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When aryl groups are substituents in the l,4-positions of the diazabutadiene (DAB) ligand? substitution 
of carbon monoxide by PMe3 in Fe(CO),(DAB) takes place solely by a second-order process. The rate 
law is f i i t  order in both Fe(CO),(DAB) and PMe@ Activation parameters for the 4-fluorophenyl derivative 
in toluene support the associative nature of this reaction: AH* = 13.6 i 1.0 kcal/mol; AS* = -34.8 f 3.2 
eu. Carbon monoxide replacement rates depend on the nature of the nucleophile, and increase in the series 
PPh, < P(OMe), < P ( ~ - B U ) ~  < PMe& This rate also increases when the r-acceptor ability of the DAB 
ligand increases. When bulky tert-butyl groups are the substituents in the 1,4-positions of the DAB ligand, 
steric interactions become important in the six-coordinate transition state. Nucleophilic attack on this 
complex results in loss of the DAB ligand to give Fe(C0)3(PMe3)2. This reaction obeys a two-term rate 
law involving both associative (AH* = 20.4 & 0.8 kcal/mol and AS* = -18.2 f 2.0 eu) and dissociative (AH* 
= 25.0 i 1.0 kcal/mol and AS* = -8.0 f 3.0 eu) pathways. Factors which facilitate nucleophilic attack 
on iron in these coordinately saturated metallacycles and in the related Fe(C0)3(N4Me2) complex are 
discussed. 

Introduction 
In contrast to most other pentacoordinate iron carbonyl 

complexes, Fe(C0),(N4Me2) reacts readily with nucleo- 
philes by an associative (SN2) mechanism., 

Me 

Me 

We attributed this unusual behavior to the flexible r-ac- 
ceptor properties’ of the tetraazabutadiene ligand. Dia- 
zabutadiene (or diimine) ligands are also thoughts to 
posseas strong r-acceptor properties, although not as great 
as in the tetraazabutadiene metallacylic systems. These 
considerations prompted us to  examine substitution re- 
actions of analogous iron tricarbonyl1,4-diazabutadiene 
complexes (eq 1). Preliminary studies indicated3 that iron 
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tricarbonyl1,4-diphenyl-2,3-dimethyl-l,4-diaza-2,3-buta- 
diene undergoes carbon monoxide replacement in a man- 
ner similar to Fe(CO),(N4Mez>. In order to probe the role 
of the metallacycle in promoting nucleophilic attack on 
iron, we examined substitution reactions of Fe(CO),(DAB) 
as a function of the nature of the substituent R. An un- 
derstanding of how coordinately saturated organometallic 
complexes react by associative mechanisms is relevant to 
synthetic and catalytic  transformation^.^*' 
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Experimental Section 
All manipulations were carried out under an atmosphere of 

prepurified nitrogen by using standard inert atmosphere tech- 
niqueix8 Toluene was dried with sodium, methanol with Mg- 
(OMe)z, and acetonitrile with Pz06. Solvents were distilled and 
degassed prior to use. Trimethylphosphine (Strem) was purified 
by distillation on a vacuum line and triphenylphosphine (Aldrich) 
was recrystallized from ethanol and dried under vacuum. Tri- 
methyl phosphite and tri-n-butylphosphine were distilled from 
sodium metal. Iron tricarbonyl 1,4-diazabutadiene complexes, 
Fe(CO)&DAB), were prepared by a ligand exchange reaction 
between iron tricarbonyl benzylidenea~etone~ and an equivalent 
of the appropriate Schiff base. This procedure avoids the for- 
mation of dimeric iron carbonyl products which may result when 
Fez(CO)g is used as the starting material.l0 Exchange reactions 
were complete in 6-20 h at 60 O C ,  as determined by IR monitoring. 
The detailed preparative procedure for the previously unreported 
4-fluorophenyl derivative” is given below. Other Fe(CO)S(DAE3) 
compounds were prepared similarly, and their IR spectra agreed 
with those prepared by other 

