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REACTIONS OF IRON PENTACARBONYL WITH ORGANIC COMPOUNDS 

Howard Alper 
Department of Chemistry, Ph.D. Thesis 

The iron-tricarbonyl complexes of sorne ster6id dienes have been prepared by reaction of the diene with iron pentacarbonYI. Heteroannular dienes can be isomerized to homoannular dienes via diene-iron tricarbonyl complexes. A number of cross-conjugated dienone­iron tricarbonyl complexes have been synthesized. The spectral pr.operties of the diene and dienone complexes are discussed. The behavior ofiron pentacarbonyl towards various functional groups was investigated. N-Oxides, azoxy compounds, nitrones, nitroso and nitro compounds are deoxygenated by iron pentacarbonyl. Nitrosamines having at least one phenyl group afford secondary amines while non-aromatic nitrosamines give tetrasubstituted ureas. Iron pentacarbonyl treatment of oximes regenerates the corresponding carbonyl compounds. Primary amides and thionamides give nitriles. Thionbenzanilide, N-deuteriothionbenzanilide and benzanilide aIl form N-benzylideneaniline on.reaction with the metal carbonyl. 1,I-Diphenyl-2-thiourea gives diphenylamine. Acid chlorides in but yI ether, tetrahydrofuran or 2-methyltetrahydrofüran react with iron pentacarbonyl to give the corresponding esters. Mechanisms are proposed for many of these reactions. 
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INTRODUCTION 

In 1891, Berthelotl and Mond and Quincke2 found that reaction of 

metallic iron with carbon monoxide produced iron pentacarbonyl, a toxic 

yellow liquid having a melting point of -2loC and a boiling point of 

Fe + seo ------~ 

103
0 C.

3 ~t is diamagnetic and has a trigonal bipyramidal structure. Evi-
. 4 . 5 . 

dence for this ~tructure cornes from infrared and Raman spectra which 

shmv, in accordance with group the ory predictions', two infrared active 

absorptions for ternlinal carbonyl groups at 2028 and 1994 cm- l and three 

.Raman active carbonyl stretching bands at 211l~, 2031, and 1984 cm-l 

1. 

Further support for a trigonal bipyramidal structure for the metal carbony1 

cornes from the electron-diffraction studies of Evans and Lister
6 

and from 
7 0 

the X-ray analysis of Hanson. The iron-carbon bond distance is 1.84 A 

while the carbon-oxygen bond distance is 1.15 î. 6 

3 The sigma bonds of iron in iron pentacarbonyl result from dsp 

hybridization; the remaining d
xz

' d ,d ,cl 2 2 orbitaIs are involved 
yz . xy x-y 

in the metal ~-bonding electron pairs. The bonding in the metal, carbonyl 

can be visualized as follows: there is a dative overlap of the filled carbon 

sigma orbital (I) with an empty metal sigma'orbital, and a dative overlap of 

a filled d71 or hybricl dP71 iron orbital with an empty antibonding P7Î 



2. 

orbital of the carbonyl ligand (II). Thus, the drift of metal electrons 

into CO orbitaIs will tend to make the CO as a whole negative and hence 

increase its basicity. The acceptor strength of . the . 71 orbitaIs is at the 

same time enhanced by the drift of electrons to iron in the sigma 

h bond, tending to make the CO positive. As a result, the effects of sigma 

bond formation can strengthen the 11 bonding and vice ~. 

The chemicai properties of Iron pentacarbonyi have been only slightly 

investigated. A review of its reactions with inorganic and various types of, 

organic compounds follows. By itself, neat or in solution, iron pentacarbonyl 
8 is photolyzed with formation of diiron enneacarbonyl. 

2Fe(CO~ 
h)) 

-----:~ t~ (CO~ + CO 
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I. REACTIONS WITH INORGANIC COMPOUNDS 

Reaction of iron pentacarbonyl with sodium hydroxide yields the 

metal carbonyl hydride, HFe(CO);. Treatment of this anion ~nth oxidizing 

agents such as hydrogen peroxide, manganese (IV) oxide and potassium perman­

ganate followed by acidification gives triiron dodecacarbonyl.9 The latter 

carbonyl can also be 

Fe(CO~ + 30H-

3HFe(CO~ + 3Mll~ + 31-120 ----~ 

obtained by the action of triethylamine on iron pentacarbonyl followed by 

id " f· " 10 ac ~ ~cat~on. 

A metal carbonyl hydride can also be obtaiued by the action of 

sodium methoxide on iron pentacarbonyl followed by hydrolysis. l1 

----~ 
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Hein and pob1oth12 investigated the behaviorof calcium and 

magnesium hydroxide towards Iron pentacarbony1 and observed the formation 

~f [Fe(CO)4H] 2M where M is either magnesium or calcium. The barium 

d · . h 1 bd· . i' ·1' Il erl.vatl.ve· as a so een prepare l.n a s nu. ar manner. 

The dian~on, Fe(Co)~2, is obtained by reaction of the meta1 . 

b 1 . h . h d· i l·"d . 13 car ony Wl.t el.t er so l.um n l.qUl. arnmonl.a, 

F'e{CO~ + 2Na. Ii'/. N~) N~[Fe{CO}) + Co. 

with liquid arnmoniaat 20oc,14 

or with a,lka1i hydroxide. 1S The urea formed in the 1iquid ammonia 

reaction can be accbunted for by: 



,Acidification of the dianion wi th hydrochloric acid ,produces iron 

tetracarbonyl dihydride, a very uns table compound which decomposes below 

_lOoC'.15 

5. 

In the presence of hydroxylamine or pyridine,16 iron pentacarbonyl 

and aqueous ammonia react to form [Fe(NH3)6] [Fe2(~O?8J 
Iron dicarbonyl dinitrosyl is formed by react~on of the metal 

carbonyl with nitrosyl chloride. 17 Thenitrosyl compound 

----~ 

may also be obtained by reaction of iron pentacarbonyl with sodium nitrite 

and s?dium hydroxide in water (or potassium nitrite in absolute methanol) to 

form Fe(cO)3NO- followed by acidification of this anion with glacial acetic 

, .d 18 acl. . 

Fë(CO)5 + NëtN~ + ZNaOH 
. /:'.' 

[Fe(CO~NO]Na. -r col-t N~C~ T ~O 

Na[Fe(CO~NOJ + NaNC1 +2C'H.3COOH ----.-,~ 

Fe<C~(N ~ + coT + 2C:li:3COONa. + ~o 

Iron pentacarbonyl does not react with sulfur chloride pentafluoride19 

but antimony trichloride20 displaces t~vo carbon monoxide ligands to form 
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Fe(CO)3 (SbC13)2" Mercuric sulfate reacts with the metal ~arbonyl to form 
17 Fe.(CO)4Hg· 

.' Treatment of the meta1 carbony1 with su1fur trio~ide21 yie1ds what 

ia be1ieved to be the pyrosulfato-complex, (CO)3Fe 0(S03)2. 
"';1. en S" 

Ha1~ react with iron pentacarbonyl in ether to form iron 

tetracarbonyl dihalides. 22 

+ CO 

The substitution of CO groups in iron pentacarbonyl by phosphorus 
23' trif1uoride has been studied by Clark. Compounds of the series 

Fe(PF3)n (CO) 5-n (0 ~ n ~ 5) were obtailled by treating the meta1 carbony1 
with phosphorus trifluoride under various conditions. The ye110w liquid 

compounds, Fe(PF3) (CO)5 (0:::' n ~ 4), ,are obtained in various mixtures n -n 

by heating the m~tal carbonyl with the phosphorue 
. 0 compound at 170-275 C and 

10-30 atm. pressure. The degree of PF3 substitution increased with the 

temperature. 

Iron pentacarbony1 does not undergo rapid exchange with 1abel1ed 

b ·d 24. car on monoxl. e. 

4 years for exchange. 



II. REACTIONS WITH OLEFINS 

Numerous papers have appeared on the reaction of olefins with 

ir~n pentacarbonyl and since only a few of these will be cited here, the 

reader is referred to an excellent review of thistopic by Pèttit and 
25 Emerson. 

7. 

26 ' In 1930, Reihlen and co-workers found that when butadiene and 

iron pentacarbony1 were he~ted together in a sea1ed tube, a comp1ex, 

C
4H

6Fe(CO) 3 was formed to which they assigned the structure (III). Later, 
27 Hallam and Pauson extended the reaction to other diene systems. It was 

proposed 

~ Fé 
(Cb>3 III 

that, because of the unusual' stability of these compounds and by analogy wlth 

ferrocene and other sandwich complexes, structure (IV) best represented the 

bonding within'the complex. Here the butadienemoiety is planar, or nearly 

~ 
'F.e/ 
(cb~ IV 

so, and the iron atom lies below the plane and is approximately equidistant 

from the four carbon atoms of the diene system. 

In or der to form diene-iron tricarbonyl complexes, the diene must 
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be able to adopt a cisoid (Va) rather than a transoid (Vb) conformation. 

Thus, for instance, 3-methylene cyclohexene does not form a stable complexe 

Non-conjugated dienes can rearrange under the influence of iron 

pentacarbonyl to form conjugated compl~xes. For example, 1,4-pentadiene 

reacts with the metal carbonyl to giVe trans-l,3-pentadiene-iron tricarbonyl,· 

which can also be obtained ~y treating either cis or trans-l,3-pentadiene 
28 with iron pentacarbonyl (Scheme 1).· A postulated mechanism for formation 

of the trans-l,3 complex initially involves the generation of a diene-iron 

tricarbonyl complex, from which the iron atom can abstract.an allylic proton 

to form a 'if -allyl-hydroiron-tricarbonyl (VI). In this c'ompound the 

olefinic bond is free to rotate to give the more stable conformer (VII). 

Hydrogen transfer then occurs giving the trans complex which is the thermo-

dynamically most stable complexe 

III. REACTIONS WITH ORGANIC NITROGEN COMPOUNDS 

29 Sternberg and co-workers proposed that iron pentacarbonyl 

disproportionates in various amines such as piperidine into Fe(CO)6+2 
and 

-2 Fe(CO)4. Reaction of the metal carbonyl and piperidine'at liquid nitrogen 

temperatures gave a substance 'tolhich analyzed for Fe(CO) 5· 3C5HlONH. The 

product was viewed as a loose association of the reagents, 'toThich gave the 



SGHEME 1 

, .. , 
/: 

H-Fe · 
1 C~ 

. (CO~ 

VU 

9. 

Fe(CO)5_) ~C~. 

~O~ 
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infrared spectrum of unmodified iron pentacarbo'nyl and piperidine when 

dissolved in ether or, cyclohexane. When dissolved in piperidine, this 

substance was presumably converted inta the mononuclear carbonylferrate anion 
d ti ·· ' b lIb d . .. h· 30,31 an a ca onLc Lron car ony comp ex y a LsproportLonatLon mec anLsm. 

Attack by the amine on ,the complex liberated carbon monoxide with subsequent 

formylation of the amine while the anion was transformed rapidly into 

polynuclear carbonylferrates. 

32 Edgell and co-workers, however, observed the ~ollowing three 

species to appear successively with time from the reaction of piperidine 

with iron pentacarbonyl at room temperature: Fe(CO) S(NHCSHlO) 3 (VIII), 

The first product was shown 

to be identical with Hieber 30 and Kahlen's , compound since it exhibited the 

same spectral properties in cyclohexane and ether solution. An infrared 

spectrum of the solid at -7aoC i~dicated that the bands corresponding to 

piperidine were altered and shifted. Thus (VIII) is not the metal carbonyl 

and amine loosely held together but a substance in which the Fe-C and C-O 

bonds of the metal carbonyl moiety are modified and in which at least one of 

the amine moieties participates rather directly. The formation of IX is 

accompanied by piperidine carbamate. Similar results were obtained when 

b l . . l·d· 33 d . h . b 1 n- ut Y amLne or pyrro L Lne was treate WLt Lron pentacar ony • 

A mechanism was proposed by Edgell and co-workers involving an 
initial almost instantaneous and reversible reaction between the metal 

carbonyl and amine to form VIII (Scheme 2). Hydrolysis of VIII in the pres-

ence of traces of water can give piperidine hydrogen tetracarbonylferrate (IX) 



SCHEME 2 

FeCcO~ 1- )NH 

~NHlr 
)N8Fe(ëo~~N~ 

+~N~ 
/-;NH 

VIII 

~H 
)I\lHFe(C01 + co )\JHFe(C0h + ::;N8H + ::;'NH .. 

'X X 

. Q 
H.Fe(CO[ + ~NCO- + 2)~ H; 

IX -

11. 
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and piperidine carbamate, while X cau be slowly formed from VIII with 

evolution of carbon monoxide. It can also be obtained by reaction of. VIII 

with more piperidine, in which case formylpiperidine is also formed as a 

by-product. 

" Pyridine on irradiation 'tvith iron pentacarbonyl or treatment with 

triiron dodecacarbonyl at room temperature gives [Fe(pY)6] [Fe4(CO)13] 

Th ' i . f' h F (CO)-2 . 31 . l' ~s s a conven~ent means 0 prepar~ng t e e4 13 ~on. Isoqu~no Lne 
. 34 

reacts in the same manner. When the ultraviolet irradiation of pyridine 

and iron pentacarbonyl was conducted in a nonpolar solvent such as n-hexane, 

tetracarbonyl-(pyridine)-iro~ (0) was obtainèd; 2- and 4-picoline reacted 

similarly,3s Rence, reactions c.arried out in polar solvents favor the 

formation of ionic compleJj:es .while those conducted innonpolar solvents 

give substituted carbony'ls. 

Pyridine-N-oxide has been shown to react with triiron dodecacarbonyl 

in benzËme to give brown pyrophoric [.Fe(CsRsNO) 6] [Fe4 (CO) l3J 
36 

When iron pentacarbonyl and !:-phenanthroline are heated in acetone 

at 650 for a short time, a blue unstable compound Fe(CO) 5 (.Q.-phen) of 

unknown structure is obtained; however, if the reaction is carried out for 

34 is produced.· a longer period of time, [Fe (.Q.-phen) 3] [Fe 2(CO) a] 
37 

Schrauzer has shown that diazonium chlorides react with iron 

pentacarbonyl in methanol or acetone at SoC to give mixtures of the corres-

ponding acid and ketone in fair yield. For example, R-chloroben'zenediazonium 

chloride reacts with the metal carbonyl to give 4,4'-dichlorobenzophenone as 

the major product and R-chlorobenzoic acid as the minor product .. 
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F"e(COÀ,>/c~OH ~ 
50 ~ + 

, 
. 38 ... Cl 2 . . von Gustorf and Jun p~epared ~imeric 8ubstituted 

Cl 
Recently, 

nitrosobenzene-iron tricarbonyl by ultra~iolet or cobalt-60 irradiation of 

the aromatic nitro compound and iron pentacarbonyl, the formation of the 

iron tricarbonyl complex evidentIy shielding the nitroso group from further 

reduction. The authors noted that no thermal Ar 
, . (60'Y ,,0= N\J 

2ArNO- +2Fe(COt -~~-' ~ (CO~~ Je(CO~ ""1. 45),-" N-0 \) -'. Af 

+ 2CO + 2CC2 
reaction occurred between the t~.,o reactants; The following mechanism lvas 

postulated: 

~,---j) cflf 
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Fe(CO>;; + ArNOz ---~ ArN~Fe(C.0l. + CO 

-~ .. ) ArNOFe<CO~ 

Reaction of 2,2'-dinitrQbiphenyl with iron pentacarbonyl led to reduction of 

only one nitro group. Attempts to,decompose these çomplexes to form the 

corresponding riitroso compounds have failed and hence the usefu1ness of this 

reaction is 1imited. 

Disp1acement of a carbon monoxide ligand occurs when the meta1 

carbony1 i5 treated with an equimo1ar quantity of tsocyanide at SO_60oe. 39 

When a 2:1 mole ratio of iso~yanide to metal carbony1 is heated at BO-90oe 

Fe(CO~ + RN:C 
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the disubstitution product is obtained. 

80-9(f ) 

40 Similar monosubstituted metal carbonyls were obtained by Seyferth and Kahlen 

when R was (CH3)3 Si,(CH3)3 Ge and, (CH3)3SI!;, 
... 

Sodium bistrimethylsilylamide reacts vigorously with iron penta-

carbonyl to form a carbonylcyano complex and bistrimethylsilyl ether. This ", . 

is the first example of a reaction of iron pentacarbonyl in which substitution 

FeCCO>:' -!- NaN[Sj(C~~ 

, ~O[Si(Crw2 
. 41 

of, the carbony1 oxygen occurs without cleavage of the metal-carbon bond. 

. 42 
Pauson and co-workers have pub li shed a preliminary coœmunication 

on the photolysis of azobenzene and substituted azobenzenes with iron penta-

carbonyl'to give complexes having the structure shown: 



16. 

However, no description of the properties of these complexes vlas included. 

IV. REACTIONS WITH ORGANIC SULFUR COHPOUNDS 

. 43 Hieber and co-workers have shown that mercaptans react with 

iron pentacarbonyl to give iron tricarbonylmercaptides which may exist in 

mono, di, tri, or tetrameric forms, depending on the nature of the mercaptan. 

R SH -+ Fe(CO)5 

44 Photolysis of ethyl mercaptan and the metal carbonyl gives the dimeric 

mercaptide. 

2~SH + 2Fe(CO~ 

2~ercaptobenzothiazole exhibits anomalous behaviour towards iron 

pentacarbonyl. Hieber and Gruber45 obtained a product which they reported 

had the empirical formula CH2S2Fe3(CO)lO' This product was later shown to 
be identical with that obtained by Havlin and Knox46 from the same reaction 

and to that obtained by King47 
on treatment of cyclohexene sulfide with iron 

pentacarbonyl. Hmvever, this produc t has the empirical formula S2Fe3 (CO) 9 
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and the structure XII. Havlin and " Knox46 also observed formation of a minor 

"O~I ~H + Fe<CO~ 
~ -i\! 

King48 has shovm that 1,2-ethanedithiol reacts with iron penta-

carbonyl to give the red, volatile, di~mlagne tic, flir-stable complex XIV. 

Analogous complexes are formed with"3,4-toluenedithiol and bis-(trifluoro-

methyl)-dithietane. 

+ Fe(CO~ 
.. )5, C~ 

~ (CO~F\ !e(CO~ 

S CH2 
X"JV 

When dimethyldisulfide is treated with iron pentacarbonyl in an 

autoclave, the polymer [(CH3S)2 Fe(CO)2]n is the major product, with the 
dimeric mercaptide (CH3SFe(CO)3)2 being formed in 10w yield. When this 

reaction is carried out in the presence of carbon monoxide, the dimeric 
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mercaptide is the major product. 49 

Irradiation of iron pentacarbonyl and dimethylsulfoxide in benzene 

solution at BOoc gives the red-black, slightly air-sensi i::ive . [ ~e«CH3) 2S0) 6] 

[Fe4(CO)13] ,36 

v. REACTIONS WITH ORGANIC PHOSPHORUS COMPOUNDS 

Photolysis of a mixture of iron pentacarbonyl and triphenylphosphine 

in cyclohexane result;:sin carbon monoxide ligand displacement and formation 

of Fe(CO)4(P~3) as the major product and Fe(CO)3(P}3)2 as the minor 

50 
product. Analogous substitution products are formed by the use of 

triphenylar sine under ·photolytic condi tions or of 13M(M=P,AS,Sb) under 

h ·1 d" 51,52 t erma con ~t~ons. Triphenylphosphine-iron te~racarbonyl, dissolved 

in a mixture of trifluoroacetic acid and 1,2-dichloroethane, undergoes rapid 

o 53 carbon monoxide exchange with iron pentacarbonyl at -20 C. There is slow 

exchange of· bis -( triphenylph osphine) -iron tricarbonyl wi th iron pentacarbonyl, 

the predominant process being formation of triphenylphosphine-iron tetra-

carbonyl. 

Reckziegel and Bigorgne54 have shown that reaction of trie thyl­

phosphine with irou pentacarbonyl at l40-l50oC produces triethylphosphine-iron 

tetracarbonyl and trans- [(C2H5)3P] 2 Fe(CO)3' 
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Trimethy1phosphite reacts in an ana1ogous manner; however on heating excess 

trim~thy1phosphite with the metal carbon;yl, a dicarbony1 of composition 

[ (CU30) 3P ] 3Fe (CO) 2 is obtained .. 

When iron pentacarbony1 and triphenylphosphine oxide or triphenylarsi~ 
oxide are irradiated in benzene solution at 80oc, da~k red materia1s formulated 

as [Fe«C6HS)3PO)2 ][Fe2(CO)a] or [Fe«C6HS)3ASO)2] [ Fe2(CO)a] , 
36 respectively, are formed. . 

