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ABSTHACT -

. a
The considerable potentipl of phase transfer. catalysis
in stoichiometric and catalytic organometallic chemistyy ‘is
described. Phase transfer catalyzed reactions of diene-iron

R | - :

tricarbonyl, triruthenium dodecacarbonyl and dicobalt octacarbomyl *
are reviewed followed by the description of the work carried out
under homogeneous conditions.

Variocus reagents employed for carrying out different

reactions are presented in three sections.

Complexation of the diene unit as a diene-iron tricarbonyl

- protects it from the addition of the phase transfer generated

dibromoca?bene. This enables the carbene to insert intec a satur-
ated carbon-hydrogen bond of the complex to give the dibfomomethyl
diene-iron tricarbonyl complex in reasonable yield. The latter is
of importance as-an intermediate in organic synthesis.

Phase transfer_catalysis was'also used to reduce nitro
compounds to. amines by a stoichiometric amount of triiron
dodecacarbonyl. Substituting the iron complex by triruthenium"
dodééa rbonyl .showed that only a qatalytic_amount of the metal
catalyst was needed tb give excellent yields of the amino compound
in benzene and aqueous hydroxide wiph benzyltriethylammonium
chloride as the %Zpse transfer cafalyst/pnder an atmosphere of

carbon monoxide.

-~

hese conditions are significantly milder than
those using water gas shift reaction conditions. Formamides were
obtained when this reaction was carried out under homogeneous

conditions using sodium methoxide instead of agueous sodium

xi



hydroxide in tetrahydrofuran under carbon ﬁonoxide.

The study of the'phase transfer catalyzed reaction of
acylcobalt tetradirbonyl on ‘a carbon nifrogen double bond
system proved to be interesting as it gave regioselective reduc-
tive acylation. Neither the carbonyl group (c-ketoimines) nor
the carbon-carbon double bond was affected in these reactions.
ﬁhen the reactigf/yas carried out under homogeneous ¢onditi6ns
using socdium tfiethylborohydride to generate the cobalt tetr-
: carbonyl anion, the anticipated methyl amide was obtained as the
méjo;,product but some ethyl amide was also'preseﬁﬁ as a minor
product. This indicatgd the unprecedented participation of the
] triethylborane whichlis a by-product in the generation of the
cobElt'teﬁ&acarbon&l anion. It waé subseqﬁéntly found that the
presence of a catalytic amount of dicobalt octacarbonyl results
in the reductive carbonylation and alkylation of Schiff bases
bx trialkyl and triarflboranes and carbon monoxide to give amides.
fhié is the first example of an-orgénoborane'reaction catalyzed

by metal carbonyl complexes.
£ . ~—

" ~
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CXii-
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CHAPTER I

1. INTRODUCTION

One of the fastest developing preparative metheds in organic
chemistry is phase ;ransfer catalysis. During the past seventeen
years if has_be¢oﬁe a widely used and versatile method for
organic synthesis. In these reactions substances lécated partly
in the aqueous and partly in the'organiclphase are made to react
with tﬁe help of phase transfer cétalysts such és ammonium or
phosphonium salts or crown ethers.

An attractive feature of phase transfer catalysis is the ability
to carry out’feactions at low temperature, low pressure and
with short reaction times. This methéd also saves on expensive
anhydrous aprotic solvents and the much cheaper and easy to
handle agueous sodium_hydroxide is used instead of alkali metal
alkoxides.

The workup of these reactions is much simpler and the’
selectivity as well as the product ratio ca; be modified.

Yields are also improved with the suppression of_siae'reactions.

Reactions have also been discovered in phase transfer-

mediated processes which do not otherwise occur.



Consider the nucleophilic dispiacement reaction
depicted in Scheme 1. .Q+ is an ammonium or phosphonium
- salt cation and Y 1is assumed to be more lipeophilic than
X . The catalyst cation Q+ migrates‘with the anion Y
from the agqueous phase into the organic phase where the
weakly solvated ion pair undergoes rapid subsequent
reaction, after which‘Q+ returns to the aqueous phase

with the anion X—l.

Na'¥ + Q' X . Agueous phase
———————————————————— ~—-———-———l————————— Interphase

QY 1+ BX — [@'x71 + =ry Organic Phase

Scheme 1

When highly lipophilic catalyst cations are used, this
scheme has tc be modified in order to account for the fact
that the cation will remain in the organic phase whereas

the anion can exist in both phases, as shown in Scheme 22.

-

+. -

Na Y ‘ : Aqueocus phase
————————— ‘_———_——'————_—_-—f_-_¥ ——————————— Interphase
Q+ + Y + R{ —m———> [Q+X_] + RY: Organic phase

Scheme 2



The principle function of crown ethers in liquid-solid
phase tranéfer catalysis is to bind the cation ofla

salt thereby solubilizing the salt in the liquid phase
‘and enhancing the nucleophilicity of the anicn. Mecha-
nistically in Scheme l,Q+ could be considergd as an alkali

metal cation complexed with a crown ether.3

1.2, Phase transfér.catalyzed organic reactions.

1.2.1. Simple displacement reactions.

Anions .such as cyaﬁides, halides, alkox{ﬁes,
thiophenoxides, carboxylates, azides andrthiocyanates
function well under both liquid-liquid and liquid-solid
phase transfer conditions. These anions are transported -
to the organic pgjée by common phase transfer agents and
once there, behave as potent nuclecphilic species in a
wide variety of displacement reactions. Simple displacement
by this technique generally follows the behaviour expected
for S| 2 jeactions. Relative displacemént reactivity of
alkyl halides follows the usual order of primary > a-
branched primary > secondary > tertiary, cyclchexyl. The
relative order of R—QSOZCH3>R—Br > R-Cl is also followed -

in these phase transfer catalyzed substitution reactions.4



.’\;\,‘

1.2.2. Alkylation and condensation reactions.

Phase transfer catalyzed and related technigques
allow much expe}imental simplification for a variety.of
alkylation, amsylation and condensation reactions aé compared
to classical methods for these reactions. Tﬂis technique,
first demonstrated by Jarrouse5 and extensively developed
by Makoszas, is useful for most types of alkylation except
those with simple esters or other easily hydrolyzed func-
tional groups. In the absence of an aqueoué phase as in
solid-liquid phase transfer conditions hydrolysis could

be completely eliminated. A typical reaction is shown

below.6a
i + _
PhCH, (C,H.} N C1
CGHSCH2CN + CH3CH2C1 + NaQOH ¥y C6H§—-CH——CN
or crown either
CH,CHy
B + NacCl

The second technique, known as ion paif extraction is useful
for all types of alkylatioq reactions inciuding esters.
It involves several steps and requires a full molar quantity
“of quaternary ammonium bisulfete rather.than a catalytic

amount. The reactions are shown below.

+ - + -
(C4H9)4N Hso4 + NaDH —)-(C4H9)4N OH + NaHso4

aq. org/aq- aq.



-r

+ = + - e
(C4H9)4N OH +CH2,(COOEt)2 "—f———f (C4H9)4N CH (COOEt)2+H20‘

ag/org. 'CH2C12,Sol. org.

+”'_ +. -
(C4H9?4N CH (COOEt)2+RX _— RCH(COOEt)2+(C4H9)4N X

org. org. org. aqg.

Chiral phase transfer catalysis can be used to
produce optically active alkylation products aS demonstrated

&
by Fiaud in the alkylation of B8 - keto esters.8

1l.2.3. Oxidation and reducticn reactions.

Conventional oxidation technigues for many organic
compounds with permanganate salts arr experimentally
difficult. Results obtaiped by phasz/transfer catalyzed
permanganate oxidations are usually superior to those
obtained using classical methods. This technique is also
useful for analytical purposeé, e.g.‘the titration of
reducible substances.' Under alkaline conditicns Weber

and Shepherd9 obtained good yields of cis 1,2~cyclooctane

diol from cyclooctene.

-
+ KMnO4 PhCHz(C2H5)3N Cl

4

NaOH

50%



Only 7% yield is obtained by the classical method.lo

Chromate has also been -tested under phaée transfer
methods. 1718 1t has been shown that HCrO4— and HCr207_
are readily phase transferred sq?long as the aqueous phase
. is acidic; but almost no transfer occurs from alkaline
adueous solutions. Leé and Freedﬁan19 have demonstrated
that hypochlorite anions can be transferred into organic
solutions by guaternary cations. "

Quaternary ammonium sSalts or trialkyl amineé
function very effectiveiy as phase transfer catalygts for
heterogeneous osmium catalyzed olefin oxidations with
periodic acids.zo'

Other metal complexes such as potassium ferricyanide can
also be used as oxidants in phase transfer catalyzed

reactions.21 Air oxidation of carbanions also takes place

in the presence of quaternary ammonium or phosphonium

salts.22

Colonna and Fornasier have found that quaternary
ammonium salts containing a hydroxyl group on the B-
carbon are superior catalysts for borohydride reduction.23
Asymmetric induction during phase transfer catalyzed
.reduction of ketones, using catalysts based on ephedrine,
was reported almost simultaneously by Balcelle, Colonna

and Fornasier24 and by Masse and Povayre.25




l1.2.4 ¥1id mediated reaction.

Markl and Mer226

demonstrated that alkyltriphenyl
phosphonium salts react with Aqueous sodium hydroxide to
generate ylids, which are then capable of ¢ombining with
aldehydes in the organic phase to produce olefins.
CH2C12
(C6H5)3P —CH2C6H5 Cl+NaOH agq —————»

" [(CgHg) JP=CHCH, Eﬁ)—» RCH=CHCGHg+(C Hg )y PO
This two phase Wittig reaction with sodium hydroxide is
Limited to aldehydes. ©No olefin was obtained from
acetophehone, and only traces were detected from reactioﬁs
with cyclohexanone ana 2—hexanone.27 In spite of.this
limitation this method is exceptionally convenient and
useful for the preparation of a variety of olefins having
the ﬁCH=CHR structure. ‘ o ' ‘(/

1.2.5. Generation and reactions of
dihalocarbenes and other carbenes.

- The formation of dihalocarbéne is cne of the most
useful phase transfer processes developed in organic
chemistry. Addition of chloroform to a mixture of cycloheiene
and aqueous 25% sodium hydroxide gives less than 0.5% yield

28

of the addition product. However, by use of a phase



— -

- transfer catalyst such as t:idecylmethylammonium chloride29’30

or benzyltriethylammonium chloride31 the addition product

is obtained in 60-70% yields.

no catalyst . Ccl

1?

/ _ \c1l
[:::] + CHCl, ' ’ :
+ NaOH o s -
(PTC)
60-70%
Cl '

¥

Iﬁ the absence of quaternary‘salts the CC13. anion
intermediate 'is generated in the aqueous phase or at the
interphase where its reaction with water is faster than
that with cyclohexene.

Makoza and Wawrzyniewiczal-formulated the.

mechanism as the reaction of CHCl3 with OH at the

interphase by the quaternary cation.

Q+

HCCLy+0H  ————3 CCl, +H,0 ——> Q+cc13" ——— Org.phase



Assocliation with Q+ allows CCl

3T to  be distributed

in the corganic phase before it decomposes to dichlorocarbene.

0lefin
—_——

+ - + - .
QCCZ.L3 ——> oQ'c1” + :ccl,
b

¢
At

0f particular interest in phase transfer catalyzed
-
dicholorocarbene reactions are the effects of the catalyst

structure. Catalysts such as-Et4N+Bf-and ClGH33ﬁﬁCH3)3Br
which are very poor catalyéts for displacement reacfions
are among. the best for :CCl2 reactions.32 Trialkyl
sulfonium salts have also been found to be exceptionally
good catalysts for dichlorocyclopropanation33; but are
poor catalystsrfor displacement reactions. "These facts
suggeét fhat the formation of tight ion pairs Q+CC13-

is desi;able in :CCl2 reactions where an intramolecular
decomposition is a critical ;tepm This is in contrast *
to displacement reactions where large interion distances,
Q+ <—> X favour lower activation energies for the
intermolecular reaction. Steric factors may also be
important since cations such as R--N+(CH3)3 present

minimum resistance to approach by the CCl3 anion; a



10

factor of multiple importance if the olefin must also

be accommodated in the transition state; as shown below.

. CH, c1
R N+/ C": I
- el . F—
l CH3 , \\ Cl
CH cl ) .
3
Gy cl
+/
R-N Lo+
| 3
cH, é1

The foregoing facts do not explain the high reactivity
and selectivity observed with B-hydroxyethyl substituted

quaternary salts as catalysts for dichlorocyclopropanation.

34,35,36

Hyama and coworkers compared the activity of

catalyst i_and 2.

.

+ - + -
C16H33N (CH3)3 Rr CGHSCHzT—CHZCHi—OH. Br

(1) (2)



11
They found that 2 is markedly more selective than 1.
4
i/// _\\\%
Cl €l
c1 €l
cl
Ccl
\

The high effectiveness of the f=hydroxyethyl substituted
catalyst is thought to be due to its conversion, at the
interphase or in the aqueous phase to a zwitterion36 which

is then transferred to the organic phase with ease.

4

R,N"CH. CH.,OH X~ + NaOE ———> R_NTCH_CH.O™ + NaX
3 2CH, pm—— 2¢H,

Proton abstraction from haloform and loss of Cl~, taking
place entirely within the organic phase, are thought to

produce a dihalocarbene which is loosely associated with
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the hydroxyl group of the catalyst, and which httacks

the C=C double bonds slowly but with increaséd'

selectivity.
Me
/\ . )' N 'v; Me‘ Ph
a ’Me c + c1 o /’
N _n§tcr ) .a VTS [
" \ / H \ :C:’
(;C T g C 1\ N -
.C \ . c
Ph’ \\ o H cl H/ \0 cl e N H

.".’I:

PH
Cl.

Me
It is not only quaternary salts thathave been shown to be
strong phase transfer catalysts for the generation of synthetically
useful dichlorocarbene, but also t‘rialkylamine537 and crown ether538_4l
have been demonstrated to be equally gocod.
Utilization of the phase transfer catalyzed
g?neration of dichlorocarbene has been tested for a variety

of synthetic purposes. These include addition of :CCl. to

2
C=C and C=N bonds, insertion into CH and NH bonds, reaction
with primary amines to yield isocyanides, ang reaction
with alcohols. The Seyferth reagent for generation of

dichlorocarbene, CGHSHgCCl3 may be easily generated by a



.
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phase transfer catalyzed ieactiq
42 ~/
and Makosza. ) !

43

LY
n’éQ;;;ibed by Fedorynski

Compared to conventional procedures for the generation

of dihalocarbenes, the phase transfer catalyzed method for

preparationﬁgf_},l—dlhalocyclopropanes is extremely simple.

' A
1 <PTC>

RCH=CHR™ + HCCl, + NaOH ———% RCH —CHR

1 + NacCl

cl Cl

t has also been shown that:CBr2 is more electrophilic
a d,zééEE}ve than:CClZ.60 Dihalocarbenes generated by
the phase)ﬁransfer catalysis technique undergo insertion

reactions/into C-H bonds with a limited number of

compohnds.44-49 Adamantane and ethers are the most

¢

active substrates. A

CHCL,

/
ref.

+ f—
+ HCCly C HCHN' (CH,),Cl7T
NaCH (ag) g ' 54 % 47




ai
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ref.

. ) + _ ‘ ) -
{ S c N {CH,) 5CL { ! 18 & 138,
+ HCCL, 65772 337, CHCL, 45
o) . NaCH (ag) 0 '

Cther reactions that give fairly good yields are,

‘\L . . o~
CH
|3 —
CH§CH3 CH#JK&Z
: ‘ 12 ¢ 44, "
> 45
\_~
38 % 46
CHy
0 .
Gy
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Compared td the cyclopropanation. of olefins the carbene
insertion into CH bondsgives very low yields in phase
transfer'catalyzed'reactionsrég well as by‘the'classical
techniques.

