.433(3) 0.1368{15)
cre} 0.002(2} 0.281(2) 0.635(2) 0.082{5)  0.500(2) 0.225(2) £.308(2) 0.086(8)
C(E) 0.046(27 '0.076(2) - 0.&04(2] 0.078(6)  0.507(2) 0.42801) 0.185(2) 0.072(8)
£e7) -0.181(2) 0:123t2) - 0.833(2) = 0.078(8)  ©.387(2) 0.376(1) 0.168(2) 0.G81(7)
C(Eg) -02.250(2) G.l48(i] 0.755(2) D.0S3(7) 0.340(1) 0.351(1) 0.258(1) 0.045(8)
£€9] -0.248(2} 0.234(1) 0.750(2) 0.0538(7) $5.336(2) 0.2g8(1) 0.256(Z} 0.0s6(&)
cag -0.176(2) 1 0.276401) ;. 0.751(2) 0.072(8]  0,412(2) 0.227(1) 0.255(2) 0.063(7)
cliy - -0.194(2) - 0.127(1) 0.671(2) 0.067(7)  0.404(2) 0.372(1) 0.321(2) 0.067(7)
c(1z2) ~0.217(2) - 0.073(1) c.e02(2} G.058(7) $5.314(2) 0.425(1) 0.085(2) 0.065(7})
c(133 -G.i45(2] 0.655(2) Q.877(21 0.108(111 J.3E88(3) 0.5445(2) 0.022(3) 3d.112(123
c(14) © ° -0,283(3) £.125(3) 0.931(3) 0.151(16}  0.223(3) 0.353(3) 0.088(3) 0.157(17)
cast -0.350(31 . 0.097¢2} 0.870(3) 9.143(15)  0.293(3) 0.497¢2) 0.12a(3) 0.122(131
Cl18Y . -0.243(3) . 0.084(2) 0.5a5(2) 0.10a8(11) 0.381(21 0.420(2) Q.330(21 0.088(9)
cr(1z) © ~0.208(3) d.GSE[Z) 4.523(3) g.118(:2) 0.431(3) 0.394(2) 0.479(3) G.117(12)
c(13} -0.203(3) -0.002(2) 0.542{3) 0.136(15) 0.515{2) 0.457(2) 0.367(21) 0.03€(10)
c(13) ~0.332(3) 0.085(3) 0.602(3) C.165(18) 0.282(3) 0.423(22 a.384(3) 0.139(15)
£€29) - -0.345(32 Q.2560(2) 0.717(31 0,122(13) 0.236(2) 0.235(2} 0.273(2) a.106(010)
ctz1 | -8z 0.350(21 0.728(2) 0.084(3)  0.420(2) 0.158(2) 0.285021 0.104(113
crz22) 0.258(2) 0.248(1) 06.745(2) G.050(6)  0.843(2) 0.253(1) 0.257(2) 0.052(7)
£023) 0.284(2) 0.179(1) 3.715(2) 0.cea(7) Q.681(2) 0.325¢2) 0.2s52(2) 0.055(10)
c(2z3 D.’ZISIZ]V 0.152(1) 0.848(2) 0.07713) 0.822(2) 0.3439(1) .353(2) 0.c7a(8)
c(2s) 0£.137(2) ©.128(1) 0.686(2) 0.065(7) 0.747(2) 0.3€58(1) 0.346(2} 0.075(8}
C(2€) -0.307(2] 7,0.113{1] Q.791(2) a.974(8) 0.874(2) 0.382(2) 0.223(2) 0.088(9)
ce27) - 0.308(2) 0.310(2} 8.756(2) 0.C81(3)  0.890(2) 0.136(2) 0.253(2) 0.088(8)
C(2E} .330(5) 0.335(5) 0.873(5) 0.271(352 0.855(3) 0.1539(2) 0.351(3) 0.144(18)
c(2g) 0.268(3) 0.386(23 0.603(3) 0.140(15) 0.828(4) 0.123(3) 0.252(4) 0.170(15)
ctze) 0.384(5) 0.256(4) 0.822(4) 0.219(27) 0.952(4) 0.203(3) 0.181(4) 0.188(19)
c(31} - - 0.384(2}) 0.cse(2) a.scoc23 0.103[101. Q0.954(2) 0.433(2) 0.19a(2) Q.089(92
c(32) . 0.433(4} 0.082(3) 0.726(4) 0.185(21)  G.958(8) 0.474(5) 0.258(5) 0.285(35)
C(33) 0.422(4) 0.058(4) 0.802(2) 0.185(22)  0.951(5) 0.460(4} 0.118(5) 0.28a(23)
€(335) 0.349(E) -0.011(58) G.78a(6) 8.276(38) 1.0256(4) 0.3656(3] 0.216(4) 0.226(23)
cesy 0.228(3) 0.156(2) 0.558(3) 0.120013)  Q.888¢3) 0.325027 £.345(3) 0.107(11)
C(38} 0.070(2) 0.0ss(2} 3.805(2) 0.091(9) 0.6387(2) 0.388(2) 0.407(2) .0.932(10)
Fet -0.048(3} 0.265(2} 0.388(3} 0.135(15)  0.553(3) 0.185(2) 0.016(3) 0c.ces(11)
F[2]+ U.U30[3L_ 0.343(2) 0.2435(3) -3.113(12) 0.430(3) . 0.133(3) 0.08a(3) 0.124(15)
F(ar” -0:027(3¥ 0.383(2} 0.879(3} 0.112(12) ~ 0.437(3) 0.140(3) 0.132(3} 0.142(18)
F[ll]+ . E.G‘:U[_:ﬂ R 0.255[2] 1.000(3} 0.115(13) 0.439(3) 0.228(2) q.047(3) 0.111(13)
F[Zl)t -U.hﬁa[s] 0.329(5) Q.301(8) 0.253(38) 0.479(53) 0.252(4) 7 -0.012(5) 0.214(27)
FalYt . -0,098(2) - 0.288(1) .. 0.834(2} 0.066(82 0.584(2) 0.152(2) 0.c62(2) --0.079(33
F13) . Toae3(2) 7 0.118(2) 0.987(2} 0.189(11) - 0.580(2) 0.375(2) 0.018(2) 0.1985(12)

