JOURNAL OF ORGANOMETALLIC CHEMISTRY 341

ORGANOMETALLIC CHEMISTRY OF THE TRANSITION METALS

XII*. SOME ALKOXYCARBOXYL DERIVATIVES OF THE CYCLOPENTA-
DIEXYLMETAL CARBOXNYLS**

R. B. KIXG, M. B. BISNETTE axp A. FRONZAGLIA
Melion Institiste, Pitisburgh, Pennsyivarnia (U.S.H)
{Received August 13th, 19653)

INTRODUCTION

Several vears ago?® the dimethyvlcarbamoyl derivative (CH,),NCOFe(CO).C,H;
(I) was prepared from dimethyvlcarbamoyl chloride and NaFe(CO},C;H;. Characteristic
of (CH,),.NCOFe(CO)},C,;H; is its facile decomposition in agueous solution giving a
mixture containing dimethvlamine and {C;H;Fe(CO),1,.

This dimethylcarbamovl derivative (CH;),NCOFe(CO),C,;H; may also be con-
sidered as the dimethvlamide of the unknown carboxylic acid C;H;Fe(CO).COOH.
Reaction between {CH ;) .NCOFe(CO).C;H; (I} and water may first produce C;H Fe-
(CO),COOH which then decarboxyvlates to give the hvdride C;H Fe(CO),H which in
tumm loses hyvdrogen in the known manner!.3 to give the observed [C;H Fe(CO),l,.
This possibility suggested the reaction between {CH ), NCOFe(CO),C;H; and methanol
to give the methyi ester CH,OCOFe(CO}.C;H; (II) with a methoxycarbonyl group
directly bonded to the iron atom. Similar atkoxvcarbonyl derivatives of the types
ROCOCo(COj;L 'R = (CH,)3;C and C.H;, L = (C.H;) P67 ROCOCo(CO},L, (R =
CH,; and C,.H;, L = (CH;);P7 and ROCOMn(CO);L, (R = CH,, C.H;, C;H,,, and
CsH,CH,, L = (CH;),P; R = C.H;, L = CO® have been prepared either by treat-
ment of a metal carbonyl cation with an alkoxide anion, treatment of a metal carbonyl
anion with ethyl chloroformate, or treatment of a metal carbonyl anion with Zert-
butyl! hypochlorite.
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As discussed in our communication® the reaction between (CH;).NCOFe-
{CO).C;H; did indeed yield this ester CH,O0COFe(CO),CH; (II), the first alkoxy-

* For Part XI of this series see ref. 1.
"¥ For a preliminary communication of some of this work see ref. 2.
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carbonyl derivative of a cvclopeniadienyimetal carbonyl. \We therefore proceeded
further both to investigate the reactions of CH,OCOFe(CO),C H; and to prepare other
alkoxvcarbonyl derivatives both with the alkoxyvcarbonyvl group directly bonded to
the transition metal atom (c.g. CH3OCOMn(CO)(NO)C;H;) and with the alkoxy-
carbony! group bonded to a carbon atom (¢.g. CH,;OCOCH ,,Mo(CO),CsH;). This paper
discusses these results in detail amplifving and extending the results outlined in our
communication®.

EXPERIMENTAL

Microanalyses (Table 1) were performed by Pascher Mikroanalytisches Labora-
torium, Bonn, Germanv. Molecular weight determinations were performed by the
Schwarzkopf Microanalytical Laboratory, Woodside, New York, using the Mechrolab
vapor pressure osmometer in benzene soiution. Infrared spectra (Table 2) were general-
Iy taken in potassium bromide pellets (solids} or liquid films (liquids) and recorded
on a Perkin-Elmer Model 21 spectrometer. In addition the carbonyl regions of many
compounds were investigated in cyclohexane solution or halocarbon oil mulls and
recorded on a Beckman IR-g spectromieter using a scale expanded by a factor of
2.5 or 4. Unless otherwise indicated, proton NMR spectra (Table 3) were taken in
carbon disulfide solution using a Varan A-60 spectrometer. Ultraviolet spectra were
taken in cyclohexane solution and recorded on a Cary Model 14 spectrometer.

The dimethylcarbamovl derivative (CH,),NCOFe{CO),C;H; (I} was prepared
from equimolar quantities of Nal'e(CO),C;H; and dimethylcarbamoyl chloride using
the previously published procedure3. To prevent destructive hydrolysis of the (CH,)a-
NCQFe(CO},CsH; by moisture condensed from the atmosphere, it was most desirable
to subject the orange-brown residue obtained from evaporation of the dichloromethane
extracts directly to sublimation at go“/o.1 mm without any intervening washing with
pentane or similar solvents.

The salt "C;HMn(CO),NO>'PFg” was obtained from the commercially available
Cs;H M MniCO}, (Ethyl Corporation, New York City) by the previously published proce-
dure®. Unless othenwise specified, solutions of NaMo{CO),C;H; were obtained by boiling
hexacarbonyvimolybdenum with a 20 9; excess of sodium cyclopentadienide in tetra-
hvdrofuran solution under retlux!®.1!. Diethyl ether solutions of the alkvimagnesium
halides {3 M) were purchased from the Arapahoe Chemicals, Inc., Boulder, Colorado.
Other required materials were purchased from several routine sources.

