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Summary 

(C6F5Li)Cr(C H ) 6 6 can be converted into (C6FSX)Cr(C6H6), where X is CHO, 
CH(OH)CH,, COCH, or CO&H,. The dilithio derivative (C,F,L& )Cr(C,H,) 
forms a stable di-ester, but the bis(trimethylsily1) derivative is very labile. 
Attempts to synthesise chromarenes with alkenyl substitutents are described. 

Introduction 

The burgeoning use of metal vapors in synthesis [l-4] has provided conve- 
nient routes to otherwise inaccessible organometallic systems. In particular, the 
chromarene [5] system, whose chemistry at one time seemed to be somewhat 
restricted, has recently been shown to be readily functionalisable. We now 
report the syntheses of some simple organic derivatives of 1,2,3,4,5pentaflu- 
oro- and 1,2,4,5-tetrafluorochromarene. 

Discussion 

The pK, values of substituted benzoic acid chromium tricarbonyls [6] and 
of ferrocene carboxylic acids [7] have been extremely useful indicators of the 
type of reactivity to be expected for these now almost ubiquitous systems. 
However, these data are not yet available for the chromarene series and, 
although we have not yet obtained a chromarenoic acid, we now report the 
incorporation of a variety of substituents which may eventually lead us to our 
target. 

Previous attempts [ 51 to prepare 2,3,4,5,6-pentafluorochromarenoic acid via 
the carbonation of the analogous lithiochromarene (I) have been unsuccessful. 
Some of the more obvious alternate routes which might be viable include, (a) 
the haloform reaction on the methyl ketone (II), (b) oxidation of the corre- 
sponding aldehyde (III), or (c) hydrolysis of an appropriate ester (IV). Reac- 
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tion of acetyl chloride with I might have been expected to give respectable 
yields of methyl ketone II, but in fact the desired product was obtained only in 
small quantities. (The analogous furoyl compound is, however, readily prepared 
by this route and is discussed below). The reaction of I with ethyl formate gave 
the corresponding aldehyde (III) while treatment with ethyl chloroformate led 
to a good yield of ethyl pentafluorochromarenoate (IV) (see Scheme 1). It is to 

SCHEME 1. Reactions of <C6F5Li)Cr(C6H6) (I). 1. CH3COCl. 2. HCOC2HS. 3. CICOZC~H~. 4. CH3CHO. 

5. C4H30COCl. 

I 

be hoped that, given mild enough conditions, 2,3,4,5,6-pentafluorochroma- 
renoic acid may be obtained from one of these precursors_ 

With a view to incorporating unsaturated moieties in the sidechains of chro- 
marenes, a mixture of benzene and pentafluorostyrene was cocondensed with 
chromium vapor. The only volatile product isolated after removal of the start- 
ing materials was identified by mass and NMR spectroscopy as 1,4-bis(pentaflu- 
orophenyl)butane (VI)_ Pentafluorostyrene is known to polymerize [S] , albeit 
less readily than styrene itself, but the product isolated from the cocondensa- 
tion reaction has not apparently been reported previously_ Blank reactions, 
using the normal cocondensation conditions but with no metal in the crucible 
gave no VI; likewise, VI was not produced when nickel vapor was used. A pos- 
sible rationale involves the initial formation of an unstable bis(pentafluorosty- 
rene)chromium complex (V), which then undergoes ligand coupling (see 
Scheme 2) in a manner analogous to that previously observed for iron vapor 
and dimethylfulvene [9]. Subsequent hydrogen abstraction from the excess 
unreacted arenes could then lead to the observed product. 
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SCHEME 2_ Coupling of pentafluorostvrene on a chromium template. 

