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SOME RELATED COMPOUXNDSS.
APPLICATION OF THE SCHMIDT REACTION TO METALLOCEXNYL
KETONESe
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Aminoferrocene has been prepared by several routes®3, one of which? is based
on the Curtius degradation of ferrocenecarboxyviic acid. Analogously to the latter
method, Kozikowski and Cais® several vears ago used chloroformylevclopentadienvl-
manganese tricarbonyl to prepare azidoformylcyclopentadienvimanganese tricarbonyl
and the latter was subjected to the Curtius degradation to yvield aminocyclopenta-
dienvimanganese tricarbonyl in 38 ¢; vield. The relatively low vield obtained by the
above method led us to seek an improved route to the svnthesis of the amino deriva-
tive. A recent communication on this subject? prompts us to report the results of
our work.

I't was observed? that the major loss in vield, in the procedure described above,
occurred during the rearrangement of azidoformylcyclopentadienvimanganese tri-
carbonyl, (I), to the isocvanate, (II}. In addition to the toluene-soluble isocvanate,
there was formed an insoluble, intractable material which weighed about one third
of the starting material. To avoid this, we modified the procedure by heating the
azidoformyvl compound (I) in the presence of benzyvl alcohol. The benzyloxyecarbonyl
derivative (III) was formed in vields of up to 83 °; (aiter chromatographic purifica-
tion). Treatment of (III) with hvdrobromic acid;acetic acid solution® produced amino-
cvclopentadienvimanganese tricarbonvl, (IV}), in vields of 40-60°,, based on the
benzvioxvcarbonyl derivative. In another modification, hydrogenolyvsis of (III) with
Raneyv nickel catalvst® afforded the required amine in vields of about 57°;. The
latter method appears to be preferable over the former for the preparation of amino-
cvclopentadienvimanganese tricarbonyl in larger than 1-2 g quantities.

Aminocvclopentadienvimanganese tricarbonyi is a volatile yvellow solid, m.p.

2 Part VII, see ref. 1.

¢ FFirst reported by J. Kozrxowssrl, M. Cais, R. E. Macixx axp M. Krove at the r5¢k
Sozliwest Regionzi Meeting of the Lmerican Chaemical Sociefv, Baton Rouge, Louisiana, December
3—-5. £959-

€ This work has been sponsored by Air Force Materials Laboratory, Research and Technology
Division. AFSC, through the European Office of Acrospace Research, United States Air Force,
Contract No. AF 0f{o352}-752.

4 Cuingnet and Adalberon® have also reported the synthesis of aminocyclopentadienyimanga-
pesc tricarbonyl by a similar procedure.
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77°, and apparently quite stable at room temperature, in air. However, it appears to
decompose in solutions of organic solvents, in particular under the influence of light.
In this respect it behaves verv similarly to the parent compound, cvclopentadienyl-
manganese tricarbonyl. A rather striking difference between aminocyclopentadienyl-
manganese tricarbonyl and aminoferrocene is found in the basicity of the two com-
pounds. Whereas the latter has been found! to be 21 times more basic than aniline
(AKp>° for aminoferrocene = 1.55 - 107% compared to KRp*° = 7.2 = 1071l for
aniline}, we have found aminocyclopentadienvlmanganese tricarbonyl (A%3° = 1.64

- 10712} to be about ten times less basic than aniline (K257 = 1.6 < 10~"') under
the same experimental conditions for the determination of . This indication of the
electron-withdrawing property of the Mn(CO),; moiety in cyclopentadienyvimanganese
tricarbonyl was not unexpected in view of the reported lower activity of the latter,
compared to ferrocene, in electrophilic substitution reactions such as Friedel-Crafts
acvlationsS.

The veryv weak basicity of aminocvclopentadienvlmanganese tricarbonyl is
demonstrated also by the extremely rapid hy-drolysis of the hvdrochloride or hydro-
bromide salts and also by the reluctance of the amino derivative to enter into diazo-
tization reactions. However, as expected, the diazonium derivative once formed,
appears to be rather stable and it can be readily isolated as a sohd saltd. This is in
contrast to aminoferrocene which has been reported to be destroved by nitrous acid,
no diazonium salt being detectable3.

