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INTRODUCTION

Complexes of iron carbonyvl having more than one iron atom are readily obtained
by reactions involving iron tetracarbonyi, Fe;(COj};,. The reaction with diphenyl-
acetvlene in methanol yvields a violet form of Fe,{(CO)(CoH,C.CsH;)a!. In boiling
benzene or petroleum ether, however, the viclet complex undergoes rearrangement
to a more stable black isomer.

These new three-center complexes were submitted to this laboratory for
structure determination by W. Hiibel of Union Carbide European Research As-
sociates. It was known that the black isomer has C-O absorption bands in the infrared
at about 5.40 u, in the region of carbonvl-bridge stretching frequencies, while the
violet form does not. Also, the black isomer decomposes at 1507 to the vellow complex
Fe (CO(CcH;C.C.Hy)., a compound thought to have the same basic structure as
Fe.C,.0;H; as determined by Hock and Mills®. The black isomer was therefore pre-
sumed to be structurally similar to the Hock and Millz compound, but for the violet
izomer no structural inference was available other than the absence of bridge carbonyvls.

EXPERIMENTAL

-

“he unit cell data for both 1somers (Table 1) were measured by use of a single
crvstal orienter mounted on a General Electric XRD-5 diffractometer. The accuracy of
the ceil parametiers Is about the same as is obtained by the more usual film methods.

The cryvstal of the black isomer chosen for the difiraction study was close to a
rectangular parallelopiped of dimensions 0.IS mm - o0.11 mm - o.06 mm. The violet
crvstal was of about the same size but somewhat less regular In shape.

The data for both compounds were obtained with Zr-filtered Mo radiation and a
G._E. scintitlation counter. The stationary-crystal, stationary-counter method was
used with particular care to meet the various criteria for collecting accurate Integrated
intensities®. A good source profile proved to be the most important requisite for a
smooth-topped diffraction curve. The take-off angle was 3 degrees, allowing a negligible
separation of the x;—=x, doublet at the maximum value of 26 used. The corresponding
errors should not exceed 5 2, in the intensity* and should affect mainly the temperature
factor.

* Presented at the annual meeting of the American Cryvstailographic Association, Villanova
University, Vilianowa, Pa., June 13-22, 1062,
** Present address: Chemistry Department, University of the Pacific, Stockton, California.
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STRUCTURES OF TWO ISOMERS OF Fe,(COg)(CaHCaCsHis)o 275

All reflections were counted for a constant time, which results in poorly de-
termined weak intensities. Also, several hundred counted intensities (Table 1) for
both crystals were found to be no stronger than background. The background was
estimated in two different ways as described below.

TABLE }
UNIT CELL DATA FOR THE ISOMERS OF Fey(CO) (CgHiCaCgHyg)a

Violet form  Black form

4o 33.49 9-39
by .31 18.35
Co 21.75 18.29
8 115.1° 96.5%
I 6304 3143 A3
ZzZ $ +
Space group Cz2c Pz)lc
Cbserved density 1.575 1.578
X-rayv density 1.576 1.57
No. of retlections 1999 1511
No. with 2 > O 1049 1510

STRUCTURE DETERMINATION AND REFINEMENT

For the black form, the three-dimensional Patterson function was first calculated
with a general IBM-7090 program written by A. Zalkin. The symmetrv was assumed
to be P2,/c, so that in general the three iron atoms of the molecule would lead to 21
heavv-atom-heavyv-atom peaks, excluding the origin, in the asvmmetric unit. It was
then possible to account for the major features of the Patterson by assigning the three
heavy-atom positions. The heavyv-atom-light-atom interactions amounted to only a
tolerable noise background.

The light atoms of the black isomer were located by several cycles of Fourier
refinement. Several of the carbon atoms were not well defined and the discrepancy
index R=2X ' Fos — Feara’ ;X Fops would not improve bevond o0.27. Two
cveles of least squares, in which only the parameters for the iron atoms were varied,
resulted in an improvement of R to 0.18. Full-matrix least squares was then applied
to a trial structure including all of the atoms, and this resulted in successful con-
vergence to a final R value of 0.087 for the 1510 reflections of non-zero weight.

