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The preparations of d%cyclopropy1~77ncyclopentadieny1=
tricarbonyl molybdenum, oJ™-cyclopropyl=-7 -cyclopentadienyl-
dicarbonyl iron, bis(77 =cyclopentadienyl)dicyclopropyl=
titanium(IV), and two cyclopropyl=titanium(1V) complexes
with the approximate stoichiometry of C3H4BrT1612 and
C3H4CN11012 are .described. Attempted preparations of
% =cyclopentadienyl(cyclopropyl)titanium(IV) chloride,
bis (77 =cyclopentadienyl)cyclopropyltitanium(IIl), and
various derivatives of iron pentacarbonyl and mblybdenum
hexacarbp@yl’are.also discussed,

.dbcycldpropylé77~cyclopentadienyltricarbonyl mo lybdenum
and the cyclopropyl bromide=titanium(lV) chloride and
cyclopropyl cyanide=titanium(IV) chloride complexes showed
singlet proton magnetic resonance absorbancies for the
cyclopropyl moieties at 0,40, 2,54, and 1.30 ppm(§) re=
spectively. These results and the infrared spectfa of the
above compounds is discussed'in détail and molecular struc-
tures are discussed.
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-Since the discovery of férrocene by Miller, Tebboth,
and Tremaine ( 1 ) and Kealy and Paulson ( 2 ), there has
been a tremendous re&ival of activity in the organic chemis=-
try of the transition metals, The major portion of this
vast amount of work has been centered on the olefins and
arenes., However, in almost all of the known compounds, the
olefins and arenes are said to act as ligands in these
systems., The chemistry and theoretical basis of these
systems have received considerable attention in the last few
years, and are too extensive to cover in this introduction:
the readernmay refer to the following reviews for a complete
coverage of this subject, Cotton ( 3 ), and Wilkinson and
Cotton ( 4 ).

A considerable amount of work has been done on the
sigma=bonded organometallics of the transition metals, al-
though this area has had much less consideration than the

so=called piubonded compounds. The reason for this big
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difference in the amount of work being done in these two
areas is probably due to the fact that the pi=systems are

in generai=more tenaciously bonded than their sigma counter-
pafts‘

'Follbwingva suggestion by Walsh ( 5 ) that the cyclo-
pfopane rihg dbes exhibit some double«bond character because
of the delocalization of its sigma bonds, several workers
( 6, 7, 8 ) attempted to form olefin-type complexes with
cyclopropane and various salts of silver(l), copper(l),
mercury(ll), and platinum(Il and IV). These workers found
that only éne species, hexachloroplatinic acid ( HZPt016 ),
reacted with the cyclopropane ring system. It has been
‘confirmed by Adams and coworkers ( 8 ) that the compound
formed when cyclopropane gas is bubbled through a solution
of hexachloropiatinic acid in acetic anhydride is a polymer
with the empiricaiﬂformula.GlthC3H6. These workers have
assighed the,square planer structure, figure 1, with poly-
merization occuring through chidride bridges giving the

platinum(gv) its normal coordination of six.

01\ /caz\
Pt P
o \CHQ

FIGURE 1: STRUCTURE OF Gl,PtCsH,.
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Since the above mentioned work, the organometallic
chemistry of the cyclopropyl system has been extended only
through such compounds as cyclopropyllithium by Hart and
Sandri ( 9., cyéloprOpylmagnesium bromide by Roberts and
Chambers ( 10_'), dicyclopropylmercury by Reynolds, Dessy,
and Jaffe ( 11 ), and the more recent work of the group 1V
elements silicon, germanium, tin, and lead by Seyferth and
Cohen ( 12 ) and Juenge and Houser ( 13 ), With the ex-
ception of dicycioprapylmercury; the bonding in the above
compounds is considered to be either ionic or sigma-=covalent
as in the aliphatic analogues., The bonding in the dicyclo=
propylmercury compound hasn’t as yet been fully explained.
However it has Been shown ( 14 ) that the cyclopropyl com=
pound?shows considerable stability over the alkyl and aryl
mercufy derivatives,

Since pi-bonding is believed to occur through overlap
Qf_filléd metal d orbitals with vacant pi-antibonding
orbitals of the hydrOQarbon moieties5}the‘pi component of a
bond piayS'an important role in the strength and stability
of the transition metal-to=carbon bond. This strengthening
by the averl#p of antibqnding orbitals cannot operate be=
tyeen transition metals and the antibonding sigma orbitals
of alkyl groups, since the latter are too high in energy.

That is, the energy of the vacant orbitals must be relatively



T 1078

iOWCfor.eonsiderable bonding to take place. This author
feels that the cyclopropyl group should show some degree of
stability over the satuiéted hydrocarbons in nbrﬁal sigma=
bonding to the transition metals, since the antibonding
sigma orbitals which make up the ring portion of the group
would be relatively low in energy in comparison with the
primary and secondary alkyl groups. This reasoning comes
from calculations by Wiberg ( 15 ) which requires a higher
percentage of‘the p character from the tarboh be distributed
to the ring portion of the group and the s character then
shifted to the external portion of the molecule., These
ca1cu1ated.values give roughly 0.80p and 0.20s hybridization
for the ring orbitals whereas the external orﬁitals are 0,70p
and 0.30s hybrids. Also the cyclopropyl group may show a
higher dégree of resonance between a pure covalent and a
back donation type structure as proposed by Cotton { 3 ),
figure 2,

