Volume 8
Number 4

Inorganic Chemistry

Copyright 1969 by the American Chemical Society

April 1969

CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY,
NorTEWESTERN UNIVERSITY, EvaNsTON, ILLINOIS 60201

Studies of Metal-Nitrogen Multiple Bonds. IV. The Crystal and Molecular
Structure of Trichloro(methylimino)bis(diphenylethylphosphine)rhenium(V)

By DAVID BRIGHT anp JAMES A. IBERS

Received September 26, 1968

The crystal structure of the alkylimino rhenium (V) complex trichloro (methylimino) bis (diphenylethylphosphine)rhenium(V),
ReCl3(NCH;) (P(CeH;)2CeHs)s, has been determined from three-dimensional X-ray data collected by counter methods
and refined using least-squares techniques to a final R factor of 4.8%, on F for the 2209 independent reflections above
background. The material crystallizes in a monoclinic cell of dimensions a = 12.64 (3) A, b = 17.85 (4) A, ¢ = 13.72 (3) A,
B8 = 101.30 (3)°, and space group Cs5P2;/n. The density of 1.64 g/em?® calculated for four formula units in the unit cell
agrees well with the observed density of 1.63 + 0.01 g/fem3 The coordination about the Re atom is distorted octahedral,
with the phosphine ligands trans to one another, and Cl atoms érans to one another in the basal plane and with the third Cl
at the one vertex and the methylimino group (coordinated to the Re atom via the N atom) at the other. The Re-P
distances are 2.482 (7) and 2.486 (7) A, the Re—Cl distances in the basal plane are 2.408 (6) and 2.428 (6) A, and the Re~Cl
distance trans to the N atom is 2.411 (6) A. The Re-N distance is 1,685 (11) A and the Re-N-CH, angle is close to linearity

at 173°. The molecule as a whole is very similar to the aryliminorhenium complexes reported earlier.

Introduction

Recently the preparation of a series of arylimino
complexes of Re(V) of the general formula ReCl;-
(NCBH4X)(P(C2H5)2C5H5)2, where X is para to the
N atom on the arylimino ring, was reported by Chatt,
Garforth, Johnson, and Rowe.! The observation that
the dipole moments of the compounds in this series
increase with increasing electron-releasing power of
the group X led Chatt, et al., to suggest that the
formal Re-N double bond in these compounds has
considerable triple-bond character and furthermore
that the triple character of the bond should increase as
the electron-releasing power of the group X increases.

In order to test this hypothesis, we recently deter-
mined and reported? the crystal structures of a
compound from each end of the dipole moment range—
one containing the strongly electron-releasing methoxy
group, ReCly(NC¢H,OCH;)(P(C:Hs):CsHs)z, u
72 D, and one containing the strongly electron-
withdrawing acetyl group, ReCl;(NC.H,COCH;)-
(P(02H5)205H5)z, u = 45 D. We found that the
Re~N-Ar angle (Ar = aryl) is very close to linearity in
both compounds (175.81 (8)° in the methoxy compound
and 171.8 (4)° in the acetyl compound) consistent with
a high degree of triple-bond character. However, in

(1) J. Chatt, J. D, Garforth, N. P. Johnson, and G. A, Rowe, J. Chem. Soc.,
1012 (1964).
(2) D. Bright and J. A. Ibers, Inorg. Chem., 7, 10080 (1968),
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spite of the considerable change in electron distri-
bution indicated by the dipole moment change, the
difference in the Re~N bond lengths in the two com-
pounds is only possibly significant. Moreover, if the
change in bond length is real, it is in the direction
opposite to that expected; 7.e., the Re~N bond in the
methoxy compound, 1.709 (4) A, is possibly longer
than that in the acetyl compound, 1.690 (5) A.

A methylimino analog of these compounds, ReCl,-
(NCH,) (P(CeHs):C,Hs)., has recently been prepared
by the action of dimethylhydrazine dihydrochloride on
oxotrichlorobis(triphenylphosphine)rhenium(V) fol-
lowed by phosphine exchange.? Clearly the mesomeric
and steric properties of an alkyl group should be rather
different from those of an aryl group, and a structural
analysis of this compound was undertaken to detect a
possible change in the Re-N bond length. It was
hoped that the magnitude and direction of any change
would assist in our understanding of metal-nitrogen
multiple bonds, in general, and of rhenium-nitrogen
double bonds, in particular. The results of the struc-
tural analysis are reported here.

Collection and Reduction of the Intensity Data

Crystals of ReCl3(NCH,;)(P(CeHs)CoHs)s were
kindly supplied by Dr. J. R. Dilworth and Professor J.

(3) J. Chatt, J. R. Di}worth, and G. J. Leigh, private communication.
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Chatt. Preliminary investigation of the blue needle-
shaped crystals showed that their diffraction sym-
metry is 2/m.

From optical goniometry, the faces developed on the
sides of the needles were identified as {100} and {110}.
However, the faces at the ends of the needles could not
be assigned indices in this manner as these faces were
too small to give optical signals. The lattice constants at
22° were determined from a least-squares refinement of
the setting angles of 11 strong X-ray reflections that
had been carefully centered on a Picker automatic
four-circle diffractometer* using Mo Ka; radiation
(A 0.70930 A). The results are a = 12.64 (3) A, b =
17.85 (4) A, ¢ = 13.72 (3) A, and cos § = —0.1961
(5). The systematic absences observed on precession
and Weissenberg photographs of the material are
0k0 for k& odd and ROl for h + [ odd. These extinctions
are consistent only with space group Cp5-P2,/n. The
density calculated for four molecules per unit cell is
1.64 g/cm?®. This agrees well with the density 1.63 +
0.01 g/em? measured by suspending the crystals in
aqueous potassium chloride. Thus no symmetry need
be imposed on the molecule.

The intensity data were collected as previously
described,® using a crystal with approximate dimen-
sions 0.04 X 0.04 X 0.4 mm. This crystal was mounted
on the diffractometer with the needle direction (c)
almost coincident with the ¢ rotation axis. Since ¢
is not a symmetry direction, this orientation does not
increase the probability of multiple diffraction effects.

For the data collection Mo Ka radiation was used,
and the diffracted beams were filtered through 3 mils
of Zr foil. The intensities were measured by the
6-29 technique at a takeoff angle of 1.3°. At this
angle the intensity of a reflection was about 809 of its
maximum value as a function of takeoff angle.

A counter aperture 5 mm square was used, and the
aperture was placed 35 cm from the crystal. A non-
symmetric scan range in 26 was used, from —0.65 to
0.75 from the Koy peak. Stationary counter-stationary
crystal background counts of 10 sec were initially
taken at each end of the scan. The scan rate was
1°/min. As a check on the stability of both the crystal
and the electronic equipment, four reflections were
measured every 12 hr throughout the data collection
period. These reflections showed no significant change
in intensity during this time.

Intensity data were collected for the unique Akl
planes of the monoclinic form. After 1000 reflections
had been measured, it became apparent that most of
the reflections were rather weak, and to improve the
signal-to-noise ratio of the peaks, the background
counting times were increased to 20 sec for the re-
mainder of the run. Data collection was terminated at
26(Mo Ka;) = 41° since beyond this angle very few
reflections had significant intensity.