In'grder to find a convenient method for the
syﬁthesis‘of dichloromethylsilanes Larson50 and coworkers
tried to, insert dichlorocarbene into thé silicon hydrogen

bond.

RBSiH + :CCl2 _— RZSiCHCl2

When the phase transfer approach of Makosza51 was employed

it resulted in the hydrolysis of the silane.>?

-

NaOH

Et,SiH + CHCl, —— Et_SiQSiEt
3 3 Q+X— 3 3

Based on some early work of Ebyferth53 and some recent
results of Dehmlow>? and Idimoriss, Larson found that
the phase transfer catalyzed decomposition of sodium-

trichlorcacetate in the presence of organosilanes is a

useful route to dichloromethylsilanes.

Bt

; _ 1l8-crown—-6 -
SiH + 3C13C CO,Na toluene/ » Et

reflux

SiCHCI2

3 3
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Interestingly the reaction did not proceed using potassium
trichloroaceéate as the dichldr9carbene source and crown
ether catalysts other than 18—cfown—6 were also ineffective.
For example one molar equivalent of polyethylene glycol (PEG)
. 200 worked almoét as well, although PEG 400 was useless.

It is of interest to note that (+)—«xf naphthylphenylmethyl-
silane was converted to (+) - (dichloromethyl)- & - naphthyl-
phenylmethylsilane in .70% yield and lOO%ioptical purity |

* h
with retention of configuration at silicon..SO

Dihalocarbene generated by phase transfer c’atalysis56
' 1
undergoes insertion into the C(2)-H bond of 1,3-dioxclanes

57,58 gpig -

with high regiolabndastereospecificity.
reaction provides a route to isomerically pure.cyclid
acetals of dihalogenomethyl ketones. The 4,4,5,5 -
tetramethyl-l,3—dioxolanes with simple alkyl or aryl
substi§3$nts in position 2 were converted into the corres-
ponding 2-dichloromethyl'derivat;ve in yields of 88-95%,

The analogous 2-bromomethyl comppund was formed in 60-90%

yigld. 59
X=C1l
~ Me o X=Br
. M :
.CX2 Me e XR
_—
! Me 0] CHX2
g
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It is showﬁ that alkyl groups in position 4 and 5
inéreasg the reactivity of the C(Z)—H bond. It is
conceiv%ﬁle thét the carbene attacks the C~H bond from
.above the dioxolane ring,‘probably with some loose
intermediate complex formation with the coxygen atom.57
Althoughlhundreds of examples of the applicatioﬁ

of phase transfer catalysis to organic chemistry have

appeared in the literature, there.were prior to 1976 no

such examples in organometallic chemistrgy. Investigations
luring the past five years have éﬁmo strated that phase

trangfer catélysis is of consider

le importance to metal
catalyzed reactions as well as to the synthesis of
certain ofganometa;lic compounds such as m-allyl and
cluster complexés.~ Orgénometallic phase transfer -
catalyzed rdgktions can be classified into three groups:
organometallic synthesis, stoichibmetric organic'

. reactions and cétalytic organiclreactions{\\An account

of these reactions is given below.Gl

1.3 Phase transfer catalyzed organcmetallic synthesis.
Ligand Substitution.

Phase transfer catalysis can effect the substitution
of Qroule metal carbonyls by nitrogen,phosphorus' and
arsifii ligands. Reaction of M(CO)G[M=Cr,Mo,W] with

a group v ligand and tetra—n—butylammonium iodide in benzene and
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.sodium hydroxide (50%) at 25-80°C resulted in the formation
of ligand substituted products in 51-94% yield.62 Some

examples of ligands used include dipy (dipyridyl), AsPh

3
62

" (triphenylarsine ) + t-butylisonitrile and p-tolylisonitrile.63

The synthesis of bridging hydroxo complexes of platinum

has been repbrtéd by Fakely and P_idcock.64 Treatment of

bridging chloro complexes with aquedus XKOH, benzene and a

crown ether catalyst affords the corresponding hydroxo complexes.

~

Cyanide ion can similarly displace a neutral ligand of mono-

nuclear platinum complexes. Platinum complexes containing

Pt~C bonds have been synthesized by Almedia and Pidcock.65

Complexes PtRzLé , and PtR(Cl)L2 , containing phosnphines

(L) and the o-carbyl ligands R, (R = CH NOZ,CEC-Ph, CH,CN,

2 2

.
5 ZCOCGH47N02—4, CH26006H4OMe—2, CHZCOMe) have been

prepared from IPtClsz], RH and KOH in the presence of

CH,COPh, CH

lB—crown;GL
A crown ether moiety functioning as' its own phase

transfer agent in a ligand substitution reaction has been

demonstrated by Hyde, Shaw and Shepherd.66

L
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MeO , _+C{CH3) 4
P . NaI

/ N . ~3 No reaction
MeO C{CH5) 5 /CDC1,

Pt ‘

4

Ph3P' ¢l M

g-and nm-allyl complexes

m-allyl cobalt carbonyl complexes can be readily

prepared from dicobalt octacarbonyl by phase transfer

catalysis (discussed later). However, the use of other

metal carbonyls gives poor'results, e.q. an(co)l0 gave
Z0-30% yield of (r-allyl)Mn(CO), By using metal carbonyl
halides and allyl halides Gibson and poworker567—69 -2

developed a useful approach to the synthesis of nm-and o-

|

allyl manganese, iron, moly?%fggp and ruthenium complexes.

The usual reaction products are the m-allyl complexes
but in some cases o-allyl compounds were also isolated.

This phase transfer reaction is very efficient and gives



e

¥

good yields. A possible mechanism is given below.GSﬁg&
AN

N

\

Mn(CO)SBr

' Mn(CO) ;Br —— Br-n(C0), - > Br-Mn-Mn(CO)g + pr~
.09 {C0)
¢ . 4
Mn(CO)4
! Y
CBHSBr
. _
PhGH,N(C.H.)," [Br Mn ~ Mn(CD _ : _ .
CNCHs)y IE l % 3 o,
(),
+ H,0
H2 . Br
+ —
PhCHLN(C,H,) . O b - 1m(C0) ,
H
(o),

Phase transfer catalysis pfovides a high yield synthetic
route to endo and exo rP—cyciqpentadienyl na—allyl.ruthenium
carbonyl and the correspoﬁding'rﬁ -2-methyl derivatives. }
In both cases the endo isomer thermally isomerizes.to
the more stable exo isomer. Prolonged photolysis of the
n3—allyl or 2—methallyl.complexes leads. to photostaticnary

states in which the exo isomer is predominaﬁt.70
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exo-

ns~ CsHg= n¥=- C3HsRuCO

o-Benzyl complexes ' R

It was shown by Gibson and coworkers-‘il that phase
transfer catalysis is a good method for the synthesis of
U*Benzyl complexes.‘ Wheﬁ benzfl bromide was reécted with
cfclopentadienylmolybdenum tricarbonyl chloride under
phase transfer éonditiomsthe 0-benzyl coﬁplex was obtained

in 89% yield.

r + -
o PhCH, N (C,H.) ;" Cl
PhCH_.Br + Mo(CO)BCl - > Mo(CO)3
CH,Cl,,NaOH, 1.5 hrs. I

. ) 2 2’
: CH,Ph
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When benzyl chloride was used the reactibn was Very slow,
ho-d

(26% yield in 4.5 hrs). The Ufbenzyl'ciﬂglex was first

. N .*‘-_,-‘r

synthesized by King and Fronzaglia in 67% yield in 16 hrs.

using very dry conditions. 2

Y

Ferrocenes
Solid -liquid phase transfer catalysis is a mild

’73 A
1,1-Disubstituted

way of synthesizing metallocenes.
ferrocenes are prepared by this hethod in less than one.

O+

. 18-crown-6 Fe

C5H5R + KOH + §FeC12

) 2

THF

R = H(60%), CH3(45%),_BhCH2(55%)

n—C3H7(40%), cyclchexyl (65%)

Arene Complexes '

Sulfur-donor 1igandortho—met&1atedcomplexes
are important in the synthesis of certain organic compounds
which are either difficult to prepare or cannot be prepared

74,75 They are also of structural interest

by other methods.
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The synthesis of these ortho-metdlated compounds required
e .
' long reaction times, but the facile synthesis of ‘these

‘complexes can now be achieved by phase transfer catalysis.

The reaction workup is easy as well.-i6

PRCH,N (C,H te1” 5"*Fe(co’ (\

)
513
Ph.CS + Fe. (CO) > /
2 32 o .6, Fe (CO) ,

RT , 30 min.

70 %

By using phase transfer catalysis or sodium hydride in
N,N~dimethyl formamide, chromium tricarbonyl complexes of
aryl acetic esters. can be alkylated. Both these methods

give similar stereochemical results.77

(H,C) 3COﬁH2C—@cr(CO) 3
0 L

CH3

Br-CH(CH2)3Br

B

Cr(CO)3 Cr(CQ)3

'C‘—OC (CHB) 3+

COC(CH3)3

H - €H, O

w
I

50%NaOH, CGHG' C16H33

NaH / DMF . 74 : 26 (100%)

N(CH3)3Br 72 : 28 (45%)

—_
Il
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\\\Eiusters

An interesting class of clusters are alkylidene-

tricobalt nonacarbonyl comple:»:es'-!-8

v

which can be synthesized

by the reaction of tri- or tetrahaloalkanes with dicobalt octa-

carbonyl under phase transfer conditions.79

o~

?l
///// C
+ ] _ /
PhCHzN (CZH_S) 3c1 \

ccl, + Co,(CO), — » . (00).Co Co(C0).
4 2778 "oy NaoOH, C.H 3 3
6°6 ////
2hrs. RT . &

|
(CO) 4

Partially or completely halogenated by-products are often

isolated from these reactions.

1.4 Phase transfer catalyzed stoichiometric
organcmetallic reactions.

Nitro Compounds

The first experiments on phase transfer catalysis

in organcmetallic chemistry were done on the reduction of

nitrobenzene to aniline by triiron dodecacarbonyl.80 This
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conversion had beeéiigﬁected before in benzene’ with methanol,
and xrefluxing for 10 to 17 hours, with the hydridounde-

-~

cacarbonyltriferrate anion as the likely key-intermediaﬁe.Bl
When sodium hydroxide is used as the aqueous rhase, benzene
as the.organic phase and benzyltriethylammonium chloride
as the phase transfer catalyst the reactién is complete

in two hours or less. It occurs at room temperature and

requires less metal carbonyl than when the reaction was

done in a conventional manner.

IN NaOH:C, H

6%
NO, + Fe;(CO),, " > NH,
| PRCE N (CH5) 4017
\ | 0.75-2.0 hrs. RT. \ 65-95%

Crown ether catalysis of the reduction is also useful with
KOH used as the base and 18-crown-6 as the catalyst.82
The mechanistic details of the conversion of nitro—

arene to anilines by HFe3(C0)ll_ would be difficult to
establish but the generation of HFeB(CO)ll_ by phase

transfer catalysis could proceed via one of the two path-

ways. (Scheme 3 and 4).
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OH +Cl1~

. . _ _ N
Agueous ghCHzN(CZHS).3 Cl + 0H ——>r PhCHZN(C2H5)3

il

+ ) -
Organic Phqng(C2H5)3 OH + Fe3(CO)12 —————1

+ -
PhCHzN(C2H5)3 Fe3(CD)llCOOH

—CfO2

+ -
PhCHzN(CZHS)BHFe3(CO)11

Scheme 3

+ g . + o
Agueous PhCHzN(C2H5)3 Cl + NaOH ———»> PhCHZM(C2H5)3 OH +NaCl

. + - +
Organic 4PhCH2N(C2H5)3 OH + Fe3(00)12 ————)J[PhCHZN(C2H5)3 ]2

2

- + 2=-
[Fe3(C0)11 1+ 2H20 + [PhCHzN(C2H5)3 ]2 [Co 1

3

—

2= - -
Aqueous Fe;(C0);;" + H,0 — HFe,(CO),, + OH

HFeB(CO)ll + NOZ——¥ —_ —) QNH2
R

R

\\\\\ Scheme ¢



27

In both pathways the initial step would be the conversion
of the quaternary ammohiqm halide to the cérresponding
hydroxide ion in the agqueocus phase. The ion pair after
beiﬁg_transported te the organic phase can rapidly convert
Fe,{Co),, té the dianion Fe3(co)112' or it can attack a
carbonyl carbon of Fe3(rCO)12 to give the hydroxycarbonyl
species, thus giving‘tﬁb possible pathways for the formation
of HFe3(CO)11;. ‘ ? -

When the phase transfer procésé was repeated using
a carbon monoxide atmosphere instead of N2 atmosphere
the yield.of amine was significantly reduced. The
organometallic'éomplexes (RNfZFeB(CO)9 and (RN)ZFez(CO)6
were also isolated in low yields. This shows that CO
either retards ligand dissociatioq.of an inter@ediate,

adds to the intermediate,or adds tg the dissociated
species reducing the rate cf any subsequent reaction.83
The simpler iron carbonyls Fe(Co)5 and Fez(CO)9
can also effect reduction; however a phase transfer
catalyst is unneceséaryrand its presence reduces the
yields of amineé. The nitro compound must be present - 7T
to in@uce attack of hydroxide‘ion on Fe(CO)S.to give
HFe (CO), [and possibly HFeZ(CO)B-]BO. This point was

also noted by pettit and coworkers in their work on the

use of water gas shift reaction conditions for the Fe(CO)5
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‘catalyzed dioxygenation-of nitrobenzene.

Halides ———

Halides react with Fe(CO)s, base and tetrabutyl-

% . ammdnium bromide to give ketones and hydrocarbon. When

the ‘concentration of the base was low the major product

was the hydrocarbon and when the concentration cf the

base was high, the principal product was the ketone.85

/

&Z[Fw @‘G{z) CO +H,C \—CHy
BY, )4N Br

Product Distribution %
oo ‘

% ‘NaOH Ketone " Hydrocarbon
“~ -4
2.0 _ 33 67
3.8 50 50
l6.6 85 15
33.0 ' 95 5

The tetracarbonylferrate (II) species Fe4C0)42- is the
supposed reagent at ,piéh concentrations while HFe(C0)4_

is assumed to be the active reagent at low base concentrations.
The phase transfer catalyst is required for formation of

the ketone but it is not clear if it is necessary for the

I
13



29

production of the hydrocarbon.86

N

" Using 18-crown=-6 or dicyclohexy1~18-crown—6 as

2, B - Unsaturated ketones

the phase transfer catalyst the double bond'of the
-unsaturated ketone,benzylidene acetone can be redpced.
.Either of the following reaction systems can be employed:
Fe(éO)S/KOH/crqwn ether/benzene or Fe(CO)S/RNHZ/HZO/crowﬁ

ether/benzene.87

Thiobenzcophencnes

oy

.The in situ generated cyclopentadiéﬁyl metal carbonyl
anions [ns— CSHSM(CO)n_, M=Mo,W, n=3; M=Fe, n=2] couple
with thiobenzophen;nasto give fulvenes in low to
moderate yields with disulfidés formed as bypro@ucts. The
highest ﬁielés were obtaired when crown ethers were used
as catalysts. Even if the pro%g?t yieldsvwgre lower when
guaternary ammonium dlts were used,rthey were still
higher than those obtained by generation of the metal
carbonyl anion by the re&éfion of the dimer with sodium-

potassium alloy in tetrahydrofuran, under rigorously dry -

conditions.88
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. 3('CH3 )

;

; : OCH
[C HFe (Co) 2] 2

\ Y2
3
A=K , Ccat = 1B—crown—6 46 % 28 %
_ - y ,
A=Na , Cat =.C HN(CH), Br 33 % 16 %
1.5 Phase transfer éatalyzed catalrtic
organometallic reactions. .
Hydrogenation

Water soluble rhodium complexes having sulfonated
triphenyl phosphine ligands can catalyze the phase transfer-
reaction of cyclohexene with hydrogen. Wilkinson's catalyst
can also be.used for the hydrogenation.éf water soluble olefiﬁs
in ah aqueous-benzene solvent systém.eg

Conjugated dienes can be reduced tc menoclefins
by treating with hydrogen, hydrated cobalt chloride,
potassium cyanide, potassium chloride, sodium hydroxide,
and tetramethylammonium chloride or benzyltriethyl-
ammonium chloride as the phase transfer catalyst. The
probable metal catalyst is the hydridopentacyanocobaltéte
anion HCo(CN);3 .90_92 This reductiqq has also been

done under micellular conditions.go—93
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o | . o H,C e
3 KCN, KC1, NaoH 3 3
-
)\/ R oo ai2=<':—c255 + »
’ (CH,) N'CL™ e e B
34 3
C.H. 13 hours
L6 6 ' 3 : 97
87% yield _ '
H, CH, KQY, KCl, MR CH, CH,
' + » ’ )
)\)\ 2 o 61,0, CcH )\/j\ () CHOH,C=CH,
CH, 2 6.6  H,C S cHy , (l:H
. - . :
PhCH,N (C,H;) 5"l
97  : 3
96 hours 60% yield

The phase transfer reagent'prevents the decomposition
¥> of catalyst and accelerates the hydrogenation reactioa.