C-M — S=it
FIGURE 2: RESONANCE STRUCTURE OF CARBON=TRANSITION
MEIAL SIGMA BOND.
To investigate this proposal the properties of
G =cyclopropyl=17 =cyclopentadienyldicarbonyl iron and
tfncydlopropylﬂ7T~cyc10pentadieny1tricarbony1 mo lybdenum
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were examined, They were prepared from the sodium salts
CsHsFe(CO)zNa and CSHSMO(CO)3Na and cyclbpropyl bromide,
usihg tetrahydrofuran as the éolvent. This procedure is
similar to the one described by Piper and Wilkinson ( 16 )
for the preparation of the methyl, ethyl, isopropyl, and
sigmancyclopentadienyl derivatives, The above workers found
the order of stability of this seriés of compounds to be in
the order éf‘deerehsing stability: methyl> sigma-
cyclopentadienyl> ethyl> isopropyl. These workers felt

that the greater stability of the methyl derivatives may be
due to some double=bond character of the carbon-metal bond,
This reasoning comes from a postulate in organic chemistry

( 17 ), that the méthyl group can release electron density,
thus giving a partial double=bond character to the metal=to=
carbon bond, Also they felt that the shielding of the methyl
group by the carbonyl ligands would be greater than for the
ethyl and isopropyl groups.

In contrast to this line of reasoning, these workers
were faced with the problem of explaining the relatively
high stability of the sigma-cyclopentadienyl system. They
found that the proton magnetic resonance sPectra of these
¢ompounds showed two distinct absorbancies at chemical
shift values of 4+0.6 and 42.1 ppm relative to benzene, hav-

ing area ratios of 1l:1, with the latter peak being attributed
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to the piwcyclopentadiényl and the first peak to the sigma-
éycIOpentadienyl ring. They then pr0p63ed'two possible
explanationsffOr this observation, Onevexplanation was that
the sigma ring and the remaining portion of the molecule may
dissociate into ions of the type, ﬁ«csasre(co)z"’ and CzHg"
~qandrfﬁ;CSH5Mb(Co)3¥ and Csﬂséo However this type of reason=
ing seemed unlikely, since the compounds failed to react
wifh ferrous chloride in organic solvents to give ferrocene.
The other explanation was that the metal atom may be ex=
ecuting a 1, 2-rearrangement in the sigma<bonded ring at a
rate greater than the sweep frequency of 200-300 cycles per
secondav They then regard the sigmawéyCLOpentadienyl ring=

. to-metal bond as rotating with respect to the carbon atoms,
but they do feel that the metal atom is bonded to a single
carbon atom most of the time.

It has been shown by Plowman and Stone ( 18 ) and
Murdock and Weiss ( 19 ) that allyltricarbonyliron iodide
may be prepared by reacting allyl iodide and iron penta-
carbonyl either in a solvent or in the absence of a solvent
in a sealed tube, From infrared and proton magnetic
resonance studies these workers have sﬁown that in solution
a complex mixture of species with bdth sigma-allyl and pi-
allyl groups present,

Similar to, but yet quite different from the allyl
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-derivatives, is the n=heptaf1uoropropy1 derivatives of iron
pentacarbonyl. It has been shown by Manuel and others (20 )
énd‘Kihg and coworkeré ( 21 ) that n-heptafluoropropyl iodide
will react with iron pentacarbonyl either in a benzene so=
lution or in a closed system in the absence of a solvent, to
give n=heptafluoropropyltetracarbonyliron iodide. Thus the
perfiuofo iodide differs from the allyl iodide by replacing
only one carbonyl group.

Treatment bfﬁﬁoth the allyl and perfluoro derivatives
withvtriphenylphosphine results in quite different reactions.
King ( 22 ) has shoWﬁ that treatment of the allyl compound
with triphenylphosphine replaces both the allyl and iodide,
leaving the carbonyl groups attachgd to the iron. However
Plowman and Stone ( 23 ) have shown that in the n-
heptafluoropropyl derivative the triphenylphosphine will
replacé two carbonyl groups, ieaving the n<=heptafluoropropyl
group -and 1odide_attached. Thus it appears that the sigma-
bonded perfluoro prganometallics of iron are less susceptible
to replacement than similar pi-=bonded systems of olefins.

It should then be possible to distinguish considerabie pi=
bonding or a true sigma-bonded system in cyclopropyl deriv-
atives by examining the infrared and proton magnetic reson=-
ance spectra and the triphenylphosphine cleavage products.

‘Attempts to prepare cyclopropyl derivatives analagous
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to the allyl and n-perfluoropropyl derivatives of iron
pentacafbonyl from cyclopropyl bromide and iron pentacarbonyl
or cyglopropyl bromide and molybdenum hexacarbonyl were un-
succé#sful. Also attempts to prepare cyclopropylallyl-
dicarbonyl iron and cyclopropyl-n-heptafluoropropyltricarbonyl
iron from the iodide derivatives and cyclopropylmagnesium
bromide led to the reduction of the iron. Thus studies of

the ﬁicchﬁracter of the cyclopropyl group th:ough this route
were unsuccessful,

‘There have also been some attempts ( 16, 24 ) to prepare
stable derivatives of sigma=bonded alkyls and aryls of
titanium(IV). However the above workers found these com=
pounds to be quite unstable under normal laboratory handiing
and storage techniques and decomposed autocatalytically
within two to three hou?s,

