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Carbene Complexes.

Part VI.?

J.C.S. Dalton

Complexes from Imidoyl Chioride

and Rhodium(1) Precursors, and the Crystal and Molecular Structure of
Carbonyltri-iodo-[a-(/N-methyl-a-methyliminobenzylamino)benzylidene-

N,C]rhodium, 1,(0C)Rh—CPh(NMe)CPh:NMe

By Peter B. Hitchcock, Michael F. Lappert,” George M. Mclaughlin, and Andrew J. Oliver, School
of Molecular Sciences, University of Sussex, Brighton BN1 9QJ

The reaction of an imidoy! chioride R1C(CI):NR2 with the Rh! complex [Rh{C0O),Cl], in the rigorous absence of

ST
hydrogen chloride affords the Rh™ carbene chelate Cl;(OC)Rh-CRY(NR2)CRLNR2 The chloride ligands are
replaceable by Br- or -, and the chelate bridge is cleaved by reaction with a tertiary phosphine. A single-crystal

[
X-ray analysis of (IV) I;(OC)Rh-CPh(N Me)CPhZI\IIMe by the heavy-atom method has been refined to R 0-047 for
2400 independent terms measured on a diffractometer: the complex has an approximately octahedral Rh environ-
ment, with Rh—C(carb) 1:968(13), C(carb)—N 1-328(16), Rh—N 2-:047(9), Rh—12-662(4)—2-774(4), and Rh—C(0O)
1-892(14) A. Crystals are monoclinic, @ = 10-83(1). b = 17-24(2), ¢ = 11-52(1) A, B = 97-:3(2)°, Z = 4, space

group P2,/n.

IT was previously shown that the reaction of a Rh!
complex, such as (PhyP),(OC)RhCl, with an imidoyl
chloride, such as PhC(Cl):NMe, in the presence of hydro-
gen chloride yields a Rh™ carbene complex, such as
CL(PhyP)(OC)Rh-C(Ph)NHMe.! The product may have
been formed by the prior formation of either a salt, such
as [PhC(CI)NHMe]*Cl~ (see ref. 2), or an imidoyl-
rhodium(rrr) complex, such as Cly,(PhyP),(OC)Rh--
C(Ph):NMe. We now describe Rh!'/Rh™-imidoyl
chloride systems in which hydrogen chloride is rigorously
excluded, and selected chemical and spectroscopic
results on the products (see ref. 3, for preliminary data).
Final confirmation of a metal carbene structure for such
a product comes from a single-crystal X-ray analysis; an
iodide was chosen only because of the superior quality of
the crvucetale

presumably CO, was observed [equation (la)]. This
reaction may obviously be regarded as similar to that
shown in equation (2),! except that a second molecule of
imidoy! chloride adds in place of hydrogen chloride. The
stoicheiometry of both reactions is conveniently described
by the term °three-fragment oxidative addition.’ 13
The product (I), of reaction (1a) is shown as a chelate on
the basis of analogy with the crystal data on an analogue
(vide infra), as is the stereochemistry, also of (III) and
(IV).

The dichloromethane-free product (I) was only ob-
tained by drying the crystalline solvated product (II) in
a high vacuum for several days.

By reaction with lithium bromide or iodide, (I) readily
undergoes exchange of all halide ligands to afford (III) or

(TV). resnectivelv leanation (1A)1. A more soluble mono-
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reflux with excess of dimethylphenylphosphine in toluene
[equation (lc)].

Cl Ph
oc C—NM
. . {a) \I/ ¢
/2 IRR(CO),CL), + 2P C(CH==NMe >  Rh |
/
e’ 1 S n=cpn
ct Me
Lix in
(U] (c;lFMeth 1)
oce X ElnMe  PhMeP. S CIPHINMeC (Ph):NM
N/ NI eC{Ph):NMe
Rh { Rh
[ Ny= phMe,P” | et
Xy N=cen 1
V)

() (X=Br)or(I¥){X=])
1[Rh(CO),CI, + PhC(Cl):NMe + HCI
1

= [Cly(OC)Rh-C(Ph)NHMel, (2)

Although X-ray structural data show (IV) to be mono-
meric in the crystal, a molecular-weight determination
in chloroform solution implies some association.

An N-ethyl derivative (VI), analogous to (I), was

69

formed from PhC(Cl):NEt. Analytical and synthetic
data for compounds (I)~—(VI) are in Table 1 and spectro-
scopic results in Table 2. By use of the more hindered
imidoyl chlorides, PhC(C1):NR (R = Prt or o-Me'CgH,),
analogues of (I) were not formed and only very slow form-
ation of [Cl(OC)Rh-C(Ph)NHR], was observed; this is
clearly due to the slow hydrolytic production of hydrogen
chloride.!

