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Abstract 

Diphenylacetylene reacts with the pyrolysis product of bis(cyclo- 
pentadienyl)-bis(o-fluorophenyl)titanium to afford predominantly 
one isomer of the expected titanole. The crystal structure of the 
Cr(CO), derivative 4 of the titanole shows that the fluorine is in the 
7-position indicating that attack of the acetylene on the benzyne 
intermediate occurs along the less stericajly hindered path, Com- 
pound 4: Omonoclinic, Cc, a = 7.983(2) A, b = 19.602(4) A, c = 
16.834(4) A, B = 91.59(2)“. Rr = 0.052 from 1069 observed reflec- 
tions. 

The thermal decomposition reactions of (77-C,H,)2 
Ti(aryl), compounds such as la are known to proceed 
via intramolecular hydrogen abstraction processes. If 
the abstraction takes place from one of the aryl groups, 
the result is the elimination of one arene and the 
formation of a titanium aryne fragment such as 2a 
(Scheme 1) [1,2]. The reactive intermediate has been 
characterized by its trapping reactions with, for exam- 
ple, N,, CO,, olefins, and acetylenes. In the case of 
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diphenylacetylene, metallacycles such as 3a are formed 
the structures of which have been established by inde- 
pendent synthesis [3]. 

In an earlier study [4] of the reactions of lb with 
diphenylacetylene the insertion product was isolated in 
high yield, and there was a preponderance of one 
isomer as judged by the 19F NMR spectrum. Thus the 
reaction took place almost exclusively along path A or 
B (Scheme 1). The structure 3d resulting from attack 
along path A (A attack) was assigned to the product 
even though the results of Rausch and Mintz [5] indi- 
cate that 2c, one of the intermediates in the thermoly- 
sis of Cp2Ti(m-CSH4CH3)2, reacts with diphenylacety- 
lene with exclusive formation of 3c via B attack. Crys- 
tals of the fluorinated product were unsuitable for an 
X-ray study and the normal ‘H spectrum of 3b/3d 
gives little structural information since all the aryl 
resonances are overlapped: the 2D-SUPER-COSY 
spectrum reveals that, as expected, the fluorinated ring 
is the one metallated by titanium. Verification of the 
proposed structure thus depended on the preparation 
of a suitable derivative. This has now been done and 
the correct structure of the major product is 3b in line 
with attack along path B which shows lower steric 
hinderance in accordance with earlier postulates [3]. 
The same phenomenon has been noted by Buchwald 
and his coworkers [2] in the course of related studies 
on zirconium derivatives and we have recently become 
aware of closely related work on titanium by the same 
group M. 

The reaction product 3b/3d was derivatized by re- 
acting it with (CH,CN),Cr(CO), (Scheme 2). Two 
green products are formed and the predominant one 
can be isolated by using column chromatography. The 
‘H NMR spectrum of this product establishes that the 

Ph Ph 

1 a R=H 
b R=F 

2 a R=H 
b R=F 
c R=CHS 

3 a R=H.Rkl 
b R=F.RLH 
C R=CHs.RLH 
d R=H.R’=F 

Scheme 1. 

8 1993 - Elsevier Sequoia S.A. All rights reserved 



I.R. Butler et al. / Regiospecific reaction of diphenylacetylene with biskyclopentadienyl)(o-j7uorobenzyne)titanium Cl 

Ph Ph 

3b/3d + (CHPWr(CO)J - 

Scheme 2. 

4 

Cr(CO), moiety is bound to the fluorinated ring since 
the resonances in this ring are shifted up field by N 1.5 
ppm. (The Cp resonances are inequivalent and the 
chemical shift difference is 0.12 ppm.) However, the 
distinction between 3b and 3d cannot be made with 
certainty. Fortunately the isolated product is crystalline 
and its structure is shown in Fig. 1. The chromium 
moiety is bound to the fluorinated arene ring that was 
originally present in 2b. This ring has a fluorine sub- 
stituent on C(5) which can only arise if the dipheny- 
,lacetylene attacks 2b along path B, indicating a strong 
steric discrimination in the insertion process. The basic 
structure of 4 is similar to those of other arenechro- 
mium tricarbonyl derivatives. The conformation of the 
Cr(CO), moiety is almost eclipsed as is usually found 
in substituted arene derivatives: the nearly syn-eclips- 
ing of the electronegative fluorine substuent may be 
unusual 171. The Cr-C(4) and Cr-C(9) distances, av. 
2.29 A, seem to be longer than the other Cr-ring 
carbon distances, av. 2.22 A, but the data are not good 
enough to make this more than a possibility even 