The infrared carbonyl stretching frequencies of the Mn-CO groups (2018, 1928
cm~!) are shifted to lower frequencies compared to the parent unsubstituted com-
pound (2028, 1931 cm™!). This can been ascribed to the greater charge-transfer to
the manganese atom, and hence lowering of the carbonyl frequency, when a hydrogen
atom of the cyclopentadienyl ring is replaced by the more electron-donating amino
group. This effect is similar to that found!® on comparing the carbonyl stretching
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frequencies of anilinechromium tricarbonyl (1965, 1884 cm™') with those of benzene-
chromium tricarbonyvl {1977, 1900 cm™).

Although the above modifications for the preparation of aminocyclopentadienyl-
manganese tricarbonyl were an improvement over the original procedure”, they still
nsed carboxvcyvclopentadienvimanganese tricarbonyl as starting material. Since
rather numerous steps are necessary for the preparation of the latter compound®
we deemed it desirable to find a shorter route to the required amine, (IV), by using
as starting material the readily available®11.12 jcetvlcvclopentadienylmanganese
tricarbonyl, (V).

Recently, Conley!2 has shown that the Schmidt reaction of ketones with sodium
azide in polvphosphoric acid gives very high vields of the expected amides. Thus,
acetophenone has been reported!* to produce acetanilide in g3 2, vields. It seemed
reasonable to us to expect that the acetyl derivative (V) would react analogously to
acetophenone to produce acetamidocvclopentadienvimanganese tricarbonyl, (VI),
which upon hydrolysis should give the required amine (IV). Unfortunately, in our
hands, (V') reacted with sodium azide in polyvphosphoric acid to afford 50-70 %, yields
of the ““wrong’ amide. {VII). and none of the desired amide (V).

At first sight it appeared that failure of the cyvclopentadienvimanganese tri-
carbonyvl moiety to migrate was analogous to the observations reported by Berger,
McEwen and Kleinberg!? on their investigations of the acid-catalyzed decomposition
of ferrocenviphenylcarbinvi azide (VIII). The latter appears to be a complex reaction
and in so far as the Schmidt rearrangement takes place. there is an apparentlv
exciustve nigration of the phenvl group. This result was contrary to that anticipated™!
since in the pinacol-pinacolone rearrangement of 1,2-diferrocenyl-z,2-diphenyl-
ethvlene glveol the ferreceny! group had been reported’> to undergo exclusive
mgration.

In order to explain their apparently anomalous results, Berger ¢ al.}? envision
that in strongly acidic conditions, (VIIIj forms three conjugate acids: one in which
the azido group is protonated, one in which the iron atom is protonated's-'?, and one
in which both the azido group and the iron atom are protonated. Only the latter
conjugate acid, the diprotonated species, is believed to undergo the Schmidt re-
arrangement. It is argued!® that in the migration step the phenvl group, rather than
the protonated ferrocenvl group, would be better able to migrate from carbon to
cationoid niirogen.

“We felt that it might be useful to see whether the Schmidt reaction of metallo-
cenvl ketones other than (V) would take place without migration of the metallocenyl
motety, for reasons based on the mechanism suggested by Berger ¢f /.13, Consequently;,
a number of metallocenyvl ketones were subjected to the Schmidt reaction in polv-
phosphoric acid!® and the results obtained are tabulated in Table 1. The following
two okservations stand out from these data:

{i} The cyclopentadienvlmanganese tricarbonyl moiety did not migrate under
our reaction conditions.

{if) The ferroceny] moiety, contrary to the results of Berger ¢f @l.'%, did migrate
in the Schmidt reaction, when carried out in polyphosphoric acid.

* First reported by J. Kozikowskr, JM. Cars, . E. 3MaGINN axD M. KLovE at the 15th Souts-
west Rezgional Mezting of the Aerican Chemical Sociefy, Baton Rouge. Louisiana, December

3-5. 1959
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It seems rather difficult to reconcile our results with the mechanism favoured
by McEwen, Kleinberg and co-workers!s: 18,

The Schmidt reaction is usually envisaged* to proceed through combination
of the conjugate acid of the ketone with molecular hyvdrogen azide to produce a
protonated azidohydrin, (XX). The latter loses water to form an iminodiazonium ion,
(XXI), which may or may not equilibrate between its two geometrically isomeric
configurations, (XXlIa) and (XXIb), when R! and R? are different. It is assumed that
this geometrical isomerism governs the ratio of the amide isomers formed in the
reaction, with steric factors influencing the course of the rearrangement of the imino-
diazonium ion. However, the rule of thumb that the group which migrates preferential-
Iy is that which has the greatest bulk in the neighbourhood of the carbonyl group
may have drastic exceptions where either conjugation or chelation factors come into
plays.

