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Summary 

(5-Cyanocyclohexa-1,3_diene)tricarbonyliron reacts with Grignard reagents 
to yield a series of (5-acylcyclohexa-1,3diene)tricarbonyliron complexes. The 
cyan0 derivative crystahises in space group Bxz~~, with 2 = 3, and ceil dimen- 
sions of CJ 28.235(19), b 6.498(7), c 11.114(10) A. The structure was solved by 
Patterson and Fourier methods, and final residuals were R = 0.070 and R, = 
0.057 on 803 observed intensity data. The molecules are monomeric and the 
cyan0 ligand adopts the exo stereochemistry. 

Introduction 

As part of our studies on dieneiron complexes, a stereospecific synthesis of 
(5exo-acetocyclohexa-1,3_diene)tricarbonyliron (IIa) [ 11 was desirable. It was 
achieved by reaction of the Grignard methyhnagnesium iodide with (5-e~0- 
cyanocyclohexa-1,3-diene)tricarbonyliron (I) (eq. 1). This method offers a con- ._ 

(C013Fe 
(1) RMgX 

I (CO13Fe 
(2) NH&I, 

H20 

* Present a&_&s+: Imperial Chemical Industries Ltd. Petrochemicals Division. P-O. Box 90. Wilton. 
Middlesbrough. Cleveland. TS8 8JE (Great Britain). 
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TABLE 1 

COMPO CJNDS AND YIELDS PREPARED BY EQ. 1 

Compound II Grigmrd reagent Yield (5) 

R = Me Me&kI 15 
R = Et Etnrgr 60 
R=n-Pr n-PrMgBr 60 
R = n-Bu ri-BuZvQI 50 
R=Ph PhMgBr 55 

venient route to a variety of Fi-exo-acyl compounds as illustrated in Table 1. 
The stereospecificity of the reaction depended on I being correctly assigned 

as the r?xo derivative. -Although this stereochemistry has always been assumed 
for I, it has never been unambiguously confirmed. We therefore undertook a 
single-crystal X-ray structure determination of I. 

(5-e-ro-Cyanocyclohexa-1,3-diene)tricarbonyhron (I) was prepared by the 
published procedure [ 2]_ 

The preparation of the (5exo-acyl)tricarbonyliron compounds II is exem- 
plified for (5-e~o-acetyIcyclohexa-l,3-diene)tricarbonyliron. 

1.45 g of methyl iodide in ether (10 ml) was added to 0.25 g of magnesium 
turnings under nitrogen. Reaction proceeded smoothly, and to the resultant 
solution was added 0.5 g of (5-e;t-o-cyanocyclohexa-l,3-diene)trica.rbonyliron 
in ether (20 ml). Reaction was complete within 5 minutes (TLC), and treatment 
of the soI&ioti with aqueous ammonium chloride followed by ether work-up 
-gave (5-exe-acetylcyclohexa-1,3-&ene)tricarbonyliron (0.4 g, 75%). 13C NMR 
G(CDC13) (ppm) 211-O (Fe(CO),), 208-O (-C=O), 86.7 (C(3)), 84.1 (C(2)) 60.6 
(C(4)), 58.6 (C(l)), 51.0 (C(5)), 28.1 (CH,), 27.5 (C(6)); IH INMR 6(CDC&) 
(ppm) 5.36 (2H, m, H(2,3)), 3.05 (3H, m, H(1,4,5)), 2.07 (3H, s, CH3), 1.89 
(2K m, JW,W)); v,, (cyclohexane) 2048,1975 cm-’ C=O; 1717 cm-‘; M’ 
262. 

Crystal data: C JI,NO,Fe, mol. wt. 245.02, orthorhombic, a 28.235(19), 
b 6.498(7), c 11_114(10) A, U 2039.1 A3, D, 1.60 g cmm3, 2 8, F(OO0) 991.9. 
Space group Pna2,, from systematic absences (Okl: k + I = 2n + 1, h01: h = 2n + 
1) and structure solution. Graphite monochromated MO-R, radiation, h 0.71069 
A, P(Mo-R,) 13.85 cm -*_ Intensity data was recorded from a crystal of dimen- 
sions 0.46 X 0.03 X 0.05 mm. 

