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A series of transition metal-vinyl derivatives containing a substituted dihydrofuranato ring, [M]C=C(R)C(CF3);0CH;
(I), and of transition metal-alkyl derivatives containing a substituted tetrahydrofuranato ring, IMIC(R)CR)(RC-
(CF3)20CH: (IT), were prepared by reaction of the appropriate 2-alkynyl and 2-alkenyl complexes, respectively, with
hexafluoroacetone. The new compounds include I, where [M] = Mn(CO)s and 5-CsHsFe(CO)2, R = CH3 and C¢Hs;
[M] = #5-C5HsMo(CO)3, R = CgHs; and 11, where [M] = Mn(CO)s and n5-CsHsMo(CO)3, R =R' = H, R" = C¢Hs;
[M] = 5-C5sHs5Fe(CO)2, R = H,R' = R" = CH3and R = R' = H, R" = H, CH3, CsHs, and Cl; [M] = 55-CsHsW(CO)3,
R =R'=H, R" = Hand CH3. A similar reaction of 73-CsHsFe(CQO)2CH2C(CH3)=CH2 with hexafluoroacetone afforded
the expected cycloadduct II, #5-CsHsFe(CO)2C(CH3)CH2C(CF3)20CH2, as well as 535-CsHsFe(C0O)20C-
(CF3)2CH2C(=CH2)CH2C(CF3)20H. Complexes of type IT with [M] = 5-CsHsFe(CO)2, R = H, and R' s R" show
four infrared »co bands in pentane; possible explanations for this phenomenon are considered. Photolysis in the presence
of triphenylphosphine of some complexes I and II containing [M] = 53-CsHsFe(CO)2 yields the corresponding substituted
monocarbonyls. The aforementioned reactions with hexafluoroacetone are compared with other related (3 + 2) cycloaddition
reactions involving transition metal—carbon g-bonded complexes. The infrared »co absorptions of a number of products
of the type n5-C5H5Fe(CO)z(S=C(CeHs)ENCH: (E==N = electrophilic molecule) have been tabulated for comparison.

Introduction

The addition of electrophilic reagents of the type E=N (E
= electrophilic part, N = nucleophilic part) to transition
metal-2-alkenyl and —2-alkynyl complexes has afforded a
number of organometallic products.23 With the 2-alkynyls,
(3 + 2) cycloaddition accompanied by 1,2 metal migration
invariably occurs to yield vinylic species containing a five-
membered ring (eq 1). However, with the 2-alkenyls, either
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_N @
CH;
e.g., [M] = 1°-C,H,Fe(CO),, n*-C;H,Mo(CO),, Mn(CO),; R =
CH,, C,H,; E=N =80,,* 80,,° (CN),C=C(CN),,* CISO,-
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analogous cycloaddition (eq 2) or insertion (eq 3) has been
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e.g., [M] =1°-C;H;Fe(CO),, n*-C;H,Mo(CO),; R, R', R" =
H, CH,, C.H,; E=N = (CN),C=C(CN),,*** CISO,NCO,”
CH,OC(O)NSO,?
[M]CH,C(R)=CR'R"” + E=N - [MIN-E—CH,C(R)=CR'R"
and/or [M]N-E—-C(R"/{R")C(R)=CH, 3)
e.g., [M] = n®-C,H;Fe(CO),, n°-C,HMo(CO),P(OC,H;),,
Mn(CO),; R, R, R” = H, CH,, C,H,; E=N = 50,1°,
(CN),C=C(CN},,* C1SO,NCO,” sn(l, **
reported.

As part of a continuing investigation of these reactions we
studied the behavior of the electrophile hexafluoroacetone.

Electrophilic reactions of hexafluoroacetone with transition
metal complexes are well documented. For example, this ligand
is known to undergo oxidative addition to nickel(0), palla-
dium(0), and platinum(0) complexes to yield products with
metal-containing three- and five-membered rings.!2 Cyclo-
addition of hexafluoroacetone to the n4-cycloheptatriene and
n-cyclooctatetraene rings in the respective iron tricarbonyl
complexes has also been reported.!3 With various n4-1,3-diene
complexes of iron and rhodium, hexafluoroacetone undergoes
mono- or diinsertion reactions into metal-carbon bonds.14

We here report in detail the results of our study on the
addition of hexafluoroacetone to transition metal-2-alkenyl
and —2-alkynyl complexes.