F(5) : 0.107{3} Q.1866(2} 1.045(3) 0.252(17) 0.61113}) G.256(2) - -0.036(3) . 0.230017)
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Fis) 0.211€2]) . 0.218(21 0.982€2) 0.215(13) 0.725(21} 0.272(2} 0.031021} g.2c0(12)

F[7]+ 7 -0.388(23 G.214(2) 0.7722(3) a.o7s(1c3 0.181(2) a.27G(2) 0.222(2} G.077(20)
F(é)f -0.354(2) - 0.321(2) 0.750(2} G.072(3) 0.237(3} 0.171(23 0.265(3) 8.08s(11)
F(9)+, ~-0.375(3) 0.2561(3} 0.842(3) 0.131(18) 0.226(3} 0.252(2) 0.338(3) 0.110{11)
F(71]+ o -0.400(3) 0.216(2} B.717(3) 0.103(13) 0.191(3) 0.284(2) 9.258(3) 0.112(147
Fran’ T <0.372¢5) 0.270{5) 0.788(51 0.18E(25] 0.208(4) 0.205(3] 0.203(4) 0.147(17)
F(El)* 7 -0.358(3) 0.312(3} 0.680(4) 0,145(17} 0.252(3) 0.181(3} 0.335(3) 0.137(18}
F(10) -0.230{2) 0.378(1) 0.655(2) 0.150(8) 0.358(2) 0.128(2) 0.3572(2) 0.189(11)
F(11) -0.110(23 0.387(1) 0.723(2) 0.134(7) 0.486(2) 0.11401) 2.278(2) 0.142(8}
F(12) -0.210(2) 0.387(1} 0.789(2} 0.138(35} 0.360(2) G.112{(1) G.230(2) 0.154(3)
F(13) 0.281(2) 0.097(13 0.544{2) 0.143(3) 0.825(2) 0.405(2) 0.458(2) 0.178(15)
F(14) 0.184(2) 0.173(2) 0.435(2) 2.175{10) 5.847(2) 0.321(11} 0.518(21 0.164{91}
F(15) 0.308(23 8.2G64(2) 0.555(2) 0.173(13) 0.852(2) Q.302{2) 0.355(2]) Q.155(121
F(1E) 0.105(1} 0.0s8(1) 0.548(1) 0.127(7) 0.737(2) 0.5311(1} C.457(2) Q.121(7]
F(17) a.01s8(1) 0.638(1) 0.83a(11 0.095{5%) 0.537(13 0.535(1) Q.357{1) 0.102(31}
F(i8} 0.018(1) 0.147¢1) 0.555(1) C.112(8} 0.8E1(2]} 9.351021 3.451(2) 0.132(73