OH
Ri—C-R* H¥ g1 ¢-r: =ML, RLC-R? or R:-C—R?
~OH HN-N NN NN
(XX) (XXIa) {XXIb)

It iz at once obvious from the results reported herein that the rule of thumb
concerning group bulkiness as a migration factor fails dismally in predicting the course
of the Schmidt reaction for metallocenyl ketones.

Mechanistic consideration involving reactions of metallocenes must take into
account, in addition to the usual factors, two specific points.

{(z) The role piaved by the metal atom.

(ff) The possibility of additional stereoisomerism, due to the so-called “‘y-endo”’
and “y-cxvo’’ forms?®. In the present case this would refer to whether the =N-N,*
group points in the same direction as, or opposite from, the second half of the “sand-
wich”'. Even though a priori one allows for free rotation round the bond between the
ring and the carbinvl carbon atom, the possibility of interaction between the metal
atam and the =X-NX,~grouping necessitates consideration of the “endo—cxo’’ isomerism
in addition to the two geometrical isomers of the iminodiazonium ion (XXI). The
following four metallocenyvliminodiazonium isomers may be considered: w-endo-syu,
(XXIDY; yeendo-anfi, (XXIII}; y-exo-svn, (XXIV) and y-exo-anti, (XXV). The
classification svi and anir refers to the relative positions of the metaliocenyl and
—N.,* groups with respect to the C=X bond.

~ 2\.\"‘ N .\-/‘\:2-
¥ i
TT——C—R  TITT C—R —"-*-——C—)—R """"——(—C—R

; B : " i i

. e H - { !
MoTN M Fax,t pYi M

i - i ! i
yeendo-syn yw-endo-gnii YP-£x0-Sy wp-exo-anti

(XXII) {XXIII) {XXIV) {XXV)

* For a critical examination of the evidence bearing on the mechanism of the Schmidt re-
action see ref. 19.
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TABLE 1

SCHMIDT REACTION PRODUCTS OF METALLOCENYL KETONES

Metallccenyl kelone R or M Rearranged products
;/8}—CO—R AY] CH, (CO}MnC H -CO-NXH-CH, (VII)
= (IX) CgHy {C0O)3MnCH,-CO-NH-C,H, (X)
OC’}lIB\CO (XVIII} CsH FeCsH; No amides
co (XXVIID C;H Mn(CO); Recovered starting material
éHmR (XI) CH, CsH FeC;H,—-CO-NH-CH, (XII) -
ot CsH FeCyH,—-NH-CO-CH, (XIII)
,: {XIV) CgHj CsH FeC H,—~CO-NH-CgHg (XV) +
T C3H FeC3H —-NH-CO-C¢H; (X\])
-
r__’;;—g:r{—(‘-,Hs (VIID® Fe C H,FeCgH,~CHO + C¢H NH.
AL -*:: {(XXVI)© Ru CsH,RuC;H,-CHO =+ CgH,NH.
. 5’ IXXVELG T Os No rearranged products
=

® See refs. 14 and 18.

If one tries to explain the course of the Schmidt rearrangement of metallocenyl
derivatives on the basis of these four 1somers, then, should structure (XXII) exist
exclusively because of the strong possible interaction between the metal atom M and
the X,* group, one would expect exclusive migration of the R group. The same
course, namelv migration of the R group, would take place in the exo-syn structure
(XXIV}, alihough it is more difficult to argue as to why this structure should be the
predominant or exclusive one, as would be necessary when considering the results
involving the cyvclopentadienylmanganese tricarbonyl derivatives. Migration of the
metallocenyvl moiety would be possible with anyv of the remaining two structures,
(XXIII) and {XXV).

On the basis of the foregoing explanation one would be led to conclude that
with cyclopentadienylmanganese tricarbonyl derivatives the iminodiazonium ion
(XX11) is formmed exclusively and once formed 1t does not equilibrate to either (XXIII)
or (XXV) and hence the complete absence of metallocenyl migration. On the other
hand with the ferrocene derivatives, either (XXII) or (XXIV) mayv be formed initially
to be foliowed by equilibration with the respective forms (NXIII) or (XXV). One
could suggest that a possible cause for the lack of equilibration in the case of the
mangarnese compounds as opposed to the apparent equilibration in the case of the
iron compounds might be due to the differences in the octahedral covalent radii of the
two metal atoms. Manganese is reported?! to have an octahedral covalent radius of
1.55 A as compared to the Fe?* radius of 1.23 . This may be responsible for a stronger
interaction between the manganese d-electrons and the N,* group with consequent
greater stabilization of the y-endo-syi isomer (NXII). One may note that in the case
of ruthenium and osmium atoms, both of which are reported® to have octahedral
covalent radii of 1.33 A, no migration of the metalloceny! group has been observed
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in the decomposition of the respective metallocenylphenylcarbinyl azides!4. 18, (XXVI)
and (XXVII) (Table 1).