Preparation of Iron Tricarbonyl 1,4-Bis(4-fluoro- 
pheny 1 )-t,t-dimet hyl- 1,4-diaza-2,3-butadiene (la). A Schlenk 
flask was charged with 1.50 g (5.5 mmol) of 1,4-bis(4-fluoro- 
phenyl)-2,3-dimethy1-1,4-diaza-2,3-b~tadiene,’~ 1.57 g (5.5 “01) 
of iron tricarbonyl benzylideneacetone, and 85 mL of toluene. 
After the mixture was heated for 12 h at 60 O C ,  the IR spectrum 
showed complete loss of starting complex and a red solution was 
obtained following filtration. The solvent was removed under 
vacuum and the residue redissolved in 10 mL of toluene-hexane 
(6040). Chromatography on Grade I11 alumina (2.5 X 35 cm 
column) with the same solvent mixture gave a red band which 
was collected. Removal of the solvent yielded 0.95 g (42%) of 
deep red crystalline product, la, which may be recrystallized from 
hexane. Anal. Calcd for FeClgHlsN2F20s: C, 55.37; H, 3.42; N, 
6.68. Found: C, 55.19; H, 3.59; N, 6.80. 

(6) Tolman, C. A. Chem. SOC. Reu. 1972,1,337-353. 
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Chem., Int. Ed.  Engl., 1978, 17, 64-66. 
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by the name of the alkyl or aryl substituent in the 1,4-positions of the 
DAB ligand (Table I). 
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Table I. Spectral Datad for 
R1 

R2, I 
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l a  
l b  
I C  
Id  
l e  
2a 
2b 
3a 
3b 
4a 
4b 
4c 
5a 
5b 
5c 

Reference 12. 

4-fluorop henyl Me 
4-fluorophenyl Me 
4-fluorophenyl Me 
4-fluorophenyl Me 
4-fluorophenyl Me 
phenyl Me 
phenyl Me 
4-methoxyphenyl Me 
4-methoxyphenyl Me 
cyclohexyl H 
cyclohexyl H 
cyclohexyl H 
tert-butyl H 
tert-butyl H 
tert-butyl H 

Reference 13. Reference 14. 

I 
A 

co 
PMe, 
P(n-Bu), 
P(OMe), 
PPh, 
co 
PMe, 
co 
PMe, 
co 
PMe, 
PPh, 
co 
PMe, 
PPh, 

508 (7980), 380 (3830) 
522 (6740), 423 (6210) 
516 (6730), 436 (6370) 
498 (8690), 409 (6040) 
520 (6100), 445 (5920) 
508 (8610), 381 (4030) 
520 (6180), 422 (4930) 
508 (7540), 380 (3970) 
519 (5560), 419 (4730) 
505 (7550), 370 (3590) 
503 (6690), 408 (5940) 
509 (6500), 435 (4730) 
545 (6220), 377 (2670) 
531 (4710), 420 (2030) 
540 (4350), 448 (2670) 

d In toluene solution. 

Figure 1. Visible spectral changes during the reaction between 
9.87 X M 4-fluorophenyl complex (la) and 0.998 M PMe3 
in toluene solution. 

Spectral Studies. IR spectra were recorded on a Perkin-Elmer 
283 spectrometer using 0.1" CaF2 cells. Visible spectra were 
recorded on a Cary 14 spectrophotometer using 1.00-cm or 
1.00-mm quartz cells modified for work with air-sensitive com- 
pounds. Photochemical reactions were carried out by using a 
550-W mercury arc lamp and a Corning 0-52 filter (A > 340 nm). 

Kinetic Procedures. A quartz cell, containing a solution of 
the ligand in toluene, was allowed to thermally equilibrate in the 
thermostated (h0.5 "C) cell compartment of the Cary 14 for at 
least 15 min. Reactions were initiated by injecting a solution of 
the iron complex into the cell using a Hamilton gas-tight syringe. 
The cell was vigorously shaken, and then spectra were recorded 
as a function of time. To avoid competing photochemical reac- 
tions, we closed the slit of the Cary 14 between absorption 
measurements. A typical experiment for reaction of the 4- 
fluorophenyl complex with PMe3 is illustrated in Figure 1. 
Isosbestic points at 528, 453, 395, and 367 nm are maintained 
throughout the course of the reaction. Similar isosbestic points 
were observed for all the substitution reactions where the DAB 
ligand remains coordinated to the metal. Reactions were con- 
ducted under pseudo-first-order conditions, with the ligand 
concentration at least 1 order of magnitude greater than that of 
the iron complex. Plots of In (A, - A,) vs. time were linear for 
more than 3 half-lives and koM was obtained from the slope of 
this line, as determined by the method of least squares. Although 
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2035,1965" 
1961,1900 
2019, 1942b 
1957,1896 
2018, 193Eib 
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1949,1889 
2005, 1926c 
1935,1869 
1938,1876 
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the statistical error from the analysis was always less than 1% 
the rate constants, kow,  were realistically reproducible to within 
*5%. The rate of substitution of la by P(OMe)3 and PPh3 was 
measured by observing the decrease in intensity of the infrared 
absorption at 2024 cm-'. Reaction products were identified by 
their infrared, electronic absorption, and mass spectra. Table 
I contains the visible absorption and IR spectroscopic data for 
the Fe(C0)JDAB) complexes and their monosubstitution prod- 
ucts, Fe( CO)2L(DAB). 