Experimental Section

Materials. Hexafluoroacetone gas (bp —27°) was obtained from
Columbia Organics and was used as received. Tetrahydrofuran (THF)
and pentane were distilled under nitrogen from LiAlH4 and CaHo,
respectively, prior to use. Other chemicals and solvents procured
commercially were reagent grade and were used without further
purification,

15-CsHsFe(CO),CH2C=CR (R = CH3% and CgHs!5), n5-
CsHsMo(CO)3CH2C=CC¢Hs,% Mn(CO)sCH2C=CR (R = CH3%
and CgHs4c), 5-CsHsFe(CO)2CH2C(R)=CR'R" (R = R' = H, R"
= H,16 CH3,16 C¢Hs,17 and Cl;17 R = H,R' = R" = CH3;!7R =
CHj3, R' = R" = HS), »5-CsHsMo(CO)3CH2CH=CHC¢Hs,!7 and
Mn(CO)sCHCH=CHCsH35!8 were prepared by the specified lit-
erature methods. Samples of #3-CsHsW(CO)3;CH2CH==CHR (R
= H and CH3) were supplied by Dr. S. R. Su.

Analyses and Physical Measurements. Elemental analyses were
performed by Dr. F. Pascher, Mikroanalytisches Laboratorium, Bonn,
Germany. Melting points were taken on a Thomas-Hoover capillary
melting point apparatus and are uncorrected.

Hydrogen-1 NMR spectra were recorded with a Varian Associates
A-60A spectrometer using tetramethylsilane as reference. Fluorine-19
NMR spectra were obtained by Dr. J. L. Peterson and Mr. J. M.
Geckle with a Varian Associates HA-100 spectrometer at 94.1 MHz
using CeHsCF3 as the solvent and lock. All tabulated infrared »co
values were obtained using a Beckman IR-9 spectrophotometer;
routine infrared spectra were recorded with a Perkin-Elmer Model
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337 spectrophotometer. Mass spectra were obtained by Mr. C. R.
Weisenberger with an AEI Model MS-9 spectrometer.

Preparation of Metal-Etherato Cycloaddition Complexes. Method
A. In Neat Hexafluoroacetone. In a typical reaction, n5-CsHsFe-
(CO)2CH2C=CCsHs (0.35 g, 1.2 mmol) in ca. 6 ml of liquid
hexafluoroacetone was stirred for 9 hr in a nitrogen atmosphere under
a Dry Ice condenser, with the hexafluoroacetone refluxing contin-
uously. The excess hexafluoroacetone was then allowed to evaporate
and the resultant orange solid was dissolved in a minimum of
chloroform. This solution was eluted with chloroform over a 2.5 X
25 e¢m column of Florisil to produce a broad yellow band. The band
was collected and the effluent was concentrated to yield an
orange-yellow solid. After washing with three 30-ml portions of
pentane, 0.18 g (33% yield) of yellow microcrystals of the product
was obtained.

Details of the synthesis as well as analytical data and physical
properties of this and all other new metal-etherato cycloaddition
complexes prepared herein are provided in Table L.

When a similar reaction was run for ca. 15 min, only a 5% yield
of the cycloaddition product was obtained. The remainder of the
starting metal-2-alkynyl complex was recovered unreacted.

Attempts at reaction between hexafluoroacetone and various
transition metal-2-alkenyl complexes in refluxing neat hexafluoro-
acetone were unsuccessful. In each case the 2-alkenyl complex was
recovered in quantitative yield.

Method B. In Organic Solvents. (a) General Preparation. An
excess of hexafluoroacetone (ca. 1 ml of liquid) was condensed onto
73-CsHsFe(CO)2CH2CH=CHCsH5 (1.15 g, 3.92 mmol) in 10 ml
of CH2Cl2 and the resulting solution was stirred for 30 min under
a Dry Ice condenser in a nitrogen atmosphere. Concentration at 25°
(ca. 20 Torr) afforded a red oil which was dissolved in 150 ml of 1:5
(v/v) CH2Cl2—pentane. The resulting solution was filtered through
3 cm of alumina (10% H20) and the filtrate was evaporated to an
orange solid. Washing with two 25-ml portions of pentane and
air-drying left yellow crystals, 1.43 g (79% yield). Concentration of
the washes vielded 0.08 g more of slightly darker, yellow microcrystals.

A similar reaction in benzene for ca. 1 hr afforded the cycloaddition
product in 77% yield.

(b) 75-CsHsFe(CO)2CH2C(CH3)=CH>. Excess hexafluoro-
acetone was condensed onto a solution of #5-CsHsFe(CO)2CH2C-
(CH3)=CH2 (2.21 g, 9.55 mmol) in 10 ml of CH»Cl> under nitrogen.
The initial reaction appeared to be exothermic, in contrast to the other
addition reactions of hexafluoroacetone in which no significant heating
was observed. The hexafluoroacetone was allowed to reflux under
a Dry Ice condenser for 30 min and volatile materials were then
evaporated in vacuo to leave a dark red, viscous oil, 4.36 g. This yield
corresponds to approximately 1.3 molecules of hexafluoroacetone for
every molecule of the 2-alkenyl complex employed.