PJ) (VI) 

An alternate route to l-vinyl-2,3,4,5,6-pentafluorochromarene which 
appeared viable was the dehydration of the appropriate alcohol (VII). Indeed, 
reaction of the lithiochromarene (I) with acetaldehyde gave the desired alcohol 
(VII) in good yield, but our attempts to dehydrate the sidechain without 
thereby destroying the complex have so far been unsuccessful. Furthermore, 
reaction of I with ally1 bromide did not yield a chromarene with an unsaturated 
sidechain but instead gave a number of products which are still under investiga- 
tion. A more successful approach was the synthesis of the furoylchromarene 
(VIII) from the lithio derivative (I) and furoyl chloride. Interestingly, the ‘H 
NMR. spectrum of complex VIII showed the absorptions of the furan ring pro- 
tons to be displaced considerably upfield of their normal resonance positions. 
We interpret this to mean that the f*man is positioned proximate to the chro- 
mium atom whose magnetic anisotropy leads to a marked shielding of the furan 
protons. 

The recent synthesis [5] of 1,2,4,5tetrafluorochromarene opened up the 
possibility of incorporating two functionalities into the same ring of the sand- 
wich compound_ This would require that both protons in the fluorinated ring 
be readily lithiated as in IX; we find that a three-fold excess of t-butyllithium is 
required to ensure di-lithiation of 1,2,4,5tetrafluorochromarene and this is 
readily confirmed mass spectrometrically after quenching with D,O. Analo- 
gously, reaction of an excess of ethyl chloroformate with IX gave good yields 
of the very air-stable diester X. In contrast, chlorotrimethylsilane gave only 
traces of the mono-silplated chromarene XI, while the major product was 1,4- 
bis(trimethylsilyl)-2,3,5,6_tetrafluorobenzene which was readily identified by 
comparison with the literature data [16]. Apparently, the bis(trimethylsilyl)- 
tetrafluorochromarene must have dissociated and liberated the parent arene. 

It has been noted by ourselves [5,10-121 and by others [13-151 that the 
oxidative stability of halogenated chromarenes is highly dependent on the elec- 
tronic properties of the arene substituents. In particular, electronegative substi- ~ 
tuents which- reduce the rr-basicity of the arene concomitantly retard the oxida- 
tion of the formally zero-valent chromium and thus enhance its kinetic rather 
than its thermodynamic stability_ Consequently, the introduction of two elec- 
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tron-releasing trimethylsilyl moieties is apparently not compatible with a kinet- 
ically stable fIuorochromarene. 

Clearly, to produce a stable chromarene, one requires a rather delicate bal- 
ante of these electronic factors and, pragmatically, one can use Hammett sub- 
stituent parameters as a guide to the probable stability of a given chromarene 
c171. 

Experimental 

NMR spectra were recorded on a Bruker WH90 spectrometer operating in 
the FT mode at 90 MHz using tetramethylsilane as the internal reference. 
Infrared spectra were recorded on a Perkin-Elmer 337 grating spectrometer, 
and mass spectra were obtained on a C.E.C. 21-210-B spectrometer. Melting 
points are uncorrected. Elementary analyses were performed by Gygli Micro- 
analysis Laboratory, Toronto. 

I-Lithio-2,3,4,5,6-pentafluorochromarene, I 
(C,F,Li)Cr(C,H,) was prepared by the lithiation of (C,F,H)Cr(C,H,) as des- 

cribed previously [ 53. 

Reactions of I with uarious reagents 
(a) Acetyl chloride. To a solution of I (0.335 mmol) in ether was added a 

very slight excess of acetyl chloride at -78°C under a nitrogen atmosphere. 
The solution was stirred at -78°C for 1 h, by which time the initially red- 
brown solution had turned yellow_ The solution was allowed to warm to room 
temperature, filtered under nitrogen end the solvent and excess CH,COCl 
removed in vacua. The product was purified by sublimation at 50°C/10-* 
mmHg to give yellow, air-stable I-acetyl-2,3,4,5,6-pentafluorochromarene (II) 
(23 mg, 0.068 mmol; 20%), m-p. 92”C, whose IR spectrum showed v(C0) at 
1741 cm-‘. Mass spectral data: m/e 340, C14HgF&rOt (12); 325, CI,HSF&rO’ 
(2.5); 298, C12H7F5Cr+ (45); 262, CsH,F.$rO’ (14); 168, C6F5H+ (23); 149, 
C,F,H’ (40); 130, C,H,Cr’ (100); 78, &Ha* (65); 52, Cr’ (63). Anal. Found: 
C, 49.5; H, 2.6. Cz4HgF&r0 c&d: C, 49.4; H, 2.6%. 