Tetraphenyldiphosphine, on treatment with iron pentacarbonyl, gives 

the comp1ex 

VI. ·OTHER REACTIONS 

Iron pentacarbonyl reacts with organolithium.compounds in an 
o 56 etherea1 solution at -50 C to give a number of products. In generill : .. 

aryllithiums yielded the corresponding aldehydes, benzhydro1 derivatives ·.and 

benzoin derivatives by reaction with iron pentacarbonyl (Scheme 3) but the 

alkyllithiums and E-tolyllithium gave symmetrical ketones. The following 

reaction mechanism for the aryllithium reaction was postulated: addition 

of aryl1ithium to the carbonyl double bond of iron pentacarbonyl resulted 

in the fission of the iron-carbon bond of the metal carbonyl producing an 

unstab1e aroyllithium intermediate. The aroyllithium could then be hydrolyzed 
to the a1dehyde, react further with the aryllithium to form.the benzhydrol 

derivative or dimerize to form the benzoin product. By carrying out the 

reaction under conditions where the dimerization reaction and the reaction 
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SCHEME 3 

,. Rli " . -Fe~C=O . ). .-Fe::!COLi ij . . ~. R 

/ 
[RëoLi ... ~ . R8u] + ;:Fe 0( . 

XV 
. 1 

Ry ~I 
~ 

~ Li 8L' ReR 
rt 

R C'R 
.0 0 ou Li 

RCHOHR RCHO 

w 

~CHOHR 
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of the intermediate with aryllithium are suppressed, i.e. rapid addition 

of the metal carbonyl to a diluted solution, o.f arylli thium in ether at -60oC 

and subsequent hydrolysis with ethanolic hydrochloric acid, the corresponding 
. 57 aldehydes were obtained in good yields. 

Coffey58 has shown that tetraarylethylenes can be obtained from 

dihaloar~lmethanes and iron pentacarbonyl in benzene. The metal carbonyl 

will react with organic halides as long as there are two halogen atoms on 

the same carbon atom or in very close proximity to one another. In addition, 
the halide must be activated by the presence of groups such as halo~ cyano, ' 

'carbal~~~ or phenyle Iron pen~acarbonyl reacts with'diethyl dihromomalonate 

to give a near quantitative yield of deep purple tris-(diethyl bromomalonato)-

while reaction of the meta1. carbonyl with 

dibromomalononitrite gave a complicated mixture of products. 

Iron pentacarbonyl has been shown to react with carbon tetrachloride59 

to produce wosttY tar and some hexachloroethane. Carbon tetrabromide, ethyl 

dibromoacetate and'benzotrichloride undergo similar reactionswith the metal 

carbonyl. 

Phenylmercuric chloride reacts with iron pentacarbonyl to produce 
18 a mercury-iron carbonyl complex, which is convertible to diphenylmercury 

/ltJh.itA '-s 
and Fe(CO)4Hg, À the srune product formed by reaction of the metal carbonyl 
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17 with mercuric sulfate in aqueous media. An,entirely analogous reaction 

occurs between phenylmercuric hydroxide and the metal carbonyl., Diphenyl-

mercury can also react with the metal carbonyl, forming Fe(CO)4Hg and a 
l , 

carbonyl insertion product, benzophenone~ 

Iron pentacarb?nyl reacts with perfluoroalkyl iodides either in 

b 1 . h·" 60 f bl· l d enzene so ut~on at atmosp er~c. pressure or pre era y ~n a c ose system 

in the absence of solvent to give perfluoroalkyliron tetracarbonyl iodides. 

o When the product iodides are heated at temperatures below 75 C, they decompose 
quantitatively to the, dimeric perfluoroalkyliron tricarbonyl iodides. 

When iron pentaearbonyl is treated with tetraethylammonium iodide 

in diglyme at 90
0

C for 2 hours, deep red crystals of (C2H5)4N+[ Fe(CO)4I] -
b . d 62 are 0 ta~ne . This ionie eomplex deeomposes rapidly in air and in solution 



but is stable under nitrogen in darkness. The structure of the 

iodotetracarbonyliron anion, 'determined by infrared spectroscopy, is as 

indicated. 

co 
, I/co 

CO-Fe, 
1 . CO 
1 
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Under reflux conditions, iron pentacarbonyl reacts with pentane-

2,4-dione to give Fe(CSH702)3 where C
S

H702 

~~diketone.63 . 
J . , 

is the enol anion of the 

Finally, iron pentacarbonyl is reported to behave as a base in 

boron trifluoride--trifluoroacetic acid solution. 64 

This review indicates that the reaction of iron pentacarbonyl with 

only a few of the functional groups of organic chemistry has been investi-

gated. The present thesis reports an investigation of the reaction of several 

of these groups under different conditions, as weIl as the reaction of several 

other groups hitherto untested. As wide a variety of types of compounds as 

possible was investigated in the time available, in an attempt to discern a 

pattern in the reactions of iron pentacarbony1.This has prevented a detailed 

study of the mechanisms of the reactions. 



DISCUSSION 

I. Diene Complexes 

While the formation of diene-iron tricarbonyl complexes has 

25 been reported for a wide variety of dienes of simple systems, there is 

only one example of the formation of a steroid diene-iron tricarbonyl 

complex. Nakamura and Tsutsui
65 

prepared ergosterol acetate-iron 

tricarb~nyl by reaction of the parent diene with iron .pentacarbonyl in 

benzene. However, their attempts to prepare the complex· of the alcohol 

24. 

itself failed.· It was decided to investigate the preparation of ergosterol-

iron tricarbonyl and other steroid complexes and to de termine their 

infrared, nuclear magnetic resonance and ultraviolet spectral characteristics; 

the latter have been reported for only a few uiene-iron tricarbonyl 

65 89 
complexes. ' 

The iron-tricarbonyl complexes of cholesta-2,4-diene (XVI, R=H), 

ergosterol (XVII) and cholesta-5,7-dien-3~-ol (XVIII) were obtained in 

38.8-62.6% yield by refluxing a mixture of the diene and iron pentacarbonyl 

in isooctane, cyclohexane or butyl ether. The crude complexes were purified 

by column chromatography. In the case of ergosterol, the chromatography 

must be carried out under ni~rogen to avoid decomposition to starting 

material and it is essential that the pure compleJe be stored under nitrogen. 

No special precautions have to be taken in the work-up of the other complexes 

to ensure isolation of the product. 
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XVI 

Fe(CO~ 

XVII 
HO 

XVlll 
HO 

Although no successful preparation of a trans diene-iron 

tricarbonyl complex has been reported, it was nevertheless decided to 

investigate the behavior of a number of trans dienes towards iron penta-

carbonyl. It seemed conceivable that isomerization to the cis complex 

might occur,28 the driving force of the reaction being the necessity of 

the diene ta possess a cis conformation to enable complex formation to 

occur . 



When the cholesta-3,5-dienes XIX (R~H, CH
3 ,OCH3) reacted with 

iron pentacarbcmyi in but yI ether, the corresponding cholesta-2,4-diene-

iron tricarbonyl complexes XVI (R=H, CH3 , OCH3) wereobtained in 

53.0-71.4% yield (Table III). Treatment of cholesta-4~I)-diene (XXI) 

with iron pentacarbonyi also gave complex XVI (R=H) in 33.7% yieid. 

R 
XIX 

R XVI 

R 
X)< 

26. 



The failure to obtain any of the 5,7-diene complex (XXII) is probably due 

to the greater stability of comp1ex XVI. 

1 . 
r/f; 

. Fe(CO)3 

XVI XXI 
FeCCO)3 

XX·Jf 
The infrared·spectra of the diene-iron tr~carbony1 complexes 

is of interest particu1ar1y in the meta1 carbony1 region. The maximum 

symmetry can be C
3v for a mo1ecu1e of the type (Ligand) Fe(CO)3' 

leading to two infrared active carbonyl frequencies (al + e). A 10wer 

symmetry wou1d lead to 10ss of the degeneracy of the vibration. Hence, 

two or three frequencies may be anticipated depending on the nature of 

the ligand.
66 

Usually there is a sharp band at 2100-2000 cm.-1 and a 

broad band, sometimes reso1vable into two bands, at 2000-1900 cm.-1 The 

positions. of the bands due to meta1 carbonyl stretching in the complexes 

investigated are 1isted in Table 1. The sharp band of. the complexes 

occursin the region of 2029-2040 cm. -lwhi1e the broad band, reso1vab1e 

into two bands for ~omp1ex XVI (R=H), shows absorption in the region of 

1938-1970 cm.-
1 

The infrared spectrum of XVII in ch10roform solution is 

shown as a representative examp1e (Figure 1). 

In the ultraviolet spectrum, the occurrence of a considerabie 

shift to 10wer frequency and an increase in intensity is noted for the 

steroids upon comp1ex formation (Table II) •. The ultraviolet spectrum of 

21. 
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XVII is given in Figure 2. 

67 Green and co-workers have shown that in the nuclear magne tic 

resonance spectra (N.M.R.) of cyclic diene-iron tricarbonyl complexes, 

the protons on the central carbons of the diene system give a signal in 

the region between 5.1 and 5.4 p.p.m.being largely unaltered by complex 

formation. The absorption of the terminal protons, on the other hand, is 

shifted to higher field and lies between 2.7 and 3.4 p.p.m. The positions 

of the protons on the central carbons of the diene system in the complexes 

prepared are indicated in Table II. The direction of the small shift in 

the positions of the protons on the central carbons of the diene system 

upon complex formation is in accordance with the ultraviolet spectral 

results in indicating less olefinic character in the diene system on 

complexation. The band for the outer olefinic proton of cl10lesta-2,4-

diene, which occurs in the region 5.32-5.75 p.p.m. is shifted to the 

steroidal methylene region of the spectrum upon complex formation. The 

N.M.R. spectrum of XVIII in deuteriochloroform solution is shown in 

Figure 3. 

In summary, the infrared and N.M.R. spectra.of the complexes 

are similar to those reported for other diene-iron tricarbonyl complexes. 

The ultraviolet spectra of the dienes show a marked hypsochromic shift 

upon complex formation. Similar shifts would be expected in other similar 

diene-iron tricarbonyl complexes. 



TABLE l 

INFRARED SPECTRAL PROPERTIES OF STEROID DIENE-IRON TRICARBONYL COMPLEXES 

Steroid Diene-Iron 

Tricarbony1 Comp1ex 

Cho1esta-2,4-diene (XVI, R=H) 

3-Methy1cho1esta-2,4-diene (XVI, R=CH3) 

3-Methoxycho1esta-2,4-diene (XVI, R=OCH3) 

Ergosterol (XVII) 

Cho1esta-5,7-dien-3~-ol (XVIII) 

8 = 8trong w = weak 

Metal Carbony1 Stretching Frequency 

Intensity 

CM 
-1 

2036(s), 1964(8), 1938(8), 1925sh, 19168h 

2040(8), 1970(8) 

2038(8), 1966(8) 

2032(8), 1958(s), 1928(w) 

2034(s), 1962(s), 1928(w) 

2029(8), 1957(8) 

2031(8), 1960(8) 

8h = 8hou1der 

Phase 

NEAT 

CC14 

KBr 

KBr 

CHC13 

KBr 

CHC13 

N 
'.0 



TABLE II 

ULTRAVIOLET AND NUCLEAR MAGNETIC RESONANCE SPECTRAL PROPERTIES OF STEROID DIENES AND 

THE CORRESPONDING IRON TRICARBONYL COMPLEXES 

Compound 

Absorption 
Maximum 

mJl 

Cholesta-2,4-diene 267, 275 

Cholesta-2,4-diene-Iron 
Tricarbonyl (XVI, R=H) 231.0 

3-Methylcholesta-2,4-diene-Iron 
Tricarbonyl (XVI, R=CH3) 233.0 

3-Methoxycholesta-2,4-diene 277.0 

3-Methoxycholesta-2,4-diene-Iron 
Tricarbonyl (XVI, R=OCH3) 237.5 

Ergosterol 281.0 

Ergosterol-Iron Tricarbonyl (XVII) 238.0. 

Cholesta-5,7-dien-3~-ol 281.5 

Cholesta-5,7-dien-3~-ol-Iron 238.0 
Tricarbonyl (XVIII) 

Ul traviolet 

Log ( 

3.868 

4.24 

4.28 

4.08 

4.37 

4.00 

4.33 

4.04 

4.34 

Solvent 

Isooctane 

Isooctane 

Ethanol 

Ethanol 

Isooctane 

Isooctane 

Hexane 70 

Isooctane 

69 

Nuclear Magnetic Resonance 
Positions of Protons on the 
Central Car bons of Diene 
System p.p.m. 

5.32-5.75 (Multiplets) 

5.03-5.72 (Broad Multiplet) 

5.2-5.8 (Broad Multiplet) 

4.8-5.7. (Broad Multiplet) 

5.30-5.75 (Multiplets) 

4.99, 5.25 (Multiplets) 

Solvent 

CCl4 

CCl4 

CDCl3 

CDC13 

CDC13 

C~Cl3 

t..J 
o 
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The facile decomposition of diene-iron tricarbonyl complexes 

can usually be accomplished with ferric chloride to give the parent 

d . 71 l.ene. When complexes XVI-XVIII were treated with ferric chloride in 

ethanol, the parent dienes were obtained in 58.7-90.1% yield. The parent 

dienes of complexes XVI (R=H), XVII, XVIII were identified by compa~ison 

with authentic samples. 3-~ethylcholesta-2,4-diene (XX, R=CH3) was 

identical to a sample prepared by treating cholest-4-en-3-one °first 

wi th methyl magnesium iodide follo~ved by ° ammonium chloride :72 

3-Methoxycholesta-2,4-diene (XX, R=OCH
3

) has not been previously 

reported. This homoannular diene showed an ultraviolet maximum at 277 m~ 

in comparison to the corresponding heteroannular diene where the principal 
If': 73 absorption occurred at 239.0 mll (log .. = 4.30). Therefore, iron 

pentacarbonyl provides a useful means of isomerizing aheteroannular 

diene to the less stable homoannular compound. The greater stability 

of a heteroannular diene is indicated by the thermal conversion of 
74 cholesta-5,7-diene to XXI. 

With certain diene-iron tricarbonyl complexes, hydride abstraction 

can take place with surprising ease, e.g. cyclohexa-l,3-diene-iron 
. b 1 75 trl.car ony : 



TABLE III 

REACTION OF DIENES lUTH IRON PENTACARBONYL 

Product Reactant Reaction Solvent . Yield Melting 
Time 

% 
Point 

hrs. Oc 

Cholesta-2,4- Cholesta-2,4-
diene-Iron Tricarbonyl diene 40 Isooctal}e 62.6 18.0-20.0 
(XVI, R::;:H) 

Cholesta-3,5-
diene 36 Butyl Ether 63.7 

Cholesta-4,6-
diene 108 But yI Ether' 33.7 

'3-Methylcholesta-2,4- 3-Methylcholesta-
diene-Iron Tricarbonyl 3,5-diene 36 But yI Ether 53.0 18.0-20.0 
(XVI, R::;:CH3) 

3 -1:1ethoxycholesta-2, 4- 3-Methoxycholesta-
diene-Iron Tricarbonyl 3,5-diene 36 Butyl Ether 71.4 24.0-27.0 
(XVI, R::;:ûCH ) 3 

Ergosterol-Iron Ergosterol 30-33 Isooctane or 38.8 70.0-71.0 
Tricarbonyl (XVII) Cyclohexane 

Cholesta-5,7-dien- Cholesta-5,7- 14 But yI Ether 42.4 49.0-51. 0 
313-o1-Iron dien-3f3-ol 26 Isooctane 
Tricarbonyl (XVIII) 

Analysis 
Calculated 

Carbon Hydrogen 
% 

70.86 8.72 

71.25 8 .. 89 

69.14 8.61 

69.39 8.27 

68.68 8.46 

Analysis 
Found 

Carbon Hydrogen 
% 

70.84 

71.01 

69.35 

69.19 

68.58 

8.93 

8.88 

8.44 

7.91 

8.71 

W 
f\.J 



However, complexes XVI (R=H) and XVIII did not react with 

triphenylmethyl tetrafluoroborate to give a fluoroborate salt. 

Cholesta-2,4-diene-iron tricarbonyl (XVI, R=H) gave a single (thin layer 

chromatography) non-complexed organic product which had an empirical 

formula of C
28H

370 according to carbon, hydrogen elemental analysis and 

to a positive ferrox test
76 

for oxygene Infrared absorption (KBr dise) 

33. 

at 1600, 1500, 750 and 704 cm-l suggested the presence of a monosubstituted 

phenyl group. Integration of the N.M.R. spectrum (CC1
4 

solution) indicated 

the presence of one phenyl group per steroid nucleus. The product did 

not exhibit any absorption in the olefinic proton region of the N.M.R. 

spectrum. Mass spectrometry shows a multiplet of unidentifiable peaks 

in mass region 606-612 and a peak at 91 mass units for the tropylium ion 

with the remainder of tqe fragmentation pattern being the removal of 

methylene groups. Because of the contradictory data, the nature of the 

product"was not further investigated. Complex XVIII, on similar treatment, 

gave two unidentifiable non-complexed products. These products were not 

further investigated. 



II. Dienone Complexes 

Iron .. carbonyl complexes of.a few dienones have béen prepared. 
77 HubeI and co-workers reported the formation of a large number of 

derivatives of cyclopcntadienone-iron tricarbonyl principally from 
. 78 reaction of ac~tylenes with the metal carbonyl. Birch and co-workers 

have observed that cyclohexa-2,4-dienone-iron tricarbonyl could be 

obtained via the l-methoxycyclohexa-l,3-diene complexe 

ÇfOCH3 

.~(CO}3 

XXIU 

QO 
. ~e(CO)3 

XXIV 
The complex of tropone, where iron is bonded to two of the three double 

34. 

79 bonds, was synthesized by reaction of iron carbonyls either with tropone 
80 or acetylene. However, no complexes of cross-conjugated dienones have 

been reported.* Therefore, it was· considered of interest to attempt .the 

synthesis of complexes of cross-conjugated dienones and,t? investigate. 

their properties. The behavior of a simple dienone, 4,4-dimethylcyclohexa-

2,5-dienone towards iron pentacarbonyl was first investigated. 

4,4-Dimethylcyclohexa-2,5-dienone (XXVI) has been prepared by 

a lengthy route involving bromination of 4·,4-dimethylcyclohexanone or 

*Duroquinone-iron tri~arbony183 has been prepared by photolysls of 2-butyne and iron pentacarbonyl. 
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its ketal and subsequent .81 82 dehydrohalogenat~on.' A simplified synthesis 

of this compound was accomplished in the 'following way (Scheme 4): 

reaction of isobutyraldehydewith methyl vinyl ketone according to 
84 Bordwell and Wellman gave 4,4-dimethylcyclohex-2-enone (XXV). This 

monoenone was dehydrogenated with selenium dioxide85 to give the desired 

dienone (XXVI) as a colorless .liquid with an absorption maximum in the 

ultraviolet at 225.0 m~ (log e = 4.20 in isooctane). It exhibited N.M.R. 

absorption (carbon tetrachloride solution) at 1.23 p.p.m. (singlet) for 

the two methy1 groups, at 6.00 p.p.m: for the protons.alpha to the 

carbonyl function, and at 6.72 p.p.m.for the protons beta to the 

carbony1 group. 

When a mixture of XXVI and iron pentacarbonyl was refluxed in 

isooctane for 49 hours, .the dienone-irontricarbonyl complex XXVII was 

obtained in 36.1% yield. Cho1esta-l,4-dien-3-one-iron tricarbony1 

(XXVIII) was prepared in a similar manner or by stirring a mixture of the 

dienone with diiron enneacarbonyl in dry benzene at 40-50oC for four hours. 
The latter method gave a somewhat lower yield of XXVIII than the use of 

iron pentacarbonyl (EXPERIl1ENTAL). Androsta-l, 4-di.ene-3, Il, l7-trione-iron· 

tricarbonyl (XXIX) .and santonin-iron tricarbonyl (XXXI) were obtained in 

yields of 22.1% and 41.8%, respectively, by ref1uxing the dienone with 

iron pentacarbonyl in di~xane. 