Attempts to prepare 7/-cyclopentadienyl(cyclopropyl)="
titanium(1V) chloride and bis(7 -cyclopentadienyl)cyclopropyl-
titaniﬁm}(‘III) from f/=cyclopentadienyltitanium(IV) chloride
and bis(27écyclopentadienyl)titanium(III) chloride respect=
fuliy and cyclopropylmagnesium bromide led to thefreductién
of the titanium which was apparent from the color change
during the reactions. However bis(7/=cyclopentadienyl)=
dicycloprdpyltitanium(IV) was successfully prepared from
bis( 7/ =cyclopentadienyl)titanium(1V) chlori&e and cyclo=

propylmagnesium bromide in tetrahydrofuran,
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Also.it was found that titanium(IV) chloride will react
with either cyclopropyl bromide or cyclopropyl Cyanide in
n=pentane to give a solid yellow complex with the empirical
formulas of approximately Cly TiCqH,Br or ClzTiC3H40N, re-
spectively; The structure and physical properties of these
complexes are discussed in this thegis.,

Attempts to form complexes similar to the above from
cyclopropane and titanium(IV) chloride by bubbling cyclo=-
propane gas through a nepentane-titanium(lV) chloride
solution were unsuccessful. Also no reaction was observed
when equal molar quantities of cyclopropyl bromide and
77;cyclopentadienyltitanium(IV) chloride were heated to
100°C in a sealed tube for periods of up to one hundred

hours,
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EXPERIMENTAL WORK

&eagegts

Réagents which did not require laboratory preparations
are listed in this seéti@n as well as the reagents which had
to be prepared in order to carry out further syntheses._

Solvents: All solvents were purchased from tﬁe Mafheson
Company, Inc., East Rutheford, New Jersey and treated in the
following manner before use, Tetrahydrofuran and ether
solvents weré distilled over lithiumaluminum hydride. Hexane
and pentane were distilled over calcium oxide. All other
solvents'were distiI@gd using a twelve=inch Vigreux column.

Cyclopropyl Bromide: Cyclopropyl bromide was prepared
according to the procedure described by Meek and Osuga ( 25 )
then stored over calcium chloride and freshly distilled
prior to use,

I;ggnigmglzl Chloride: Technical-grade titanium(1V)
chloride was distilled under an argon atmosphere prior to use.

clopentadienyl)titanium(1V) Chloride: Bis(7 =cyclo-

10
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pentadienyl)titanium(lv)“chloride was used as purchased from
Eastman Organic Chemicals, Rochester, New York.

(1V) Chloride: #%=Cyclopenta=

dienyltitanium(IV) chloride was prepared according to the
procedure described by Gorisch ( 26 ) and was purified by

sublimation prior to use.

_Dimer: These two reagents were

used as purchased from Alfé Inorganics, Inc., 8 Congress
Streét,_Bevferiy9 Massachusetts.,

Digzclogéntadiene: Dicyclopentadiene was purchased
from Eastman Organic Chemicals, Rochester, Néw York and

distilled to the monomer before use,

liron Jodide: Allyltricarbonyliron iodide
was prepared according to the procedure described by King
(27 ).

n-Heptaf luoroprop;

ltetracarbonyliron Iodide: n-
heptafluOropropyitetracarbbnyiiron iodide was prepared to
the procedure described by King and coworkers ( 21 ).

1 Iodide: These two

Allyl Iodide and n-Heptafluoroprop
reagenté-were used as purchased from K & K Laboratories, 1lnc.,
Plainvigw, New York.

-Trighenzlghosghihe: Triphenylphosphine was used as

purchased from the Matheson Company, Inc., East Rutheford,
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Néw Jersqy;

1=-Bromo-3=chloropropane was

used as purchased from Eastman Organic Chemicals, Rochester
3, New York.
¥ =Chlorobutryonitrile;: ¥ -Chlorobutryonitrile was

'"p#eﬁgred acoording'to the procedure described by Allen ( 28 ).
>gzgigzgggggg: Cyclopropane was used as purchased from
- the Matheson Company, Inc., East Rutheford, New Jersey.

' gy_clogropzl Cy ‘anide'g | Cyclopropyl Cyanide was prepared
according'to fhe procedure dogoribed by MbCloskey and Cloeman
(‘29-)f&ith the'e#oeption that sodium amide was used in the

place of sodium hydroxide.

infrared: Infrared studies were made on a Perkin-Elmer

521 Grating Infrared Spectrophotometer., All analyses were
made on potassium bromide plates, using a mineral oil or
perfluorokerosene mull or a potassium bromide pellet,

Proton Magnetic Resonance Studies: NMR studies were

made on a Varian A-60 instrument, using chloroform as the
sotvent and tetramethylsilane as the internal standard.

Gas Chromato

L:' Chromatographic analysis were made

Lien a PerkinnElmer Vhpor Fraotometer, Model 154 using ar

Perkin-Elmer 154-0013A column.,
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alysis
Analyses were made by Drs. G. Weiler and F. B. Strauss,

Microanalytical Laboratories, 164 Banbury Road, Oxford,

England and Huffman Laboratories, Wheatridge, Colorado,

Ereparations
Cyclopropyl Bromide-Titanium(1V) Chloride Complex: This

entire reaction and isolation waé carried out in a "glove
bag"'under notrogen atmosphere,

1.7 g ( 1 ml ) of freshly distilled titanium(1V) chloride
in 15 ml n-pentane was placed in a 50=ml vacuum flask. To
the titanium(1lV) Chldridenpentane solution was added slowly
with constant stirring freshly prepared cyclopropyl bromide
until no further precipitation was observed ( about 2 ml
total ). The reaction mixture was then stirred for an ad-

ditiggal ten minutes, and the bright yellow solid allowed to
ww;;tti;”out, The solvent and soluble materials were decanted
off and the solid washed three times with 10 ml portions of
n-pentane, and then dried for thirty minutes at room
temperature under a vacuum of 1=2 mm.