Compounds (I), (II), and (VI) show carbonyl stretching
modes which are higher than those observed for
Cly(OC)Ph,PRh-C(Ph)NHMe and similar Rh' carbene
complexes.! As v(CO) for Rhil complexes is influenced
primarily by the group #rans to CO, we suggest that either
the latter compounds have a different stereochemistry or
possibly that the chelating carbene system [e.g., in (I)]
removes extra m-electron density from rhodium. Ex-
change of the chloride ligands of compound (I) for less-
electronegative halides results in a lowering of v(CO) in
the bromide (III) and iodide (IV).

Within the C-N-C-N system, the imino N=C bond is
expected to give rise to a single absorption band in the
1600—1700 cm™ region, while another band in this
region should result from the C(carb)**N bond;?
this is consistent with the data of Table 2.

Structural information on compounds (I)—(V) is in-
ferred not only by analogy with the crystal data, but also

TaBLE 1
Analytical data, melting points, colours, and yields

Compound M.p.J°C
(I) Cl,(OC)Rh-C(Ph)N (Me)C(Ph)NMe * >300
(II) Cl,(OC)Rh+C(Ph)N(Me)C(Ph)NMe,CH,Cl, * >300°
(ITT)  Bry(OC)Rh-C(Ph)N (Me)C(Ph)NMe >300
(IV) I,(OC)Rh-C(Ph)N(Me)C(Ph)NMe 240—242
(V) Cly(Me,PhP),Rh-C(Ph)N(Me)C(Ph)NMe 187—189
(VI) Cl4(OC)Rh-C(Ph)N(Et)C(Ph)NEt >300

¢ Found: M, 685,

C,,H,,CIgN,ORh requires M, 474.

Found (%)

Vield - Required (%)

Colour (%) ¢Cc H N ¢ H N
Yellow 73 431 340 595 431 341 592
Yellow 73 385 365 500 387 325 502
Orange 82 33-9 285 450 336 266 4-62
Red 57 274 2156 370 273 216 375
Yellow 34 528 550 390 532 531 388
Yellow 69 452 435 560 455 402 558

» Compound loses CH,Cl, at lower temperature.

TABLE 2
I.r.?2and 'H n.m.r.b data
Compound ¥(CO) v(CN) v(RhCl) <(Ph)¢ =(NCH) +=(CMe) (PMe)
[
(I) Cl(OC)Rh+C(Ph)N(Me)C(Ph) NMe 2120 1656, 1502  355vs, 332m,  2-37 6-18s,
315w 6-65s
I 1
(IT)  Cl4(OC)Rh-C(Ph)N(Me) C(Ph)NMe-CH,Cl, ¢ 2120 1656, 1502  355vs, 332m, 237 6-18s,
315w 6:65s
—_—
(IIT)  Bry(OC)Rh-C(Ph)N(Me)C (Ph)NMe 2115 1648, 1492 2.43 6-10s
6-70s
—
(IV) I,(OC)Rh-C(Ph)N(Me) C(Ph)NMe 2080 1638, 1470°¢ 2-53 5-92s,
6-72s
(V) Cly(Me,PhP),Rh-C(Ph)N(Me)C(Ph)NMe 1651, 1470 323w, 298m 2:55 658 8-00dd #
7-25d7 8-53dd A
i —
(VI) Cl(OC)Rh+C(Ph)N(Et)C (Ph)NEt 2120 1648, 1497  349s, 316m 2:52 5:90q ¢ 8-52t+
6-23q¢ 8-98t+

@ I.r. spectra (vpax, cm™) obtained as Nujol mull.
standard. ¢ Complex resonances: CH,CI,.

Hz. ¢ J(Py) 16-6, J(P,) 4:6. » J(P,) 11-6, J(P,) 4-2.

3 1H N.m.r. spectra (v and J Hz) in CDCl,; with tetramethylsila. i
@ Singlet at  4-7 due to CH,Cl,. t Y o nternal
¢ All coupling, 7-2 Hz.

¢ Band obscured by Nujol peak. f Separation is1-4
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from the 'H n.m.r. characteristics due to the two N-
methyl groups. The compounds have a single NMe
resonance which changes little in chemical shift (v 6-58—
6:75) and another NMe resonance more structurally
sensitive. Thus, the latter is assigned to the NMe
directly attached to rhodium; this resonance undergoes
a particularly large shift in compound (V), where in order
to maintain a stable octahedral d® configuration the
CNCN unit is considered to be unidentate.

The stereochemistry of (V) is revealed by its PMe
resonances, which appear as a pair of double doublets.
Thus the dimethylphenylphosphine ligands are mutually
cts and to maintain a magnetic non-equivalence between
these phosphorus ligands, one such ligand is ¢fs and the
other ¢rans to the carbene moiety. The difference in
stereochemistry between (V) and (I), (II), or (VI) is
further confirmed by a significant change in position and
intensity of the Rh—Cl stretching modes.

