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Syntheses and Physical Properties of Ferrocene 
Derivatives (XV) Crystal Structure of a Liquid 

Crystalline Ferrocene Derivative, 0-[4-(4- 
Methoxyphenoxycarbonyl)Phenoxycarbonyl] 

Undecyl4-Ferrocenyl-Benzoate 

NAOTAKE NAKAMURA, SHIGETAKA SETODOI and 
TAIKI TAKAYAMA 

Department of Chemistry, Faculty of Science and Engineering, Ritsumeikan Uni- 
versity, Nojihigashi, Kusatsu, Shiga 525-8577, Japan 

The crystal structure of a liquid crystalline monosubstituted ferrocene derivative, 
~[4-(4-methoxyphenoxycarbonyl)phenoxycarbonyl]-undecyl 4-ferrocenyl-benzoate was 
determined by the single-crystal X-ray structure analysis. The flexible spacer(undecy1 chain) 
was an all-trans conformation. In order to form a rod-like structure, the molecule is slightly 
bent at the substituted group bonding the ferrocene. Two cyclopentadienyl rings made up an 
eclipsed type rather than a staggered one. The molecules are arranged in layers just like those 
in the srnectic phase of the liquid crystals. The aspect of dipole-dipole interaction, however, 
was different from that of other hornologues with even number of carbon atoms in the flexi- 
ble spacer. 

Kevwords: crystal structure; metallocene; ferrocene derivative; rnetallornesogen; liquid crys- 
tal 
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20 NAOTAKE NAKAMURA et al. 

In our laboratory, many different kinds of metallomesogens were synthesized 

and investigated in several properties, for example, thermal properties, dielearic 

pmperties, crystal structwes, Miissbauer effect and so on [ 1-14]. Especlally, a 

series of monosubstituted ferrocene derivatives, w-[4-(4methoxyphenoxy- 

carbonyl) phenoxycarbonyl]akyl rl-fermcenylbenzoate (hereafter WAF-, 

where n is the number of carbon atoms in a methylene unit) were studied fmm a 

viewpoint of liquid crystallinity in detail. 9 kinds of WAF* (n=l-7,lO and 11) 

were synthesized and MPiW-4, 6, 10 and 11 showed liquid crystallinity [3]. 

Recently, WAF-8 and 9 are synthesized and we ascertained liquid crystallinity 

[ 151. 'Ihe general strudure of WAF-n is given in our previous paper [3]. 

'Ihe molecular strudure and aystal one of the liquid crystalline compounds 

are very important in order to discuss a interrelation between the structures and 

the several physical pm@es including liquid crystallinity. Recently, the 

molecular and crystal strudure of WAF-2 [12], WAF-3 [ll], WAF4 [lo] 

and MPAF-6 [ 131 was repod.  

In this paper, the interrelation between crystal strudure and liquid 

crystallinity of WAF-11 will be described in detail as well as its crystal structure. 

'Ihe sample, MPAF-11, was synthesized in acoordane with the established 

method [3]. ?he omge  plate-like singleuystal of WAF-11 was obtained by 

the slow evaporation method employed a solution with a mixed solvent of 

dichlomethane and hexane (3 : 1). All measurements were made by a Ri& 
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L. C. OF FEROCENE DERIVATIVES (XV) 21 

AFC-5R diffrzldometer with graphite mn-matized Cu-Ka radiation. 

Unit cell parameter and an orientation matrix for the data collection were 

obtained by a least-squares refinement of 25 reflections set the 20 angle between 

41.20 and 47.70 '. ?he data were colleaed using the w-20 solll technique to 

m dximize the 20 value of 100.0 at the mom temperature (2kl'C). 

3355 refledom were collected, of which 2678 were unique (R,,=O.o%). The 

data were correded for Jaren& and polarization effeas and for absorption (a - [I61 1. 
The structure was solved by direct method(SHELEX 86) [17] and expanded 

using the Fourier technique. The final refinement was made by fullmatrix least- 

squares based on 1447 observed reflections (I>3.00@)). 'Ihe refinement was 

concluded with final reliability fadors: 

where the weighted scheme W = 1 / [d(F,,) + 0.000576Fl:]. 

AU calculations were performed using the teXsan clystallogmphic software 

package of Molecular Structure corporation [18]. Final data may be obtained 

horn the Cambridge Crystauographic Data Center, 12 Union Road, Cambridge, 

CB2 1EZ UK. - 
The clystallographic data and the results of final refinement are listed in 

Table 1. Frauiod atomic coordinates and equivalent isotropic factors are given 

in Table 2. 
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22 NAOTAKE NAKAMURA et 01. 

TABLE 1 The summarized crystallographic data and the results of the final 
~~ ~ 

Empirical formula Cab0,Fe 
Formula weight 730.68 
Crystal system Monoclinic 
" " y P  P2,Ia 

a /  7.956(5) 
b l A  10.301(1) 
C I A  45.844(3) 

B l  O 94.242) 
blume /A3 37W2) 

D, I gmJ 1.283 
Z value 4 

Measured reflections 3355 
Independent refleaions 2678 

Observed reflections (b3.ou(I)) 1447 
Parameter 460 

Refledions I Pamneter 3.15 
R 0.086 

Rw 0.098 
S 2.29 

pfador 0.0480 

TABLE 2 The fr-aaional atomic coordinates and the equivalent isotropic 
temperature factors. 