Rasults 
Thermal and photochemical substitution chemistry of 

the diazabutadiene complexes is summarized in Scheme 
I. Efficient visible light photosubstitution of a CO ligand 
has recently been demonstrated16 for the phenyl" complex. 

(16) Johnson, C. E.; Trogler, W. C. J.  Am. Chem. SOC. 1981, 103, 
6352-6358. 

3929-3936. 
(17) Thoreteinson, E. M.; Basolo, F. J .  Am. Chem. SOC. 1966, 88, 

(18) Schuster-Wolden, H.; Basolo, F. J.  Am. Chem. SOC. 1966, 88, 
1657-1663. 
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Figure 2. Plot of k o u  (e-') vs. PMe3 concentration (M) for the 
reaction of 4-fluorophenyl complex (la) with PMe3 in toluene 
solution: (0) T = 55.5 "C; (A) T = 70 "C; (+) T = 85 O C .  

Visible light photolysis of the other Fe(CO),(DAB) com- 
plexes in the presence of an excess of ligand also cleanly 
leads to Fe(C0)2L(DAB). Thermal replacement of CO 
occurs when the aryl- and cyclohexyl-substituted com- 
plexes are treated with PMe* At elevated temperatures 
in sealed reaction vessels, these complexes slowly react with 
additional PMe3 to yield Fe(C0)2(PMe3)$9 and Fe(C0)3- 
(PMe3)2m as the metal-containing products. In the case 
of the cyclohexyl derivative (4a), the rate of reaction (eq 
4, Scheme I) is comparable to that of the substitution 
reaction (eq 2). Qualitatively, the rate of DAB loss (eq 4) 
increases for changes in R in the order 4-fluorophenyl< 
phenyl < 4-methoxyphenyl< cyclohexyl. For this reason, 
the PMe3-substituted cyclohexyl derivative 4b is most 
conveniently prepared by the photochemical route at room 
temperature. The PPh3 derivative, 4c, can be prepared 
thermally but the reaction is very slow (tllz 100 h a t  80° 

Simple CO substitution does not occur thermally when 
the tert-butyl derivative (5a) is allowed to react with PMe3, 
P(OMeI3, or P(n-Bu)* Rather, the DAB ligand departs 
(eq 5)  to yield Fe(C0)3L2 as the only metal carbonyl 
product. Monosubstituted derivatives of the tert-butyl 
complex can only be prepared by photochemical dissoci- 
ation of CO in the presence of phosphine ligands. We have 
studied the kinetics of ligand substitution in detail for the 
aryl- and tert-butyl substituted complexes. Typical plots 
of k , , ~  (eq 2) vs. [PMe3] for the Cfluorophenyl compound 
are given in Figure 2. The y intercept of zero demon- 
strates that there is no ligand-independent reaction path. 
Second-order rate constants (eq 2) for the aryl-substituted 
complexes are provided in Table 11, along with the acti- 
vation parameters and solvent dependence of the substi- 
tution rate for the 4-fluorophenyl derivative. In addition, 
the estimated rate of substitution of CO by PMe3 in com- 
plex (4a) is recorded in Table II. Only an estimate of this 
rate was obtained because of competitive secondary re- 
actions of the product. As discussed above, the DAB lig- 
and is lost instead of CO when the tert-butyl complex is 
allowed to react with P(Me)3, P(OMe)3, or P(n-Bu)* The 
rate of this reaction (eq 5 )  as a function of ligand con- 

C, [PPh3] = 0.90 M). 

(19) Harris, T. V.; Rathke, J. W.; Muetterties, E. L. J. Am. Chem. Soc. 

(20) Reckziegel, A.; Bigorghe, M. J.  Organomet. Chem. 1965, 3, 
1978,100,6966-6977. 