The spectral properties of the dienone complexes are given in 

Tables IV and V. There is 1ittle difference between the positions of the 

metal carbonyl stretching frequencies for the dienone and diene-iron 
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tricarbonyl complexes. In contrast to the steroid d~ene-iron tricarbonyl 

complexes, there is only a small hypsochromic shift of the ultraviolet 

absorption maxima of the dienones upon complex formation. The ultra-

violet spectrum of complex XXIX is remarkably different from the ultra-

violet spectra of the other dienone complexes (Figure 4) because of the 

appearance of absorption maxima in the region of 316.0-348.0 m~ in 

addition to the principal absorption at 215.5 m~. We are unable to 

offer any explanation for the remarkable difference in the spectra of 

such closely related compounds as XXVIII and XXIX; presumably the 

il-carbonyl group of the latter is responsib~e. 

The positions of the olefinic protons of" the dienones are only 

slightly shifted upon complex formation (Table VI). For instance, the 

protons alpha to theca~bonyl group in complex XXVII appeared at only 

OJJ4p.p.m. higher field than XXVI; the protons.~ to the carbonyl 
,\ 

function gave a doublet at 6.58 p.p.m., a shift of 0.14<p.p.m. from the 

37. 

uncomplexed form. The spin-spin coupling constant is 10 cycles per second 

for the AB protons in aIl of the spectra of the dienones and the corres-

ponding iron tricarbonyl complexes. 

Complexes XXVII-XXIX were readily decomposed to the corresponding 

dienones with ferric chloride in yields of 86.0-94.2%. However, treatment 

of santonin-iron tricarbonyl (XXXI) with ferric chloride in ethanol gave 

no isolable product. The complex could be decomposed via its oxime 

(Scheme 5). Reaction of the complex with hydroxylamine gave santonin 

oxime-iron tricarbonyl (XXXII), identical to the product obtained inlow 



37A •. 

XXVIII 

)<XIX 



TABLE IV 

INFRARED SPECTRAL PROPERTIES OF DIENONE-IRON TRICARBONYL COMPLEXES 

Dienone-Iron Tricarbony1 Comp1ex 

4,4-Dimethy1cyc1ohexa-2,5-dienone (XXVII) 

Cho1esta-1,4-dien-3-one (XXVIII) 

Androsta-1,4-diene-3,11,17-trione (XXIX) 

Santonin (XXXI) 

s = strong m = medium 

Metal Carbony1 Stretching Frequency 
Intensity 

-1 cm 

2075(w), 2040(s), 2004(w-m), 1967(s) 

2030(s), ~952(s) 

2034(s), 1961(s), 1943(s) 

2044(s), 1970(s) 

w = weak 

Phase 

CC14 

KBr 

CHC13 

CH2C1 2 

w 
CX! . . : 



TABLE V 

ULTRAVIOLET & NUCLEAR MAGNETIC RESONANCE SPEcTRAL PROPERTIES OF DIENONES & THE CORRESPONDING IRON TRICARBONYL COMPLEXES 

Compound 

4,4-Dimethylcyclohexa-2,S-dienone 
(XXVI) 

4,4-Dimethylcyclohexa-2,S-dienone-" 
Iron Tricarbonyl (XXVII) 

Cholesta-l,4-dien-3-one 

Cholesta-l,4-dien-3-one-Iron 
Tricarbonyl (XXVIII) 

Androsta-l,4-diene-3,11,17-trione 

Androsta-1,4-diene-3,11,17-trione­
Iron Tricarbonyl (XXIX) 

Santonin (XXX) 

Santonin-Iron Tricarbonyl (XXXI) 

sh = shou1der 

Absorption 
Maximum mjl 

22S.0 

2l8.S 

233.S 

219.0 

238.0 

21S.S 
227.0sh 
316.0 
334.0sh 
348.0sh 

239.0 

231.0 

Ultraviolet 
Log E 

4.20 

4.29 

4.19 

4.27 

4.14 

4.26 
4.24 
3.68 
3.6S 
3.S0 

4.03 

4.16 

Solvent 

Isooctane 

Isooctane 

Isooctane 

Isooctane 

86 Ethanol 

Ethanol 

82 

Methylene Chloride 

Methylene Chloride 

Nuclear Magnetic Resonance 
Olefinic Solvent 

Protons p.p.m. 

6.00 (H2, H6) CC14 
6.72 (~, HS) 

S.96 (H2, H6) CC14 
6. S8 (H3 , HS) 

6.88 (Hl' CDCl3 
6.01 (H2, H4) 

6.82 (Hl) CDC13 
"S.94 (H2, H

4
) 

6.81 (Hl) CDC13 
6.28 (H2) 

6.74 (Hl) CDC13 
6.20 (H2) w 

" \0 . 
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yield when a mixture of santonin oxime and iron pentacarbonyl was 

refluxed in either dioxane or but yI ether. Ferric chloride treatment 

of complexXXXIIregenerated santonin oxime (XXXIII) from which santonin 

can be regenerated by reaction with iron pentacarbonyl and boron 

trifluoride in but yI ether (see next chapter). 

Santonin oxime-iron tricarbonyl was an orange, reasonablyair-

stable complex exhibiting terminal metal carbonyl absorption at 2D7o.(w), 
-1 ' 2D3o.(s) , 1958sh, and 1946(s) cm (KBr disc). Complex XXXII showed an 

- ultraviolet absorption maximum at 237.0. mp in ethanol, a hypsochromic 

shift of ID m~ from that of the parent oxime. Complex XXXII also 

showed a weak absorption at 290.:0. lIlJl (log é = 2.0.6). 

Attempts to form the dienone-iron tricarbonyl comp1ex of 

4-methyl-4-trich10romet~ylcyclohexa-2,5-dienone failed. When a mixture 

of iron pentacarbonyl and dienone was refluxed in isOoctane or methyl 

cyc10héxane for 40.-65 hours, a brown sol id was obtained. Purification 

by chromatography gave a compound which analyzed (by two laboratories) 

for C11H18C1506Fe2' The infrared spectrum (KBr disc) lacked absorption 
-1 in the 210.0.-190.0. cm. region for terminal metal carbonyl stretching and 

-1 at 1675 cm. due to the carbonyl stretching of an a, ~, a',~' diunsaturated 

-1 ketone. There was broad absorption in the region of 350.0.-330.0. cm. and 
-1 '-1 a strong band at 1545 cm. which is close to the region (1550.-1562 cm. ) 

where meta1 chelates of ~-diketones exhibit strong carbony1 stretching.
87 

The ultraviolet absorption spectrum (in ethano1) showed maxima at 

231.0. (log € = 4.0.1) and 317.0. m~ (log ~ = 3.54) while the starting 
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material had its absorption maximum at 230.5 m~ (log 6 = 4.25). The 

compound was insufficiently soluble' in ordinary sol vents to ob tain a 

satisfactory N.M.R. spectrum, and was insufficiently volatile to allow 

roass spectral analysis. 

As the above data indicate that the carbonyl group of the 

dienone had reacted, the behavior of the corresponding oxime towards 

iron pentacarbonyl was investigated in an attempt to shed light on the 

structure of the brown solide When a mixture of the oxime and metal 

carbonyl was refluxed in isooctane or prefer,ably but yI ether for 8-10 

hours, no complex was obtained. Instead, XXXVIII was regenerated in 72% 

yield. This unexpected result led to the broad investigation of the 

reactions of iron pentacarbonyl to~ardsdiff.eren~ functions described in 

the pext chapter. 

The structure of the brown solid was not further investigated. 

Asmentioned previously, cholesta-l,4-dien-3-one reacted 

with diiron enneacarbonyl to give the corresponding dienone-iron tricarbonyl 

complex (XXVIII). The reaction of santonin with the enneacarbonyl followed 

a different pathway. When a mixture of santonin and diiron enneacarbonyl 

was stirred in benzene at 400 C for four hours (optimum reaction conditions), 

two air-stable products were obtained: a pale.-brown complex in 7.8% yield 



and a ye11qw comp1ex in 0.022% yie1d. The structures of the products were 
c...'u..c,·d..~teA. 
jdei!tiE" d· on the basis of analysis and spectral properties. The major 

product analyzed for C35H36011Fe2 .and is soluble in both polar and 

non-polar solvents. Its infrarerl spectrum (KBr dise - Figure 5) 

exhibited not on1y the characteristic strong terminai metal carbonyl 
. -1 bands at 2038(s), 1974(s), 1967(s) and 1950(m) cm. but also a strong 

band at 1760 cm~l due to bridging metal carbonyl groups (lactone carbony1 
-1 stretching occurred at 1780 cm.). The complexes, cyclopentadienyl-iron 

'XXXIX 

dicarbonyl dimer (XXXIX)88,153 and the tetrahydroindene-iron dicarbonyl 

dimer (XL)89 sho~ bridging metal carbonyl· absorptions at 1756 and 1754 
-1 cm. , respectively. The major complex from santonin showed an ultraviolet 

absorption maximum at 230.0 m~ (log ~ = 4.20·in methylene chloride), so 

that the structure XXXIV seems likely. 

44.~ 

The minor product, soluble in polar but not in non-polar solvents, 

The infrared spectrum (KBr dise· - Figure 6) 



showed terminal carbony1 stretching bands at 2060(s), 2022sh, 2011(s), 

1995 sh, 1983(s) and carbony1 stretching at 1605 cm. -1 These bands occur 
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at different positions from those for the cyclohexadienone-iron tricarbonyl 

complexes (Table IV). Similar absorption bands were observed by Weiss 

77 90 and HubeI for cyclopentadienone-iron tricarbonyl complexes.' Three 

bands appeared in the terminal metal carbonyl stretching region at: 

-1 ° -1 
4.83-4.85 p (2062-2070 cm. ), 4.97-4.99 p (2004-2012 cm. ), and at 

-1 
5.00-5.04 p (1984-2000 cm. ) and the dienone carbonyl stretching occurred 

at 6.05-6.23 p (1605-1653 cm.-l ). Rence the infrared spectrum of the 

minor product indicated a cyc10pentadienone type complexe The ultra-

vi01etabsorption spectrum of the complex in abso1ute
O

ethanol showed only 

end absorption down to 203 mp, with a shou1der at 223 mp, also indicative 

of a cyclopentadienone complexe 

Due to the lm., yield of the minor product, it was necessary to 

The take the nucl~ar magnetic
o 
resonance spectr~m (CDC13) in a microtube. 

resolution was not good but certain features were notable. Absorption 

occurred at 1.04 p.p.m. which can be ascribed to a CH3-C-C=C type of 

system. 
91 

Absorption at 1.38 p.p.m. and 2.23 p. p .m. can be assigned to 

the methyl groups of the lactone and dienone rings respectively of 

structure XXXV. In santonin, by comparison, the methyl groups in the 

lactone ring and at the 4-position occur at 1.33 and 2.14 p.p.m. res-

pectively, while the protons of the angular methyl group exhibit a 

singlet at 1.21 p.p.m. Because of the weak spectrum, the peak expected 

from the lone olefinic hydrogen of XXXV could not be observed. Rowever, 
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on the basis of the available N.M.R. data, structure XXXV seems very 

probable for the minor product from santonj.n. 

The mechanism of the formation of the cyclopentadienone complex 

cau be rationalized by anal ogy with the photochemical reactions of 

santonin. Photolysis of santonin in aqueous acid media results in the 

92 93 formation of isophotosantonic lactone as the major product. ' . The 

HO 

o--~o 

XXX 

fi" .~ 
HO 

_'HoC> 
--~ 0= 

XLI 

~O 

XLII 
mechanism of the reaction apparently involves the cyclopropyl intermediate 

(XLI) which on cleavage of the CS-ClO bond, reacts by nucleophilic attack 
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f I 94 . . b IlL . o so vent at CIO. D~~ron enneacar ony apparent y acts as a ew~s 

acid (further examples are given on pp. 56, 85) and hence formation 

of a similar cyciopropyl intermediate (XLIII) can be visualized. However, 

~o 

H 

~o 

" . -F'e-Q 
/. 

" / 

)(LIJ1 

o-~~o 

XXXV 

since the reaction is carried out in an 1nert soivent (benzene) rather 

than a nucieophilic solvent (aqueous acetic acid), the CIO carbonium ion 

formed by cleavage of the 5,IO-bond cannot stabilize itself by reaction 

with solvent, and instead reacts by a hydride transfer, as shawn. The 

cyclopentadienone formed would ordinarily be unstable95 but in the 



presence of the iron carbonyl can form the stable iron tricarbonyl 

complex XXXV. 77 ,90 

A most peculiar reaction occurred when a mixture of santonin 

and iron pentacarbonyl were ref1uxed in buty1 ether for tl'l,e1ve hours: 
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Routine purification of the crude product gave bis'(2-ethylhexyl) -~-phtha1ate. 

,The structure of the ester was supported by spectral evidence. The 

infrared spectrum (neat) shol'led carbony1 stretching of an ester at 1725 

-1 ' -1 
cm. and out-of-plane bending of an ~-suhstituted phenyl at 747 cm. 

The ultraviolet spectrum exhibited an absorption maximum at 224.0 mp 

(in isooctane), identica1 l'lith the spectrum of an authentic sample. The 

N.M.R. spectrum (in CCI4) l'las also identical with that obtained from 

bis(2-ethylhexy~-o-phthalate. A parent peak l'las observed at 390 mie 

units in the mass spectrum, in agreement l'lith the assigned structure. 

The knol'l1edge that bis(2-ethy1hexy~-~-phthalate isused as 

diffusion pump oil makes one very cautious to accept the results described 

in the previous paragraphe Hol'l_ever, ~ santonin l'las recovered from the 

reaction and furthermore the experimental conditions seemed to exclude 

contact of the reaction mixture l'lith diffusion pump oil. When 

cholesta-5,7-dien-3~-ol l'las reacted l'lith iron pentacarbonyl in the same 

dry buty1 ether, only the diene-iron tricarbony1 complex (XVIII) l'las 

obtained. 

When santonin-iron tricarbonyl (XXXI) l'las heated in but yI ether, 

the diester (XXXVI) l'las the only isolable product. Hence, it appears that 

the complex is an intermediate in the reaction of santonin and the metal 
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carbonyi in but yI ether. In summary, bis(2-ethyIhexy~-~-phthalate seems 

to be an authentic product from the described reactions and not obtained 

fronl an external source. 

III. Reactions of Iron pentacarbonyl with Different Functional Groups 

A. N-Oxides, Azoxy Compounds, and Nitrones 

In a paper concerned with the reaction of oxides of organic 

nitrogen, sulfur, phosphorus end arsenic compounds with iron carbonyls 

to form ionic complexes (see p. 12), Hieber and Lipp36 noted that pyridine-

N-oxide reacts with iron pentacarbonyl at high temper.ature to form 

pyridine and iron oxide: However, nei ther experi.mental conditions nor 

references were given in this paper and no subsequent reports have.appeared 

on this reaction. Hence, it was decided to investigate the possibilities 

of the general deo~genation of N-oxide~ with iron pentacarbonyl. 

It was found that, under the appropriateconditions, the metai 

carbonyl can be a useful reagent for the de oxygenation of heterocyclic 

N-oxides. The procedure involved is very simple (see EXPERIMENTAL) and 

gives yields of 51.8-79.1% of the parent amines (Table VI). This method 

is superior to sorne others reported in the literature (e.go sulfur 

d o °d) 96 ~ox~ e 0 

The resul ts obtained Y7i th the N-oxides Ied to an investigation 

of the deoxygenation of other functional groups with iron pentacarbonyl. 



TABLE VI 

YIELDS OF PRODUCTS FROM DEOXYGENATION OF N-OXIDES 

WITH IRON PENTACARBONYL IN BUTYL ETHER 

N-Oxide 

Pyridine 

.2-Pico1ine 

4-Pico1ine 

4-Methoxypyridine 

Quino1ine 

Yield of 
Deoxygenated 
Product % 

79.1 

62.2 

78.1 

51.8 

60.1 

Boiling 
Point 

Oc 

113-115 

129-131 

143-144 

193-195 

236-238 

Boiling 3 
Point (Lit.) 

Oc 

115 

128 

143 

191 

237.7 
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Azoxybenzene could be readily deoxygenated to azobenzene by treatment . 

with the metal carbonyl.in but yI ether. (But yI ether was employed as a 

solvent for this and other described reactions because of its fairly high 

boiling point (142
o

C) and because of the ability of many compounds to 
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dissolve in it when hot.) Similarly, 2,2'-dimethylazobenzene was obtained 

from the corresponding azoxy compound in 65.0% yield. Optimum yields of 

azo compound were obtained using 0.8-1.0/1.0 mole ratios of metal carbonyl 

to azoxy compound. 

The behavior of the nitrone, a-phenyl-N-phenylnitrone (XLIV) 

towards iron pentacarbonyl was investignted. N-Benzylideneaniline (XLV) 

was obtained in 60.7% yield as a result of the deoxygenation of the nitrone . 

. CsHf H=NCGHS 

><LV 
The deoxygenations of azoxybenzene and pyridine-N-oxide are 

accompanied by evolution of one. cquivalent amount of carbon dioxide, 

detected by bubbling the gas through a solution of barium hydroxide. A 

mechanism invo1.ving attack of the oxide on a terminal carbonyl of iron 

pentacarbonyl followed by eliminati.on of carbon dioxide is proposed. The 

iron tetracarbonyl formed can trimerize to triiron dodecacarbonyl or decom-

pose to iron oxide, whose formation was observed in both the investigations 

reported here and those by Hieber and LiPp.36 



o 
. . OQ~e(COt 
C6,H5Nd~C6H5 ---~ 

o 
.RëF.:e(co~ 

-) ,CSHSN=NCSH5 

CS·H5N:;::NCSHS + CO2 + Fe(COt 
XLVII 
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A simi1ar mechanism can be wri tten for the deoxygenation of 

a-pheny.1-N-pheny1nitrone. 

B. Nitroso Compounds 

Nitrosobenzene cou1d be deoxygenated to azobenzene in 75% yie1d 

by ref1uxing equimo1ar quantities of nitroso compound and iron pentacarbony1 

in buty1 ether. When a mixture of nitrosobenzene and diiron enneacarbony1 

was stirred in anhydrous tetrahydrofuran under nitrogen for twe1ve hours at 

42 room temperature, comp1ex XI, previous1y prepared by Pauson et al by 

photo1ysis of a mixture of azobenzene and iron pentacarbony1 (see p. 15) 

cou1d be obtained in 11.0% yie1d. It is possible that nitrosobenzene 

cou1d be reduced to azobenzene by using a sma11er amount of diiron 

enneacarbony1. 



Nitrosophenols exhibited interesting behavior towards the metal 

carbonyl. 
. '97 ~-Nitrosopheno1 has been shown, by near infrared and nuclear 

'. 98 magnet~ç resonance experiments, to exist only to the extent of 14-17% 

as the nitroso form (XLVIII) in dioxane solution, the remainder being the 

quinone-monoxime tautomer (XLIX). However, a 40.9% yield of 

OH 

O
l~ 

1 ~ OH 
N .te(CO)S- ~ 
N DfO)(ANE 1 ~ 

o 0 
Il reCCO, BFj Il o · DJO)cANE} 0 
! 1 ne NOH 0 

XLIX 
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4,4'-dihydroxyazobenzene (L) was obtained when a mixture of the 

nitrosopheno1 and iron pentacarbony1.were ref1uxed in dioxane for one 

day. But yI ether cou1d not be used as the solvent for the reaction 

because of the decomposition of the nitrosopheno1be10w 1400C. 99 When 

the reaction was repeated in the presence of a cata1ytic amount of boron 

trif1uoride etherate, essentia11y the same yie1d of azo compound was 

obtained. No ~-1benzoquinone (LI) formationwas detected. This was 

unexpected sinee the quinone-monoxime form is the major tautomer of 

~-nitrosopheno1 and therefore deoximation seemed 1ike1y, particu1ar1y 

infue presence of boron trif1uoride (p. 73). 

A substituted nitrosopheno1 lvas then investigated. 5-Methy1-

4-nitroso-2-isopropylphenol has been shown, by the ultraviolet spectra 

f . 1" " 1 h 1 d" 100 "1 1 1 " h o 1tS so ut10ns 1n a co 0 or J.oxane, to eX1st <'Lmost so e y 1n t e 

OH 
. . yi"" H(C H~ 

1 h . 

CH{ LV 
i\!H2 

u NO 
If 
w 

'. 

o -0 
l'YCH(CH3~ . . ;YCH(C~~ N ~ ~(CO)5_ ;l) 

C Hj Il L J V C H3 .. . LI J 1 o NOH 

54. 
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quinone-monoxime form (LIlI). In this case, reaction with iron 

pentacarbonyl in but yI ether produced a low yield of two products: 

5-methyl-4-amino-2-isopropylphenol (LV) in 17.6% yield and 5-isopropyl-2-

methyl-l,4-benzoquinone (LIV) in 10.7% yield. The yield of the two 

products changed when the reaction was repeated in the presence of boron 

trifluoride. Here, the'yield of quinone increased to 19.4% while that 

of amine was reduced to 6.0%. 