In terms of simple M.O. theory, interaction may be expected between the
=r-electron orbitals of the diazonium group and the ¢,, metal orbitals. Assuming the
side chain lies in the xz plane of the molecule, where = is the five-fold symmetry axis
of the metallocene, then the interaction is of the form:

3drz_y= T, 2t
S‘I'xy."-"y()I (i=1....4)

where zrz- and =r*z. denote the ;z-orbitals of the N,* group perpendicular to the N-N
axis and lving in the xz plane; zz,f denotes the z-orbitals of the C-N;-N,-Nj; system.
The interactions were estimated* from group overlap integrals calculated from
standard overlap integrals?? by normal methods®. The energies of interaction were
also calculated according to previously described theory of organometallic com-
pounds®3. The net interaction was found to be about 2-6 kcal for the manganese
compound to 0.8-2.4 kcal for the ferrocene derivative. We are offering the results of
these rather crude calculations, as showing ‘““‘order of magnitude’’ differences in the
possible interactions of the manganese or iron atoms with suitably placed substituent
groups in their metallocene derivatives.

It is interesting to note that in an experiment carried out for comparison pur-
poses and in order to obtain some information on the Beckmann rearrangement
involving the manganese compound, the only rearranged product isolated was the
N -methyvlcarbamovicyclopentadienvimanganese tricarbonyl, (VII).

The Beckmann rearrangement on acetvlferrocene oxime under the usual con-
ditions has been reported to have failed®; on the other hand, the Beckmann rear-
rangement of the N-tosyl derivative of benzoylferrocene oxime has been reported!
to take place with migration of the phenyl group onlyv. In view of the present results
we are currently investigating the application of the chromatographic method™ to the
Beckmann rearrangement of metallocenyl ketones.

EXPERIMENTAL

The infrared spectra were measured in chloroform solution on a Perkin-Elmer
Infracord Model 137 spectrophotometer. The ultraviolet spectra were measured in
ethanol solution on a Carry Model 14 recording spectrophotometer. The NMR spectra
were measured on Varian Model HR 60 spectrometer, with tetramethylsilane as in-
ternal standard. All melting points were determined on a Kofler block tyvpe instrument
and are uncorrected.

1y Aminosvelopentadienylinanganese tricarbonyl (IV)

Sodium azide (0.97 g, 0.015 mole) was added in small amounts to a cooled
soiution (ice-bath) of chloroformyvlcvclopentadienylmanganese tricarbonyl (2.66 g,
0.0I mole) in acetone (35 ml). After stirring for 45 minutes, water (150 ml) was added,

* The authors wish to thank Prof. D. A. BrowN, University College, Dublin, Eire, for the
M.O. calculations.
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stirring was continued for another 15 minutes and then the reaction mixture was
extracted with ether (3 = 50 ml). After drving (Na,S0,), the ether extract was
evaporated in vacuum and the residue taken up in petrolenm ether (40-60°), filtered
and concentrated to a very stnall volume to yield 2.6 g of azidoformylcvclopentadienyl-
manganese tricarbonyl, vellowish crystals, m.p. 41-42°. The latter (2.6 g), without
further purification, was dissolved in benzene (So ml) and refluxed for 2 h. The ben-
zene solution was filtered to remove a vellow solid { ~ 0.2 g) and then evaporated in
vacuum to vield a vellow oil (2.4 g). The infrared spectrum of the o1l showed, in ad-
dition to the metal carbonyvl bands in the zooo cmn! regicn, a strong absorption band
at 2300 cm™%, tvpical of the isocvanate grouping (lit.3% ~ 2270 cm™!).

The isocyanate derivative in 20 %, aqueous potassium hydroxide solution (70 ml)
was refiuxed for 1.5 h, cooled and extracted with ether (3 - So ml). After drving
(MgSOy,) the ether solution was evaporated in vacuum to produce vellow cristals
(11 g. 64 °; based on the starting chloroformyvlcyclopentadienvimanganese tricarbo-
nvl), m.p. 75-76°. Sublimation in high vacuum (30%/0.01 mm Hg) afforded the
anaivtical sample of aminocvelopentadienvlmanganese tricarbonyl, m.p. 77-77.57.
{Found: C, 33.99; H, 2.79; Mn, 24.9; N\, 6.59. C;H,OMnN caled.: C, 43.80; H, 2.73;
dMn, 25.1; N, 6.39°;.)