341-354. 
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Table 11. Rate Constants for CO Substitution by 
Nucleophiles in Toluene According to Eq 1 

T, 
complex L oc 104k, ~ - 1 s - 1  

4-fluorophenyl ( la )  PMe, 55 
55 
55 
70 
85 

P(OMe), 85 
PPh, 85 

phenyl (2a) PMe, 70 
4-methoxyphenyl(3a) PMe, 70 
cyclohexyl (4a) PMe, 70 
W C O  ),"e 2 )  PMe, 70 

P(n-Bu), 85 

1.54 ? 0.01 
1.93a 
2.13 
4.02 * 0.02 
9.71 t 0.OSc 
0.21 
0.04 
0.01 
2.48 
0.60 
0.01 
4.10 x 105d 

Solvent = acetonitrile. Solvent = methanol. A* 
= 13.6 t 1.0 kcal/mol; A S *  = -34.8 t 3.2 eu. 
3. A* = 6.9 ? 0.8 kcal/mol; AS*  = -31.4 * 2.1 eu. 

Reference 

Table 111. Rates of DAB Replacement in the tert-Butyl 
Complex 5a by Nucleophiles in Toluene Solution 

nucleophile T, "C 105k,., &l-l s- l  105k,, s-l 
PMe , 55.5 2.36 t 0.03 0.27 t 0.03 
PMe , 70.0 9.33 * (3.24 1.22 t 0.13 
PMe , 77.0 18.1 * 0.2 2.94 t 0.14 
PMe, a 85.0 34.3 t 0.4 7.16 * 0.35 
P(OMe), 77.0 0.78 t 0.05 2.00 t 0.04 

a A H l *  = 25.0 f 1.0 kcal/mol; A S  * = -8.0 t 3.0 eu. 
AH,' = 20.4 t 0.8 kcal/mol; AS2"= -18.2 t 2.0 eu. 

P(n-Bu), 77.0 0.91 * 0.08 1.95 * 0.05 

6.004 /" 

0.0 
' i s 0 0  .25 .50 .75 1.00 1.25 1.50 

I P M E 3 )  M 

Figure 3. Plot of k,,u (8-l) vs. PMe3 concentration (M) for the 
reaction of the tert-butyl complex (5a) with PMe, in toluene 
solution: (0) T = 55.5 O C ;  (X) T = 70.0 "C; (A) T = 77 O C ;  (+) 
T = 85 O C .  

centration and temperature is plotted in Figure 3. Rate 
constants for the ligand-dependent and ligand-independent 
mechanisms are collected along with the activation pa- 
rameters in Table 111. The reaction of the tert-butyl 
complex with PPh3 was very slow and appeared to involve 
several competitive pathways, including CO substitution 
and DAB displacement. 

Discussion 
In accord with our preliminary observations,3 the phe- 

nyl-substituted Fe(CO),(DAB) complex reacts with PMe, 
by an associative mechanism. This behavior resembles 
that observed for Fe(CO),(N4M%). As illustrated in Figure 
2, the rate of substitution depends directly on the ligand 
concentration. The rate law for this process is given in eq 
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7. The small enthalpy and large negative entropy of 
-d[Fe(CO)3(DAB)] /dt  = IZ[F~(CO)~(DAB)I [L] (7) 

activation (Table 11) for CO replacement in the 4-flUOrO- 
phenyl complex further indicate an associative process. An 
alternative mechanism involving bond rupture of one end 
of the DAB chelate ring, followed by CO replacement and 
ring closure, would be expected to exhibit a large AHs and 
little variation in rate with different nucleophiles. This 
contrasts with the observed AHs and the sensitivity of the 
rate to the nature of the nucleophile. The large negative 
A S  observed also would not be expected for a dissociative 
mechanism. In addition, our synthetic results suggest that 
a unidentate DAB ligand is readily displaced by phosphine 
ligands. These substitution reactions appear to proceed 
by a classical SN2 mechanism via a six-coordinate transi- 
tion state. 

As would be expected for an associative process, rates 
of substitution depend on the size and the basicity of the 
entering nucleophile. Relative rates of carbon monoxide 
displacement a t  85 "C increase in the series PPh3 (1) < 
P(OMe)3 (4) < P ( ~ - B U ) ~  (21) < PMe3 (971). A similar 
reactivity sequence was observed3 for Fe(C0)3(N4Me2), 
although the magnitude of the difference was significantly 
larger in the latter system. This suggests that bond making 
occurs to a greater extent in the transition state of the 
N,Me2 system compared to the DAB complexes. 