As regards the mechanism of formation of the metal
carbene complexes such as (I) or (VI) from appropriate
imidoyl chlorides, it is likely to be as shown in equation
(3a); the alternative, (3b), is much less plausible than for
the comparable reaction?! of the free imidoyl chloride
with hydrogen chloride. The coupling of two imidoyl
fragments within the co-ordination sphere of a transition
metal might have synthetic use if it were possible to make
the reaction catalytic, and alternative reagents, such as
a carboxylic acid chloride, might serve in place of the
second molecule of imidoyl chloride.

(a)
Vanail RHC(R):NR?
/-——J\-~__ﬁ
LRHCL + R'C(C:NR? + R'CICL:NR2— Cly(U)RRTC(RY)

R'C(Cl):NR2

N(R)C(R') :NR?

I
\ 5] Ah cl
RICIC1-NIRY-CIR'):NR?

molecular

DISCUSSION

Crystal  and 1,(0C)-

Rh-CPh(NMe)C(Ph):NMe. As with other carbene com-
plexes studied,* the bonding environment of the * carbene
carbon,” C(carb), is essentially trigonal, being planar to
within 0-012 A of its substituents [Table 3, plane (a)] and
subtending angles of 115(1), 120(1), and 125(1)° with
them. The Rh-C(2) distance [1-968(13) A] is similar to
that found for Rh™-C(carb) [1-961(11) A] in Cly(Et,P),-
Rh—-CHNMe ® and is significantly longer than the
Rh—C(O) distance [1-892(14) A], but also signifiantly
shorter than the Rh™-C(alkyl) single-bond distances

4 Cf. D. J. Cardin, B. Cetinkaya, and M. F. Lappert, Chem.
Rev., 1972, 72, 545.

5 Part VII, B. Cetinkaya, M. F. Lappert, G. M. McLaughlin,
and K. Turner, J.C.S. Dalton, 1974, to be published.

8 R. Mason and A. D. C. Towl, J. Chem. Soc. (4), 1970, 1601.

7 E. F. Paulus, H. P. Fritz, and K. E. Schwarzhaus, j.
Organometallic Chem., 1968, 11, 647; A. C. Skapski and P. G. H.
Troughton, Chem. Comm , 1969, 666

8 A. C. Skapski and P. G. H. Troughton, Chem. Comm., 1968,

575.
® M. R. Churchill, Inorg. Chem., 1965, 4, 1734.

structure  of

J.C.S. Dalton

(2-05—2-08 A),5-8 even allowing for a decrease of 0-04 A
in covalent radii for the change C(sp%) to C(sp?). [The
Rh-C(O) distance may be compared with the 1-97(3) A
reported for (m-C;H,)(C,F;)IRhCO.]* As with carbene
complexes of other metals, these features are attributed
to a small degree of metal-C(carb) d,~p., bonding, and
competing p.—p. N-C(carb) bonding. This is borne out
by the C(carb)-N(1) distance [1-328(16) A] which is com-
parable with the corresponding distance in organic
amides, ¢.g., 135 A in acetanilide, and C(carb)-N bond
lengths of 1:31—1-36 A found in other monocarbene
complexes, but much shorter than the N-C single-bond
distance of 1-47(2) A in, e.g., diethylamine.* Itisalsonot
significantly different from the C(3)-N(2) value of
1-305(17) A, indicating that these two chelate bonds have
a similar amount of double-bond character. The
N(1)-C(3) length [1-432(15) A] is, however, significantly
longer and close to the normal single-bond value. The
C(carb)-C(6) bond distance [1-457(17) A] is consistent
with a single bond between two trigonal carbons and is
virtually the same as the C(3)-C(12) length [1-464(17) A].
A comparison of the Rh-N(2) distance of 2-047(9) with
Rh™-N(sp?) distances of 2:09—2:12 A in pyridine com-
plexes 68,10 indicates some shortening from the single-
bond value, the sum of the covalent radii being 2-08 A

The five-membered Rhl''-carbene chelate ring is
essentially planar, the maximum deviation from the
plane being 0-003 A [Table 5, plane (b)], and shows similar
geometry to five-membered carbenc chelate ring com-
plexes of Pd 't and Mo.'? The angle subtended at Rh is
79-3(5)°, cf. 87° for the Pd complex and 71—73° for the
Mo complexes. The remaining internal angles range
from 114(1) to 117(1)°, ¢f. 108—124° in the Pd and Mo
complexes. The similarity of the present ring to the
five-membered Rh'''-chelate rings in acetobis(phenyl-
azophenyl-2C,N')rhodium(ti1) ¥  and  di-p-chloro-di-
carbonylrhodium(1)-bis(phenylazophenyl-2C,N’)rhod-
ium(11r),!* where the angles subtended at Rh vary from
79-1 to 79-7° and other internal angles range from 111 to
120°, is even more striking, especially since the mean
Rh-N and Rh-C distances of 2-04(1) and 1-99(1) &, are
virtually the same as in the present compound. Their
shortness is attributed in part to d,—p, interaction be-
tween filled metal orbitals and the =-bonding system of
the chelate ring, and also to a chelate effect.