(b) Ethyl formate. To a solution of I (0.335 mmol) in ether was added ethyl 
formate (0.40 mmoi) in ether at -78°C under a nitrogen atmosphere_ The red- 
brown solution gradually became yellow and, after stirring for 1 h at -78°C it 
was allowed to warm to room temperature and filtered under nitrogen_ Ether 
and excess ethyl formate were removed in vacua and the residue sublimed at 
45°C/10-2 mmHg to give yellow, air-stable I-formyl-2,3,4,5,6-pentafluorochro- 
marene (III) (33 mg, 0.101 mmol; 30%), m-p_ 85’C (decomposes) whose IR 
spectrum showed v(C0) at 1680 cm-‘. Mass spectral data: n/e 326, C13H7FS- 
CrO’ (10); 298, ClzH7F&r’ (35); 248, C,HF&rO’ (8); 168, &FSH+ (40); 149, 
C6F4HC (55); 130, &H&r’ (70); 78, C,H,’ (53); 52, Cr+ (100). Anal- Found: 
C, 47-7; H, 2.0. C13H,F&rO calcd: C, 47.8; H, 2.1% 

(c) Ethyl chloroformate. To a solution of I (0.335 mmol) in ether was addkd 
ethyl chloroformate (0.40 mmol) in ether at -78°C under a nitrogen atmo- 
sphere. The initially red-brown solution was stirred at -78°C for 30 min and 
then slowly allowed to warm to room temperature by which time the solution had 



become orange-yellow. After filtration under nitrogen and removal of ether and 
excess ethyl chloroformate in vacua, the residue was sublimed at 50-60”C/10-2 
mmHg to give orange, air-stable ethyl 2,3,4,5,6-pentafiuorochromarenoate (IV) 
(99 mg, 0.268 mmol; 80%): m-p. 92-95”C, showing v(C0) at 1725 cm-‘. The 
‘H NMR spectrum in C6D6 exhibited a multiplet at 6 (ppm) 4.63 (6H), a quar- 
tet at 6 4.22 (2H) and a triplet at 6 1.10 (3H). Mass spectral data: m/e 370, 
C15HllF5Cr02+ (25); 325, C1,H,F&rO’ (3); 298, C,,H7F,Cr’ (27); 292, C9H5- 
F&r02+ (11); 264, CsH,F&rO’ (8.5); 168, C6FSHf (14); 149, CbF4H+ (58); 
130, &H&r’ (100); 111, C6F2H+ (42); 78, CJ&’ (45); 52, Cr+ (6i). Anal. 
Found: C, 48.8; H, 3.0. CISH,,F,Cr02 calcd: C, 48.6; H, 3.0%. 