The reaction occurs by both 1,2-and 1,4-addition. -

D KON, 'KC1, NaOH + /
>"—"\-_—/CH3 T 0,CH, ‘ &
' szf B0:CeHs * b 3
DhCHN (CZHS)-SCl— |
' 53 % : 47 %

o, B-Unsaturated ketones can be hydrogenated at the

double bond using HCO(CN)53— as the hydrogenation catalyst
and bauyltfiphénylphosphonium‘chloride as the phase
transfer catalyst. Sdbstitution a to the carbonyl group
increases the rate of reaction and B8 substitution retards

or completely inhibits the reaction.92
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+ -
PhCH.,PFh., C1
CH 23
3 Hoq
° kv, ka1 ° .
- \ 93 %
ag. NaOH 20 hours
0 ‘ 9
75 %
CH, " 96 hours . CHy
—
CH
3 CH,
)
;
Recently it has been \emonstrated that formate ion can
. £ .
be extracggd from the aqueous to the organic phase by
. b

means of lipophilic quaternary ammonium or phosphonium
salts.94 This allows the application of agqueous solutions

of sodium formate for the reduction of substrates

in the organic phase in the presence of catalytic amounts

a0

of quaternary salts. This nlethod is demonstrated by the
selective formate reduction of 1,3-diphenyl-l-propen-3-

L ]
one (chalcone) to 1,3-diphenylpropan-3-one in the presence

of RuClz(PPh3)3 and .quaternary salts.
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\ { a
- < 109°
CSHSCH=CHCOC6H5 + H20 + 2HCOONa
'organic aqueous agueous ' RuClz(PPh3)3
: , M _
[(C6Hl3)4N] HSO4
’ v
2C6H5CH¥CH2COC6H5 + CO2 + Nazco3
organic gas agqueous
.
Other metalS'éomplexes have also been used e.q. az o

94 o
RhC1(PPh,),, PACL,(PPh,),, P&(PPh,),. _ |

Dehydrogenation

t

A cétalytic amount of a rhodium (1) complex
under phase transfer conditions dehydrogenates alcohols
to carbonyl compounds. This reaction is particularly
useful for benzyl alcohols such as l-phenyl ethancl
which gave acetophencone in 78% yield. This was done by
using chlorodicarbonylrhodium (1) dimer as the metal
catalyst and 'benzyltriéthylammoﬁium ‘chlbride or Aliquat

336 as the phase transfer catalyst.95
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CH-OH [Rh{CO) ,C11, R O c - cn,
+ -_ 7
CHy - PhCH,N (C,H,) 5C1 c';

L)

. CGHG,BMNaOH,RT or 55°

This reaction will also take place in the absence of

the phase transfer catalyst but the yield is reduced.

Isomerization

When the rhodium catalyzed dehydrogenation reaction was
tried using allylic alcohols, instead of getting the
allylic ketones, the isomerized carbonyl compounds were
obtained in high yield. This remarkably mild reaction
can be done in the absence of the phase transfer
catalyst, with nearly as gcod results.gjs The reaction
intermediates are probably hydroxy m-allyl rhodium
complexes. Allyl aromatics aswell as allyl amines
and sulfones undergo isomerization under these conditions.98

. For the allyl sulfones the rhodium (I) complex was not

needed.
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The same type of isomerization was reported -
S
using Mg-oxotriruthenium acetate as the metal catalyst 7
and heptane as the organic phase. The conversions are

average and require high t‘emperature.97

-

[Ru3O(OAc)6(HZO)3][OAc]

¥ CH3(CH2)6%=CH2CH3

CH, (CH.) ,CHCH=CH
2 +, -
S n-CygHy3N(CHy} 5 Br

H,C, C,H

7816 53.5%

2

120°

Sasson and coworkers have described a liquid-liquid phase
transfer method in which hydrated halides 6f group VIII
metals are used for isomerization of water inscluble allylic
compounds. With the aid of quaternary ammonium or
phosphonium salté, the metal catalyst is extracted into

the reagent containing phase and returned to the aqueous
layer by lipophilic ahions when the reaction is complete.
The catalytic isbme;iéation of allyl alcohols and allyl-

arenes by some platinum metal chlorides has been demonstrated.99

RhC13.3H20/H20

CHB(CH2)2CH(OH)-CH=CH CH

I
CHi(CHz)Q—C_CHz 3

Aliquat 336, C6H6
. L
l-promohexane

’ ! 800



36

Cyanation
Tﬁe palladium(Q) catalyzed cyanation of wvinyl
halides in the presence of crown ether was described by

100

‘Yamamura and Murahashi in 1977. Unsaturated nitriles

were isolated in excellent yields when lB-cfown-G_was used

as the-catalyst.'

3
r' r3 / B R >
\ / KCN, Pd(PPh}),,CeH R N /
§ N\ 18-crown-6, 70-100° i \
R X ' . R CN

2-15 hrs. 84-98%

When tetrakis(trippEnylphospine)ﬁickel(O) was employed

as the catalyst this reaction could be carried out on

aromatic hélides.

Phenylation

a,B ~Unsaturated ketones, when treated with phenyl

“

mercuric chloride and a catalytic acidic solution of palladium

chloride and tetrabutylammonium chloride giveé the phenylated

102

product. This reaction is limited to substrates containing

a disubstituted double bond.
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0

@—CH=CH- ~CH,CH, CHy + .@H‘HCl ] PACl,,3N ECl

+ -
(n-Cy Ho) , N'CL

CH2C12[7hms.,

o=

Cﬁng’mzmzc}%

This conjugate addition type reaction may accommodate a

wide variety of functional groups. Thus afyl' units con-

. taining electron donating and electron withdrawing subs-
tituents such as -Me, -Cl, -CHO, -COMe, -COOMe,-COOH, -OH,
-OMe, =-NHCOMe and-N02 were successfully transferred to the

g carbon atom of the .a,8-unsaturated ketone and 3-formylphenyl
mercury chloride giveé the corresponding B-(3-formylphenyl)
derivatives. The main limitation seem fo arise from the

steric hindrance in the starting o,f enone system.lo3
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Sulfide éynthesis

-

Aryl and alkenyl sulfides can be conveniently
prepared from the corresponding halides and-alkalil thio-

lates under phase transfer conditions in the presence of

c—aryl—NiiPPh3)2Cl or cr-aryl--Pd(PPh3)ZBr.lo4

-

- 4+ . NaGH/Toluene , Onium Salt
RX + R'S M » RSR’ + NaX
' Ofaryl-Ni(PPh3)2Cl, or U-aryl-Pd(PPh3)2Br

Scheme 5 illustrates a possible mechanism for this reaction.

Agqueous Phase

R’SH + NaOH —= R’S | Na + H 0]

" Interphase~——————————=————w- e ————————— C —————— ) —
Organic Phase PPh

3
|
PPh Ar —Ni—X v
'3 I
ArxX k\ PPh, ’ -
o ( h
SR’
; EPhy
Ni(PPh,), < = Ar—Ni
| / / ) AN
: ! PPh
+ - : 3
Arsr’ PR, X PPh, L X _)

Scheme 5
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Cobalt Tetracarbonvl anion

In catalytic processes one of the most important
metal carbonyl anions is the cobalt tetracarbonyl anion,
Co(CO)4_. To establish that the anion is actually formed
under phase transfer conditions allyl bromides were reacted
at room temperature with a stoichiometric quantity of
C02(CO)8,’§5aium hydroxide (SF), benzene and benzyltriethyl--—~
ammonium chloride as the phase transfér catalg;st.79 Good
ylelds (70%-80%) of the m-allylcobalt tricarbonyl complexes

were oObtained by the use of short reaction times (15-60 min}.

This method is superior to methods described in the

literatu.re.los_107
- .
Wr PhCH,N(C_Hg) 7017
>
+ 5N NaCH, C6H6
COZ(C.O)8 RT. 15-60 min.

Under a nitrogen atmosphere cobalt carbonyl would be ex-.
periencing some disproportionatiqn by base to give the

Co(CO)q—. The subsequen? reacﬁion of this anion with the
a;lyl bromide could take place along two pathways to give

the m-allyl complex. The mechanism for this reaction s
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outlined in Scheme 6.

N

Mueous RN'X + NaCH == RN'GH + Na'X_

+ .~ + -
Organic 32RN'GH +1100,(00)g ——~p 20 R,N' Co(C0),” + 6 (R,N) ,00,

4+ 16 H20+2C02+-'l-20%2—

Apeous 2 Co%t + 8HT @ ———% 2 Col(cr) ,*
&\__/
R’ Path a R’
Organic, R4N+ Co(),~ + R\/\/ Br > \/\/00(00’4
l . {displacement) +I%Nﬁku
Path b (Electron transfer) l, |

l R’ R’
R,N'Br + R~/K. +.00(00) : R+ O

4
Scheme 6

It has also been described that crown ethers -catalyze the

generation of Co(CO)4‘ in hydrocarbon solvents or in ether.108
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The anion with 2,3—bis(broﬂometﬁyl)naphthalene in tetra-
hydrofuran gives a bis T-allyl complex, and ketones were
isolated when monocyclic dibromideé were used. |

a—-Bromo ketones can be dehalogeﬂated in the
presence of catalytic amount of both Co Cd)8 and
PhCHzN(C2H5)3+ C1~. Monoketones and in some casés diketones

are formed. These products arise by single electron transfer

from cobalt tetracérbonyl anion, to the wc-halo ketone.

(Scheme 7)
RN Co(00),” + R-COCH.Br i > R-DCH' + °Co(00) . + R.NTBL™
4 4 tRCOG, » R-COCH, + g * RgN BT
A
..
. HO R,N'OH
-R,NToH™ |
4 B0 v
Syl Co., (C0)
v ¥ N Y . 2 8
H-Co(C0) R-COCH,Co (CO) R-COCH, ]
*
R-COCH,,CH, COR
R-COCH, + Co, (C0) 4 )
Scheme 7 . ,

Use‘oﬁ a carbon monoxide rather than a nitrogen

atmosphere ‘results in quantitative conversion of™ Co, (C0) g to Cb(CO)4—,

@
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A balanced.equation could be written for this reaction.
R
Co. (CO¥g + CO + 40ET ——% 2Co(CO},” + €0.%" + 2H
2 8 e 4 3 L2
A stepwise pathway is outlined in Scheme 8.
\" : l . N ) ~ H g

1

A

- = |
OH + Co,({C0)y —>(CO}-Co - Co(CO), —————+«xn31cO.—— Co(CO),
- A\
o’\)H, 0 l o

H o (00} 5 + Co(C0), + CO,

fw . f_—
: _ %o ZOH_\ g
cH

Co(Co),,” “=% H ColcO),, c032‘ + H,0

HZO

Scheme | 8 Y

Carbonylation reactions

" The Cdz(CO)8 catalyzed carbonylation of halideé

to carboxylic acids~is a process of genuine synthetic importance.

N -
The phase transfer tecﬁgique is a remarkably mild method for
this conversion (rocom temperature and atmospheric pressure).

The yields are good, e.g. benzyl bromide or chloride gives

110,111

phenylacyﬁie acid in 85% yield. Alkyl and acylcobalt

carbohyls are the likely intermediates. The acylcobalt
. .

carbonyl can be isolated by use of preformed Co(CO)4- and

112 Optically active acids were produced

[

water instead of NaOH.

ht

\ .
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L]
. -

ﬁsing appropriate optically active, phosphine substituted,
cobalt carbonyl catalysts.113 - ~
des Abbayes and coworkers after studying the canbonfl— )

ation of beAzyl bromide in the biphasic liquid-liquid

sy showed that the catalytic ion pair Bu4N+ Co(CO)4_
stays in the orgénic layer, and the carbonylated-product
(0]

114

W = X )
CGHSCHZCO is in the aqueous one. The mechanism proposed

ls shown in Scheme 9.

.
= + - NaOH
- -, R=COO . Bu,N'OH 4
Aqueous Phase
Interphase =———-——-e—————=
Organic Phase
-+ -
Bu,N Co(CO)4 , R-Co (CO), Bu,

N X

RX

Scheme 9
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Evidence for this mechanism includes the fact that the phase,
transfer reaction is significantly dependent on the speed of
stirring. Real phase transfer processes do not depend on the
stirring speed after a minimum stirring but interfacial ones
strongly do.‘Thereforé i; can be concluded that the cléavage of
the key intermediate, acylcobalt tetracarbonyl, occurs at the

interphase. : .

In the case of o-methylbenzylbromide a substantial

amount of alkylated phenyl pyruvic acid derivative was

formed along'with the anticipated phenylacetic acid.110
?r' ' OOH : '
CH,  co (CO)B,CO,SNNaOH @ 3
Cﬁ3 PhCH N(CH CH ) ?H&COOH
RT,1 atm. ‘
Hy

Enolization of the intermediate acylcobalt tetracarbonyl
would be the key to this double carbonylation reaction. A '

possible mechanism is given in Scheme 10.
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0 S o
C}IZC Co(Co) , T—— @—cihc co, O CH=C
| co(co) . . O>\Cb (),
‘ 3 '

- N i
CHC(ILI‘. CO(C!O)4 {__ Cﬁ: CO(CO)4
0 0
3 CH3
o R,N'GH % -
CH~C-C—Co(00) 4 _— CHC-C -CH + c:o(co)
\ - \
c, G, -
CHy cH

Scheme 10

The phase transfer catalyzed, cobalt carbonyl catalyzed
carbonylation: (1 atmosphere pressure) of aryl and vinyl

bromides under photo stimulation (350 nm) affords the
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corresponding unsaturated acids in high yields.ll5
+ -_
C02(C0)8,Bu4NBr
ArX + CO % 2NaOH > ArCOONa + NaX + H,0
NaOH, C6H6
hv. 350 nn.

The reaction% ére generally quantitative and the reactions
are highly cétalytic toward cobalt. The only observed side
reactién, which is the reduction of the arvyl hali@e, was
never significant except for o-bromoaniscle. A clear
explanation could not be glven for this observation.