Atoms so marked have occupancy 0.5

- - - - 2 2 .2
Terperature factors for the Rh atoms ar2 in the form exp{-2% [E, lﬂ;‘: -

24)5h 1 a%* + 2,0k 1 boe”]

vhere the quantities U i 3 are

Y Y2 Y33 Y2 Yy k]
#rl (Molecule I) 5.048(1) 0.057(1} 0.068(2) -9.083(1) £.618(1) -0.018(1)
Rh2 (Molecule I) 0.050{1} 0.061(1) 0.064(2) -0.002(13 0.016(1) -0.013(1)
Rhl (Molecule II)  0.044(1) 0.056(1) 0.084(2) -0.000(13 0.011(1) -0.21001
Rh2 (Molecule IIJ)  0.048(1) 0.0853(1) 0.080(2) -0.003(1) 0.017(1) -0.617(1)

Final atomic coordinates and thermal paremeters with estimated standard
deviations sre listed in Table 1. The molecular geometry and atom numbering

are shown in Fig.1l.

Results and Discussion

Hexafluorobut-2-yne reacts with [Rh(dpm](CD]zl in diethyl ether solution

to give a good yield of a bright yellow crystalline adduct (i) which is stable

under
CF, ?ﬁ /a% CF3
CF,3 C/ c=C £c |
\c=== // . 3 C§§
c 4
| \Facbt_:, crth Hug ,c\ o .
H-C RN ‘: ; \ c\—,-CE., , %o\\
A= “(( ";”t\ FC/ \ /Rh Rhic c/c%
Co—p / CF, 3 o7 IN.__ /1 T
3 C=c" o e CF
4 CF, c0/ VN Sy
3 FKC cg C“-C\H
\
A

(1) 23



;and can be conven,ently:reerystallised from dlchlozﬁmethane—methanol. ;Tﬁé;
icanplex has been Fuily characterised by a camb:nat:or of X-ray crystallo-
'gI‘aphlc, n m T., and 1.r. spectmscopic 1nvest1gations. The i.r. spect“um
of (11 contazns two surong absorp+1ons at 2089 and 2003 cm _ -1 which can be
'ass:.gned to_» the stretchlng -Frequencies of two tenn:f.na; carbonyl groups. - In
édditioh,}':ﬁo strong bands ‘at 1679 and 1666 cm . v(C=0), and two weak bands
cat iSﬂ?*andrlSBU cmfl. v(C=C}, characférise the presence of thé two bicyclo
.sttems'formed by tﬁe 1,4—addition-cf hexaflucrobuﬁ;z—yng to the rhodium
dinivaldylmethanato riﬁg; These bands are of similar intensity and occur
in.virtualiy'identical positions to absorptions found in the i.r. spectra
of (2) and _Ph[dph C,Fg HC [CF334H41], which both contain-the same blcyclo
unit.% By elimination, therefore, a strong band at 1638 cm = may be attri-
buted to the C=C stretching frequency of the bridging alkyne, and agrees
favourably with a similar absorption found in the i.r. spectrum of [hac,;p2
(CqFS](CDJZ].4 The structure of this cyclopentadienyl complex has been
detemined by a single érystal,x—ray study.B This complex, which has been
prepéreq by the reaction of hexafluorobut-2-yne with [Rth(CD]z], has an
analogeus structure to (1), both complexes containing a bridging alkyne
co-ordinated parallel to a rhodium-rhodium bond. The dimetallacyclobutene
ring system has also been shown to sexist in [Pt 4(CF5C,CF,), (oD, 1,12

2

benzyne’]].lB This miode of bonding of an alkyne to two metal atoms is in

_ 14 15 .
[PuszhCZPh)[CUD)Z], [Ir (co) {(MeDCD]2 5 4] and [Fe (CU)B(tetraflucro

contrast to the situation found in such complexes as [CoziCD]éRczm] in

whiéh the alkyne lies perpendicular to the metal-metal bond.