Anal., calcd., for Cl,TiCqHgBr: C, 15.13%; H, 2.10%;
total halogen as Cl, 42.55%. Found: C, 14.81%; H, 2.88%;
total halogen as Cl, 43.39%.
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Hydrolysis of Cyclopropyl Bromide=Titanium(1V) Chloride

Complex and ldentification of the Products: A few milligrams

of the complex was placed in a small test tube, to this was
added 3-5 ml of wet benzene or chloroform ( saturated with
water ). After hydrolysis was complete and the titanium(IV)
oxide had precipitated out of solution chromatographic
analysis and proton magnetic resonance studies were made on
the resulting solutions,

The benzene solution showed three definite constituents
on a Perkin-Elmer 154-=0013A column at 80°C, two of the peaks
were due to water and benzene, and the third beak was con=
firmed to have the same retention time as acetone by adding
small portions of acetone to the hydrolysis solution and ob-
serving an increase in the concentration of the third
constituent,

The chloroform solution was then used for proton mag-
netic resonance studies and the hydrolysis product confirmed
to be acetone as above. Thus the hydrolysis of the complex
was confirmed to give only a single identifiable product,
acetone,

Cyclopropyl Cyanide-Titanfum(IV) Chloride Complex: This

entire reaction and isolation was carried out in "glove bag"

under nitrogen atmosphere,
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To 3.4 8 ( 2 ml ) of freshly distilled titanium(1lV)
chloride in 20 ml n-pentane in a 50-ml flask was added
slowly with constant stirring 2.4 ml of freshly prepared
cyclopropyl cyanide; a very exothermic reaction occured,
giving a bright yellow solid. The reaction mixture was then
stirred for an Additional five minutes, the solvent and
volatile materials removed under vacuum and the yellow solid
dried for an additional six hours at 55°C and 10-12 mm,

Anal. calcd. for Cl,TiC4H,CN: C, 25.91%; H, 2.16%;

ClL, 38.32%. Found: C, 29130%; H, 3.23%; Cl, 42.43%.

Mol. wt. caled. for Cl,TiC;H,CN: 185, Found: 80.

Hydrolysis of Cyclopropyl Cyanide~Titanium(1V) Chloride
Complex and Chromatographic Analysis of the Products:

Hydrolysis of the above complex was carried out in wet

benzene according to the procedure described previously for
the cyclopropyl bromide-titanium(1V) chloride complex.

On a Perkin=-Elmer 154-0013A column at 95°C the hydroly-
sis solution showed only one foreign constituent. This peak
was confirmed to have the same retention time as cyclopropyl
cyanide by adding a small portion of cyclopropyl cyanide to
‘the hydrolysis solution and observing an increase in the
concentration of the third constituent with no change in

retention time,
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Bis(1T?cyclopentadieny1)dicyclopropyltitanium(IV): In

a 100=ml three-neck flask fitted with a stirrer, water
condenser, nitrogen inlet, and additional funnel was prepared
0.02 mole cyclopropylmagnesium bromide in 25 ml tetrahydro-
furan., The Grignard solution was then allowed to come to
room temperature and 0.01 mole ( 2.60 g ) bis(ﬁlcyclos
pentadienyl)titanium(IV) chloride in 10 ml tetrahydrofuran
was sldwiy added'through the dropping funnel., The reaction
mixture immediately came to reflux temperature and turned
dark brown to black in color. After the addition was com-
plete, thé mixture was :hén refluxed for an additional hour,.
allowed to come to roomf;emperature and the solvent and
volatile materials removed under vacuum, leaving a dark red
viscous oil. The residue was then extracted with 50 ml
anhydrous ethyl ether and the insoluble materials filtered
off, Normal pentane was slowly added to the reddish ether
solution untii.further addition yielded no more oil. The
very thickggaramelwcoIOréd_oil changed to a dark red solid
within two torthree,hours,‘the chahge appeared to be auto-
:éétaiytiC.‘

The compound was identified by the cyclopropyl absorb-
‘ancy in the infrared at 1045 em™l ( 30 ).

0D lwwacyclopentadienzldicarbonzl Iron: A

threemneck 250~m1 flask fitted with a stirrer, water
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condenser, nitrogen inlet, and dropping funnel was flushed
several times with anhydrous nitrogen and charged with 4.0 g
sodium ( as a three per cent amalgam ), 14.0 g f%/=cyclo~
pentadienyldicarbonyl iron dimer,‘and 100 ml tetrahydrofuran.
The reaction.was then stirred rapidly at room temperature for
fifteen hours, at which time 14,0 g cyclopropyl bromide was
slowly added through the additional funnel. The mikture was
stirred for an additional five hours, solvent and volatile
matefials rempvedeith the aid of a water aspirator vacuuo,
_and the;residuéfékﬁracted with 150 ml anhydrous ether. The
red ethe:}s@lution'was_then evaporated to dryness under :
Vacuﬁm;fiQAVing'a caramel=colored oil from which the pr&ducﬁj'
.couid be’subiimed'at 50°C and 1-2 mm onto a water cooled
probe. The @=cyclopropyl-fi-cyclopentadienyldicarbonyl iron
(. a very viécous_garamelécolored oil ) decomposed within an
hbﬁr 6rvso when exposed to air but was fairly stable when
vkept'in;aﬂglosed system at reduced temperatures.

