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(4.55), 212.5 (4.72); calcd for C19H1203, parent ion mle 288.079, found 
288.080. 

Spectral properties of 8-methoxy-7,12-benz[a]anthraquinone: 
NMR (FT-100 MHz) (CDC13) 6 9.59 (m 1 H), 8.31-7.27 (m 8 H), 4.06 
(s, 3 H); IR (CHC13) 1665, 1590, 1470, 1450, 1275, 995 cm-l; UV 
(ethanol) X (log t)  386 (3" 282 (4.48), 231 (4.42), 211 (4.65); calcd 
for C1gH1203, parent ion m / e  288.079, found 288.081. 

Pr( fod)3  E x p e r i m e n t .  A solution of 114.7 mg of Pr(fod)3 in 2 mL 
of CDC13 was added in small aliquots via syringe to prepared solutions 
of methoxybenz[a]anthraquinones (5-15-mg sample) in 0.5 mL of 
CDC13 in a NMR tube. The NMR spectra were recorded on a Varian 
XL-100 spectrometer in the FT mode. The shifts of the methoxy and 
CI-H were recorded after each addition of praseodymium solution. 
For these data and plots of the chemical shift of the C1-H vs. the sum 
of the shifts of the methoxy and C1-H,15 see the supplementary ma- 
terial in the microfilm edition. 

Eu(fod)3 Exper iment .  A solution of 188.1 mg of Eu(fod)3 in 2 mL 
of CDC13 was added via syringe in small aliquots to a prepared solution 
of methoxybenz[a]anthraquinone (10-20-mg sample) in 0.5 mL of 
CDC13 in a NMR tube. After each addition of europium reagent, the 
NMR spectrum was recorded on a Varian XL-100 in the FT mode. 
The shifts of the methoxy and C1-H were recorded. For these data 
and a plot of the chemical shifts of the C1-H vs. the sum of the shifts 
of the C1-H and methoxy,'b see the supplementary material in the 
microfilm edition. 
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S u p p l e m e n t a r y  M a t e r i a l  Avai lab le:  observed proton shifts of 
ll-methoxy-7,12-benz[a]anthraquinone and 8-methoxy-7,12- 
benz[a]anthraquinone with Pr(fod)s (Tables I and 11) and Eu(fod)3 
(Tables I11 and IV) and plots of the shift of C1-H vs. the sum of C1H 
and OCH3 with Pr(fod)s and Eu(fod)a (Figures I and 11) (4 pages). 
Ordering information is given on any current masthead page. 
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T h e  use of the  highly nucleophilic tetracarbonylferrate 
dianion, [Fe( CO)4]2-, in organic and inorganic syntheses has 

markedly grown in recent years. Numerous useful carbon- 
carbon bond-forming reactions can be effected with this re- 
agent.1 It also serves as a starting material for the preparation 
of a variety of iron carbonyl ?r complexes (cyclobutadiene, 
trimethylenemethane, o -xylylene) and mixed metal complexes 
such as  [(CH3)2SnFe(C0)4]2 and [HgFe(CO)4In. Syntheses 
of [Fe2(CO)s12- and polynuclear clusters such as H2Fe- 
RuzOs(CO)l3 from [Fe(C0)4]2- have recently been com- 
m ~ n i c a t e d . ~ , ~  

We report in this note a novel and convenient one-flask 
synthesis of analytically pure KzFe(C0)d. While K~Fe(C014 
has not been used as extensively as Na~Fe(C014 or Naz- 
Fe(C0)4-dioxane, parallel reactivity has been observed for 
alkylation reactions: and some useful organic transformations 
employing K ~ F e ( c 0 ) ~  have been reported.6 Unlike 
NazFe(CO)4, K2Fe(C0)4 is not spontaneously flammable in 
air. 

In typical procedures 1 equiv of Fe(C0)S was added to  
2.1-2.5 equiv of commercially available K(s-C4H9)3BH7 at 
room temperature. After a 3-4 h reflux period, cooling af- 
forded a 95-100% yield of analytically pure KzFe(C0)4 as a 
white precipitate (eq i). After isolation by Schlenk or glove box 
techniques, additional reactions were carried out t o  provide 
chemical characterization (eq ii and iii). 