The.reaction of hexafluorobut—Z—yne with [Ph(dpm)(CD)z] at l;DOC
produces the previously charactérised complex [2]% Réaction o?rhexafluorg—
but-2- yne w1th thp(CU] ] gives the hexa- kls[Lrlfluarnmethyll benzene
comalex [Rth{C [C S}]'.' However, this reaction, as well as the reactlcns

of other disubstltuted alkynes with'[MCp(CDlz], {M = Co, Rh, Ir) also produces

maﬁy other praducts including cyclopentadienone complexes and trinuclear



349

. 4-10
species. Complexes analogous to these have not been observed fram
f[Rh(dpm](CU]é]; The reaction of hexafluorobut-Z-yne with (1) at 110°C also

produces the complex (21.

The molecular geometry end atom numbering for (1)} are shown in Fig. 1.
The two independent molecules are essentially identical varying only in the
orientation of terminal groupings attached to C(31) and C{27). Final atomic

coordinates and thermal parameters are listed in Table 1. Bond lengths and

some bond angles are listed in Tables 2 and 3 respectively.

Table 2. Bond lengths (R) with estimated standard deviations (in parentheses).

The equivalent values for molecule (II) follow those for molecule [I).-IL

Rh(1)-Rh(2) 2.685(3) Z2.584(3) Cc(7)-0(3) 1.21(04) 1.28(3)
c(11)-004) 1.21(4) 1.24(3)
Rh(1)-C(1) 2.11(3) 2.05(3) C(22)-0(51 1.23(4) 1.26(3)
Rh(2)-C(2) 2.12(3) 2.07(3) C(26)-0(6) 1.27(24) 1.24(4)
Rh(1)-C(5) 1.83(3) 1.77(3)
Rh(2])-C(8) 1.71(3) 1.81(3) c(81)-C(7) 1.45(4) 1.42(04)
Rh{1)-c(1Q) 2.13(3] 2.08(3) C(23)-c(22) 1.51(4) 1.58(4)
Rh(2)-C(25) 2.12(3) 2.17(3) c(s8)-c(11) 1.89(4) 1.50(4)
C(23)-C(26) 1.62(4) 1.42(5)
Rh(11-0(3) 2.09(2) 2.08(2)
Rh(2)-0(5) 2.14(2) 2.10(2) c(al)-ccg) 1.58(3) 1.51(3)
Rh(1)-0(4) 2.18(21 2.18(2) C(23)-C(24) 1.51(4) 1.60(5)
Rh(23}-0(8) 2.28(2) 2.32(2)
c(7)-Cc(12) 1.533(4) 1.54(3)
c(1)-Cc(2) 1.20(4) 1.32(4) Cc(11)-c(18) 1.50(5) 1.57(5)
C(22)-C(27) 1.38(4) 1.40(4)
C(8)-Cl10) 1.32(4) 1.38(4] Cc(2681-C(31] 1.45(5) 1.52(5)
c(24)-C(25) 1.34(4} 1.28(04)
C(5)-0(1) 1.10(4) 1.13(4)
c(1)-C(3) 1.54(5) 1.50(5) C(6)-0(2) 1.20(4) 1.14(3)
c(21-c(4) 1.31(5] 1.44(8)
cf{9)-c(2o} 1.59{5) 1.57(5)
c(igl-c(21) 1.41(4) 1.48(4)
£(24)-C(35) 1.60(6) 1.45(5)
€(25)-c(36) 1.48(4) 1.50(5)

t c-ctmel and c-F bond lengths have mean values of 1.52R and 1.30R respectively.



" ‘Selected bond englas (2) with estimated sfaﬁdard'de,vi_atipns ;

SRR (in ?paf'enthese'SJ; ‘Thé equivalent value For mdlrevwlre_' (11),

f'dlviev;lsfft'hat 0le molecule (I). - ot : -

A;Rn(1j~2(ll-cj2] 108(2) -108(2) Rh(1)~-RNh(2)}-0(5) ' 98.9(4] ~$8.1(4)
Rh(éj;C(él;Cfllh 1112} C11102) . ,‘ Rh(1)-Rh(2)-0(8) 167.5(4) - 166.7(4)
CRR(13-CE1)-C(3)  115(3)  123(3) Rh(1)-Rh(2]-C(25) 108.8(5) ~ 107.8(5) =
Rn(2)-C{2)-C(4)- 117(3]  122(3) Rh(1)-Rh(2)-C(8)  80.9(4)  680.5(4)