The cdmpound ﬁas identifiéd.by its infrared absorbancies

‘at 1022 and 870 cm~L,

cr~0yclégropy1~wacyclopentadienzltricarbonz1 Molybdenum:
The pﬁeparation;was carried out in a SOOéml three-neck flask
ﬁith a;stopéockifused:to'thé'béttbm and fitted with a
hitfbgen 1hiet;“eff1cient mbtog,sti@ﬁer; pressure-equalizing

_,drdpping‘fﬁnné1; aﬁd reflux¥c¢9dén5er,l After being¢f1u8hed
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with nitrogen3 the fléég was charged with 150 g sodium_amalgam
containing 0.7 g sodium, To the amalgam was slowly Addéd
4,9 g 7T;cyc10pehtadieny1tricarbonylmolybdenum dimer in 250
ml ajnh.ydxfous‘.t':efrahyc‘lrofurano After the addition was com=
plete, ﬁhe'mixture was stirred vigorously for about one'hdur;
at which‘time'the‘dark red color of the molybdenum dimer had
completely disappeared and the‘solution changed to the yelloﬁ'
color of'CSHSMEo(CO)3Na°

_Afterwthé‘formation of the CgHgMo(B0)3Na was complete,
.the'excess,émalgaﬁjwas removed through the stopcock at the
bottom;,nTb the'remaining solution was then adde&-dropwise
5.0 g cyclopropyl bfdﬁide; a slight exothermie reaction
occured. The reaction mixture was then stirred for an ad=
ditional five hours,.thé,stirrer replaced with a stopper,
and the solvent removed under vacuum. When only a dry
residue remained, the flakk was fitted with a water»cdoled
probe, connected to a ?gcuum line maintained at 1-2 mm, and
submerged in a warm*wa£;r bath at 8049900. After about two
hours a hice crop of bright yellow cryétals had collected on

_the probe, Melting point 136-138°C.

& élo ropylallyldicarbonyl ;ggg: Attempts to prepare the
above compounds from n=heptafluoropropyltetracarbonyl iron

iodide and allyltricarbonyl iron iodide and cyclopropyl=
\
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masnesium bromide using tetrahydrofuran as the solvent led to
the reduction of the iodide comﬁounds to the dimers
[c3FyFe(C0),1] , and [c3nsre(co)21]2 respectively, which
were identified by infrared spectra and melting points as

found by Plowman and Stone ( 23 ).
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Proton Magnetjc Resonance Studies

g =Cvclopropyl=/ =cyclopentadienyltricarbon

Proton magnetic resonance studies of ¢ =cyclopropyle?/ «
cyclopent#dienyltriCarbony1 molybdenum were made in chloro-
form at a temperature of approximately 40°C and a radio

. frequency ( R, Fg») field of 0,0S‘mG;. At a sweep frequency
of 500 cps, tﬁ6 d1st1nét singlets af“0;40'and 5.36 ppm(S)
with the area ratios of 1:1 ( area measured by cutting out
peaks and weighing ‘paper ) were observed, The singlet at
5.36 ppm(S) was assigned to the pi=cyclopentadienyl ring by
comparison with the methyl derivative which shows two singlets
at 5.45 and 0,44 ppm(8) with the area raﬁios of 5:3 re=
spectively, The singlet at 0.40 ppm(S) has been assigned to
the cycloprgpyl ring system. Various sweep frequeneies‘wefe
studied, however the 0,40 ppm(S) peak always showed up as a
singlet, figure 3,

Czclogrogxl BromidemTitaniumglvl Chloride Complex: Proton

20
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-magnetic resonance studies of the above complex were made in
chloroform at a temperature of approximately 4000 and an
R. F, Field of 0.06 mG. At a sweep frequency of 500 cps a
singlet was observed at 2,54 ppm(S) while chloroform showed
the normal singlet at 7.25 ppm(S). Upon the addition of
water to the chloroform solution of the complex the 2.54
ppm(S) peak disappeared and a new singlet at 2.09 ppm(S)
appeared, The latter peak was found to be due -to acetone
’from compérison studies. In figure 4 peak "a" represents
the complex before hydrolysis, "b" represents the solution
after hydroiysis, and "c" is the hydrolyzed solution after
the addition of a drop of acetone to the mixture,

Cyclopropyl Cyanide-Titanium(1V) Chloride Complex: Pro=-
‘ton magﬁétic resonance studies of the complex were ﬁade in
chloroform solvent at a temperature of approximately 60°¢c
énd‘an R. F. Field of 0.20 mG, At a sweep frequency of 500
cps a singlet was observed at 1.30 ppm(8). A complete in-
vestigation of the proton region showed no other constituents

present,

ltricarbonyl Molybdenum:

Infrared studies of the above compound{were made using a

potassium bromide pellet of 0.582-per cent sample.
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In the carbon-hydrogen stretching region three peaks
are observed, 2976(s), 2900(s), and 2814(m) cm~l. These
three peaks are generally observed at a slightly higher
frequency by about 20-to50 cmal for most cyeclopropyl or-
ganometallies, howgver the spread of the three peaks is
somewhat less than that normally observed for the cyclo-
propyl system,

.'Three other characteristiec cyclopropyl peaks are
present, 1060(s), 1006w1012(s)9 and 765(m) em”! which have
been assigned to ring deformation and/or Csztwist. The
1060 cmé;ﬁpeak‘is present in almost all cyclopropyl com=
podnds thusﬂfar reported ( 30 ). The strong peak at 1006-
1012 usually appears around 10=to-20 em=l higher and in some
cases ( 30 )‘never'shdws up at all. Some authors ( 31’)
have attributed this absorbancy to a CH,-twisting motion
"réther'than ring dgféfmation. The 765(m) absorbancy is
common to most cyclopropyl derivaties andvis almost always
assigned to a deformation mode., -

A comparison of JBCSH5°77wCSH5Mb(CO)3 with cyclopropane
and [7/-CsH5Mo(C0),], 1s made in figure 5.