The two mutually ¢7ans-Rh-I distances of 2-662(4) and
2-680(4) A compare with the values of 2-653(18) A in (n-
CsH;)(CoF,)IRhCO ® and 2-643(3) in [I,(Me)(Ph,P),Rh]-
Ce¢Hg.® The Rh'-1(3) bond length of 2:774(4) trans to
C(carb) demonstrates the magnitude of the #rans-
influence of this carbene ligand. The Rh octahedron is

10 G. C. Dobinson, R. Mason, and D. R. Russel, Chem. Comm.,
1967, 62; J. A. Evans, D. R. Russel, A. Bright, and B. L. Shaw,
Chem. Comm., 1971, 841.

3 A. Burke, A. L. Balch, and J. H. Enemark, J. Amer. Chem.
Soc., 1970, 92, 2555.

12 J. R. Knox and C. K. Prout, Acta Cryst., 1969, B25, 1952;
C. K. Prout, T. S. Cameron, and A. R. Gent, ibid., 1972, B28,
32.

¥ R. J. Hoare and O. S . MiJ.C.S. Dalton, 1972, 2138.

14 R. J. Hoare and O. S Mills, J.C.S. Dalton, 1972, 2141.
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slightly distorted, the principal axes deviating from
linearity as follows: I(1)-Rh-I(2) 171-5(1), I(3)-Rh~C(2)
176-3(4), and N(2)-Rh-C(1) 176-5(5)°. The planes of
the phenyl groups [Table 5, planes (¢) and (d)] make
angles of 65 and 84° with the plane of the chelate ring;
there is therefore no overlap with the aromatic = system.

EXPERIMENTAL

Preparation of starting materials and general techniques
were described in Part V.1

Preparation of Clg(OC) er;-C(Ph)N(Me)C(Ph)ZINMe, (1), and
an Analogue, (VI).—N-Methylbenzimidoyl chloride (0-784 g,
5-19 mmol) in dichloromethane (5 ml) was added to a di-
chloromethane solution (15 ml) of [Rh(CO),Cl], (0-447 g,
1-156 mmol). After 16 h, diethyl ether (50 ml) was added
and, upon cooling to 0°, pale yellow crystals separated out.
These were washed with diethyl ether (10 ml) and dried
under mnitrogen. Thus the solvated complex [Cly(OC)-

ll{h—-C(Ph)N(Me)C(Ph)Zl{IMe].A,2CH2C12, (II) (0-939 g, 73%)
was obtained. By crushing these crystals and placing them
in a high vacuum for 3 days, solvent was removed to give
(I) quantitatively.

The closely

] : T
Ilih-C(Ph)N(Et)C(Ph)ZNEt, (VI), was prepared by this
method from N-ethylbenzimidoyl chloride.

] 1
Preparation of I,(OC)Rh-C(Ph)N(Me)C(Ph):NMe, (1V), and
the Brvomo-analogue, (I11).—Powdered anhydrous lithium

analogous compound Cl1,(0C)-
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FiGure 1 View of the molecule (IV) approximately down c* axis,
showing numbering system used and thermal motion. Ellip-
soids are scaled to enclose 509, probability

iodide (7-0 g, 52-3 mmol) was placed in a solution of com-
pound (I) (0-166 g, 0-175 mmol) in dichloromethane (15 ml).

TABLE 3
Final fraction co-ordinates (< 10%) and thermal parameters (A2 x 10°) *
x y z Un Ua Uss Uss Uss Uss