During the refinement it was discovered that 1S of the original measurements
were seriously affected by streaks from nearby- strong reflections. These measurements
were given zero weight in the final refinements. The final position parameters and
temperature factors along with the estimated standard deviations are given in Table 2.

The same general approach was made to the structure determination of the
violet isomer. However, greater difficulty was encountered in obtaining the correct
heavyv-atom positions. An assignment of the iron-atom parameters was made which
seemed to give a good fit to the Patterson, but repeated attempts at Fourier refinement
met with no success. Without abandoning the space group assignment of C2/c, a new
set of heavy-atom positions was arrived at that soon proved to be correct. The cause
of difficulty was that the v parameters of the correct assignment are close to either
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TABLE 2
ATOMIC PARAMETERS FOR BLACK ISOMER
Atomn x Gz 3 Gy z Ge B Gg
Fe, 0843 .Co03 1747 .0001 -2039 .000I 2.64 .06
Fe. .3026 .0003 o801 .ooo1 .1887 .o001 3.01 o7
Fe, .3421 .0003 L1571 .0001 .3032 .0001 2.86 .07
O, 3637 .0015 —.0604 .2c03 L1346 .0007 6.S3 .37
O. .3912 .00L3 .LI70 .0007 _0451 .0Q07 5-77 .33
O, -6030 o013 1053 -0007 -2439 -coo7 6.57 -35
O, .5332 _oo15 .2793 0008 .3228 .co007 7.1z .38
O .5103 .00l .0883 .oc08 .4292 _.0c07 6.27 .34
O, .2326 .0012 .2405 .0007 .42490 .0007 5.28 2
O. —.0845 .0013 .3057 _.0007 .288g .0006 5.62 .34
O, —.1292 .00I3 .r278 o007 -3858 .0007 541 .32
C; .3335 .cozx2 .0003 .00I2 .167 0011 6.13 .53
C, .3532 .QOIg L1037 L0010 .to22 .0011 4.93 .43
Cs 4707 .0023 .1 105 .00I12 .2384 L0011 6.11 .57
C, _1513 L0022 2366 .cot2 3147 L00LL 5.88 .54
Cs .4373 .00I9 1167 .00I0 .3Sz20 .00I0 $-27 .46
Cq _2180 .ot 2081 .00Io .3650 .corI 1.65 .33
C. —.0148 .0018 2551 .oolo .2856 .0009 3.37 42
Cq —.0406 .coz0 1454 _.ooio 3497 .oor10 4-76 .43
Cs .06938 0016 .1489 .c008 1798 .0003 2,46 .33
Cio L2204 0016 .I9I3 .0003 .2103 .0o03 2.42 .33
22 _I911I .0oI16 0762 .coo3 .2852 .0008 2.29 .37
Cia .0873 .oc1b .oSI11I .0009 K3 {- X1 .0003 2.63 .38
Cy3 —.OIi2 .00I7 _I6TI .0009 L1167 .0003 3-05 .39
Chs 2523 .co17 L2624 .00G9 1719 .0009 3-37 .42
Cis .I924 .0016 .0I33 .0009 -3372 .C009 3.00 .31
Cie —.0206 0016 0239 .0009 1935 .0009 2.43 .33
Ciz ~—.1540 .00Lg _I1639 .coio LI251 .0009 3.97 43
18 —.2583 .0o13 _1832 _.ooIo 0613 .cor10o g.21 54
C;s —. 2125 0019 _t1gh3 .0ol0  —.003% .0oro .1t .45
-0 —.07035 .coz0 .1032 .cor0 ~—.0133% .0009 3.3t .47
C.; .03386 .co18 -1345 -0o09 0454 .0009 3.56 31
C.. .1495 .oot3 .3104 .0010 -1507 .Q009 3-77 32
C.y L1826 .0019 3752 .coto Lriay L0009 3.29 46
C., -3185 -0019 -3858 -coro 09335 .0009 3.26 -45
Cas 3226 .0019 .335r .ooIl1l 1093 .0009 5.12 17
C.g .3930 .0013 2722 .0009 L1524 .0009 317 45
Cas 20712 .00I7 —.0595 .ooc3 3113 .0009 2538 .37
Cae .2034 0017  —.I1I47 .0009 .363¢ .0010 3.71 .43
Co -1949 -0017  —.103% -ooro -£3%59 -0009 3.5z 41
Csp .1319 .0or;y  —.03:3 .0010 .4609 .0009 3.70 .43
11 aszn L0017 L0170 .Q010 4123 .0009 3.55 42
32 —.1191 .o013 .coon 0009 -2398 L0009 3-33 .32
C.sy —.2233 0019  —.0382 .coro 2r1z _.colo 443 .37
Cia —.22 0020 —.o74l cort -1303 Rl 284 5.37 .5t
Cys —.1319 0020 —.03I9 .00T10 .0943 .oo10 3.75 37
Cag —.0235 .00lg —.00135 .ool0 L1218 .00I0 236 46