The data were then processed in the manner described
previously.? After initial correction for background, the

(4) P. W. R. Corfield, R. J. Doedens, and J. A. Ibers, Inorg. Chem., 6, 197
(1967).
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standard deviation of the corrected intensity I was
calculated from the expression

o(I) = (CT + 0.25(t/tv)2(By + By) + (pI)?) V2

where CT is the total integrated count obtained in time
t,, B1 and B; are the background counts each obtained
in time &, and I = CT — 0.5@/&)(B1 + B). The
value of p was initially taken as 0.06.

The intensities were next corrected for Lorentz and
polarization factors. Transmission factors were then
calculated for a set of reflections which would have
been expected to show widely differing attenuation due
to absorption. Based on a linear absorption coefficient
of 41.16 cm™!, the transmission factors for these
reflections were found to vary very little, from 0.77
to 0.83. Since this variation was so small, no absorption
correction was applied. Of the 3078 reflections collected
2209 were found to have I > 3¢(I). These reflections
will be referred to as being above background.

Solution and Refinement of the Structure

In the least-squares refinements the function mini-
mized was Zw(/F,] — [F.)?, where |F,| and |F.| are
the observed and calculated structure amplitudes and
w = 1/¢*(F,;). The standard deviation of F,, ¢(F,),
was taken as ¢(F,2)/2F,. The agreement factors R
and R; are defined as Ry = Z(||F,| — |F.|])/Z|F,|
and Ry = Z(w(|F,| — FJ])}/ZwF2)Ve.

The scattering factors used for P, Cl, N, and C were
from the usual tabulation® and those for Re were by
Cromer and Waber.® The hydrogen scattering factors
were those of Stewart, et al.”

The effects of anomalous scattering were included in
the structure factor calculations.® The values of Af’
and Af” were those given by Cromer.®

The Re atom was readily located by inspection of the
three-dimensional Patterson function,!® and successive
Fourier syntheses and least-squares refinements served
to locate the remaining nonhydrogen atoms in the
structure. The four independent phenyl rings were
refined as planar rigid groups (Dey symmetry, C-C =
1.390 A), in the manner described previously.!!

With all nonhydrogen atoms included with isotropic
thermal parameters, the values of the agreement factors
were Ry = 6.99 and R; = 7.89,. Refinement of
anisotropic thermal parameters for the Re, P, and Cl
atoms led to Ry = 5.49, and R; = 6.2%,, and refinement
of anisotropic parameters for all of the nonhydrogen,
nongroup atoms gave B = 4.99, and R, = 5.69,. Both

(5) J. A. Ibers, “International Tables for X-Ray Crystallography,” Vol. 3,
The Kynoch Press, Birmingham, England, 1962, Table 3.3.1A.

(6} D. T. Cromer and J. T. Waber, Acta Cryst., 18, 104 (1965).

(7) R. F. Stewart, E. R, Davidson, and W. T, Simpson, J. Chem. Phys.,
42, 3175 (1065).

(8) J. A, Ibers and W. C. Hamilton, Acta Cryst., 17, 781 (1064),

(9) D. T. Cromer, ibid., 18, 17 (1965).

(10) The programs used in this work were pick and PICKOUT, for generat-
ing and processing the data, NUCLS, the group-refinement program, and local
modifications of Zalkin’s ForRPAP Fourier summation program, the Busing-
Levy ORFFE error function program, and Johnson’s ORTEP thermal ellipsoid

plotting program.
(11) 8. J. La Placa and J. A. Ibers, Acta Cryst.,, 18, 511 (1865).
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OBSERVED AND CALCULATED STRUCTURE AMPLITUDES (IN ELECTRONS X 10) FOR ReCl;(NCH,;) (P(CsHs):CoHs)2