Tetrahvdrofuran was always redistilled over lithium aluminum hyvdride before
use. Besides where indicated, a nitrogen atmosphere was routinely provided to exclude
oxvgen from the following three types of operations: (I) carrving out reactions with
organometallic compounds; (2) handling filtered solutions of organometallic com-
pounds; {3) admitting to evacuated vessels containing organometallic compounds.

Preparation of CH,0COFe{CO)CsH

A mixture of 1.0 g (4 mmoles) of {CH,),NCOFe(CO),C;H; (I) and 50 ml of
nitrogen-saturated C. P. methanol was boiled under reflux 1 h with magnetic stirring.
After cooling to room temperature methanol was removed at ~ 25°/30 mm leaving a
crystalline residue. This residue was extracted with ~ 30 ml of pentane in three
portions. Cooling the filtered pentane extracts overnight in a —78° bath precipitated

J- Organometal. Chesn., 5 (1066) 3141356
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TABLE 3

PrROTON NMR SPECTRA (1}

No. Compound Solrent a-CoHe CHp CH* Remarks

(f}  CHLOCOFe{CO),CsH, cs. 5.1 6.61 —

{2} CH,OCOMn(CO}NO)C;H;  CS. 1.90 6.54 —

{3) CH,COFe(CO).CH,g Cs, 5-13 7-43 -

()  CH,COMR{CO}NNOCH; cs. 1.96 7.43

{(5) CH,0COCH,Fe(CO),CiH,  CS. 5.20 6.51 S.60

(61 CH,OCOCH.Mo(CO},C;H;  CS, 1.65 6.52 .30

(7}  C.H,OCOCH,Mo(CO),C;H;  CS, 463 S.31
5.3z () 6.07(q) Juu = 7cps

{S) C. H,O0COCH.CH.Fe(CO).C;HCS. 523 - gzg :8 } Jusn = $ cps
831 (t) bHoolq) Juu=7cps

{90 H(C.H ) NIDMo(CO),CHy (CDy).CO  5.00 8.53 (¢t} 6.53(q) Juu = Scps

Jxua = 2 cps

e All of the resonances were singlets. & Singlets unless otherwise indicated. Abbreviations:
t = triplet. g = quartet, tt = triple triplet.

~ 0.6 g {63 °, vieldj of pale red crystals of crude CH,OCOFe(CO},CsH; which were
removed by filtration and dried. Sublimation of this crude product at 60-go’/0.1 mm
onto 2 —58° probe gave 0.466 g (49 °; vield) of orange crystals, m.p. 34-36°.

Larger quantities of CH,OCOFe(CO}.C;H; were obtained by treating crude
unsublimed (CH,).NCOFe{CO).C,H; with methanol. Thus 200 mmoles each of
NaFe/C0;.C;H; and dimethvicarbamoyi chloride were reacted 3 h in 600 mi of tetra-
hyvdrofuran at room temperature. After removal of the tetrahydrofuran at ~ 25%/30
mm, the residue was extracted with ~ 500 ml of dichloromethane in several portions.
Solvent was removed from the dichloromethane extracts at ~ 235°/30 mm leaving an
orange-brown residue of crude {CH ;1 ,NCOFe{CO)},C H;. This residue was boiled under
reflux with 2350 mi of C. P. methanol for 2 h. After cooling to room temperature,
solvent was removed at 25°/30 mm. The residue was sublimed at ~ 85°/ ~ 0.5 mm
collecting the orange sublimate on a probe ceoled with circulating isopropanol at —2°.
A total of 22 g {467, vield based on "C;H ;FeiCOl, .} of CH,0COFe{CO},CH, was
obtained.

Upon storage in a closed container, CH,OCOFe(CO;.C.H; appeared to de-
compose slowly over a period of weeks even in a freezer at —xo0°.

Analogous treatment of (CH,:,NCOFe!CO;,C H; with cthanol gave an orange-
brown viscous liquid, probably C.H,OCOFe{CO},C;H;, which was not investigated
in detail.

Reaction betiween CH ,OCOFCO}C.Hy and HC.

A solution of 1.18 g {5 mmoles) of CH,O0COFe{CO;},C;H; in ~ 50 ml of pure
benzene or diethyl ether was treated with excess gaseous hydrogen chloride for several
minutes. The pale vellow precipitate was filtered under nitrogen, washed with diethyl
ether and pentane, and dried in a stream of nitrogen to give ~ 1.x5 g (83 % vield) of
pale vellow solid [C.HFe(CQO);/HCL, .

J- Organometal. Chem., 5 (1966) 341356
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In a larger scale preparation a mixture of 200 mmoles each of NaFe(CO),C,H;
and dimethylcarbamoyl chloride was converted to crude CH;OCOFe(CO),C.H; as
described above. The unsublimed methoxycarbonyl derivative was dissolved in ~ 225
ml of pure benzene and treated with gaseous hvdrogen chloride for 30 minutes. The
resulting pale vellow precipitate was filtered under nitrogen and washed with diethyl
ether and pentane to give 25.8 g (47 % vield based on [C;H;Fe(CO},1.) of pale vellow
{CsHFe(CO); i HCL, .