The oil was dissolved in a minimum of 1:1 (v/v) CH2Cl2—-pentane
and this solution was filtered through 3 ¢m of alumina (6% H20).
The alumina was washed with more 1:1 (v/v) CHa2Cl2-pentane and
the filtrate was concentrated to a red oil. Washing the oil rapidly
with pentane left a mustard-colored solid, 0.75 g (20% vield), identified
as 75-CsHsFe(CO)2C(CH3)CH2C(CF3)20OCH». This solid was
readily purified by recrystallization from 1:4 (v/v) CH2Clz-pentane
or by column chromatography on alumina to give golden yellow
crystals.

The pentane washes from the above work-up were concentrated
to yield a dark red solid, 1.09 g. This material was composed of a
small amount of 75-CsHsFe(CO)2C(CH3)CH2C(CF3)20CH: and
another, red product. The latter product could be obtained pure with
difficulty by crystallization from pentane to afford red crystals, 0.84
g (16% yield), mp ca. 95° dec. The crystals analyze for 75-
CsHsFe(CO)2CaH7-2(CF3)2CO. Anal. Caled for Ci17H12F12FeO4:
C, 36.20; H, 2.14. Found: C, 36.46; H, 2.27. Ir spectrum (pentane,
vco region, cm~1): 2065 vs, 2023 vs. 'H NMR spectrum (CDCl3,
7): 7.5-6.8 (m, 4 H, -CH>-), 5.55-5.1 (m, 3 H, =CH3z and -OH),
491 (s, 5 H, CsHs). 19F NMR spectrum (CsHsCF3, ¢): 72.2 (s,
6 F), 77.2 (s, 6 F).

Thermal Decomposition of nS-CSHSFe(CO)26(CH3)CH2C-.
{CF3);0CH2. A sample of 75-CsHsFe(C0O)2C(CH3)CH.C-
(CF3)ZOCH2 was heated at 90° under nitrogen for 24 hr. Red needles
of [#35-CsHsFe(CO)2]2 sublimed in low yield (<10%). No other
carbonyl-containing product was noted.

Thermal Decomposition of 13-CsHsFe(CO)2C4H7-2(CF3)2C0O. The
title compound, 0.84 g, was heated under nitrogen (760 Torr) for 3
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hr at 105-115°. White needles, 0.18 g, were collected by sublimation.
The residue showed no carbonyl-containing species other than a very
small amount of [53-CsHsFe(CO)2]a.

The white solid may be resublimed readily at 65° (760 Torr) or
25° (0.1 Torr) to form larger needles, mp 146—147.5° (lit.!% mp
149-150°). The same white product is noted when the title compound
decomposes in solution for several hours or in the solid for several
days at room temperature. Ir spectrum (KBr pellet, em~!): 3360
s, 2960 vw, 2935 w, 2860 w, 2480 m, 1640 w, 1635 m, 1276 vs, 1226
vs, 11555,11355,1031 s, 1017 5, 983 m, 952 m, 928 m, 875 w, 829
w, 771 w, 731 m, 706 m, 688 s. 'H NMR spectrum (CDCl3 7): 7.01
(s, 4 H), 5.54 (s, br, 2 H), 4.69 (s, 2 H). 9F NMR spectrum
(Ce¢HsCFs, ¢): 77.6 (s). The mass spectrum (70 eV, source tem-
perature 60°) shows a parent ion peak at m/e 388, as well as strong
peaks due to the loss of H20 and CF3 groups from the parent ion.
All these data implicate the solid as the known!9 HyC=C[CH2-
C(CF3)20H]2. e

Preparation of 73-CsHsFe{CQ) P(CeHs)ﬂ@ﬂzC(CFﬁmHz.
A solution of 75-CsHsFe(C0)2CHCHC(CF3)20CH, (0.19 g, 0.49
mmol) and triphenylphosphine (0.19 g, 0.72 mmol) in 30 ml of THF
was photolyzed at 350 nm in a Rayonet Model RPR-100 reactor (all
16 lamps) for 4 hr under nitrogen. Evaporation to dryness gave a
red-orange solid which was then dissolved in 10 ml of 1:4 (v/v)
CH:Cl2—-pentane. This solution was chromatographed on a 2.5 X
12 cm column of alumina (6% H20). Elution with 1:1 (v/v)
CH2Cl2-pentane rapidly moved an orange band which was collected
as a deep orange solution and concentrated to an oil. The oil was
then dissolved in 50 ml of pentane. Slow cooling and concentration
to ca. 1 ml afforded bright red crystals, 0.07 g (22% yield). Once
obtained in a pure state this compound is not appreciably soluble in
pentane; it is soluble in more polar solvents such as benzene, di-
chloromethane, and chloroform. o