(1) 1182(1) 2380(1) 3001(1) 52(1) 53(1) 50(1) —2(1) 13(1) —4(1)
1(2) -230(1) 1736(1) —1493(1) 72(1) 61(1) 54(1) 9(1) —7(1) -3(1)
1(3) —2150(1) 2265(1) 1176(1) 43(1) 54(1) 79(1) 3(1) 12(1) 14(1)
Rh 305(1) 2045(1) 796(1) 38(1) 32(1) 50(1) —1(1) 8(1) 3(1)
0 —173(10) 408(6) 1493(10) 95(8) 417(6) 96(8) —16(6) 19(6) 21(6)
N(1) 2627(10) 2588(5) 316(8) 56(6) 32(6) 36(5) 1(5) 14(5) —5(4)
N(2) 719(9) 3161(5) 374(9) 46(6) 28(6) 62(7) —9(5) 7(5) —1(6)
(1) 26(12) 1000(8) 1188(13) 41(7) 44(8) 74(10) —6(6) —4(7) 15(7)
C(2) 2078(12) 1940(7) 606(11) 51(7) 36(7) 51(8) 2(6) —4(6) 0(6)
C(3) 1871(12) 3271(7) 190(9) 60(8) 38(7) 30(6) —3(6) 16(6) 7(5)
C(4) 3961(13) 2628(8) 103(15) 51(8) 46(8) 117(18) —11(7) 58(8) —12(8)
C(5) —203(11) 3795(7) 285(13) 44(8) 33(8) 92(11) 20(6) 12(7) 17(7)
C(6) 2796(11) 1226(7) 797(11) 42(7) 40(8) 54(8) —2(6) 12(6) 3(6)
c(?) 2494(13) 578(9) 139(15) 57(9) 53(9) 97(12) 10(8) —1(8) —12(8)
C(8) 3162(17) —124(9) 383(18) 86(12) 46(10) 138(17) 7(9) 3(12) —38(10)
c(9) 4081(16) —157(9) 1274(17) 78(12) 50(10) 99(13) 12(8) 9(10) 6(9)
C(10) 4364(16) 460(10) 1990(15) 91(12) 80(12) 76(12) 36(10) 6(9) 2(9)
c(11) 3760(15) 1169(8) 1731(13) 90(11) 51(9) 67(10) 13(8) 9(8) —13(7)
c(12) 2430(11) 4024(6) —18(12) 44(7) 217(6) 617(9) —1(6) 12(6) —3(6)
C(18) 2534(15) 4252(8) —1156(13) 103(12) 55(9) 58(9) 8(9) 42(8) 20(7)
C(14) 2995(17) 4990(10) —1335(18) 98(14) 57(11) 107(15) 4(10) 47(11) 30(10)
C(15) 3343(16) 5464(9) —436(23) 72(12) 43(10) 148(19) —13(9) 11(12) 18(12)
C(16) 3252(17) 5235(9) 678(19) 100(14) 39(10) 120(16) —16(9) —31(12) —16(10)
(17 2797(15) 4504(8) 889(13) 90(12) 45(9) 69(9) —8(8) —14(8) —15(7)
H(7) t 1721 596 —532

H(8) 2949 —633 —126

H(9) 4578 —690 1452

H(10) 5070 420 2753

H(11) 4036 1681 2215

H(13) 2236 3858 —1873

H(14) 3086 5206 —2203

H(15) 3743 6011 —552

H(16) 3479 5632 1388

H(17) 2761 4306 1764

* In the form:

exp [—2n2(Up,h%a*2 + Uggh®*2 + Ugygl2c*2 + 2U  hka*b* + 2U ghla*c* + 2U klb*c¥)].

t The positional

parameters for these hydrogens were calculated and isotropic temperature factors of U == 0-076 were assigned. These were not

refined.
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After 4 days in the dark at 20°, the solid was filtered off and
the volume of filtrate reduced by evaporation to ca. 5 ml,
Addition of diethyl ether (10 ml) and cooling to 0° afforded
deep red cubes of the jodo-complex, (IV) (0-149 g, 57%).

This procedure was repeated, with lithium bromide in
place of the iodide and a reaction time of 1 week, to afford
the bromo-complex, (111).

Preparation of Cly(Me,PhP),Rh-C(Ph)N(Me)C(Ph):NMe,
(V).—Dimethylphenylphosphine (0-253 g, 1-83 mmol) was

c

FIGure 2 Unit-cell contents, viewed down mean c¢* axis.
Molecule A has approximately the same orientation as in
Figure 1 and the atomic co-ordinates listed in Table 3. Mole-
cule B is related to A by a centre of symmetry at the centre
of the cell. Molecule C is related to A by a 2, screw along b,
and molecule D is related to C again by a centre of symmetry
at the centre of the cell.

added to compound (I) (0-274 g, 0-240 mmol) in toluene (25
ml). This mixture was heated under reflux for 2 h and, after
cooling, the resulting solid was recrystallised (CH,CL;/Et,0)
to yield the lemon-yellow compound, (V) (0-143 g, 0-198
mmol).

TABLE 4

Molecular geometry
(@) Bond lengths (A)

Rh~I(1) 2:662(4) C(3)-C(12) 1-464(17)
Rh-1(2) 2-680(4) C(6)—C(7) 1-366(20)
Rh-1(3) 2-774(4) C(6)-C(11) 1-405(19)
Rh-N(2) 2:047(9) C(1—C(8) 1-421(22)
Rh—C(1) 1-892(14) C(8)—C(9) 1-337(25)
Rb—C(2) 1-968(13) C(9)-C(10) 1-357(23)
0—-C(1) 1-108(18) C(10)-C(11) 1-401(22)
N1)-C(2) 1-328(16) C(12)~C(13) 1-386(20)
N(1)—C(3) 1-432(15) C(12)-C(17) 1-353(19)
N(1)—C(4) 1-497(18) C(13)-C(14) 1-393(23)
N(2)—C(3) 1-305(17) C(14)—C(15) 1-336(29)
N(2)~C(5) 1-476(16) C(15)—C(16) 1-358(33)
C(2)—C(6) 1-457(17) C(16)—C(17) 1-385(22)

