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The X-ray crystal and molecular structure of 17’ -cyclopentadienyl-n1 -2,4-di- 
phenylcyclobu’t-1-en-3-oneiron dicarbonyl (I) was determined (monoclinic 
crystals, a 9.2371(g), b 26.4502(g), c 8.2450(7) A, p 115.502(6)“, 2 = 4, space 
group P21 jc, 1902 unique reflections, R = 0.068). Molecule I contains the Q’ - 
cyclobut-l-en-3-one ligand with three sp* and one sp3 carbon atoms in a four- 
membered cycle, o-bonded to the CpFe(CO), fragment (bond distance Fe-C 
l-935(6) A). 

The new a-derivative I of the CpFe(CO)* moiety containing an unusual 17’ - 
cyclobut-l-en-$-one ligand bad been prepared earlier [l] by the reaction of 1,3- 
diphenyl-2,4-bis(~5-cyclopentadienyl)iron dicarbonyl cyclobutanediylidene tetra. 
fluoroborate (II) with Et3 N in THF. The X-ray crystal and molecular stiucture 

H Ph 

of II had been determined earlier 121. We now carried out the X-ray study of I 
and determined its structure unequivocally. 

Cell dimensions and intensities of 1902 independent reflections with I > 20 
were measured with a Hilger-Watts four-circle diffractometer (Cu-K, radiation, 
graphite monochromator, 0126 scan, 6 < 63”). The structure was solved by a 
standard heavy atom technique and refined by a full-matrix least-squares method 
in anisotropic approximation for non-hydrogen atoms to R = O-068_ All 
hydrogen atoms were located from difference electron density map and included 
in the refinement with isotropic thermal parameters. 

Compound I forms monoclinic crystals, a 9.2371(g), b 26.4502(g), c 
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Fig_l.Molecdar geometry of L 

TABLE1 

ATOMICCOORDINATES(X104)FORTHENON-HYDROGENATOMS ANDANISOTROPIC 
THERMALPARAMETERS(X 10)INTHE FORMOFT=exp (--'kCBllh+a*" +-..+.=,,klb*c*)) 

. 
Atom x Y L B I, B 7.l B 3s B 12 B 13 B 21 

Fe 19<1) 
O(l) -3150(8) 

O(2) 1595<8) 

O(3) -1339(6) 

C(l) -1909<10) 

C(2) 970(9) 
C(3) -909(8) 

C<4) -1413(8) 

C(5) -411(8) 
C(6) 364<8) 

C<7) -2551<8) 

C<6) -2383clo) 

C(9) -3377(11) 

CUO) -4538(10) 

C(lU 47126) 

a121 -31348) 

C(13) 2087<8) 

C(l4) 3234(10) 

C(l5) 47SSOO) 

Ct16) 522000) 
C(17) - 4120(11) 

CC18) 2554<9) 

C(l9) 1827<11) 

C(20) 186201) 

C<21) 383(12) 

C(22) -539(12) 
C(23) 369(16) 

1028.0<4) 

584(3) 
349(2) 

2233<2) 

746<3) 
615(3) 

1933(2) 
1430(2) 
14380) 
1952<3) 
1081(3) 

559<3) 
250(3) 
452<3) 
960(4) 

1282<3) 
1933<3) 
2268(3) 
2263(4) 
1931<4) 
1597<4) 
1602(3) 
960(4) 

1449<3) 
1669<3) 

13E9(5) 
87R1.4) 

173(l) 
-1471(S) 
-1308(8) 
-5228(7) 
-895(10) 
-735(Q) 

-3991(9) 
-3730(8) 
-1928(g) 
-2035<9) 
-5075<8) 

-4937(9) 
-6273(12) 

-7853<11) 
-8012<10) 
-6636(10) 
-1802<9) 
-636(11) 
471<12) 

-1459(14) 
-2591<12) 
-2778<10) 
2811(10) 
2165(11) 
1807(10) 

2194<12) 
2837(12) 

35-O(5) 

47<3) 
57(3) 
43(3) 

39<4, 
42<4) 
31(3) 
28(3) 
27(3) 
37<3> 
31(3) 