Preparation of 73-CsHsFe(CO)[P(CsHs)3|CHCH(CsHs)C-
(CF3)20CH2. A solution of 75-CsHsFe(CO)2CHCH (Celis)C-
(CF3)20CH? (0.35 g, 0.76 mmol) and P(CeHs)3 (0.21 g, 0.80 mmol)
in 45 mi of THF was photolyzed for 2 hr as described above. The
resultant red solution was concentrated (ca. 20 Torr) to a viscous oil.
The oil was dissolved in a minimum of 1:1 (v/v) benzene—pentane
and this solution was eluted over a 2.5 X 8 cm Florisil column with
the same solvent mixture. A single bright orange band was collected
and concentrated to a red oil, The oil was dissolved in 15 ml of pentane
and the resulting solution was slowly concentrated at 25° (ca. 20 Torr)
to yield an orange solid, 0.21 g (40%). The pure complex is insoluble
in pentane but soluble in benzene and chloroform.

Preparation of 75-CsHsFe(CO)P(CoHs)3)1E=C(CTsHs)C-
(CF3)20CH2, Triphenylphosphine {0.16 g, 0.61 mmol) and n3-
CsHsFe(C0)2C=C(CsHs)C(CF3)20CH:z (0.25 g, 0.55 mmol) in
40 ml of THF were irradiated for 2 hr under helium. Evaporation
of the solvent gave a red oil which foamed to a red glass. This material
was dissolved in a minimum of benzene and the resulting solution was
eluted with benzene over a 2.5 X 6 cm column of Florisil. A single
red band was collected and the effluent was concentrated to a red
oil. Redissolving in benzene, diluting with hexane, and slowly
concentrating at 25° (ca. 20 Torr) yielded red crystals, which were
washed with pentane; yield 0.18 g (47%).

Reaction of 73-CsHsFe(COY>CHCH(CH3)C{CF3)0CH with HCL
Hydrogen chloride was bubbled through a solution of the title complex
(0.15 g) in 25 ml of pentane at room temperature for 30 min. The
yellow solution became cloudy almost immediately and a red oil
formed. Evaporation of the pentane at 25° (ca. 20 Torr) gave a
red-orange solid. Ir spectroscopy indicated this solid to be ca. 40%
starting carbonyl complex and ca. 60% 7°-CsHsFe(CO)2ClL.

Reaction of n5-C5H5Fe(CO)26HCH2C(CF3)20&IHz with HCI.
Hydrogen chloride was bubbled through a solution of the title complex
(0.08 g) in 10 ml of benzene for 4 hr at room temperature. The solvent
was then evaporated to leave a red-orange solid, ca. 0.06 g, shown
to be 90% 7>-Cs5HsFe(CO)2Cl and 10% unreacted carbonyl complex
by ir spectroscopy.

Attempted Reaction of n5-C5H5Fe(CO)2CHCH2C(CF3)2OCH2 with
S0:2. A solution of the title complex (0.10 g) in 3 ml of liquid SO2
was kept a reflux for 3 hr under a Dry Ice condenser. The SO2 was
then allowed to evaporate to give a sticky orange solid. Recrys-
tallization of this solid from pentane afforded the unreacted carbonyl
complex as yellow crystals, 0.08 g. No SOz insertion product was
observed. o

Attempted Reaction of 15-CsHsFe(CONP(CeHs)31E=C(CeHs)-
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T(EE)20CH: with $02. A solution of the title complex (0.16 g) in
a mixture of liquid SO2 (ca. 2 ml) and CHCI3 (8 ml) was maintained
at reflux for 6 hr. Evaporation to dryness afforded uareacted carbonyl
complex as a red solid, 0.16 g. o
__ Attempted Reaction of »°-CsHsFe{CO)P{CsHs)31C==C(Coks)-
CICF3)20CH, with HCL To a solution of the title carbonyl complex
(0.18 g) in 25 ml of acetone was added 0.25 ml of concenirated
hydrochloric acid. The resulting solution was stirred for 24 hr and
then neutralized with excess NaHCOs3. This was diluted with 35 ml
of CH2Cla, dried over MgSOy4, and filtered. Concentration of the
filtrate yielded red crystals of unreacted carbonyl complex, 0.11 g.