Cyclopropyl Bromide-Titanium(IV) Chloride Complex:

Infrared studies of the complex were made using a 0,276=per

cent potaSsium‘bromide‘pelletb Listed in figure 6 are ﬁﬁe

23
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~ ~
G=03Hz= 7=C5H5Mo (O3 C4Hg [r-cgiisto(co),],
cm=1 em”l cm™1
3115(s) 3115(s)
2976(s) 3103
2900(s) 3028
2814(m)

1952 (vs)
2022§vs) 1926 (vs)
1935(vs) 1885-1900(vs)
1905(m) ~( doublet )

1418~1428(vs)
1422(s) 1441 ( doublet )

1266 (w)
1264(w)

: 1350-1358(m)
1353(w) (doublet )
.1160(s)
2 1110(w)
1060(m) 1068(w)
1028
1006~-1012(s) 1007-1014(m)
( doublet ) ( doublet )
913-924(w) 012-920(w)
( doublet ) ( doublet )
849 (w) 850(w;
838(m) 838(m
823(s) 824(s)

765(m)
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assignable absorbancies which are evaluated below,

Absorbancy ( em=l )
1090(m)
1242 (m)
1360(s)
1416 (m)

1614(vs)
1676(s)

_ELQEIEE COMPLEX .

The absorbancies at 1614 and 1676 cm“l are very
characteristic of a conjugated and halogen substituted
olefin systeﬁ. Aithough the C=C stretching fféquency for
olefins usually occurs around 1660-1640 cm™l and is weak,
it is well known that conjugation such as in a diene system,
without a center of symmetry, shows two strong bahds at
around Légo and 1660 cm~! and that the frequency is in-
creased slightly with the addition of an“é;ectron withdraw-
ing group such as a halogen near the centef of conjugation

=1

( 32 ). Thus the two absorbancies in the 1600 cm —~ region

can be assigned to a conjugated, halogen substituted olefinic
system. Also the absorbancies at 1360 and 1416 cm"l are
characteristic of conjugated olefins ( 31 ), however these
absorbancies are also characteristic CHy-wag and deformation

bands respectfully. Thus it may appear to be ambiguous to
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assign a definite origin to these peaks, The 1242 cm“l
absorbancy may also have a double explanation as to its
qrigins Gﬂéwwag'and/ér ring deformation, which is obserVed
in many small riﬁg systems such as cyclobutenes., The 1090
em~1 absorbancy'is‘Véry characteristic of conjugated olefins
( 32 ) and shnwé'very little frequency shift upon substitue
tion in the sysﬁeﬁ;'= |
Althoughvitgmay appear. to be quitenpfesﬁmptuous t&ll
assign infrared absorbancies to organic moieties which may
be.coérdinaéed:t6<a transition metal, it has been;shbwhfby
Powell ahd:Sheppar& ( 33 ) that the vibrational frequency of
olefins show little shift in going from a free olefin to a

~ coordinated olefin,

Cyclopropyl Cyanide-Titanium(IV) Chloride Complex:
Infrared studies\of this complex were made using a 0.150 per
centApotassium bromide pellet in the 600 to 2500 cm?;gregion

and a perfluorokerosine mull for the 2500 to 4000 em™t

Listed in figure 7 are the major absorbanciés of the complex
as well as those for cyclopropyl cyanide.

The medium absorbtion-at 3092 em™! is very indicative
of an asymmetrie étretching band of a terminal meth&lene
( %ggé,) gfoﬁph( B&A)o ;Aié@, the 3035_gm*1»peak'is_sigw
nificantly stroﬁg for-interpretaﬁive purposes and very

charaeteristié‘of a  =C=H Stretching band., The strong

region.
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absorbancy at 935 cm~l is very indicative of molecules have

ing a =CH, group and is usually attributed to a carbon-

hydrogen out-of-plane bending vibration ( 34 ).

Absorbancy ( em~l )

Gy T1G3H,CN C3H5CN
3092 (m) 3170(m)
3056 (m) 3055(s)
3035(s) 3025(s)
2285=2265(s) 2280(w)
( doublet ) 2235(vs)
1610€s) 15102W3
1450 mg 1460(m)
1430(m 1342 (w)
1385(m) 1260(w§
1340(w) 1190(m
1125(m) 1120(m)
1065(m) 1065-1040(s)
1040(m) ( doublet )
935(s)
935(s)
820(m)
735(m)
EIGURE 7: INFRARED ABSORBANCIES OF CYCLOPROPYL

CYANIDE-

CYAN]IDE AND CYCLOPROPYL
IITANIUM(IV) CHLORIDE COMPLEX.