Water dissolved _C;H Fe(CO);i{HCl,! readily and completely to form a pale
vellow solution. Treatment of this solution with an aqueous solution of ammonium
hexafluorophosphate gradually gave a pale yellow crystalline precipitate indicated by
its infrared spectrum to be [C;H Fe(CO), ' PF, previously!>~14 prepared by other
reactions.

Reaction beticeen CH,GCOFeCO)CsHy and methvimaginesium bromide

A mixture of 1.18 g (5 mmoles) of CH;O0COFe{CO),C;H;and ~ 43 ml of diethyl
ether containing 10 mmoles of methylmagnesium bromide was stirred ~ 16 h at room
temperature. The reaction mixture was then hyvdrolvzed with 20 ml of saturated
aqueous ammonium chloride. The ether laver was separated, dried {anhydrous
Na.S0y), and filtered. Solvent was removed from the filtrate at ~ 25°/30 mm. The
crystalline residue of crude CH,COFe(CO),C,H; was extracted with five 15 ml portions
of pentane and the filtered extracts cooled in a —78° bath for 4 h to precipitate
0.854 g {789 vield) of orange crystalline CH,;COFe(CO),C;H;. Sublimation of a
portion of this material at 55-65°/0.1 mm gave an 859 recovery of vellow-orange
crystals, m.p. 57-39° (lit.* m.p. 56-57°), identified by comparison of its infrared
spectrum with that of an authentic sample obtained from NaFe(CO),C;H; and acety!
chloride.

Reaction befrween CH,OCOFc{CO}.CHg and plenvinmagnesium bromide

The reaction between 1.18 g (3 mmoles} of CH3;0COFe{CO),C;H; and 1o mmoles
of phenylmagnesium bromide was carried out exactly as for the reaction with methyl-
magnesium bromide described above except that the reaction time was only ~ 1 h
prior to hyvdrolysis {similar results were obtained with longer reaction times). Evapora-
tion of the ether laver after hvdrolyvsis gave a vellow-brown liquid. This liquid product
was chromatographed on a 2 < 50 cm alumina column in diethyl ether solution. After
development with (C,H;).O the vellow-orange band was eluted with diethyl ether.
Evaporation of the filtered eluate left vellow-orange crystals. These were dissolved
in 10 ml of pentane and the filtered solution cooled overnight in a —78° bath. After
filtration and drving o0.043 g (3.x %, vield) of C,H,COFe(CO),C;H;, m.p. 63-64°
(lit.2°, m.p. 59-627) was obtained. The infrared spectrum of this product was identical
to that of an authentic sample of CgH;COFe(CO)}.C,;H; obtained from NaFe(CO).,C;H,
and benzoyvl chloridel®,

Preparatior: of CH,O0COMn{COY(NO;C;Hy

A solution of 0.28 g (12.2 mmoles) of sodium metal spheres in 50 ml of methanol
was stirred 1S h with 3.5 g (ro mmoles) of [C;HAIn(CO),NO:PF,". Methanol was
removed from the resulting reaction mixture at ~ 25°/30 mm. The product could be
extracted from the residue with pentane but use of diethyl ether was preferable since

J- Organometal. Chem., 5 (1966) 331-356
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it dissolved more of the product. Evaporation of the pentane or diethyl ether extracts
gave orange crystals. These crystals were dissolved in the minimum necessary quantity
of pentane and the filtered solution cooled in a —7S8° bath. The resulting orange
crystals were filtered and dried to give up to 0.555 g (23 °; vield) of orange CH,0CO-
Mn(CO}(NO)C,H;, m.p. 56—58°.

Attempts to scale up this reaction were relatively unsatisfactory. In larger scale
experiments cooling (0° bath) is desirable during the addition of the [C;H;Mn(CO}.NO”-
"PF,: to the sodinm methoxide solution since the exothermic reaction otherwise raises
significantly the temperature of the reaction mixture. In some cases reaction times
of as little as 30 min prior to methanol removal were tried with similar results. Despite
these precautions the maximum vield of CH;OCOMn{CO){NOQO)C;H; obtained from
50 mmoles of "C;HMn{CO}.NO: PF," and 60 mmoles of sedium methoxide was only
~ IT°%.

The orange crystals of CH;OCOMn(CO}{NO)C,;H; darkened appreciably upon
exposure to zir for ~ I h especially when wet or impure. Upon heating at ~ So’fo.x
mm rapid sublimation of CH,;OCOMR{CO}(NO)C,H; occurred to give an orange
crvstalline sublimate; however, the recovery of sublimed material was onlyv ~ 22 °;.
Much of the CH;OCOMn{CO;{NO;C;H; decomposed to give a black residue insoluble
even in dichloromethane. Even storage of CH.OCOMn{CO}{(NOjC,H, at —10° in
closed niirogen-tlushed vials caused noticeable decomposition after several days.