one-guarter or zero, and that the z parameters are all about equal {Table 3). This
fact causes the Patterson peaks to be grouped together in a way that is not easy

to unfold.
A refinement of the heavy-atom parameters was cairied out by least squares

before any light atoms were located. After this calculation, all of the light atoms of the
structure were located easilv by Fourier refinement. Full-matrix least-squares re-
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TABLE 3

ATOMIC PARAMETERS FOR VIOLET ISOMER

Atom x Gz a Gy z [ B [¢5:]
Fe, .1308 .0001 .2598 .0004 .1568 .co02 2.36 .08
Fe. -1551 .0001 —.0156 .0005 L1631 .co02 3.03 .09
Fe, 03815 .0001 o322 .0005 .1405 0002 2.94 .09
0, -09035 .0003 -555¢ .0023 -1458 -0009 5.62 -47
O, .1933 .0C00 -4306 .0025 .I785 .0009 6.59 .51
O, -1369 0005 —.2739 .0026 .0601 .0009 6.53 .50
O, .2360 .0003 .0439 .0023 1g2r .0008 6.15 .48
Oy .1609 .0003 —.2731 .00235 .2619 .0009 6.30 .46
O 0782 0005 —.I723 .0021 .2307 .c003d 5.16 .35
O 0126 .00035 .1946 .0022 1163 .0008 5.62 .46
Oy .0301 .0006  —.1Q927 0027 .0302 .00IX S.1y 60
C, -1068 .0007 -4385 .00335 .1396 .0012 4-32 .65
C. .I710 .0008 .3679 .0033 J171I5 0013 1-48 .69
Cy .1459 0007 —.1630 .0035 0994 .00l 5.02 .69
C, L2032 .Qo0o3 .OII13 -003% .18035 0012 3-61 .66
Cs .1639 0006 —.1689 .0030 2254 0012 3.33 .59
Ce 0827 .0008 —.o0gol .0036 .2017 .00135 6.10 .79
C; L0417 .000G .1393 .0039 L1254 .0015 6.86 S5
Cy .0639 .cco8 —.0997 .0039 .0720 .0015 6.59 .Ss
Cy L1563 .oco6 1256 .0025 2389 o910 I.55 .48
Cio L1192 .00035 L1592 .0023 .2285 .0009 1.30 .46
Cyy .0gbo .0005 .1636 .0024 .0693 .0009 1.09 46
Cya -1339 .0000 L1345 .0025 .0833 .o010 .77 .50
Cy3 .190z .0006 .1632 .0026 .3039 .0010 1.85 .50
Cye .1053 .0000 L2131 .0027 L2782 Rele) o) 2.45 .50
Cys 067 0006 2151 .0023 .0022 .0oto 2.32 .50
Cie 1523 0005 _1787 .co23 .0377 .0009 .41 47
Cis 2203 _000b .0199 0028 .3357 .0010 2.62 .52
Cye .2520 .0007 L0306 .0030 .397% 0012 3.82 .61
Cio .2552 .0006 .2393 .0032 .31254 .0010 3-19 53
Ca.a 22604 .0008 .3516 .0035 .3970 .0013 5.37 .72
C., 1913 .0000 .3152 0027 .3306 .00lIo 2.26 .51
C.. Lp222 .000bL L1386 .0023 -343¢ .co11l 2.76 .55
C.y 1103 .000H .i900 .0028 .3920 001! 3-.30 .56
C.y 0325 .Goo7 3123 .0031 .3511 .0012 4.07 .61
Cas .06 43 .0008 .3921 .0034 .3170 L0013 3.61 72
Cag 0707 L0007 .33s50 .0030 .2648 0012 4.36 .62
Cas L0327 .0006 .3483 .0028 —.0032 .oort 2.94 50
Cae .0t56 0007 .3037 .oo30 —.0709 .00I3 4.03 602
C.y .0053 .000S .3120 .0039 —.I1204 .00Ig 6.32 77
Cao 0303 0007 .1339 .0033 —.1200 .00I2 4-36 .61
Cayy .0593 .0007 L1226 .0030  --.037I 0012 3.67 .60
Cya _1g21 .0006 .3297 .0026 .0018 .o0l10 2.03 .30
Caa _1533 .0007 .3709 .0030  —.0427 .0012 3.56 .62
C,, _1829 .0006 .2593 .0030 —.0548 .00I0 2.92 .52
Cyus -1929 .0006 .I120 0027 —.0213 o011l 2.90 .35
Cae ETFT .0006 0713 00235 0219 .ooIo .85 .49