kK L fo K 1 kK L 0 PC ok « L PR x x L Fo ke 3 [ & LI Y & L R0 e
3 is =3 A:? ;zg s 9 eRo N E :32 HZ g ;:; :? 2 8% =3 T @ ieez gpe2
. . s -2 8 6 10 987 983 3 2 3 e sl
sere n o saw 3 PO Y S T a2 687 es2 4 s a3 350 0 644 j2 % 542 53 73w o
s wems soen 3 PO A1 7oE s . & 84T 53y o a3z s 387 414 [ Y S ¢
0 4 232 2289 3 4 1 3ee 379 T sl 980 1001 e T 789 783 o o35 13 e¢ 1029 961 8 .5 213 ¥
¢ 5 318 a2 H 4 2 588 %00 T =% 750 7Y M “13 e Tok ° 730 13 ws 1042 ae7 8 ar. 337 366
FR P L 3 44 3% aes T o« s2¢ 02 ¢ slz o ads ase 1 3 13 -3 3% 176 8 o 33 283
o 39 1340 1393 H &8 a0 w91 1w a2 5e7 + sl 952 bl 1 923 13 .2 1226 103s 5 -2 gae AT
010 ey 3 M LR H sl seR e i 501 o mer S 6 A w27
)z ess 26 H 5 T -3 3 s ¢ «8 93 1018 1 1290 13 2 88 532 2 -4 1329 130e
bozowe e H H T e T2 Ane o7 1807 iadn 1 514 43 & 158 173 s 3 ies 1330
13 osa s 3 H 1 12 7a 7%0 i < 1305 1278 1975 14 =5 a0 and s TE Lhes ieae
1oy H 4 1 I3 s fos -5 208s 2071 36 14 .3 a3 335 9 2 1268 laus
1R a7 esl 3 H 70 38 2 H =983 3 1437 16 D ke Rl MR v
1oy oproee 3 H 71 Al a7 «3 1676 1717 1372 1 seb sze 10 <3 ses  sez
FHT 3 5 12 9 aks H -2 1193 j2is 1919 143 71 eER H 94 361
[ERER T 3 H 7 5 1308 sss e w1 2a0s 2ase 1926 15 a4 sk Sab i H 3 aoe
R s H ) T4 see s H 0 1389 1148 15 <3 42 08 H 1 ot esd
2 7 3003 312¢ . 6 i 7T s sl 52 B 1 teu3 1a3n 1467 18«2 £O3 137 ‘ 1 811 ses
77 w3 i ¢ . H 77 asy a2 5 2 1n2s 1033 e 18 o1 slz eze N 1 ors  e0s
z o4 o2ou em : o H T 8 aue  zar H 3 oisi2 ez 156 is 5 Ten 459 HEE i AR
2 ¢ 2728 2484 . s i 811 B0 ses H s 1337 138 88 . 2 8 sus 537 1 A o7
2 7 A7 18e3 N H R A1 H I < R FREt ! Jool
2 & 1795 1784 . ? B =3 849 883 H : .Z A ; ~% 832 49] 1 546 583
[ B Y 7 B oo 472 4nT H 7o e w6 449 seh i e 287
2 a0 1ns0 1029 + 7 HEDCEREH S 134 H M o on Wz ene
2 1 i3 T3 . ’ B ez 342 2T H onr o o 710 n2)
[N : . 8 1 ses 539 H | 03 3 72 687 v 10 eeses
513 rea 760 4 o HER e . Lap e 8! P ]
TNy ol 81 AL 1ee? R daui e s 5 w26 597 0 -1n see 812
3L e e . ] & 3 1sez 1s2) M : 10 Au! 599 4 9b8 959 0 Asy
33 oke 978 e o 3 5 787 ¢ -8 7Et 920 & 4us  eoH o 1068
3 % se2 9as e ° [ ATi ¢ 4 o-h 2283 270 s WS Ace o Ans
3 & Ut oase . ] 4 9 1215 1238 H $oos o 9 4 w2 ASL AS3 ns
105 a4 Q 911 e 228 ¢ 4 w796 3L 4.7 ET 36 12
330w oW o 9 -l 9vT 1017 R $ 2 Ato wag o oo Ses 491 A6z
I s o . M 5 Tus ands 1063 ¢ L0 s o 8 18 1218 as3
PO ThE A LS S H 9 w8 7es 74l ¢ Lo 4 - e oan e
v 3 N i 5 9«4 T3 677 . M 2 a4 4 w3 92¢ 938 183
4 3 20 2mes & § w2 1383 1179 ¢ 3383 ol o oul A3 kel 358
42 gelo amee 2 5 "5 ade ¢ [ o1 als R e
Loramb e o 9 2 1o0e 1988 ¢ s 5 k0 4l 3 s k3 480
L H H 5 4 aTe ¢ 48 Te9 kBl PR S TUR 1 218
o 7 zve 233 8 9 5 s 517 ¢ PNt ) s & 33 12 92
sy o H 3 & s01 437 H 4 10 a8 33 i T2 702 1211
5 17mE 1763 5 5 10 a7 382 ¢ 5.1 a%e 67z 510 399 y7e 31
POENPEIRS S H 0 «l) 847 533 M : «lo H 5 -n 290 364 )9S g2k
o 1) zes a3 8 0 sln 301 296 R -9 13e3 1387 5 Za e50 Boa 2 2z a3
PR IR 5 0 =5 681 e94 H : -1 I;:; 1;73 8 .3 315 259 3 Tee 787
PR A YO 6oF adz 4se H 3o e § oz 35 340 ¢ oed2 368
£ 3 as9 a1 8 o -8 g ¢ =5 2186 2260 £ o 35 259 5 Re3 a3
I - S 0 <3 1971 1090 ! B om0 1 £ ) 3 289 TR
a1 H 8 2 7B 772 M e 5 2 6d6  Ael -7 489 8h
HILEH A V- 0 <1 RI7 Red 1 § -1 ey jas7 - s 797 3 8dd 91l S 4 vec AL % 498 sis
€ vz «i6 38 o o kel w72 i s 0 61 b 153 1ezy 2 7ie Asd 5 564 520 -8 ge5 K0z
LI I (U R o1 1053 596 51 sve 1735 «8 1199 1234 -t 887 A33 610 4y 4bs - 8e3 816
&1 1t s 5 Bz ed2 684 7 o2 . 21 s LA 188 4 1088 1076 6 <% 82l 993 93 595 53
¢y e 2 o 3 Age sl1 4 £ 3 220z e2%s 9] (RS 1783 73s s wa 338 e hE S S
€ 5 2a03 21 8 1 84 sl7 o s3e ] g4 k2 ey SpopRiE s [ B A S TR 1V A sEr w77
e 4 1343 18 & ) o s 559 &4 8 s 175 4797 < 1nés intz 3 hus s PR - 1o Ml
& 5 zia 1980 6 67 Ay ks ? [ a4n 30 ees gea7 5 1081 10us 6 a5 ynzs 1035 ] g9 473
§ % gne e 2 0 8 285 et 4 5 7 14%8 je0s 3o 1 es 6 A% aes o 4 luse lhat 2 ede e
o8 diee L8 o & Ta6 7 3 oa a1 e 21737 a79e Tors 71 6 23 As et [ CORH
6 B aus 99 6 «tg  elS 360 H 5 9 134 1321 FR T 31 B meb 523 6 -1 473 Sas PREPTEET
§ 8 e o e 14 ! ¢z s i 41847 1386 5 sus a7s A T 5 Rt BN 1
RIS I 8 H 6 <10 A¥  Ree 5 o7 o2 408 308 6 2 36 13 & sel  a1p
Sl we 6 .8 NI s s oHE  9es Sl 38T 408 6 3 Ry ey peid
g 1 ante ey 8 H 6 =1 409 Ses 778 129 VRN B 6 4 29 a3 32
T3 N % 6 H 6 =6 31 459 e 505 s2s -3 ges  sel s s I il 5
T4 w8 H 6 «i 1138 1365 1o ses 78 S A e i Seh e s
T i ¢ H & w3 Tel ks ey 88 an - 786 mis HEE It ol
@ o 211 23 8 H I (R 4o iz sl <5 a9 ar9 7 o8 %er 426 108K
IR I H : & -l %38 ¢ ma o 2H6 A%k 7 i 30 392 62
HEERY IS S iy ; oW tgomom ool =
& 3 soa st 6 r Poiwi o 4 % oae sa T 2 3 e 3 166
6 & 2um oSy 6 . . e 5 oo e ] 7oeloe e 3 21
PR S VO : o N v owmom Pyonoam 2 o
& 6 1078 2083 & s R I S S+ B [ : 34
& 7 ey 53 ¢ 8 ¢ o 3 [T T3 ouom M 354
R : Smode o omod P
SO S v H 3 ure TP e ey . 50
510 ame b ] 1313 H $ % Ma 336 4 4 89 e s A eh i 56l . 1031
[ 370 he 2 1Tz s 517 48 ma Ak 4 8 wa e 797 . a3
R I 13 ises H 7 .11 487 sam [ T 8 .z 519 53 . 734
v 7 kT aen ? Tel6 967 Gay L R Ao a7 373 5 205
A 1o -6 1637 1849 : T e ek 727 @2 9vs 1047 s 8 o s6s 57k s 29
R %15 1593 H 7 8 800 773 wlo 1602 1346 4 b 2 ot o H h7s
301 o ] w4 2242 2760 s 7 7 3 5 6 . 8 3 a1 3% 5 231
A 7 ) 48 H 7 e 12¢l 1199 -8 debs s, S E41 H e
0 15w 1seR 7 <2 1sle 188y H L] a1y . B 4 35 340 s 470
1 H ' 3 oeneo yuer H Torh 1963 1en Sehoarez ame 9 w8 3 g 59¢
4@ ez agnn 7 o 2200 2085 7 -3 1208 133 3 798 1 N 5 =5 4eB 4L H 34
0 3 1n0s a7 7 1 1235 1715 0 T ez 1871 1600 =4 2207 2237 . 9 el 372 a9 5 1090
0 e a7 3 i bk o T4 133 1384 -2 edn 7 H e ] ess  ger § 46
LR 4 HER I 0 70 M3 1% sz 1M1 7S & 10 -4 82 784 s 713
4h 5 1eks em 7 POt SNTE N H 1oL e o H 1o s 196 A0y & 355
mosuE e 3 5 ads H Tz otk e H s 1 e se7 97 6 e
10 A 1287 2%y 1 & 13 s H L S B0 H 10 =2 %le 913 6 886
foop oz e ] e e o Toa ik ou : ] 1o -1 aue  15¢ 6 749
o0 e ] B8y a7z o 18 sl e H 100 s se2 . +20
1 e 3s r 3 e 3 H ; 3 :; :E{" 7 5 o1 eve 387 & A4
1oy 1 10 76 771 . 3 & 5 i 2 e 760 6 +87
17 as ees 8 2 T01 726 H T 8 10¢5 L04A e 1003 3% 220 . 373