C(3)-c1)<C(2)  136(3) '~ 131(3] 0(5)-RA(2)-0(6)  79.6(8) _80.4(8)
‘cta)-c2)-ci1) . 132(3)  126(3) 0(5)-Rh(2)-C(25)  85.9(3)  83.5(3)

A 6(5)-Rh(2)-C(6) ~ 176.7(9) 177.5(8)
RR(2)-RA(1)-G(3) ~95.8(4) 97.0(4)  O(61-RA(2)-C(25) 83.5(9)  85.3(9)

Rh(Zl-Hh(;)—0L4} - 99;6(4) 100,6(4) VO(BJ—Rh(Z)-C(S] 100.8(2)  100.4(8)
_Rh(21ﬁnh;11-ct1ol 176.0(5) 174.2(5] C(6)-Rh(2)-C(25) 87.3(11) 8§8.8(12)
Rh(2)~Rh(I)-(5) 80.8(5) . 80.2(4) ’ T

C(3)-RA(1)-0(4) - B4.1(8) -82.7(8) C(2)-Rh(2}-Rh(1} 67.7(5)] B8.1(5)

: o(a]-nh(1]-ct101 87.8(3) 86.3(9) C(2)-Rn(2])-0(5] fz.4(9)  82.5(9)
0(3)-Rn(1)-C(S) -~ 174.5(8) 175.5(18) - C(2)-Rh(2)-0(8)}  88.8(9) 98.7(S}

; 0(5)-Rh(1)-C(10) = 82.4(3) 84.0(3) C(23-Rh(2)-C(25) 167.0(12) 165.0(12}
Q(4)-Rh(1)-C(5)  100.8(8) 101.2(9) C(2)-Rh(2)-C(5) 94.6(11) 94.6(12)
C(5)-RR(1}-C(10} 85.5(11) 85.6(12)

) Rh(11-0(3)-€(7) 121(1) 12001)
€£{13-Rn(1)-Rh(2) 63.6(5) 72.2(6) RhR(1)-0(4)-C(11)  123(1) 118(1)
CC1)-Rh(1)-0(3) 80.7(9) 81.5(5) Rh(2)-0(5)~C(22]  127(2) 125(2}
‘C(1)-Ra(1)-004]) - 160.2(9) 161.6(9) RK(2)-0(8)-C(26) 120(1) 114(2)
C(1)-Ra(1)-C(10] 109.5(131104.3(13)

C(1)-Rn(1)-C(5) 84.2(11) 84.3(12) Rr(1]-C(10]-C(21) 116(3} 116(3)

) X RR(1}-C(101-C(9} 122(3) 122(3)
Rh(11-C(5;-0(1]  179(3)  180(4) Rh(2)-C(25)-C(36) 120(3) 120(3)
'Rhtz)-C(si-Gtzl 177(3) 177(3) Rh{2)-C(25)-C(24) 115(3) 116(3)
o £(s1-c(10)-Cc(21)  121(3) 120(3)
C(24)-C(25)-C(36) 124(3} 124(3)
al(3)-Cc(7)-Cc(12) 118(21 112(2) c(8)-croli-c(10o) 121(2) 120(2)
0(31)-c(z)-C(8) - 123(3) 121(2) C(a)-c(3)-cl(20) 110(2) 116(2)
Cfﬂ]'C(?]’C(lZ]' 119(3] 127(2) c(10}-ccs)-c(z0) 129(2) 124(2)
D(4]—C(l1]~C(lS] 123(3) 113(2) C(23)-C(24)-C(35) 112(3) 110(3)
0(4J-Cf11)—C(8), 2115(2) 121(3) C(23)-C(24)-C(25) 121(3) » 121(3)
C(8)-C(11)-C(16) 122(3) 125(2) C(25)-C(241-£(35) 127(3) 129(3)
0(5)-Cc(22)-C(23) 112(2)  113(2)
0(5)-c(22)-C(27) 119(3) 119(2) Ct7)-c(8)-C(9) 112¢2)  108(2)
C(23)-C(22)-C(27) 128(33 125(2) C(7)-Ci(8}-C{11} 108(2} 110(2)
0(6)-C(26)-C(23) 114(2). 122(3) cl9)-c(8)-cl11) 162(2) 108(2)
0f6)-C{26)-C(31) 123(3] 109(31) C(22)-C(23)-C(24) 115(2) 111(3)