Pale yellow needies of I were obtained by slow crystallisation from ether 
solution. The crystals were mounted in Lindemann capillaries, and the intensity 
data recorded on a Nonius CAD4 four-circle diffractometer, by the w/26 scan 
technique. Of the 1901 independent reflections measured within the range 
1.5 < 0 < 25.0” only 803 were significant (I> a(l)). Standard deviations were 
given by a(r) = (1, + 4(BGL + BGR) + (0.031)*)“*, where 1, is the nett measured 



intensity, BGL and BGR the left and right hand backgrounds, respectively, and 
I = Im - 2(BGL + BGR). Lorentz polarisation and numerical absorption correc- 
t&ms we_re applied. The crystal was bounded by the (OlO), (loo), (lOl), (OOl), -- 
(lOl), (loo), (lOl), (OOl), (101) and (0x0) faces. 

The structure was solved by a combination of Patterson and Fourier techniques. 
The calculated density indicated the presence of eight molecules in the unit cell. 
This was interpreted to mean that there was one iron atom in the asymmetric 
unit if the space group was Pram (a non-standard setting of Puma), or two if 
the compound crystallised in the non-centrosymmetric space group PnaZ1. The 
Patterson map yielded a straightforward solution in terms of two iron atoms, 
while the only solution for one heavy atom placed it on a special position 
(x, y, l/4). This would result in a situation which would not be consistent 
with the expected molecular structure. So the solution was attempted in space 
group Pna2,. A Fourier difference map computed on the iron atom coordinates 
revealed the positions of all the non-hydrogen atoms in the two independent 
molecules. The residual, [R = CllFoi - IF,il/U’,,], with all these atoms included 
was 0.109. The hydrogen atoms in the cyclohexadiene moieties were placed in 
geometrically acceptable positions and constr&ned to lie 1.08 8, from the 
relevant carbons. The hydrogens in each ring system were assigned a common 

TABLE2 

ATOMCOORDINATES<X104)ANDISOTROPICTE~IPERATUREFACTORS (x2X 103j 

Fe(l) 
all) 
all) 

C(l2) 
Wl2) 
C(I3) 
O(13) 
C(101) 
C(102) 
C(lO3) 

C(104) 

C(105) 
C(106) 

a10j 
N(1) 

F-%2) 
C<21) 
O(21) 
C(22) 
O(22) 

~(23) 
0~23) 
C<201) 
C(202) 

C(203) 
C(204) 

C(205) 
C(206) 

C<20) 

N(2) 

2035(l) 10044(4) 0 
2312<10) 11504(46) 8943(25) 23(7) 
2444(9) 12639(34) 8121<22) 70(7) 
2275(18) 11644(75) 11227(41) 96(18) 
2528(9) 12195(38) 11915(24) 76(s) 
2424(6) 7963(26) 10161(32) 45(5) 
2659<4) 6519<2Oj 9896<26) 64<5) 

1348(11) 10358(54) 9511(24) 47(11) 
1367<10) X0416(47) 10780(24) 30(8j 
1541(10) 8888<43) 11193(27) 33(8) 
1483(11) 6499(46) 10708(26) 40(S) 
1395(11) 6570(47) 9312(26) 40@) 
1577(9) 8470(39) 8800(26) 31(S) 
989(8) 5899(35) 11249(21) 64<6j 

610(7) 5458(33) 11631(20) 74(6) 

4001(l) 6025<4) 10053(10) 
3704(9) 7621<40) 8945(24) 24(7) 

3565(S) 8704(34) 8235(22) 63(6) 
3625(6) 3817(29) 10162(34) 49(6) 
3388(5) 2454(23) 9834(21) 69(5) 
3767(14) 7442<69) 11257(41) Sl(16) 
3485(S) 8270(35) 11896(23) 74(S) 

4664(10) 6227<49j 10843<26j 53(9) 
4683(g) 6558(44) 9543(20) 36(7) 
4492(12) 4553155) 8722(34) 76(14) 

4606(11) 2361(54) 949x23) 62(11) 

4639(10) 2598<43) 10871<22) 35(7) 
4489<9) 4686(40) lllOS(24) 27<7) 
5074(10) 11905<39) 8926<26) 73(8j 
5423(7) 1471(33) 8489(2i) 73(6) 
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TABLE 3 

AIISC~TROPICTE&IPERATIJREFACTORS<~2X103) 

me temperature factorexponenttakestlx form:-2~*~UIth2042c...c 2Ul2hke*b*) 

Fe(l) 
FN2I 

U11 U22 U33 U23 U13 Ul2 

3811) 38W 3-W) S(4) 1s<3) -2(l) 
42(i) 38(2) 45<2) 5<5) -7(4I 00) 

isotropic temperature factor. A weighting scheme of the form1.3935/(a2(F)+ 
0.00089I;"-)wasalsointroduced,andfull-matrixleast-squaresre~ement 

continued,withthetwo Featomswith anisotropicthermalpararnettzrs,until 

convergencewasreached.ThefinalresidualswereR = O.O70,andR, = CW”~A/ 
BLI”‘~~F,J = 0.057. The highestpeakin afmal difference electron density syn- 

thesiswaslessthan 0.7 e K3.TheEnal atomiccoordinates andisotropictem- 

peraturefactorsforthenon-hydrogenatoms aregiveninTable 2, whilethe 
anisotropicthermalparameters are listed in Table 3. Therelevanthydrogen 
atom parameters can be found in Table 4. 