50(4) 
62<5) 

41<4) 
32(3) 

28<3) 
32<3) 
39(4> 
37(d) 

30<4) 
43(4) 
36(4) 

49<4) 
47(2) 
75<5) 

53(5) 
93(7) 

28.6<4) 

73<4) 
50(3) 
36(2) 

39(4) 
30(3) 
25<3) 

29(3) 
21~3) 
22<3> 
34<3) 

38<3) 
32(4) 

53(4) 
63(5) 

39(3) 
28<3) 

38(4) 
54<4) 

72<5> 
64(5) 

43(4) 
56<5) 
47<4) 
27<3) 

62<6) 
49(5) 

28.7<4) 

5W3) 
55(3) 

39w 
39<3) 
31(3j 

35<3) 

27(3) 
30(3) 
29(3) 
22(2) 
19<3) 

49(4) 

39(4) 
26<3) 
36W 
31i33) 
40<4) 

41(4) 
56<5) 
39(4) 
34(3) 
26(3) 
35<3) 
30(3) 
36(4) 

37<4) 

-O-6(4) 
-25<3) 

18(3) 
-5~ 
-3(3) 
3<3) 
O(2) 

2<2) 
--L(2) 
O(2) 

-1<3) 
-3(3) 

-7(3) 
-13(3) 

--6<3) 
-2~3) 
-2(2) 

-11(3) 
-11(3) 

0<4) 
9<4) 

-3(3) 
.12<4) 

-S(3) 
S<4) 

-5(5) 
-16<5) 

13.2<3) 

X6(3) 

18W 
10<2) 

13<3) 
8(3) 

X3(3) 
ll(2) 

11<2) 
13(3) 
12G-a 
7(3) 

17<4) 

14(3) 
7<3) 
8<3) 

12<2) 
15(3) 
7(3) 

13(4) 

18(3) 
14<3) 
6<3) 

~3) 

20~3) 
27W 
35c4> 

0.7<4) 
l(3) 

-14<2) 

15~2) 
8<3) 

-l(2) 
4(2) 
2(2) 

-6<2) 
l(2) 

--2<2) 
-2<2) 
-7<3> 

-15(3) 

-2<3) 
5<3) 

2(2) 
-l(3) 

3(3) 
18<4) 
3<3) 
l(3) 
1<3> 

-6c3> 

-3(2) 
-10(4) 
-7<3) 
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8.2450(7)&P 115.502(6)q V 1818.2(5)A3, Z= 4, space group P21 /c-The 
molecular structure of I with important geometrical parameters is shown in Fig. 1, 
positional and anisotropic thermal parameters of non-hydrogen atoms are given 
in Table 1, bond distances in Table 2, bond angles in Table 3. 

According to the present X-ray study the abovementioned reaction product 
turned out to be g s -cyclopentadienyl-q ’ -2,~diphenylcyclobut-l-en-3-oneiron di- 
carbonyl. The CpFe(CO), fragment has ifs usual geometry. The four-membered 
C(3)-C(6) cycle is slightIy bent around the C(3).**C(5) line with the dihedral 
angle of 7’. The atoms C(3), C(4), C(5) have the planar tigonal (s$ ) and 
the atom C(6) tetrahedral (sp3) coordination. Endocyclic angles are very close to 
corresponding values in the binuclear cation of II with the similar four- 

TABLE2 

BONDDISTANCES(~)INTHEMOLECULECPF~(CO),C,(O)HP~ 

Bond d<& Bond d(A) 

-+X1) l-775(9) C(8)--c(9) 1.36(l) 

---C(2) l-758(8) C(S)--c(lO) 1.39(l) 
Fe-C(5) 1.935(6) CUOI-C<ll) 1.35(l) 
Fe-C(lS) 2.103(8) C(llI-a12) 1.40(l) 
Fe-C(20) 2.104(9) c(7wx12) 1.39(l) 
Fe-C(21) 2.101<8) C(6)-C(l3) 1.52(l) 
F-(22) 2.101<11) C<13)--c(14) 1.40(l) 
Fe-C(23) 2.115<10) C<l4)-c<15) 1.36<1) 