The major bands in the infrared spectrum: 3520{w}, 3430(m), 2018(v's), 1g28(v's),
1630(s}, 1510(2), 1400{m} cm~i Ultraviolet spectrum: Zmaer 205 mge {log £ 1.51):
Zmar 272 My (log £ 3.64}; Zmar 324 mu (log £ 3.06). NMR spectrum : NH, protons, wide
band at v 6.83 {relative intensitv 2}; cyclopentadienvl ring protons two triplets
centred at  5.68 and 5.42 (relative intensity 4). The unsubstituted cyvclopentadienyl-
manganese {ricarbonyl shows a single proton absorption at t 5.24.

The basicity of aminocyvclopentadienyimanganese tricarbonyl was determined in
methanoliwater (So:20 v/v) solution using a Beckmann pH meter Model 72. The
calculations, carried out as for aminoferrocene?, gave A = 1.64 -7 107, Under
same conditions, aniline was found to have A3 = 1.6 - 1071

-
=
o

2a} Berzvioxvearbonvian:inocvels peitadienvhinanganese fricarbonyl (111)
Azidoformylevclopentadienvimanganese tricarbonyl (15.5 g, 0.56 molej in ben-
zxv] alcohol (roo ml) was heated for 2 h in an oil bath at 140°. After removal of the
solvent in vacuum, the residue was extracted with 100 ml of hot benzene/chloroform
{r:1}. After heating the extract solution with carbon black, filtration and evaporation
of the solvent there was obtained a residue which was chromatographed over basic
alumina (500 gi. Elution with benzene,/chloroform (r:1} (730 ml) vielded 175 g
{85 2,) of vellow needles, m.p. 115~-116°. Recryvstallization from petroleum ether
{4007} produced the analvtical sample of benzyloxycarbonviaminocyclopentadienyi-
manganese tricarbonvi, m.p. 115~-116°. (Found: C, 54.2g; H, 3.19; Mn, 15.48: X\, 3.80.

The more important bandsin theinfrared spectrum: 3500(m)}, 3100(\w), 3000(\vw},
2040(vs), 1g40fvs), 1754(s), 1538(s}, r470(w), 1400{m}, 1365(m), 1280 (broad) cm~1.

In one experiment, chromatography of the reaction mixture over alumina and
elution with benzene produced first a crystalline material (~ 0.x %), m.p. 42-15°.
Recrystallization from hexane gave vellow crystals, m.p. 45.5-46.0°. (Found: C,
57.02; H, 3.45; Mn, 16.06. C,gH,;MnO; calcd.: C, 56.80; H, 3.25; Mn, 16.24%.)

The infrared spectrum and melting point of this compound were identical with
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those of the benzyl ester of carboxycyclopentadienylmanganese tricarbonyl, prepared
directly by refluxing carboxycyclopentadienvlmanganese tricarbonyl with benzvl
alcohol in the presence of a catalvtic amount of p-toluenesulfonic acid.

2by Aminocvclopentadienvlmanganese tricarbonyl from benzvloxvearbonyl derivative (2a)

Decomposition of the benzvloxycarbonyl derivative (17.5 g) with 35S g hydro-
bromic acid/acetic acid solution (30 %;) as described in the literature? yielded the hydro-
bromide of aminocyclopentadienvimanganese tricarbonyl. The latter was stirred with
a saturated solution of sodium bicarbonate and extracted with methyvlene chloride.
After drving (N2a,SO;) the methvlene chloride solution was evaporated to dryness
to vield 6.6 g { ~ 61 ;) of aminccyclopentadienylmanganese tricarbonyl whose melt-
ing point and infrared spectruin were identical with those of the amine prepared in (z).

Hvdrogenolvsis of the benzvloxycarbonyl derivative (12 g) in methanol (x00
ml) with Raneyv Nickel catalvst in the Paar hvdrogenation apparatus for zo h at
70-807 and pressure of 5 atm vielded 4.9 g of crude aminocyclopentadienvimanganese
tricarbonyvl. Thin-laver chromatography showed this to contain onlv traces of the
starting benzyvloxvcarbonyl derivative. Chromatography over basic alumina and
elution with benzene (1.5 1} vielded 4.21 g ( ~ 51 9;) of pure amine.