Porome e 8 P A A 4 T 9 A k2l 6 fo & e i . pits
FRER I I A S o e aws  azy o B -1l 619 27 ¢ 1 =1 a7 ges . e
HERRE] M 4w 0 TS H Belo ss ei2 ¢ 11 = a6 388 6 691
R ol 2w am S S 6 1.3 29 [se H 358
33 e B B 4 =1 659 sho DU -4} ¢ 11«2 ez es 7 609
O SIE 0 S o 1 s 3o H e & i Te 30 3es i 202
s 8 loes H 4 2 545 810 ooN o 4 1 ez asg 7 768
2 7 1278 1337 2 43 75 197 3 HE S ¢ 12 el 4y 4 896
e e ‘a0 H 4 4 958 9e0 ags R 14 114 se1 489 7 526
2 5 TEa 7w A o 5 e 97 | oas e 6 o A13 Az 12 -6 88 6l 7 903
303 I sia e 47 BB 2 w6 1128 118 [ A ¢ 1 e 3s 12 -5 edl 633 7 508
3« w9 age ] ¢ R af3 %R 2 . sbs Eon es0 aze 6 & 7 1238 1757 33 1 gva sl 1 e
FRA O Y 4 9 ez 480 2 I3 3a 0 P omr e H & 0 kaz 62 12 =1 783 7123 1 703
ta i3 H 4 31 583 580 5 .z 1206 1193 2oz ae 3es 3 & & oanie le2s 3 I3 sek 475 7 713
s e Sz ow 535 5 4 595 ‘ses 8 3 1piz 1083 s 6 35 el b 10y 808 ees H 451
Y3 laee liwt 6 € o160 139 1324 0 2826 2484 s pat 6 & b Bl aey iz 1 501 367 7 512
Lo e ale RS HA IR+ £ 5 763 739 6 6 7 870 595 (3 2 3ba 327 H axh
L& 3 e 9 5«8 15:0 152 2 &S0 a7 & & 301 100 7 & 8 Te2 TS0 1z 3 ade 4ns H a2y
5 1206 (225 s 8 .1 635 66l 31370 1328 8 ¢ a5 a4 b4 Telo a¥2 572 138 a1 53 a #08
o & ze3 TR 9 § =6 18%e 1923 o oave Tas3 2 410 10% %6 7 LR ST H an
o7 Lndo ankes 9 § «8 1338 134l 5 73z a9y 3 8 1038 iose M 1 -8 B09 s%0 .9 aeen 8 757
s 7 ok 3 5 . 2217 z2es 6 983 943 9 .6 12e1 1309 T Re  4ez w39 s 21é
s 8 W M € -3 962 945 71357 142 3w Q820 (920 7 =4 653 eH2 ° 3 54
Yo b Jeg  es M 5 w2 1762 1698 B 1m0 1029 -3 Bed a9 T o3 a2z sbd 0 9 LA
oot 3 s o 90 877 5 ees 477 9 w2 124 1789 1 ez 417 570 o 9 i
16 4 78l 776 9 8 1 &3 wep 10 A% sS1 ! H 1796 1776 7 o aus  es3 ° 9 %21
OO S S s 2 178 117 1 A8 A2s 2 19dk 1913 7T 1 4l ke M 260
b M s 3 se2 w8 12 90T ATk 2 34 lave 1s 26 10 613
- M 5 4 1Av3 RSy A3 se2 K13 2 34 108y 1nes sz 10 a9z
M 5 & 033 a3 -1z %16 B3 8 & 128 289 no i0 pons
N 9 s : u:n \.m: 11 78l 758 g -; ::1 ;31 1200 10 561
® K =9 11es 1189 bt 21
g 5 s @ 1386 1343 o7 v 1283 o =5 87 e73 A in a5l
e ° s 5 1% 3 oo 8% 6«3 1001 1001 25
9 3 £ 10 938 010 o5 790 22 FER S S i
H H 8 g2 sis %40 4 1965 1959 H 38 285 49 0 w7 1239 12eL
H 8 & w8 321 313 sl Ley? + 0 M1 2 7 uzn 0 % A9 ao
9 S 5 - 28 7 Sl ey 538 ‘ 4 83 sm : 1 o =3 1322 1314
H ¢ 6 3 bes 1 Rt . 2 a6 12 % 1204 oo 173 1703
H H 62 1396 1260 3 1 738 707 + H 604 075 H 328 o 1 1951 108v
H 0 6 =t 761 K67 3 3 ses 579 4 1 =9 g5 653 a a9 9 3 4l& ss
S H 6 b Ay 292 3 g geo etz H 1o-a 748 770 4 46 2 B Bee  31s
H M 6 2 655 4SS 3 6 8§73  mad 8 7 s%0 45 6860 Z W1 953 94e
! H e 3 Als 738 3 7 v a1 5 6 3077 1068 ] 537 2 o6 9T 485
H H & 5 89 456 3 B a¥3 693 ¢ S 6% -8 872 2 a8 849 A3
H A& 3B 323 3 g1 is8  4ad H - 952 H *3s 2 e TR Tés
H bR 35T 13 A .l2 19 8§33 ¢ =3 1083 10E9 ] a6l 2 -3 B9 e
H 6 9 530 s28 4 olp g2 Aas 1e sz 495 en s sy 2 o2 s ane
1 6 11 509 523 4 .0 4% ey} 16 “1 1285 1272 e 2 P o
H 7 e12 685 ATO 4 em 1116 1131 1 e 942 . #82 2 AG9 ATy
Tell 9d4 92, g 1283 1272 1e W 3se 629 2 1 g5z 59
Tele 903 913 4 € 57T8 513 1248 1242 : se? 2oz a3 e
Toe9 1311 1380 4 .4 T2 788 ne sy vz H 467 2 3 ™M o707
7 8 Ae?  BS59 4 w3 a9 78 & %39 1020 b 1209 3 =7 38 L
7007 aes acee & o340 0e13 730 #83 5 Tou ® 368 & o8 1193 1199
7 16 828 wss o .i 3oy 43 104z ol 85 4ls 6 1087 1043 5 R34 boTaz51 1res
H T e85 1618 1668 4 5 1157 1187 ] o 8 H T3 e 3 e2n ¢ 3 %3 zen
i T oes 906 960 4 | 28 2ls 776 =7 lelz 1395 w3 433 451 s 1031 o 2 o128 1230
T -3 1935 1938 L g 1053 1821 A =5 1106 1144 w301 372 ° 288 o "5 'See has
7 -2 1343 1380 a4 1760 1735 1231 = e w6 501 s M 739 ¢ 7 sl g8y
LIPS I 2 B 1 S B M N H 123 STo1e m2) o sds e H 53¢ ¢ 3 a5 A
70 1AMl ST 4 6 1731 1895 ae H 1982 1972 23 813 ez H 3¢ toa 3 o
7T 1 svs 923 4 & 1384 [330 1578 ° 3 a9 =2 8lT 788 H 381 5 -2 ML o301
7 2 1487 1872 4 yp 998 3RS 1833 4 1185 1242 D - M 453 6 w335 Bue
703 1399 1373 & 1 32 32 1693 ° s el 9 sT0 sse 3 212 & -5 F3a 303
T 4 T8 A7 5 =1] 932 lonl 41 1R18 z 308 277 9 455 6 -4 991 1Bl
7 s ¥l TIE & .9 95p 847 0 1919|948 & v w3 9 1 W A24 § =3 B2 49
7 6 sme sz D8 shs ka7 1 1sa0 isze =7 12 1l 0 - 287 468 & .2 728 7Tee
T 1 ets  sas “7 ade ars 2 1503 1485 <5 los3 ige? 0 148 729 . s o Te0 Tes
7 8 8es R4 -6 837 a7 3 1093 1039 -] H 142 508 4 6 2 295 Ake
T s 1h e20 -5 1213 1238 4 148a lads w1 S 10l7 0 - 860 732 . B =3 949 Ay3
T olo 701 7S “3 1458 |aBa & 1767 1737 11210 1283 0 =3 453 396 e 8 =2 3e0 197
2B e e HER & 190 1726 95 93 o -2 632 30 . 85y Tez w0
80 37 9 a1 T2 687 7 117 1193 tos0 1027 8 -l 459 390 s
M w8 I olE lhas 62 64 o o 30 679 H 933 eame w12 sesee
A% 3 gk 768 762 s 702 743 469 67 8 2 118 pees s e
2 e 203 279 696 109 10 A0 ek 530 e85 0 & 568 86 1252 0 -5 520 855
B -3 e¥7 w0 933 11 6¥0  6ed 633 08 4 110 225 33 o w438 287
3 =1 ka3 59 san "5 €06 Ave g8 jes -2 778 458 1089 o =2 87 673
H & n 3k ms 369 o7 259 209 (e hed 92 as7 214 0 o 340 83
H ¢ 7 32 35 381 -5 &3 654 65 63 -7 585 169 734 1 8 395 260
H e 1 31 2% e 3 213 109 38 23 =5 707 A28 33 1«3 332 498
H & & 395 194 349 2 346 03 18 38 3 899 338 1«1 869 493
: 8 a8 T2 2 88 0 420 209 312 - a8 150 16 a0 28
H 8 9 310 s3] 288 012 Be3 B3 =2 61 1261 11 #5842
H 5 10 878 . ot 725 91 she -2 1952 930 182 2 e 387 29
H 9 <11 1159 1145 437 198 1008 %07 -t s 1620 1034 2 .3 3] ks
H 9 a9 1286 1240 s46 304 ] o 988 8es 97 2 w2 a3l aep
H 8 »7 08V 1099 513 a7 859 629 ] sl 61 328 2 -1 3 383
H 9 w5 ses 37 1529 729 ¥ 2% 2 85 161 s 2 b a1 ese
H o 8 1A 1368 1301 73 95 366 3 as2 2143 62 3 -4 a3 as?
H 9 s 281 2 a8 sTe 32 7 . s50 699 515 3 .2 56 506
H 9 =3 1789 1Aak 932 359 s 685 572 545 3 8 ael a0
H 9 1 1e90 158e 531 287 6 eosee H 28 982 are Coeo2e 6l
3 H 231 1T 1387 30 H 7 493 as o8
H : H 1;;; ‘:ﬁ ;1 Asz . 368 -; T ;;: g:: 3 63 1193
1870 1466 - 083 - a7 414
3 " 5 7 158 s e lews 'hes o e oaee e o ¥ 73 266 pes) o]
3 . 9 9 1159 1068 & a4 923 1327 9 13i3 293 3 A9 ATR 508 1698 77
3 n 10«7 39 3 7 a9 eio . 1) 1 8% ags ¢ 6 5bi 648 362 1 1026
H : 1o -5 ab6  eoh i Ta asa o ase 2 116 i1 o .z #0M0 1639 i 37 700 13