finement for the complete structure brought the R index to 0.127 for 1649 reflections
of non-zero weight. Again, a few reflections that were badly overlapped or missed
were given zero weight in the refinement. The final position parameters and standard
deviations for the violet isomer are given in Table 3.

The least-squares weight assigned to each reflection from the violet compound
was proportional to the expression [C — Bj/[C + (Bf2):, where C was the count
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observed at the peak position and B was the average of counts made for the same
time as C at two opposite nearby points along the 20 streak. (A more exact treatment
would of course take account of the variation of the Lorentz and polarization factors
with 26.) Reflections that counted no higher than backeround were given zero weight.
For the black compound, B was estimated from a general survey and used in the same
weight expression.

Part of the difference between the two final R values (0.127 for violet as against
0.087 for black) is surely due to difference in accuracy of the two methods of estimating
the background, but other difierences between the two structures and sets of data are
clearly considerably more important. If the least-squares refinement had been properly
made on the essential observations—the counts of peaks and background levels—the
two structure determinations of isomeric substances with identical atomic composi-
tions of the primitive unit cells (and asymmetric units) would prebably have afiorded
an interesting practical test of the two methods; the actual refinement on F, un-
fortunately still rather conventional, leaves the effect of the various differences
hopelessly mixed. We can only mention some of the advantages of the general survey
while indicating how it was made and how its drawbacks were overcome. Background
counts twice as long as the peak counts were made at suitable, usually varving inter-
vals in 20 and the goniosta. angles @ and 7, such that routine linear interpolation on
the computer would preserve good accuracy. The necessarv spacings in @ and y were
very broad, in 20 less so. Care had to be taken to avoid Bragg peaks and the associated
streaks, and to allow for significant streaks underlving the peak counts especially for
some of the inner reflections, but this was not so difficult as might be expected. The
twofold advantage of the survev is that a great overall saving in time is realized while
the resulting background counting accuracy is easilv made as high as could be desired.
Actually, the separate background counts for the violet compound were longer than
optimal relative to the peak counts (hardly any time could in fact have been saved by
making them shorter); even so, the counting precision of the survey background was
alwavs at leasc rs good and would generally have justified weights for the weak non-
zero reflections about a third higher than were used.

DISCUSSION OF THE TWO STRUCTURES

The central feature of the structure of the black form of ¥e,(COM(CHC.CHJ).
{Fig. 11 is the ferracyclopentadiene ring with the unique aspect of -z-bond formation
to iren atoms on both sides of the ring. This arrangement is absent in the violet
form (Fig. 3) and, in a sense, represents a final stage in the stabilization of the onginal
iron-carbonvl-acetvlene system.