Preparation of CH COM{COYNOIC H,

A solution of 1.38 g {ho mmoles) of sodium metal spheres in 150 ml of pure
methanol was cooled 1n an ice bath and treated with 17.5 g {50 mmoles) of solid
TC;H;MniCO1.NO ™ 'PFy” at such a rate that the temperature remained below +35°.
After all of the manganese compound had been added, stirring was continued for 30
min. Methano! was then removed from the deep red reaction mixture at ~ 25°/30 mm.
The residue was then dried ~ 16 h at 25°/0.1 mm to assure complete removal of the
methanol.

This residue was stirred for a few minutes with ~ 150 mi of anhyvdrous diethyvl
ether. After cooling the resulting mixture to —7387, it was treated dropwise with 20 ml
{60 mmoles} of a 3 I solution of methvlimagnesium bromide in diethyl cther. The
reaction mixture was allowed to warm to room temperature and stirred ~ 16 h at
room temperature. The resulting reaction mixture was then hydrolvzed with 100 ml of
saturated aqueous ammonium chloride. The diethy! ether layver was separated and the
aqueous laver extracied with 50 ml portions of diethyl ether until the extracts were
no longer colored. The combined diethyl ether solutions were dried over anhvdrous
sedium sulfate, filtered, and solvent removed from the filtrate at ~ 25°/30 mm giving
a vellow-brown liquid residue. A filtered solution of this residue in 4o ml of pentane
was cooled 2 days at —;8°. Orange crystals separated. Supernatant liquid was removed
irom these crystals with a syvringe and the crystals then dried in a vigorous stream of
nitrogen while warming to room temperature. They melted to give ~ 0.15 g (1.49%
vieldi of orange-brown liquid CH;COMn{CO){(NO)C,H;. This material appeared to
decompose upon standing.

Treatment with methvimagnesium bromide of a pure sample of CH,OCOMn-
{CO}INOIC.H; as well as one prepared i»n si{is as described above gave CH,COMn-
(CO3}{NO)C;H;.

J- Organcmetai. Chem., 5 {1960} 341-350
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Preparation of C,H.OCOCH .Mo(CO)C;H,

A solution of 100 mmoles of NaMo(CO);C,H; in ~ 350 ml of tetrahvdrofuran
was stirted ~ 2o h with 12.2 g (100 moles) of ethyl chloroacetate at room temperature.
Solvent was then removed from the reaction mixture at ~ 25°/30 mm. The residue
was extracted with ~ 250 ml of dichloromethane in four portions. Solvent was
removed from the filtered extracts at ~ 25°/30 mm. The vellow-orange liguid residue
was extracted with ~ 300 ml of pentane in three portions. The filtered pentane
extracts were cooled to —78° for ~ 17 h. The resulting vellow-orange crystals were
filtered and dried to give 28.26 g (86 9, vield) of crude C.H;OCOCH,Mo(CO),C,H;,
m.p. 30-32°.

A sample of this crude product was purified further for analysis by chromato-
graphy on 2 X 50 cm alumina column in diethyl ether solution followed by low-
temperature crystallization from pentane.

The same compound C.H,;OCOCH Mo(CO),C;H; could also be obtained from
ethyl diazoacetate and C;H;Mo(CO);H. In this case a solution of 1o mroles of
NaMo{CO),C;H; in ~ 150 ml of redistilled tetrahvdrofuran was prepared from
TC,H;Mo{CO); , and dilute sodium amalgam. This solution was treated with excess
glacial acetic acid or feri-butyl chloride to generate C;H;Mo{(CO)3H. The resulting
mixture was stirred at least 16 h with excess ethyl diazoacetate. After isolation by
dichloromethane extraction, alumina chromatography in diethyl ether solution, and
low-temnperature pentane cryvstallization, a 395 vield of C,H;OCOCH,Mo{CO},C.H;
was obtalned.

Preparation of CH OCOCH MolCOVCH

The reaction between 1o mmoles of NaMo{CO);C;H; and 10.85 g (100 mmoles)
of methyl chloroacetate was carried out in a manner exactly analogous to the reaction
between NalMo{CO);C;H; and ethyl chloroacetate cited above until the first low-
temperature pentane crystallization which vielded 11.68 g (379, vield) of crude
CH,O0COCH.Mo({CO),C,H;. Final purification {92 % recovery) of some of this sample
was carried out by sublimation at roo°/o.1 mm collecting the yellow crystalline
sublimate on a probe cooled to 25°.

Preparation of CH;OCOCH [Fe{(CO)CHy

A mixture of 30 mmoles of NaFe(CO),C;H; and 5.4 g {50 mmoles) of methyl
chloroacetate in zoo ml of redistilled tetrahvdrofuran was stirred ~ 16 h at room
temperature. The tetrahvdrofuran was then removed at ~ 257/30 mm. The residue
was extracted with three 100 ml portions of dichloromethane and solvent removed
from the filtered dichloromethane extracts ot ~ 25°/30 mm. A solution of the residue
in ~ 150 ml! of diethyl ether was chromatographed on a 5 < 50 cm alumina column.
The chromatogram was developed with diethyl ether. A brown-violet band of
ICsH Fe{CO). . was observed followed by a vellow band of CH;0COCH ,Fe(CO).CsH;.
Both bands were eluted with diethyvl ether. Solvent was removed from the filtered
eluates at ~ 25°/30 mm. After pentane washing the residue from evaporation of the
eluate of the first band yvielded 0.649 g of [C;H Fe(CO), .. Evaporation of solvent
from the eluate of the second band left a vellow-orange liquid which gradually
crystallized on standing. A filtered solution of this liquid in 50 ml of pentane de-

J- Organomeial. Ckem., 5 (1960) 341-356
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posited yeilow-orange crystals at —5S° which were filtered and dried after several
hours to give 0.634 g (3.1 % yield) of CH,OCOCH,Fe(CO).C;H;, m.p. 34-36°.