706 Davip BriguT AND JAMES A. IBERS

Inorganic Chemistry

TasLE 11
FINAL PARAMETERS FOR ReCl;(NCH;) (P(CsH;)CHs),

Aton x z z 8a® Baz fas faz Bis fae

Re 0.11318(5)° 0.05597(4)  0.24638(4) 0.00535(5)  0,00250{2) 0.00334(4) -0.00035(4) 0.00104(3) -0.00013(4)
Cl, 0.1145(3) 0.1745(2) 0.3307(3) 0.0081(%4) 0.0025(2) 0,0073(3) -0.0004(2) 0.0013(3) -0,0013(2)
Clz 0.1329(3)  -0.0033(2) 0.4%065(3) 0.0079(4) 0.0036(2) 0.0038(2) 0.0005(2) 0.0013(2) 0.0008(2)
Cls 0.00435(3) 0.1301(3) 0.0957(3) 0.006%4(3) 0.0050(2) 0.0007(3) -0.0002(2) 0.0012(2) 0.0017(2)
P. 0.3116(3)  0.0746(2)  0.2780(3) 0.0052(3)  0,0026(2) 0.00L6(3) -0.0001(2) 0.0008(2) -0.0003(2)
Pz -0.0834(3) 0.0503(2) 0.246%(3) 0.0060(4) 0.0022(1) 0.00%6(2) -0.0003(2) 0.00L4(2) -0.0001(2)
N 0.1150(8)  -0.0224(6) 0.1783(7) 0.0050(10)  0.0034(2) 0.0015(7) -0.0003(5) 0.0013(7) -0.0013(5)
Me© 0.1182(13) -0.0820(10)  0.1130(12) 0.0070(15)  0.0054(3) 0.0075(13) 0.0041(g) 0.0018(11) -0.0023(9)
Et.Cy 0,3847(12)  0.1036(10)  0.k036(12) 0.00%9(13)  0,0052(8) 0,0077(13) 0.0014(g) ~0,0003(11) -0.0007(9)
Et:Cz 0.4851(16)  0.1152(12)  0,4304(14) 0.0114(21}  0.0079(12) 0.009%(17) -0.0004(13)  ~0.0019(15) -0.0028(12)
EtzC:;  -0.1181(13) 0,0961(8) 0.3531(11) 0.0073{15)  0.0032(6) 0.00hg(11) -0.000L(8) 0.0036(10) -0.000%(7)
EtaCz  -0.2270(1%)  0.0922(9) 0.3626(11) 0.0088(16)  0,0028(7) 0.0057(12) 0,0010(3) 0.0010(11) 0.0006(8)
Group S Lo Z; [} c il B} Be Bs Ba Bs Bs
Phiy  0.3763(5) 0.1958(4) 0.1287(6) 3.134(10) 2.,364(7) -1.766(3) 3.4(3)  h.a(8)  6.8(5)  6.9(5) 7.7(5)  5.8(4)
Phiz 0.4479(5) -0.0776(4) 0.2670(4) 2.191(6) -2,672(6) 0,122(6) 3,0(3)  4.3(4)  s.n(k)  B,7(4) 4.8(4)  3.5(3)
Phey  -0.2526(5) 0.1292(4) 0.0701(5)-0.654(5) 3.093(6)  0.628(6) 3.3(3)  #.2(3)  5.5(4)  5.1(%) Bou(4) 3.9(3)
Phzz  ~0.1450(5) -0.1223(%) 0.2556(5)-0.202(7) 2.522(6) -1.585(8) 3,0(3)  h.2(2)  5.4(4)  5.3(4) s5.4{4)  3,1(%)