J.C.S. Dalton
TaBLE 4 (Continued)
(b) Bond angles (°)

I(1)-Rh—I(2) 171-5(1) Rh~C(2)—-N(1) 115-1(9)

I(1)~Rh—I(3) 93-1(1) Rh—C(2)—C(6) 124-8(9)
I(1)-Rh—N(2) 87-7(3) N(1)-C(2)—C(6) 120-1(12)
I(1)-Rh—C(1) 91-6(4) N(l)—C(3)-—N(2) 114-2(10)
I(1)-Rh—C(2) 83-7(4) N(1)~-C(3)—C(12) 120-2(11)
1(2)-Rh—I(3) 95-2(1) N(2)—C(3)—C(12) 125-4(11)
I(2)-Rh—N(2) 88-9(3) C(2)-C(6)—C(7) 121-4(11)
1(2)-Rh—C(1) 91-4(4) C(2)—C(6)—C(11) 120-4(12)
I(2)-Rh—C(2) 88-0(4) C(7)—C(6)-C(11) 118-0(12)
I(3)-Rh—N(2) 98-8(3) C(6)-C(7)—C(8) 120-5(14)
I(3)—~Rh—C(1) 84-7(4) C(7)~C(8)—C(9) 119-9(16)
I(3)~-Rh—C(2)  176-3(4) C(8)—C(9)—C(10) 121-6(15)
N(2-Rh—C(l)  176-5(5) C(9)—-C(10)—C(11) 119-4(15)
N(2-Rh—C(2)  79-3(5) C(6)—C(11)—C(10) 120-4(13)
C(1)~Rh—C(2) 97-3(5) C(3)—C(12)—C(13) 119-4(11)
C(2-N(1)-C(3) 116-7(11) C(3)—-C(12)—C(17) 120-2(12)
C(2)-N(1)-C(4) 123-5(10) C(13)-C(12)—C(17)  120-4(12)
C(3)-N(1)—C(4) 119-8(10) C(12)—C(13)—C(14)  118-2(14)
Rb—N(2)-C(3) 114-7(8) C(13)—C(14)—C(15)  121-0(19)
Rh—-N(2)~C(5) 123-1(8) C(14)—C(15)—C(16)  120-5(17)
C(3)-N(2)~C(5) 122:2(10) C(15)—C(16)—C(17)  120-0(17)
Rh—C(1)-O 174-6(13) C(12)—-C(17)—C(16)  119-8(15)
(¢) Intermolecular contacts (A) within the limits of the contact

radii: Rh, I,2:24; O,N,C,1-9A

C(9) - C(SI) 3-772(28) C(16) - - - O(TV 3-651(23)

C(15) - - - C(B1T)  3-657(22) I(1) - - - I(2Y) 4-146(4)
C(16) C(51) 3-742(22) C4) ---I(2v) 4-061(17)
1(2111) 3-722(10) Cam ---1(2% 4-076(15)

O - OuI1 3-779(16) I(1)---I(3Y) 3-918(4)
C(7) ... OUI 3-399(18) C(4) - - - I(1VY) 3-622(17)
C(8) -+ OHI 3-691(21) C(13) - - - I(3VY) 4-082(15)
C(16) - - - I(1TV)  4-017(17) C(14) - -« OVI 3-452(24)

Roman numeral superscripts refer to the following co-
ordinate transformations:
I1—x —y, —z
II —x,1—y, —z
III —x, —y, —2

IVi—»t+y3—
Vitrd—y3+2
Vid+x 44—y —3+2

TABLE 5

Least-squares planes expressed in the form Px -+ Qy +
Rz = S, with displacements (A) of atoms from these
planes. o is the standard deviation of the atoms (those
defining the plane) from the plane

(a) Displacements
Plane (a): C(2), Rh, C(6), N(1)

C(2) —0-012, Rh 0-003, C(6) 0-004, N(1) 0-004, I(3) 0-181,
0 0-043, N(2) 0-047, C(1) —0-026, C(3) 0-042, C(4) —0-036,
C(5) 0-082, C(9) 0-138, C(12) 0-190, C(15) 0-433

Plane (b): Rh, C(2), N(1), C(3), N(2)

Rh —0-001, C(2) 0-003, N(1) —0-003, C(3) 0-001, N(2) 0,
I(3) 0-149, O 0-101, C(1) 0-010, C(4) —0-033, C(5) 0-002,
C(6) 0-054, C(9) 0-254, C(12) —0-033, C(15) 0-316

Plane (¢):

C(6) —0-008, C(7) 0-071, C(8) —0-002, C(9)

0-031, C(11) —0-017, C(2) 0-089
Plane (d): C(12)—(17)

—0-002, C(10)

C(12) —0-008, C(13) 0-005, C(14) —0-001, C(15) —0-002,
C(16) 0, C(17) 0-005
(8) Equations
P Q R S c