Preparation of C.HOCOCH ,CH .Fe(CO}.CsHy

The preparation of C.H;OCOCH,CH.Fe{CO),C.H, was carried in an identical
manner to that of CH,OCOCHL.Fe(CO).C;H; except for the following two changes:
(@) During the chromatography the yvellow band of C,H;OCOCH,CH,Fe(CO),CsH;
preceded rather than followed the brown-violet band of [C;H;Fe(CO), .. (4) Since
C,H,OCOCH.CH.Fe(CO).C;H; is a liquid rather a solid at room temperature, super-
natant liguid from the final low-temperature pentane crvstallization was removed with
a svringe rather than by suction filtration to prevent melting of the product and its
passage through the filter.

Reaction betueen CH,0COCH 2Mo(CO);CH and methanolic polassium hydroxide

A solation of 1.0 g (15.2 mmoles) of 85 ¢, potassium hydroxide pellets in 2.5 ml
of methanol was treated with 1.0 g (3.15 mmoles) of CH,OCOCH ,Mo(CO).C,H;. The
resulting dark mixture was kept for 2o h in a test tube at room temperature without
any protection from the air. The reaction mixture was then filtered and the filtrate
diluted to ~ 350 ml with methanol. The clear solution was treated with a filtered
solution of 1.0 g (4.75 mmoles) of tetraethviammonium bromide in 30 ml of methanol.
After storage under nitrogen at —x0° for two weeks, the pale vellow well-formed
crystals were filtered and dried to give 0.266 g {25 ¢, vieldj of pale vellow (C.H,) ,N"-
DMoi{CO;,C5H;Y, m.p. 182-185° {dec.}.

The salt (C.H;) N~ Mo(CO},C;H;~ was also obtained from XaMo(CO)},C,H, and
tetrzethylammonium bromide. A solution of NalMo{CO},C.H; in 250 ml of tetrahydro-
furan was prepared from 100 mmoles of hexacarbonylmolvbdenum and 120 mmoles
of sodium cyclopentadienide by the usual procedure. Tetrahvdrofuran was removed
from the solution at ~ 30 mm and the residue dissolved in 250 ml of methanol. The
filtered dark-brown solution was treated with a solution of 25.2 g (1ze mmoles) of
tetraethylammonium bromide in 150 ml of methanol. After stirring at room temper-
ature for 2 h the yellow slightly air-sensitive crystalline precipitate was filtered and
dried to give 11.0 g (37 %5 vield) of (C,H) N7 Mo(CO},C;H;, m.p. 180-1827 (dec.)

Ultraviolet spectra

A. CH;0COCH,Fe(COj}.C;H;: Maxima at 256 mu (¢ = 9150) and 360 myu
{€ = 731} in cyclohexane solution (pale vellow).

B. CH;0COCH,Mo{CO},C;H;: Maxima at 254 my (¢ = 11400) and 310 mu
{¢ = 2390} in cyclohexane solution (vellow).

C. C;H,OCOCH ;Mo(CO),C;H;: Maximum at 310 myu (& = 3620) in cyclohexane
solution (vellow).

Molar conductarce measurements

4. IGH Fe(CO);:THCl, - 229 to 195 ohm—*-cm*-mole~! (1.12 X 1073 {0 3.46 X
10~% molar acetone solution); 775 to 705 ohm—*-cm—2-mole~! (1.06 X 10~3 to 4.83 >
x0~-3 molar aqueous solution).

B. {(C.Hg) N DIo(CO),C;H, - 169 to 145 ohm—t-cm?-mole~l (2.35 X 10— to
1.58 X 107® molar acetone solution).
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MISCUSSICN

The properties of CH,;0COFe(CO),C;H; are entirely in accord with those ex-
ected for the expected structure (II). Thus the proton NMR spectrum exhibits sharp
inglet resonances at 7 5.14 and 7 6.61 of approximate relative intensities 5:3 which
1ay be assigned to the tcyvclopentadienyl and methyl protons, respectively. The
frared spectrum of CH,;OCOFe{CO),.C H, besides exhibiting the usual strong terminal
1etal carbonyl bands (KBr pellet) at 2020 and 1950 cm~! exhibits an additional strong
and at 1615 cm-! which may be assigned to the carbonyl group of the os-bonded
1ethoxyvcarbonyl group. Like other RFe{CO).C;H; compounds, the methoxycarbonyl
erivative CH,OCOFe{CO).C;H; is a volatile yellow-orange solid readily soluble even
1 non-polar organic solvents. The volatility of CH;0COFe(CO),CsH; was sufficient
) permit purification of small quantities by sublimation at go°/0.1 mm but not of
irger quantities by distillation under these conditions. Upon storage CH,OCOFe-
20).C H; gradually decomposed into "C;H;Fe(CO), ..