C(35) 

O(1) O(3) 

Fig. 1. SNOOPI plot of compound 4. Selected bond distances (;i> 
angles (“1 are as follows: Cr-C(1) 1.777(20); Cr-C(2), 1.81208); 
Cr-C(3), 1.799(18x Cr-c(4), 2.298(14); Cr-c(5), 2.19706); Cr-C(9), 
2.279(14); Ti-C(4), 2.175(14); Ti-C(ll), 2.17303); Ti-C(411, 
2.378(20); Ti-C(46), 2.35317); C(5)-F, 1.385(17). C(2)-Cr-C(l), 

88.3(8); C(3)-Cr-C(l), 88.7(8); C(3)-Cr-C(2), 85.0(8); C(ll)-Ti- 
C(4), 76.8(5); C(5)-C(4)-Ti(l), 131.300); C(9)-c(4)-Ti, 112.3(9X 

though this trend is commonly found in Cr(CO), 
derivatives of fused polycyclic hydrocarbons [7]. 

1. Experimental details 

All procedures were carried out on a standard vac- 
uum line by using Schlenk apparatus and an argon 
atmosphere. Solvents were predried and distilled prior 
to use. Column chromatography was carried out by 
using a neutral alumina (Grade 1) support. ‘H NMR 
data were obtained by using a Briiker WH-400 instru- 
ment. Mass spectral data were acquired by using a 
Kratos MS-50 spectrometer. Compounds 3b/3d and 
(CH,CN),Cr(CO), were prepared according to the 
literature procedures [4]. 

1.1, Preparation of 4 

A suspension of (CH,CN),Cr(CO), (1.0 g, 3.9 mm01 
(excess)) and 3b/3d (0.45 g, 0.1 mm00 in diethyl ether 
(20 ml) and THF (20 ml> was stirred for 24 h at room 
temperature. The reaction progress was monitored by 
using tic (aluminum backed Kieselgel plates (Merck)). 
Four colored bands were observed and are listed in the 
order of decreasing R, value: (a> green, (b) deep 
green, cc> yellow, (d) brown/red (3b/3d), the reaction 
mixture was left until no starting material remained. 
The products were isolated, by using column chro- 
matography as follows: the yellow band was eluted with 
diethyl ether to give, on solvent removal, excess unre- 
acted metal carbonyl; the deep green band, which was 
also eluted by diethyl ether yielded 4 after crystalliza- 
tion (diethyl ether/ hexane) as a deep green powder 
(yield 60-70% based on 3b/3d. The minor green band 
eluted by using diethyl ether/CH,Cl,, but no attempt 
was made to identify it. Recrystallization of a small 
quantity of 4 from a concentrated CH,Cl, solution 
layered with n-hexane gave crystalline 4. 

4: Mass spectrum (120°C) ml/e (relative intensity): 
587 (7.02); 586 (13.71), M+; 504 (16.78); 503 (38.91); 
502 (81.64); 501 (14.28); 500 (14.53); 450 (10.75); 449 
(6.27); 448 (14.50); 428 (10.05); 1427 (3.62); 426 (5.40); 
366 (10.80); 365 (13.25); 364 (8.13); 326 (11.62); 325 
(10.81); 324 (29.87); 323 (7.23); 322 (13.78); 305 (9.12); 
304.03.34); ,303 (20.59); 254 (15.21); 253 (37.80); 252 
(69.19); 251(21.19); 250 (25.75); 249 (20.92); 248 (60.29); 
178 (52.45); 132 (33.57); 117 (24.34); 113 (20.89); 52 
(100.00). 