3. CHRCOOH 

[Fe(C0)41 [AuP(C&)~]Z (82%) K z ~ ( c o ) 4  2AUC1IP(C6Hd3L 

(iii)S 

Production of K2Fe(C0)4 proceeds via the  rapidly formed 
and spectroscopically observable intermediate metal formyl 
1 (eq iv). This  compound was originally synthesized by Coll- 
man and Winter by formylation of N a ~ F e ( C 0 ) 4 ~  with formic 
acetic anhydride. More recently, welo and others1IJ2 have 
found tha t  salts of 1 may be formed by attack of suitable hy- 
dride donors upon Fe(C0)5. Conversion of 1 t o  K2Fe(C0)4 is 
the slow step. Since at no time are Fe(CO)5 and [Fe(C0)4l2- 
simultaneously present, the  binuclear complex [ F e ~ ( C 0 ) s ] ~ -  
is not f ~ r m e d . ~  Other preparations of [Fe(C0)4I2- require 
close monitoring t o  ensure this byproduct is not  pr0duced.j 

0 
H- 1 1  H- 

1 
Fe(C0)5 + HCFE(C0)4 -+ -e- [Fe(C0)4]2- (iv) 

For many years, KzFe(C0)4 (of questionable purity) was 
available only by reaction of ethanolic or aqueous KOH with 
Fe(C0)6.l3 More recently, K ~ F e ( c 0 ) ~  has been synthesized 
from elemental potassium5 and its crystal structure has been 
determined.14 However, this procedure is experimentally more 
elaborate than ours, and a recrystallization is required to 
produce KzFe(C0)4 of comparable purity. Since K(s- 
C4H&BH is considerably more expensive than potassium, 
the  utility of our procedure is greatest with small t o  medium 
scale preparations where analytically pure product is desired. 
Attempts to  synthesize LizFe(C0)4 or NazFe(C0)d by reaction 
of Fe(C0)b with Li(CzH&BH, Li(s-C4H9)3BH, Na(C2H5)3- 
BH, or Na(CH30)3BH were unsuccessful. Although trialkyl 
borohydrides can be readily prepared from M H  (M = Li, Na, 
K) and trialkylboranes,l5 we have not found variations of our 
procedure exploying a catalytic amount of (CzH5)3B or ( s -  
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C4H0)3B and a stoichiometric amount  of K H  to be satisfac- 
tory. 

This route to K2Fe(CO)4 extends previous work by us10J6 
on the synthesis of transition metal monoanions by trialkyl 
borohydride cleavage of metal carbonyl dimers. Exploratory 
experiments indicate that  trialkyl borohydrides are not suf- 
ficiently strong reductants to produce more highly reduced 
species such as metal carbonyl trianions.I7 The  conversion 1 
-+ K2Fe(C0)4 poses ari intriguing mechanistic question and 
is currently under investigation. 

Experimental Section 
General. All reactions were conducted under a Nz atmosphere. 

1°F was dried and deoxygenated by distillation from sodium ben- 
zophenone ketyl. 1 nfrared spectra were obtained on a Perkin-Elmer 
Model 521 spectrometer, and elemental analyses were conducted by 
Gailbraith. 

KZFe(C0)d. To a dried 200-mL round-bottom flask was added 70 
mL of 0.5 M K(s-CqH&BH (35 mmo1)'followed by 2.2 mL of Fe(CO)j 
(3.22 g, 16.5 mmol). The reaction mixture was refluxed for 4 h. After 
cooling, the resultant white solid was filtered (in a glove box or via 
Schlenk techniques) and washed with 50 mL of hexane. After vacuum 
drying, 4.0 g of analytically pure KnFe(C0)d (16.2 mmol, 98%, mp 
270-273 "C dec) was obtained. Anal. Calcd: C, 19.85; Fe, 22.60. Found 
C, 19.94; Fe, 22.38. 

Caution: Since the byproduct ( s  -C4H9)3B is spontaneously flam- 
mable when pure, we recommend that the waste solvents be treated 
with an appropriate amoiint of a mild oxidizing agent (clorox, dilute 
Hz02) before disposal. 

