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A transmetalation reaction between bis(@-phenyltricarbonylchromium)mer- 
cury and n-butyllithium has afforded (q6-phenyllithium)tricarbonylchromium 
in moderate yield. This novel organolithium reagent has been characterized by 
methanolysis, carbonation, and by reactions with (CH&SiCl and acetyl chloride. 
Reactions of (q6-phenyllithium)ticarbonylchromium with pyridine, (C6H5)2PCl, 
and C6H,PC12 have afforded the corresponding pyridyl- and phosphinobenzene- 
tricarbonylchromium complexes, respectively. A reaction with PC13 produced 
bis(r)6-phenyltricarbonylchromium)-n-butylphosphine as the only identifiable 
product. 

Introduction 

In contrast to the usual aryllithium compounds ArLi which have played such 
an important role in the development of organic and organometallic synthesis, 
lithium derivatives of q6-arenetricarbonylchromium complexes of the type 
(q6-ArLi)Cr(C0)3 have thus far been limited to one brief communication on 
the formation of ($-phenyllithium)tricarbonylchromium (III). Complex III 
was reported to be formed from the reaction of n-butyllithium and ($-C6H6)- 
Cr(CO)3 (I) in THF at low temperatures: carbonation produced a 19% yield of 
($-C6HsCCOH)Cr(CO)s (Iv) [ 21. 

It is known, however, from more recent studies that interactions of q6-arene- 
tricarbonylchromium -complexes with various organolithium reagents can also 
lead to attack of the latter on carbonyl and @-arene ligands, leading to metal- 
carbene complexes [ 3-53 and products of ring alkylation [ 6-lG], respectively. 
It was therefore of interest to develop an alternate, higher-yield route to III, 

* Presented in part at the Fifth International Conference on Orgimometallic Chemistry. Moscow. 
U.S.S.R.. August 16-21.1971; Abstracts of Section and Planan Lectures. p_ XI. See also ref. 1. 
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-car&d- out.using-stoichiometric amounts of n-butyllithium or at room tempera- 
ture _II&wever, the yieid of I is signific&ly diminished in each cask. As might 
be expect+d, solutions of III are extremely sensitive not only to temperature, 
-but also to air and moisture. Although a detailed stability study of III was not 
undertaken, solutions of it could be kept conveniently for 10-15 min at ~20°C 
without noticeable decompositions_ 

In order to obtain further evidence for the formation of III, a solution of it 
was carbonated by the addition of dry ice. Subsequent acidification of the 
aqueous extract produced (@-benzoic acid)tricarbonylchromium (IV) in ca. 
50% yield. A solution of III and chlorotrimethylsilane also readily afforded 

(EC) R = cool-i 

(PI R = SiiCH,), 

(lZC)R = C(0)CH3 (CO), 

OX) R = P(C6H5)2 tmi) 

(?I”-trimethylsilylbenzene)tricarbonylchromium (V) [ 151 in similar yield. 
Addition of a solution of III to an etheral solution of acetyl chloride prod- 

uced I, (@-acetophenone)tricarbonylchromium (VI), and bis(n6-phenyltri- 
carbonylchromium)methylcarbinol (VII) in yields of 22,X3 and 36%, respec- 
tively. The rather large amount of I obtained may indicate that it was formed 
by proton abstraction of III from VI. The large amount of carbinol VII formed 
in this reaction is also surprising, since acetyl chloride was always present in 
large excess. 

A reaction between III and pyridine afforded [$-(2-pyridyl)benzene]tricar- 
bonylchromium (VIII). The yield of VIII was low (7%), however, and both I 

& yo3 
I tc%, 

&I3 
(Xl R = CsH5 

CzlIn (XI) R = n-C4Hg 

as well as an unidentified by-product were also produced. No attempts were 
made to maximize. the conversion of III to VIII. This reaction may possibly 
proceed by way of an addition product of III and pyridine, analogous to the 
formation of 2-phenylpyridine from pyridine and phenyllithium [ 201. 

