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Summary

The crystal structure of a bis(triphenylphosphine)iminium salt
of the 1:1 adduct of [FeH(CO)4]' and dimethyl acetylenecarboxylate
has been determined from three-dimensional X-ray data collected by
the counter method. Single crystals belong to the triclinic space
space group P1, with two units of [C35H3ONP2]+[C70H7Fe08]' in a cell
of dimensions: a = 13.918(2), b = 15.669(5), ¢ = 9.909(2) Z, a =

I

91.22(3), B8 = 94.83(2), and y = 77.62(2)°. The structure was refined
to a conventional R of 0.068 for 5373 observed [[F | > 30(F)] ref-
"lections. The resulting structure indicates that the complex anion
is n3—[E§§g§;2,3-bis(methoxycarbony1)acry]oy]]tricarbony]ferrate.
the coordination around the Tron atom being described as a consider-
ably distorted trigonal bipyramid. A comparison of the present
structure with the structures of related complexes suggests that‘
the n3-acryloy] portion is best represented as an intermediate of
(n3-a11y1) with the oxygen atom and (n2-01efin + n]-acyl), The short
Fe-C(acyl) length of 1.897(5) 3 implies an enhanced back-donation

of electrons from the iron atom to the acyl group.
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Introduction 7 e
The reactions of [(PPh3) N} [FeH(CO)4]"(I) with acetylenic

ccmpounds (Ila- d) in CH2012 at room temperature yield 1: 1 adducts,
the structure of whlch have been 1nferred to be unusual n3-acryloyl-
- tricarbonyiferrates (IIIa d) (Scheme ]) [1]. In these react1ons no
a]kenyitetracarbonylferrates were produced the 1nsert10n of a
carbonyl group into an 1ntermed1ate alkenyl-iron_bond and the
coordination of the olefinic group to the vacant site on the iron
atom were inferred to take p1ace; To elucidate the molecular

- structures of the novel complexes (IIIa—d) we undertcok an X-ray

study of (IIla).

Scheme 1
i Rz H
[(PPhy) NI TFeH(C0), 1™ + RI-C2C-RE — [{pPR)NT*| Vi
RN 1) 4 = ' v
(1) (Ila-d)
(CO)
R} R? B 3
a CODMe CO0Me (IIIa-d)
b H COO0Me
[ H COMe
d H CHO
Experimental

Recrystallization from a methy1ene chloride-ether soidtion
afforded yellow single crystals. Specimens used for the X-ray work
were sealed in argon-%illed glass capi]]ary'tubes to prevent decom-
position. Preliminary oscillation and Heissenberg photographs
indicated that the space group was either P1 or PT; P1 was later
proved to be correct on the basis of the successful analysis.
Accurate cell parameters were determined by a Teast-squares treat-.
ment of 28 angles of 21 ref?ect1ons in the range 18° < 28 < 25°
measured on a computer-control]ed four—c1rc1e d1ffractometer w1th

Mo Ka rad1at1on (1 = 0.71069 A)
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A specimen, approximately 0.37 x 0.21 x 0.19 mm3, was used for

X-ray data collection on the diffractometer. Integrated intensities
of.the independent reflections for 28 less than 50° were measured
with the w - 20 scan mode at an w scan rate of 2° min”! by use of
graphite- monochromated Mo Ka radiation. The scan width in w was
(1.0 + 0.34tan)°® with stationary background counts of 10 s duration
on either side of the peak. As a check of~the deterioration of the
specimen the intensities of five reflections were measured after
every 50 reflections. No remarkable variation was observed for these
monitoring intensities during the data collection. The intensities
were corrected for the Lorentz and polarization effects. No correc-
tions were made for absorption ar extinction. OFf the 6706 reflec-
tions measured, only the 5373 reflections with ]EOI > 30(F) were

considered observed and used for the structure determination.

Solution and Refinement of the Structure

The structure was solved by the heavy-atom method. The Fe and
two P atoms were located from a Patterson map. An iterative appli-
cation of Fourier and diagonal least-squares calculations gave a
reasonable set of ccordinates and isotropic thermal factors of all
the non-hydrogen atoms. At this stage the residual index, R =
£|AF|/2|E ), where aF = [F | - |F_|, was 0.11. In the least-squares
calculations the function minimized was XE(AE)Z: where w was the
weight (see below). Many peaks on a difference Fourier map then
calculated were assignable to those due to the hydrogen atoms.
However, only ane H atom, H[C(4)] (see Table 1), important to the
stereochemistry of the complex anion, was accepted to include and
to refine the position and the isotropic thermal factor in the
subsequent cycles. The other H atoms were ignored.