These results seem to indicate that the rate of deoxygenation 

of the nitrosophenol is much greater than the rate of deoximation of the 

quinone-monoxime tautomer. If the rates of the two processes were the 
~o~ ~ same, a substantial amount of deoximation~ expected to occur, parti-

cularly in the presence of boron trifluoride. 

C. Nitro Compounds 

. 38 As mentioned previously (~. 13), von Gustorf and Jun reported 

that no thermal reaction occurred between nitrobenzene and iron penta-

carbonyl. Howevcr, we have found that when nitrobenzene is treated with 

iron pentacarbonyl in anhydrous but yI ether, reduction takes place, the 

nature of the product depending upon the quantity of metal carbonyl used. 

When equimolar quantities of iron pentacarbonyl and nitrobenzene 

were refluxed in anhydrous but yI ether for 18-24 hours, crude azoxybenzene 

was obtained. Chromatography on Florisil gave on elution with petroleum 

ether: azobenzene (XLVII) in 3.3% yield and azoxybenzene (XLVI) in 63.7% 
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yield. Essentially the same yield was obtained when the reaction was 

carried out for 36 hours. Using a 1.4/1.0 mole ratio of iron pentacarbonyl 

to nitrobenzene, azobenzene was obtained in 76% yield, no azoxybenzene 

formation being observed. Using a large excess of iron·pentacarbonyl, 

complex XI was obtained. The latter was obtained more conveniently by 

stirring nitrobenzene (1.0 mole) with diiron.enneacarbonyl(1.4 mole) in 

anhydrous tetrahydrofuran. 

The sc ope and limitations of this deoxygenation reaction were 

th en investigated with a series of aromatic nitro compounds. The products 

from the various nitrobenzenes, their yields, and their physical properties 

are presented in Tables VII and VIII. The mole ratio of metal carbonyl 

to nitro compound was 1.4 to 1.0. Use of a 1:1 mole ratio gave the azoxy 

rather than the azo compound. For exa~ple, 2,2'-dimethylazoxybenzene 

was obtained in 59.3% yield from ~-nitrotoluene under the described 

conditions. 

Reasonable yields of azo compound.were obtained from para­

substituted nitrobenzenes having electron-releasing groups (H,CH3 ,OCH3 ,F). 

An exception occurred in the case of the E-dimethylamino substituent, 

presumably because the metal carbonyl can behave as a Lewis acid towards 

the dimethylamino group and thus alter its electronic properties: this 

compound gave E-amino-N,N-dimethylaniline. A substantially lower yield 

?f azo compound resulted when the nitrobenzene had an electron-attracting 

para substituent. For example, E-nitrobenzonitrile gave the azo compound 

in 20.1% yield and E-aminobenzonitrile in 11.3% yield. E-Nitrophenol and 
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TABLE VII 

PRODUCTS FROM THE REACTION OF SUBSTITUTED NITROBENZENES 

(1.0 MOLE) WITH IRON PENTACARBONYL (1.4 MOLE) 

Substituent Products Yie1d M.P. or B.P. M.P. or B.P. 
% (nnn.) , (nnn. ) 

" 

Oc (OBSD.) Oc (LIT.) 

H Azobenzene 76.0 66.0-68.0 68.0
3 

2,2'-Dimethy1azobenzene 67.2 55.0-56.0 
3 

o-CH 55.0-56.0 - 3 

<Il-Toluidine 13.1 196-198(760) 199.8(760)3 -,. 

3,3'-Dimethy1azobenzene 48.4 52.5-53.5 
' 3 

m-CH 54.0-55.0 - 3 

!!!-To1uidine 5.7 199-201(760) 203(760)3 

E,-CH3 4;4'-Dimethy1azobenzene 67.0 1'42.0-144.0 144
3 

,o-C Ii 
- 2 5 

2,2'-Diethy1azobenzene 38.6 47.0-48.0 46.5101 

,2.-Ethy1ani1ine 34.9 213-216(760) 215-216(760)3 

~-OCH3 ,2.-Methoxyani1ine 73'.9 222-224(760) 225(760)3 

!!!-OCH3 
3,3'-Dimethoxyazobenzene 36.9, 74.5-75.5 73_74102 

E,-OCH3 4,4'-Dimethoxyazobenzene 43.4 161. 0-163.0 161.0_162.0103 

E,-F 4,4'-Dif1uoroazobenzene 67.0 100.0-101.0 101.0104 

~-C6H5 2-Aminobipheny1 58.3 47.0-49.0 49.3
3 

3 
Carbazo1e 14.7 244.0-246.0 246.0 

!!!-N(CH3)2 3-Amino-N,N- 60.1 265.0-267.0 268-270(760)3 
dimethy1aniline (760) 

E,-N(CH3)2 4-Amino-N,N- 76.6 38.0-41. 0 37
3 

~imethy1ani1ine 

E.-CN 4,4':Dicyanoazobenzene 20.1 266.0-268.0 268.0_270.0105 



Substituent 

E.-OH 

E.-COOH 

o-NO - 2 

TABLE VII (cont'd) 

Products 

~-Arninobenzonitri1e 

2,2'-Diaminoazobenzene 

Yie1d 
% 

11.3 

11.1 

M.P. or B.P. 
(nnn. ) 

Oc (OBSD.) 

86.0-89.0 

118.0-120.0 
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M.P.or B.P. 
(nnn.) 

Oc (LIT.)· 

86.03 

123
3 



· TABLE VIII 

ULTRAVIOLET ABSORPTION MAXIMA (IN ETHANOL) OF AZO COMPOUNDS FORMED FROM 

compound 

Azobenzene 

2,2'-Dimethy1azobenzene 

3,3'-Dimethy1azobenzene 

4,4'-Dimethy1azobenzene 

2,2'-Diethy1azobenzene 

3,3'-Dimethoxyazobenzene 

4,4'-Dimethoxyazobenzene 

4,4'-Difluoroazobenzene 

4,4'-Dicyanoazobenzene 

2,2'-Diaminoazobenzene 

REACTION OF NITROBENZENES WITH IRON PENTACARBONYL 

max, mll 

(log.~ ) 

317.0(4.22),442.0(2.77) 

233.5(4.0U,331.0(4.22),455.0(2.75) 

232.0(4.01),322.0(4.18),441.0(2.77) 

236.0(4.22),332.0(4.30),434(2.87) 

233.5(3.94),331.0(4.15),454.0(2.73) 

240.0(4.04),315.0(4.11),432(2.83) 

240.5(4.12) ,355.0(4.40) ,430.0(3.42) 

227.0(4.07),232.0(4.07),323.0(4.19),433.0(2.73) 

230.0(4.13),325.0(4.37),340.0sh(4.29),441.0(2.98) 

450.0(4.05) 

max, mll (LIT.) 

(log g ) 

106 316.0(4.2),441.0(2.8) 

232(4.0),332(4.2),461(2.7)102 

234(4.0),321(4.2),439(2.8)102 

235(4 .. 0),340(4.3),434(2.9)102 

235(4.2),333(4.3)107 
, 

235(4;05),330(4.17),460(2.75)108 

240(4.06),336(4.15),446(2.92)109 

243(4.1),316(4.1),435(2.8)102 

355(4.40) ,430·(3.34)103 

227(4.12),325(4.22),432(2.74)110 

U1 
\0 



E..-nitrobenzoic acid were recovered unchanged when treated with the metal 

carbonyl either in the absence of a catalyst or in the presence o~ boron 

trifluoride etherate or triethylamine. This is in marked contrast to 

the reactivity of E..-nitrosophenol, which formed the azo compound in 

reasonable yield. 

Azo compounds were also obtained from m-nitrotoluene and 

!!!-nitroanisole, alth~ugh .in lower yields than the corresponding para 

derivatives. 3-Nitro-N,N-dimethylaniline gave the ami no compound with no 

azo formation being observed. 
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Unique behavior was exhibited by ortho substituted nitrobenzenes. 

When o-nitrotoluene was refluxed with iron pentacarbonyl in but yI ether 

for 24 hours, 2,2'-dimethylazobenzene was obtained as the major (67.2%) 

and ~-toluidine as the minor product (13.1% yield). Essentially the same 

yields resulted when the reaction was carried out in the more polar 

solyent, butryonitrile. The sensitivity of the reaction to steric effects 

was shown by the reaction of ~-ethylnitrobenzene, which gave approximately 

equal amounts of azo and amine compounds. However, ~-methoxynitrobenzene 

gave only the amine when the reaction was conducted in either but yI ether 

(74%) or n-octane (58%). Since the ethyl and methoxyl groups are approxi­

mately the same size, the nature of the products is not dependent only on 

steric effects. 

2-Aminobiphenyl (LVII) was obtained as the major product from 

2-nitrobiphenyl (LVI) along with some of the insertion product, carbazole. 



LVI lVJJ LVIJJ 

2,2'-Dinitrobiphenyl (LIX) refluxed with a 3.0 mole excess of 
. . 

iron pentacarbonyl in but yI ether formed benzorcJci~noline (LX) in 

64.8% yield. No amine formation was observed. 

LIX LX 

~-Dinitrobenzene underwent both reduction and coupling to give a low 

yield of 2,2'-diaminoazobenzene (LXII), substantial polymerization.occurring. 



I~N02 
~NO . 2 
LXI· 

a~H2~:O 
LXII 

. A 70.0% yield of pure l-aminonaphthalene was obtained from the 
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·deoxygenation of I-nitronaphthalene ~ithiron pentacarbonyl. In contrast, 

1,8-dinitronaphthalene produced only trace amounts of 1,8-diaminonaphthalene 

when the dini tro compound was treated wi th the metal carbonyl (3.0/1.0 

mole ratio of iron carbonyl/dinitro compound). No other products were 

detected. Lowering the ratio of metal carbonyl to nitro compound used 

only resulted in producing a mixture of starting material and amines. 

4-Nitropyridine-l-oxide gave 4,4'-azoxypyridine (LXIV) in 22% 

yield and traces of 4,4'-azoxypyridine-l,1-dioxide (LXV) and 

4-nitropyridine (LXVI). Evidently, the metal carbonyl exhibits no great 

selectivity towards amine oxide or nitro groups. 

. 0 

O f_r==\. · li N=N-U1'l + 

LXIV 

. N02 

O~ON=N-<~)~O + 0 
LXV lX\!J 



The mechanism of deoxygenation of nit~oso and nitro compounds 

ia more difficult to rationalize in terms of theproducts observed in 

the reactions than the mechanism of deoxygenation of amine oxides or 
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azoxy compounds. Nitrosobenzene monomer exists in equilibrium with its 

III dimer (LXVIIb) in various solvents at room temperature. If the dimeric 

----~ 

form is present to someextent at the reflux temperature of the reaction, 

then a mechanism ~nalogous to that described for the deoxygenation of 

azoxybenzene could explain the formation of azobenzene. About two moles 

of carbon dioxide are evolved for each mole of azo compound fprmed, 

indicating the overall reaction: 

----~ 

+ 2COz. +2Fe(CO~ 
The deoxygenation of nitrobenzene to azoxybenzene and azobenzene could 

occur in a similar manner, assuming initial deoxygenation to nitrosobenzene. 

The formation of amines is most plausibly explained by a nitrene inter-

d ' 112 me ~ate. The deoxygenation of ~-alkylnitrobenzenes and 



~-a1ky1nitrosobenzenes by trivalent phosphorus compounds has been 

postu1ated to proceed via a discreté nitrene intermediate, to give 
113 amines among" other compounds. 

" 114 Simi1ar intermediates were postu1ated by Horner and co-workers for the 

photo1ysis of aryl azides to azo compounds. They noted"that electron-

releasing groups in the aryl ring increased the yie1d of azo compound. 

For example, phenyl azide, in dimethylsulfoxide, gave azobenzene in 

trace amounts, while ,E.-to1yl azide gave the azo compound in 82.5% yield. 

64. 



ArN=NAr 

~-Azidobipheny1, on heating in 1,2,4-trichlorobenzene, or on 

photo1ysis in tetrahydronaphtha1ene, forms c~rbazo1e in 76-77% yieId. 115 

Carbazo1e is a1so obtained by deoxygenation of 6_nitrol16 or 

. b' h 1117 h h 1 1 h' h 1 h h' ~-n~troso ~p eny wit triet y plOSp ~te or trip eny p osp ~ne. The 

. I N3 . 

V.\-) 
H 
N 

(~}b 
LXVIII LVIII 

.. 
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simi1arity in behavior of the three reactants suggests. that they aIl gener.ate 

nitrenes, sinee it is known that azides on thermal decomposition form 

nitrenes. 112 The products obtained from the deoxygenation of 2-nitrobiphenyl 
with iron pentacarbony1 a1so suggest anitrene mechanism. The nitrene can 

either abstract hydrogen from soivent tb give the primarY aromatic amine 

(LVII) or insert to forro LVIII. 



() y Fe(C0)5~ 
r(VN02. 

V 
LVI 

LX1X 

ct4Hglp ) 
N: NH2 

LVII 

----.-;~ H 

LV III 

The formation of azo compounds can be explained either by 

deoxygenation of the nitroso dimer, as described above, by dimerization 

of nitrenes, as in the photolysis of azides, or by reaction of a nitrene 

66. 

with a nitroso compound to give an azoxy intermediate. This is illustrated 
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SCHEME 6 

LXXI LXXIII 

I·Fe(CO)s 
~ "<Y 

OC~ ~ > '1 ~ -.N:::N-' \ 
- -

L)()(11 LX)(IV 
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for the case of o-nitroto1uene (Scheme 6). The change in product composition 

with ~-ethy1nitrobenzene cou1d be due to the greater steric hindrance of 

the nitrene, which wou1d retard coup1ing to azo or azoxy compounds. The 

formation.of~ome amine from E,-nitrobenzonitri1e may be due to the e1ectron­
withdrawing nitrile group destabi1izing the e1ectron-deficient nitrene so . 

tha~ it abstracts hydrogen from solvent more rapid1y, and hence is 1ess 

avai1ab1e for coup1ing reactions. 

D. Nitrosamines 

Nitr<?samines can be converted to secondary amines by reduction . 
. h . k 1 118 d' 1 i 1 h l' d119 d b d W1t Raney n1C e, so 1um ama gam n a co 0 1C aci an y aci 

h d 1 ' 120 hl' f i b 1 (1 1 1) d Y ro yS1S, W en a so ut10n 0 ron pentacar ony • mo e an a 

nitrosamine (1.0 mole) having at 1east one pheny1 group, i:1 anhydrous 

but yI ether, was ref1uxed for two to slxteen hours, high yie1ds (85-92%) 

of pure secondary amines were obtained (Table IX). The presence of a 

cata1ytic quantity of boron trif1uoride etherate did not improve the 

yield of amine. 

C6~' 
R/N-N=O 

LXXV 

csl-Is'N_H 
t(/ . 

LXXVI 
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One possible mechanism for this reaction involves deoxygenation 

f h · . . d· . 122 h· h d· . t ote n~trosam~ne to an ~nterme ~ate azam~ne w ~c ~mer~zes 0 a 

tetrazene. '. 0 123 124 . Since ~~ld heating (80-120.C) , can.decompose tetrazenes 

to nitrogen and secondary amine radicals,the reaction temperature 
:.. 0 
(ca. 140 C) used for the metal carbonyl reaction is sufficient for such 

a process to occur. Hydrogen abstraction from soivent by the amine 

radicals could give rise to product. Support for this mechanism was 

obtained by conducting the reaction of iron pentacarbonyl and 

N-nitrosodipheny1antine (LXXVII) in isooctane, in which hydrogen abstraction 

h Id d·l· b 1 h 125 l h· . s ou not occur as rea 1 y as ~n ut Y et er. n· t ~s react~on, 

tetraphenyIhydrazine (LXXVIII) was the major product (51. 6i~ yield) , 

diphenylamine (LXXIX) being obtained in substantially lower yield (27.2%) 

th an in but yI ether. Refluxing tetraphenyIhydrazine in but yI ether gave 

diphenylamine in 87.9% yield. 

(C6HS}2N-N=0 

LXXVII 



(CSHS)2NH + R­
LXXIX 

) (C6H~2N-N=N-N(CSJS~ 

l 
,I?H 2 (CSHs)2No + 

] 
(CsH~N-N{CsHJ2 

LXXVJJI 
An alternative mechanism would involve cleavage of the 

nitrosyl group to form the secondary amine radical and iron carbonyl 

nitrosyl radical, which could then form iron dicarbonyl dinitrosyl17 by 

disproportionation. This mechanism would be favoured by the low N-N 

bond energy (39 kcal/m) .,126 Ana1ysis of the gaseous products of the 

reaction might distinguish beoveen the OvO mechardsms. 

70. 



NOc 
l 

2Fe(CO~ 

co 

l 

When the reaction was carried out on non-aromatic nitrosamines 

such as N-nitrosopiperidine (LXXX) and N-nitrosomorpholine no amine was 

obtained. Instead,' the tetrasubstituted ureas, carbonyl dipiperidine 

(LXXXI) and carbonyl dimorpholine, were formed in yields of 48 and 57%, 

respectively (Table IX). The carbonyl insertion products were also 

obtained in slightly lower yield using isooctane as the solvent. No 

hydrazine formation was observed. 

71. 
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TABLE IX 

PRODUCTS FROM THE REACTION OF NITROSAMINES WITH IRON PENTACARBONYL 

Nitrosamine Product Yield M.P.orB.P. M.P.orB.P. 
% (nnn)oC (nnn)oC 

(OBSD.) (LIT.) 
N-Nitrosodiphenylamine Dipheny1amine 91 52-54 52.83 

N-Nitroso-N-pheny1- N-Pheny1benzy1amine 85 . 36-37 36.5-36.8 3 
benzy1amine 

N-Nitroso-N- N-Methy1aniline 90 195-197 195.2(760) 3 methy1ani1ine (760) 

N-Nitrosocarbazo1e Carbazo1e 92 245-246 2473 

N-~itrosopiperidine Carbony1 48 155-157 152-154(13J21 
Dipiperidine (15) 

N-Nitrosomorpho1ine Carbony1 57 141-143 143121 
Dimorpholine 



y 
N=O 

LXXX 

E. Oximes 

+ r:-e(CO}s 01-
ISOOC.TANE 

o 
O-~-O 

LXXXJ 

The parent carbonyl compound may he regenerated from an oxime 

h f h 1 " 1"" h d" h" If" 127 Y treatment 0 t e atter ~n aqueous so ut~on w~t so ~um ~su ~te, 

73. 

levulinic or pyruvic acids,128 or formaldehyde and concentrated hydrochloric 
"d 129 ac~ . However, ther~ may he instances when it is desirable to effect 

this transformation under anhydrous conditions. In the previous chapter, 

it was 'shown that v7hile the oxime of 4-methyl-4-trichloromethylcyciohexa-

2,S-dienone gave the ketone upon treatment with iron pentacarbonyl, 

santonin oxime reacted to form the diene-iron tricarbonyl complex (XXXII). 

However, treatment of santonin oxime with an approximately equimolar 

quantity of iron pentacarbonyl and a catalytic amount of boron trifluoride 

in refluxing but yI ether resulted in the formation of santonin (XXX) in 

67?o yield. 



74. 

-t- FeCCO)s 13~.(C2HS)2~ 
(C4Hg)20 

xxx 

XXX.l1I 

This reaction was found to be applicable to a wide variety of oximes of 

a1dehydes and ketones of wide1y differing character (Table X) giving 

carbonyl compounds in 55-81% yie1d; the 'limitations, if any, of the 

reaction are not apparent. No reaction took place when the oximes were 

treated with a cata1ytic amount of boron trif1uoride in buty1 ether. 

No carbony1 comvound was regenerated by treatment of f1uorenone 

pheny1hydrazone or of N,2,6-trich1oro-E-benzoquinoneimine, with iron 

pentacarbony1 and boron trif1uoride. Renee it seems 1ike1y that the 

oxygen atom of the regenerat,ed carbony1 group cornes from the oxygen atom 

of the oxime. These resu1ts suggest a mechanism ana1ogous to the reaction 
of some oximes wi th ni trous acid to fo'rm' carbony1 compounds and ni trous 

'd 130 
ox~ e. Att,ack of nitrosonium ion upon the oximino nitrogen produces 

the intermediate I~II. Oxazirane formation and subsequent ring opening 

forms the products. 