The nitrile ( =CsN ) stretching band in the 2200 to
2300 em”~l region deserves considerable attention in this
analysis. In cyclqpropyl cyanide this band is a strong
singlet at 2235 em~l which is common for a non=conjugated
nitrile ( 34 ). However in the complex this band is split
into a doublet at the higher frequencies of 2285-2265 em~1,
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This splitting and shifting to higher frequencies of the
nitrile stretching band is very indicative of a conjugated
system such as the C=C~CZN and 0=C~CSN linkages ( 32 ).
Thus it appears that the nitrile group in the complex is
conjugated with a methylene such as that observed in the
above analysis.,

The strong and broad band of the complex at 1610 cm~1
( which is observed as aEHOublet in the cyclopropylbromide-~
titanium(IV) chloride complex ) is very characteristic of a
highly conjugated C=C stretching vibration which is usually
a very strong and broad band in the 1600-1620 em~1 region
( 34 ). The absorbancies at 1385 and 1340 cm™! are usually

éharacteristiéyfor conjugated olefins ( 31 ).
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It has been shown in this thesis that the sigma bonded
cyclopropyl derivatives of the transition metals, bis( 7 =cyclo-
pentadienyl)dicyclopropyltitanium(1V), G=cyclopropyl=fT-
cyclopentadienyldicarbonyl iron, and (Tacyclopropylwifn
cyclopentadienyltricarbonyl molybdenum can be prepared ac-
cording to the following reactions:

(77»CSH5)2T1012 + CyHzMgBr —> (77@CSH5)2(6”wC3H5)2Ti
77=-CsHsFe(CO)yNa  + C3HsBr  —> 77=C5Hg 0 =CyHgFe(CO),
77-CsHsMo(CO)3Na  + CqHgBr —>  7/=Cs5Hg50 =C3HgMo(CO)3
using tetrahydrofuran as the solvent., The cyclopropyl group
was confirmed to be sigma bonded to the transition metal by
comparison of the cyclopropyl absorbancies in the infrared
which are similar to those desecribed for the éyclopropyl
derivatives of the main group elements ( 11, 12, 13 ), The
stability of the transition metal=to=cyclopropyl bond de-
creases in the order molybdenum> iron>> titanium, with the

overall stability of these compounds being similar to that
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of the analogous methyl derivatives previously described
(16 ).

Due to the high sensitivity of the above sigma bonded
cyclopropyl derivatives to ambient conditions, proton mag-
netic resonance studies were made only on the relatively
stable molybdenum derivative which showed two distinct
singlets at 0.40 and 5.36 ppm(S). Although it is normally
found that cyclopropyl derivatives give rise to quite compleg
proton magnetic resonance spectra it has been shown that in ;
highly charged sbécies such as the tricyclopropyl carbonium
ion that the cy§10propy1'groupvcan give rise to a singlet
(35). .Aléo_in this recent work it has been shown that botﬁ
the alpha and beta protons of the cyclopropyl group are
shifted downfield about three ppm whgq the group is.bonded
to a highiy positive charged ion,

Since it is possible to consider that a high percentagef
of the electron density in the. cyclopropyl molybdenum com= :
pound is shifted into the cyclopentadienyl and carbonyl groups
leaving the molybdenum atom with considerable positive
character, a:rélatively low (S)=value for the cyclopropyl:
mbiety can be explained. AlthoushAit would be ratperjhighly:
speculative on the part of this author to assumé that the
a@pha proton be Shifted}to thejséme chemical shift]faiue as

that of the beta proton or vise versa, it is almost . certain
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fhat the magnetic interactions of the carbonyl groups and the
molybdenum atom would be more influential on;the alpha proton
than the beta protons of the group'and thus give rise to an
unfamiliar proton magnetic resonance spectra for the cyclo- -
propyl group.

Until a further investigation into compounds analogous
to those above has been undertaken, a direct correlation be=-
tween molecular structure and possible origin of the singlet
proton magnetic resonance absorbancy for the cyclopropyl
group should not be attempted.

Although numerous compiexes of titanium(IV) halides have
been described ( 36 ), the complexes described in this thesis
are the first examples of a system not containing donor atoms
in groups VA and V1A of the periodic table., In previous work
it has been assumed that the complexes formed involve a co=-
ordination of the highly electron donor elements of the VA
and VIA elefients with the titanium(lv) halides to give com=
plexes with the stoichiometry TiXA(Y), TiX,(Y)y, and TiX,(Y),,
" where X represents a halogen and Y may be a group such as
esters, amines, azé-compounds, oximes,‘imines, acid halides,
cyanides, and phosphorus and arsenic compounds. However in
all the previously described complexes there is no data
available which indicates that the organic portion of the

molecule is involved in the complex formation.
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In contrast to the above work it has been shown in this
thesis that cyclopropyl bromide and c¢yclopropyl cyanide form
complexes with titanium(IV) chloride involving the cyclo=
propane ring system. Unlike the normal sigma bonded alkyl
derivatives of titanium(lV) chloride, which are dark red-to-
maroon the cyclopropyl=titanium(lV) chloride complexes are a
bright yellow color. Also the cyclopropyl-titanium(1V)
chloride complexes differ in solubility from the sigma alkyl
derivatives of titanium(1lV) chloride which are highly soluble
in normal hydrocarbons whereas the cyclopropyl complexes are
insoluble. Because of these differences the cyclopropyl
cyanide and cyclopropyl bromide complexes havée_beén:assigned the
resonance structures in figure 8, with possible polymerization
occuring through a chloride bridge mechanism. These structures
are consistent with the observed infrared and proton magnetic
resonance spectra and hydrolysis products of the complexes
which'were discussed previously in the Experimental Results
section and in more detail below. Although the analytical
and molecular weight values found are not in desirable agree-
ment with the calculated values, several experimental factors
may contribute to these observed values. For example, small
quantities of solvent and reaction products such as hydrogen
chloride or chlorine may be trapped in the solid as” it is

being formed during the reaction. Impurities such as these
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would be essentially impossible to remove with the purifi-
cation procedures used.
CH, Cl CHy Cl CH,

\ N N N ,
i.. C-Br 2 Ti— — )C=Br & Ti-~ C-Br

Sel <« \ ,
01/ c/l{z c1/ ‘cn2 01/ \cé
(30)
cl1 c cl CH c1 CH
NI N T N
Ti __&c-cn = Ti- -—}c-cn.,— /n c-CN
01/ CH, 01/ ‘632 cl ch,
(b.)
EIGURE 8: W@&W
CYCLOPROPYL CYANIDE=
CHIORIDE COMPLEXES.