In the final three cycles of the block-diagonal least-squares
calculations the weighting scheme, 1/w = g?(go) + 0.0024!§o|2, was

used. The final! residual indices are: R = 0.068 and R, = [Z!(Af)z/



ZwlF |2]1/2 0 095 The 1sotrop1c temperapure factor of H[C(4)]
>iwas- B' 1 0(1 0) A2 In the f1na1 ref1nement cyc]e no 1nd1v1dua1
parameter sh1ft exceeded one f1fth ‘of - the correspond1ng -standard
dEV1atJon..The averages of Zw(AF) for- several subgroups of increas-
“ing |F| were reasonab]y constant. . - |

. Atomlc scatterlng factors were those of Cromer and waber [2].
‘The anomalous d15pers1on correct1ons for Fe and P were included in
‘the structure factor calculations: for Fe, Aff = 0.301 and Af" =
0.845; for P, Af' = 0.090 and Af" = 0.095 [2]. A1l computations
i_’were carr1ed out on FACOM 270/20 and 230/38 computers of Kwansei
Gaku1n University:
_ Results

The crystal data are summarized as follows:
[C36 30NP2]+[C]OH7Fe08]f, M= 849_59; triclinic, space group P1;

= 13.918(2), b = 15.669(5), ¢ = 9.909(2) A, a = 91.22(3), 8 =

a —
94.83(2), y = 77.62(2)°; V = 2103.2(8) a3 z = 2; D, = 1.341 g cm 3,

= 5.10 cm'](Mo Ka).
Table 1 lists. the final atomic coordinates. Tables of the anisotropic

thermal parameters and the observed and calculated structure amplitudes
are available from - NAPS* .

The crystais censist c¢f the bis{triphenylphosphine)iminium
cationsband the moncnuclear n3-[§[§g§72,3-bis(methoxycarbonyl)-
acryloyi]jtricarbonylferrate anions (IIIa). In Fig. 1 is shown the
crystal structure,. in which no unusﬁa1 intermolecular contacts
 were found. The structures of the cation and the complex anion are
illustrated in Figse 2 and 3, respectively, with the atomic label-
1ing scheme. Bond lengths and angles are given in Table 2.

(Continued on p.119)

%

The tabTe of structure factors has been dep051ted as NAPS
. Document No.03329 (29 pages). Order from ASIS/NAPS, c/o
Mlcroflche Publlcatlons, P.0. Box 3513, Grand Central
'Statlon,,Vew'York N.Y. 10017. - A copy may be secured by .
citing the document number, remitting $7.25 for photocopies
or $3.00 for microfiche. .  Advance payment is required. Make
- checks payable to Microfiche Publications.
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TABLE 1

FINAL FRACTIONAL ATOMIC COORDINATES (x104; FOR H XIOS).

ATOM x Yy z ATOM x Y z

Fe  4277.1(6) 1614.8(5) 1113.7(7) C(B2) 8506(4) 3330(4) 666(5)
0(1) 5363(3) 2648(3) 3024 (4) C(B3) 8107(5) 3033(4) -549(6)
c(2) 4679(4)  2395(4)  2426(5) C(B4) 7129(5) 2915(4) -642(6)
C(3) 3664(3) 2376(3) 2624(5) C(B5) 6561(5) 3111(4) 472(6)
C(4) 3037(4) 2605(3) 1396(5) C(B6) 6954(4) 3427(4) 1657(6)
C(5) 3003(4) 3391(4) 650(5) C(Cl) 7471(4) 4734(3) 3979(5)
0[6) 2402(3) 3649(3) -311(4) C(C2) 7004(4) 4564(4) 5102(6)
0(7) 3686(3) 3846(3) 1114(4) C(C3) 6240(5) 5212(5) 5566(7)
C(8) 3752(5)  4600(4) 364(7) C(C4a) 5958(5) 6016(5) 4899(8)
(of¢2)] 3345(4) 1952(4) 3749(5) C(C5) 6423(6) 6178(5) 3777(8)
0(10) 2512(3) 1877(4) - 3891(5) C(C6) 7196(5) 5530(4) 3305(6)
0(11) 4104(3) 1631(3)  4667(4) C(D1) 10175(4) 1947(3) 5850(5)
C(12) 3901(5) 1120(5) 5764(7) C(D2) 10281(4) 2622(4) 6777(6)
C(13) 5364(5) 873(5)  1690(6) C(D3) 11087(5) 2469(5) 7766(6)
0(14) 6098(4) 414(4)  2093(6) C(D4) 11748(5) 1589(5) 7829(7)
C(15) 4617(4) 1915(4)  -473(6) C(DS) 11628(4) 999(5) 6924(7)
0(16) 4841(4) 2141(4) -1477(4) C(D6) 10841(4) 1143(4) 5903(6)
C(17) 3529(5) 815(4) 746(6) C(E1) 9402(4) 1601(3) 3114(5)
0(18) 3044(4) 312(3) 571(5) C(E2) 10295(3) 1657(4) 2593(6)
H[C4] 242(3) 242(3) 131(5) C(E3) 104635(5) 1384(4) 1244(6)