3) N-Methvicarbamoylcvclo pentadienvimangasese tricarbonvl (VI11) (by Schmidt reaction)

Acetvlcvclopentadienvlmanganese tricarbonyvl (2.96 g, 0.012 mole) was added,
with stirring and cooling (ice-bath) to polvphosphoric acid (prepared by dissolving
41.2 g of phosphorus pentoxide in 25 ml of 85¢; orthophosphoric acid solution).
This was followed by the addition, in small amounts, of sodium azide (0.86 g, 0.013
mole). Stirring was continued at room temperature for 30 min, then at 50° for 22 h
and finally at €87 for 2 h. The addition of iced water (100 ml) to the cooled reaction
mixture resulted in the formation of a vellow precipitate (1.47 g}, m.p. 135-147°.
Extraction of the aqueous filtrate with methylene chloride (3 = 100 ml), and evapora-
tion of the extracts vielded a brown-vellow oil (0.g6 g} which was shown by thin-laver
chromatography to contain starting material, in addition to a compound identical
with the precipitated material. Crystallization of the vellow precipitate from benzene
vielded N-methylearbamoyvlevelopentadienylimanganese tricarbonyl as vellow crys-
tals, m.p. 165-167°. (Found: C, 46.21; H, 3.30; Mn, 20.72; X, 5.45. C;pHMnNO,
caled.: C, 46.00; H, 3.09; Mn, 21.04; N, 5.379.)

The major bands in the infrared spectrum 3500 (m}, 3400 (m), 3030 (m}, 2040
(vs), 1940 (vs), 16635 (vs), 1540 (s), T460 (W), 1420 (m), 1380 (m), 1290 (), 1180 (W),
1155 (W), 1010 (W) el

The oil was chromatographed over basic silica (30 g) (prepared by mixing 100 g
silica with a solution of 5.6 g potassium hvdroxide in 130 ml water, evaporation
under vacuum and heating in vacuum oven to 120° for 5 h). Elution with petroleum
ether/benzene (1:1) (1200 ml) produced 380 mg of vellow crystals, m.p. 150-160°7,
whose infrared spectrum was identical with that described in the previous paragraph.

) Direct synthesis of (@) N-methvicarbamoyicvclopentadienvhnanganese tricarbosnyl
(VII) and (b) acetamitdocvclopentadienvimanganese iricarbonyl (VI)

@) On passing dry methyvlamine for 10 min through a solution of chloroiormyl-
cvclopentadienvlmanganese tricarbonyl (2.0 g) in dry diethyl ether (1o ml) there was
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an immediate precipitation of yvellow crystals. After removal of the solvent the residue
was taken up in methylene chloride (50 ml) and the solution washed with water,
dilute hyvdrochloric acid solution and then again with water. After dryving (Na.S50;)
and evaporation of the sclvent there were obtained vellow crystals (1.64 g), m.p.
167-168°. (Found: C, 46.04; H, 3.18; Mn, 20.81; N, 5.42.) The m.p. was undepressed
on admixture with N-methvlcarbamoylcvclopentadienvimanganese tricarbonyl ob-
tained form the Schmidt reaction and had identical infrared absorption spectrum with
the latter.

&) Acetyl chloride (0.13 g) was added dropwise to a cooled (ice-bath) solution
of aminocyvclopentadienyvlmanganese tricarbony: (0.2v g) in dry diethyl ether (o ml}.
After stirring for 10 min, water (10 ml) was added, extracted with methvlene chloride
{3 < 25 ml) and the organic layer was washed first with a saturated aqueous solution
of sodium bicarbonate and then with water. After drving (Na.S0,) and evaporation
of the solvent there were obtained vellow crystals (0.19 g). m.p. 132-138°. Recrystal-
lization from benzene vielded the analytical sample of acetamidocyvclopentadienyl-
manganese tricarbonyl, m.p. 144.5-145°. (Found: C, 46.14; H, 3.09; Mn, 20.71; X,
5.17. C;oHMnNO, caled.: C, 46.00; H, 3.09; Mn, 21.04; N, 5.37%.)

The infrared spectrum was difierent in many respects from that of the Schmidt
reaction product. The major bands: 3430 (m), 3390 (m), 2040 (vs), 1940 (vs), 1710 (Vvs),
1525 (s}, 11485 (m}, 1425 (), 1300 (M}, 1260-11g0 (broad band) cm~.