Kruck and Noack® found their alkoxycarbonyl derivatives of manganese to
zact with hydrogen chloride and other acids to give salts of manganese carbonyl
ations. Similarly CH,OCOFe(CO).C;H; reacts with hydrogen chloride in ether or
enzene solution to form pale vellow hygroscopic water-soluble {C,;H Fe{CO} ;1 HCl,?
ompletelv analogous to the manganese salt [Mn(CO)4: HCl, prepared by Kruck and
oack. On the basis of their composition both of these salts appear to be derivatives
f the hvdrogen dichloride anion®. Analyses of [C;H Fe(CO);Z HCl,: suggested that
pon attempted thorough drving (~ 25%/1 mm) a loss of some of the hydrogen
hloride occurred. The nature of the cation in "C;H;Fe(CO};2THCL,} was demonstrated
v conversion with aqueous amrmonium hexafluorophosphate to the known [C;H;Fe-
Z0), "PFg 1213 This synthesis of ‘C;H;Fe(CO); - 'HCl,: is the first synthesis of a
erivative of the "C;H,Fe(CO); - cation!* 2 from /C;H;Fe(CO}, . which does not
>quire the use of carbon monoxide under pressure; in this svnthesis of [C;H;Fe(CO),1+
he “extra’” carbonyl group originates from the dimethvicarbamyl chloride.

The reaction between CH;OCOFe{CO).C;H; and methyvimagnesium bromide
id not give the expected tertiarv aicohol (CHj3),C{OH)Fe(CO),C H;. Instead, a good
ield of the known?acety derivative CH,COFe(CO),C;H; (III) was obtained. Evident-
 this acetyl derivative uniike a typical ketone is resistant to further addition of
1ethyvimagnesium bromide. This is readily understandable when the significant
ontribution of the resonance structure (I1Ib) is considered® ?". The negative charge
n the oxygen atom resulting from this resonance structure would act as a barrier
>wards addition of the anionic methyl fragment from the methylmagnesium bromide.
he acety] derivative (I1I}) was also obtained in moderate vield (41 %) from methyl-
ragnesium bromide and the dimethylcarbamoyl derivative (CH;),NCOFe(CO),CsH;
[). The benzoyl derivative C;H,COFe(COj,C;H; was analogously obtained but in low
ield (~ 395} from CH;OCOFe(CO).C;H; and phenvimagnesium bromide. However,
>veral attempts to prepare the formyl derivative HCOFe(CO).CsH; from CH,OCOFe-
Z0).CH; and complex metal hyvdrides such as LiAlH, or NaBH, always failed;
ZsH Fe(CO), ., was the major product containing iron.

In 1956 Piper and \Wilkinson!! reported alkyl derivatives of the types RFe-

* For a description of other salts of the HCl,~ anion see refs. 15 and 16.
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{COY.C,H, and RCr{X0}.C.,H,. They predicted the eventual discovery of compounds
of the intermediate tvpe RMn{CO)({XO)C,H; but failed to report anyv such compounds.
Even in the subsequent literature compounds of the type RMn(CO}(NO)C;H; re-
mained unreported. In one of the most recent attempts® to prepare such compounds,
the binuclear compound [C;HMnCONO?, was reduced with sodium amalgam and
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the resuiting brown solution (assumed but not proved fo contain the anion [C;HMn-
{CO}(NO} ") treated with methy! iodide or acetyl chloride. However, no RMn{CO)-
{(NO3)C;H; compounds were obtained.

Using a different approach to the preparation of RMn{CO}(NO}C,H; compounds
suggested by the work of Kruck and Noack® and by the iron chemistry discussed
above, the reaction between "C;H)Mn(CO}.NO” PF;" and methanolic sodium methox-
ide was investigated. From the resulting mixture orange crvstals of the expected
composition C;HNO Mn were obtained.

Three possible structures must be considered for a product of this composition
C,H,XO,Mn obtained from the 'C;H,Mn{CO;.NO - cation and the methoxide anion.
The first possibility is CH,OCOMn(CO)(NO)C;H; (IV), a g-methoxycarbonyl complex
of the type RMniCO)(NO)C;H;. The second possibility is CH,ONOMn(COj.C H; (V),
a methyl nitrite complex of the type C;H;Mn(CO),L". The third and final possibility
is (CGH,OCH ;MNn{CO),NO (VI), a diene complex derived from methoxycyclopenta-
diene.

