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Summary 

2-Benzylidene[3]ferrocenophane-1,3-dione, C,,H,,FeO,, crystallizes in the tri- 
clinic space group Pi. The unit cell contains two molecules and has the dimensions: 
a 8.711(2), b 7.625(2), c 11.908(3) A, (Y 104.95(5), p 103.86(5), y 90.17(5)“. The 
structure was solved using Patterson and Fourier syntheses and refined by the 
full-matrix least-squares method to a final R value of 0.036 for 2190 reflections. The 
two cyclopentadienyl rings are tilted 13.57” with respect to each other and staggered 
by 34.10”. The a-carbon atoms are deviated outside the planes of the cyclopenta- 
dienyl rings by 0.407 and 0.256 A, respectively, both closer to the iron atom. The 
dihedral angles between the cyclopentadienyl rings and corresponding carbonyl 
groups are 27.49 and 41.94”. 

Introduction 

A bridge between the cyclopentadienyl rings of ferrocene usually causes deforma- 
tion of the ideal structure of ferrocene where the parallel cyclopentadienyl (cp) rings 
are staggered by exactly 36” [l]. The strain in [mlferrocenophane derivatives can be 
released by: 
(1) forcing the cp ring out of coplanarity (ring tilting), 
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from the iron atom. A similar situation was found in the case of 3-methyl-3- 
phenyl[3]ferrocenophane-l-one by Lecomte et al. [4]. The dihedral angle between 
the cp ring and the carbonyl group was found to be 42.1”. 

In our previous work [5] we have studied the molecular structure of [3]ferro- 
cenophane-1,3-dione and have found that the ring tilt was 9.8” and the cp rings 
staggered by only 6”. Both carbonyl groups were found to be non-equivalent. The 
carbonyl carbon atom of the first group was forced out of the plane of the cp ring 
by 8.3”, dihedral angle being 45.2”; for the second carbonyl group the values 9.7 
and 38.6” were found. On the other hand, according to ‘H and 13C NMR 
measurements the molecular structure of [3]ferrocenophane-1,3-dione in solution 
should be symmetrical [6]. 

The main goal of this work was to solve the molecular structure of 2- 
benzylidene[3]ferrocenophane-1,3-dione and to find out the effect of insertion of the 
third C(.rp’) carbon atom into the bridge. According to the NMR measurements the 
structure of this compound was found to be far from symmetrical [7]. 

Results and discussion 

The final positional and thermal parameters of the atoms are listed in Tables 1 
and 2. Selected bond distances and angles are shown in Table 3 and the least-squares 
planes in Table 4. An ORTEP drawing of the molecule is illustrated in Fig. 1. 

From crystallographic data it follows that the molecule of C,,H,,FeO, is 
asymmetrical. This finding is in agreement with the NMR measurements in solution 

TABLE 2 

ANISOTROPIC THERMAL PARAMETERS OF THE ATOMS (The isotropic temperature factors of 

the hydrogen atoms were taken as 5.5 A’) 

Atom 

Fe 

O(l) 

O(2) 

C(11) 

C(12) 

C(13) 

C(14) 

C(15) 

C(21) 

C(22) 

~(23) 

c(24) 

c(25) 

C(1) 

C(2) 

C(3) 

C(4) 

C(31) 

C(32) 

C(33) 

C(34) 

C(35) 

C(36) 

2.12(2) 

4.27(12) 

2.36(10) 

2.17(12) 

3.12(15) 

4.25(1X) 

2.71(15) 

2.34(13) 

2.36(13) 

3.01(15) 

3.44(16) 

3.46(16) 

3.1X(15) 

2.75(14) 

2.22(13) 

2.32(13) 

2.37(13) 

2.65(14) 

3.04(15) 

3.56(16) 

4.51(1X) 

4.24(1X) 

3.00(15) 

B22 

2.54(2) 

3.OlilO) 

4.4X(12) 

2.X6(13) 

3.94(15) 

3.96(16) 

4.29(16) 

3.40(14) 

3.25(14) 

2.90(14) 

3.45(15) 

5.00(1X) 

4.17(16) 

2.X0(13) 

3.61(14) 

3.05(13) 

4.30(16) 

3.79(15) 

4.33(16) 

4.7X(17) 

3.9X(16) 

4.20(17) 

4.77(17) 

B,, B,? B23 
3.01(2) 

7.15(16) 

7.50(16) 

3.19(14) 

2.97(14) 

3.99(17) 

4.23(17) 

4.03(16) 

3.20(14) 

4.74(1X) 

4.34(17) 

3.12(15) 

2.92(14) 

3.X2(15) 

3.X6(15) 

3.67(15) 

3.49(15) 

3.2X(14) 

3.7X(16) 

3.67(16) 

4.17(1X) 

5.16(20) 

4.36(1X) 

0.22(l) 

0.46(9) 

0.03(9) 

--O.Ol(lO) 

0.09(12) 

0.6X(14) 

0.95(12) 

0.03(11) 

O.lO(ll) 

-0.32(11) 

0.43(12) 

0.X9(13) 

0.74(12) 

O.ll(lO) 

0.47(11) 

0.4X(10) 

0.61(12) 

0.59(11) 

0.X2(12) 