The estimates of the errors in the bond distances and bond angles of both isomers
{Tabie= 4, 5, 6, and 7} were made assuming that the errors are isotropic. An inspection
of the least squares result: confirmed that this was a reasonable assumption.

Aside from the twisting of the phenyl groups out of the plane of the five-member-
ed ring, the svmmetry of the molecule of the black form is close to C2r. One mirror
plane is defined by the five-membered ring and the other by the iron atoms. The
twists of the phenyl groups, all by about 55° (Table 8) and all in the same sense, upset
this syvinmetry. Nearly octahedral bonding of the carbon atoms to Fe, prevails (Fig. 2),
the 77° angle in the five-membered ring representing the greatest deviation.

J. Orzanometal. Chem., 3 (1665} 274-254
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>
Fig. 1. \ molecule of the black isomer of Feg{(COICHCL.CeHy) . The projection is perpendicular
o the b axis.
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Fig. 3. \ molecule of the violet form of Fey(CONIC,H C.C,H;sla. The projection is perpendicular
to the ¢ axis.
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Fig. 4. Numbering system for the violet isomer.
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STRUCTURES OF TWO ISOMERS OF Fe (COJ(CoHC.CGH;

TABLE ¢

BOXD DISTANCES IN THE BLACK ISOMER

Bond Distance (4) & Bond Distance (d) o
Fe,~Fe, 2.428 .003 C,~-O, 1.189 .026
Fe,—Fe, 2.435 003 C.~O. 1.165 .0z
Fe,—Cq 1.532 019 Cy-0O, 1.238 .025
Fe,~C. 1.747 .o17 C,-0O, 1.178 .025
Fe,-Cy4 1.729 019 Cy-Oy 1.159 .023
Fe-Cy 2162 015 Cg-Oq 1.194 022
Fe,—C,o 2.128 o015 C-~O. 1132 021
Fe,-C,, 2.091 o015 GCg-Oy 1.163 .022
Fe,—Cys 2.202 016 C,~C,, 1.435 .021
Fe.-C, .72 o2z G-Cy 1.456 .022
Im.-\_4 1.731 o9 C,,-Cia 1.459 .021
l-v.-—L 1.771 021 Cy-C,, 1.500 022
I":_—C9 2191 .05 Cm-L“ 1.530 022
Fey-Cho 2.093 015 G —Cyy 1.499 .022
Fe,-C,, 2.169 015  Cya-Cyg 1.502 .02z
Fe,—Cya 2.1635 .016
Tey-Cy 1.988 021
Fe,-C, 1.6g6 021
Fe,-Cy 1.774 .013
Fe,—Cy 1.Q91 .019
Fey-Cig >.031 oI5
Fey-Cyy 2.063 .015
TABLE 5
BOND ANGLES IN THE BLACK ISOMER
Degrees

Fe -Fey-Fey §7.6 o.1 Fey-Cie-Cyy 126.0 1.1
Co-Fe—Cy 51.9 S ‘-’:x Lo~ 119.9 1.1
Ci-Fe-C., 82.8 1.0 Cy— m‘(u 113.4 1.3

,O-I-o.;—L" 774 0.0 Fey-Cyy—Cos 129.2 1.1
Fe-C) O 1774 1.9 Fe,—C,,-C,. 117.3 1.0
Fe,-Cl.-0, 177-5 1.7 C,--C1;-Cy5 121.7 1.3
IL..—( ~() 148.2 1.7 Ci0-C ‘Cn 125.5 1.4
Fe,~Cy -() i31.2 1.6 C10~Co-Cya 112.3 1.3
Fc -C, -() 179.5 1.9 Cra—Co-Cy5 119.1 1.3
Fc:—C_',—OS 173-4 1.0 Cy—Cys—Cy,y 112.3 1.3
Fe,—Ce-O, 137.7 1.5 Cy—C1a—Cyg 1225 1.4
Fe,—-Cg-Oy4 113.3 1.5 Cy1-C1a—Chs 125.2 1.4
Fe—C—O, 1741 1.6
Fe-Ce-0y 176.9 1.6
Fe,-Cy-Fey So.5 0.5
I‘L‘l-(“ FCJ 78.5 o.7
Ci~Fey-Cg Sg.1 0.9
Cy—Fe3-Cq 177.6 o8