TABLE X 

YIELDS OF CARBONYL COMPOUNDS FROM OXIMES 

Parent Carbonyl 
Compound 

Cyclohexanone 

4-Methyl-4-trichloromethylcyclo-
-hexa-2,5-dienone 

Fluorenone 

Cholest-4-en-3-one 

Santon:i:n 

O-Methylpodocarpinal 

Reflux' Time 
. (Hrs.) 

20 

10 

16 

16 

18 

17 

Isolation 
Procedure 

b 

a 

d 

c 

c 

Yield 
% 

81 

72 

69 

67 

67 

55 

75. 
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~ 
1'C=NOH + HN02 R{ 

--_ ..... ) 

Oxazirane formation may also be postulated for the reaction 

of oximes with iron pentacarbonyl. Ring-opening.of the oxazirane 

(LXXXIII) followed by cleavage of the N-O bond would give the carbonyl 

compound. The role of boron trifluoride etherate might be as shown 

(Scheme 7). 

F. Amides and Thionamides. 

Amides and thionamides are converted by iron pentacarbonyl to 

nitriles. Amides have previously been converte? to nitriles by phosphorus 

pentoxide, phosphorus pentachloride, thionyl chloride or phosphorus 

hl . d 131 and h· . d b h h . d h h oxyc or~ e t ~onaffi1 es y p osp orus pentox~ e, p osp orus 
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SCHEME 7 

o 
~"é~'N -
p_/ . . ~Fe(co~ 
uv.l .. 0 

LXXXIII 
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pentasulfide or tertiary amines.
132 

Wh en a mixture of amide or thionamide* (1.0 mole) and iroh 

pentacarbonyl (1.6 moles) was refluxed in anhydrous but yI ether for 18 

hours, the corresponding nitrile was obtained. 

RC=.N 

The yield of nitrile from a thionamide was generally about 

twice that from an amide (Table XI). No nitrile formation was observed 

when the reaction was carried out with only a catalytic amount of metal 

carbon~l. The yield of nitrile didnot tmprove when the ~ole ratio of 

iron pentacarbonyl to amide was increased from 1.6/1.0 to 5.0/1.0. 

The mechanism of the reaction can be rationalized as an attack 

of sulfur or o:-cygen of the reactant on the m.etal atom to form an imine inter-

mediate (LXXXIV) which then, in butyl ether, can give rise to the product. 

* Thionamides were kindly donated by Mr. G. Derdall. 



TABLE XI 

NITRILES OBTAINED FROM REACTION OF AMIDES OR THIONAMIDES WITH IRON PENTACARBONYL 

Reactant 

2-Pheny1acetamide 

2-Pheny1thionacetamide 

Benzamide 

Thionbenzamide 

E-Methoxybenzamide 

E-Methoxythionbenzamidea 

E-To1uamide 

m-To1uthionamide 

Product 

Pheny1acetonitri1e 

Pheny1acetonitri1e 

Benzonitri1e 

Benzonitri1e 

E-Methoxybenzonitri1e 

E-Methoxybenzonitri1e 

E,-Tb1unitri1e 

m-Tolunitri1e 

Yie1d M.P. or B.p.(mm.) 
% Oc 

35.4 233 -235 (760) 

61.6 231-233 (760) 

32.0 190-191 (760) 

63.9 188-190(760) 

27.5 60.0-62.0 

60.9 60.0-62.0 

20.0 26.0~28.0 

65.7 210-212(760) 

M.P. or B.P.(mm.) 
3 

Oc (Lit.) 

234(760) 

234(760) 

191(760) 

191(760) 

61-62 

61-62 

29.5 

212(760) 

a N-(~-methoxybenzy1)-E.-methoxythionbenzamide, m.p. 85-87oC,.was obtained as a side product 

--.J 
\0 



1(~Fe(COt 
---) R-C=NH 

LXXXIV 

Sorne support for this mechanism cornes from the reaction of 

~-methoxythionbenzamide (LXXXV) with diiron enneacarbonyl in anhydrous 

tetrahydrofuran (THF) at room temperature. 'Three products were obtained: 

80. 

the nitrile (LXXXVI) in 17.2% yie1d; complex (XII) in 2.6% yie1d, identified, 

by its me1ting point and infrared spectrum46 ; and complex (LXXXVII). The 

latter complex was a black solid which showed infrared absorption (carbon 

tetrachloride solution) at 3330 cm.-1 '(NH stretching) and at 2070, 2030, 

2000, 1985 and 1945 cm.-l 
(y (?:SO», but no absorption due to -NH2-deformation 

-1 -1 (1625 cm. ) or to thiocarbony1 stretching (1280 cm. ). The infrared data, 

together with the ana1ysis and molecu1ar weight resu1ts, indicate structure 

(LXXXVII) for the comp1ex. This structure is simi1ar to the product 



OCH3 
LXXXV 

CH30-{-~-<:==N 
LXXXVI 

81. 

obtained by photolysis of ethyl mercaptan and the metal carbonyl 

(see p. 16). When LXXXVII was Lefluxed in but yI ether, E-methoxybenzonitrile 

was obtained. 

Assuming initial formation of LXXXIV, its conversion to LXXXVI can 

be visualized as foilows: 



SFë(CO~ 
1 

2R-C=NH 

LXXXIV 

) 

2 

r s,l="e(CO)3] 
lf?~=NH 2 + 2CO 

2 RC='N 
LXXXV) 

The effect of iron pentacarbony1 on a substituted thionamide, 

which could not form a nitrile, was investigated. Thionbenzani1ide 

(LXXXVIII) gave a 47.1% yield of N-benzylideneaniline (XLV), previously 

82. 

obtained from metal carbonyl treatment of the corresponding nitrone. The 

same product was obtained, albeit in lower yield, from reaction of 

N-deuteriothionbenzani1ide with iron pentacarbonyl under the same reaction 

conditions as for the non-deuterated compound. Clear1y, the hydrogen in 

the product arises from the solvent. One can postulate a mechanism 

initially the same as for the unsubstituted thionamide. Attack of solvent 

on the substi tute.d intermediate (LXXXIX) fol1owed by alpha hydrogen 

migration can give rise to the product. 
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t SFe(CO)4 
C6H5~=N-CSH5 
. L:O(C4 HS)2 

--~ C6HçÇ=N~6H5 + SFe(COl 
. .go OCC41-1g)2 

) CsHSC H=NCSHS 
){LV 

Benzanilide also gave N-benzyIideneaniIine when treatèd with 

iron pentacarbonyl. The N ,N-disubsti tl.lted amide, N-methylacetanilide, 

failed to react with the metal carbonyl. 



Blj·. 

G. Thioureas, Thiohydantoins and Sulfonamides 

Reaction of 1,1-diphenyl-2-thiourea with the metal carbonyl in 

but yI ether gave a 71.9% yield of diphenylamine (LXXIX). No diphenyl-

cyanamide was obt~ined as would have been expected had the reaction 

followed the same course as for the thionamides. 

·5 . 
(C . H )-N-ë-NI-I- + Fe(CO) -.!Ç4H9}.2~' 6 52 - V-1. - 5 

XC 
Unfortunately," other thioureas such as N,N'-diphenylthiourea, 

N,N'-diethylthiourea and N,N'-di-!-butylthiourea decomposed at the reaction 

temperature and hence could not be investigated under the usual conditions. 

3,S-Diphenyl-2-thiohydantoin, fàiled to react with iron penta-

carbonyl ip. butyl ether. The inability!'of the ~hiohydantoin to react may 

have been due to its insolubility. 

Benzenesulfonamide and ~-toluenesulfonamide were unreactive 

towards iron pentacarbonyl. 

H. Acid Chlorides 

Although the reaction of gem-dihalo compounds with iron penta-

carbonyl has been reported (p. 21), no publication has appeared on the 

reaction of acid.halides with the metal carbonyl. When either octanoyl, 
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benzoy1 or ~-methoxybenzoyl chioride was refluxed with iron pentacarbonyi 

in buty1 ether, the corresponding butyl ester was obtained in 66-75% 

yield. 

9-
l?-C-{: l + Fe{CO)S 

When tetrahydrofuran was used as a soivent, benzoyl chloride 

gave 4-chlorobutyl benzoate in 86.1% yield. The same product was obtained 
133 in 78-83% yield by Synerholm upon treatment of benzoyi chloride with 

tetrahydrofuran in the presence of zinc chloride. Reaction of 

~-methoxybenzoyl ch10ride with iron pentacarbonyl produced a new ester, 

4-chlorobutyl E..-methoxybenzoate (XCII), identifiable by analysis and 

spectral data. Sodium fusion indicated the presence of chlorine. The 

caCl COO(CH2~Ct 
1 

-}- Fe (CO)S THF' Q ) 

CH) OC~ 
XCI XCI] 

infrared spectrum (neat) showed strong carbonyl 5 tre tching of an ester at 

1717 cm. -1 The N.M.R. spectrum of the compound (in CC1
4

) showed, beside 
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absorption for the aromatic and methaxyl protons, a triplet at 4.20 p.p.m. 
. 81 

caused by methylene adjacent to -o-C-R; a poor1y reso1ved triplet at 

3.50 p.p.m. for the methy1ene protons adjacent to chlorine; and a 

multiplet centered at 1.82 p.p.m. for the four remaining methylene protons. 

When the reaction was repeated substituting anhydrous ferric chloride for 

iron pentacarbonyl, the.same ester was not obtained. On the basis of the 

N.M.R. spectrum, the product seemed to be polymerie. In agreement with 

previously published data, no polymerization reaction occurred when 

tetrahydrofuran was treated with ferric chloride. 134 

Treatment of ~-methoxybenzoyl chloride with iron pentacarbonyl 

in 2-methyltetrahydrofuran gave a single product in 75.7% yield. The 

product was identified as 4-chloropentyl~-methoxybenzoate (XCIII) as 

follows. Sodium fusion indicated t~e presence of chlorine. Carbonyl 

cac 1 

OCH3 
XCI 

ÇÀc~ 
--~---) 

OCH3 
XCJJJ 

stretching of an ester occurred at 1720 cm. -1 in the infrared region (neat). 

The N.M.R. spectrum of the ester showed, beside a.bsorption for the methoxyl 

and aromatic protons, a doublet centered at 1.43 p.p.m. caused by the 

protons of the methyl group adjacent to -CHC1; a multiplet at 1.77 p.p.m. 



~Cl 
QXCI 

OCH:g 

OC~ 

l 

87. 

SCHEME 8 

Fe(co~ 

t 



arising from the protons on the methy1ene groups beta and gamma to the 

ester function; a multiplet between 4.0 and 4.1 p.p.m. for the methine 

proton adjacent to ch10rine and a triplet at 4.17 p.p.m. ascribed to the o 
Il . methy1ene protons adjacent to -o-C-R. 

88. 

A mechanis~-, ana1ogous to the acy1ation of olefins with a1uminum 

ch1oride
135 

can be postu1ated for the latter reaction (Scheme 8). As 

indicated, the heterocyclic ring can c1eave in two ways to give the esters 

XCIII and XCV. The fact that only the product arising froID a secondary 

carbonium is obtained (the other ester wou1d have to resu1t from a primary 

carboniuon ion) indicates that the c1eavage of the ether must proceed by 

a SNI rather th an SN2 mechanism. 

I. Tripheny1phosphine Oxide 

Since it was conceivab1e th~t a phosphine oxide cou1d undergo 

deoxygenation with iron pentacarbony1, the behavior of tripheny1phosphine 

oxide towards the meta1 carbony1 was investigated. When the reactants were 

ref1uxed in either buty1 ether or butryonitri1e,. on1y starting materia1 

was recovered. This resu1t contrasts ll7ith the formation of an ionic comp1ex 

by photo1ysis of the reactants in benzene at 80o
C

36 
(see introduction). 

J. Ketones and Nitriles 

Benzophenone, f1uorenone, pheny1acetonitri1e and E-to1unitri1e 

were recovered unchanged when treated with iron pentacarbony1 in buty1 ether. 



FIGURE 1 

INFRARED SPECTRUM OF ERGOSTEROL-IRON TRICARBONYL 

(XVII) IN CHLOROFORM 

89. 
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FIGURE 2 

ULTRAVIOLET SPECTRUH OF ERGOSTEROL-IRON TRICARBONYL 

(XVII) IN ISOOCTANE 

90. 
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FIGURE 3 

N.M.R. SPECTRUM OF CHOLESTA-S,7-DIEN-3~-OL-IRON TRICARBONYL 

(XVIII) IN CDC13 
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FIGURE 4 

ULTRAVIOLET SPECTRA OF THE DIENONE-IRON TRICARBONYL COMPLEXES 

Curve A: 4,4-Dimethylcyclohexa-2,S-dienone-iron tricarbonyl (XXVII) 

B: Cholesta-l,4-dien-3-one-iron tricarbonyl (XXVIII) 

C: Androsta-l,~diene-3Jl,17-trione-iron tricarbonyl (XXIX) 

D: Santonin-iron tricarbonyl (XXXI)' 
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FIGURE 5 

INFRARED SPECTRUM OF COMPLEX XXXIV IN A KBr DISC 
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FIGURE 6 

INFRARED SPECTRUM OF COMPLEX XXXV IN A KBr DISC 
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EXPERIMENTAL 

. General 

Melting. points were measured in capillary tubes in a Gallenkamp 

melting point apparatus and are corrected. Analyses were performed by: 

Bernhardt Mikroanalytisches Laboratorium, Mulheim, Germany; Schwarzkopf 

Microanalytical Laboratory, Woodside, New York and C. Daessele, Montreal, 

Canada. The infrared spectra were recorded on Perkin-Elmer model "137," 

"337" and "521" spectrophotometers in various solvents or as KBr-pellets 

as individually noted. Wavelength readings were checked with a polystyrene 

film. Ultraviolet spectra were recorded with Unicam SP-800 or perkin­

Elmer 3.50 spectrophotometers; The nuclear·magnetic resonance spectra 

were recorded on a varian A-60 spectrometer in carbon tetrachloride or 

deuteriochloroform solution. Tetramethylsilane served as an internaI 

standard. 

Iron pentacarbonyl, purchased from Alfa Inorganics, Inc., was 

used as received. Distillation of the metal carbonyl before use gave 

identical results. But yI ether (Fisher Chemical Co.) was purified by 

treatment with sodium followed by distillation from the metal. 

Tetraliydrofuran (J. T. Baker Chemical Co.)was purified in the same manner 

or by treatment with lithium aluminum hydride. n-Octane (J. T. Baker 

Chemical Co.) l'laS purified by treatment with phosphorus pentoxide. Other 

solvents employed tvere purified by standard methods before use in reactions. 
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l. Diene Complexes 

Steroid-lron,Tricarbony1 Complexes 

, (i) Preparation of Dien.es 

Cho1esta-2,4-diene was prepared from cholesterol according to a 

136 modified procedure of Stave1y and Bergmann. A mixture of cholesterol 

(75 g.) and alumina (50 g. - Fisher chromatographie grade) was heated for 

o two hours at 200-225 C (0.2 mm.). lnstead of distillation, the mixture 

was coo1ed and extracteù vlith ether and the ether evaporated. Chroinatography 

of the residua1 oi1 on neutra1 alumina using benzene as the e1uent gave 
, 68 

cho1esta-2,4-diene in 55% yie1d, m.p. 64.0-66.0
oc (lit. m.p. 68.50 C). 

On1y a 10-15% yie1d of cho1esta-2,4-diene was obtained by using Stave1y 

and Ber~ann's procedure. Ergosterol was purchased from Fisher Chemica1 

Co. and cho1esta-5,7-dien-3~-ol was purchased from Aldrich Chemica1 Co. 

Cho1esta-3,5-diene was pJ:'epared from cho1estery1' tosy1ate ' 

137 
according to Chang and Wood. The tosy1ate was in turn prepared by 

treatment of cholesterol with R-to1uenesu1fony1 ch10ride according to 

138 
standard procedures. 3-Methy1cho1esta-3,5-diene was prepared from 

cho1est-4-en-3-one according to Kucherova and Ushakov.
72 

,3-Methoxycho1esta-

3,5-diene was obtained by treatment of cho1est.:.4-en-3-one with 
73' 

trimethy1orthoformate in dioxane according to Just and Leznoff. The 

me1ting points of the dienes obtained agreed with those reported in the 

1iterature. Cho1esta-4,6-diene was kind1y supp1ied by Dr. M. M. Frojmovic. 
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(ii) General Procedure 

A mixture of diene (2~14 mm.) and'iron pentacarbonyl (3 mole/mole 

of diene) in dry isooctane, cyclohexane or but yI ether (4û-200 ml.) was 

refluxed with stirring under nitrogen. The reactiou mixture was cooled 

and filtered to remove inorganic material, and solvent and unreacted 

metal carbonyl were removed at ca. 30 mm. The procedures for the 

isolation of the complexes from the residues differed considerably. 

Reasonably pure cholesta-2,4-diene-iron tricarbonyl (XVI, R=H) 

was obtained by treating the residue wÏ'th dry acetone, filtering, and 

evaporating the filtrate. Further. purification was effected by 

chromatography on Florisil, using benz'ene as the eluent, to give yellow-

orange.crystals of XVI (R=H) which were air-stable. 

Ergosterol-iron tricarbonyl (XVII) was isolated in the following 

way: the residue was dissolved in pentane and chromatographed on a neutral 

alumina COlUOOl under nitrogen. Elution with methylene chloride-ether 

(1:1) gave a brownish-green component. Rechromatography of this material 

on alumina with chloroform as the eluent gave crude ergosterol-iron 

tricarbonyl (XVII). The crude complex was dissolved in dry acetone, 

filtered, and the filtrate evaporated at reduced pressure to give yellow-

brown crystals of pure ergosterol-iron tricarbonyl. The complex was kept 

under nitrogen. If left in air for a short time, ergosterol was obtained. 

The reason ,for the instabili ty of XVII is unknovm but the failure of 

k d .65 b· l . . b l b d t Na amura an TsutsuL to 0 taLn ergostero -Lron trLcar ony may e ue 0 

the fact that the y did not carry out aIl operations under nitrogen. 
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The residue of crude cholesta-5,7-dien-3~-ol-iron tricarbonyl 

(XVIII) was dissolved in hexane and chromatographed on Florisit". Elution 

with hexane-acetone (1:1) gave beautiful golden~ye1low plates of XVIII. 

The procedure for the isolation of complex XVI (R=H) was applied 

to the 3-methy1 derivative ~VI (R";'CH3). In the case of 3-methoxycholesta-

3,5-diene, the residue from solvent evaporation was treated with benzene 

and chromatographed on Florisi1. Elution with benzene gave the complex 

XVI (R=OCH3). 

The yield, rne1ting point and analyses of the complexes are given 

in Table III. 

Decomposition of the Iron-TricarbonylComp1exes 

The diene-iron tricarbonyl comp1ex (2.0-2.6mm.) in ethanol 

Q.0-15 ml.) was added dropwise to a ferric chloride solution prepared by 

dissolving anhydrous ferric chloride in 95% ethanol (8-10 ml.). The 

reaction mixture was stirred for two hours at room temperature, poured 

into excess water and extracted with ether. The ether extract was washed 

with water and dried over sodium sulfite. After solvent evaporation, the 

parent diene was obtained. The yields and rnelting points of the dienes 

obtained from complexes XVI-XVIII were: cholesta-2,4-diene, 90.1%, 

o 0 68 0 65.0-67.0 C (lit. m.p. 68.5 C) ; ergosterol, 87.0%, 162.0-163.0 C (lit. 

o 3 . 0 
m.p. 162-164 C) ; cholesta-5,7-dien-3~-ol, 84.2%, 148.0-150.0 C (lit. m.p. 

150-l5loC)\ and 3-methylcholesta-2,4-diene, 75.5%, 67.0-69.0oC (lit. rn.p. 



68_690 C).72 hl" d Terne t~ng po~nts were un epressed on admixture with an 

authentic sample. 

3-Methoxycholesta-2,4-diene, m.p. SS.O-S6.0oe,was obtained in 

S8.7% yield by reaction of the corresponding iron tricarbonyl complex 

with ferric chloride. 

CALCULATED FOR C28H460 

FOUND 

e 84.3S 

e 84.01 

. H 11.63 

H l1.S4 

Reaction of eholesta-S,7-dien-3ê-ol-Iron Tricarbonyl (XVIII) with 

Triphenylmethyl Tetrafluoroborate 

A mdxture of triphenylmethyl tetrafluoroborate--prepared from 

triphenylmethanol and 48% tetrafluoroboric acid according to Dauben, 

Honne~ and Harmon
139

_(0.262 g.) in m~thylene chloride (3 mL) was added 

dropwise to a solution of the complex (0.313 g.) in methylene chloride 

(2 ml.) at room tem?erature. 
o . 