-0.33(14) 

-0.01(14) 

1.44( 14) 

1.17(13) 

0.17(l) 

2.74(11) 

1.50(10) 

0.43( 10) 

0.21(11) 

- 0.53(14) 

-0.32(13) 

0.63(12) 

-0.17(11) 

O-02(13) 

-0.22(13) 

0.4X(12) 

0.24(11) 

1.19(12) 

0.42(11) 

0.70(11) 

0.46(11) 

0.97(11) 

0.63(12) 

0.41(13) 

1.44(14) 

1.16(15) 

0.52(13) 

0.72(l) 

2.03(10) 

1.22(11) 

0.51(11) 

1.33(12) 

1.63(14) 

0.5X(13) 

0.23(12) 

0.53(11) 

0.17(13) 

-0.33(13) 

0.46( 13) 

0.94(12) 

0.54(11) 

1.34(12) 

1.12(11) 

0.92(12) 

0.X5(12) 

1.05(13) 

0.57(14) 

0.4X(14) 

0.70( 15) 

0.5X( 14) 



TABLE 3. INTEKATOMIC DISTAKCES ($4) AND BOKT> ANC;I.ES , O! 
--- 

[71. 
(1) 

(2) 
(3) 

Insertion of the third C‘(.\p’) (C‘(3)) atom into the bridge caux\: 
cp ring tilt of 13.57” and stagger of 34.10”. The degree of ctaggerinp is defined 
as the angle between the planes of Fe C(11 ) C’(1) and I:(: (‘(?I ) (‘(Zi. 
the carbonyl groups C( I i O( 1 ) and C’(2)pO(2) to lx IWKY to each other. 
side chain O(1 i (‘(1 ) C‘(3) -C’(2) -O(2) non-coplan;t~it\ \vlth the hcwene ring 
even though they form 3 cor?jugated >ystcnr. 
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TABLE 4. LEAST-SQUARES PLANES 

Plane Atoms Direction 

cosines 

Other 

atoms 

Deviation (p\) 

1 C(11) Fe 

W2) - 0.3935 O(1) 
C(13) - 0.2451 C(1) 
C(14) - 0.8861 C(3) 

W5) C(4) 

2 C(21) 
C(22) ~ 0.5540 

~(23) ~ 0.0816 

~(24) - 0.8285 

~(25) 

Fe 

O(2) 

C(2) 

C(3) 

C(4) 

C(31) 
~(32) 0.6516 

C(33) 0.4719 

C(34) - 0.5939 

C(35) 

C(36) 

C(1) 
C(2) - 0.1898 

C(3) 0.4744 

C(4) - 0.8596 

O(1) 

O(2) 

O(1) 

O(2) 

C(1) 

C(2) 

C(3) 

C(4) 

5 C(l1) 0.0746 

C(1) - 0.2814 

O(1) - 0.9567 

6 C(21) ~ 0.2755 

C(2) 0.5749 

O(2) - 0.7704 

7 Fe 0.7893 

C(11) 0.4131 

C(1) ~ 0.4543 

8 Fe 0.3547 

C(21) 0.8775 

C(2) - 0.3227 

Sonw dzhedrul angles between planes (“) 

l-2 13.57 

1-3 81.13 2-3 

1-4 43.94 2-4 

l-5 27.49 2-6 

7-8 34.10 

84.69 

38.87 3-4 

41.94 

- 1.6341(5) 

-0.1986(27) 

- 0.4072(32) 

- 1.1951(32) 

- 0.8915(33) 

1.6357(5) 

-0.3168(27) 

0.2558(32) 

1.2942(32) 

1.2865(33) 

~ 2.4240(26) 

0.9473(26) 

- 1.4293(32) 

- O-0525(33) 

~ 0.4405(32) 

O-0860(33) 

52.36 

11.908(3) A, a: 104.95(5), /3 103.86(5), y 90.17(5)“, I/ 740.1 A3,“, d, 1.54 g/cm3, 
Z = 2, p 10.5 cm-‘, space group PT. 

Intensity data were collected within the range 0 c 20 -C 50”. The 8-28 scan 
technique was used with a variable scan rate 2.0-29.3”/min. Two standard reflec- 
tions were chosen as a check for crystal stability and correctness of intensity data. 



The maximum intensity change of these two reflections ~‘as 5%. A total of 24X2 
reflections were registered. 2190 of them with I y 2n( I) were employed in the 

structure analvsis. The intensities were corrected fol- Lor-entr md polarization 
effects. but no absorption corrections were made. The first al>solute sc,~le and (hc 
mean temperature factor t\crc determined by Wilson’x rwthod. 

The structure of C,,,FI,,FeO, was solved by the Patterson and Fourier s)nthcses 
and refined by the full-matrix least-squares method to the final \-alueh of H, = 0.036 
and R, = 0.041 for 2190 obber\sation.\. The positional parameters (if the> hydrogen 
atoms were found using diffcrencc Fourier synthesis, and the hnt)\vn geomrtr\ of 
the molecule. ‘They were included in the final hrtructure factor cal<~ulati~~iI. hut not 
refined. The final difference Fourier map confirmed the propv,ed \tructural model: 
the residual electron density being 0.03 A. 
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