e The form of the anisotropic thermal ellipsoid is given by exp[ — (81172 + 8225? 4 B33l + 28120k 4 2813kl + 284:kD)].
parentheses here and in subsequent tables are estimated standard deviations in the least significant digits.
attached to the N atom, Et,C; is carbon 2 of ethyl group 1 attached to P..

® Numbers in
¢ Me is the CH, group
Phi; and Phy, are the phenyl groups attached to P;.

4 The angles §, ¢, and 5 (in radians) which bring about alignment (except for translation) of an internal coordinate system within the

group with a fixed external system have been defined in previous papers.!! ¢ B, is the isotropic thermal parameter of atom <.

rings are numbered such that atom 1 is attached to phosphorus.

of these changes in the agreement factors are, according
to Hamilton’s R factor ratio test,!? highly significant.

The phenyl and methylene hydrogen atoms were
next included in the structure as fixed contributions to
F, in positions calculated from the well-known stereo-
chemistry of such groups. The H-C-H angle in the
methylene groups was taken to be 109.47°, and for
both the phenyl and methylene groups the C-H
distance was set at 0.9 A. This C-H distance is short
compared with the value of 1.1 A frequently reported
for C-H distances derived from spectroscopic data,
but it is well-known that light-atom-hydrogen dis-
tances in structures determined by X-ray diffraction
are often abnormally short compared with the spectro-
scopic values. The reasons for this are the subjects of
some discussion.!* However, for the determination of
the structure of a rhenium compound closely related
to the present structure, we were fortunate in having a
highly accurate set of data,? and we found that in this
structure inclusion of the hydrogen atoms at 0.9 A
from the carbon atoms gave slightly better agreement
between observed and calculated structure amplitudes
than inclusion of the hydrogens with C-H = 1.1 A.
In accordance with this experience we again used the
shorter distance in the present structure, although the
quality of the present data is probably not sufficiently

(12) W. C. Hamilton, Acta Cryst., 18, 502 {1965).
(13) W, C. Hamilton and J. A, Ibers, “‘Hydrogen Bonding in Solids,” W. A.
Benjamin, Inc., New York, N. Y., 1968,

The

high to show any detectable difference from a model
with C-H = 1.1 A.

A difference Fourier synthesis was next calculated
using only those planes for which (sin ¢)/A was less than
0.35 A-1. The synthesis showed peaks around the three
independent methyl groups in the structure and for the
phosphine ethyl CH; groups. These peaks could be
interpreted as the CH, hydrogen atoms lying in a
staggered orientation with respect to the methylene
hydrogens. The assignment of peaks to the CHj
group attached to the nitrogen atom was less certain.
However, after inclusion of the ethyl hydrogen atoms
in the structure, the nitrogen methyl hydrogen atoms
were included in positions consistent with the erystal
packing and the observed electron density. The in-
clusion of these 33 hydrogen atoms reduced the values
of the agreement factors to By = 4.89; and Ry = 5.4%.

An inspection of the data revealed no evidence that a
correction for secondary extinction was necessary.

At this stage the value of the estimated standard
deviation of an observation of unit weight was 1.07
electrons. Since the theoretical value of this quantity
is 1.00, this suggests that the absolute weighting
scheme is correct. However, a good test of the validity
of a weighting scheme is that the contribution to
Sw(|F,| — |F,|)? should be reasonably constant for all
classes of reflection, and an inspection of the data
showed that this was not so. The strong reflections
were greatly underweighted. To correct this, the value
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TasLe IIT

DERIVED PARAMETERS FOR GROUP CARBON ATOMS IN
ReCl;(NCHj;) (P(CeHy),CoHs)a

x v "
Phy
C: . 0.3540 (13)e  0.1424 (6) 0.1955 (7)
C; 0.3646 (12)  0.1210 (5) 0.1005 (8)
Cs 0.3869 (8) 0.1745 (7) 0.0336 (6)
Cq 0.3985 (14)  0.2493 (6) 0.0618 (9)
Cs 0.3879 (13)  0.2706 (5) 0.1569 (10)
Cs 0.3656 (8) 0.2172 (6) 0.2237 (6)
- Phn
C: 0.3881 (8) —0.0123 (4) 0.2671 (7)
C. 0.4885 (8)  —0.0100 (4) 0.2400 (7)
Cs 0.5482 (6) —0.0753 (6) 0.2400 (8)
Cq 0.5076 (9) —0.1430 (5) 0.2668 (8)
Cs 0.4073 (9) —0.1453 (4) 0.2940 (7)
Cs 0.3475 (6)  —0.0799 (5) 0.2941 (7)
Phn
o —0.1786 (7) 0.0926 (5) 0.1429 (6)
Cs —0.2747 (8) 0.0574 (4) 0.1001 (7)
Cs —0.3486 (6) 0.0940 (6) 0.0273 (7)
C. —0.3266 (7) 0.1658 (6)  ~0.0027 (7)
Cs —0.2305 (9) 0.2009 (4) 0.0401 (7)
Ce —0.1565 (6) 0.1643 (5) 0.1129 (7)
Ph,
C —0.1219 (10) —0.0471 (4) 0.2501 (8)
Cs —0.1304 (11) —0.0788 (6) 0.3407 (6)
C, —0.1536 (8) —0.1546 (6) 0.3463 (6)
Ce —0.1681 (11) —0.1987 (4) 0.2612 (9)
Cy —0:1597 (11) —0.1669 (6) 0.1705 (7)
Ce —0.1364 (7)  —0.0911 (&) 0.1650 (6)

@ The estimated standard deviations are derived from those of
the group parameters and are meant to be used in error analyses
on inter-ring distances. Intra-ring distances, of course, are fixed
(C-C = 1.390 A).

of p in the expression for +(7) (see previous section)
was changed to 0.03. A cycle with this weighting
scheme gave residuals B; = 4.89, and R, = 4.5%, and
the standard deviation of an observation of unit weight
now calculated as 1.23 electrons. The contributions
to the least-squares residual were now reasonably
constant for all classes of reflection, based on |F.,
scattering angle, and Miller indices, suggesting that the
amended weighting scheme is a reasonable one.