Several reactions of III with various phosphorus halides were also briefly 



&e&i~a@d, @id ineach Distance phosphinobenzenetricarbonyl~hromium --- 
.compl&+sre&hed. Thu& a reaction. between III and (C&15)2PCl~p&duced 
(~“-phenyltiicarb~~nylchromiuinjdiphenylp~o~ph~e.(IX) in 54% yield, whereas 
ii similar r&&n S@i+:C&?Cl+ afforded bis($-phenyItricarbonylchiommm)- 
jphenylphosphine (X)-in 32% yield. A subsequent attempt to produce tris($- 
phenyltricarbonylchromium)phosphine from a reaction between III and PCl, 
produced instead. b&(~6.-phe~ylticarbrbnyl&romium)-n-butylphosphine (XI) 
ti the only identi.fiabIe product,‘the third P-Cl bond therefore being substi- 
tuted by the excess n-butyllnhiurh present; 

The-studies de&rib& in this paper thus demonstrate that III can be readily 
prepared by a transmetalation reaction involving II and n-butyllithium, and 
can serve as a useful precursor to a number of substituted arenemetal tricar- 
bonyls which would be extremely difficult to prepare by direct complexation 
of the tricarbonylchromium moiety to a substituted arene *. Further studies 
are underway to examine the coordination chemistry of complexes VIII-XI, 
and to utilize III in the formation of other novel [(@-C~HS)Cr(C0)3]-substituted 
complexes. 

Experimental 

Ethyl ether and hexane were purified by distillation from lithium aluminum 
hydride._ Proton NMR and IR spectra were recorded on Varian A-60 and Beck- 
mann IR-10 spectrometers, respectively. Microanalyses were performed by the 
Microanalytical Laboratory, Office of Research Services, University of Massa- 
chusetts. Melting points were recorded on a Mel-Temp unit and are uncorrected. 

Bis(q6-pheny1tricarbonylchromium)mercw-y (II) 
Into.a.500-ml single-nekced flask was added 250 ml of deoxygenated dioxane, 

6.02 g (17.0 mmol) of diphenyhnercury, and 10.9 g (50.9 mmol) of @-benzene- 
tricarbonylchromium (I) 1161. The flask was fitted with a reflux condenser 
equipped with a 3-way stopcock connected to a mercury overpressure valv.e, 
was flushed severa.l times with nitrogen, and heated to reflux under magnetic 
stirring for 72 h. After cooling to room temperature, the solvent was evaporated 
under reduced pressure. The residue was extracted with acetone, the extracts 
filtered over a frit, and the filtrate evaporated to dryness. Unreacted starting 
materials were removed by vacuum sublimation of the residue at 95”/10W3 mmHg 
and subsequent extraction with hot benzene. The resulting solid was extracted 
again Firith acetone, filtered, and the extracts evaporated to dryness to produce 
6.50 g (61%) of II as a yellow crystalline solid. The product is insoluble in-ethyl 
ether, petroleum ether, and methylene chloride; it is soluble in acetone and 
slightly soluble in boiling benzene. An analytical sample was prepared by a 
subsequent crystallization from benzene, m.p. 178-179°C (dec.). (Found: C, 
34.75; H, 1.83;.Cr, 16.50; Hg, 32.20; 0,15.37. C18H&rtHg06 c&d.: C, 
34.49; H, 1.61; Cr, 16.59; Hg. 32.00; 0,15.31%). The proton NMR spectrum 

* For example. in a kecezk attempt to prepare IX directly from ti<c0)6 and triphenylphosphine’ 
at eleva?zd t6mperdures. IX could not be isolated. and a dimeric product of composition 

c<c~5)~cr~c0)212was foged c211- 
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in acetone-& exhibited only one broad singlet centered at r 5.0 ppm, which 
can be assigned to the q6-C6HS protons. The IR spectrum (KBr) contained peaks 
a&ignable to carbonyl frequencies at 19’70s and 185Os, as well as other absorp- 
tions at 1500m, 1450m, 1400m, 1170m, 1150m. 1020m and 810m cm-‘. The 
mass spectrum showed a molecular ion at m/e 626. 