Under these conditions cérbonylation did not occur
with chlorobenzene. This lack of reactivity has been used
for the selective cafbonylation of p-chlorobromobenzene
to p-chlorobenzoic acid. It has to be noted that during
classical SgNl reaction pérformed with dihalobenzene this
kind of selective monosubstitutions were not possible.116

The acylcobalt tetracarbonyl intermediate can
be trapped by carrying out the reaction in the presence
of unsaturated compounds. Ccbalt carbonyl can cé£alyze
the reaction of alkynes with carbon monoxide,aﬁf methyl
iodidé as the halide under phase transﬁer cond#}ions to
give the pharmacologically active 2—butenolides.ll7 This

regiospecific reaction may proceed via the mechanism shown

below. (Scheme 11)

(

s
e
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Co(co) 4' co

‘ il
CHBI —_— CHBGDKIH4 - (H C!CO(OO)4

3

R H : R H
~N S
c=C S
77N

Scheme 11

When a diene or triene is used instead of an alkyne to
react with methyl iodide and a catalytic amount of cobalt
carbonyl then the (E) conjugated enone is formed in a

118

highly regiospecific manner. This reaction is much

milder than those reported using standard conditions
[50-85°, 50-130 psi]., The yields are also higher.

&\F =

SO
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o)
[:::][/A§§> Co, (C0) g, CH,T,NaOH, CcHy - [:::]rzﬂ§§r/n\\cﬂ3
+ - r
CO,NCy (Hq N (CH,) 4 BT

‘ 6063 %

RT, 1 atmosphere

@/\/\

0
o ©/\/\/KCH3 |
v

e

There is some but not conclusive, evidence for 1,2,

addition of acylcobalt tetracarbonyl to the least substituted

double bond of the diene or triene giving a og-allyl complex -

which would then convert to the m-allyl and subsequently

to the (E)—dienone.

C::: Co

(CO)4

{(Scheme 12)

OCH3

- €O 2
_—> ”‘“‘ OCH3

Scheme 12



49

Also of importanée is the fact that the phase transfer
catalyst itself can be.carbonylated toc the carboxylic
aclds by acylcobalt tetracarbonyl. This is a slow but
high yield reaction that occurs for quaternary ammonium
salts that aré capable of forming réasonably stable free
radicals or carbonium ions. Phenylacetic acid is formed
in 95% yield from . benzyltriethylammonium chloride. These
results as well as the pathways for the generaticn of
Co(cd)4_ are suggestive of the possible participation of
free radicals in certain organometallic phase transfer
processes. For sluggish cobalt catalyzed reactions,
benzylic, naphthylmethyl, 6r related ammonium hélides should
not be used as phase transfér catalysts.120

Another organometallic reagent that can be used
as a cataly;L for the phase transfer carbonylation of
halides is bis(triphenylphosphene)palladium chloride
‘(Ph3P)2PdC12.121 The conditions are 95°C,5 atmospheres.
These are’mugh more drastic conditions compared to the
use of Coz(CO)B. The carbonylatiaon of allyl chléride can
" be catalyzed by nickel tetfacarbonyl giving isomeric

mixtures of butenocic acids.i2lf(@)
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Ni(CO) ,,CgH,,25° OOCH Oo0H
- Cl .+ CO > H3C/\/ + AN
ot Aliquat 336, 1 atm. ) ) 3
: 30% NacH
‘ ' 85% vield

When this carbonylation reaction was done in the presence
of aﬁ alkyne, acetylene insértion did not take place.
Agueous sodium hydroxide ih'combination with a
phase transfer catalyst was found to be an effective base-g
for the palladium.catalyzed synthesis of diphenyl carbonate
from phencl, carbon monoxide, and oxygen. The use of small
quantities of sodium hydroxide with the phase transfer catalyst
resulted in higher reaction rates than that observed previously

with a tertiary amine.122

‘ - CH2012,NaOH,PdBr2
2 ¢H+ Cco + 502 - » Ar2C03 + Hzo
BudNBr,Mn(acac)2 )
mol seives

S

There were no side products observed in this reaction. An
interesting observation was that neither sodium ncr potassium

phenoxide was an effective base when used in the place of

‘sodium hydroxide.
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. 1.6 Aims of research

Carbene insertion into organometallic complexes.

The formal addition of carbene to an uncoordinated
double bond of a polyolefin-tfansition metal” complex using

the Simmons-Smith reagent was described in 1975 Qy Reger

and Gabrielli. 23
R
R
\
CHZIZ N
(/ Zn/Cu </
Fe . Fe‘//
(coyy R = (coy, -
(1) {(2)

More recently Taylor has demonstrated the addition of
dichlorocarbene géherated from chloroform and potassium
t-butoxide to (1) to give (2) (R=Cl) and to other polyene

124
complexes.

TheWs been, to our knowledge,no examples of
the insertion of dichlorocarbene into a saturated carbon
hydrogen bond 5f a transition metal organcmetallic complex.
Qur aim was to determine if a carbene, generated
by ﬁhase transfer catalysis, would insert into a carbon

hydrogen bond of a diene-iron carbonyl complex.
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PTC:. CHX
Fe (CO) , 3 > Fe(CO) ,

X = Cl,Br.

Catalytic reduction and carbonylatidn
of nitro compounds '

The'application of phase transfer catalysis to the

stoichlometric reduction of nitro compounds to anilines 

{
bytriiron dodecacarbonyl in a nitrogen atmosphere was

described in‘1977.80 It was later observed that the yields / Mﬁ
were substantially lower when the deoxygenation was effected

in an atmosphere of carbon monox,ide.83

It has been shown by Ford and cow_orkers134

that triruthe-
nium dodecacarbonylis a good catalyst for the water gas

shift reaction; Pettit and coﬁorkersl35 showed that
nitrobenzenes can be redﬁced to anilines by means of the
_water gas shift reaction at 100°C temperature and 500 psi
pressure. Calderazzo and coworkers136 described the triruthe-=
ngum dodecacarbonyléatalyzéd reduction of nitrobenzene to
aniline under homogenecus conditions with carbon moncxide

and hydrogen. They had also observed that diphenyl urea

is formed as a minor product at CO:H2 ratio greater than
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one. This shows thatcarbonmwnoxide insertion takes placé
with triruthenium dodecacarbonyl.

Qur aim was to investigate the ruthenium catalyzed
reactions of nitro compounds under_ phase transfer conditions in
a carbon monoxide atmosphere. We could expect catalytic
reduction of nitro compounds to anilines and/or the insertion
of carbon monoxide to give ureas or other carbonyl compounds,
under mild conditions i.e. room temperaturé and atmospheric

pressure.

Carbonyl insertion into imines using dicobalt cctacarbonyl.

It has been found by Alper and Cur::r::l.ell2 that dicobalt

octacarbonyl can catalyze the reaction of alkynes with
carbon 'monoxide,and methyl iodide as the halide, under
phase transfer conditions, to give t@e 2-butenolides.

When a diene or triene is used instead of an alkyne (E)
conjugated enones are obtained in a highly regiospecific
manner.113 In addition to these results a number of other.
publications have appeared on the chemistry of the carbon-—
carbon double bond system, but relatively little work has
been done on the carbon-nitrogen double bond system. -
Therefore, it seemed of interest to determine the effect

of a nitrcgen atom on the diene system and more generally
the reaction of dicobalt octacarbonyl under phase transfer
conditions with Schiff bases. As little has been done on the

homogeneous reaction of COZ(CO)B with Schiff bases it

was also of interest to investigate this reaction as well.

>

2
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CHAPTER IT

2. RESULTS AND DISCUSSION

2.1 Carbene insertion into diemne-iron carbonyl
complexes under phase transfer conditions.

Diene-iron carbonyl complexes_are an important ) Y
class of compoundslgﬁ .being useful as synthetic
intemediates. One function of the iron carbonyl moiety is
to act as a protecting group. In this manner pheromones
have been synthesized by a simple reaction sequence.146

Since the complexation of a®diene would inhibit
addition of dihalocarbene to one or both double bonds it
was anticipated that carbon-hydrogen bond insertion would
occur. Therefore, a study was made of the reaction of

dihalcocarbene generated by phase transfer catalysis with

diene-iron tricarbonyl complexes.

R' R!
H CHBr3, NaOH p
Fe (CO) , > Fe (CO) 4
u PhCH,N(C,H ) Cl H
Aliquat 336 .
CH,R or A-idne B— T — cHbr,

R

*
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Reaction of diene-iron tricafbonyl complexes with e
bromoform (as reactant and solvent}, sodium hydroxide and |
benzyltriethylammonium chlecride as the phase’transfer
catalyst, (Method A) afforded the dibromcmethyl complex
as a bright yellow viscous oil. Acyclic as well ;s cyclic
diene-iron complexes, and those which contain secondary or
tertiary carbon hydrogen bonds, experienced dibromocarbene
insertion. The results are shown in Table 1. As anticipated
1,4—diphenyl—l,3—butadieﬂe—iron tricarbonyl (gi,a compound
devoid of saturated carbon atoms failed to react with o
dibromocarbene. b
There was no ;Ei?rtion on 1 when chloroform was
used as reactant and solvent. This agrees wiﬁh the excelle /
work cf Dehmlow and coworkers who demonstrated that ;CBrzé:;
more reactive than :CCl2 under phase transfer COnditions.GO y;

| When Aliquat 336 was used as the phase tfagsfe:

catalyst, methyl;ne chloride as the organic phase kMethod\;;T\

and cyclohexadieneircon tricarbonyl as t?g substrate, t?efe - '\

was a signifggant improvement in the yield of the insééléd ) jﬁ

product {Table 1 :14%-- 31%).‘The structures of these

inse;tion products are suﬁported by analytical and spectraagg

data which are given in Table 3. \{; ’/ﬁ\\
‘ —

Infrared spectra of 7-9, 11 displayed two medium- : ‘

strong terminal metal carbonyl stretching bands at 2100-1950 cm_l.

~The mass spectra of.l and lkhshgmeg/ﬁolecular ion peaks followed

. Q
by successive loss of carbonyl ligands.
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The highest mass fragments for 8 and 9 were due to the

organic ligand. ” The nucléér magnetic resongfge spectra
o : AN

I

were also in accord with the assigned structur o

The hﬁclear magnétié resonance spectra ¢f compound 7,
lﬁ NMR(CDClB) 1.95(m,3H, protons on saturated ring carbons),
3.00(m,2H, protons on terminal carbons of diene unit) , 5.50(m,

H, protons on internal carbons of diene unit), 5.05(m,1H,CHBr2);
B¢ mMr(cDCl,)  29.11, 29.50(methylene carboss), 51.05(CHBT,),

57.61, 59.33, B85.33,85.37(unsaturated carbons) .

Thefyi;lds {27-54%) obtained in the dibromocar=
bene inser;ion reactions are good, particularly when ‘
comparedv;ith those reported for other insertion reactions
into organic substances (except adamantanes). This method
provides a simple entry into ofganic and organometallic
functionalized dienes since, for example, acid or base:
treatment will convert the dibromoﬁethyl function to an

aldehyde. The diene aldehyde 15 formed on decomposition

N would be noqponjugated as far as the aldehyde and diene

»

units are concerned.

Fe(CO)3 = —>

| 1=
ot -
wn
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Table 1 : The Products and the y'ields of the pihalocarbene

Insertion Reaction.

Diene-iron carbonyl Product Method Yield
complex %
Fe (CO) B Fe(co)y Z
B 31
1
CHBI.
| C— CH, | c\—c- 3 8 r
H
B 27
Fe{CO)3 CH3 Fe(CO)3 3
2
CHBr
/ 2
SN\ { e A 14
\ 9
/ Fe(CO) , H
C “-CH t B 40
| >
\
- H \\J
Fe(CO)3
/—\_ /CHBI’Z 1_0 A 12
C-
3 | \ CH,
\ H
Fe (CO) 4 Fe (CO) 4 &
11 B 54
N ] BrZCH
COOC2H5 COOCzHS
4
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Table 1 : (cont'd)

Diene iron carbonyl Product Method Yield
complex ) %

‘A _Br 12 A 3
Br
Br '
Br i 13 A 7
\\ r . |
Bxr

2

Fe(CO)3
14 A 4
Ir .

The reaction of tricarbonylndrbornadieneiron (3

< '

with dibromocarbene was difgerént from the rest of the
diene complexes, with three organic broduqts beiné formed.
According to work by Jefford, de los Heros and Burger147
who studied the reaction of dibromocarbene with norbcrnadiene
two of the unstable colourless thick oils l3rand 14 cou;d

bé the rearranged products of the norbornadiene ligand with

a dibromocarbene inserted into one carbon-carbon double

bond. As compound 12 had three bromine atoms according

-

to its mass séectrum, it is conceivable that dibromocarbene

=
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e

inserted into a carbon-hydrogen boﬁd as well as added
‘e carben—carboh double bond. Another possibility

is the insertion of a dibromocarbene into both of the

éouble bonds, but evidence to support the first pathway

is provided by the mass and nuclear magnetic resonance

spectra of compound 16, which could be an intermediate

in the formation of 12. The 1attef could be obtained by

the loss of a :CHBr group. The possible mechanisms for

the formation of 12,13 and 14 are outlined in Schemes

13 and 14.
s )
2
CH CHBI‘2
CBr
—
' Br
Fe(CO) “Fe (CO) 3 _Fe(CO) , Br
" y,

jun
&




Dibromides'ig'and 14 could be formed by the insertion of

a carbene into a carbonfcarbon double bond of the diene

ligand.
:CBr2 .
Br
' z ) Br
- . B .
,€ ‘ Br .
13
:CBI.‘.Q“ . .
m Br

] N /
. s
RN E Br

Br

.14

—

Scheme 14
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(Norbornadiene) molybdenum tetracarbonyk 17
; 4
"~ decomposed under phaée transfer conditions giving molyb-

denum hexacarbonyl and other products which ‘could not be

identified. These products wére 1solated in very low yield.
<

L+
q?
’ O v
PTC .
» Mo (CO)_. + Other products
: 6
:CBr2
\\MO(CO)4
‘ CHB——C —7C'—-CH(CH3)2
g >
.. (C0)3Co-—C0(CO)3
o > "
Cr(co)3 MO(CO)3
r/
2 Is
.Ph —T/\——/f—CHZ—CH3 | Ph——T\—-\C{ —CH3_
(CO).,, Co — Co(mD) (Q0) ,Co —Co{C0)
3 3 3 3
21 22

Compounds 18~22 when subjected to the carbene insertion
reaction according to procedure B afforded numerous products -
- in low yields. These products were isolated in minute quantit-

ies and could not be characterized successfully.

S
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2.2 | Triruthenium dodecacarbonyl catalyzed reduction and
carbonylation of nitro compounds.

2.2.1 .Phase transfer catalyzed reduction of nitro
compounds

‘Ag noted in the introduction, triiron dodecacarbonyl

can stoichiometrically reduce nitro compounds to amines
by phase transfer methods. Carbon monoxide has an inhibiting;
-effect on this reaction.

It was of interest td learn what influence the
metal wduld have on the reduction process effected under
a carban monoxide or nitrogen atmosPhere. Therefore,triruthen;um
dédecacarbonyl was employed in place of triiron dodecacarbonyl
with gratifying resd@:s.

Ruy(CO),, can catalyze the reduction of

nitro compounds by phase transfer methéds at room temperature
and atmospheric pressure. The behaviour of triruthenium |
dodecacarbohyl is the reverse of that of triiron dodecacarbonyl,
~when the reactivity in nitrogen or carbonmonoxide atmosphere
"is considered.