(@) 1-313 4-000 10-853 1-178  0-008
(D) 1-400 3-607 10-899 1-648  0-002
() —8-119 —4-683 7-986  —2-201  0-020
(@) 10-011 —6-451 —0-494 —0-155 0-006
(¢) Angles (°) between the planes

®)~(a) 1-4 (¢)—(a) 646 (e)—(b) 64-5

(d)~(a) 84-4 (d)—(b) 835 (d)—(c) 56-9
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Crystal Structure Analysis of (IV),
T 1
I,(OC)Rh—CPh(NMe)C(Ph):NMe.
Data are in Tables 3—6 and Figures 1 and 2
Crystal Data.—C,;H;I;N,ORh, M = 747-95, Monoclinic,
a = 10-83(1), b = 17-24(2), ¢ = 11:52(1) A, B = 97-3(2)°

(standard deviations from the spread of measurements),
U = 21337 A%, D, > 22 Z=4, D,=233 g cm3

TABLE 6
Torsion angles (°). The angle 4—-B—C—D is defined as
positive if, when viewed along the B—C bond, Atom A4
must be rotated clockwise to eclipse atom D

C(1)-Rh-N(2)—C(3) 6-5(10)
ca )—Rh—N(2)—C( —173-4(11)
C(2)——Rh—N( ~C(3) 0-1(9)
C(2)-Rh—N(2)-C(5) —179-8(11)
N(2)—Rh—C(1)—O 120-4(13)
C(2)-Rh—C(1)—-0 126-7(14)
N(2)-Rh—C(2)~N(1) —0-3(9)
N(2)—Rh—C(2)—C(6) 177-5(12)
C(1)~Rh)C(2)~-N(1) —179-9(10)
C(1)~-Rh—C(2)—C(6) —-2.0(12)
C(3)—N(1)—C(2)—Rh 0-5(14)

C(3)~N(1)~C(2)—C(6) —177-5(11)
C(4-N(1)—C(2)-Rh —178-5(9)

C(4)-N(1)—C(2)—C(6) 3.4(18)

C(2)~N(1)-C(3)~N(2) —0-4(16)

C(2)~N{1)—C(3)—C(12) 174-1(11)
C(4)-N(1)—~C(3)-N(2) 178-6(11)
C(4)-N(1)-C(3)—-C(12) —6-7(17)
Rh—N(2)~C(3)=N(1) 0-1(13)

h—N(z)— (3)-C(12) —174-1(10)

(5)~N(2)—C(3)~N(1) —179-9(11)

(5)—N(2) C(3-C(12) 5-8(19)

Rh—C(2)—C(6)—C(7) 62-0(17)
Rh(1)~C(2)—C(6)~C(11) —112:8(13)

N(1)—C{(2)—C(6)—C(7) ~120-1(15)
N(1)~C(2)~C(6)—C(11) 65-0(17)
N(13-C(3)—C(12)~C(13) 87-6(15)
N(1)-C(8)-C(12)-C(17) —94.9(15)
N(2)-C(3)-C(12)—C(13) —98-4(16)
N(2)—C(3)-C(12)—C(17) 79-0(17)
C(2)-C(6)~C(T)—C(8) —176-4(14)
C(11)~-C(6)~C(7)—C(8) —1-4(22)
C(2)— C(6)—C(11)—C(10) 173-3(14)
C(7)~C(6)—C(11)-C(10) —1-7(21)
C(6)—C(7)—C(8)—C(9) 1-0(26)
C(7)~C(8)—C(9)~C(10) 2-7(27)
C(8)-C(9)—C(10)-C(11) —5-9(26)
C(9)-C(10)~C(11)~C(6) 5-3(24)
C(3)-C(12)~C(13)~C(14) 175-9(14)
C(17)~C(12)~C(13)—C(14) —1-5(22)
C(3)-C(12)~C(17)~C(16) —175-9(14)
C(13)-C(12)—C(17)~C(16) 1-5(22)

C(12)—~C(13)—C(14)—C(15) 0-8(26)

C(13)~C(14)—C(15)—C(16) —0-1(29)

C(14)—C(15)~C(16)~C(17) 0-1(29)

C(15)~C(16)-C(17)—C(12) —0-8(26)

F(000) = 1376. Space group P2,/% (a non-standard form of
P2,/c, No. 14) 15 (C}) from systematic absences: A0 for
h+1=2n-+ 1 and 0k0fork = 2% 4+ 1. Mo-K,radiation

5 ‘ International Tables for X-Ray Crystallography,” vol. 1,
Kynoch Press, Birmingham, 1962.

18 N. W. Alcock, Acta Cryst., 1969, A25, 518. The program
used to compute the absorption corrections was the ATLAS
X-RAY ’63 version of ABSCOR, by N. W. Alcock.