Formation of (q6-phenyllithium)tricarbonylchromium (III) 
Into a flame-dried 250-ml flask equipped with a nitrogen inlet tube was added 

80 ml of ethyl ether and 0.80 g (1.28 mmol) of II. The flask was flushed several 
times with nitrogen, and with rapid stirring, the slurry was cooled to -2O’C. 
n-Butyllithium in hexane (3.0 ml, 6.6 mmol) was added, producing a clear yellow 
solution which was stirred for 15 min. During this period the solution became 
slightly cloudy and darkened somewhat. 

Methanol (50 ml) was subsequently added slowly and stirring was continued 
at -20°C for an additional 15 min. The resulting yellow solution was allowed 
to warm to room temperature, the solvent was evaporated via a water aspirator, 
and the di-n-butylmercury which had formed removed under high vacuum at room 
temperature_ Sublimation of the residue at 80-85cC/10-3 mmHg.produced 0.50 
g (92%) of $-benzenetricarbonylchromium (I), m-p. 160-161”C, identified 
by IR, NMR and mixture melting point comparisons with an authentic sample 
WI. 

When the above reaction was carried out at room temperature, a 61% yield of 
I was obtained. A similar reaction conducted at -20°C but with a molar ratio 
of n-butyllithium to II of 3/l afforded I in 73% yield. 

Carbonation of ($-phenyllithium)tricarbonylchromium (III) 
A solution of III was prepared under nitrogen in 40 ml of ethyl ether at -20°C 

from 0.40 g (0.64 mmol) of II and 0.89 ml (1.91 mmol) of n-butyllithium in 
hexane_ After the clear yellow solution had been stirred for 8 min at -2O”C, 
freshly chopped pieces of dry ice were added. The excess dry ice was evaporated 
as the reaction mixture slowly warmed to room temperature. Evaporation of 
the solvent yielded a yellow-orange solid which was extracted with 25 ml of 5% 
aqueous potassium hydroxide. The extract was filtered and 25 ml of 5% hydro- 
chloric acid was slowly added to the filtrate until it was just acidic, at which 
point orange crystals precipitated. These were filtered and sublimed at 120°C/ 
10F3 mmHg to yield 164 mg (50%) of orange ($-benzoic acid)tricarbonylchromium 
(IV), m-p. 198-200°C (lit. [22] 201-202°C). 

Reaction of ($‘-phenyllithium)tricarbonylchromium (III) with chlorotrimethyl- 
silane 

A solution of III was prepared at -20°C under nitrogen in 80 ml of ethyl 
ether from 0.S g (1.27 mmol) of II and 1.77 ml (3.81 mmol) of n-butyllithium 
in hexane. After stirring for 5 min, a solution of 1-O ml of (CH,),SiCl in 5 ml 
of ethyl ether was added and stirring was continued for 30 min at -20°C. The 
reaction mixture was filtered over a frit containing Celite, the filtrate was 
evaporated to dryness and the residue was chromatographed on a hexane-packed 
column of alumin a Elution with hexane/benzene (3/l) afforded two bands. 
The first band produced 194 mg (53%) of ($-trimethylsilylbenzene)tricar- 
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bonylchromium (v);m.p. 71-72°C (lit. [ 15]72-73%). The pro&&w& further 
identified bylspe&ral comparisons with.an auther&sample_ The second band 
yielded .& small amount. of I. .- 