C(l)---o(l) 1.12(l) C(15PWl6) 1.38(l) 
C(2)--3(2) 1.14(l) C(16jC(17) l-37(2) 

C(3I-w3) 1.22(l) C(17jC(18) 1.39(l) 

C(3I-a4) 1.46(l) C(13)-WlS) 1.38(l) 

C(4W(5) 1.37(l) C(lS)-w20) 1.41(l) 

C(5)--c(S) 1.56(l) C<ZOk-w21) l-40(2) 

C(3PW6) 1.53(l) C(Zlj-C(22) l-37(2) 

C(4I-a7) l-48(1) C(22jCX23) l-42(2) 
c<7jC(S) I .%I<:; C(19)--c(23) l-37(2) 

TABLE3 

BONDANGLESINTHEMOLECULECPF‘+CO),C,~O)HPh 

AnJe w (") Angle w co) 

C(l)FeC(2) 96.1<4) C(12)C<7)C(8) 118.3(7) 

C(l)FeC(5) 90.9(3) C(7)C<S)C(9) 121.2(8) 
C<2)FeC(5) 85.1<3> C<Swx9)Cao) 120.5<9) 
F&(1)0(1) J-74.8(8) c(9)c(1o)c<11) 119-O(8) 

FeC(2)Oi2) X79.4(7) c(lo)c(ll)c(12) 121.3(8) 

FeC<5)C(4) 138.1(5) C(ll)C(12)C(7) 119.7(7) 

FeC<5)C(6) 12R.2<5) C(6)C(13)C(14) 120.6(7) 

C(4)C(5)C(6) S.z.7(5) C(6)C(13)C(18) i21.4<7) 

C(3)C(4)C(5) 9P.1(6) C<l8)C(13)C<14) 117.9<7) 

C<3)C<4)C<7~ lzl?.O<S) C<13)C(14)c<15) 120.7<8) 

C(5)C<4)C<7) 138.8<4) C(14)C(15)C<l6) 120.9(9) 

C(4)C(3)CW 91.3(5) C(15)C<l6)C~7) 119.3<10) 

c<4wx3)W3) 13t..3<7> C(16)c<l?)C<18) 120.1(9) 

CWC<3)0(3) 133.4(7) C(17)C<18)C<13) 12X.0(8) 

C(3XW)C(5) 82.4(5) c(19)c(2o)c(21) 106.5(8) 
C(3)C<6)C<13) 114-S(6) c(2o)c(21)c(22) 109.1(S) 
C<5)C(6)C<13) 116.6(6) k C(21)C(22)C(23) 108.2(10) 

C(4)CV)C(S) 122.8(S) C<22)C<23)C<19) 106.7(10) 

C(4)C(7)C(12) 118.6<6) C(23)C(19)C(20) 109.5(9) 
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membered cycle containing three sp2 and one sp3 carbon atoms 12 ]- The inter- 
atomic distances C(4)-C(5) of.l_37(1) W corresponds to the double C=C bond. 
The distances C(5)-C(6) of 1.56(l) and C(3)-C(6) of 1.53(l) A are typical for 
single bonds. The bond distance C(3)--C(4) of 1.46(l) is charackMc for the 
conjugated system O=C-C=C_ The ~7 Fe4!(5) bond length of I-935(6) A is 
somewhat shorter fhan most of the known values in the m-vinyi complexes 
CpFe(CO)2CR=CXY [33 and is equal within the experimental error to the bond 
length Fe-C in the cation of Ii (1.90-1.93 A), where this bond order is inter- 
mediate between 1 and 2 due to delocaIisation over the fivercentered system. 

Two phenyl substituents at C(4) and C(6) form dihedral angles of 30” and 94”, 
respectively, with the best plane of the four-membered ring and an angle of 67” 
with one another. Dihedral angles between phenyls and the best plane of the Cp 
ligand are 66 and 63”. 

The authors wish to thank Dr. N.E. Kolobova and T.V. Rosantseva for supply- 
tig a szmiple of crystals and for valuable discussions of the structural results. 
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