—

Results and Discussion

Metal-Dihydrofuranate Derivatives. Transition metal-
Z-alkynyl complexes react with neat hexafluoroacetone or
hexafluoroacetone in organic solvents to yield 1:1 adducts as
indicated by elemental analyses and mass spectrometry. These
products are crystalline solids that subline at ca. 50° and 0.1
Torr. They are slightly soluble in pentane and very soluble
in benzene, chloroform, and acetone, Some physical properties
are listed in Table 1.

By analogy with the known cycloaddition reactions of these

and CISONCO,7 inter alia, structure Ia is expected for the
R
v Fe
M]C
A\
CRy”
Ia
[M] = Mo(CO),, n°C, H Fe(CO),; &= CH,, CH,
[M] = 7°-C,H, Mo(COY, 5 R = € H,

oA
0 CF,

isolated products. This structure is confirmed by the spec-
troscopic properties of the adducts {cf. Table IT). The infrared
carbony! stretching frequencies are very similar to those re-
ported for analogous cycloaddition products with different
electrophiles4~7 and for other, related metal- vinyl complex-
€s8.2021 In the proton NMR spectra of the dihydrofuranato
derivatives, the CH2O resonances are observed at + 5.01-5.34
as generally broad singlets. The position of these signals is
not consistent with the isomeric formulation Ib, since in

R
\-‘

.,

C
0
fMic LA O

e
oy
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F.’S

compounds containing a CH2C(CF3)z fragment the CHa2
resonance normally fails at + 6,7-7.5.1° In contrast, protons
of the CH»O moiety in the analogous S04 and SO35 cy-
cloadducts absorb at r 4.28-4.94 and 4.84--5.14, respectively.

The broadness of the CHo, and also of the R = CH3 signals,
is likely a result of spin—spin coupling between these nuclei,
as well as with fluorine-19. The former coupling (JCH-CH;)
is expected to be ca. 1.5-2.0 Hz%t whereas the latter,
long-range coupling (/1-F) must be no greater than about 0.5
Hz as inferred from similar known hydrogen—fluorine coupling
constants.22 By comparison with the broad CH and CHs
resonances, the signals due to CsHs appear as sharp singlets
in these same spectra.

The fluorine-19 WMR spectra of these dihydrofuranato
complexes show, as expected, only singlet resonances in the
range of ¢ 73.6-75.6. Organic molecules containing a
C(CF3)20 linkage similarly display '9F resonances near ¢ 75.19

The photochemical decarbonylation of an iron-dihydro-
furanato comiplex in the presence of triphenylphosphine af-
forded a substituted monocarbonyl derivative, as shown in eq
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4. The product contains a chiral metal, and this structural
C,H,

0 CF,
5., H ‘E‘EC o {fji - POLH, ),
75, i . -+ (. e
i sLts " \“ wOCFJ 8 5)3 THF
~ CH
¢ M
0
Q("“'f’l’i CEy
C O

(Y 2
n5-CsH FeC M(\)\CFE O “)
CH,
P(C,Hy),

feature is reflected in the nonequivalence of the two CF3 groups
in its 1I°F NMR spectrum (cf. Table I¥). The iron-carbon bond
in this complex is unaffected by concentrated hydrochloric acid
and by sulfur dioxide, thus further underscoring the stability
of transition metal-vinyl linkages toward electrophilic
cleavage.ta

Metal-Tetrahydrofuranate Derivatives. Transition met-
al-2-propenyl and ~2-alkeny] complexes that bear alkyl or aryl
substituents at the 3 carbon react with hexafluoroacetone in
organic solvents to yvield 1:1 adducts. However, for unknown
reasons, no reaction was observed between these same com-
plexes and neat hexafluoroacetone,

The isolated adducts, whose formulation is based on ele-
mental analyses and mass spectral data (Table ), are crys-
talline solids that sublime at ca. 50° and 0.1 Torr. Their
solubility properties are similar to those of the dihydrofuranato
analogs.

The spectroscopic properties, given in Table I, support
structure I1a for these complexes. Thus the infrared carbonyl

R’ "
R \("‘f'%)/R /CF3
YU
[MIC@); .
Ila
[M] = Mn(CO),, n*~C;H;Mo(COYy; R =R =H,R" = C,Hy
[M] = n%-C,H,Pe(CO),; R = H, R"=R"=CH,; R =R =H,

R =H, CH,, C H,, C1
[M] =n%-C,H,WCO),; R=R =H, R =H,CH,

stretching frequencies fall in the range reported for analogous
transition metal-alkyl derivatives.6.7.23.24  As for the di-
hydrofuranato complexes, the position of the CH20 proton
resonances is consistent with structure Ia but not with IIb.19

R/R

iIb

With the exception of sharp singlets for the CsHs protons, the
'¥ WMR resonances are (uite broad owing to hydrogen—
hydrogen and hydrogen—tluorine coupling. Hence they are
of limited assistance in the elucidation of structure.