A solution of III was prepared under nitrogen at -20°C from 0.8 g (1.27 
mmol) of II, 80 ml of ethyl ether and 3.0 ml (6.6 mmol) of n-butyllithium in 
hexane. After the reaction mixtie had been stirqxl for 5 mini it was added to 
a stirred mivture of 20 ml acetyl tihloride and 20 ml of ethyl ether at -20°C. 
After an additional 15 min, the reaction mixture was allowed to warm to room 
temperature, the solvent was evaporated, and the thick orange oil which remained 
was dissolved in benzene and chromatographed on alumina. Elution with ben- 
zene removed a yellow band containing O-12 g (22%) of I. Elution with a l/l 
mixture of benzene/ethyl ether yielded 0.166 g (18%) of (g6-acetophenone)tri- 
carbonylchromium (VI), m.p. 90-9l”C <lit. [ 23]91-92.5°C) after crystalli- 
zation from hexane. Further identification was made by mixing melting point 
and spectral comparisons with authentic VI prepared by the acetylation of I 
[24,25]_ A final elution of the column with acetone produced 0.213 g (36%) 
of bis($-phenyltricarbonylchromium)methylcarbinol (VII), m-p. 179°C (dec.)_ 
An analytical sample of the same m-p. was prepared by recrystallization of the 
product from methylene chloride/hexane. (Found: C, 51.00; H, 2.96; Cr, 
22.20; 0,23.?6. C2sH&rZ07 calcd.: C, 51.08; H, 3.00; Cr, 22.11; 0, 23.81%). 
The proton NMR spectrum (CD&) exhibited bands at T (ppm) 8.08 (3H, s, 
CH3j, 7.70 (IH, s, OH), and 4.2-5.0 (IOH, m, C6Hs). The IR spectrum (CHCls) 
contained a weak C-H stretching frequency at 3620 cm-’ and strong carbonyl 
absorptions at 1985 and 1810 cm-‘. 

[$-(2-Pyridyt)benzene]tricarbonykhromium (Vnl) 
A clear yellow solution of III was prepared under nitrogen at -20°C in 40 ml 

of ethyl ether from 0.40 g (0.63 mmol) of II and 0.88 ml (1.90 mmol) of n- 
butyllithium in hexane and was stirred vigorously for 10 min. Subsequently, 5.0 
ml (62 mmol) of pyridine (dried over BaO) was added, and the reaction mixture 
was stirred for an additional 20 min at -20°C. The resulting cloudy orange solu- 
tion was allowed to warm to room temperature and stirred for 45 h. Water 
(100 ml) was slotily added to the orange-brown mixture, which was then stirred 
for 5 min before being extracted with several portions of ether. The combined 
extracts were dried over anhydrous magnesium sulfate, filtered, and the solvent 
was evaporated. The resulting yellow-orange crystalline residue was dissolved 
in benzene and chromatographed on alumina. Three bands were eluted with 
benzene, ethyl ether and acetone, respectively. The first band yielded 19 mg 
(7%) of I, and the second 23 mg (6%) of VIII, m.p. 120-121°C after recrystalli- 
zation from hexane. (Found: C, 57.57; H, 3.12; N, 4.91; 0,16.50. C14H&r03 
c&d.: C, 57;74; H, 3.12; N, 4.81; 0,16.48%). The IR spectrum (Ccl,) contained 
two carbonyl absorptions at 1990 and 1920 cm-‘. The third band contained 
trace amounts of a yellow oil which was not further identified, but which exhi- 
bited terminal carbonyl bands at 1990 and 1935 cm-‘. 