Reaction of a nitro compournd .with a catalytic quantity
of RuB(CO)lz' benzyltriethylammonium chloride -as the
phase transfér catalyst, sodium hydroxide (5N), benzene
containing a 'small amount of 2-methoxyethanol and carbon
monoxide, at room temperature and atmospheric pressure,

145

affords the corresponding amine. The reaction times and

product yilelds are listed in Table 3.
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€O, Ru,(CO),., 5N NaOH, C.H
RNo2 3 12 66 » RNH

+ -
CH3OCH2CH20H, PhCHzN(C2H5)3.Cl

Under the phase transfer conditions the initial
reaction in the organic phase .would involve the attack by
Hydroxide ion at a metal carbonyl carbon to give an anion
bearing a hydroxycarbonyl ligand 23 or the conversion of
RuB(CO)12 to RUB(CO)llz_ by the guaternary ammonium hyd;éxide.
The former type of complex is analogous to species obtaiqed
from the phase "transfer catalyzed reaction 6f group VI

metal carbonyls with hydroxide ion.l48

(©0) .. + RNTOH ———p RNM, (C0) m-ﬂ#RN+}M ().~ .
3100, T Ry g My (00}, 0 4 399

23 24

Loss of carbon dioxide fram 23 would generate the trinuclear metal

hydride 24 which is the key spécies in the iron reaction

and may or may not be so in the éase of ruthenium. The

purpose of the phase transfer catalyst is to accelerate

the rate at which the presumed benzyltriethylammonium

carbonyl ruthenate cluster intermediate, [PhCHZN(CZHSEJ[Hmu3“x”11]
is formed with 2-methoxyethanol increasing the solubility

of this anionic cluster in the organic¢ phase. The presence

-

of other cluster anions in the agueous phase/organic solution
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-2
such as RuG(CO[la

conceivable.149 Reaction will occur in the absence of

R HRuG(CO)18 and HBRu4(CO)12 is»also

2—me£hoxyethanol but at the expense of both reaction rates
and product yitelds. The concentration of sodium hydroxide
used (5N) is important since the amines were formed in

lower yields at either lower or higher base concentrations.

Table 3: Phase transfer catalyzed Reduction of Nitro
Compounds by Ru;(CO).,.

Nitro compound Reaction Product ' % Yield®
: time
hr.
Nitrobenzene 9.0 Aniline 3 100
p-Nitrotoluene 8.0 p-Toluidine 94
p-Nitroanisole 7.0 P-Anisidine 84
P-Chloronitrobenzene 3.0 pP-Chloroaniline 100
P-Nitrobenzophenone 4.5 pP-Bmincbenzophencne 100 -
2, 6-DimethyIni trobenzene 25.0 2,6-Dimethylaniline 8
2-Nitrofluorene 20.0 2-Fluorenylamine 95
1-Nitropropane 17.0 1-Propylamine g5

Clsolated yields 9GIC yield

The amines were identified by comparing their melting points

IR and NMR spectra to those of authentic samples. The

yield of amines was excellent, with the exception of the
hindered nitro compound 2,6-dimethylnitrobenzene. The presence
of electron withdrawing groups (e.g. chloro, carBonyl)increases
the rate of reduction of nitroarenes. Note that the selective
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reductipn of the nitro function occurs in the presence of

a carbohyl group. This. reduction can also be done on

- aliphatic nitro compounds with high yields of the amine
obtained. This method is signifibantly milder than that

using water gas shift reaction conditions {100°C, 500 @psi
pressure]. Since the triruthenium dodecacarbonyl catalyzed phase
transfer process occurs at étmospheric‘pressure, it is

also less drastic than when iron pentacarbonyl was employed #
as the catalyst for the reducticn of nitro compounds b&,
150

carbon monoxide and water {1700 psi pressure].

A possible mechanism for this catalytic reduction

1is shown in Scheme 15. -

‘ Yoo - : Yo~ - us
PhCH_Z N(C2H5)3Cl + OH _—) PhCHZN(CZHS)3 CH + Cl aques
4PhCH N (C.Ha).ToH™ + Ru. (00) Soy23 —2) 24
L 2753 Ry 12 [N T2

) {0 - .-? ) (m)ym (0 4
H Rugc0)),” + R—Nj — R-—-N,_—-é.\' | :
- [ \
Y H Ru(CO) 5

) . O \
24 ' <



(e}
! & m
R~ N z Ru1{C0) > Ru(00)
\Rfl/ 4 (‘—“‘I\— 4
/\\\ —————»a-u—m—-’—-l
© © H Ru(CO), /l\m(m)
H (C0), 4
27 | 28
) ‘fo’z/Ru(cn) . ‘,‘.I”z/ ),
S )
i Ru(CO), L Ru(CO),
2 £
lco
(C0) ' ()
/ Ru(oo)4 0 / 3 R11(C0)4
T
H 1!1 Ra(Q0} 4 H Ru(C0) 4
2 a
CO
H
L

.SchalelS
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The-amines are formed in about 5 times greater
yield using a carbon monoxide rather than a nitrogen atmos-

'here. >This is because (as indicated in Scheme 15) €O is

required at several stages in thevprbcess and therefore is

r

important in assisting in the generation of the catalyst.

a

’

. k N

a,B Unsaturated nitro compounds (e.g. 33,34) are unstable
under phase transfer reducing conditions and numerous

>3

products were formed none of which was the expected amine.

0o

S

Q
Vi
£
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When the reaction was carried out with compounds 35 - 39
starting material was recovered afte} 48 hours.of reaction
time. These experiments show that thé carbon~carbon and
carbon-nitrogen double bonds; and conjugated or ﬁoncongu-
gated carbonyl groups are not reduced un@gr these conditions.
In the case of p- nltrobenzaldehyée 40 the Cannizzaro

realtifi_took place instead of reduction. p—Nitrobenzyl

alcohol and p-nitrobenzoic acid were obtained in. high yield.

]

NO NO

™~ 5”2 2

Base
—
A | C
. oPC >y CH,,OH " ~on

. o
40 it
. | \

.

\ .
A blank reaction was carrled out on 4%‘without Ru (CO)

which gave the same products. To determine if there was

a small amount of reduction taking place on the éldehyde,
to ‘give the alcohol the samf’reaction was carried out on
isovaleraldehyde 41, as the Canizzaro reaction does nét
.take place for-aliphatic aldehydes. Therefore if any

alcohol fg formed then it is‘produced by Ru3(C0112 catalysis.

CH 0
4

CH - CH - C

No reaction
T/

Ll { %)
<\ /-
/

v

CH
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However no reaction occﬁrred showing that the aldehyde
is not reduced to the alcohol with Ru3(CO)12 under phase
transfer conditions.

Other phase transfg;ﬁcatalysts were used to
determigé the effect on the reduction of nitro to amino
groups. Wﬁen tetrabutylammoniﬁm bfomide and Aliquat‘336
were- used as the phase transfer catalysts, there was no
significant difference i the yield, reaction timeg or
proddcts (p~chloroaniline Qé“ob'ained in lOO% vield after 4
hours). The reaction,éarried out with 18-~crown-6 and
solid’ KOH,gave p-chlorcaniline in 100% yield in 45 minutes.
This shows that 1l8-crown-6 is a much better phase transfer
cataiyst for this reaction, but because of its high toxicity
it was not used in any other reaction.

The use of‘other métal catal§sts for the.phase

transfer catalyzed reduction of nitro compounds was also

~ examined, actually prior to the study with Ru3(CO)12. When

chlérodicarbonyl rhodium (r) dimer, [Rh(CO)2C112 was used
as the catalyst p~chlcroéniline was obtained in 73% yield
from p-chloronitrobenzene [65 hours; RT ., no 2-methoxy-

ethanol]. When the same reaction was carried outjht 40-50°C

2

 the yield dropped to 44% but the reaction time was shorter

(48 hours]. These experiments show that [Rh(Cd)2Cl]2

catalyses the nitro-amino reaction similar to RuB(CO)lZ'

but in a much less efficient manner. N
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Biﬁigénzonitrile)palladium dichloride_[PdC12(¢CN)2], .
tetrakis (triphenylphosphine)palladium [Pd(PPh3)4],palladium
acetaté [Pd(OAc)2] or dicobalt octacarbonyl [Coz(co}éT~under
basic phase transfer co?ditions_gave no reaction with
p-nitrotoluene. Similariy the use of acidic phase transfer
conditions with palladiumlchloride and palladium acetate, -
as catalysts resulted in the recovery of.starting materialt
using p~nitrotoluene as the substrate. . ' '

The phase transfer catalyzed reactions in basic
medium were Carried out with 50% sodium hydroxide, with
thes; different catalysts (i.e. other than Ru3(CO)12). It
was later found out that increasing the base concegtration

\

from 5N to 12.5 N‘(SO%)_in the 3?3(00112 catalyzed process
causes a feduption in t;e yield.of p-anisidine from 84%
to 25%. Therefore the reason thgt there was\no reaction }
‘when PdC12(¢CN)2, Pd(PPh3)4, Pd(OAc)z'and EpZ(CO)awere used ‘ |
as catalysts could bg partly a consequencé of the.high -
base concentration. - ' ' '
The effect Sf added Fe(CO)5 on the Ru3(CO)12
catalyéed'reduqtion.wasabriefi§ investigated. When excess
‘Fe(CO)S and a catalyﬁiczayount of Ru3(CO)12 was used in
the reaction with p-nitrotcluene, p-toluidine was obtained
in 74% yield after 22 hours. As this reaction was carriéd

out in the absence of 2-methoxyethanol, there was+'a sig-

nificant improvement in the yield when compared to the
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reaction done with Ru,(CO),, alone. [47% in 72 hoq;s}.-When
2:1 Fe(CO)5 to Ru3(CO)12 was used there was little change '
from the results of the previous experiment. [70% in 20 hoursj.
When this reaction was carried out with 50% sodium hydroxide
instead of 5N the yield dropped from 70% to 15% after 20

" hours of reaction.

As the effect of the base was so significant a study of the
vaq}ation in base concentration was done using ﬁFnitrotoluene as the
subsﬁraté. The reaction time was 72 hours in all cases and
the results are given in Table 4. ﬁ\_¥\\

' g

Table 4: Varlation of the Yield of p-Toluidine with
Base Concentration,

g

— ] '
/Bé%e Concentration ) ¢ Yield of p-toluidine
C\ 12.5 (50%) / 26 .
| 5 : : 47
2 22 %
6.5 12

™
/

7

This shows that higher and lower base concentrations
reduce the yield. It could be that higher base concentgatiOnF
decompose the metal carbonyl, and lower base concentrations

are not sufficient to form the anionic species:///



s

74

To determine the effect of temperature: three

réactions-were carried out at different temperatures with

p-nitrotoluene as the substrate (no 2-methoxyethanol}. The

reaction time was 72 hours in all cases. (Table 5).

Table 5: Variation of the Yield of p~Toluidine

~ with Temperature.
A
Reaction Temperature ° $ Yield of p-toluidine

B\\ D 3

5 -8 8

y ) 25 ) 47
!ﬁ?? e 70 15

C T (2’ -

N
The yield qf p-toluidine is reduced considerably at higher A
and lower temperatures.’ In the presence of 2-methoxyethanol
the reaction at 0° is slower (8 hours—— 48 hours) but
the yield of p-toluidine is the same (95%) as for the
reaction done at room temperé ure (94%).

K}///\ Different phase transfer catalysts were employed

instead of benzyltriethylammonium chloride, for the Ru3(CO)12
catalyzed reaction effected in the absenqe‘of 2-methoxy -

ethanol. [47% yield of p-toluidine]. When 18-crown-6 and

solid KOH was used after 72 hours 55% bf p—nitroto%ueﬁe

was recovered, but}interestingly lj% of the N,N'—di-p—tolylure?’/

was’ isolated (mass’r.n/e = 240). The yield of p-toluidine.

was very low (3%). when nliquat 336 was used as the phase
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transfer catalyst in the presence of 50% sodium hydroxide °
the yield of p-toluidine (26.5%] was approximately the

same as when benzyltriethylammonium chloride was used

E?S% ] with 50% Na20OH as the agqueous phase.

/

2.2.2 Carbonylation of nitro compounds with
-triruthenium dodecacarbonyl

Metal carbonyl induced reductive carbonylation is
a process of considerable industrial importance. Thé nitro
functionality has played a major role in this chemistry.
- Under phase transfer condiEions 1t has already been

a
shown that a ruthenium hydride is likely formed from Ru, (CO) | ,thereby

'giving the reduction of the nitro compounds in quantitative

yields. 1If on the other hand the anion was not hydridic,

carbonylation should take place in an atmosphere of carbon

;monoxidg. Therefore it was of interest to determine the

effegp of an organic base on these reactions.

-

The reaction of nitroarenes with a catalytic
amount of 393(C0)12 in anhydrous benzéng using sodium
methoxide instead of aqueous sodium hydroxiaé\gs the base
(50°C); in an atmosphere of carbon monéxide %fforded the
formamide as the only product.(Tablg 6} . The#e was‘only éne

exceptional case where the azoxy compound wq% also produced.
. .

‘ », o
When the possible anechanism is consiflered if

’
7

N
J
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»

RuB(C(;))ll_2 was generated, then one could 6bservellittle
that had not already been noted in the reaction involving
hydroxide ion. However, 1f methoxide lon attacked the |
metal carbonyl carbon then the anionic species 42 would-

be formed, which unlike Rua(CO)llCOOH_ cannot easily

§h8l§0)12 + OMe ———» RuB(CO)llCOOCH;'

42

eliminate carbon dioxide. It has been reportedlSl that
" when triiron dodecacarbonyl is used under a synthesis gas
(1:1 CO/H2) atmosphere the carbamate ester is formed. This

reaction could be proceedi:ffj}a different intermediates.

A\

Fe3(CD)12+CMe _——)'Fe3(CO)llCCDNE +ArN(}

Ar NH COOMe

[

J

/

e

In the ruthenium catalyzed reaction none of the carbamate est\gr Was
formed. The difference between the ruthenium and iron reactions

is a consequence of the fact that the iron.species

-—

Fe3(C0)ll COQCH3 ‘collapses to Fe(CO)4 COOCH3 in the
presence of -CO and methoxide ion; the ruthenium complex
RugTEOJll COOCH3- does not undergo decluster:i.fic:ation.15'2
In the reaction of p-chloronitrobenzene, in addition to

the formamide,an azoxy compound was also formed. A

S
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possible mechanism for this carbonyiation\reaction is

- shown in Scheme 16. Q ' \ p

o (cC | o~ (co
(;_ (/CO)3 | ( )3
AI—NK )Ru/lru(co)4 —_— % Ar—¢ _Ru/Ru(CO)4
o~ | Ru (CO) , & | \Ru(C0)4
COOCH, COOCH
42 : 43
- o
) ' \;)
. 0
0¥y _/‘\C
0 \zu(CO)
' (CO) Ru (CO / (CO)3 3
/ u( ) + -l /
Ar —=N'—Ru | ~———— Ar—N Ru 7-
l \RH(CO)4 " ) l
o COOCH3 0 Ru (CO) 4
‘ COOCH,
45 | as
- co,
+ CO
Py
o) < ;
\‘ o Nc /Ru(CO)4 o-{/D R(), _q,
’ ' 2
Ar—N Ru  —— Ar_._N_._Ru
— /rf_ \I | +HO
/\ Ru(co) , /\ Ra(co),
QO CO Co b ),
OcH
3 ﬁ:H3
—_—
1 4
"\\./’- ’

—

s
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———> Ar N——Ru ‘—J.—>-ArN—"Ru<[ 4
TT~Ru(CO), y Ru(CO}
Q0OCH COOCH
3 3 \
48 49
»
co

2—methoxye£hanol

- iy
Rﬁ(anlflxxH3-+ArIL\\H

»

42 . 50

L

Scheme 16

It was also shown that formamides anq‘amines were

formed using the Rua(CO)lz‘and Fe3(CO)12 under a s;nthgsis
bfs atmosphere. . Therefore it is conceivable that in such
cases the Ru3(C0)lé and Fe3(C0)12 catalyzed reactions proceed
via the amine. According to Tablels it cén bé seen that

no amine is formed from any of the nitfo;compbunds. There-

fore when the reaction is carried out in the presence of

2-methoxyethanol it does not proceed via the amine. ////—r~"

It proved diiicult to séparate the formamide from
the residual ruthenium.