Complex neutral-atom scattering factors 131 were employed.Calculations 
were performed with the University of Cambridge IBM 370/165 computer 

usingprogramswritten by G.M.S.and thePLUTO plotting program written by 
Dr. W.D.S. Motherwell. 

Structure factor tables may be obtained from the authors. 

Dixussion 

Thestructuredetermination confirmstheexpectedmolecularconfiguration. 

The cyan0 ligand coordinatestothe cyclohexa-1,8dienering,aud exhibits 

exe-stereochemistry withrespecttothe metal. There isnoimposed crystallo- 

graphic symmetry,andthetwoindependentneutral moleculesinthe asym- 

(continued on P. 121) 

TABLE4 

WYDROGE~A~OhfCOORDINATES(X 104)ANDANTSOTROPICTEMPERATUREFACTO=<~1X 

103) 

x/a r/b Z/C U 

H(lZ) 1190(11) 11625<54) 9027(24) 107<28) 

H(13) 1227<10) 11653(47) 11325(24) 107~28) 

H(13) 1774(10) 9110(43) 11953(27) 107(28) 

H(14) 1778(11) 5515(46) 10933(26) 107<28) 

HUBA) 1018(U) 6466(47) 9156(26) 107(28) 

H(15B) 1570(11) 5288(47) 8883(26) 107(28) 

H(16) 1817(S) 8580(39) 8046(26) 107<28) 

W21) 4799<10) 73x2(49) 11494(26) 41(20) 

HW) 4812(S) 7978(44) 9158(20) 41(20) 

~(23) 4325<12) 4661<55) 7850(34) 41(20) 
R(24) 4335(11) 1193(54) 9431(23) 41(20) 
H(25A) 4998(10) 2378(43) 11183<22) 41(20) 

H(25B) 4408(10) 1507<43) 11311(22) 41<20) 

H(26) 4164(S) 4827(40) 11616(24) 41<20) 
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Fig-l. A projection of the contents of an asymmetric unit.showingthe atom numbering scheme adopted 

@ydrogenatomsha~ebeenoloittedforclarity.butfolloa-thenumbesing ofthe carbonsto which they 

areattached). 

TABLE 5 

BONDLENGTHS(_~)WITHESTIMATEDSTANDARDDEVl_4TIONSGIVENINPARENTHESES 

Fdl)--C<ll) 
Fe(l)--C(l2) 
FdlM(l3) 
C(ll)--o<11) 
C(12)-0(12) 
CG3)--0(13) 
Fe(l)-C<lOl) 

FeW--C(l.+?) 
Fe(l)--c<103) 
Fe(l)-C(106) 
c(101J-C(102) 
C(102)-C(103) 

C(103jC(104) 
C<104)-C<lO5) 

C<105)-C(106) 
C<106)-C<lOl) 
c(104)-_c<10) 

C<lO)_-N(l) 

l-70(3) 

l-84(5) 

1.7X2) 

l-23(4) 

1.10(5) 
1.19<2) 
2.03(3) 

2.09<3) 

2.07<3) 
2.12<3) 
1.4X(3) 
1.20(‘s) 

l-65(4) 

X.57(2) 

l-45(4) 
1.60<4) 
l-67(4) 
l-19(3) 

Fe(2)-C!(21) 
Fe(2jC(22) 

Fe(2)--c(23) 
C(21)--0(21) 
C(22)--0(22) 
CW%-'X23) 
Fe<2)-C<201) 
Fe(2)-C<202) 
Fe(Z)-C(203) 
Fe(2)-C(206) 
C(201jd(202) 
C<202)-_c:203) 

C(203)--c(204) 
C<204jC(205) 

C(205)-C(206) 
C<205)-CX201) 
C(204jC(20) 

C<2O)--N(2) 

lxw.3) 

1.79(Z) 

l-75(5) 

1.13(3) 

l-17(2) 

1.20<5: 
2.07<3j 
2.04(3) 

2.24(4) 
2.01<3) 
l-46(3) 
1.68<5) 
X69(5) 