Although similar associative mechanisms appear to be 
operative, the rates of CO substitution in the aryl DAB 
complexes are approximately 5 orders of magnitude slower 
than in the previously studied3 Fe(C0)3(N4Me2) complex. 
Examination of the activation parameters (Table 11) for 
these two systems reveals that the difference in reactivity 
rests largely in the enthalpy term. This suggests to us that 
the reduced reactivity of the aryl-substituted Fe(CO),- 
(DAB) compounds may be attributed to electronic factors 
as opposed to steric considerations. Recent theoretical4 
and experimentalls investigations indicate that the ?r-ac- 
ceptor ability of the tetraazadiene ligand rivals that of CO. 
With use of CO stretching fequencies of the Fe(C0)3 
moiety as a guide, the N4Me2 ligand (weighted average pc0 
= 2019 cm-') appears to be a significantly stronger ?r ac- 
ceptor than the DAB moiety (vco = 1983 cm-'1. Thus, the 
electrophilic Fe(N4Me2) metallacycle can better accom- 
modate increased electron density on iron in the transition 
state than can the Fe(DAB) metallacycle. 

The rate of substitution in Fe(C0)3(N4Me2) depends on 
both the polarity and hydrogen-bonding ability of the 
s01vent.~ Relative rates of substitution in methanol, ace- 
tonitrile, and toluene are 149:9:1.3 Polar solvents should 
stabilize a polar transition state, however, the dramatic rate 
enhancement in methanol was attributed to hydrogen 
bonding to the 2,3 nitrogen atoms of the Fe(N4Mez) me- 
tallacycle. 7' , .H-0 /R 

$ 1  \ R  

PMe, 

OC \!e/ "7 ' 

\N--N.,. 
H-0 OC 

Me 

This contrasts with the insensitivity to solvent seen for 
Fe(CO),(DAB) in which the relative substitution rates in 
methanol, acetonitrile, and toluene are 1.4:1.3:1. We 
suggest that the pseudooctahedral transition state is less 
polar in Fe(CO),(DAB) than in Fe(C0)3(N4Me2). In ad- 
dition, there is no opportunity for hydrogen bonding to 
the DAB ligand as there is for the tetraazabutadiene lig- 
and. 

Shi et al. 

Further support that electron-withdrawing abilities of 
the metallacycle affect the rate of displacement of CO was 
obtained by studying derivatives with different DAB lig- 
ands. For example, the substitution rate is reduced by a 
factor of 4 when the electron-donating methoxy group is 
placed in the para position of the phenyl ring (3a). A much 
larger rate reduction results when the phenyl ring is re- 
placed by the cyclohexyl group (4a). Thus, the substitution 
lability of these complexes parallels the ability of the 
metallacycle to accept electron density in the pseudooc- 
tahedral transition state. The importance of electron 
delocalization to ligands in 18-electron systems which react 
by associative mechanisms was first recognized for nitro- 
syl-" and for cyclopentadienylmetaP complexes. The 
diazabutadiene complex could add a ligand and still 
maintain an 18-electron configuration by delocalizing a pair 
of electrons onto the metallacycle. 

R 
I 

I R I 

' i '  
N+C\R 

I 
R 

\.. , c \ 
N R 

R 
I 

In contrast to the simple CO substitution process ob- 
served for the above complexes, treatment of the tert-butyl 
compound 5a with nucleophiles leads to loss of the DAB 
moiety (eq 5).  The substitution products 5b and 5c are 
not inherently unstable but can only be prepared by the 
photochemical reaction (eq 3), which proceeds via a dis- 
sociative mechanism. In the thermal reactions, Fe(C0)3L2 
is the sole product observed by IR and mass spectroscopy. 
No intermediates could be detected in the infrared spec- 
trum of the reaction mixture. The kinetics of DAB re- 
placement in the tert-butyl complex exhibits both lig- 
and-dependent and ligand-independent pathways (Figure 
3) that follow the rate law (eq 8). Rate constants for this 
-d[Fe(CO),(DAB)]/dt = 

kl[Fe(CO)&DAB)l + kz[Fe(CO)3(DAB)1 [Ll (8) 
process are presented in Table I11 as a function of tem- 
perature for PMe, and for P(OMe)3 and P(n-Bu),. 
Analysis of the rate data as a function of temperature and 
ligand concentration for L = PMe3 permits an estimate 
of the activation parameters for the two pathways. The 
dissociative (k,) route exhibits a large enthalpy of activa- 
tion (AHl* = 25.0 f 1.0 kcal/mol) and a small entropy of 
activation (AS1* = -8.0 f 3.0 eu). This contrasts with the 
associative path (k,) which possesses a smaller enthalpy 
of activation (AH2* = 20.4 f 0.8 kcal/mol) and a larger 
negative entropy of activation (AS2* = -18.2 f 2.0 eu). 
These values are consistent with the mechanism proposed 
below. 