(q6-Phenyltricarbonylchromium)diphenylphosphine (IX) 
A solution of III was prepared in 50 ml of ethyl ether under nitrogen at 
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-20°C from 0.80 g (1.27 mmol) of II and 1.77 ml (3.81 mmol) of n-butyllithium 
in hexane. After the solution had been stirred for 8 min, 1.0 ml (5.4 mmol) of 
chlorodiphenylphosphine in 10 ml of ethyl ether was added slowly_ Stirring 
was continued_ at -20°C for an additional 30 min before the reaction mixture 
was warmed to room temperature over a period of 1.5 h. The resulting cloudy 
yellow solution was filtered under nitrogen over a frit packed with Celite to 
remove LiCl. Evaporation of the solvent left oily yellow crystals which were 
recrystallized from methylene chloride/hexane to yield 0.546 g (54%) of IX, 
m-p. 146-147°C (Found: C, 63.14; H, 4.20; Cr, 13.00; 0,12.05; P, 7.80. 
C,,H,,CrO,P calcd.: C, 63.32; H, 3.80; Cr, 13.06; 0,12.05; P, 7.78%). The 
proton NMR spectrum (CDC13) exhibited two multiplets in the ratio of 2/l at 
T 2.62 and 4.82 ppm, assignable to the uncomplexed and complexed phenyl 
ring protons, respectively. The IR spectrum (Nujol) contained terminal carbonyl 
bands at 1980 and 1915 cm-l. 

Bi.s(q6-phenyltricarbonyIchromium)phenylphosphine (X) 

A solution of III was prepared in 50 ml of ethyl ether under nitrogen at 
-20°C from O-80 g (1.27 mmol) of II and 1.77 ml (3.81 mmol) of n-butyllithium 
in hexane. After stirring for 8 min, a solution of 1-O ml (7.4 mmol) of dichloro- 
phenylphosphine in 10 ml of ethyl ether was added. The reaction mixture was 
stirred for 20 min at -2O”C, allowed to warm slowly to room temperature, and 
filtered under nitrogen over a frit packed with Celite. The solvent was removed 
via a water aspirator and the resulting yellow oil was left overnight at 10m3 
mmHg on a vacuum line to remove di-n-butylmercury. A proton NMR spec- 
trum (CDC13) of the residue indicated multiplets assignable to uncomplexed and 
complexed phenyl protons between T 2.1-2.8 and 4.5-5.0 ppm, respectively, 
but no upfield peaks in the n-butyl region. Recrystallization of the product from 
benzene/heptane afforded 0.218 g (32%) of X, m.p. 218-220°C (dec.). (Found: 
C, 54.10; H, 3.07; Cr, 19.40; 0,17.99; P, 5.79. C!,,H,,Cr,O,P calcd.: C, 53.94; 
H, 2.83; Cr, 19.46; 0,17.97; P, 5.80%). The IR spectrum (KBr) contained car- 
bony1 bands at 1900 (broad) and 1980 cm-‘. 

Reaction of (~6-pheny11ithium)tricarbonylchromium (III) with phosphorus fri- 

chloride 

A solution of III was prepared in 40 ml of ethyl ether under nitrogen at 
-2O”C_from 0.40 g (0.63 mmol) of II and 0.88 ml (1.90 mmol) of n-butyi- 
lithium in hexane. After the yellow solution had been stirred for 8 min, 0.50 
ml (5.4 mmol) of PC13 in 5 ml of ethyl ether was added. The reaction mixture 
was stirred at -20°C for an additional 20 min, allowed to warm to room tem- 
perature and filtered under nitrogen over a frit packed with Celite. Evaporation 
of the solvent and crystallization of the product from benzene/heptane afforded 
0.224 g (34%) of bis(~6-phenyltricarbonylchromium)-n-butylphosphine (XI), 
m-p. 147-138°C (Found: C, 51.18; H, 3.77; Cr, 20.20; 0,18.70; P, 6.00. 
C&I1&rZOSP calcd.: C, 51.37; H, 3.72; Cr, 20.22; 0,18.66; P, 6.02%). The 
proton NMR spectrum (CD(&) contained the following resonances: 5- (ppm) 
7.88-8.23,8.26-8.68, 8.86-9.24 (9H, m, n-C4H9), 4.12-4.87 (lOH, m, 
$-CsH5). The IR spectrum (Ccl,) exhibited terminal carbonyl bands at 1990 
and 1920 cm-‘. 
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