(d) Fzzroyl chloride. To a solution of I (0.335 mmol) in ether was added 
furoyl chloride (0.40 mmol) in ether at -78” C under nitrogen atmosphere. The 
red-brown solution turned yellow-brown after stirring at -78°C for 45 min and 
was then allowed to warm to room temperature and was stirred for another 
hour. After filtering under nitrogen and removal of solvent and excess furoyl 
chloride in vacua, the product was sublimed at 55-60°C/10-” mmHg to give 
yellow-brown, air stable l-furoyl-2,3,4,5,6-pentafiuorochromarene (VIII) (98 
mg, 0.25 mmol; 75’S), m.p. lOO”C, which exhibited v(C0) at 1648 cm-‘. The 
‘H NMR spectrum in C6D6 showed a doublet (1.7 Hz) of doublets (cl.0 Hz) at 
6 6.92 (H,),a doublet (3.7 Hz) of doublets ((1.0 Hz) at 6 6.88 (H3), a doublet 
(3.7 HZ) of doublets (1.7 Hz) at 6 5.91 (Ha), and.a multiplet at 6 4.80 (6H). 
Mass spectral data: m/e 392, C17H9F&r02+ (40); 314, CllH3F5Cr02+ (100); 
298, C12H7FSCr+ (10); 262, CllH3FS02+ (27); 244, CllHFSO* (8); 196, C,HFSO’ 
(21); 177, C,HF,O’ (15); 168, C6FSH’ (12); 149, &F,H* (20); 130, C,H,Cr’ 
(62); 78, C6H6* (57); 52, Cr’ (61). Anal. Found: C, 52.4; H, 2.6. C1,H9F5Cr02 
calcd: C, 52.0; H, 2_3%. 

(e) Acetaldehyde. To a solution of I (0.335 mmol) in ether was added acetal- 
dehyde (0.4 mmol) in ether at -78°C under a nitrogen atmosphere and the red- 
brown solution rapidly turned yellow. The solution was stirred at -78” C for 
1 h, ahowed to warm to room temperature and acidified with dilute HCI. Af- 
ter filtration, the solvent and excess acetaldehyde were removed in vacua and 
the product sublimed at 30”C/10-z mmHg to give yellow l-(2,3,4,5,6_pentafiu- 
orochromarenyl)ethanol (VII) (91 mg, 0.266 mmol; 80%), m-p. 52-55°C. The 
product is stable in air for about l-2 days, and shows v(OH) at 3400 cm-‘. 
Mass spectral data: m/e 342, C14H,,F,CrO’ (35); 324, Cr,H,F,Cr’ (6); 264, 
CsHSF&rO’ (16); 246, C$H,F&r’ (3); 212, CsHSF50’ (2); 196, C,HFSO’ (11); 
149, C,F,H’ (32); 130, C&H&r+ (100); 78, CdH6+ (80); 52, Cr’ (71). Anal. 
Found: C, 48.8; H, 3.1. C14H11F5CrO* &cd.: C, 49.1; H, 3.2%. 

Reaction of chromizzm vapor with benzene and pentaflzLoro.styrene 
Chromium vapor and 50 ml of a 60/40 v/v mixture of pentafluorostyrene 

and benzene were cocondensed over a 1 h period in the apparatus previously 
described [ 111 _ Removal of unreacted benzene and pentafluorostyrene and 
subsequent heating of the residue using a water bath at 60-70°C gave a white 
material (VI), which sublimed onto the water-cooled surface of the reaction 
apparatus. The air-stable product, m-p. 65”C, exhibited two ‘H NMR peaks of 
equal area at 6 2.73 (triplet) and 6 1.63 (quintet)_ Mass spectral data: m/e 390, 
C6FI,,HB+ (40); 372, C,,F,H,’ (30); 222, C1,,F5H7+ (8); 207, C,F,H,+ (25); 194, 
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C8F5H3+ (60); lSl;‘C,FsHz* (100); 17’6, CsFz,H4+ (52); 167, C6FS+ (25); 162, 
C,F,H,+ (63); 150, CdF4H2+ (23); 143, C,HzF,* (45); 131, C,FS+ (20). 