Atom X Y z B, 
Fell) 0.2842(43 0.4881f3) 0.445W6) 4.W8) 

-0.24242) 
-0.405(3) 
-0.25W2) 
-0.026(5) 
-0.1241) 
-0.113(2) 
-0.003(9) 
-0.104(8) 
-0.06242) 
O.Cm2) 
0.1W3) 
0.243(3) 
0.14Of3) 

0.372l2) 
0.5 16(2) 
0.4 15(2) 
0.32643) 
0.29(1) 
0.4") 
021244) 
0.2080 
0383(1) 
0394(2) 
Ornf2) 
0321(2) 
0.413(2) 

0.2944(3) 
0.31W4) 
-0.05W4) 
-0.0326(5) 
-0.030(1) 
-0.1909(3) 
-0.1818(6) 
-0.182846) 
-03093(4) 
0.4261(5) 
0.4345(5) 
0.4676(5) 
0.4763(5) 
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L. C. OF FEROCENE DERIVATIVES (XV) 23 

(TABLE2 continued) 
Atom X Y z B, 

0.042f3) 
03Wn 
0.495(6) 
0.5 1x4) 
0.434(6) 
0.333(4) 
O.oOu2) 
0.015(3) 
-0.W4) 
-0.189(4) 
-0.204(2) 
-0.12iX3) 
-0.zSol4) 
-03x3) 
-0.249(3) 
-0.33q3) 
-0.2W3) 
-0.m31 
-0.231(3) 
-0.2&1(3) 
-0.209(3) 
-0.267(3) 
-0.19913) 
-0.247(4) 
-0.1734) 
4.197(3) 
-0.12Z4) 
-0.104(4) 
-0.1W3) 
-0.203(3) 
4.229(3) 
-0.10514) 
-0.098(5) 
0.04113) 
0.04Z4) 

0.455(2) 
0.598(5) 
0.523(4) 
0547(3) 
0.633(4) 
0.677(2) 
0.401f2) 
0.3 1x2) 
0.32843) 
0.42843) 
0.51Z2) 
0505(2) 
0.44113) 
0.383(2) 
0.335(2) 
0.37W2) 
0.33312) 
0.386f3) 
0.350(2) 
0.397(2) 
0.353(2) 
0.406(3) 
03630) 
0.41713) 
0.383(3) 
03W3) 
0.26713) 
0.249(2) 
0.343(3) 
0.461(3) 
0.481(2) 
0.313(3) 
0.40512) 
0.3522) 
0.354(2) 
0.39421 

0.4525m 
0.4158(8) 
0.424 1 ) 
0.45311) 
0.465 l(7) 
0.439(2) 
0.3970(5) 
0.3753(5) 
0.34776) 
0.34386) 
0363N4) 
03904(5) 
0.316803) 
0.2660(5) 
0.2423(5) 
0.212844) 
0.1860(5) 
0.15W51 
0.1322(6) 
O.lW(5) 
0.076XS) 
0.0473(6) 
0.0212f5) 
-0.0076(5) 
-0.034X6) 
-0.0850(6) 
-0.09W6) 
-0.12M6) 
-0.142715) 
-0.13435) 
-0.1053(6) 
0.1716(6) 
-0.2209(5) 
-0.2326431 
-0.2627(7) 
-0.2t305(6) 

4.3f61 
110) 
1111) 

9.4809 
9.2891 
15.8997 
3.6(6) 
5.0(6) 
6.519) 
5.203 
4.9(6) 

7(1) 
6.9(8) 
6 . m  
7.0(7) 
6.6(7) 
7.9(8) 
7 . W )  
839)  
8.7(8) 
949)  
9.1(9) 
9.6(9) 
70) 

739)  
839)  
9.0(9) 
5.9(8) 
7.8(9) 
7.1(8) 
7.719) 
5.118) 
6 . W  
7.3(9) 
5.718) 
2.903 
5.9(8) 

s.om 

0.44ci2j -0.m7i6j 
-0.227i3j 0.44512) -0.238516) 

(343) -0.198(4) 0.398(3) -0.3304(5) 11f11 

In Figure 1, the molecular strudure labeling the number of atoms t prawnted 

by an ORTEP Il [ 191 drawing. The equivalent isotropic famr in some 0 atoms 
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24 NAOTAKE NAKAMURA er ul. 

indicated the large value as of the time that an approximate strudure was decided. 

Therefore, the atom of O(4) and q6) were taken account of the disordered 

struchlre. The new atoms, q4') and q6'), were located near to O(4) and 0(6), 

respectively. Finally, the values of an ~ccupancy in O(4), 0(4'), O(6) and O(6') 

were to be 0.762,0.238,0.482 and 0518, rapedively. AU non-hydrogen atoms 

except O(4), 0(4'), O(6) and O(6') wexe re6ned -idly. Ihe hydrogen 

atoms intmduced at their theoretical positions and the fw atoms given above 

(0(4), 0(4'), O(6) d O(6')) were refined b ~ d y .  ?he molecular geometry 

is almost extended and linear, inotherwords, the cod-like feahm. 