The 19F NMR spectra of the complexes under discussion
are each composed of two quartets of equal intensity in the
region ¢ 71.4-81.0, with JCF,—CF, = 8.5-10.3 Hz. Such spectra
are characteristic of compounds containing nonequivalent CF3
groups in a C(CF3)2 moiety.13.25 Significantly, the chemical
shift difference (Ag) is less than 1.0 ppm for the complexes
Ifa with R' = R and more than 3.3 ppm for those with R’
# R'. In the former compounds, the asymmetric center
nearest to C{CF3)2 is the carbon bonded to the metal (C(2);
of. IIa). However, in the latter compounds, the nearest
asymmetric center is one bond closer to the C{CF3)2 fragment
(C(3); f. [1a). A smaller difference between the two values



Inorganic Chemistry, Vol. 14, No. 6, 1975 1299

“widd §°9/ 1% 1By} ST OSUIIUE ST ST [euSfs PouIquUIod SYI, }0IX3S [:¢igipigi[ jewnxordde ue se paAlosqQ , "PeInseolW 10N ; ZH 7T = d-Hp s101qnop oMm] Jo defIaa0 0] onp AJoYr] !

“THS9=[Ly ‘ZH ¢'T=9"Hf 5 -Termajew snoouer)xo ue 0} onp oq Aeul uondIOsSqe SUQ , "UORN{OS SDHO U, ““CH)d =1 p *PAIBOIPUT ASIMISY)IO SSafun Ajrsuajur [enbo Jo are syoyrend) -wdd

L€99q 0} IO H?D¢ Supyey £1DAD 01 0ATIEY , “ProIq ‘Iq {19fdnnur xapdwoo ‘ur {)ofdin €1 f1o[qnop p {39J8uls ‘s SUONEIARIQQY  PIlEnqE] JOU dTe (S ®D)d Jo suojoid [Aueyd ‘suojoid Jo Jaquinu
1adoid ay3 107 oredojur sfeusis Iy “uonnjos DD ul q ‘IopInoys ‘Us SYrom ATOA ‘MA SYBOM ‘M STUNIPOW ‘wr $SuoI)s s {3U0IIS AI9A “SA  ISUONBIAIIQQY "POIROIPUL SSIMISYIO SSIJURN UOIIN|os duejuad uj ,,

&w
L¥L b 1Q ‘W $°9-8°9
L6 6¥L DS9L w6 1q‘w 1[0 19w T6-§°S AELS 254 0€61 H H p10D)Rd°H Db
! 19w 1°L~0'8 ‘W YS 195 L9°S 254 OE6T H H  pT0D)2d H Db
88 brILbTIL SILS 19w (-8 L QW 679 STSY SA pE6T “US P61 ‘S STOT H H HOIMH Db
! QW61 1Q ‘W 9°6-¢°9 STSP S 9E6T ‘W 9p6T ‘W LTOT H H HOOM A DU
¥6 bProLbyyL $ 89T 19w 9'9-T'L 1Q ‘W §T6~6T9 ST0°S SPP6T ‘Us TS61 ‘M 0961 ‘s 820 H H  “(0D)OW°H Db
£90°S
{ 1q ‘W §p-9°S 1q ‘U §°9~6"L 19 ‘u 9°6-5°9 SOI'S  wiTLET ‘SALET ‘W $YGI ‘W £TOT S 8TOT H H (0031 H Dl
€01 booLDyoL 1q°s €S°L $€9'8 $68°S S8T'S SA 8961 ‘SA 8T0T H ‘HO H(0D)2d*H Dl
€6 briLbgyL SE€LT 1q W 691 1q ‘W 9°6-9°9 S8ES $ 9961 ‘STLET “S-L10T “S £T0T H H “0D)PI H Db
76 br1o0gboI8 QW Sg~06 1qWgI-¢L 105 88°S ‘39S $0°9 SST'S $A 9961 ‘SA 910 “HD H H0DRIH -5l
s8 breLbsoL 40598 1q ‘W g [~T'8 1q ‘W 9°6~6"9 s6I'S $ 8961 ‘S £L6T “US 610T ‘S TTOT H H Y0D)24 H* Db
L8 b69LboLL 19 ‘we /T8 19 ‘W 9°6-6°9 s8I'S SA TL6T “sA 0T0T H H “OD)RAH® -,
06 bPyILDLYL $89°C 19w T L-08 19 ‘W 7°6~9°9 W QT “SA TTOT ‘M 911C H H *(ODUW
1
06 beTLDOYVL w 6T S pes  sPER'S 250 8Y61 ‘HO  pTODRAH D5k
S9€L STLT SIS S8y SA TS6T “S-W TL6] ‘S 80T HD  (OD)OWHD-b
STyL w89z S9T°S $SE'S SA $861 ‘SA ££0T HD  YODPAHD- b
S9GL 1S p0'8 Q84S $L0°S SA $861 ‘SA ££0T HO  “(0D)2d°H -5l
$6°6L STLT STO'S $-W 80T ‘SA STOT ‘SA TEOT “MOTIT ‘H*D *(0D)UN
S$SL 19 ‘s 86°L 195 91°¢ w ZT0T ‘A TE0T ‘WA 6S0T ‘A TTTT *HD (00U
1
HY  pwddco A R d ‘HDO H'D w0 5 00a “xp A (Wl
€40 105 NN Hq, ot AN H; xo[duro)