The solution was cooled to 0 e for ten 

99. 

minutes and dry ether (100 ml.) was added and the mixture was then stirred 

to decompose unreacted triphenylmethyl tetrafluoroborate. rhe solution 

was then evaporated in vacuo to give a gummy residue. The residue was 

treated with petroleum ether (b.p. 30-60oe) and black insoluble material 

(0.090 g.) was filtered off. Evaporation of the filtrate gave a yellow-

brolVU solid (0.196 g.). Neither of the products showed infrared absorption 

ascribable to a complex and hence were not further investigated. 
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Reaction of Cholesta-2,4-diene-Iron Tricarbonyl (XVI, R=H) with 

Triphenylmethyl Tetrafluoroborate 

Triphenylmethyl tetrafluoroborate (0.594 g.) in methylene 

chloride (5 ml.) ·was added dropwise to a solution of XVI (0.917 g.) in 

methylene chloride (2 ml.) at room temperature. The solution was cooled 
o to 0 C and allowed to stand overnight. No carbonium ion salt precipitated 

out. Dry ether (100 ml.) was added and the mixture was stirred to 

decompose unreacted triphenylmethyl tetrafluoroborate. The solutiop was 

filtered and the filtrateevaporated to give a ye1low residue: The 

residue was washed with acetone and then chromatographed onoFlorisil. 

Elution with petroleum ether-benzene (1:1) gave colorlessoneedles, m.p. 

130.0-l32.0oC, which analyzed for 86.30% carbon and 9.61% hydrogen, and 

were shown to be homogenous by thin layer chromatography. The soli~ gave ° 0 

a positive ferrox test. Evaporation of acetonegave unreacted starting 

material. 

II. Dienone Complexes 

Preparation of Dienone-Iron Tricarbonyls 

4,4-Dimethylcyclohexa-2,5-Dienone-Iron Tricarbonyl XXVII 

(i) 4,qo-Dimethylcyclohex-2-enone (XXV) 

4,4-Dimethylcyclohex-2-enone was prepared from isobutyraldehyde 
o. 84 and methyl vinyl ketone according to Bord~oJ'ell and Wellmann. 
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Isobutyraldehyde (52 g.) and methyl vinyl !cetone (59.2 g.) gave 20 g~ of 

5'3-560 C 4 4 60 84 the monoenone (XXV), b.p. at mm. (lit. b~p. 5 -5 C at 4 mm.). 

(ii) 4,4-Dimethylcyclohexa-2,5-dienone (XXVI) 

A mixture of XXV (19.25g., 155 mm.) and selenium dioxide 

(17.33 g., 157 mm.) in dry !-butanol (2890 ml.) and glacial ace tic acid 

(29.0 ml.) was refluxed with stirring under nitrogen for 24 hours. 

Additional selenium dioxide was added (17.33 g.) and the reaction mixture 

was refluxed for one day. The 'solution was cooled and fil tered and the, 

filtrate was distilled at reduced pressure to remove !-butanol. The 

residue was dissolved in methylene chloride, washed with 0.1 N sodium 

hydro~ide, and then treated with ammonium sulfide solution. The solution, 

after standing overnight, was separated frdmthe ammonium sulfide layer. 

,The extract was washed with water, dried, and distilled at 15 mm. 
Colorless 4,4-dimethylcyclohexa-2,5-dienone (5.601 g., 29.6%) was dis-

. o. 0' 82 ti11ed at 88-92 C (l~t. b.p. 86-92 C at 15 mm.). 

(iii) Complex (XXVII) 

A mixture of 4,4-dimethylcyclohexa-2,5-dienone (1.771 g., 14.5 

mm.) and iron pentacarbonyl (6.50 ml., 48.4 mm.) in dry isooctane (200 ml.) 

was refluxed with stirring under nitrogen for 49 hours. The solution was 

cooled and filtered and the solvent and unreacted metal carbonyl were 

removed under reduced pressure (ca. 30 mm.). The resiàue consisted of 
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an oil and an inorganic solide The oil was decanted and chromatographed 

on Florisil with carbon tetrachloride. Elution with carbon tetrachloride-

benzene (7:1) gave first inorganic materiaI. and then 1.381 g. (36.1%) of 

yellow 4,4-dimethylcyclohexa-2,5-dienone-iron tricarbonyl, (XXVII); b.p. 
o . 

42-46 C at 0.1 mm. Further elution with carbon tetrachloride-benzene 

gave starting material. ,Elution with acetone gave an additional small 

amount of dienone. 

CALCULATED FOR CllHl004Fe 

FOUND 

C, 50.42 

C, 50.09 

Cholesta-l,4-dien-3-one-Iron Tricarbonyl (XXVIII) 

(i) With Iron Pentacarbonyl 

H, 3.85 

H, 3.87 

A mixture of cholesta-1',4-dien-3-one* (3.700 g., 9.64 mm.) and 

iron pentacarbonyl (1. 97 ml., 14. 6 mm.) in dry isooctane (~5 mi,.) was 

refluxed with stirring under ni trogen for 66 hours. The solution was 

cooled, a solid was removed by filtration, and the filtrate was evaporated 

to dryness at 30 mm. Both the sol id and the residue from the filtrate were 

triturated with chloroform. The chloroform solutions were filtered and the 

filtrate chromatographed on a neutral alumina column. Elution with 

chloroform-methanol (10:1) gave 2.57 g. (51.0%) of brownish-green crystals 

of cholesta-l,4-dien-3-one-iron tricarbonyl (XXVIII), m.p. 80.0-81.00 C . 

• f( 

Kindly supplied by Dr. M. J. Davis. 



The complex vTaS stored under ni trogen. 

CALCULATED FOR C30H4204Fe 

FOUND 

(ii) With Diiron Enneacarbonyl 

C, 68.96 

C, 68.79 

H, 8.10 

H, 8.27 

A mixture of cholesta-l,4-dien-3-one (1.011 g., 2.63 mm.) and 

diiron enneacarbonyl (0.956 g., 2.63 mm.) in dry benzene (30 ml.) was 

stirred under nitrogen at 40-50
o
C for four hours. The mixture was 

filtered to remove inorganic impurities and the solvent was removed at 

ca. 30 mm. Crystallization of the residue from hexane gave 0.601 g. 
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. . 0 (43.7%) of XXVIII, m.p. 79.0-81.0 C. The yield of complex did not change 

substantially (48.3%) and no new products were isolated when the reaction 
. , was repeated using a 2:1 mole ratio of metal carbonyl to dienone. 

Androsta-l,4-diene-3,11,17-trione-Iron Tricarbonyl (XXIX) 

A mixture of androsta-l,4-diene-3,11,17-trionei : (6.60 g., 22.1 mm.) 

and iron pentacarbonyl (10.0 ml., 75.0 mm.) in dry dioxane (200 ml.) was 
refluxed with stirring under nitrogen for 82 hours. The· reaction mixture 

was then distilled at 1 mm. to remove solvent and unreacted metal carbonyl. 

The residue was dissolved in chloroform and chromatographed on a neutral 

alumina co1umn under nitrogen. E1ution with chloroform-methanol (5:1) gave 

i, 
The receipt of a generous quantity of this steroid from the Upjohn Company is gratefu11y ac~now1edged. 



2.14 g. (22.1%) of a brown microcrysta11ine pm'lder (XXIX), m.p. 

o 
167.0-171.0 C (dec.). 

CALCULATED FOR C22H2206Fe 

FOUND 

Santonin-Iron Tricarbony1 (XXXI) 

C, 60.29 

C, 60.35 

H, 5.06 

., H, 5.01 
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A mixture of santonin (6.84 g., 27.7 mm.) and iron pentacarbonyl 

(12.4 ml., 92.2 mm.) in dry dioxane (250 ml.) was ref1uxed with stirring 

under nitrogen for at 1east 40 hours. During this time, the co10r of the 

solution changed from amber to green and fina11y to brown. The solution 

was fi1tered hot to remove inorganic impurities and then the filtrate was 

disti11ed at 30 mm., b.p. 76-78
0C; to remove solvent and unreacted metal 

carbony1. The brown re·sidue was disso1ved in methy1ene ch10ride and 

chroma~ographed on a neutra1 alumina co1umn. Elution with methy1ene 

chloride-methano1 (15:1) gave 4.47 g. (41.8%) of pure pa1e-brown santonin-

o iron tricarbony1 (XXXI), m.p. 190.0-192.0 C (dec.). The product was 

stored under nitrogen. An attempt to purify the comp1ex by sublimation 

rather than chromatography resu1ted in decomposition. 

CALCULATED FOR C18H1806Fe 

FOUND 

C, 55.98 

C, 55.90 

H, 4.70 

H, 4.73 
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Decom~sition of the Dienone-Iron Tricarbony1 Complexes 

, ,Complex XXVII was decomposed wi th ferril;: chloride in an 

identica1 manner to that described, for the steroid diene-iron tricarbonyl 

complexes. The p~oduct, obtained in 86.0% yie1d, was distil1ed at 15 mm., 
o. ° 82 b.p. 88-91 C (l~t. b.p. 86-92 C)., Ferric ch10ride treatment of 

complex XXVIII gave cholesta-l,4-dien-3-one, m.p. 111.0-112.0o
C (lit. m.p. 

108_llloC)140 in 88.7% yield. The same procedure was applied to complex 

XXIX except that the product dienone was extracted with chloroform-

methylene chloride (2:1) instead of ether. A 94.2% yi~ld of androsta-l,4-

diene-3,11,17-trione was obtained, m.p. and mixed m.p. 198.0-200.0oC (lit. 
o 86 m.p. 196-199 C). Treatment of santonin-iron tricarbonyl with rerric 

chloride according to the standard procedure gave a taro 

Santonin Oxime-Iron Tricarbonyl (XXXII) 

(i) From Santonin-Iron Tricarbonyl (XXXI) 

Santonin-iron tricarbony1 was heated with hydroxylamine 

141 hydrochloride in pyridine-ethanol according to standard procedures. 

The oxime comp1ex was obtained as orange crysta1s, m.p. 53.0-55.0o
C, in' 

78% yield. 

CALCULATED FOR C18H19N06Fe 

FOUND 

C, 53.89 H, 4.77 

C, 54.19 H, 4.69 

Treatment of the oxime complex (XXXII) with ferric chloride by 
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the standard method gave santonin oxime,m.p. and mixed m.p. 2l6.0-2l8.0oc 
o 142 

(lit. m.p. 218 C) in 72% yield. 

(ii) From Santonin Oxime 

A mixture of santonin oxime* (2.33lg., 8.92 mm.) and iron 

pentacarbonyl (3.70 ml., 27.5 mm.) in dry dioxane or .butyl ether (60-100 

ml.) was refluxed with stirring under nitrogen·for at least 20 hours. 

The solution was cooled and filtered, and the solvent and unreacted metal 

carbonyl were removed at ca. 30 mm. to give·l.50 g. of a crude red 

residue. The residue was dissolved in methylene chloride and chromatographed 

on Florisil. Elution with methylene chloride gave santonin oxime. Elution 

with methylene chloride-ethanol (10:1) gave 275 mg. (7.7%) of orange 

o crystals of santonin oxime-iron tricarbonyl (XXXII), m.p. 53.0-55.0 c. 

Reaction of 4-Methyl-4-Trichloromethylcyc1ohexa-2,5-dienone (XXXVIII) with 

Iron pentacarbonyl 

A. mixture of 4-methy1-4-trich1oromethylcyclohexa-2,5-dienone* 

(6.520 g., 29.00 mm.) and iron pentacarbonyl (10.0 ml., 75.0 mm.) in dry 

dioxane or methylcyclohexane (100-160 ml.) was ref1uxed with stirring 

under nitrogen for 40-65 hours. The solution was filtered and the bro,Vll 

solid obtained was dissolved in methanol-methylene chloride (10:1), 

* Kind1y supplied by Dr. M. J. Davis. 
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filtered to remove sorne inorganic particles, and then chromatographed 

rapidly on a neutral alumina column. Elution ~vith methanol-methylene 

chloride (10:1) gave a brown solide The brown sol id was further puri-

fied by dissolving in boiling acetone and clarifying the solution by 

filtration. On cooling the solution deposited a brown powder (S.2B,g.), 

o m.p. 220 C. Analysis of two different preparations by two different 

laboratories (Schwarzkopf Microanalytical Laboratories, New York and, 

A. Bernhardt, Germany) showed: 

ANALYSIS: C, 24.90 H, 3.41 Cl, 33.07 Fe, 20.47 

C, 24. 7L~ H, 3.37 Cl, 32.98 Fe, 20.42 

Removal of solvent from the filtrate obtained above gave 

traces of a deep green solid which was not further investigated. 

Reaction of 4-Methyl-4-Trichloromethylcyclohexa-2,S-dienone Oxime (IDLXVII) 

,with Iron Pentacarbonyl 

A mixture of 4-methyl-4-trichloromethylcyclohexa-2,S-dienone 

oxime* (1.002 g., 4.16 mm.) and iron pentacarbonyl (0.61 ml., 4.6 mm.) in 

dry but yI ether (100 ml.) was refluxed with stirring under nitrogen 'for 

10 hours. The sol~tion was cooled and filtered, and the solvent removed 

at ca. 30 mm. The residue of crude carbonyl compound was triturated uith 

hexane to give 0.676 g. (72.0%) of XXXVIII, m.p. and mixed m.p. 102.0-103.0
o

C 

• '0 143 
(l~t. m.p. 103.0-104.0 C). 

-I~ 
Kindly supplied by Dr. M. J. Davis. 



Reaction of Santonin with Diiron Enneacarbonyl 

A mixture of santonin (1.171 g., 4.75 mm.) and diiron 

enneacarbonyl (3.454 g., 9.50 mm.) in dry benzene (40 ~l.) was stirred 

under nitrogen at.40oC for four hours.The solution was filtered to 

remove inorganic impurities and the solvent was evaporated at ca. 30 mm. 
The residue (0.80 g., 68%) was crysta11ized from hexane, and then 

dissolved in ch1oroform and chromatographed on Florisil. Elution with 

ch1oroform gave a light brown solid (fraction A) 'which thin layer 

chromatography (petro1eum ether-ether (7:3» indicated tobe a mixture 

of santonin and product. Further e1ution with chloroform or with 
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ch1oroform-methy1ene ch10ride (1: 1) . gave santonin (0.45 g., 38%)'. E1ution 

with methy1enechloride-ethano1 gave 4 mg. (0.022%) of the.cyc1opentadienone 
, 0 complex XXXV, m.p. 121.0-123.0 C (dec.). Repetition of the experiment 

gave 3 -,5 mg. of XXXV. 

CALCULATED FOR C18H1806Fe 

. FOUND 

C, 55.98 H, 4.70 

C, 56.00 H, 4.93 

Fraction A (0.30 g.) was rechromatographed on Florisi1. E1ution 

with petroleum ether-ether (7:3) gave 0.265 g. (7.8%) of the almost 
o co1or1ess comp1ex XXXIV, m.p. 135.0-138.0 C (under nitrogen). 

CALCULATED FOR C35H360llFe2 

FOUND 

C, 56.48 

C, 56.66 

H, 4.88 

H, 5.20 

Further e1ution with petro1eum ether-ether (7:3) gave santonin 

(0.020 g.). 
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Repetition of the experiment for shorter or longer periods of 

time and/or with variations in the amount of metal carbonyl used gave 

poorer yields of products. 

Bis-(2-ethylhexyl)-o-phthalate (XXXVI) 

(i) From Santonin 

A mixture of santonin (3.577 g.,15.90mm.) and iron pentacarbonyl 

(6.90 ml., 5l.3mm..) in dry but yI ether (250 ml.) was refluxed with 

stirring under nitrogen for 12 hours. The solution was cooled, filtered 

to remove inorganic material, and the'filtrate evaporated at ca: 30 mm. 

The residue was triturated with hexane to give 3.05 g. of the oil, 

bis-(2-ethylhexyl)-~-phthalate, b.p. l85-7oC at 0.5 mm. (lit. b.p. 

o 144 183 C at 0.3 mm.). It showed an A
2
B

2 
spectrum for the aromatic 

protons centered at 7.54 p.p.m., a doublet for the methylene protons of 
o 
08 0 

-C-o-CH
2
-CH- et 4.10 p.p.m. and signaIs fpr the remaining 'aIkyl protons 

at 0.8-1.6 p.p.m. 

(ii) From Santonin-Iron Tricarbony~ 

Santonin-iron tricarbonyl (0.50 g.) in dry but yI ether (40 ml.) 

was refluxed with stirring under nitrogen for 10 hours. The reaction, 

worked-up in an identica1 manner as' above, gave 0.25 g. of 

bis-(2-ethyIhexyI)-~-phthalate. 



III. Reactions of Iron Pentacarbonyl Wi th Differen.t FunctionaJ. Groups 

. A. N-Oxides, Azoxy Compounds and Nitrones 

(i) N-Oxides--General Procedure 

A mixture of N-oxide (20-60 mm.~commercially available) and 

iron pentacarbonyl (1.1/1.0 mole of metal carbonyl to N-oxide) in dry 

but yI ether (35-60 ml.) was refluxed with stirring under nitrogen for 

17 hours. The solution was cooled and filtered to remove inorganic 

material. The ultraviolet spectrum of the filtrate indicated absorption 

due solely to.the product amine (by ~omparison with authentic samples). 

If the boiling point of the product was close to that of the solvent 

(e.g. 4-picoline), the amine was isolated as the hydrochloride by 

bubbling dry HCl gas into the filtrate.The amine was then obtained 

from the hydrochloride by dissolving the latter in water and basifying 

with sodium bicarbonate. Distillation gave a pure product (Table VI). 

110. 

If the boiling point of the product was substantially different from that 

of but yI ether (e.g. quinoline), then the amine was isolated simply by 

fractional distillation. The evolution of one eqaivalent amount of 

carbon dioxide in 'the deoxygenation of pyridine-N-oxide was detected by 

bubbling the evolved gas through a solution of barium hydroxide. 

(ii) Azoxy Compounds~General Procedure 

A mixture of the azoxy compound (30-65 mm.) and iron pcntacarbonyl 



(0.8-1.0 mole/mole of azoxy compound) in dry but yI ether (50-60 ml.) was 

refluxed with stirring under nitrogen for 24 hours. The solution was 
"\ 

cooled and filtered: and the solvent removed at 30 mm. The residue was 
o dissolved in petroleum ether (b.p. 38-54 C) and chr"omatographed on 

Florisil. Elution with petroleum ether gave the azo compound. 

The evolution of an equivalen"t amountof carbon dioxide in the 

azoxybenzene reaction was detected by"bubbling the evolved gas through a 

solution of barium hydroxide. " 

(iii) a-Phenyl-N-phenylnitrone (XLIV) 

A mixture of the nitrone (1.524 g., 7.73 "mm.) and iron penta-

carbonyl (1.14 ml., 8.50mm.) in dry but yI ether (40 ml.) was refluxed 

wi th stirring under ni t"rogen for 24 hours. The solution was cooled and 

"filtered, and the solvent rernoved at ca. 30 nnn. The residual oil was 

treated with petroleum ether, filtered, and the filtrate evaporated to 
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give an oil crystallizable from carbon disulfide, giving 0.850 g. (60.7%) 

o of pale yellow needles of N-benzylideneaniline (XLV), m.p. 50.0-52.0 C 

(lit. m.p. 5l_52
0
C).3 The infrared spectrurn was identical to that 

t d b N k "h" 145 repor e y a an1"S 1. 

The residual oil could also be purified by chromatography on 

Florisil. Elution with petroleurn ether-benzene (1:1) gave XLV, rn.p. 
o 51.0-52.0 C. 
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B. Nitroso Compounds 

(i) Reacti.on of Nitrosobenzene with Iron Carbonyls 

(a) With Iron Pentacarbonyl 

A mixtu~e of nitrosobenzene (3.133 g., 29.25 mm.) and iron 

pentacarbonyl (3.93 ml., 29.25 mm.) in dry but yI ether (55 ml.) was 

refluxed with stirring under nitrogen for 24 hours. The solution was 

cooled and filtered, and the solvent removed at ca. 30 mm. Two recrystalli-

zaÜons of the res:i:due from 95% ethanol gave 2.01 g. (75%) of azobenzene 

(XLVII), m.p. and mixed m.p. 66.0-68.0
o
C. 

By bubbling the carbon dioxide evolved during the reaction 

through a solution of barium hydroxide, it was found that two moles of 

carbon dioxide were evolved per mole of azobenzene formed. 