3 

FIGURE 1 OKIEP II view of the mol& shuclm of MPAF-11 showing the 

crystallographic numbering scheme with thmal ellipids drawn at 
5o%probability. 

It might be better to divide the molecular shucture into three  pa^^, that is, the 

fermcenyl moiety, the flexible spaar and the mesogenic p u p ,  in order to 
discxlss the mlecularstruchaemre d y .  

In the fenocenyl moiety, two Cyclopentadenyl rings run in parallel 

amfomam * to eachother with adihedral angleof 232 '. Also, the two 
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L. C. OF FEROCENE DERIVATIVES (XV) 25 

cyclopentadienyl Mgs could be considered to make up an eclipsed type. 

Ferrocene molecule has the staggered type in two cyclopentadienyl Mgs [20]. In 

addition to this fad, the stagered type is widely observed in disubstituted 

fermcene derivatives (21-221, while the eclipsed one is found in monosubstituted 

fermcene derivatives [8,10,12-13,241 except MPAF-3 [ 111. 

In the flexible spacer, the undecyl chain (C18-(23) is regarded as an all-tram 

conformation with 180 O torsion angles differing by less than 5 O and is estimated 

to be 12-52 A long. Genedy, the length of the C-C-c unit obtained from the 

extended normal is 2.54 A long. Using the value, the length of the 

undecyl chain is calculated to be 12.70 8, long by 254 x 5.0. This value (12.70 

A) is nearly equal to the estimated value (1252 A). Therefore, it is considered 

that the s t r u m  of the spacer is fully extended. In addition, it has to be noted that 

the plane of the undecyl spacer is coplanar with both those of neighboring ester 

functions. AU-huns oonfomation of the flexible spacer has been observed in 

MPAF-2 (121, MPAF-4 [lo] and MPAF-6 [13]. 

In the mesogenic group, the bond distances and angles in the phenylbenzoate 

group are in agreement with thox. in the homologous [lo-131 and other 

compounds having the phenylbenzoate group [24-251. The dihedral angle of the 

two phenyl Mgs is 48.15 O and the C33-C36-05-C37 torsion angle is equal to 

179 (2) O .  The value of this dihedral angle (48.15 ") is the smallest value 

compared with those of other W A F - n  anal@ its s t r u m  already. The values 

of these dihedral angles in liquid crystalline compounds (WAF4,6 and 11) 

seem Like to decrease with increasing the spacer length [10,13]. 

The molecule is slightly bent at the C17 atom (Cl----C17----C43). This 

slightly bent s t rume may play a very important role in giving rise to the liquid 

crystallinity desaibed later. Such a bent s t r u m  has already been observed in 

MPAF-2 [12], WAF4 [lo] and MPAF-6 [13]. As a result the whole molecular 
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26 NAOTAKE NAKAMURA et al. 

structure is exceedingly similar to those of MP'-2 [12], W A F 4  [lo] and 

WAF-6 [13]. 

Qsabrww 
?he projections of the ui: plane and bc plane are shown in F i i  2 (a) and (b). 

FIGURE 2 crystal ~tndure Of WAF-11, 
(a) the projedion of the u-c plane, @)the projection of the b-c plane. 

As is already desaibed, the molecule was slightly bent atvund for the ester 

group located at the nearest neighbor of the phenylfemnyl group. Such 

slightly bent StIUdure amtnites effectively to the highly ampad paclang in the 

crystal lattice. The mesogenic groups in the molecules are padred in an anti- 

parallel fashion along the long crystaUographic c-axis. That is, the two molecules 

myd the anti-padel hm as overlapping amfonnation, and the overlapping 

pain pile up along the short crystallopphic axes As a result, the molecules 

make up the layer structure just like a medic manner. This stmctwe is able to 

lead to the most effective molecular paclang. 
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L. C. OF FEROCENE DERIVATIVES (XV) 27 

From the projeaion of the bc plane (Figure 2 @)), the position and an 

orientation of three carbonyl oxygen atoms in one molecule can be discursed 

from a viewpoint of making up the network of dipole-dipole interadions Two 

&nyl oxygen atom of three ones orient toward two other carbonyl oxygen 

ones and the other orients toward the oxygen atom of methoxy group in the 

neighboring molecule. The interactions in the direction of the molecular short 

axes arise from not only the mesogenic unit but also the carbony1 oxygen atoms 

as the dipoledipole interadons. Generally, the stability of the dipoledipole 

interadion in the aystal is expressed by the position and the orientation of the 

corresponding dipoles. The molecules should pile up the neighboring one in the 

direction of the molecular short axes by this interaction, strongly and efficiently. 

It may be considered that this effect may contribute to the appearance of liquid 

crystallinity and to build up the layer structure in the liquid crystalline phae. The 

detail of the effed was described in the paper of WAF-6, already published [ 131. 
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