No parameter shifted by more than 1.5 times its
estimated standard deviation upon this change of
weights. The final values of |F,| and |F, (in electrons
X 10) are listed in Table I. Table II lists the final
values of the least-squares parameters together with
their standard deviations, and Table III lists the atomic
coordinates of the group atoms derived from the
least-squares parameters.

Results

The structure consists of well-separated molecules of
R8013(NCH3) (P(CGHE) 2CzH5) 2. Excluding possible hy—
drogen contacts, the shortest intermolecular distance
in the structure is 3.61 A between Me and Ph,,Ce.
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Figure 1.—A perspective drawing of the molecular structure of
ReCl;(NCH,;) (P(CeHs)2C2Hs) 2.

Figure 2.—A perspective drawing of the ReCl;(NCH;)P; por-
tion of ReCh(NCH;) (P(CeHs)zCsz)g. .

The over-all molecular configuration is shown in
Figure 1, and the ReCl;(NCHj)P, portion of the
molecule, labeled with bond distances, is shown in
Figure 2. Listings of selected interatomic distances
and angles are given in Tables IV and V, respectively.
As is usually found, the relative values of the bond
lengths dre not affected by the thermal motions of the
atoms. For this molecule it is most reasonable to
assume that the ligand atoms ride on the rhenium
atom, and corrections to the bond lengths with this
assumption! do not exceed twice the appropriate
standard deviations.

The principal magnitudes of thermal vibration for
the atoms that were refined anisotropically are listed in
Table VI, and the directions of these vibrations can
be seen, at least approximately, from the figures. With
the exception of the nitrogen atom the anisotropy is
small. The vibration envelope for the nitrogen atom is,
however, very flat, indicating that this atom is ap-
parently undergoing highly anisotropic motion, al-
though a change in the minimum amplitude of only

(14) W, R. Busing and H. A. Levy, Acta Cryst., 17, 142 (1964).
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TasrLe IV

SeLECTED INTERATOMIC DIstances (A) 1N
ReCly(NCH;) (P(CeHs),CoHy)

Re-N 1.685 (11) Cl-N 4.091 (14)
Re-Cl; 2.411 (6) Cl;-Cl; 3.336 (9)

Re-Cl; 2.408 (6) Cl-Cl,  3.282 (9)

Re~Cl, 2.428 (6) Cl,-P, 3.258 (8)

Re~-P, 2.482 (7) ClL,-P; 3.373 (8)

Re-P2 2.486 (7) Cl;-Cl; 4,826 (11)
N-Me 1.398 (18) Cl-P, 3.421 (8)

P-Et,C, 1.799 (17) Cly-P; 3.296 (8)

P,-Ph;,C; 1.808 (14) Cl-P, 3.471 (8)

P-Ph;,Cy 1.849 (14) Cl;-P. 3.634 (8)

P.~Et.C, 1.805 (14) Cl-N 3.114 (13)
P-Ph,,Cy 1.834 (15) Cl:-N 2.941 (13)
PyPh,;.C, 1.808 (15) P,-N 3.116 (12)
Et,C-Et,C:  1.508 (23) PN 3.123 (12)
Et:Ci-EtsC: 1.534 (21)

TaBLE V

SeELECTED INTERATOMIC ANGLES (IN DEG) FOR
ReClL;(NCH;) (P(CeHs):CoHy)2

Re-N-Me 173.4 (10) P,-Re-N 95.0 (4)
Cli~-Re-N 174.6 (4) Re-P~Et,C, 112.3 (5)
Cl;-Re-Cl, 87.6 (2) Re-P;-Ph;,Cy 113.2 (4)
Ch—Re-—Cl; 85.4 (2) Re—Pr—thCl 113.6 (5)
Cl-Re-P; 835 (1) Re-P,-Et:C, 112.5 (5)
Clr‘Re—Pz 87.1 (1) Re—Pz—PhﬂCl 119.1 (4)
Cl;-Re-N 97.5 (4) Re-P;-Ph2,C, 108.3 (5)
Cl,~-Re-Cl, 173.0 (1) P-Et,C,-Et,C, 116.2 (13)
C]z—Re—P1 88.8 (1) Pz-EtzC;—EtzCz 116.9 (11)
Clz‘—Re—'Pz 84.7 (1) Etlcl—Pl—Phucl 107.9 (10)
Cli-Re-N 89.4 (4) Et,C-P,;-Ph;,C;  102.5 (10)
C]s—Re—Pl 90.0 (1) PhuCr‘Pr‘PhnC[ 106.7 (9)
C];—Re—Pz 95.4 (1) Etzcl—Pz‘Phncl 102.4 (11)
P1~Re—N 94.9 (4) Etzcl—Pz‘-thgcl 107.6 (9)
P1-Re-P, 168.7 (1) Ph;,C,;-P;-Ph;;C;  106.2 (10)
Tasre VI

Ro0T-MEAN-SQUARE AMPLITUDES OF VIBRATION
AronG Princrpar ErLiesorp Axes (A)

Atom Min Intermed Max

Re 0.173 (1) 0.192 (1) 0.212 (1)
ChL 0.182 (7) 0.253 (6) 0.272 (6)
Cl, 0.176 (7) 0.237 (8) 0.257 (6)
Cl 0.182 (7) 0.222 (6) 0.300 (6)
P, 0.193 (7) 0.204 (6) 0.215 (6)
P, 0.177 (7). 0.187 (7) 0.219 (7)
N 0.084 (37) 0.195 (19) 0.247 (17)
Me 0.208 (28) 0.240 (25) 0.329 (25)
Et,C, 0.179 (29) 0.259 (25) 0.314 (23)
Et,C, 0.224 (30) 0.333 (28) 0.394 (27)
Et.C, 0.156 (27) 0.223 (23) 0.265 (23)
Et,C, 0.214 (26) 0.244 (25) 0.278 (24)

two standard deviations would be sufficient to give the
vibration envelope a more normal shape. The occur-
rence of a distorted ellipsoid in this structure is of
interest as some workers have used the shape of the
vibration ellipsoid as a method for distinguishing
between different species of light atom, e.g., between
N and O!* and between N and C.!* Applying the

(15) D. J. Hodgson, and J. A. Ibers, Inorg. Chem., 7, 2345 (1968).
(16) J. H. Enemark and J. A. Ibers, ibid., 6, 1575 (1967).