P(1) 8424.3(9) 3877.7(8) 3371.7(12) C(E4) 9747(6) 1050(4) 464(7).

P(2) 9099.6(9) 2136.9(3) 4678.1(12) C(E5) 8881(5) 980(4) 1001(7)

N 8672(3) 3150(3) 4503(4) C(E6) 8635(5) 1251(4) 2329(6)
C(Al) ©9492(4) 4298(3) 3034(5) C(F1) 8214(4) 1642(3) 5421(5)
C(A2) 9431(4) 4919(4)  2023(6) C(F2) 8520(4) 953(4) 6326(6)
C(A3) 10282(5) 5208(4) 1753(6) C(F3) 7810(4) 583(5) 6879(7)
c(ad4) 11187(4) 4846(4) 2464 (6) C(F4) 6826(4) 893(5) 6537(7)
C(AS) 11237(4) 4234(4)  3441(7) C(F5) 6521(5) 1571(5) 5633(8)
C(A6) 10394(4) 3949(4)  3763(5) C(F6) 7208(4) 1965(4) 5088(6)

C(Bl) 7940(3) 3534(3} 1758(5)
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COTABLE 2. - .
' BOND LENGTHS (INA) AND-ANGLES (IN °). .

© (A) BOND LENGTHS IN THE COMPLEX.

BOND:  LENGIH ~ .~ BOND - LENGTH 'BOND -~ LENGTH

Fe - C(2) 1.897(5) C(2) -C(3) '1.450(7). C(4) - C(5) 1.440(8)
Fe - C(3) 2.023(5) C(3) - C(4) -1.440(7) = C(5) - O(6) 1.215(6)
Fe - C(4) 2.003(5) C(4) - HICA] 0.97(5) = C(5) - O(7) 1.352(7)
Fe . - C(13) 1.759(6j C(3) - C(9) 1.457(8) O(7) - C(8) 1.432(9)
Fe  - C(15) 1.780(6) c( - 000) 1.209(Tj C(13) - 0(14) 1.162(8)
Fe - C(7) 1.806(7) C(9) - O(11) 1.352(6) C(I5) - O(16) 1.153(8)
C(12) 1.445(9) - C(17)-0(18)  1.144(9)

o(1) - C(2) 1.213(6) OQlL)

(B) BOND LENGTHS IN THE CATION.

BOND LENGTH BOND RANGE MEAN
N - P(1)  1.580(4) P-C 1.786(5) - 1.807(6) - 1.799(8)2
N - P(2) 1;579(4) © C-C 1.368(8) - 1.418(9) 1.397(13)

(C) BOND ANGLES IN THE COMPLEX.

BOND - ANGLE BOND ANGLE
C(2) -Fe -C(3) 43.3(2) Fe - C(4) - C(5) 114.0(4)
C(i) -Fe -CM@ 73.1(2) Fe - C(4) - H[C4] 115(3)
C(2) - Fe - C(13) 85.7(3) Fe - C(13) - 0(14) 177.9(7)
C(2) - Fe '- C(15) 106.8(3) Fe - C(15)-- 0O(16) 177.2(6)
C(2) - Fe- - C@7: 145.8(3) Fe - CQ7) - 0(18) 177.0(5)
C(3) -Fe -cCMA 40.9(2) 0(1) -C(2) -C(3) 138.3(5)
C(3) -Fe - C(3) 112.3(3) C(2 -C(3) -cCcr 111.0(4)
C(3) - Fe - C(15) 129.9(3) C(2) -C(3) -C(9 125.1(4)
C(3) -Fe - CQ@7) 106.4(2) C(4) -C(3) -C({9) 121.8(5)
C(4) - Fe - C(13) 153.2(3) C(3) -C(4) -C(5) 122.9(5)
C(4)- - Fe - C(15) 101.4(2) C(3) - C(4) - H[C4] 117(3)
C4) -Fe -CO7) 92.1(2) c(s) -cr) - H[cd} 113(3)
C(13) - Fe - C(15) 100.3(3) C(4) - C(5) -0(6) 124.9¢5)
C(13) - Fe . - C(17) 96;7(3) C@) -cC() -0(7) 114.2(8)