J- Organometal. Chem., 3 {1965) 274-284
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TABLE 6

BOND DISTANCES IN THE VIOLET ISOMER

Bond Distance (4) & Bord Distance (d) &
Fe,—Fe, 2.469 005 C;-0, 1.132 .034
Fe,—Fe, 2,357 o005 C.-O, 1167 .035
Fe.-Fe, 2592 .0oo5 Cy—Oy 1.179 .036
Fe,-C, 1520 028 CO 1.153 .034
Fe,-C, 1.699 025 Cg-0Oy I.21¢ -032
Fey,C, 1.8c1 030 C,4-O4 1.150 .035
FeeC, 1.786 028 C-O, 1.150 -038
Fe.C; £.750 025 GOy 1.139 030
Fe;-C, I.750 o5t G-C,, 1.395 .030
Fey-C, 1.733 033 GC,-C,. 3117 .031
Fey-C, 1.500 033 C,-Cy, 3.191 .028
Fe,—C, 1.gSo0 022 C.,-C,. 1.375 .030
Fe,C,, r.gSo 021 CGy—Cy, 1.4S3 .031
Fe,—C,, 1.975 .ozo C,,—C,, 1.362 .o30
Fe,—C,. 1.95% o022 Cp—Cys I.473 .030
Fey,Cy 1.995 o022 C,.-C, 1.403 030
Fe.—C;. z.030 .022

Fey—Cy 2057 .0z1

Fe-C,, 2.049 .0z0

TABLE 7

BOND ANGLES IN THE VIOLET ISOMER

Apgls Dzerees o Angle Dzarees
Fe.—Fe,—-Fe, 635 0.z Fe,-C,-0O, 73.2 .5
Fe,—Fe.-Fe; 5S8.0 o.1 Fe,—C.-0O, 1703 2.5
Fe,—Fey—Fe. 53.5 0.1 Fe,—C3-0, 171.7 2.6
Cy-Fe-C, 353 1.3 Fe.£,~O, 1723 =5
Cy-FeC, 95.2 £3 Fe.-C,-O; 1639 2.2
Cy-Fe.-Cg Qo3 1.3 Fea—Cog—Oy 1739 =7
C—Fe.Cy 95.5 1.x Fey,—C.-O. 175.6 z.9
Cs~Fey-Ce 95.0 1.5 Fey~Cy-0y o | 2.9
Cg—Fe,-Cy Q4.1 1.5 Ch0-Co~Cis Ix:0 1.9
C.—Fe,-Cy a5.n 1.5 Co-Cio-Cyy 1283 1.9
Cy-Fe;-Ciy  31.3 0.9 C,—C,,-Cps 1233 1.0
Cio-Fr.-Cyy 1070 03 (-CaCpg 1248 L9
Cy—Fe;~Ci. 310 0.9

Co-Fe,-Cis 1043 0.9

Cy--Fe~C,. 1013 0.9

Cio-Fey-C,, 1020 0.5

The tnangular structure for Fe,(CO),. proposed by Dahl and Rundle®”, suggests

a simple picture of the reactions leading up to the formation of the ferracyclopentadi-

ene ring. The structure of the violet compound (Fig. 3) is then closely related to the

individual structures of both reactants and can be viewed as simply a double sub-

stitution of Fe3(CO},, by diphenvlacetylene. The two diphenylacetvlene groups remain

° The structure of Fe;(CO},. is not 2ntirely certain: the quadrupole splitting and chemical

shift in the Massbauer effect®.” seems to demand a linear structure, but the X-rayv evidence® rules
out this possibility.