Lithiation of (p-C~JY2)Cr(C.&,J 
1,2,4,5-Tetrafluorochromarene (100 mg, 0.357 mmol), prepared as described 

previously [5], was dissolved in 60 ml sodiumdried diethyI ether and 40 ml 
THF. The solution was flushed with dry nitrogen for 20 min, cooled to -78°C 
and treated with t-butyhithium (1.80 mmol) in hexane. The initially pale-red 
solution became red-brown, indicative of the formation of the dilithio deriva- 
tive IX_ 

Reactions of IX with various reagents 
(a) Deu terium oxide. Addition of excess D,O to a solution of IX at -78” C, 

followed by stirring for 1 h and graduaI warming to room temperature produced 
a pale-orange solution. Removal of solvent and excess D20 in vacua followed 
by sublimation at 35” C/lO-2 mmHg returned the tetrafluorochromarene essen- 
tially quantitatively_ Mass spectral data: m/e 282, C12D,H6F,Cr+ (45); 281, 
C12DH7F4Crt (35); 263, C12D2HdF3Cr* (12); 262, C12DH7F3Crf (8); 152, CdF4- 
Dz+ (30); 151, C,,F&ID+ (28); 150, CbF&+, &F&I,’ (15); 149, &F&I+ (8); 
133, C,Fa.+ (20); 132, C6F3DH+ (22); 131, C,F,D+, CeFzHz+ (30); 130, 
&H&r* (100); 78, C6H6+ (86); 52, Cr’ (72). An increased ratio of t-BuLi: 
(C6F4H2)Cr(C,H,) gave an increased percentage of the di-deuterated chro- 
marene. 

(b) Ethyl chloroformate. To a solution of IX (0.357 mmol) in ether was 
added ethyl chloroformate (0.80 mmol) at -78°C under nitrogen atmosphere. 
After stirring for 1 h at -78°C the red-brown solution had turned brown-yel- 
low. The solution was allowed to warm to room temperature, filtered, and the 
solvent and excess ethyl chloroformate removed in vacua. The product was 
sublimed at 90°C/10-’ mmHg to give, by mass spectrometry, a mixture of 
mono- and di-ester which showed ‘H NMR peaks in C6D6 at 6 4.73 and 6 4.55, 
in the ratio 2.2/l, and also a quartet at 6 4.27 and a triplet at 6 1.14. The 
monoester (approximately 30% yield) decomposed in air in about 2 days while 
the diester, which was purified by resublimation, is remarkably air-stable. Thus, 

1,4-bis(carbethoxy)-2,3,5,6-tetrafluorochromarene (X), m-p. 105”C, exhibiting 
v(C0) at 1720 cm-’ was obtained in 65% yield. Mass spectral data: m/e 424, 
C18HlbF4Cr04t (40); 386, C&HldFZCr04+ (6); 379, C1&111F&r03* (10); 351, 
C15HllF4Cr02+ (2); 346, C12H10F4Cr04+ (77); 318, C,&,F,CrO,’ (50); 290, 
C9H6F4Cr03+ (12); 274, C9H6F,Cr0,’ (4); 246, C7H2F&r02+ (2); 157, 
C,H,F,O,’ (6); 149, C6F4H+ (50); 130, C6H&r* (100); 78, C6H6* (71); 52, Cr’ 
(63). Anal. Found: C, 51.0 H, 3.8. Cr8Hz6F4Cr04 calcd.: C, 50.9; H, 3.8%. 

(c) Chlorotrimethylsilane. To a solution of IX (0.357 mmol) in ether was 
added Me,SiCl (0.80 mmol) at -78°C under a nitrogen atmosphere. After stir- 
ring at -78°C for 30 min and for 1 h at room temperature, the now orange 
solution was filtered and the solvent and excess chlorotrimethylsilane removed 
in vacua. Fractional sublimation gave the known [ 161 1,4-bis(trimethylsiIyl)- 
2,3,5,6_tetrafluorobenzene and traces of 1,2,4,5-tetrafluoro-3-trimethylsilyl- 
chromarene (XI) identified mass spectrometrically. Mass spectral data: m/e 
352, &,H,,F,CrSi (6); 280, C,,F,H,Cr’ (40); 274, CPH,.F,CrSi’ (8); 261, 
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G&W&r+ (13); 149, C,F,H’ (50); 130, C6H6Crf (100); 78 C6H6+ (80); 73, 
C3H&i+ (40); 52, Cr’ (50). 
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