3} N-Pitenvlcarbamovlevelo pentadiervhnanganese tricarbonyl (bv Schntidf reaction)

The experimental procedure followed was identical with that described for the
N-methvl compound (reaction 3). From 3.1 g (0.01 mole) of benzovlcyclopentadienyl-
manganese tricarbonvi there was obtained {in addition to 0.43 g of starting material)
N-phenvicarbamovicvclopentadienvimanganese tricarbonyvi as vellow crvstals (1.49 g),
m.p. I73-175% (from benzene). (Found: C, 55.77; H, 3.29; Mn, 16.9S. C,;H ,MnXNO,
caled.: C, 55.74; H, 3.12; Mn, 17.00; N\, 4.339,.)

The infrared spectrum: 3500 (mj, 3400 (W), 2040 (vs}, 1950 (vs), 1673 (vs),
1600 (s}, 1520 (3}, 1470 (M), 1440 (3}, 1375 (m), 1320 (5), 1270 (M}, 1250-11g0 (broad
bandjcm™

€) Dirzct svunthesis of {@y N-phenvicarbamovieveio pentadienvimangancese tricarboiyi, (X)),
ard (b} benzamidocyciopentadienvimanganese tricarbonyi

2} Aniline (1.29g) was added to a cooled (ice-bath) ethersuiution of chloroformyl-
cyciopentadienvimanganese tricarbonyvl (0.3 g} and after stirring for ro min the re-
action product was worked up as in (ga} to produce vellow crvstals (0.32 g) whose
m.p., mixed m.p. and infrared spectrum were identical with those of N-phenvl-
carbamovlcveclopentadienvimanganese tricarbonyl obtained in the Schmidt reaction
(5).

) Benzoyl chloride (1.5 g) was added dropwise to a cooled (ice-bath} ether
solution of aminocveclopentadienvimanganese tricarbonyl (0.22 g). Stirring was con-
tinued for 10 min at o>, then for 10 min at room temperature followed by another
10 min at 30° {water-bath). After cooling to room temperature, water (20 ml) was
added and the mixture extracted with chloroform (3 25 ml). The chloroform
extract was washed with saturated sodivm bicarbonate solution, then with water
and dried (Na.SO,;}. Removal of solvent and application of high vacuum (cil pump)
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to the residue to remove traces of benzoyl chloride, followed by crystallization from
benzene, vielded vellow crystals, of benzamidocyclopentadienylmanganese tricarbonyt
(0.28 g), m.p. 151—152° (Found: C, 55.54;: H, 3.29; N, 4.49. C,;H,,MnNO, calcd.:
C,55-74; H, 3.12; N, 433 %)

The infrared spectrum: 3500 (w), 3370 (vw), 2040 (vs), 1950 (vs), 1700 (s),
1620 (W), 1535 (s), 1460 (W), 1360 (s}, 1265 (s) cm—L.

7Y The Schmidt reaction on acetviferrocene

Acetyvlferrocene (4.56 g, 0.02 mole) was added with stirring and cooling (ice-
bath) to polyphosphoric acid (prepared from 58 g phosphorus pentoxide and 35 ml
85 °, orthophosphoric acid). After adding, in small amounts, sodium azide (1.6 g}, the
reaction mixture was heated to 30° for 3 h and then at 60° for 25 h. After cooling
to room temperature, iced water (100 ml) was added and the mixture extracted with
chloroform (3 :< 150 ml). After drving {Na,SO,) and evaporation of the solvent there
was obtained a vellow-brown precipitate (1.5 g). This was chromatographed over
basic silica (75 g) (see reaction 3). Elution with benzene (13ce ml) produced 075 g
of crvstalline material which, after crvstallization from chloroform/carbon tetra-
chloride had m.p. 172—-173°. (Found: C, 59.18; H, 5.50; N, 5.98. C,,H,;FeNO calcd.:
C, 39.28; H, 5.39; X, 5.76 °,.) Acetamidoferrocene (XIII) has been reported?® to have
m.p. I;0.5-172°.

Infrared spectrum: 3500 (W), 3050 (m), 1685 {(v's), 1530 (s), 1260 (vw), 1¥10 (M},
1010 (M) cm™ 1.

Further elution of the column with benzene chloroform (x:1) (700 ml) vielded
0.4 g of material which crystallized from benzene, m.p. 194-195°. (Found: C, 59.19;
H, 5.36; C,.H,;FeNO caicd.: C, 59.28; H, 5.39°,.) This was shown to be identical
(infrared spectrum, mixed m.p.) with N-methyvicarbamovlferrocene, (XII), svnthesized
directly from chloroformyiferrocene and methyvlamine, under the same conditions as
described 1n (ga).