The spectroscopic properties of C;HNO Mn are in accord with the formulation
CH,0COMn(CO){NOjIC;H; (IV) unambiguouslv excluding both of the alternative

ss1bilities. Thus the infrared spectrum exhibits a terminal metal carbonyl band at
2023 cmt; a terminal metal nitrosyl band at 1786 cm~*; and an ester carbonyvl band
at 1653 cm~L. This excludes formulatisn as the methyl nitrite complex (V) which, like
other C;HMn(CO!LL compounds' would be expected to have fwo terminal metal

* For a discussion of C;HMn(CO).L complexes see ref. 3.
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carbony! frequencies separated by at least 55 cm~1. Moreover, the methyl nitrite
derivative would be expected to exhibit neither terminal metal nitrosyl bands nor
ester carbonyl bands but instead bands at ~ 1680 and ~ 1625 cm™! due to vxo of
the methyl nitrite ligand?®. The proton NXMR spectrum of C;H NO Mn exhibits sharp
singlet resonances at t 4.6o and 7 6.54 of approximate relative intensities 5:3 which
may be assigned to the =-cyclopentadienvl and methyl protons, respectively. If the
compound CgHNO, Mn was the methoxyvcyclopentadiene diene complex (VI), the
-bonded diene ligand would be expected to exhibit two resonances rather than the
single observed resonance. Thus the compound CgH N O, Mn clearly must be formulated
as CH;0COMn(CO)(NO)C H; (IV) thereby representing the first known example of
an RMn(CO)(NXO)C;H; compound.

Characteristic of CH;OCOMn(CO){NO)C,H; is its instabilitv™. Upon storage the
orange crystals gradually become brown. Sublimation at ~ So“fo.x mm led only to a
poor recovery of orange sublimate; the bulk of the CH;O0COMn(CO){(NO)C,;H; turned
to an insoluble black material. Attempted scaling up of this preparation led to a
drastic reduction of the yield even when cooling was used to moderate the exothermic
reaction between C;H Mn(CO),NO? PFy" and methanolic sodium methoxide. Thus
only small quantities of CH,0COMn(CO)(NO)C;H; were available.

The formation of CH;COFe({CO).C;H; in good vield from CH;OCOFe(CO).C;H;
and methylmagnesium bromide suggested the preparation of the acetyl derivative
CH,COMn(CO)(NO)C;H; from CHOCOMn(CO)(NO)C;H; and methyvlmagnesium
bromide. These materials were indeed found to react vigorously in diethyl ether
solution to give a mixture from which a small quantity of an air-sensitive orange-
brown liquid ceuld be isolated after hydrolvsis. Larger quantities of this materal
were obtained by treating the crude product obtained from [C;HMn(CO).NO>[PF,]
and sodium methoxide after removal of the methanol with methylmagnesium bromide
avoiding isolation of the intermediate CH;OCOMn(CO)(NXO}C,H;. The proton NMR
spectrum of this liquid was distinctly different from that of CH;O0COMn{CO)(NOIC,;H;
exhibiting singlet resonances at 7 4.66 and t 7.13 of relative intensities 5:3. This
and the similarity of the 1400-700 cm~! region of the infrared spectrum to that of
CH_COFe(CO).C;H; support formulation of this orange-brown liquid as CH,COMn-
(COMNOIC;H(VII). The rarity and instability of CH ,COMn(CO)(NO)C;H; discouraged

-

studies other than those required for its characterization. Curiously anomalous is the
higher melting point of CH,O0COMn(CO){NO)C;H; (56-58°) relative to CH3OCOFe-
(CO)aCsH; (34—36°) but the lower melting point of CH,COMn(CO)(NO)C,;H; (< 20°)
relative to CH,COFe{CO).C;H; (57-59°). One clear indication from these studies on

* The cyclopentadienylmanganese nitrosyl carbonyl {C;H;MnCOXO., is also rather unstable®.
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CH,0COMn{CO)(NO)CsH, (IV) and CH,COMn(CO)(NO)C;H; (VII) is the instability
of RMn{CO){NO)C,;H; compounds relative to analogous RFe(CO)}.C;H; compound:
and probably also analogous RCr{IN0O),C;H; compounds.

The compounds CH,;OCOFe{CO).C;Hy (IT) and CH,OCOMRn{CO){(NO)C;H; {1V,
contain methoxycarbony! groups directlv bonded to a transition-metal atom. Foi
comparison the compounds CH,OCOCH.Fe(CQO).C.:H; (VIII) and CH,OCOCH.Mo-
(CO).C.Hy (IX, R = CH,) were synthesized from methyl chloroacetate and the
sodium salt of the appropriate metal carbonyl! anion. The physical and spectroscopic
properties of these materials are entirelyv those expected for RFe(CO).C.H; and
RMo(CO).C,H; compounds. The ester carbonyl frequencies {Table 2} in compounds
of the tvpe CH,OCOM 7(II) and (IV;_ are lower than those in compounds of the type
CHLOCOCH,LM (VIII) and (IX}:. In compounds of the type CH,OCOM (II) and
(IV): the carbon-oxygen bond order of the carbony] group can be lowered by significant
contributions of the dipolar resonance structure (Xb}*. A similar effect is not possible
in the CH,OCOCH.,) compounds owing to the “insulating’” CH, group.
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Piper and Wilkinson!! prepared the methyl compounds CH ;Mo {CO)C;H, in low
vield { ~ 3°;) from HMo{CO},C.H; and diazomethane. The reaction between ethyl
diazoacetate and HMo{CO},C H; to give the ethyl ester C,H,OCOCH.Mo(CO),C Hy
{IN, R = C,H;) also in onlv ~ 32, vield is entirely analogous. Much more efficient
Is the preparation of C,H;O0COCH Mo{CO},C,H {(IN, R = C,H;} from NaMo{CO),C.;H
and ethyvl chloroacetate.