c(1s)

]

Fe = C(17) 106.3(3) 0(6) - C(5) - O(7) 120.9(5)
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TABLE 2 (Continued)

BOND ANGLE ' BOND ANGLE
Fe - C(2) - 0(1) 146.8(4) C(5) - O(7) - C(8) 117.7(5)
Fe -C(@ -cC(3 73.0(3) C(3) - C(9) - 0(10) 126.3(5)
Fe -C(3) -C(2) 63.7(3) C(3) - C(9) -0(1) 112.0(5)
Fe - C(3) -C(4)  72.1(3) 0(10) - C(9) - 0(11) 121.7(5)
Fe - C(3) - C(9) 118.2(4) C(9) -0(@1) - c(12) 117.1(5)
Fe - C(4) -C(3)  66.9(3)

(D) BOND ANGLES IN THE CATION.

P(1) -N - P(2) 140.6(3)
BOND RANGE MEAN
N-P-C 106.3(2) - 115.0(2) 111.0(30)%
C-P-C 105.8(2) - 110.9(2) 107.9(21)
P-C-C 117.2(4) - 122.8(4) 119.5(17)
C-cC-C 117.9(6) - 121.7(7) 120.0(9)

a The mean value, p, and its e.s.d., g, in parentheses are defined as:

p= in/n ‘and g = [(E}:v_?l - nﬁz)/(n - 1)]1/2, where P; and n stand for

individual observation and number of observations, respectively.

Fig. 1. A stereoscopic drawing of the crystal structure. The origin
of the cell is at the upper left corner. The y axis is hc%izonta],

the x axis is vertical, and the z axis points out from the paper.



: ng»-‘z-. Md;lecu]ar"s;tfuétuhe of h3{M2 3’bi§(he£hoxy¢'arbony1)-
’ acry]oy]]trlcarbonylferrate, (1I1a), v1ewed perpend1cu1ar to the
1:p1ane def1neu by the Fe, c(3), and c{a) atoms. Thehnal e111pso1ds

are drawn-at’ 40% probabﬂﬂ:y 1eve1 except ‘that of H or H[C(4)]

. wh1ch s drawn. by a sphere of an arbitrary radius.

Fig. 3 Mo?ecu]ar structure of b1s(tr1pheny1phosph1ne)1m1n1um,
v1ewed perpend1cu1ar to the plane def1ned by the P{1), N and

:i? P(Z) atoms Therma] e111pso1ds are’ drawn at 40% nrobab111ty Tevel.”



V’:'Thé'complex anion contains an n3-acry1oy1 1igand having the
1 two'méfﬁdkycarbony]s in trans configuration with réspect to the
C(3)5C(4) bond. This finding is quite consistent with the previous
'predictfon'tf]. The coordination geometry around the Fe atom may
be described as a greatly distorted trigonal bipyramid with the
C(2) acyl and the C(17) carbonyl carbons at the axial positions
and the other carbonyl carbons, C(13) and C(15), and the olefinic
group on the equatorial plane, the C(2)-Fe-C(17) angle being

145.8(3)°.

Discussion

Seemingly, the stereochemistry of the n3-acry10y1-Fg portion
resembles that of a similar portion in (CQHMCO)FeZ(CO)6 (1v) [31],
(C7H]0C0)F82(C0)6 (v) 31, PhN:C6H4C(CF3):C(CF3)C0C0(C0)2 (vi) [4a],
or n3—[§£gg§71,2-dimethoxycarbony1viny])methoxycarbene]tricarbony]—
iron{0) (VII) [5]. However, a close examination of these structures
reveals several remarkable differences to be discussed.