C{23)-C(26)-C(31) 123(3)  128(3) £(22)-C(23)-C(28) . 111(2)  168(3)
' ’ C(24)-c{23)-C(26) 107(2) 1068(3)
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- The mean RhQRE'hond length (2.684R) falls in the middle of the range
exhibited by the dinuclear complexes Rn, (0Ac), (H,0),] (2.386R), 8 [Rn, (0AC),
tamg), (PPh )] (2.618R) 19 and [Rh, (amg) ,(PPh 1] (2.936R).°%7 and is less
than twice the estimated octahedral cavalent radius for RhIII (2.7BRJ.Zl in
Rh,Cp,(C,F 1(C0),] the Rh-Rh bond length is 2.680R. The mean C(1)-C(2) bond
length of 1.268(2)8 is suggestive of (though rather short for) = double bond
and the Rh-C(1) and Rh-C(2) bond lengths are similar to the sum of covalent

2
radii (2.14R) for Rh and C(sp J. The central part of the molecule may there-

fore be formulated as the dirhodacyclobutene ring, {(3}.

| | ~
\Rh Rh —

(3)

There afe ‘three chemically distinct types of RhIII—D bond with mean lengths
of 2.30R {trans to RnJ, 2.198 (trens to the carbon of the bridging acetylene)
and 2.10R (trans to carbonyl) wﬁich may be compared with the mean RhI-D band
length in (2) (2.168).1  Therefore the trans-influence decreases as the trans
ligand goes from a metal atom to vinylic ligand to a carbonyl ligand.

Bond lengths and angles in the bicyclic system formed by 1,4 addition
aof C4FS to the B-diketonatorhodium ring are unexceptional being similar to

22 23

l = s Y - -
those in complexes of Rh, Ir and Pd containing a similar grouping. The

geometry exhibited by the carbonyl ligands is normel.

The positioning of different atoms trans to the Rh-Rh bond in the two
halves of the moiecule is, at first sight curious. Molecular models suggest
that alternative structures with two C[CF3J atoms or twa O(dpm ) atoms trans
fo the Rh-Rh bond are untavourable because these result in improbably short

Me...Me and CFS...CF3 contacts respectively. Equally a C(CF3J atom trans



rchange at Rh(Z]. -"

In contraat to al1 othar dimetallacyclobutene rlngs._tha dirhodacyclo-ar
butare ring 15 not planar, the dev1aticns cf atcms from the ring plane arel
;givenﬁin Table &. The carbon-carbon bond is 1nc11nad by an average of 15°
to the rhcdiLm—rhcdlum bond. The llgends cis to the Rh-Rh bond exhiblt a
'staggered orlentation and this is responsible for, but‘limited by the
diﬁetallocyclcbﬁtene ring. Thys fne mean angle Eetween meanvplanesrtii)i

and (iii) in Table 4 is 27.30. The staggering is probably necessary to avoid

Taale 4, Deviations of atoms from Least Squafesiplanes. Starred
atoms define the planes,,perpendicular distances from

the planes are in R.

Molecule (I) » Molecule (II)
Plane S (i) (3ii) (111) (1) ) (ii} (1ii)
Distance of ,
RA(1) o* a* 0.00* o* o* 0.01*
Rh(2) o* 0.10* o a* . 0.10* a*
c(1) 0.15° " -p.30* 0.17*
c{2) ) -0.16* . g.23* ~-0.17* 0.26*
c(3) | 0.37 0.40
cea) -0.53 -0.58
0(4) -0.81 -0.28* -0.82 -0.28*
ce2s) 0.53 0.23% 0.72 0.25%
c(10] 0.14 D.06* 0.18 _ 0.08*
o) -0.07 0.01*  -0.08 0.03*
ces) 1.76 1.82 .70 1.77
cel -1.64 -1.59 ;172 R 21.78
0(3) ' -1.99 2.08 T -1.98 -2.07 3
0(s) 2.02 : 2.0 2.00 2.7
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strnng'iﬁta}action of the fluorine atoms, attached to C(36), with atom 0(4).

There ére}no exceptionally short intramolecular non-bonded contacts.

" The molecular packing is illustrated in Fig.2. Four intermolecular
CDntacfs are -shorter than the sum of Van der Waais radii, the shortest

involving C(28) of molecule I and F(1l) of molecule IT (2.83R).

—— e Cae - e ————

Fig.2. Stereoscopic ORTEP drawing of the unit cell contents.
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