J- Orcancmelal. Chem., 3 {16635) 2734-251
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TABLE 8

INFORMATION ON THE PHENYL GROUPS OF BOTH ISOMERS

Phenyvi Average C—-C _Arverage R.m.s. dev. Av. dev. of Angle Angle of
group at distance () deviafion from bestl.s. C-C-C angle of twist  bend”
plane (A) from mean

Black isomer

¢

C,, .41t .033 013 2.:: 55° 5°
Cis 1.399 .02 o016 1.4 54° —27
Cys 1.yj02 o1y o2 2.0° 57° 2°
18 1.396 .018 o1l 1.6° 55° —5°
Vrolet iscmer
C,s 1.404 .018 .0l5 1.7° 2° 19°
Cis 1.431 017 .006 2.6° 36° 12°
Cys 1.309 .039 .031 2.1° 46° 10°
Cie I.413 016 or1r 0.58° 57° 20°

° Positive toward Fe, and ncgative away from Fe,.

cleariv separate (note the interatomic distances in Table 6), and it is the rearrangement
to the black compound that represents the synthesis of the butadiene unit as weil as
the ferracvclopentadiene ring.

The twists of the phenyl groups given in Table § are actually interplanar angles
between phenyl group and a reference plane, and must be regarded as resultants of
both bending and twisting motions. The bendings are negligibly small for the black
isomer but not for the violet isomer. For the black isomer the reference plane is the
least-squares plane of the ferracvclopentadiene ning; for the violet it is the least-
squares plane of the four acetylene carbon atoms. The bend angle in each case is the
angle between the reference plane and the C-C bond line to the phenyl! group. In
the black isomer, as in tetraphenylcvclobutadiene iron tricarbonyl®, the twists in any
molecule are all of the same sense, but not so for the violet isomer. Two phenvls on
anyv one diphenviacetylene group are twisted in the same sense to avoid an obvious
steric hindrance. The separation of the two diphenvlacetvlene groups clearly allows
adjacent phenyl groups on opposite sides of the iron plane (on C;4and C,,, for instance)
to have opposite rotations without incurring steric hindrance, but it is not clear why
that arrangement is adopted in preference to the other. Goodness of intermolecular
packing is very probably decisive, but the deviations on the bends and twists (Table 7)
from C,, symmetrv and the retention of approximate C; symmetry suggest that
relative ease of intramolecular distortion may be important too. We have net followed
up this point in detail. As for the individual angles of twist, inspection of all of the
interatomic distances in the molecule reveals that the actual angle of twist for each
of the phenyls is such as to equalize as much as possible the distances to the carbonyl
groups in the same molecule. The shortest intermolecular contacts in both forms are
between oxygen atoms; however, a few carbonyvi-phenvl contacts mayx be close
enough to affect the balance of forces on the phenyl groups.

The further information on the phenyl groups, in Table §, shows that thev are
all regular planar hexagons to the accuracy of the determination. The best least-
squares plane was calculated in each case to determine the degree of non-planarity.

J. Organometal. Ckem., 3 {1965) 273—284
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The average angle at each carbon atom is within 0.04° of 120° except for the phenyl
group at C,; in the violet isomer, for which it is 119.78°. The average deviations from
the means are about these expected from the least-squares estimates of the standard
deviations.

The isomerization of the violet compound results in the formation of a butadiene
unit, a recurrent theme in the chemistry of the acetylene-iron-carbonyi complexes?. 19,
With the help of the present structure determinations it is easy to visualize the re-
arrangement in terms of more or less simultaneous breaking of an iron-iron boad,
formaticn of the butadiene bond, and formation of new iron—carbonyl (bridge) bonds,
but neither the exact sequence nor the necessary amount of thermal activation energy
1s clear. Meore interesting than further speculation, in fact, would be a determination
of whether the rearrangement is indeed an uncatalvzed, first-order reaction or not.
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SUMMARY

The reaction between Fej{(CO),., and diphenvlacetvlene produces a violet
compound Fe (COW(C,H,C.C.HS . which readily trunsforms to.a more stable black
isomer. The present NX-rayv structure determinations have revealed the nature of the
bonding in these new three-center complexes. The diphenvlacetvlene molecules in the
violet isomer remain separate, being located on oppeosite sides of the triangle of iron
atoms, while they unite to form a ferracvclopentadiene ring in the black isomer.
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