(b) With Diiron Enneacarbonyl 

A mixture of nitrosobenzene (1.488 g., 13.9 mm.) and diiron 

enneacarbonyl (5.053 g., 13.9 mm.) in dry tetrahycirofuran (55 ml.) was 

vigorously stirred under nitrogen for 12 hours at room temperature. The 

solution was filtered and the solvent removed at 30 mm. The residue was 

treated with petroleum ether, filtered and the filtrate chromatographed 

on Florisi1. Elution with petroleum ether gave 0.351 g.' (11.0%) of 
o complex XI, m.p. 58.5-59.0 C. XI shows infrared absorption bands 

(KBr pellet) at: -1 -1 3375 cm. (y NH); 2070, 2035, 1996, 1971, 1956 cm. 
-1 (·V (C:O»; 774 and 687 cm. (out-of-plane bending of five adjacent 

hydrogen atoms on a phenyl ring); and 743 cm.- l (four adjacent hydrogen 
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atoms on a pheny1 group). Further e1ution with petro1eum ether gave 

traces of azobenzene (XLVII). 

(ii) E-Nitrosopheno1 (XLVIII) 

A mixture of R-nitrosopheno1 (2.427 g., 19.71 mm.) and iron 

pentacarbonyl (2.72 ml., 19.71 mm.) in anhydrous dioxane (65 ml.) was 

ref1uxed with stirring under nitrogen for 24 hours. The solution was 

cooled and filtered, and the solvent removed at 30 mm. Both the residue 

and theso1id filtered were treated with ether, fi1tered, and the filtrate 

chromatographed on Florisil. Elution with ether gave 0.863 g. (40.9%) 

of green crystals of 4,4'-dihydroxyazobenzene (L), m.p. 2l2.0-2l4.0oC 

(1 ' 2l6oc).3 ]. t. m. p. Further elution with ether gave recovered starting 

material. The yield of' azo compound was not improved by altering either 

the reflux time, reagent concentration, or the presence of a catalytic 

quantity of boron trifluoride etherate. In aIl cases, no R-benzoquinone 

formation was observed. 

(iii) 5-Methyl-4-nitroso-2-isopropylphenol (LII) 

(a) With No Catalyst 

A mixture of 5-methyl-4-nitroso-2-isopropylphenol (3.114 g., 

17.38 mm.) and iron pentacarbonyl (2.34 ml., 17.38 mm.) in dry but yI 

ether (50 ml.) was refluxed with stirring under nitrogen for 22 hours. 

The solution was cooled and filtered, and the solvent was removed at ca. 

30 mm. The residue from the filtrate was treated with petroleum ether 



and filtered. The petroleum ether-insoluble solid, which exhibited 

arnino absorption in the infrared at 3455 and 3390 crn.- l , was 

crystallized from benzene to give 0.503 g. (17.6%) of white needles of' 

5-rnethyl-4-amino-2-isopropylphenol (LV), rn.p. l77.0-l79.0oc (lit. m.p. 
o 142 . 178-179 C). The petroleum ether filtrate was evaporated to give 

5-isopropyl-2-methyl-l,4-benzoquinone (LIV) as yellow plates. In 

addition, treatment of the solid filtered above with petroleum ether as 

described gave additional quinone. The total yield of LIV was 0.307 g. 

(10.7%), m.p. 42.0-44."OOC (lit. m.p. 45.50 C). 3 

(b) With a Catalytic Quantity of Boron Trifluoride 

When the reaction between the ni trosophenol "and rnetal carbonyl 

was repeated in the presence of a catalytic amount of boron trifluoride 

etherate (5% W/W of nitrosophenol), LV was obtained in 6.0% yield while 

LIV was obtained in 19.4% yield. 

C. Nitro Compounds 

(i) Reaction of Equimolar Quantities of Nitrobenzene and Iron 

pentacarbonyl in But yI Ether 

A mixture of nitrobenzene (3.270 g., 26.56 mm.) and iron penta-

carbonyl (3.57 ml., 26.56 mm.) in dry but yI ether (50 ml.) was refluxed 

with stirring under nitrogen for 18-24 hours. The solution was cooled 

and filtered, and the solvent removed at 30 mm. The residue was 
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o dissolved in petroleum ether (b.p. 38-54 C)and chromatographed on 

Florisil. Elution with petroleum ether gave: (1) 0.080 g. (3.3%) of 
. 0 azobenzene (XLVII), m.p. and mixed m.p. 66.0-68.0 C and (2) 1.677 g. 

(63.7%) of azoxybenzene (XLVI), m.p. and mixed m.p. 35.0-36.0oc (lit. 
o 3 m.p. 36.0 C). 

(ii) Reaction of a 1.4/1.0 Mole Ratio of Iron Pentacarbony1 to 

Nitrobenzene in But yI Ether 

A 1.4/1.0 mole ratio of iron pentacarbonyl to nitrobenzene 'was 

reacted as above. Chromatography on F10risil gave azobenzene in 76.0% 

yie1d, no azoxybenzene formation being detected. As an alternative to 

chromatography, purification of azobenzene cou1d be effected by treating 

the residue from solvent evaporation with 95% ethanol. In repeating the 

reaction severa1 times, it was noted, t.hat in sorne cases, a small amount 

of azo compound was present in the solid·filteredon cooling the reaction 

mixture after reflux. Treating this solid with petro1eum ether, fi1tering, 

and evaporating the filtrate gave reasonab1y pure azobenzene. From 95% 

ethanol, ana1ytical1y pure azobenzene (XLVII) was obtained. 

(iii) The Generation of Comp1ex XI 

The same procedure~xcept for the use of a 1.4/1.0 mole ratio 

of diiron enneacarbony1 to nitrobenzene) as that for the reaction of 

nitrosobenzene with diiron enneacarbony1 to give comp1ex XI can be used. 



Approximate1y the same yie1d of XI (11.4%) was obtained as for the 

ni troso reac tion. 
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(iv) Reactions of Para-Substituted Nitrobenzenes ~ith Iron Pentacarbony1 

The genera1 procedure used for the para-substituted nitrobenzenes 

(H, CH
3

, OCH3 , F) fo11o~vs the reaction conditions described for the 

reaction of a 1.4/1.0 mole ratio of iron pentacarbony1 to nitrobenzene. 

The melting points and yields are givell in Table VII •. Wh en the para­

substituent was dimethylamino, the product was eluted off the Florisil 

column with b~nzene-acetone (1:1). 

The products from the reaction of E-nitrobenzonitrile with iron 

pentacarbonyl were isolated in the following manner: infrared absorption 

indicated the residue from solvent evaporation to be almost entire1y 

starting material with traces of amine and azo compound. The solid 

filtered on cooling the reaction mixture after reflux was treated with 

boiling benzene, filtered, and the filtrate cooled and then chromatographed 

on Florisil. E1ution with benzene gave R-aminobenzoni trile. Elution 

with benzene-ether (1:1) gave 4,4'-dicyanoazobenzene (Table VII). The 

small amounts of the two products present in the residue from solvent 

evaporation cou1d be separated and isolated from the starting material 

in a similar manner. 

E-Nitrophenol and R-nitrobenzoic acid were recovered unchanged 

when reacted with iron pentacarbonyl under the general conditions. Addition 

of either boron trifluoride etherate or triethy1amine (~5% W/W of nitro 
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compound) fai1ed .to catalyze any reaction. 

(v) Reactions of Meta-Substituted Nitrobenzenes With Iron pentacarbonyl 

The general procedure was used for ~-nitroanisole. For 

~-nitrotoluene, chromatography on Florisil gave 3,3'-dimethylazobenzene 

on elution with petroleum ether and ~-toluidine on elution with acetone. 

The amine was further purified by distillation. 3-Amino-N,N-dimethylaniline, 

obtained from the reaction of 3-nitro-N,N-dimethylaniline with iron 

pentacarbonyl, was purified by distilling the residue obtained after 

soivent evaporation. 

(vi) Reactions of Ortho-Substituted Nitrobenzeneswith Iron pentacarbonyl 

(a) ~-Nitrotoluene 

The same generai procedure as for m-nitrotoluene was used for 

the reaction of the corresponding ortho isomer with iron pentacarbonyl 

in but yI ether. With butryonitrile, essentiaIIy the same yields of azo 

and amino compounds were obtained. 

(b) ~-Ethylnitrobenzene 

The procedure for the reaction of a 1.4/1.0 mole ratio of iron 

pentacarbonyl to nitrobenzene was applied to ~-ethy1nitrobenzene with the 

fo11owing modification: chromatography on Florisi1 gave 2,2'-diethylazo­

benzene on elution ~.,ith petroleum ether and ~-ethylaniline on elution with 

petroleum ether-acetone (1:1). 
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(c) o-Nitroanisole 

A mixture of o-nitroanisole (5.115 g., 33.40 mm.) and iron 

pentacarbonyl (6.28 ml., 46.76 mm.) in.dry but yI ether (40 ml.) was 

refluxed with stirring under nitrogen for twenty-four hours. The 

solution was cooled and filtered, and the filtrate'éarefully evaporated 

to dryness.at 30 mm. Distillation of the residue gave 3.04 g. (73.9%) 
o . of colorless ~-methoxyaniline, b.p. 222-224 C (Table VII). Alternatively, 

. the amine could be isolated by fractional distillation of the filtrate·. 

The solid filtered from the reaction mixture ignited on drying, 

presumably due to the presence of pyrophoric irone 

Utilizing otherwise identical conditions, ~-methoxyaniline was 

obtained from the nitro compound in 58% yield by using n-octane in place 

of but yI ether as soivent. 

(d) 2-Nitrobiphenyl (LVI) 

A mixture of 2-nitrobiphenyl (3.254 g., 16.34 mm.). and iron 

pentacarbonyl (3.08 ml., 22.88 n~.) in anhydrous but yI ether (75 ml.) was 

refluxed with stirring under nitrogen for 27 hours. The solution was 

cooled and filtered and the solvent removed at ca. 30 mm. The crude 

semi-solid residue was treated with large quantities of petroleum ether, 

filtered, and the filtrate concentrated. Chromatography on Flori~il of 

the concentrated filtrate gave 0.142 g. of carbazole (LVIII), m.p. 244.0-

246.00 C (undepressed on admixture with an authentic sample) on elution 

with petroleum ether, and 1.608 g. (58.3%) of 2-aminobiphenyl (LVII), 
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o 
m.p. 47.0-49.0 C (undepressed on admixture with,an authentic sample) on 

elution with petroleum ether-acetone (9:1). 

The petroleum ether-insoluble solid was recrystallized from 

benzene to give a further 0.259 g. of carbazole. Total yield of carbazole 

(LVIII) was 0.401 g. (14.7%). 

(e) 2,2'-Dinitrobiphenyl (LIX) 

A mixture of LIX (3.555 g., ll~. 56 DUn.) and iron pentacarbonyl 

(5.87 ml., 43.68 DUn.) in dry but yI ether (55 ml.) was refluxed with 

stirring under nitrogen for 20 hours. The solùtion was cooled and 

filtered, and ,the filtrate evaporated to give 0.457 g. of,beautiful 

yellow blades of benzo Cc] cinnoline (LX), m.p. 155.0-156.00 C (lit. m.p. 

155_1570 C).146 The solid removed from the solution above was 

recrystallized from benzene to give' an additional 1.240 g. of the 

cinnoline. The total yield of benzo Cc] cinnoline (LX) was 1.70 g. 

(64.8%). The ultraviolet spectrum of the product (in ~thanol) sho\ved 

absorption maxima at 252.0 mp (log E = 4.58), 308.0 m~ (log € = 3.98) 

and 355.0 mJl (log ê = 3.28) in agreement with the spectrum reported in 

h 1 · 146 t e J. terature. 

(f) o-Dinitrobenzene (LXI) 

The procedure for the reaction of a 1.4/1.0 mole ratio of iron 

pentacarbonyl to nitrobenzene was applied to ~-dinitrobenzene with the 

follmving modifications: (a) a 3.0/1. 0 mole ratio of metal carbonyl to 

dinitro compound was used and; (b) benzene was the eluent used in the 

column chromatography step. 



(vii) I-Nitronaphthalene 

A mixture of l-nitronaphthalene (3.202 g., 18.49 mm.) and iron 

pentacarbonyl (3.48 ml., 25.89 mm.) in dry but yI ether (50 ml.) was 

refluxed with stirring under nitrogen for 23 hours. The solution was 

cooled and filtered, and the solvent removed at 30 mm. Both the residue 

and the solid filtered were treated with acetone, filtered to remove 

inorganic material, and the filtrate was chromatographed rapidly through 

Florisil using acetone as the eluent to give 2.052 g. (77.0%) of crude 

l-aminonaphthalene, m.p. 44.0-46.0oC. Purification was effected by 

treatment first with decolorizing charcoal and then recrystallization 

from dilute ethanol to give 1.85 g. (70.0%) ~f l-amiponaphthalene, m.p. 
003 49.0-50.0 C (lit. m.p. 49.0-50.0 C). 

(viii) 1,8-Dinitronaphthalene 

A mixture of 1,8-dinitronaphthalene (3.022 g.,' 13.85 mm.) and 

iron pentacarbonyl (5.59 ml., 41.55 mm.) in dry but yI ether (60 ml.) was 

refluxed with stirring under nitrogen for 20 hours. The solution was 

cooled and filtered, and the solvent removed from the filtrate at ca. 

120. 

30 mm. The residue from the filtrate (0.010 g.) showed absorption i.n the 

infrared region (3500-3300 cm. -1) indicative of an amine. Treatment with 

petroleum ether-acetone (1:1) of the solid filtered from the original 

cooled solution removed an additional small amount (0.010 g.) of 
0.03 1,8-diaminonaphthalene, m.p. 63.0-65.0 C (11t. m.p. 66.5 C). The 

insoluble solid was largely inorganic.\vith sorne initial nitro compound 

present. 
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Lowering the ratio of iron carbonyl to dinitro compound used. 

to either 2.5/1.0 or 2.0/1.0 only resulted in producing a larger recovery 

of starting material with trace amounts of product formed once more. 

More satisfactory results were not obtained when the' reflux time was 

either decreased to 10 hours or increased to 48 hours. 

(ix) 4-Nitropyridine-l-Oxide (LXIII) 

A mixture of 4-nitropyridine-·l-oxide (3.004 g., 21.44 mm.) and 

iron pentacarbonyl (3.17 ml., 23.58 mm.) in dry but yI ether (40 ml.) was 

refluxed with stirring under nitrogen for 17 hours. The solution was 

cooled and filtered, and the solvent removed at ca. 30 mm. The crude. 
o residue, m.p. 120.0-122.0 C, shmved .only we.ak absorption in the infrared 

region due to a nitro group. Both the residue from the filtrate and the 

. solid filtered originally from the reaction were dissolved in benzene and 
9 chromatographed on Florisil. Elution'with benzene gave 0.472
A

(22.0%) of 

orange-yellow needles of 4,4'-azoxypyridin~ (LXIV), m.p. l23.0-l25.00
C 

. 0 147 (b.t. m.p. 125-126 C); ultraviolet absorption at 291.0 mu (log € = 
4.20 in ethanol). Elution with benzene-ether (1:1) gave a mixture of trace 

amounts of 4,4'-az·oxypyrid:i.ne-l,1-dioxide (LXV) and 4-nitropyridine (LXVI), 

identified by comparison of ultraviolet spe<:tra with those reported by 
147 den Hertog, Henkens and van Roon. 



D. Nitrosamines 

(i) Preparation of Nitrosamines 

o N-Nitrosodiphenylamine (m.p. 66.5-67.0 C), N-nitroso-N-. ~ 

phenylbenzylamine (m.p. 57.0-58.~), N-nitroso-N-methylaniline (b.p. 
o 148 128-130 C at 20 ~.) were prepared according to standard procedures. 

N-Nitrosomorpholine (m.p. 28.5-29.0o
C), was prepared according to 

149 Zimmer and co-workers. N-Nitrosopiperidine was purchased from 

Fisher Chemical Co. and N-nitrosocarbazole was purchased from K and K 

Laboratories, Inc. 

(ii) General Procedure for Reaction of Aromatic Nitrosamines with 

Iron pentacarbonyl 

A mixture of nitrosamine (5-60 mm.)'and iron pentacarbonyl 
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(1.1 mole/mole of nitrosamine) in dry but yI ether (40-70 ml.) was refluxed 

w{th stirring under nitrogen for 2-16 hour.s. The solution was cooled and 

filtered to remove inorganic impurities and th~n the solvent was removed 

at 30 mm. Recrystallization from alcohol or other suitable solvents," 

gave the amine in 85-92% yield" (Table IX). The melting points of the solid 

amines were undeptessed by admixture with authentic samples. N-Methylaniline 

was purified by fractional distillation of the filtrate. 

(iii) Reaction of N-Nitrosodiphenylamine (LXXVII) With Iron 

pentacarbonyl in Isooctane 

Except for the use of isooctane instead of but yI ether, the same 



procedure was fo1lowed as in the general method described above. 

Recrystallization from aqueous ethanol gave diphenylamine (LXXIX), m.p. 

52.0-54.0oC (lit. m.p. 52.8oC),3 in 27.2% yield. The infrared spectrum 

of the solid filtered originally from the reaction indicated that it was 
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organic rather than inorganic and hence work-up was necessary. Treatment 

of the solid with benzene, filtering, and evaporating the filt~ate gave 

tetraphenylhydrazine (LXXVIII), m.p. l470 C (dec.) (lit. m.p. l47-l490
C, 

dec.)3 in 56.1% yield. The benzene-insoluble material was found to be 

inorganic. 

(iv) Reduction of Tetraphenylhydrazine (LXXVIII) by Hot But yI Ether 

Tetraphenylhydrazine (1.776 g., 5.28 mm.) in dry but yI ether 

(40 ml.) was refluxed ~ith stirring under nitrogen for 18 hours. The 

solution was cooled, a small ·amount of insoluble impurity was removed 

by filtration, and the solvent was evaporated from the filtrate at 30 mm. 

The residue was treated with petroleu~ ether, fi1tered, and the filtrate 

evaporated to give 1.57 g. (87.9%) of diphenylamine (LXXIX), m.p. 
o 52.0-54.0 C. 

(v) Reaction of Aliphatic Uitrosamines With Iron pentacarbonyl 

A mixture of aliphatic nitrosamine (20-40 mm.) and iron penta-

carbonyl (1.1 mole/mole of nitrosamine) in dry but yI ether (30-50 ml.) was 

ref1uxed with stirring under nitrogen for 2 to 3 hours. (CAUTION: Attempts 

to carry out the reaction in the absence of a soivent resuited in an 



explosion.) The solution was coo1ed and fi1tered, and the solvent 

removed at ca. 30 DUn. The residue was disso1ved in petro1eum ether-

benzene (1:1) and chromatographed on F10risi1. E1ution with petro1eum 

ether-benzene (1: '1) gave trace quanti ties of unidentifiable material. 

E1ution with benzene-acetone (5:1) gave the tetrasubstituted urea 

(Table IX). In the case of N-nitrosomorpholine, the solid fi1tered 

after reflux consisted 1arge1y of the urea which was iso1ated by 

chromatography as above. The ureas exhibited carbony1 stretching in the 

-1 
infrared region at 1645-1660 cm. 

The yie1d of carbony1 dimorpholine decreased slightly (from 

57 to 51%) when the reaction was carried out in isooctane. 

E. Oximes 

(i) Preparation of Oximes . 

o 
Cholest-4-en-3-one oxime, m.p. 152.0-152.5 C, was prepared 

d · t Sh K· dM· t 150 accor ~ng 0 oppee, re~ger an err~ng on. F1uorenone and 
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cyclohexanone oximes were purchased from Fisher Scientific Co. The gifts 

of santonin and 4-methyl-4-trich10romethy1cyc10hexa-2,5-dienone oximes by 

Dr. M. J. Davis and of O-methy1po~ocarpina1doxime by Mr. W. Zehetner are 

gratefu11y acknow1edged. 



(ii) General Procedure for the Regeneration of Carbonyl Compounds 

from Oximes 

A mixture of the oxime (2-~5 mmole) and iron pentacarbonyl 

(1.1 mole/mole of oxime) in dry but yI ether (50-100 ml.) containing 

boron trifluoride etherate (about 5% H/H of orime) 1;vas refluxed "tvith 

stirring under nitrogen. The solution was cooled and fi1tered, and the 

solvent removed at 30 mm. (except when the volatile cyclohexanone was 

formed: this was iso1ated as the 2,4-dinitropheny1hydrazon~ by treating 

the fi1trate with 2,4-dinitropheny1hydrazine in the usua1 manner). The 

residue of crude carbony1 compound was purified by trituration with 

petroleum ether, hexane, or methy1ene chloride (procedures ~, ~ or ~ 

respective1y) or by chromatography on"Florisil using acetone as the 

;;., 
e1UL'Znt (procedure!!). The puri ty of the products recorded in Table X 

was indicated by me1ting points agreeing ~~th values in the 1iterature, 

and by the absence of more than one spot on thin layer "chromatograms. 