Parent. ion M+ isotope pattern (measured mass, 
formula, standard deviation, relative intensity): 
452.1261, C,sH,,F”Ti, 0.2, 11.11; 451.1295, 
C,H,F49Ti, 3.3,33.26; 450.1261, C,oH,,F“sTi, -0.2, 4 86.14; 449.1177, C,,H,,F 8Ti, -0.8, 43.76; 
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TABLE 1. Crystallographic and experimental data 

Crystal data 
Formula 
Molecular weight 
Crystal system 
Space group 

aA 

b,A 

c, A 

B,” 
v, A’ 
Z 
w (MO Ka), mm-’ 
D calcr Mg m-’ 

Data colkction and rejinement 
Crystal dimensions, mm 
Temperature, K 
Radiation 
Transmission factors 
Scan mode 
Scan speed range, ’ min-’ 
Scan width, ’ 
Theta limits, ’ 
Data collection range 
Unique reflections 
Observed reflections (I L 2a(I)) 
Number of variables 

RrS 
4Vf 

b 

Goodness of fit c 

C,,H,CrTiOF 
586.44 
Monoclinic 
Cc 

7.983(2) 

19.602(4) 

16.834(4) 
91.59(2) 

2603.5 
4 
0.750 
1.496 

0.04 x 0.25 x 0.36 
295 
MO Ka = 0.71069 i 
0.8404-0.9706 
Coupled o -28 
0.87-5.49 
0.75 + 0.35 tan 0 
0<20<47 
h, k, *l 
1932 
1069 
173 
0.052 
0.056 
1.095 

“R,=~lIF,I-F,lI/~IF,I. b R, = [23w( I F,, I - IF, l)2/~:F,211’2. 
’ G.O.F. = [Ew( I F, I- IF, I)*/(No. of degrees of freedom)]‘/*. 

C,,H,,F‘@Ti, 1.4, 100.00; 447.1104, C,,H2,F4’Ti, 
-4.1, 17.70; 446.1046, C30H,F47Ti, -2.0, 26.38. 

‘H NMR: 6 (CHCl,) 400 MHz: 4.37 (dd, 1); 5.02 
(dd, 1); 5.36 (dt, 1, Jr_, = 4.8 Hz); 6.52 (s, 5); 6.53 (s, 
5); 6.55-6.60 (m, 2); 6.80-7.10 (m’s, 8). 

1.2. X-ray structure determination for 4 

A suitable crystal was selected and transferred to an 
Enraf-Nonius CAD4F diffractometer equipped with 
graphite monochromated MO Ka radiation. The unit 
cell was obtained from the accurate setting angles of 25 
reflections (4 < 28 < 24”). Two standard reflections 
measured every 5400 s showed some variation with 
time (1.46%) and the data was scaled with a five point 
smoothing curve. A total of 1998 reflections were col- 
lected of which 1069 were considered to be observed 
(I L 2aW). The data were corrected for Lorentz po- 
larization and for absorption effects by Gaussian inte- 
gration [8]. Pertinent crystallographic and experimental 
parameters are given in Table 1. 

The structure was solved by heavy atom methods, 
and refined by full-matrix least-squares. The majority 

of the hydrogen atoms were found in difference Fourier 
maps but it was decided to geometrically place these 
atoms. An attempt was made to determine the abso- 
lute structure of the compound using a Rogers polarity 
parameter (I$ [9] which gave inconclusive results = 
0.469(311) but weakly favored the structure that had 
been chosen. The variables included in the final cycles 
of refinement were scale, polarity, positional and 
anisotropic thermal parameters for the two metal 
atoms, positional parameters and isotropic thermal pa- 
rameters for the remaining non hydrogen atoms, and 
similar hydrogen atoms were allowed to have equiva- 
lent isotropic temperature factors. 