Pl

the crude product by GLC failed. If a method of bindirg

Attempts to- estimate the yield of

of the ruthenium catalyst on a solid support (eg. polymer,

silica, or alumina) is available this reaction could be
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cafried out to.obtain high yields of the formamides, as

' 7
the separation of the ruthenium residue is by filtration

only.

liquid phase.

Table 6:

Carbonylation of Nitro Compounds

by Triruthenium Dodecacarbonyl.

The formamide would be the only compound in the

L
Nitro compound Reaction Formamide 50 ‘ vield &°
time hr. '
p—CH3C6H4NO2 8 p—CH3C6H4NHCHO 11
p-—CH30C6H4NO2 6 p-CH30C6H4NHCHO 31f
p—-Cl C6H4NO2 -Cl CGH4NHCHO 34
- .\ '
ll’ 25
5 - **
| NHCHO
R
0
ARG O,
NH
CHO

o<

=
Cpurified yield. iﬁhe crude yield from chromatographic

analysis was quantitative except for p~chloronitrobenzene

which had 50% of the azoxy compound formed.

fSO% of the azoxy compound was isolated.
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Reactions different from the general procedure were

L

~—earried out on p-chloronitrobenzene to determine if there was
any improvement on the yield of the amide. When a catalytic

amount of Fe3(C0)12 was used 1nstead of RUB(CO)IZ’

longer time for the generation of the anion which could be

it tock a

seen from the colour change of dark green to reddish.brown.
After a reaction time of 72 hours the nitro compound was-
recovered in 90% yield, and the amine was formed in very low
yield (2%). As Fe3(CO)12 was completely soluble in benzene,
2-metﬁoxyethanol was not added. This could be a possible
reason (lack of prcton source) why there was no reaction.

In the reaction of p-chloronitrobenzene with [Rh(CO)2C112‘
in the presence of sodium methoxide, 15-crown=-5, in benzene
under an atmosphere of carbon monoxide, the nitro coﬁpound
was recovexed in 80% yield aftené48 hours. The formamide
was sepaiated in 6% yield. The reason for this loy conversion
could again be attributed to the lack of a proton soﬁrce.

The substitution of potassiuﬁit—butéﬁlde for sodium
methoxide in beqzene gave a lower field (22;5%) of p-chloro-
formamide,; and 10-13% of p-chlorcaniline and 40% of thg
azoxy éompound Qas separated after 72 hours oé reacting.

The same reaction in methylene éhloride afforded the re-

. covared nitro compound in 90% yield with only 2% of the
formamide-isolaéedﬁ- Adding 18-crown-6 to the reaction
carried_oﬁt in benzene lowered the yield of formamide from

22.5%8 ——> 12% but the'other products were the same.
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2.3 Di arbo catalvzed carbgnvlation
and reaction of organchoranes with imines.

"J'
2.3.1 Phase transfer catalyzed reductdve acylation
of azadienes.

Azadienes, which are easily prepared by the'coh-
densatidn of a,B—unsaturated.caernyl compounds with amines,
are well known, stable compounds; The study of the effect
of the nitrogen hetercatom of the azadiene,.on the phase
transfer catalyzed acylation reaction proved to be interesting,

Tteatment of the azadiene 51 with methyl iodide,
carbon monoxide, benzene, water, benzyltriethylammonium
chloride as the pﬁqse transfer catalyst, and co, (CO) ¢
ds the metal catalyst ¢X0:1 ratio of 51 to Co, (COg) at
room temperature for s%gty hoﬁrs, afforded the allyl amide
53 (data in Table 9)in 17% yield with 80% of recovered starting
mgteriai. When the ratio of 51 éo Co, (CO) g was increased
to 1:1 the allyiic amide 53 was formed in gogg eld (65%)

and the amide 52 was isolated in 33% yield. /

@NN ’
_ CHj
51 )
2L Co (c0)8/co /CH I $
PhCH N(c 5)3
1 atm. “RT,
H;0, Cglg




82

. .
| 'CHj ' CH a
— O i
\T::::l\ . N7 TcHy
|
0 CH
~/ 3 H *\\

53 65% 52 33%

Compéunds 52 and 53 were obtained in the same-yieldé when the
reaction was repeated in the dark. The reaction was very fast
at 60o (2 minutes) but the yield of 53 decreased to 40% and
52 was isolated in 39% yield. It is conceivable that an inter-
mediate involved in the formation of 53 is unstable ét elevated
temperatures. |

A variety of reaction conditions were used with the

substrate 51 in order to determine the effect of the phase

. tfransfer catalyst, metal carbonyl, organic phafsﬁ and base

concentration on the yield of the allylic amides. In the
absence of a phase transfer catalyst the yleld of the allyl
amlde decreased from 65% to 21% (18 hours reactlon tlme),

while p-methylacetanilide was formed in 61% yield. Benzyl--
triethylammbnium chloride is a better phase transfer agent than

Aliquat 336, since the reaction using the latter was slower

(18 hours) and afforded the allyl amide iﬁle% yield. When solid

KOH and 18~crown-6 was used there was no reaction after 18

hours. Only starting material was recovered when the



reaction was run in the absenée of Coz(CO)8 , but
in the presence of benzyltriethylammonium chloride.

Methylene.chloride can be used as the organic phase in

place of benzene, but the yield of 53 was poor (12%)

while the less important 52 was isolated in 60% yield.
When the reaction was carried out under homogeneous
conditions [i.e. without water and a phase transfe£
catalyst] no allyl amide was formed. Rather 52 was
obtained in 35% yield with the remainder béing recovered
starting material. The extra hydrbgen in 32 arises
duringlwork.up of the reacf%on mixture. ‘

This phase transfer reaction shdws an interesting
dependence on the base‘concentration of the agueous
phase [Table 7]. At very high base concentration, i.e.
12.5 N NaOH, only 52 was formed. At 5N NaOH, a small
amouﬁt of 53 was obtained, the major-product being 52.
As the concentration of the base was decreased, the yield
of the allylic amide incre%sed to reasonable levels,
and.ég the product of cleav&ge of the azadiene; was

obtained in reduced yields.

83
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Table 7 : Effect of Base Concentration on the P hase
. Transfer Catalyzed;{eaction of Azadiene 51 with
- Co.(C0O),, CH,I and CO -

2 8 3
NaOQH concentration. ‘Reaction $ yield
' N time hr.
53 52
12.5 : . 18 489
5.0 3 8 88
2.0 8 22 71
0.5 8 48 36
0.1 6.5 56 38
H,O0 6.0 65 33

9508 of _é_mas recovered.

. /
I k-

Substitution of methanol for water or agueous NaOH gave
53 in only 20% yield.(andlég in 61% yield). One can use
an acid phase transfer catalyst, p-toluenesulfonic acid,
for the conversion of é; to 53 (water as the agueous
phase), the field being somewhat lower (51%) than when a
quaternary ammonium salt was employed as the catalyst.:
Using a stoichiometric amount of methyl icdide or decreas-
ing the am;unt of water from 20 ml to 1 ml did not(have

" a beneficial effect on the yield of 53. There was no

reaction when CH3(CH2)5Br was used instead of CH3I.

84
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On the basis of the above results, the highest

yield of allylic amide 53 was realized using water as the
aqueous phase, benzene as the_ organic phase,téha benzyl- f
tfiethylammonium chloride as the phase transfér cafalyéti
These conditions were then applied to the reactions'of.a‘
series of azadienes with carbon monoxide, methy{,iodide d
and dicobalt octacarbonyl. Fair to good yields (Table 8; of‘
the allyl amides were obtained in all but one reaction.
The products were identified on the basis of analyticaIé‘
and spectr@&vdata [(Table 9l. 'The exceptional case was

66 wheré 67 an unanticipated product of diacylation of

the azadiene was formed. With this one exception the

S—
reaction was quite rapid particularly at 60°C.

' 0 ‘
CH3 . CH3 %HB
—
Cl 0 \©\tl
| HLC
66 . 67

Wwhat makes the conversion of azadiene to allylic amides

.a useful one is its complete regiospecifiicity. Neither —
enamides 68 nor isomeric iminoketones 63, 70 were detected
in any of thése reactions.

y -
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n
~ / '
: R\/%,/N\[(CHB‘
- ¢
. 88, . 89 70
. N
# Table 8: Reaction of Azadienes yith CO/CH,I/Co, (CO) g/
] H29/C6H6/?hCH2N(C2H5)3 cL . |
. e -
T — ¢
Azadiene Reaction Reaction Product Yield
/ N temp. time .
ot °C _ %
51 R T 6 hrs. 53 65
- ) 52 32
60 2 min. 53 40
52 39
>
CH3
N\©O RT 8 hrs. N@ .
7 7
55 50
54 CI*I3 = CH
CH
ol
ﬁ CH,
H
26 33

:~:.4
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. Table 8: (Cont'd) » ’

—
Azadiene Reaction Reaction Precduct Xield
temp. © time jU—_
og _ %
- !
: CH
. 0 3 )
m CH3 " Y CHB
0 / RT 3 hrs. :@
HyC : | Hy |
81 6z . 50
o
N7 %o
H3C H
63 . 50-
’ . N v
, - . 0. CHy
CH, CHB\I/
@\)\, 60. 8 hrs. L
O Q.
CH \ _ CH,
64 R 65 41
« 52 50
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Table 8:
Azadiene Reaction Reaction Product Yield
temp. time ;
oC %
(t:H3 ’ GH4 0 CH

60

3
59
60
66 R
60

O,
H

T

58 P

CH,
56
6 hrs. 58
56

60 3
52

2 min. 60
52

6 hrs. -

6 hrs. ﬁﬁl

2

39 [
45

53

62
34

31

66

50

50
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A possible mechanism for allylic amide formation is outlined

in Scheme 17. .
CH

CH COCO(C0)4
. N

CH

0 H
. ﬁj//c 3 Hzo
©\/\/N\©\ NYCH3
CH3 Co¢«— 0O

(co) ,

== ) 72
Scheme 17

I;Z-Addition of thein situ generated acetylcobalt
_tetracarbonyl to the carbon nitrogen double bond of 51
would give the c-allylcobalt complex 71. Such a 1,2-
addition likely occurs at the least substituted double
bond of a 1,3-diene affordiﬁ% a q—allyl complex which
is convertible to é m-allyl complex on subsequent loss
of carbon monoxide.61 Rather than form an analogous

m-allyl complex on loss of carbon monoxide, coordination
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of the'amide'oxygen of 71 to the metal may occur to give
lﬁ 72. The oxygen of an amide is more basic than that of a
ketone. [The intermediate w-allyl complex, formed using-
l,3-dienes as substrates, coﬁtains a ketone fundtionality].
The allylic amide c;n then arise by hydrolytic cleavage
of the carbon-cobalt bond of 72. Although the generation
of a m-allyl intermediate cannot be ruled out, one would
- have expected, im such an event, the enamide 68 to have
been formed along with 53.
The mechanism of the cleavage and carbonylation
of 51 —> 52 is not known. One possibility is that it

proceeds via an iminium éalt; as shown in Scheme 18.

R ' _fﬂa
WN\R" . E‘i—* R\/T\/(R.. I”

. _ \ ' 73 ‘

Coz(co)épo

H3C . PIC ' CH,
) S ? \/k/ N

™ R" - =AY

oL u OH

Scehme 18



This mechanism was disapproved by a reaétion carried out
with 51 in the absence of Co,(CO)g under phase transfer
conditions. If the initial imine salt 73 is made, as
‘there is no CoZ(CO)8 for further reaction, it will undergo
hydrqusié affording the aldehyde and amiﬁe. The antici-
pated hydrolysis did not take place. After 48 hours of
reaction the azadiene 51 was recovered gquantitatively. The .
other possibility is that the imine is first hydrolyzed

to give the amine and cinnam;ldehyde. The amine would

then undergo carbonylation affoéding the p-tolyl derivative'
of acetanilide. 1In eﬁery reaction the o-8 unsaturated
aldehyde was isolated in low yield. The presence of this
compound shows that some hydrolysis of the azadiene is

‘taking place under phase transfer conditions.
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2.3.2. Homogeneous reductive acylation of imines.

As the phase transfer reductive acylation of aza-

dienes showed a remarkable dependence on the concentration

of .the base it éeemed.df interest to determine the nature
?‘¢f%the.reaction under homogeneous conditions; even though

the more>expensive and difficult to handle reagent sodium

'xrieth§Iborohydride had to be employed. Cobalt tetracarbonyl

anion can be generated by the reaction of dicobalt octacarbonyl

with the triethylborohydride anion accéfding to the pro-

1411425 ., had also stated

”Cedufe by Gladysz and coworkers.
that the byfproducts 5f the reaction were hydrogen gas and
triethylborane (Et3B) both of which were evolved in the
reaction and did not participate in any subsequent reaction.
Therefore it was - very surprising to observe the productiocn

of the ethyl amide as a minor prdduct in the reaction which

gave the anticipated methyl amide as the major product.
o

-

: NaEt,BH . -
—_—
Co, (CO) g Co(CO), + H, + Ft.B
CO/CH3I/THF

Y /

P . CH3CO CO(CO)4
RI
R~-C=N - .
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3 2773
— T T
' - 0
0
S
R = -COPh ' .
R'= Ph )

When this reaction was.carried out with an-azadiene as the
starting material it gave a large number of products. Simple
imines as well as a-keto imings ﬁnderweﬁt regeospecific
reductive acylation in the presence of a stoichiometric amount
of Coz(co)aj CH3I and éarbon mbnogide in anhydrous tetrahydro-
furan at 60°C. This reaction was tried on a"series of

simple and a-keto imines. The products, their yields and

the reaction times are given in -Table 10. Products were
identified on the basis of elemental analysis (C,H,N,), IR,

NMR and mass spectral data (Table 13}.

/\
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Table 10: Reaction of Simple and a~Keto Imines
with, CH,1/Co, (CO) g/NaEt,BH/CO in THF at 60°
Imine Reaction Product Yield %
- : time hr.
{ a
/ /© 75 44
: ’ O
74 24

CH3 .
O = 32
o

: CH 'CH

, :IN/@_‘H
3% #«Q——.S

CHOH

(:) # -QQ 74




Table 10: (Cont 'd)
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Imine

Reaction Product field % -
time hr.

o] OCH3
. |: ] .
82

\\ O O/@/OC%
s oI
\ cay

18

.
. 11
b
20
120 43
CH.,
Qo ;
Ne 27
3
0% “cH,
72
90 10
© | cHy =
H




Table 10: (Cont'd)

Imine - Reaction Product Yield
time hr. ' %

oL Lo 2 .
N - .
N\CHB | N ’/
cH
| 3
91 48 -
: 0.0 u =
"0 o
| HC’& >_CH3 '
3 0 O .

48

N N
95 72 _

CH
@OY TS :
H,C- N0 1

3

Ht

O/

lThlS reaction when carried out with LiEt 3BH (superhydride) gave
.the same product (32% yield}. '
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* Table 10: (Cont'd)
Iminé Reaction Product . Yield %
time hr.
OYCHB i
™~
@\/N RN @\/N SN )
99 72 100 30
OYCH3
N~~~
101 " 40
O CHy —
- *
e
H3CT N~ 102 15
0
N CH H C/Kr
H3C/k/ ? 3 u 04 80
H.C CH ===
3 7{ 3
£ o]
L} ’
103 24
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.