For the best representation of the interaction of the 0(1)-C(2)-
C(3)-C(4) system with the Fe atom in (I11la) three extreme views,
shown in Scheme 2, should be considered. In (A) the C(2)-C(3)-C(4)
fragment is represented as an n3-a11y1 unit with 0(1) attached
to the terminal atom, C(Z). The scheme (B) consists of the nz-olefin-
and n]~acy1-Fe bonds. In the last scheme (C), a localized minus
charge resides on the acyi oxygen_atom; thus the Tigand may be

regarded as an n3—viny1carbene unit.

Scheme 2
3 3 3
c c c
PR -~ \ - e \
01=’c2{ \CA 01=CZ\ /\c“ ol c2 '/\cz.
Fe ~ ' Fe ~ : Fe

(A),(n3-a1]y1)Fe - (B) (n2-01efin + n]-acy])Fe (c) (n3—viny]carbene)Fe
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'; 1nd1ng that C(Z) C(3)

: ',and 0(3) 0(4) Iengths [1 45017) and JE 440(7\ Al are equa'l to. each :
7 othnr w1th1n experrmenta] errors, 1nd1cat1ng that the p-n—e]ectrons
are. de]oca]1zed over- the C(2) C(3) C(4) systen. The correspond1ng
bond dlstances 1n (IV) and (V) d1ffer s1gn1f1cart1y from ‘each other
- The C(Z) C(3) and C(3) C(4) Tengths are somewhat longer ‘than those
Afound-1n,some other (n——a}lyl)fmetal complexes,_probably»due to an
exténsiqn of fﬁg'f-eleétrdn_dé]aca]ization'to the7hethb;ycarbony1
groups: - the €(3)-C(9) and C{4)~C(5) lengths are slightly shorter
than the usual C(spz) C(spz) 1ength However, the atoms bonded to
the C(Z) C(3) C(4) fragment deviate considerably from the plane
defined by these- atpms.»-(S) and C(9) deviate by 0.97 and -0.34 A,
'resbectively,,from_the plane.

The Fe-C(2) Tength of 1.897 A is significantly shorter than
any of the cbfrespdnding lengths in the usual Fe-acyl complexes
f1.96 - T,§7AR):[648jrand also shorter than any found in (V)
[1.945(4) Z}:and'(VI)_[1.961(7) R], but longer thén the Fe-C({car-
bene) lengfhrin (VII) [1.819(3) Z]. This shortening should partly
be due to an enhanced back-donation of electrons from the Fe atom
to the acy]rgroup. Thus the model (A) is not sufficient. Owing to
the short Fe-C(2) bond, the three Fe-C distances [1.897(5), 2.023
(5), and 2.093(5)73] deviate from the long-short-long pattern-
-‘usually found in the,(h3~a11y1)—meta1 system [9], and the C(2)-
C(3)-C{4) angle is reduced to i1070(4)° from the usual value
(115-124°) for the rformal n>-allyl ligands [9].

The’scheme (B) exp]ainsrthe short Fe-C(2) bond, except that
the addit%bnaf shortening, described above, due to the back-donation
of evectrons is not involved. However, the deloca]izéfion of m-
electrons over the C{2}-C{3)-c(4} portion is not shown explicitly
in this scheme. Finally, the scheme (C) is not satisfféd also with
the‘cfz);o(l) lergth [1.216(6) RJ, which corresponds to the4C=0
double-bond length. The €-0" bond should bs as long as ca. 1.28 K;
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" found in [NMé4]+[(n-CSH5)(CO)ZMnC(O)Ph] containing a Mn<«C-0"

/ ffagment [10]1, or loﬁger than ca. 1.25 E observed in many phenolate
‘groubs'[flj. Moreover, if (C) is the major contribution for this
system, the bond leﬁgths and angles around the acryloyl portion
‘should be more similar to those in (VII).

In conclusion, evidently, the bonding scheme of the present
acryloyl-Fe portion is not represented by any single scheme; an
adequate oné is an intermediate between (A) and (B), with more(A)

" than (B). Further details of the bonding scheme will be obtained
from molecular orbital treatment. In view of the complicated
structures of (IV), (V), and (VI), the present structure can be
taken as a typical one for the n3-acnyloy1-meta1 systemi*

The geometry of the [(PPh3)2N]+ moiety is very similar to that
commonly found in many ionic complexes: the P-N-P linkage is bent
and both the P-N-P angle and the N-P lengths are in the known ranges
(P-N-P = 134.6 - 141.8° and N-P = 1.571 - 1.586 A) as compiled by
Wilson and Bau [14].
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