When a hydrocarbon is attached as an uncharged ligand
to a metal atom, as in Zeise's salt, K[?tClB(CZH4)]-H20
( 33 ) and dibenzenechromium ( 37 ), the infrared spectra of
the ligand is similar to that of the free ligand. If,
therefore the cyclopropyl group were bonded to the titanium(1lV)
chloride moiety as a ring its local symmetry would be largely
preserved and its infrared and proton magnetic resonance
spectra should exhibit bonds similar in number and position

to those of other cyclopropyl systems ( 30 ). That this is
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‘not the case must mean that the cyclopropane ring has opened
and one or two carbon-titanium pi or sigma bonds formed,
giving a compound somewhat analogéus to the cyclopropane-
hexachloroplatinic acid complex previously described ( 8 ).
If only one sigma-type bond were formed, the C3 chain would
probably end with a CH,, CH,Cl, or =CH, group. The first
two possibilities are ruled out since the easily detectable
C-H stretching frequency for these groups are absent, How=~
ever a strong indication of the =CH2 C-H stretching bands
are pfesent from the peaks at 3092(m), 3056(m), and 3035(s)
cm™1 in the case of the cyclopropyl cyanide~-titanium(IV)
chloride complex. A detailed study of this region was not
‘made on the cyclopropyl bromide-titanium(IV) chloride com=
plex., The strong bands 1610(s) em™! for the cyclopropyl
cyanide-titanium(IV) chloride complex and 1614(vs) and
1676(s) em~l for the cyclopropyl bromide-titanium(IV) chlor=-
ide_gg@g}gﬁﬁgpeﬁyeryLindicative of a C=C stretching fre-

- éﬁéhéygnthe‘bahds at 1360(s) and 1416(m) em™! for the
cyclopropyl bromide=titanium(IV) chloride complex and 1340(w),
1385(m), and 1430(m) em™! for the cyclopropyl cyanide=-
titanium(1IV) chloride complex are also strongly favored for
a conjugated olefin system. These observations are con-
sistent with the resonance structures proposed in figures

8a and 8b for the cyclopropyl bromide=~titanium{IV) chloride
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and cyclopropyl cyanide-titanium(lV) chloride complexes,
respectively.

Since only a singlet proton magnetic resonance spectrum
in solution is observed for both the cyclopropyl bromide-
titanium(IV) chloride and the cyclopropyl cyanide=-titanium(IV)
chloride complexes it must be assumed that all four ptotons
in structures "a" and "b" of figure 8 are equivalent. This
may be the case if the designated equilibria represented in
figure 8 are occuring faster than 500 cycles per second,
which is similar to that observed for the sigma=-cyclopentadienyl
derivatives of iron, chromium, and molybdenum ( 16 ), Thus
the observed proton magnetic resonance spectra of the cyclo=-
propyl bromide=titanium(IV) chloride and cyclopropyl cyanide=
titanium(lv) chloride complexes are also in agreement with
the structures represented in figure 8. The hydrolysis
products are also in agreement with the structures proposed
in figure 8 for the cyclopropyl bromide=titanium(1V) chloride
and cyclopropyl cyanide-titanium(lV) chloride complexes. The
cyclopropyl bromide complex as proposed 1n,figure 8a would
give rise to 2abromo~2propanol in accordance with both
Markovnikov's rule ( 38 ) and the hydrolysis of titanium(1V)
alkyls which yieldsithe corresponding alkanes ( 36 ). The
2=bromo=2=propanol could then rapidly disproportionate to

give hydrogen bromide and acetone., Acetone was_cdnfirmed to
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be the only detectable product from hydrolysis of the cyclo-
propyl bromide complex by chromatographic-analysis and proton
magnetic resonance spectrum. Although the hydrolysis of the
cyclopropyl cyanide complex appears to give only cyclopropyl
cyanide by chromatégfaphic analysis, this does not rule out
structure "b" of figure 8, for it is known that the degree of
iing closure in similar trimethyléne organometallics is a
function of both‘the substrate and the attaching specie(s)

( 8, 39 ). Thus it is conceivable that the hydrolysis of the
cyclopropyl cyanide complex would give rise to a cyclopropyl

cyanide carbanion,
C
[ 28.cn
ch

which could then rapidly abstract a proton from either the
water or the hydrogen chloride formed in the hydrolysis, giv-:

ing rise to the observed cyclopropyl cyanide.



T 1078

The synthesis of (@ -cyclopropyl- //-cyclopentadienyldi-
carbonyl iron, (=cyclopropyl=-7/=cyclopentadienyltricarbonyl
mo lybdenum, bis-17/ =cyclopentadienyl(dicyclopropyl)titanium(1V),
and two-complexes of titanium(1V) chloride with cyclopropyl-
bromide and cyclopropyl cyanide has been described, The
infrared and proton magnetic resonance spectra of the above
compounds has been extensively studied and a molecular
structure for the titanium(IV) chloride-cyclopropyl com-
plexes is proposed., The sigma bonded cyclopropyl derivatives
of titanium, iron,land molybdenum were found to have similar
stability and chemical properties as that of the analogous

methyl derivatives previously described ( 16 ).
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