1.54<3) 

l-45(4) 
1.15<4) 
l-49(4) 
l-13(3) 
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TABLE 6 

BONDANGLES(~)WITHESTIhSATEDSTANDARDDEVIATIONS GIVENINPARENTHESES 

C(lljFe<lW(12) 
C(lljFe(ljC(13) 
C(12jFe(l)-_C(13> 
Fe(1jC(l1)-_o(ll) 

Fe(ljC(12jO(12) 
Fe(l)-C<13)-_0(13) 

C(11)__Fe(l)--c(';01) 
C(lljFe(ljC(102) 
C(lljFe<l)_c(103) 
C(11)_Fe(1)-_C~106) 
C(12jFe(ljC(101) 
C(12jFe(l)_C(102) 

C(12jFe(ljC(103) 
C(12jFe(1jC<106) 

C(13jFe(l)_c(lOl) 
C(13jFe(l)--C~102) 
C(13)-Fe<l)+Z(l03) 
C(l3jFe(ljC(106) 
Fe(l)-C(101~(102) 
Fe(1)_C(101~(106) 
C(l02jC(101)-_c(106) 
Fe<ljC(102jC(101) 
Fe<ljC(102jC(103) 
c(101jC(102)-_c(103) 
Fe(lfl<103~<102) 
Fe<ljC(l03jC(104) 
C(102)_c(103jC(104) 
c(103jC(104)_c(105) 

c(103jC<104jC(10) 
c(10)-C(104j-C(105) 
c(104)-C<105)-x(106) 
Fe<ljC<106)-_C(101) 
Fe(l)--C(106)_c<105) 
C(105)-c(106~(101) 
C(104)~(lOjN(l) 

9X6(11) 
102.3(14) 
97.4(18) 

170.2(24) 
158.7(:4) 
159.4<29) 
101.5(14) 

129.6(14) 
163.1<13) 
96.6<14) 

119.6(19) 
87.7(18) 

88.8(18) 
164.0(17) 

134.9(11) 
127.8<13) 
94.4(13) 
94.3(11) 

72.5(23) 
70.6<17) 

120.0<36) 
67.4(22) 
72.0(21) 

112.0(8) 
74.4(21) 

101.5<17) 
12i.7<28) 
108.1(23) 
101.4(21) 
104.2(28) 
i10.8(30) 
64.2<18) 

112.3(21) 
108_4(23) 

178.3(24) 

TABLE? 

HYDROGENBONDANGLES(deg.j 

103.4<13) 
92.5(12) 
98.4(M) 

172.8(24) 
157.9(31) 

160.2(35) 
13X9(12) 
98.6612) 
94.7(15) 

163.9(12) 
123.3(13) 

135.7(10) 
94.0(13) 

91.1(12) 
89.0(1?) 

118.6(16) 
163.8(17) 
92.3(17) 
67.9(20) 
70.5(21) 

113.3(35) 
70.6<21) 
73.5(16) 

114.3(30) 

73.5(16) 
58-1120) 

108.4(27) 
115.5(30) 

96.9(24) 
112.7<30) 
104.9(28) 
76.7<22) 

120.1(20) 
129.9(28) 
117.0(30) 

H(ll)--C(101jFe(l) 
c(106)-c(101)-H(11) 
H(12jC(102)--C(101) 
H(13jC(103)-Fe(l) 
C<104)-C(103jH(13) 
C~105)--c<104)_H(14) 

I-i(15AjC(lO5jC(lO4) 
C(106)-C(105jH(lSB) 
H(l6jC<106jC(101) 
H(21)-_C(20ljFe(2) 
C(206~<2Ol)-fI<21) 
H(22)-_C(202W(201) 

H(23jC(203jFe(2) 

H<24jC(204~<203) 
C(2OjC(204jH(24) 
H(25B~(205jC(204, 
C<206jC(205jH(25A) 
H(26jC(206jFe(2) 
H(26)--C(206jC(205) 

127.2<10) 
120.4(16) 
124_5(26) 
92_4(9j 

116.2(16) 
111.6(22) 

108.2(21) 

108.6(17) 
126.0(16) 

130.1(9) 
1233<21) 
122.0(22) 

107.1(11) 

115.1(17) 
ll7.3<17) 
110.3(22) 
10:_3(16) 
71_7<9) 

115.0(16) 

C(lO2jC(lOljH(ll) 

H(12)--C(102jFe(l) 
C(103jC<102jH(12) 