7 J. De Meulenaer and H. Tompa, Acta Cryst., 1965, 19, 1014.

18 H. J. Milledge, Proc. Roy. Soc. A, 1962, 287, 566; A. K.
Bhuiya and E. Stanley, Acfa Cryst., 1964, 17, 746; A. Damiani,
E. Giglio, A. M. Liquori, and A. Ripamonti, ¢bid., 1967, 283,
687. The program used to compute the minimum residual
calculations was MINR by P. B. Hitchcock, coded for the
ICL 1904A at the University of Sussex.
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(silicon crystal monochromator), A = 0-71069 A u(Mo-K,) =
51-72 cm™. Lattice parameters derived from precession
photographs.

Crystals were well-formed, deep-red, diamond-shaped
plates. The morphology of the data crystal was defined by
all members of the {010} and {101} forms, distances between
parallel faces being 0-0096 X 0-0276 x 0:0296 cm. Inte-
grated intensities were measured on a PAILRED diffracto-
meter. The crystal was oriented so that its ¢ axis coincided
with the instrumental o axis; the layers 720—14 were
surveyed by the stationary-counter-moving-crystal method.
Intensities of reflections with 20 < 60° were measured, the
 scan through the reflections varying from 1-6° on the zero
layer to 3-4° on layer 14, at a scan velocity of 1° min™.
Background was measured at both extremities of each scan
for 40 s.

Reflections whose independent background intensities
differed by >3c or which had I/s(I) < 3-0 were discarded.
The remaining 2429 independent intensities were corrected
for Lorentz and polarisation effects and, at a later stage, for
absorption. Transmission factors for F,, calculated by
Alcock’s 18 version of the analytical method of De Meulenaer
and Tompa,!? varied from 0-567 to 0-784.

The overlap of Harker and non-Harker peaks on the
Harker section of the Patterson synthesis prevented the
direct determination of co-ordinates for the heavy atoms.
However, a set of prominent peaks around the origin yielded
the overall geometry and orientation of a planar RhI; unit
having two frans-iodine atoms. The position of this strongly
scattering portion of the molecule in the unit cell (its
orientation being defined from the Patterson synthesis) was
determined by the minimum residual method 8 based on 100
reflections with sin 6/A < 0-2 and interval translations of
0-25 A. The minimum value of R was 0-39 {the procedure
was initially carried out using a translational increment of
0-5 A; this gave a different, but higher (0-47) residual,
see ref. 19].

A structure-factor calculation over all data based on
positions derived from the minimum residual treatment gave
R 0-51 which was reduced to R 0-21 after 3 cycles of positional
and isotropic thermal parameter least-squares refinement.
As expected, there were comparatively large shifts in posi-
tional parameters during the first 2 cycles. The positions
of the remaining non-hydrogen atoms were obtained from
the resulting difference-Fourier synthesis.

The structure was refined using the least-squares pro-
gramme CRYLS() 2 in the full-matrix mode minimising the
function Zw(|F,| — |F.[)? where w = 1/c*F). Atomic
scattering factors were taken from ref. 21 except those for
hydrogen, which were from ref. 22. The effects of anomal-
ous dispersion from the rhodium and iodine atoms were in-
cluded in the calculations by using values of Af” and Af”
from ref. 23.

Refinement of positional and isotropic thermal para-
meters of all non-hydrogen atoms gave R 0-109, and the
weighted value R’ 0-127 [R’' = (ZwA?/ZwF,2)¥). Allowance
was then made for the anisotropic thermal vibration of the
rhodium and iodine atoms which decreased R to 0-060 and
R’ to 0-069 upon further refinement. At this point data

19 A, Stanley, Acta Cryst., 1964, 17, 609.

0 J. M. Stewart, F. A. Kundell, and J. C. Baldwin,
70 ’ System, 1970, Atlas Computer Laboratory.

21 D. T. Cromer and J. T. Waber, Acta Cryst.,

22 R. F. Stewart, E. R. Davidson, and W.

Chem. Phys., 1965, 42, 3175.
28 D, T. Cromer, Acta Cryst., 1965, 18, 17.

‘ X-Ray

1965, 18, 104.
T. Simpson, J.
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were corrected for absorption as described previously, re-
finement based on the corrected data reduced R to 0-052 and
R’ to 0-061. Phenyl group hydrogens were then included
in the structure-factor calculations, but their parameters,
deduced from the known stereochemistry of the benzene
ring, were not refined. This caused a decrease in R’ of 0-001.
Finally, all non-hydrogen atoms were refined anisotropically,
terminating at R 0-047 and R’ 0-055. During the final cycle
of refinement there were no parameter shifts >0-46. The
adequacy of the weighting scheme was confirmed by an
analysis of the variation of the mean wA? with |{F,| and
sin 6/A. The function values in the final difference synthesis

J.C.S. Dalton

were in the range —0-8 to 0-9e. All peaks of magnitude
> +0-6e were associated with the rhodium and iodine
atoms.

Observed and calculated structure factors are listed in
Supplementary Publication No. SUP 20786 (3 pp., 1 micro-
fiche).*
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