Infrared spectrum: 335350 {w), 3050 (m}, 1665 {vs), 1535 (s}, 420 (m), r380 (w),
1260 (s}, YIgO (W), 1120 (M}, 1055 (W}, 1033 (m), 1010 (m) cm—*.

8Y The Schuidt reaction o1 benzaviferrocene

This reaction was carried out under the same conditions as for reaction (7).
From 3.48 g (0.012 mole) benzoviferrocene there were obtained, after chromatography
on basic silica (elution with benzene) 0.39 g of benzamidoferrocene, (XVI), m.p.
184-185° (lit>* m.p. 177-178°) and o.12 g of N-phenylcarbamovlferrocene, (XV),
m.p. 216—2177 (lit.2 m.p. 208-210°). (Found: C, 66.74; H, 5.02. C;;H,;FeNO calcd.:
C, 66.8g; H, 1.96°,.)

9} The Sclunidt reaction on ferrocenovicyclopentadienvlmanganese tricarbonyl, (XVIII)

Ferrocenovlcyclopentadienvimanganese tricarbonvi?® (6.35 g) was subjected to
the Schmidt reaction under the same conditions as for reaction (7). Afier work up,
there was obtained a vellow oil (0.18 g, crude) whose infrared spectrum was quite
different from that oi the starting ketone and moreover it did not show any of the
abzorption bands typical of the amide grouping.

Infrared spectrum: 3000 (s}, 2060 (s), 1950 (3), 1730 (s), 1625 {w)}, 1370 (m),
1355 (m), 12065 (s}, 1165 (s), 1135 (5), 1110 {3), 1075 (S), 1020 (s) cm™L.
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In all the Schmidt reactions involving ferrocenyl ketones chromatography of
the crude products yielded as the first fractions on elution with hexane minute amounts
{ ~ 3 %) of matemnal whose infrared absorption spectra showed the absence of the
characteristic amide bands, and instead they had a strong band at about 1730 cm™!,
which might be due to the presence of an ester carbonyl grouping.

The structure of these compounds is currenily under investigation.

10) Thke Schmidt reaction on bis(cvclopentadienvienemanganese (ricarbonyvi) kefone
(XXVIIT)

\When the above ketone® (0.49 g) was subjected to the Schmidt reaction under
the same conditions as for 7), starting material (0.32 g) was the only product isolated
from the reaction mixture.

11y Beckmann rearrangement of the oxime of acetylcvclopentadienyimanganese tricarbonyl

The oxime of acetyvlcvclopentadienvlmanganese tricarbonyl (1.3 g) in acetone
{ro ml) was treated with an 8¢, aqueous sodium hvdroxide solution (3 ml) and -
toluenesulfonyl chloride (0.95 g) at 0° and allowed to stand for 10 min. After removal
of the solvent in vacuum (water pump) the oily residue was extracted with benzene.
The organic extracts were dried (N2.50,) and concentrated to a smalil volume ( ~ 5 ml).
This solution which contained the \N'-tosyl oxime of acetylcvclopentadienyvlmanganese
tricarbonyl was chromatographed over basic alumina (So g). Elution with benzene
(15 ml) vielded a vellow oil {0.2 g) which crystallized on standing. The infrared spec-
trum of this material indicates 1t to be the N-tosyl oxime of acetyvlcyclopentadienyl-
manganese tricarbonyl. Further elution with benzene (25 ml) yvielded 0.3 g of acetvl-
cvclopentadienvimanganese tricarbonyl. This was followed by elution with benzene/
chloroform (1:1} (350 mi} to produce 0.3 g of material whese infrared spectrum showed
it To be mainly N-methvicarbamoyvlcvclopentadienyvimanganese tricarbonyl, (VII).
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STMMARY

Aminocveclopentadienvimanganese tricarbonyvl, prepared by the Curtius deg-
radation of azidoformylcyvclopentadienylmanganese tricarbonyvl as well as by
hydrolysis or hydrogenolvsis of the benzyvloxyvcarbonyl derivative, has been found to
be ten times less basic than aniline.

The resuits of the Schmidt reaction carried out on several metallocenvl ketones
indicate that the metal atom mayv play an important role in determining migratory
aptitudes of the metallocenyl moiety in rearrangement reactions involving metallo-
cenes.
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