Inorganic Chemistry

TasLe VII

IMPORTANT DISTANCES AND ANGLES IN THE RuENTUM(V)—
Imino CompLExES: (A) ReCl;(NCH;)(P(C:H;).C.Hs)o,
(B) Recla(NCeH4OCH3)(P(Csz)zCsH5)2, AND
(C) ReCly(NCeHCOCH;)(P(C,H,)2CsHs),

A B C

Re-N, A 1.685 (11) 1.709 (4) 1.690 (5)
Re-Cl(trans),* A 2.411 (6) 2.432 (2) 2.410 (3)
Re-Cl(cis),» A 2.408 (6) 2.421 (1) 2.399 (3)

2.428 (6) 2.433 (3)
Re-P(cis),* A 2.482 (7) 2.470 (1) 2.457 (4)

2.486 (7) 2.461 (4)
N-C, A 1.40 (2) 1.37 (1) 1.38 (1)
Re-N-C, deg 173 (1) 175.8 (1) 171.8 (4)

s ¢t and trans in this table are used to indicate positions
relative to the N atom.

arguments of these workers that the ellipsoid is con-
tracted because, in the structure model, insufficient
electron density is placed at the atom position, the
N atom in the present structure could be taken to be
an oxygen atom. However, the analytical data on this
compound definitely show the presence of nitrogen,
and since all of the atoms in the structure save the N
atom and the atom attached to N are clearly identified
either by stereochemistry or by peak heights, the
assumption that the atom labeled N in our structure is
in reality an oxygen atom means that the atom labeled
Me must be the N atom. In other words we have a
nitrosyl group attached to the rhenium atom via
oxygen. This seems highly improbable particularly as
there is no evidence in the infrared spectrum supporting
such a structure. It seems far more likely that we do
have a Re-N-CH; system and that the nitrogen appears
flat owing to deficiencies in our data. However, this
experience shows that caution should be exercised in
distinguishing between species of atom by this method
unless the data are of exceptionally high quality so that
the vibrational ellipsoids are very well defined.

The over-all molecular structure is very similar to
those of the aryliminorhienium (V) complexes previously
described, and to facilitate comparison of the three
compounds the important bond lengths and angles are
listed in Table VII. As can be seen from this table,
the bond lengths in the three compounds are very
similar; and hence the comments made previously on
these distances in the arylimino complexes? apply here
as well.

In common with the arylimino complexes, and
also with the related oxo complex,'” ReOCl;(P(C.Hs)o-
C¢Hy),, the major distortion from an ideal octahedral
configuration about the rhenium atom is a movement
of the ligands cis to the nitrogen atom awdy from this
atom. This distortion appears to be due to steric
effects and will be discussed in detail in the following
paper.t?

The N-CHj; distance is 1.40 (2) A. This, rather
unexpectedly, agrees well with the distances 1.37 (1)

(17) H. W, W, Ehrlich and P. G. Owston, J. Chem. Soc., 4368 (1963).
(18) D. Bright and J. A. Ibers, Inorg, Chem., 8, 709 (1969).
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and 1.38 (1) A found for the corresponding distances
in the arylimino complexes. One would expect a longer
bond here since the radius of sp®-hybridized carbon is
larger than that of sp*-hybridized carbon. It does,
however, compare well with the distance 1.42 A
reported for the N~CHj, bond in methyl isocyanide.'®

The Re-N-CH; angle is close to linearity at 173 (1)°.
This compares well with the corresponding angles in
the arylimino complexes (see Table VII) and suggests
that, as originally proposed by Chatt and coworkers,!
the Re—N bond has considerable triple-bond character
or at least confirms that the N atom is formally sp
hybridized in the complexes so that its orbitals are
in a suitable configuration for formation of a triple
bond.

(19) C. C. Costain, J. Chem, Phys., 29, 864 (1968).
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The Re-N distance in the present structure is 1.685
(11) A. This bond length is very similar to those found
in the other complexes and thus the Re-N bond length
appears to be largely. independent of the group attached
to N. This observation, although surprising, is at least
consistent with our previous findings that the Re-N
bond length is unexpectedly insensitive to change of the
para substituent on the arylimino ring. The bonding
in this compound will be further discussed in the
following paper!® which describes the structure of the

six-coordinate nitrido complex anion OsNCl,2-.
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V. The Crystal Structure
KgOSNC15

The crystal structure of potassium nitridopentachloroosmate(VI), K,0sNCl;, has been determined from three-dimensional
X-ray data collected by counter methods sénd has been refined by least-squares techniques to a final R factor, based on F,
of 8.39, for the 687 reflections above background. The material crystallizes in space group D;,'*-Pnma of the orthorhombic
system in a cell with dimensions a = 13.27 (2) A, b = 9.85 (1) A, and ¢ = 6.84 (1) A. The density of 3.45 g/cmn? calculated
for four formula units in the unit cell agrees with the observed density of 3.4 + 0.1 g/em?. The OsNCl;*~ jon is required
crystallographlcally to possess m syrmetry. The coordination about the Os atom is distorted octahedral. The Cl atoms
¢4 to the nitrido ligand are beént away from the N atom. The Os-N distance is 1.614 (13) A. The three independent 0s-Cl
distances cis to the N atom do not differ significantly from one another and average 2.362 (2) A, but the Os—Cl distance
trans to the N atom is considerably longer at 2.605 (4) A. This contradicts the results from a previously repotted structure
of X;0sNCl; in which the irans Os—Cl distance was reported to be much shorter than the ¢is distances. The results on a
number of compounds with metal—nitrogen multiple bonding are intercompared and trends are rationalized in terms of

nonbonded interactions.

Introduction

This is the fifth paper in a series that describes
structural studies of compounds that contain metal-
nitrogen multiple bonding. In previous papers the struc-
tures of five compounds of Re(V) have beern reported:
ReNClg<P<CzH5)zcsH5)3,l R6N012<P<06H5)3)2,2 Re-
CIa(NCeH4OCH3) (P(Csz)ZCeH5)2,3 RGOI;;(NC’GHr
COCH;;) (P(CzHﬁ)zCeHs)g,a and R6013<NCH3) (P-
(CeHs),C,Hy)o.t The Re-N bond lengths in the latter
four complexes are reasonably consistent with current
theory; 7.e., the formal triple bond in the five-coordinate

(1) P. W. R. Corfield, R. J. Doedens, and J. A. Ibers, Inorg. Chem., 6,
197 (1967).

'(2) R. J. Doedens and J. A. Ibers, ibid., 6, 204 (1967).

(3) D. Bright and J. A, Ibers, ibid., 7, 1099 (1968).

(4) D. Bright and J. A. Ibers, ibid., 8, 703 (1069).

nitrido compound ReNCly(P(CsHs)s)s, 1.602 (9) A, is
shorter than the formal Re~-N double bonds in the
arylimino comiplexes ReCls(NCeH,OCH;) (P(C,Hs) -

6H5)2, 1.709 (4:) A ReCl (NC@H4COCH3)(P<02H5)Q-
CGH )2, 1.690 (5)A and RECI (NCH;;) (P(CGH )20 Hs)z,
1.685 (11) A. In the six-coordinate nitrido complex
ReNCL(P(C.H;).CeH;); the situation is different. The
formal Re~N triple bond in this compound is 1.788 (11)
A, almost 0.2 A longer than that in the related five-
coordinate compound, and almost 0.1 A longer than
the formal double bonds in the arylimino complexes.
Moreover, thie Re-Cl bond which is trans to the N
atom in this compound is considerably longer at 2.563
(4) A than the Re=Cl bond cis to the N atom, 2.454 (4)
A. In the arylimino complexes the Re~Cl bond length