The final residuals were R = 0.052, and R, = 0.056, 
and the goodness of fit was 1.095. Refinement was by 
full-matrix least-squares minimizing the function 

TABLE 2. Atomic coordinates and U,, or 4, (A*) (X 104) with 
e.s.d.‘s in parentheses for the non-hydrogen atoms in CrTiC3,Hu03F 

Atom x Y z u,, / Yso 

clw 4986(8) 9214(l) 503 l(2) 410 
Ti(1) 419N7) 112390) 4215(2) 356 

F(1) 420102) 9685(5) 3205(5) 619(27) 

o(1) 172609) 8664(7) 4404(8) 908(43) 

o(2) 5386(17) 7949(7) 5997(8) 820(40) 
O(3) 3134(17) 9737(7) 6426(7) 828(39) 

C(1) 3045(23) 886x9) 4653(11) 597(46) 

C(2) 5274(21) 8442(9) 561100) 535(44) 

C(3) 3875(22) 9524(9) 5877(10) 585(46) 

C(4) 5291(17) 10227(7) 4363(8) 353(36) 

C(5) 5322(20) 9667(8) 3852(9) 487(41) 

C(6) 6388(23) 9098(9) 3895(10) 622(49) 

C(7) 7520(20) 9076(8) 453800) 522(45) 

C(8) 7647(19) 9624(8) 5089(9) 455(41) 

c(9) 652107) 10199(7) 5013(7) 355(35) 

CxlO) 646417) 10764(g) 5566t7) 384(34) 
C(11) 5433(16) 11291(7) 5383(7) 324(32) 

c(21) 7652(17) 10772(7) 6277(8) 341(31) 

Ci22) 7768(24) 10242(9) 6818(10) 621(47) 

Ct23) 8933(21) 10261(9) 747200) 583(46) 

C(24) 9946w) 10806(10) 758101) 669(50) 

C(25) 9876(21) 1133900) 705500) 596i48) 

C(26) 8747(19) 11342(8) 6417(9) 44Oi40) 

C(31) 512908) 118537) 5956(8) 341(35) 

C(32) 5360(23) 12533(9) 579200) 598(46) 

C(33) 5052(24) 13042(9) 634200) 660(51) 

cc341 4424(22) 12883(10) 704800) 637(52) 

cc351 4083(22) 12225(9) 7222(10) 607(50) 

C(36) 4489(19) 11711(8) 6691(9) 489(42) 

C(41) 1716(24) 11661(10) 4814(11) 72N57) 

C(42) 1476(23) 11721(10) 4021(11) 677(54) 

c(43) 1473(21) 11067(8) 368400) 556(47) 

CW 1677(21) 10602(8) 430900) 553(47) 

cx45) 1877W 10975(9) 504101) 630(50) 

Cc461 661N20) 11888(8) 393900) 526(44) 

c(47) 5200(20) 12244c8) 3616(9) 508(43) 

CW 453004) 1183NlO) 3002(11) 715(55) 

c(49) 5495(21) 11239(9) 2957(10) 613(46) 

c(50) 6764(21) 113ON9) 3528(9) 577(45) 
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CW( ( F, I - 1 F, 1)2, where w was calculated from a three 
term Chebyshev series so that w = 10.4117 t,(x) + 
0.4076tJx) + 0.2515t,(x)l-‘, where x = F, - F,, DOI. 
The refinement was considered complete when the 
ratio of all shifts to e.s.d.‘s was less than 0.1. The 
highest peak in the final difference map was 0.33(4) e 
A-” and was situated 0.864 A from O(1). Complex 
neutral atom scattering factors were taken from the 
International Tables for Crystallography [ 111. Calcula- 
tions were carried out on a Microvax II computer with 
use of the NRC VAX Crystal Structure System [12] 
and the CRYSTALS suite of programs [13]. Positional 
parameters are given in Table 2: the origin was fixed by 
restraining separately the sum of all x and z shifts to 
be zero (reducing off-diagonal terms). A view of 4 is 
given in Fig. 1 [14] and selected bond distances and 
angles are listed in its caption. Anisotropic thermal 
parameters, hydrogen atoms coordinates, the remain- 
ing molecular dimensions and tables of calculated and 
observed structure factors are available as supplemen- 
tary material from the authors. 
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