As the keto imines reacted so well to give the keto
amides it was of intefest to determine if iminoamides would
'give the diamides. Fof this{ compound 105 was prepared
and subjected to the reductive acylation reaction. After
four days of reaction the ;eaction mixture consisted
principally the starting imine. There were minute amounts
of a number of other éompoﬁnds formed, none of which

could be isolated in pure form. As compound 105 has an amino

hydrogen it was possible this interfered in the reaction.

H.C ' CH

3

Therefore, the tertiary amide 106 was subjected to the
reductive acylation reaction. The starting material was
recovered in almost quantitative yield (after 4 days}.
This shows that-the amido group deactivates the carbon

nitrogen double bond to such an extert that it does not
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react with the acylcobalt tetrécarbonyl species.

In corder to f£ind out if a simple olefin would
undergo reductive acylation undér these conditions vinyl
cyclohexane was uéed as ﬁhe subétrate. After threé d;ys.
of reaction time vinylcyclohexane was recovered in'almost
quantitative yield. ‘

Since the homocgeneous method gives reductive acylati&k
it seemed cecnceivable that such a process could also Qccur‘
under phase transfer conditions. Several a-keto imines
were subjected to phase transfer catalyzéd reductive acy-
lation. However, as seen from the data in table 11 the
anticipated methyl amide was formed in much lower vield thaﬁ
in the homogeneous reaction. This phase transfer reaction
was also carried out on the iminium salt of N-benzylidene-

methylamine (107).

NP
—— N I —
\\\ .

CH3

107

Only benzaldehyde was recovered when the reaction was
completé. This shows that 107 is not an intermediate for

the methyl amide synthesis.
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Table 11: Phase Transfer Catalyzed Reductive
Acylation of a-Keto Imines.

Starting Yield and reaction time of the methyl- afiide

imine Phase transfer conditions Homogeneous
Yield % | Reaction time hr. | Yield % | Reaction time hr.
82 10 120 88 7.
78 20 120 74 24
74 18 120 44 24
f

The phase transfer catalyzed reductive acylation reaction,
when carried out in an atmosphere of'CO/Hz, gave 5% of

phenylacetic acid with N-benzylidinemethylamine (91). This

was after three days of reaction. (91 was recovered in 90%

¥ -

yield).

When the homogeneous reductive acylation reaction
was carried out on 74 in the absence of Coz(CO)8 the reduced
product 77 was isolated in 5% yield and 90% of 74 was recovered
after three days of reaction:wWhen (CHB)2 CHCOCl was employed
instead of CH3I in the presence of COZ(CO)S 74 was recovered
in 92% yield (after 48 hours).

As indicated in table 10, 74 gave 10% of the ethyl
amide, which indicates the unprecedented participation of
triethylborane in these reactions. Therefore in the absence

ofmethyl iodide the ethyl amide should be the only product.

When the reaction was carried out in the abgence of methyl
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iodide itproduced the ethyl amide in fair yield aé shown
in Table 12. These compounds were identified by-their-
IR, NMR, mass spectral data and C,H,N analytical data
(Table 13).

Table 12: Reaction of o-Keto Imines with Co, (CO}4/ ‘
NaEt,BH/CC in THF at 60°C in the absenge

of C 31. .
Imine : Reaciion Product Yield %
time hr.
@ o©/ocr13
82, 24 )Ii 108 40
o} C2H5
3'
74 24 76 45




1c4

It is interesting to note that the steric effect is more
pronouncgd when the reaction is carried out in the preéence,
rather than in the absence of methyi iodide.  This can be
seen from the reactio?'times and vields for the formaticﬁ
of ethyl and methyl amides from the N-2,6-dimethylphenyl
substituted keto imine 85. Such dramatic effects were not

found when steric factors were 6f minimal importance

(e.g. 74 —> 1786).

OUR:
Co., (CO) . /NaEt BH/CO/THF ©
2'77'g g \
. '
CH,I .
CH, ‘ G%J\\ Hq
CH,
86
No CH,I

20% 120 hrs.
CoZ(CO)S/NaE§3BH/CO/THF

Q—m
w

109 60% 24 hrs.
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2.3.3 Dicobalt octacarbonyl catalyzed reaction of

organoboranes with imines.
.

s previously noted a-ketoimines will react with

sodium”triethylborohydride and cobalt carbonyl in THF, under
carbon monoxide (in the ébéence of methyl ioéide), to give
the ethyl amide. It seemed conceivable that triethylborane,
formed during the generation of cobalt tetracarbonyl anion,
pérticipates in the reaction that gives the ethyl amide.

If this reasoning-is correct then the reaction of ac-keto-
imines (qr other &ﬂﬁif béses) with organoboranes and carbon
monoxide shquld afford a variety of f-keto amides.. However no
reaction occurred under these coﬁ&itions. Nevertheless, it was
‘found that the presence of catalytié amounts of dicobalt octa-
-carbonyl does indeed - result inuthe reductive carbonylation

and alkylation of Schiff bases by organoboranes and carbon

monoxide.
. ' 2 4
R2 . R COR
S| b COZ(CO)S 1|
R — C=N + CO + R3B . » R--CH-N
. 3 THF NG 3
R _ . R
(a) (B) ” (c)
+

(D)

e ———
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Carbonylation of a Schiff base (A) with én equiﬁbﬁar J
amount of an organoborane (B} and a catalytic quantity of
dicobalt octacarbonyl affords the amldes (C) in good yieldé.
[Table 14] This reaction can be effecteqfé; tetrahydrofu#an,
methylene chloride or hexane,—under mild conditions.
(60°C, 1 atm. pressure). The reaction is faster in THF
than in hexane or methylene chloride and the-product.yields
are higher in THF. The:saturated amine (D) was also formed
in some instances.’

As the resuits in Table i4 indicate, the metal
carbonyl catalyzed reaction is a versatile one since
variation can be made on the nature of both the organoborane
and the schiff base. It is applicable to allphatlc and
aromatic organobo%ujgz’_ﬁd to simple as well as to a-keto
imines. The organcborane when not commercially available,
was generated from the appropriate olefin by hyd;obbration,
‘and therefore one can convert olefins to amides in this
manner. The reaction ié regiospecific and in the cése of
a-keto imines { (A),R?= carbonyl containing group), gives
B~keto amides. These compounds are @f considerable use
in the synthesis of 1,3 azoles 153. Fof example treatment
of 124 ,which was obtained by the reaction of the appro-
priate Schiff base with tribu‘tylborane,Coz(CO)8 under
carbon monoxide in THF, when-reacted with ammonium acetate
in acetiézacid afforded 2-n-butyl-l-phenyl-4,5-di-p-

tolylimidazole 110 in 80% yield .



110

’

110 80%

-

A possible pathway for the -dicobalt octacarbonyl catalyzed-

organchorane-imine-carbon monoxide reaction is outlined in

- -

Scheme 19. Reaction of (&) with the catalyst may give

an ion paif, the anionic component being the cobalt
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tetracarbonyl anion. The latter may then interact with
“the organoborane.(B) to give 111l. A strong interaction
betwgen the organoborane and Co(CO)4‘ is not required;

in fact there is evidence ggainst such an interactiOn'on
~exposure of triphen&l borane to Co(CO)4_ in an argon
atmosphere:154 All that is necessary is a weak interaction
of sufficient duration under a ca;bon monoxide atmosphere,
to enable migration of an a%kyl or aryl group to occur from
boron to a carbonyl carbon to give 112. Addition of 112

to the imine (to give 113) and subsequent acyl transfer
and elimination of dialkyl or éiarylboron anion would
afford 114. Carbonylation of 114 to 115 and then regenerqtion

of Co(CO)4_ by displacement by R;B- would give 116. As-

these reactions are worked up in aqueous sodium hydroxide’

boron—~carbon bond cleavage will take place affording the

-

amide (C).
. RZ 4
1 : Co., (C0) B
| | - _
R—CNE & —2 B & = rlq+R %:o(co)4 5E, R42B—CO(CO)3 —
() \J Col), (8) L;\,‘L

]
0

111 -

-



112

, R
R N
1] R-C— MR .
o Mew SRR -
——— B~ B - 3o(®), - B-fo-—lcl
C"Ré (oY, O
| 3
0
112 113
2 R; R? R3 o R?
e /// AqueNaGH . | ,// +BR, 1
R-Ci-N ¢ RC N\!, ¢ _ R—?
| ~Co (C0)
cor? BR,* g 4 o
I (CO
~{ 0]
© 116
Scheme 19

Repeated attempts were made to isolate the intermediate

anion by’ trapping with bis(triphenylphosphine}iminium

chlof;ée (pPNTC1T). A pPN' salt was isolated from the

pem

reaction of tributylborane with a stoichiometric amount

1s
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] .
of COZ(CO)8 under. carbon monoxide. This was a pale green

solid which in THF gave a bright lime green solution. The

NMR of this complex showed the presence of an ethyl group.

When the imine 74 was added to a THf solution of this salt

and left to_reacﬁ, the starting imine 74 was isolated in

100% yileld. No definitive ekperkmental ?Vidence could

be obtained for the mechanism of this reaction. Therefore

it must be stressed that Scheme 19 simply provides aworking
hypothesis for rationalizing the catal&tic process. The ///
emphasis of this reseérch has been on’the synthetic as%é9£g/
of the chemisty. |

-

Table l14: The Coz‘(CO)S Catalyzed Reaction of Imines
with Organoboranes and CO in THF at 60 C.
’

A ,

Imineé. Organoborane Reaction Product ‘Yield
(a) (B) time hr. ' %
74 24 76 50

R Ph

R4 ' |

- coph  (CHg) 4B on 48

r%: ph

¢
c 36 PhC{ /COC4H9
(C,H,) ,B w{ R
4797 37 TN , Y
/N 0\
Ph H Ph
117 82

77 18




Table 14 (Cont'd)
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b

Imine Crganoborane Reaction Product Yield
(A) (B) - time hr. . %
74 ( CHyc) 4B 48 Pth QOC_H, o

CH-N
/N
Ph Fh
\ 18 55
7 22
k"
(PhCHz(}Iz) 3B 48 PhCO COCHZ?H2
\ |k
/FH-—N
Ph Ph
119 60
n . 10
i
(PhCH (CH4) CH,)) 1B 48 PhC{) _ cocnzcg;h
CH~-N
/ N
% Ph Ph
120 30
N o7
“~

77 - 40
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Table 14 (Cont'd)
Imine Organoborane Reaction Product Yield
(A) (B} time hr. ' %
74 (Ph) 4B 18 PhQD COFh
/CH -N 121 &7
Fh "Ph
~77 10
, ((Ii3CH2|CH) ;B 120. — L —
/ Hy
Ve
82 () 48 108 | 33
Rl= Fh
- )
R=-CP 84 65
O
R3= | 2 -
CH3CE6H4
( C4H9)3B

48 P)\“ ICOC 4H9

CH

4\\ _ 122. 76




Table 14 (ConP*a) -
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Imine Organoborane Reaction Product K Yield
(A) (B) time hr. %
79 (C,Hc) 4B 72 PhC{ COC_H

R'= Ph /CH -
R2= coph Fh
3_
R'= p—CH, CH,,
C.H »
64 123 37
81 60
- @ CH.,
124 (C4Hg) 3B 48 /COC2H5
R p-cu RN |
3 . CH-N
ol o2
R2= ; / Ph
CH
C6H4 3
3 125 87
R = Ph \
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Table 14 (Cont'd)

Imine Organcborane " Reaction Product Yield
(a) (B) ' time hr. %
: OCH,
126 . (C4Hy) 4B 72 J:::T
' 0:C QoC,H
R™= p—CHBO
' . Lo CH - N
C_H,CO -
6% | \
R= P=CH,0 o © Ph
et ‘ och,
L7 74
- CH3
o
\128 (CZHS) 3B | 72
: o o
R™= p-CH,0 \ /
CH- N
5 CeH4CO ‘ \
R°= H Ph
- r
R>= Ph
129 62

Tyields are of pure products.

Tyield was 44%, using hexane as the solvent.

OThe vield of 118 decreased to%l%, and-the yield of the saturated
product (77} was 1%. The remainder being recovered starting material.
(When the réaction was carried out under an atmosphere of CO/H,) .




. I . \ 118

As anticipated_7j4 wheﬁ reacted with 9-BBN'(9[borabicyciE
(3.3.1) nonanel]) afforded 77 in 50% yield but no- amid%;z

was formed. There was no reaction between 74 and tri- sec-

butyiborane . It appears .that the.secondary o;ganoborane

' is not sterically favourable for the reaction."The~oximev

O-methyl ether 130 reacted with triethylborane but 65%.of 130
was recovered after lZd‘hogrs and the small amount of
products isolated could not be identified. When the

'organoborane‘of 4-vinyiazetidine-2—one 131 was reacted with

74,131 was recovered in quantitative yield as 131 could not

be hydroborated to the organcborane.

Ph o . /\

|
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Br

Reaction of 132 with‘triethylborane gave recovered starting
material. Treatment of 133 and 134 with triethylborane

gave the ethyl ketones in low yield.

133 (CyHg) 3B

" Co, (CO)g/CO _ '
THF ‘

136 l6%

Recovered 133 70%
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(C,Hg) 4B H,C o 13 1%

(=]
w
o+

A 4

COZ(CO)B /Co
THF

75%

Recovered 134 18%

When phenylacetylene was reacted with triethylborane it gave
1l,2,4~triphenylbenzene 140 in 100% yield after cne hour of

reaction.

: (C,H.).,B
©_c5cn 253
C02(CO)8/CO

139 . 140 100%

As the ethyl group is not present in the product it is possible
that only C02(C0)8 is reacting. This reaction is interesting
as it gives only one isomer. The intermédiate could be a

diene -cobalt compleX as shown in Scheme 20:

o4



S 121

'@_ggcﬂ + Co,(CO) g
o' o O 5
= —]] O
C O

Scheme 20

N

When an internal alkyne 141 was used as the starting material

none of the eipected benzene derivative was produced.

(c, B/CO/Co, (CO) g THF

Hg) 4

H3C - Ce=C - CH(CH3):2

14

—_—

3
|
H,C - c—¢C - CH(CH3)2

[X)

(C0}3Co———(_Zo(CO)3 20

20 15 %,Recovered 141 75 %

Compounds 135, 136, 137,138, 140 were identified by comparing

v

their melting points IR, NMR and Mmass spectral data to those

of authentic samples.
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CHAPTER III

¥

3. EXPERIMENTAL

General Data

Melting point dgterminations were made by using a
Fisﬁer—Johns apparatus and are uncorrected.‘lnfrared spectra
were obtained by use of'a Unicam SP-1100 spectrometer
equipped with a calibration standard. A Nicolet MX-1, FT
spectrometer was used for recording some infrared spectra.
Varian T60, EM360A and Varian HA1lG0 spectrométers were used
fo# proton magnetic resonance determinations. Carbon magnetic
resonance spectra were recorded in the fully and partially
degoupled modes with a Varian FT-80 spectrometer. Elemental
analysié were carried out by Canadian Microanalytical
Service, Vancouver, Canada and by M-H-W Léboratories, Phoenix,
Arizoha. Silica gel was used for column and for thin layer
chromatography. Gas liquid chromatograbhy was performed on
a Gow Mac 550 gas chromatograph with Carbowax 20 on chromosorb G
(40—45°)or Versamide on chromosorb G (200—2500).