Ring opening has been observed21 when compounds of 
the type Fe(C0),(1,4-heterodiene), where heterodiene is 
an unsaturated aldehyde, ketone, or Schiff base, are treated 
with nucleophiles. These complexes also react according 
to a two-term rate law involving partial dissociation of the 
heterodiene ligand.22 Our kinetic data can be accommo- 
dated by the mechanism given in Scheme 11. The 18- 
electron intermediate 6 can be obtained by either a dis- 
sociative or an associative route. In the former, partial 
dissociation of the DAB ligand leads to the coordinately 

(21) Bellachioma, G.; Cardici, G. J. Chem. SOC., Dalton Tram. 1977, 

(22) Bellachioma, G.; Reickenbach, G.; Cardici, G. J. Chem. Soc., 
2181-2186; Inorg. Chem. 1977,16,3099-3104. 

Dalton Tram. 1980, 634-637. 
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(P(n-Bu),) or less basic (P(OMe),) ligands. Partial dis- 
sociation and subsequent loss of the DAB ligand seems to 
be a result of the steric bulk of the tert-butyl group. I t  
is reasonable that a transition state of increased coordi- 
nation should be susceptible to steric effects. Recall that 
the photochemical preparation of the monosubstituted 
tert-butyl derivatives 5b and 5c avoids the six-coordinate 
transition state. 

These studies show that both steric and electronic fac- 
tors may influence the thermal substitution chemistry of 
coordinately saturated Fe(CO),(DAB) complexes. Nu- 
cleophilic substitution occurs by an associative mechanism 
for this 18-electron system which may delocalize electron 
density onto the DAB ligand.'* Consequently the rate of 
substitution increases with the ability of the metallacycle 
moiety to accept electron density. With bulky substituents 
in the 1,4 positions of the DAB ligand, steric interactions 
dominate and lead to DAB loss rather than CO substitu- 
tion. 

Scheme I1 
R 

R I 

5a 7 

/ R 
I 

R 
6 

unsaturated intermediate 7, which rapidly adds L to yield 
6. Alternatively, direct nucleophilic attack on 5a would 
lead to a pseudooctahedral transition state which is ste- 
rically crowded because of the bulky tert-butyl substitu- 
ents. Dissociation of one end of the DAB ligand would 
reduce the steric strain and produce 6. This intermediate 
can then react with another molecule of L, following dis- 
sociative loss of the monodentate DAB ligand, to give the 
observed product. With the assumption that the steady- 
state approximation holds for 7 and that k,[L] >> k-,, then 
koM conforms to eq 9. 

~ o b e d  = k3 + k4LI (9) 
Note (Table 111) that the ligand-dependent term dom- 

inates only in the case of the small, strongly basic PMe3 
nucleophile. The dissociative pathway prevails for larger 
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a-Thiocarbanions, generated from the reaction of sulfides with organolithium reagents or lithium di- 
isopropylamide, react with iron pentawbony1 and then with methyl iodide, to give ,&keto sulfides. Disaides 
were obtained as byproducta of these reactions and as the only product when iodine was used as the 
electrophile. The utilization of acid halides as the electrophilic reagent afforded thioesters in fine yields. 

There have been extensive investigations of the reactions 
of organolithium compounds2 and Grignard reagentsz4 
with iron pentacarbonyl. The products of these reactions 

are acyltetracarbonylferates (1) which are useful reagents 
in their own right being able, for example, to convert 
halides to ketones (2),293 imidoyl chlorides to mesoionic 
l,3-oxazol-bones (3) ,6 and epoxides to a,p-unsaturated 
ketones (4).6 (1) E. W. R. Steacie Fellow, 1980-1982. 

(2) Alper, H. In "Organic Syntheses via Metal Carbonyls"; Wender, I., 
Pino, P., Eds.; Why:  New York, 1977; Vo1. II, pp 545-593, and references 
cited therein. 

(3) Yamashita, M.; Suemitau, T. Tetrahedron Lett. 1978,761. 
(4) Yamaehita, M.; Suemitau, T. Tetrahedron Lett. 1978, 1477. 

(5) Alper, H.; Tanaka, M. J.  Am. Chem. SOC. 1979,101,4245. 
(6) Yamaehita, M.; Yamamura, S.; Kurimoto, M.; Suemitau, R. C h m .  

Lett. 1979, 1067. 
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