(iii) Attempted Reaction of Fluorenone Phenylhydrazone with Iron 

pentacarbony1 and Boron Trif1uoride 

o A mixture of f1uorenone pheny1hydrazone (m.p. 150.0-152.0 C, 

prepared from fluorenone and pheny1hydrazine" aècording to struldard 

"" 151 
procedures ) (2.251 g., 8.33 mm.) and iron pentacarbonyl (1.23 ml., 
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9.16 mm.) in dry but yI ether Œ5 ml.) containing boron trifluoride etherate 

(0.115 g., ca. 5% by wt. of pheny1hydrazone) was ref1uxed with stirring 
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under nitrogen for 12.5 hours. The solution was coo1ed and filtercd, 

and the solvent removed at 30 mm. to give quantitative recovery of starting 

materia1. 

(iv) Attempted Reaction of N,2,6-Trichloro-l,4-benzoquinoneimine 

with Iron pentacarbonyl and Boron Trifluoride 

To a mixture of N,2,6-trichloro-l,4-benzoquinoneimine (3.049 g., 

14.49 mm.) and iron pentacarbonyl (2.14 ml., 15.94 mm.) was added boron 

trifluoride etherate (0.150 g., ~5% W/W of oxime). The reaction mixture 

was refluxed with stirring under nitrogen for 12 hours. The solution 

was cooled and filtered and the solvent removed at 30 mm. Yel10w needles 

o . 
of starting materia1 (3.01 g., 99%), m.p. 67.0-68.0 C, were recovered 

by crystallization from ethanol. 

F. Amides and Thionamides 

(1) General Procedure for the Conversion of Amides and Thionamides 

to Nitriles with Iron pentacarbonyl 

A mixtur~ of amide or thionamide (10-50 mm.) and iron penta-

carbonyl (1.6/1.0 mole ratio of metal carbonyl to amide or thionamide) in 

anhydrous but yI ether (40-50 ml.) was refluxed with stirring. under nitrogen 

for 12-18 hours. The solution was cooled, filtered to remove starting 

material, and the solvent removed at ca. 30 mm. The nitrile was extracted 
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o from the residue ~vi th petroleum ether (b. p. 38-60 C) and the extrac t 

evaporated to give pure nitrile (distilled if liquid). The melting 

points of the solid nitriles (Table XI) were undepressed by admixture 

w'Ï. th authentic samples. The puri ty of the liquid ni tr:Lles was shown 

by comparison of boiling points, infrared spectra, and thin layer 

chromatograms with authentic samples. 

The yield of nitrile was not improved by increasing the mole 

ratio of metal carbonyl to amide from 1.6/1.0 to 5.0/1.0. When the above 

general procedure was repeated either in the presence of a catalytic 

quantity of iron pentacarbonyl orwith no metal carbonyl ât aIl, no 

reaction was observed. 

In the case of E.-methoxythionbenzamide., a 5.4% yield of a 

second product was obtained as a petroleum ether~insoluble solid, m.p. 

85.0-87.0oC, N-(E-methoxybenzyl)-E.~methoxythionbenzamide. The infrared 

spectrum of the new material (KBr dise) exhibited strong -NH absorption 

at 3290 cm. -1 and thiocarbonyl stretching ~t 1260 cm. -1 (-OCH
3 

at 1240 

-1 cm. ). The N.M.R. spectrum (CDC1
3

) shows, besides signaIs for the 

aromatic and methoxyl protons, a doublet at 4.92 p.p.m. for the 

methylene protons coupled to -NH-, which appears as ·a broad peak in the 

region of 7.8-8.0 p.p.m. Upon deuterium oxide exchange, the methylene 

doublet collapsed to a singlet and the NH absorption disappeared. 

C, 66.88 H, 5.96 N, 4.89 S, 11.12 

FOUND C, 67.25 H, 5.85 N, 5.08 S, 11.07 
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(ii) Reaction of E-Methoxythionbenzamide (LXXXV) with Diiron 

Enneacarbony1 in Tetrahydrofuran 

A mixture of E-methoxythionbenzamide (0.803 g., 4.80 mm.) and 

diiron enneacarbonyl (2.794 g .. , 7.68 mm.) in dry tetrahydrofuran (30 ml.) 

was stirred under nitrogen for 24 hours. The solution was filtered to 

remove inorganic materi.al and the filtrate evaporated at ca. 30 mm. to 

give a crude residue showing infrared absorption bands for an iron 

carbonyl complex and for a nitrile. The residue was treated with 2-3· 

ml. of petroleum ether, filtered, and the filtrate evaporated to give 

0.110 g. (17.2'70) of E.-methoxybenzonitrile, '(LXXXVI), m:p., and mixed rn.p. 

60.0-62.0oC (lit. rn.p. 6l_62oC).3 The petroleum ether-insoluble solid 

was dissolved in benzene and chromatographed on Florisil. Elution with 

benzene gave 64 mg. (2.'6% yield based on diiron enneacarbonyl) of 

O. 0 46 
S2Fe3(~O)9 (XII), rn.p. 112 C (ht. rn.p. 1,14 C)·. Further elution ~'lith 

benzene gave 0.558 g. (38.0%) of the black complex LXXXVII, which 

decomposed without melting above 250
o

C. 

C, 42.83; H, 2.63; N, 4.58; S, 10.47 

FOUND C, 42.67; H, 2.58; N, 4.84; S, 10.77. 

Molecular weight calculated: 612.2. Found (Osmometry): 606. 

(iii) Reaction of Complex LXXXVII in Butyl Ether 

Complex LXXXVII (0.385 g., 0.630 mm.) in dry but yI ether (30 ml.) 

was refluxed wi th s tirring under ni trogen for 15 hours. The solution ~vas 
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coo1ed and filtered, and the product was worked-up according to the 

general procedure to give ~-methoxybenzonitrile (LXXXVI) in 77% yield. 

(iv) Reaction of Thionbenzani1ide (LXXXVIII) with Iron Pentacarbony1 

A mixture of thionbenzani1ide (4.079 g., 19~12 mm.) and iron 

pentacarbony1 (4.11 ml., 30.59 mm.) in dry but yI ether (50 ml.) was 

ref1uxed with stirring under nitrogen for 18 hours. Utilizing identica1 

work-up conditions to the a-pheny1-N-phenylnitrone (XLIV)--iron penta-

carbony1 reaction, 1.642 g. (47.1%) of N-benzy1ideneaniline (XLV), m.p. 

50.0-51.0oC, was obtained. 

(v) Reaction of N-Deuteriothionbenzanilide with Iron Pentacarbony1 

N-Deuteriothionbenzani1ide was prepared by dissolving 

thionbénzanilide in ether and shaking with deuterium oxide for 4 hours.' 

The layers were separated and the ether removed to give the deuterated 

o 
compound, m.p. 102.0-102.5 C. Nuclear magnetic resonance (CDCI3) indi-

cated less th an 10% N-protiumthionbenzanilide. Reacting the deuterated 

compound under previously described conditions resulted in the formation 

of the Schiff base XLV in 38.6% yield. The N.M.R. and infrared spectra 

indicated the absence of deuterium in the product. 
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(vi) Reaction of Benzanilide 'vi th Iron Pentacarbonyl 

The procedure for thionbenzanilide was applied to benzanilide 

to give N-benzylideneaniline in 14.8% yield. 

(vii) Attempted Reaction of N-Methylacetanilide with Iron Pentacarbonyl 

The procedure for thionbenzanilide was applied to 

N-methylacetanilide to give recovered starting material. 

G. Thioureas, Thiohydantoins and Sulfonamides 

(i) 1,1-Diphenyl-2-Thiourea (XC) 

A mixture of 1,1-diphenyl-2-thiourea (3.590 g., 15.73 mm.) and 

iron pentacarbonyl (3.39 ml., 25.17 mm.) in dry but yI ether (65 ml.) was 

refluxed with stirring under nitrogen for 17 hours. The solution was 

cooled and filtered and the solvent removed at ca. 30 mm. Recrystalli-

zation of the residue from aqueous ethanol gave 1.913 g. (71.9%) of 

diphenylamine (LXXIX), m.p. 52.0-53.0o
C (lit. m.p. 52·.ao

c).3 

(ii) Attempted Reactions of 3,5-Diphenyl-2-Thiohydantoin, 

Benzenesulfonamide and E-Toluenesulfonamide with Iron Pentacarbonyl 

The general procedure for the conversion of amides and thionamides 

to nitriles was applied to the titled compounds. Only starting material 

was recovered in aIl casea. 
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H. Acid Chlorides 

(i) General Procedure for the Reaction of Acid Chlorides and Iron 

Pentacarbonyl in But yI Ether. 

A mixture of the acid chloride (20-40 mm.) and iron pentacarbonyl 

(1.1 mole/mole of acid chloride) in dry butyl ether (40 ml.) was refluxed 

with stirring under nitrogen for 17 hour"s. The solution was cooled, 

filtered to remove inorgauic material (shown to be ferrous chloride by 

its aqueous solution giving a Turnbull blue coloration with potassium 

ferricyanide), and the solvent removed at 30 mm. Distillation of the 

crude residue gave the butyl ester. " The ester, yield, and boiling point 

of the acid chlorides reacted are: buty1 octanoate, 75.0%, b.p. 

° buty1 benzoate, 66.6%, b.p. 248-250 C 

(lit. b.p. 247°C),3 buty1 ~-methoxybenzoate, 66.0%, b.p." 165-167oC at 
. ° 152 20 mm. (l~t. b.p. 186-187 C at 40 mm.). 

(ii) Reaction of Benzoyl Chloride with Iron Peutacarbony1 in 

Tetrahydrofuran 

A mixture of benzoyl ch10ride (5.250 g., 37.34 mm.) and iron 

pentacarbonyl (5.52 ml., 41.07 mm.) in dry tetrahydrofuran (40 ml.) was 

refluxed with stirring under nitrogen for 40 hours. The solution was 

cooled and filtered and the solvent removed at 30 nw. The residue was 

distilled to give 7.977 g. (86.1%) of 4-chlorobutyl benzoate, b.p. 

l42-144oc at 5 mm. (lit. b.p. l40-143 0C at 5 mm.).133 
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(iii) Reaction of R-Methoxybenzoy1 Ch10ride (XCI) with Iron 

Pentacarbony1 in Tetrahydrofuran 

A mixture of R-methoxybenzQy1 ch10ride (7.486 g., 43.88 mm.) and 

iron pentacarbonyl (6.48 ml., 48.27 mm.) in dry tetrahydrofuraù (40 ml.) 

was refluxed with stirring under nitrogen for 40 hours. The solution 

was cooled and fi1tered and the solvent removed at 30 mm. Distillation 

of the residue at 1.0 mm. gave 8.349 g. (78.4%) of 4-chlorobuty1 
o E.-methoxybenzoate (XCII), b.p. 16.0-162 c. 

CALCULATED FOR C12Hl503Cl 

FOUND 

C, 5.9.40 

C, 59.84 

H, 6.23 

H, 6.39 

(iv) Reaction of E.-Methoxybenzoyl Chloride with Anhydrous Ferric 

Chloride in "Tetrahydrofuran 

Utilizing identical reaction conditions as the last reaction, 

with the exception of the substitution of ferric chloride for iron penta-

carbonyl, a liquid boiling at 295-298oC at 0.4 mm. was obtained. N.M.R.· 

(CC14) indicated the product ester was polymerie. When the reaction was 

repeated in the absence.of R-methoxybenzoyl chloride, no polymerization 

product was obtained. 

(v) Reaction of R-Methoxybenzoyl Chloride (XCI) with Iron Penta-

carbonyl in 2-Methyltetrahydrofuran 

A mixture of E.-methoxybenzoyl chloride (5.396 g., 31.63 mm.) 



and iron pentacarbonyl (4.67 ml., 34.79 mm.) in anhydrous 2-methyltetra-

hydrofuran (40 ml.) was refluxed with stirring under nitrogen for 40 

hours. The solution was cooled and ~iltered and the solvent removed at 

30 mm. Distillation of the residue àt 0.55 mm. gave 6.145 g. (75.7%) of 

o 4-chloropentyl ~-methoxybenzoate (XCIII), b.p. 147-149 C.· 

CALCULATED FOR C13H1703Cl 

FOUND 

I. Triphenylphosphine Oxide 

C, 60.82 

C, 61.14 

H, 6.68 

H, 6.76 
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A mixture of triphenylphosphine oxide (2.215 g., 7.96 mm.) and 

iron pentacarbonyl (1.17 ml., 8.66 mm.) in dry but yI ether (35 ml.) was 

refluxed with stirring under nitrogen for 18 hours. The solution was 

cooled and filtered and the solvent removed at 30 mm. to give quantitative-

recovery of triphenylphosphine oxide. 

J. Ketones and Nitriles 

The general procedure for the reaction of aromatic nitrosamines 

with iron pentacarbonyl was applied to benzophenone, fluorenone, phenyl-

acetonitrile and ~-tolunitrile. Only starting material was recovered in 

aIl cases. 



SUMMARY AND CLAIMS TO ORIGINAL RESEARCH 

The iron-tricarbonyl comple,xes of cho1esta-2, 4-diene, 

ergosterol and cho1esta-S,7-dien-3~-ol were prepared by reaction of 
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the parent diene 'wi th iron pentacarbony1 in isoo'ctane, cyc1ohexane, or 

buty1 ether. The isomerization of heteroannu1ar dienes to homoannu1ar 

diene-iron tricarbony1 complexes was achieved by ref1uxing the diene 

with iron pentacarbony1 in buty1 ether. In this way, both cho1esta-3,S­

diene and cho1esta-4,6-diene gave cho1esta-2,4-diene-iron tricarbony1; 

3-methy1cho1esta-3,S-diene and 3-methoxycho1esta-3,S-diene formed the 

corresponding cho1esta-2,4-diene-iron tricarbony1 complexes. 

The spectral properties of the complexes were determined. In 

the infrared spectrum, the complexes exhibited metal carbony1 stretching 

bands of strong intensity in the regions 2029-2040 cm. -1 and 1938-1970 cm~,l 
The ultraviolet absorption maximum of the complexes appeared at a much 

shorter wavelength than that of the parent ,dienes. The N.M.R. properties 

were simi1ar to those reported for diene-iron tricarbony1 complexes of 

simpler systems. 

The parent dienes lV'ere regenerated from the complexes by the 

use of ferric chloride. 

A number of dienone-iron tricarbonyl complexes were prepared. 

4,4-Dirnethylcyclohexa-2,S-dienone was synthesized simply by reaction of 

isobutyraldehyde with methyl vinyl ketone to give 4,4-dimethylcyclohex-2-

enone follO't'led by dehydrogel1atiol1 of the latter with selenium dioxide to 
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give the desired dienone. Reaction of the dienone with iron pentacarbony1 

in isooctane gave the dienone-iron tricarbony1 comp1ex. Cho1esta-1,4-

dien-3-one-iron tricarbony1 was obtained in a similar manner or by 

stirring a mixture of the dienone and diiron enneacarbony1 i~ dry benzene 
o at 40-50 C for four hours. Androsta-l,4-diene-3,11,17-trione-iron tricarbony1 

and santonin-iron tricarbonyl were obtained by ref1uxing the corresponding 

dienone with iron pentacarbonyl in dioxane. 

The spectral properties of the dienone complexes were recorded. 

There is little difference between the positions of the metal carbonyl 

stretching frequencies for the dienone and diene-iron tricarbonyl complexes. 

Only a small hypsochrolltic shift of the ultraviolet absorption maxima of 

the dienones upon complex formation is observed. The N.M.R. signaIs for 

the olefinic protons of the dienones are only slightly shifted'upon 

complex formation. 

AlI of the dienone-iron tri,carbonyi complexes, except santonin-

iron tricarbonyl, were readily decomposed to the corresponding dienones 

with ferric chioride. Santonin-iron tricarbonyl was decomposed via its 

oxime. 

4-Methyl-4-trichloromethylcyclohexa-2,5-dienone failed to form 

an iron-tricarbonyl complex, and its oxime regenerated the carbonyl 

compound upon treatment with iron pentacarbonyl. 

Santonin reacted ~vith diiron enneacarbonyl in benzene to give 

two products: a dimeric complex with bridging carbonyl groups and a 

cyclopentadienone-iron tricarbonyl complex. Bis-(2-ethylhexyl)-~-phthalate 



was obtained from reaction of either santonin and iron pentacarbonyl 

in but yI ether or santonin-iron tricarbonyl in but yI ether. 

An investigaticm of the behavior of iron pentacarbonyl 

towards various functional groups was undertaken. The following results 

were obtained: 

(a) N-Oxides gave the corresponding amines on deoxygenation with 

136. 

the.metal carbonyl. The deoxygenation of pyridine-N-oxide (and presumably 

other N-oxides investigated) was accompanied by evolution of one equivalent 

amount of carbon dioxide. This method is competitive with and in sorne 

instances superior to others reported in the literature. 

(b) Azoxy compounds also underwent deoxygenation giving azo compounds 

in good yields. Deoxygenation of azoxybenzene was accompanied by evolution 

of one equivalent amou~t of carbon dioxide. 

(c) Œ-Phenyl-N-phenylnitrone gave N-benzylideneaniline. 

(d) Nitrosobenzene gave either azobenzene on treatment with iron 

pentacarbonyl or a complex on reaction with diiron enneacarbonyl. 

~-Nitrosophenol gave 4,4'-dihydroxyazobenzene by reaction with iron 

pentacarbonyl eithe~ in the presence of absence of boron trifluoride 

etherate. S~1ethyl-4-nitroso-2-isopropylphenol gave S-methyl-4-amino-

2-isopropylphenol as the major product and 5-isopropyl-2-methyl-l,4-

benzoquinone as the minor product. In the presence of a catalytic quantity 

of boron trifluoride etherate, the product composition was reversed. 

(e) Nitrobenzelle gave azoxybenzene, azobenzene or a complex depending 

upon reagent concentràtion. Azo compounds ~.,ere obtairied in reasonably 



good yie1ds from reaction of iron pentacarbonyl (1.4 moles) with para­

substituted nitrobenzenes (1.0 mole) having electron-releasing groups 
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(H, CH
3

, OCH
3

, F). A substantially lo\V'er yield of azo compound resulted 

when the nitrobenzene had an electron-attracting para substituent. Azo 

compounds were also obtained from meta-substituted nitrobenzenes although 

in lower yields than the corresponding para derivatives. 

o-Nitrotoluene gave 2,2'-dimethylazobenzene in 67.2% yield" and 

o-toluidine in 13.1% yield. .9--Ethylni"trobenzene gave approximately equal 

amounts of azo and amino compounds. .9--Methoxynitrobenzene gave the 

corresponding amine as the sole product. 2-Aminobiphenyl and carba~ole 

were obtained from 2-nitrobiphenyl . .9--Dinitrobenzene gav~ 2,2'­

diaminoazobenzene. 2,2'~Dinitrobiphenyl gave benzo [c] cinnoline. 

Reaction of the metal carbonyl with 4"-nitropyridine-l-oxide 

gave 4,4' -azoxypyridine as the ma.jor product vlith A-nitropyridine and 

4,4'-azoxypyridine-l,1-dioxide formed in trace amounts. 

(f) Reaction of a nitrosamine (1.0 mole) having at least one phenyl 

group and iron pentacarbonyl (1.1 moles) in dry but yI ether gave high 

yields of pure secondary amines. Non-aromatic nitrosamines gave 

tetrasubstituted ureas. 

(g) Oximes regenerated the corresponding carbonyl compounds upon 

treatment wi th the metal carbonyl in the presenc"e of a catalytic quanti ty 

of boron trifluoride etherate. 

(h) Amides and thionamides gave nitriles. Thionbenzanilide and 

N-deuteriothionbenzanilide gave N-benzylideneaniline. The latter compound 



was also obtained from benzanilide. 

(i) 1,1-Diphenyl-2-thiourea gave diphenylanline. 

(j) Acid chlorides reacted with the metal carbonyl in butyl ether 

to give the corresponding butyl ester. Esters were also obtained using 

tetrahydrofuran or its 2-methyl derivative as solvents. 

(k) Thiohydantoins, sulfonamides, ketones, nitriles and triphenyl-

phosphine oxide failed to react with the me~al carbonyl underthe 

described conditions. 

Mechanisms were postulated for many of the above reactions. 

138. 
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