Fe(C0)4[AuP( C6H5):i]2. To a 25-mL round-bottom flask con- 
taining a magnetic stirring bar were added 0.051 g of Kz[Fe(C0)4] 
(0.207 mmol), 0.2052 g of ( C ~ H & P A U C ~ ' ~  (0.417 mmol), and 15 mL 
of THF. After being stirred for 12 h, the reaction mixture was gravity 
filtered. Methanol (16 mIJ was added to the filtrate and the solution 
was concentrated to a cloud point on a rotary evaporator. Cooling to 
0 "C for 12 h afforded brown-yellow crystals which were isolated by 
suction filtration, washed with methanol, and vacuum dried (0.1735 
g). A second crop was obtained (0.0101 g) for a total yield of 0.184 g 
(0.169 mmol; 82Ok based upon Kz[Fe(C0)4]) (IR (THF) 2002, 1929, 
1893 cm-I; mp 145-150 ('C dec). 

Nonanal from Octyl Bromide. This procedure is similar to the 
[Fe(C0)4]2- assay reported by C ~ l l m a n . ~  To a 25-mL round-bottom 
flask was added 0.0945 g of K2[Fe(C0)4] (0.0384 mmol), 0.08 mL of 
octyl bromide (0.463 mmol), and 0.1325 g of (CzH5)3P (0.508 mmol). 
The mixture was stirred for 12 h followed by addition of 200 WL of 
glacial acetic acid and 100 pL of tridecane. Gas chromatographic 
analysis (with reference to tridecane) indicated a 100% yield of no- 
nanal based upon Kz[Fe,:CO)4]. 
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Thallium(1) cyanide has previously been prepared either 
by precipitation from an aqueous solution of thallium(1) ni- 
trate with potassium cyanide4 or by exchange between aque- 
ous potassium cyanide and the thallium(1) form of Dowex-50 
ion exchange resin.5 The  first of these procedures requires 
repeated fractional recrystallization of the crude product and 
the use of Con-free water (to avoid the formation of thalli- 
um(1) carbonate); the second procedure requires a large excess 
of the cation exchange resin. Both procedures are complicated 
by the formation of complexes with counterions le.g., K+). For 
these reasons, thallium(1) cyanide has received little attention 
as a reagent for organic synthesis. 

We wish to  describe a convenient and quantitative prepa- 
ration of anhydrous thallium(1) cyanide under nonaqueous 
conditions by the reaction of dry hydrogen cyanide with 
thallium(1) phenoxide, together with some preliminary results 
on the utilization of this reagent for the preparation of N -  
ketonitriles, cyanoformates, and trimethylcyanosilane. 

Use of Thallium(1) Cyanide in Synthesis. Stirring 
equimolar amounts of thallium(1) cyanide and an aroyl 
chloride in ether or ethyl acetate as solvent a t  room temper- 
ature for 1-3 hr, followed by removal of insoluble thallium(1) 
chloride and evaporation of the solvent, gives aromatic a-  
ketonitriles. This simple entry into these intriguing inter- 
mediates is to be contrasted with the classical method for their 
preparation which involves distilling aroyl chlorides over 
heavy-metal cyanides such as mercuric cyanide, cuprous cy- 
anide, or silver cyanide, or addition of pyridine to a mixture 
of an aroyl chloride and hydrogen cyanide in ether," or by the 
utilization of phase transfer catalysis.' In some instances, our 
procedure is unquestionably the method of choice. For ex- 
ample, p-nitrobenzoylcyanide was obtained from p-nitro- 
benzoyl chloride and thallium(1) cyanide in 85% yield after 
30 min at  room temperature. By contrast, attempts to prepare 
this compound in satisfactory yield by previously available 
procedures have been reported to be singularly unsuccessful.* 
Representative conversions of aroyl chlorides to aromatic 
a-ketonitriles are summarized in Table I. 

The  reaction is not generally applicable to aliphatic N- 
ketonitriles, since the initially formed products dimerize under 
the reaction conditions. Thus, reaction of thallium(1) cyanide 
with acetyl, propionyl, or pivaloyl chloride in ether at room 
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