Organometallic Complexes

ap waoxmmovun.zx.%ogu_E_ pue () ‘H

20°(C40)0(0)D=0 [W] 2dA], o3 Fo soxo[dwo) Jo enoods YWN A, Pue H, pue suorjdrosqy 09a paenju If 21qeL
S



1300 Inorganic Chemistry, Vol. 14, No. 6, 1975

of A¢ would be expected for the isomeric structure IIb.

The iron dicarbonyl complexes of structure Ila ([M] =
73-CsHsFe(CO)2) with R' = R (H or CH3) exhibit the
expected two infrared vco bands in pentane solution. However,
when R' (H) = R" (CHj3, CsHs, or Cl), a pair of doublets
of approximately equal intensity is observed in pentane, hexane,
or cyclohexane, with the average separation between the high-
and low-frequency components of these doublets being 5 cm~L.
In chloroform and other polar solvents, all complexes Ila show
two, now broader, vco absorptions.

Two possible a priori explanations present themselves for
this phenomenon. (1) When R' = R, there are two pairs
of enantiomers owing to the presence of two chiral centers in
Ila, C(2) and C(3). Each pair would have its distinct set of
vCo absorptions. (2) Both pairs of enantiomers may, but need
not,?7 be present. If both are present, then they have identical
vco spectra, and the observed four-band pattern arises from
conformational isomerism about the iron—carbon bond?? and/or
within the tetrahydrofuranato ligand. Conformational
isomerism about the iron—carbon bond is well known for
complexes of the type n5-CsHsFe(CO)2X (X = SiClaCH3,
n!-CsHs, SO2CH3, CH2Ci0H7, inter alia).30 In the present
case it would curiously arise only when R' &£ R", i.e., when
diastereomers are either present or possible.

In an attempt to elucidate the observed phenomenon, efforts
were made to achieve at least partial separation of the possible
diastercomers of these complexes by vacuum sublimation,
fractional crystallization, and column chromatography. They
were all unsuccessful, thus neither supporting nor necessarily
refuting the presence of diastereomers. Likewise, all attempts
at altering the relative population of the possible conformers
when R' = R' by varying the temperature appeared un-
successful. The infrared vco bands remained essentially
unchanged in position and relative intensity over the tem-
perature range of =78 to +25°. If the barrier to rotation about
the iron—carbon bond were moderately low, the relative
conformer population should have varied with the temperature
(vco band intensities change); if it were high, only one
conformer should have been significantly populated in the first
place (only two vco bands). Hence no direct support could
be obtained for the presence of either the diastereomers or the
conformers.

A limited number of reactions of these cycloaddition
complexes were investigated. The iron—carbon bond of Ila
(IM] = #3-CsHsFe(CO)z; R=R'=R"=HandR=R'=
H, R" = CH3) is cleaved with hydrogen chloride to afford
73-CsHsFe{CQ)2Cl. The fate of the organofluorine moiety
was not determined. In contrast, Ila ((M] = »5-CsHsFe(CO)2;
R = R' = R" = H) is unaffected by SOz at reflux. This
inertness may be a result of the bulkiness of the tetra-
hydrofuranato ligand which would prevent backside attack of
SOz at C(2).23 Under photochemical conditions, the iron
dicarbonyl complexes I1a having R = R' = R" = H and R
= R' = H, R" = C¢Hs afford with triphenylphosphine the
corresponding monocarbonyl derivatives, »3-CsHsFe(CO)-
[P(CsHs)3]CHCH(R™)C(CF3)20CHo.