Attempts to prepare other organomolvbdenum compounds frem C,H;O0COCH,-
Mo{CO);CH; {IX, R = C,H;} were gzenerally unsuccessful. Treatment of (IX, R =
C.H;} with methvimagnesium bromide or lithium aluminum hydride led to production
of only ‘C;H;Moi{CO); .; no RMo/CO},CH; compounds were observed. Attempts to
decarbonylate C.H;0COCH.Mo(CO),C;H; either thermally or photochemically gave
only C;H Mo(CO}, ., as an identifiable organomolvbdenum compound. No compound
such as C.H,O0COCH Mo{CO).C;H; was observed.

In an attempt to prepare salts of the unknown carboxylic acid HOOCCH ,Mo-
{COj},C5H;, the methyl ester CH;OCOCH Mo{CO).C;H; was treated with methanolic
potassium hydroxide. After removal of insoluble materials, treatment of the filtrate
with tetraethylammonium bromide vielded ultimately a crystalline tetraethvl-
ammonium salt. Investigation of this salt showed it to be {C,Hg) N1 Mo(CO),CsHy"
(XI). Thus the proton NMR spectrum of this material in acetone-dg solution exhibited
(after subtracting the solvent impurity resonances) only a resonance at T 5.00 (singlet)

* This effect is entirely analogous to that observed in acyl compounds such as CH,COFe-
(CO}.CHy (refs. 3 and 17); see structure (III).
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due to the five =cyclopentadienyl protons and resonances at t 6.53 (quartet, J =
~ 8 cps) and v 8,53 fx:2:1 triplet (J = 8 cps) of x:1:1 triplets* (J = 2 ¢ps)] due to
the eight methylene protons and twelve methyl protons, respectively, of the tetra-
ethylammonium cation. Potassium hydroxide thus degrades CHZzOCOCH,Mo-
(CO),C.H; to the [C;HMo0(CO),;]~ anion.

Despite the ready availability of both the tetraethylammonium cation and the
TC;H Mo(CO),i~ anion, this salt [(C,H;),NiiMo{CO);C;H;]1 (XI) has never been
described in the literature. Treatment of a methanol solution of NXaMo{CO),C;H; with
a methanol solution of tetraethylammonium bromide gave a vellow precipitate with
an infrared spectrum identical to that of the product {(XI) obtained by the deg-
radation of CH,OCOCH,Mo{CO);C H;,. The tetraethylammonium salt [(C.H;),N]-
Mo({CO),C;H;! (XI) is oxidized by air only relatively slowly; usual manipulations
with it may be carried out in the air but storage under nitrogen is recommended.

- q-
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The reactions between other haloesters of the general type ROCO{CH,),X
(R = methyvlorethyl; 2 = 2 or 3; X = Clor Br) and the sodium salts NaFe(CO),C.H;
and NalMo(CO).C;H; were investigated. The molybdenum derivative NaMo(CO),C;Hy
failed to react at room temperature with these haloesters in which the halogen atom
and the ester group are separated by two or more carbon atoms. The more reactive iron
derivative NaFe{CO).C ,H reacted with ethy1 3-chloropropionate, C,.H;,OCOCH.CH.CIl,
to form orange-brown air-sensitive liquid C.H;OCOCH.CH,Fe(CO),C;H; (XII). The
proton N)MR spectrum was entirely in accord with the proposed formulation.
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SUMMARY

Reaction between (CH,;),NCOFe(CO).C;H;® and methanol gives the yellow-
orange methyl ester CH;OCOFe(CO).C;H;. Cleavage of this iron-containing ester with
hvdrogen chloride in ether or benzene solution gives the yellow hygroscopic salt
IC,H,Fe(CO),-7HCl,:. Reaction between CHOCCFe(CO),C;H; and the alkyl-
magnesium bromides RMgBr (R = methyl or phenyl) gives the acyl derivatives
RCOFe(CO).C;H; previously prepared from NaFe(CO),C;H; and acyl halides3. 10,

“The 1:1:1 triplets in this spectrum apparently arise from coupling of the methyl protons
with the 3N nucleus (I = 1).
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Treatment of ‘C;H Mn{CO),NO1 PF,} with methanolic sodium methoxide gives
orange crvstalline CH,O0COMn(CO;(NO}C;H;. Treatment of this manganese-containing
ester with methylmagnesium bromide in diethyl ether gives the brown liquid acetyl
derivative CH,COMn(CO}{(NO)C,H;.

By reaction of the appropriate sodium salt {NaFe(COj.C H; or NaMo(CO),C H;!
with the appropriate halogenated ecster the previously unreported compounds
CH,0COCH,Fe(CO).C;H;, C.H;OCOCH.CH.Fe(CO}.C;H,, CH,OCOCH,Mo(CO);-
C;H, and C,H,0COCH Mo(CO};C H; were prepared. Degradation of CH;0COCH,Mo-
(CO),C H; with methanolic potassium hydroxide followed by treatment with tetra-
ethylammonium bromide gives the previously unreported tetraethvlammonium salt
{(C.H;} N1 Mo(CO);CsH;? rather than a salt of the corresponding carboxylic acid.
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