H~13jC(l03jCWJ2) 
H(14)-C(104jC(103) 
C<lOjC(lO+jH(14) 
H<15BjC(105jC(104) 
C(lO6jC(lO5)-E(15A) 

H(16jC(106jFe(l) 
I-I(16~(106jC<105) 
c(202jC(201)_H(21) 
HC22)-C<202)_Fe<2) 

C(203)--c(202)--H(22) 

H(23jC(203)-C(202) 
C(205)-C<204jH(24) 
H(25_&)--C(205jC<204) 
C(206jC(206jH(25B) 
H(26jC(206jC(201) 

119.5(26) 

130.3(8) 
123.5(21) 

116.0(20) 
113.8(16) 
116.7(14) 
109.9<22) 
109.9(17) 

94.2(S) 
125.6(16) 
123.6<22) 
125.0(9) 
123.7<16) 

125.2(17) 
100.3(22) 
111.3(21) 
110.9(16) 
115.1(21) 
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TABLE a 
THELEAST-SQUARESPLANESAREGIVENBYTHEEQUATIONpxtqytrz=s,~EREx,r AND 
z ARETHEATO~CFR_4CTIONALCOORDINATES.INDIVIDUALATOMICDEVI_4TIONSFROhl 

THEPLANEAREGIVENINPARENTHESES(A) 

Plane Number P 4 I- s 

c(101)-C(102)-C(104)-C(106) 1 25.067 2.988 -0.228 6.274 
CC(101)-00.02.C<102)0.02.C(103)-O.01.C(106) 0.011 

C(103)-C(104)-C(105)-C(106) 2 27.489 -1.484 0.044 3.036 
[C(103)-%07.C<104)0.12.C<105)-O.14.C(106) 0.081 
C(201)-C(202jC(203)_c(206) 3 25.790 -2.645 0.067 10.428 
CC(201) 0_03.C(202)-0_02.C(203) 0.01.C(206)--0.02J 
C(203)-C(204)-C(205)--C(206) 4 27.313 1.639 -o-279 12.717 
[C(203)0.03.C(204)-O.04.coo.05)0_05.C(206)~.031 

2 3 4 Plane 

40.6 51.4 12.8 1 
10.8 27.9 2 

38.7 3 

metric unit have similar geometries, as can be seen in Fig. 1, a view down the 
b axis. The bond lengths and interbond angles for the non-hydrogen atoms are 
listed in Tables 5 and 6 respectively, while bond angles involving hydrogen 
atoms are given in Table 7, and details of the least-squares planes are given in 
Table 8. 

The iron atoms are formally four-coordinate, the fourth site being occupied 
by the butadiene segment of the cyclohexadiene ring. In both molecules the 
butadiene moiety is planar and the carbon atoms may be considered as sp2 
hybridised. The Fe-C(butadiene) distances are similar (mean 2.09 A), and lie 
within the range of values reported in a number of structures where iron is 
bonded to a butadiene unit [4-g]. The ring bond lengths and angles are not 
significantly different from those found in other (cyclohexa-l,3-diene)tricar- 
bonyliron derivatives [lO,ll], and the dihedral angles between the C(lOl), 
C(3 02), C(103), C(106), and C(103), C(lO4), C(105), C(106), and the C(201), 
C(202), C(203), C(206) and C(203), C(204), C(205), C(206) sets, at 40.6” and 
38_7O, are close to the values of 40.0” and 38.5” reported in [Ph,P(C,H,)Fe- 
(CO),][BF,] [lo] and CiOHi2Fe2(CO)Ib [lZ], respectively. 

The cyan0 ligands are approximately linear, and the C(ring)-C (mean 1.53 A) 
and C-N (mean 1.16 A) distances suggest that there is little electron donation 
from the C-N bond to the ring system, so that it may be considered as a C-N 
triple bond. 

The geometries of the Fe(CO), moieties are similar to those found in related 
compounds [4-123, allowing for the high standard deviations in the bond 
parameters caused by the scarcity of intensity data. There is considerable dis- 
tortion from the ideahsed CSU symmetry. 

There are no abnormally short intramolecular non-bonded contacts with the 
molecule in the exe configuration. Neither are there any significant intermole- 
cular short approaches, the molecules being separated by typical Van der Waals’ 
distances_ 



122 

The e&-orientation of the cyan0 group in (5*x0-cyanocyclohexa-1,3- 
diene)tricarbonyliron (I) has been confirmed by the X-ray analysis. This allows 
the exe assignment to be given to the 5-acyl substituents of the (5-exe-acyl- 
cyclohexa-1,3_diene)tricarbonyliron derivatives prepared from I. 
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