The reaction of 735-CsHsFe(CQO)2CH2C(CH3)=CH> with
hexafluoroacetone in either pentane or dichloromethane affords
two complexes in about 20% vield each. The cycloaddition
product, 73-CsHsFe(CO)2C(CH3)CH2C(CF3)20CH?2, is one
of the few known compounds that contain a transition met-
al-tertiary carbon bond.6.931 A second, red product is also
isolated, with some difficulty, from this reaction. The red color
and the high carbonyl stretching frequencies (2065 and 2023
em-1) suggest that the iron in the #5-CsHsFe(CO)2 moiety
is bonded to an element more electronegative than carbon. The
elemental analyses are consistent with a 1:2 adduct of the
precursor 2-alkenyl complex and hexafluoroacetone. The
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Scheme [
/CH3 i CH, O CF
CF ,CCF 3 : CH, CH
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| CF,
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CF, CH, i
| / CF,CCF,
[M]OC|CH2C
3
CF, CH,

[M] = n°-C,H,Fe(CO),

compound decomposes readily in solution, but its proton NMR
spectrum (cf. Experimental Section) shows a singlet CsHjs
signal, two different CH2 resonances, and a =CH3 signal. The
19F NMR spectrum suggests the presence of an equal number
of two different types of CF3 groups. The simplest structure
consistent with these data is III.

0
C CF, CH; CF,
ns-CSI{SFgoC‘CHZCCHZFOH
I
C CF CF
O 3 3
111

This structure receives support from the behavior of the red
solid on pyrolysis. Heating the 1:2 adduct at 105° leads to
the sublimation of white needles of the known!® HOC(C-
F3)2CH2C(=CH2)CH2C(CF3)20H. This organofluorine
compound is considered to be formed through cleavage of the
Fe-O bond of 1II followed by addition of hydrogen to the
organic fragment. If the 1:2 adduct had a structure other than
IIT and if it decomposed to methylpropene and hexafluoro-
acetone on pyrolysis, then combination of these latter species
in a 1:2 ratio would have afforded two or three isomeric
products C12HgF1202.1% It is noteworthy that thermal de-
composition of 75-CsHsFe(CO)2C(CH3)CH2C(CF3)20CH2?
affords some [55-CsHsFe(CO):2]2 but no detectable C12Hs-
F1202.

Conclusions

The observed behavior of hexafluoroacetone toward tran-
sition metal-2-alkenyl and -2-alkynyl complexes confirms the
generality of this type of (3 + 2) cycloaddition reaction.
Moreover, and as previously noted for chlorosulfonyl iso-
cyanate,’2 the reaction of #5-CsH3sFe(CO)2CH2C(CH3)=CH>
differs from that of the other iron 2-alkenyls investigated.
Here, a product of insertion into the iron—-carbon bond is
obtained in addition to the product of cycloaddition. A
mechanistic rationalization of this behavior is depicted in
Scheme I. The different behavior of 73-CsHsFe-
(CO)2CH2C(CH3)==CH2 may be attributed to a greater
lability of the iron-olefin bond in the dipolar intermediate
which favors dissociation and thence apparent insertion. This
point was discussed in some detail earlier.72

A number of structurally similar cycloaddition products have
now been synthesized from transition metal-2-alkynyl com-
plexes and various electrophiles, thus allowing some correlations
to be made in their properties. One of such correlations is given
in Table III. There various cycloaddition products derived
from 73-CsHsFe(CO)2CH2C=CC¢H are listed in the order
of increasing values of their vco. Although these frequencies
span a narrow range of 10-11 cm-!, they were obtained by
the same operator and under identical conditions. Therefore
the trend must be considered significant.

The higher values of vco reflect stronger electron-
withdrawing characteristics of the organic ring system. This
in turn appears to be related to the electrophilic nature of E
in the EN fragment (cf. eq 1), whose properties, unlike those
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Table III. Infrared vog Absorptions of

-
n%-C, H, Fe(C0O),C=C(C,H,)ENCH,

E=N voo,® em™! Ref?
C,H,N=5(0) 2029,1978 ¢
(C4H,),C=C=0 2029, 1979 d
(CF,),C=0 2033, 1982 This work
(0)S=0 2034, 1983 4a
p-CH,C,H,S(0),N=8(0) 2035, 1985 e
(0),5=0 2038, 1988 5
CISO,N=(C=0 2038, 1989 7a

(CN),C=C(CN), 2039, 1989 6

% In CHCI, solution using matched 0.05-mm NaCl cells.

Synthesis. € P. W. Robinson and A. Wojcicki, Chem. Commun.,
951 (1970). dy. Yamamoto, unpublished results. € D. W.
Lichtenberg, Ph.D. Thesis, The Ohio State University, 1973.

of N, can be transmitted to the metal through the carbon-
carbon double bond. Interestingly, (CN)2C==C(CN)a,
CISO2NCO, and SO3, known to be among the strongest
electrophiles, not only show the highest values of vco in their
cycloadducts but also appear to react most rapidly with the
metal-2-alkynyl complexes.6.52.72
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