Mass spectra were determined on an AEI MS902 spectrometer.
Solvents were purified and dried by standard methods. All
reactions were run under an atmosphere of prepurified nitrogen

unless otherwise stated.
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Triiron dodecacarbonyl was purchased from Pressure
Chemical Co., and was dried in vacuo prior to use: Diiron
enneacarbonyl,palladium acetatg and palladium chloride were
purchased from{Alfa Inorganics and were used as received.
Chromium hexacarbonyl, molybdenum hexacarbonyl, iron penta-
carbonyl,,tfixgthenium dodecacarbonyl, chlorodicarbonylrhodium(I)
dimer, aﬁd dimanéghese decacarbonyl were purchased from
Pressure Chemicai Co. and were used as received. Dicobalt
octacarbonyl was purchased from Strem Chemical Inc., dichlo-
ro(dibenzonitrile)palladium(ILl) was a gift from Prof. Alpe£
and tetrakis(triphenylphosphine)palladium(0) was a gift from
Dr. Tanaka. ‘

All phase transfer catalysts were commercially available
and were used as received. All dienes were commercial .products
except N-carboethoxy-1,2-dihydropyridine which was a gift froﬁ
Prof.'Alper. The vinyl nitro compound 33 was a gift from Mike
Hrystak and the nitro sugar 34 was a gift from Dr. Zeher Hanna.
4—Vinylazetidiﬁe-2—one was a gift from Dr. Gunda Georg.

Reagent‘gradé methyl iodide was passed through a short

column of alumina before adding to the reaction mixture.



127

3.1 Carbene insertion into organometallic complexes

undey phase transfer conditions.

'3.1.1. Preparation of diene-iron carbonyl complexes

B

e e s 125
Cyclohexa-1,3-dieneiron tricarbonyl (1)

A mixture of cyclohexa-1l,3-diene(40 g., 50 mmol)

triiron dodecacarponyl (7.5 g., 15 mmol) and benzene (75 ml.)

was. refluxed for four hours under nitrogen. The solution

was cooled and filtered through celite to remove particles
of iron. Removal Qf‘the solvent in vacuo gave a brown oil.

This was taken up in pentane and filtered through a column

of alumina, grade '0'. Removal of the solvent gave the

pure product as a canary yellow viséous oil [4.24 g., 43%]
IR Ve (CHCL;) 1980(s), 2060 (m) cm '. 'H NMR (CDCl,)s
1.65(S,4H), 3.20 (m,2H), 5.30 (m,2H)ppon.

1,3-Hexadieneiron tricarbonyl ﬂé)lZG

1,3-Hexadiene (3.3 g., 40 mmol) and triiron dodecac-
arbonyl (6 g., 12 mmol)}were ;efluxed in benzene (50 ml).
The reac£ion was effected ag descfibed for cyclohexa-
'1,3-dieneiron tricarbonyl,f The final purified ([2.35 g.,
30% yield]canary yvellow vwviscous. oil was obtained.
IR, v, (CHCL,) 1990 (s), 2075 (m) e NMR (CDC1 )5

0.31 (m,2H), 1.1(t,3H J=6HZ), 1.88 (m,3H), 5.3(m.2H) ppm.
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Bicyclo~[2,2,1] ~hepta-2,5-dieheiron tricarbonyl (5)
Bicyclo[2,2,1l]hepta~2,5~-diene {norbornadiene) (4 g.,
43 mmol) and triiron dodecacarbonyl (5 g:, 10 mmol)were

refluxed in benzene for. one hour. The work up was the
same as for the previous compound;. The-final purified
product was a dark Qrange,Viscous oil [1.37 g., 20%] IR
Voo (CECL,) 1985 (s), 2065 (m) om —. 'm NMR (CDC1)61.3

(t, 2H), 3.0 (m,6H) pou. ' ‘.

1,4-Diphenyl-1,3-butadieneiron tricarbonyl (6)
A.mi;ture of 1,4-diphenyl-1,3-butadiene (2 g., 10 mmol])
and triirbn dodecacarbonYl(l.s g., 3.2 ﬁmol) was refluxed
in benzene for four ho%ﬁs. When cooled bright o?ange
crystals separated from the giltrate:-'These were recrystalliied.
from chloréform. The yield of pufiﬁied product ‘'was 1.3 g.,
[40% yield] IR Voo (CHC1,) 2000(s), 2065 (m) cn . L1HNMR
(CDC13)6 2.35(m, 2H, prptons on terminal carbons of diene

units}), 5.85(m,2H,éroton§ on internal carbon of diene unit)}.

7.20({s,10H,aromatic protons) ,Mass (m/e)346,318,290,262,206,-

(N-Carboethoxy—-1,2-dihydropyridine) iron tricarbonyl (3)128

‘A solution of N-carboethoxy-1,2-dihydropyridine (2.3 g.,
15 mmol) and triiron dodécacarbonleL46.g.,15 mmol) was stirred
at rooﬁ'temperatute for 52-78 hours in benzene. The reaétion
mixture was filtered and subjected to column chromatography
on silica gel. Elution with hexane gave recovered starting

material. Elution with benzene gave the diene-iron tricarbonyl
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complex as a thick‘yellow oil. [1.32 g., 30% yield]IR vCO(CCD4

2058, 1980, Voo i cm.—l,lH NMR (Cg913)6 1.26 (t,3H) 2.65-3.50-(m,3H),

4.27 (g,2H) 5.0 (d4,1H), 5.5 (m,ZH\T{Fﬂ- MS(m/e) 293,265,237,209,153,84,56.

Bicyclo~[2,2,1]—hepta—z,S—dienemolybdenum tetracarbonyl (12}30
Bicyclo(2,2,1]-hepta-2,5-diene (6.8 g., 74 mmol) was
added”dropwise to a_gglution of molybdenum hgxacarbonyl (5.28 g.,
. 20 mmol) in Egzﬁyl cyclohexane'(EQ ml } at its boiling point
(110°C). The fiﬁal pure product was obtained by sublimation of
the crude precipitate formed w@gn the filtrate was“cooled to
—-78°C. The yield of the pure yellow crystalline complex was
0.85 g.(14%). IR v (CHCL;) 2028,.1980-1923, 1869 cm.”» 'mmMr -

(CDC13I& 1.3 (2,m), 3.78(2H,m), 4.85(4H,m). "

3.1.2. Preparation of cycloheptatriene complexes.

. . 131
Cycloheptatrienemolybdenum tricarbonyl (19) .

N
\

Molybdenum hexacarbonyl (5.28 g., 20 mmol) and\cyclohepta—
triene (lO.ml—excess)were refluxed in ethylcyclohexane (50 ml).
The mixture was cooled, filtered under nitrogen, and the filtrate.
was kept at -78°C for several hours. The red érystals that‘
‘separated were dried and purified by sublimation. The
yield was 1.9 g., (35%). IR vCO(CHCl3) 2005(s), 1930(s)

1895(s) om.”* 1z NMR (CDC1,)6 2.4 (m,2H), 3.6 (m,2H), 4.9

(m,2H) 6.1 (m,2H) Mp 100-101°cC.
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Cycloheptatrieneéhromium'tricarbonyl (131132

A migture of chromium hexacarbonyl (5 g., 23 mmol)
and cycloheptatriene (6 g., 60 mmol) was refluxed in ace-
‘tonitrile (40 ml) for 20 hours. The work up used was the
same as‘that for the analogous molybdenum complex. The
yield of pure red crystalline product was 1.15 g., (22%).
1x NMﬁ (CDC13)6 2.10 (m,2H), 3.20 (m,2H), 4.70 (m,2H),

5.90 (m,2H}.

3.1.3. Preparation of alkyne cobalt complexes.l38

Coz(co)8(13 mmol) and the alkyne (17 mmol) were stirred
under nitrogen iﬁ pentane (50 ml) overnight at room temp-
erature. The solut;on was filtered under nifrogen and the
soclvent Was.evaporated. Recrystallization from methanoi

afforded the_pure products.

1-Phenyl-1-propyne—dicobalt hexacarbonyl {22}

Long reddish black needle like crysfalg. Final purified
yleld 2.76 g., 54%. Mp 36°C. IR v, (CHC1;)2040(s),2035(m)
2115(w) cm L. T MR (CDCL,)8 2.95(s,3H),7.50(m,5H aromatic)

m/e Mass 402,374,346,318,290,262,234.

4 -Methyl-2~pentyne-dicobalt hexcarbonyl (20)

Needle like brown crystals which decompose at 80 °C. Final

purified yield: 3.39 g.{(71%), IR UCO(CHC13)2055(S), 2070!m),

2110 (w) cm_l. 1 NMﬁ(CDCl3)6 1.2(s,34), 1.40(s,3H), 3.10

(m,lﬁ) 2.70 (s,3H). m/e Mass 368, 340, 31z, 284,‘256, 228,200.
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1 Phenyl-l-butyne dicobalt hexacarbonyl (21} .

Thick reddish black o©il. ¥Final purified yield 4.05 g.,

(75%). 1R vCO(CHC13)2050(s),2075(m),2115(w) cm_l. 1y nMR

(CDC13)5 1.41(t,3H),3.15(g9,2H),7.40(m,5H aromatic).

3.1.4. General procedure for the carbene insertion reaction.

'3.1.4.1 Benzyltriethylammonium chloride as the phasé
transfer catalyst (Methed A).

A mixture of the organometailic complex (5 mmol), .
bromoform {50 mmol), 30% NaOH (25 mmol) and benzyltfiethyl—
ammonium chloride (0.2 mmol) was vigorously stirred at room
temperature under nitrogeﬁ fog 24-72 hours. fhen‘the reactioﬂ
mixture was added to excess distilled water {(200-250 ml). "~
The organic phase was separated with the aid of methylene
chloride. This was then dried (Mgso4)" and the solvent
was evaporated in vacuo. The :esulting crude brown oil
was:éﬁstilled unéer reduced pressure (4 o),

The excess.bromOform was colleéted at 50°C bath temperature.
The remaining thick brown oil was worked up in the following -
manner for the various reactions. Preoducts and their yields

are given in Table 1. Spectral data are given in Table 2.
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Cyclohexa—l,B—dieneirqn tricarbonyi (i)‘ .

The remaining'thick'brown 0il was dissolved in a small
amount of chloroform and filtered through a column of silica
gel with chloroform as the solvent. Evaporatioh of the
solvent gave 0.51 g.,{26%) of the dibromo complex as a thick

yelléw oil.-

1}3—Hexadieneiron tricarbonvl o (3)

The remaining crude brown oil was dissolved iﬁ a small
amount of chloxoform and filtered through a silica gel
column with chloroform as the solvent. The resulting yellow
oil showed two spots on thin layef chromatography. The yellow
0il was again chromatographed on a silica gel column using
1:1 hexane-benzene as eluant. vao fractions were separated.

Fraction one (bright yellow) wés the dibromoiron complex -

[0.274 g., 14%]. Fraction two was the dibromo ligand,

[0.151 g., 12%], S aibromomethyl-l,3-hexadiene. A{)yy//

5-Methvl-1,3-hexadieneiron tricarbonyl ~ - (2)

' The remaining thick brown oil was filtered through a
column of silica gel using benzené as the solvent. The
resulting yellow product was analytically pure dibromoiron

complex , Yield [0.35 g., 17%].

Bicyclo-[2,2,1] —-hepta-2,5~dieneiron_tricarbonvi (3}

The remaining thick brown oil was f£iltered through a

silica gel coltmn using carbon tetrachloride .as the solvent.
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The bright yellowleluant was collected and concentrated in
vacuo. This was streaked on a prepared tlc plate and run
with hexane. Three fractions were separated. All three
were colourless oils and weighed 0.0065 g.,(3%), 0.150 g.,
(7%), 0.09 g., (4%). o

. N . . .
1,4-Diphenyl-1,3-butadieneiron tricarbonyl  (6)

Thin layer chromatography of the crude product showed
that there were no new products formed. The starting diene-—

iron carbonyl complex was recovered in qﬁantitative vield.

3.1.4.2. Aliquat 336 as the phase transfer catalyst
{Method B):. . )

A mixture of the organcmetallic complex (7.5 mmol),
hromoform (0.15 mmol), Aliguat 336 (0.75 mmol), ice cold
50% NaOH (0.3 mmol), methylene chloride (30 ml) and ethanol
{1.5 ml.) was vigorously stirred at room temperatufe foxr
one hour, andltheh at 50°C for five hours. . After cooling
to rcocom temperature the reaction mixture was added to excess
distilled water (250 ml.) and the organic léyer was sepa;
rated with the aid of additional methylene chloride. The
organic phase was dried (MgSO4) and the solvent was evaporated
in vacuc. The resulting crude brown thick 0il was diésolved
in some methny;é chloride and a small amount of silica
gel was added. The methylene chloride was evaporated in

vacuo. The silica gel coated with the crudé compound was

added on top of a silica gel column. This was worked up
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in the following manner -for the various reactions. Products

and their yields :are given in Table 1. Spectral data are

given in Table 2.

N-Carboethoxy-1,2-dihyéropy¥ridineiron tricarbonyl. (4)-
Hexane (250 ml.) was-passed through silica gel which
carried with it the ﬁnreacted bromoform. Then benzene was
passed through and two fréctions were separated. Fraction one
was the dibromoiron complex, a thick yellow oil [1.84 g.,

54%]). Fraction two was the unreacted starting material

[0.61 g., 28%].

1,3-Cyclohexadieneiron tricarbonyl. (1

Elution with hexane gave three fractions. Fraction

one contained unreacted bromeform. The second fraction was

unreacted starting material [0.22 g., 14%]. The third
fraction, on the evaporation of the solvent gave the di-

bromoiron complex [0.88 g., 32%] as a thick yellow oil.

1,3-Hexpdieneiron tricarbonyl. (3)

Unreacted bromoform was separated by eluting with
hexane. The dibromoircn complex was then elute% with 1:1
benzene-hexane. On evaporation of the solvent £he dibromo”
complex was cbtained as a thick yellow oil [0.784 g., 46%].

None of the ligand was present.
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'5-Methyl-1,3-hexadieneiron tricarbonyl. {2)

Unreacted bromoform‘was separated by eluting with
hexane. The dibromoiron complex was then separated by
using benzene as the solvent. There was no unreacted startiné
material or the free ligand. On evaporatipn of the solvent
the dibromoiron complex was obtained as a thick yellow oil.

[0.556 g., 27%]. —

Biqyélo—[Z,Z,I]—hepta—Z,S—dienemolybdenum tetracarbonyl. (17)
T When an IR spectrum of the colourless. oil was taken, it

showed that only bromoform and molybdenum hexacarbonyl was
present. There was no starting material and no pfoducts.

The complex had coliapsed under these conditions.

Cyc1oheptatriéhemolybdgnum tricarbonyl. (19)

Thin layer chromatography of the cxrude product showed
a largé number of inseparable compounds, none of which seemed

to be the major productl'

Cycloheptatrienechrémium tricarbonyl. (18)

Elution with hexane separated the unreacted bromoform.
A mixture of hexane:methylene chloride {3:1 ratio) when passed

through the column separated four products,each of which was

obtained in less than 10 mg.
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l Phenyl—propyne dicobalt hexacarbonyl. (22)

Thin layer chromatography of the crude dark red oil
showed that there was only the starting material present.
When this oil was passed through a column of silica gel with
chloroform as the solvent the pure starting material was.

obtained in 92% vield.

4-Methyl-2-pentyne dicobalt hexacarbonyl. (20)
Eluting with hexane separated the unreacted bromoform
and unreacted starting material [1.42 g., 70%]. Two more

fractions were separated with benzene-hexane (1 1) -

| Spectral data of the major fragction; (0 028 ag.}) ;

1y nMr (cnc1 )6 :1.60(s,31) , 1.756

r

. TRvo_g /y;lTCHC1 ) 1770 (s) , MS (m/e) 281,253, 173, 93.

The second fractlon was obtained in less than 10 mg.

H), 1.95(s,3H), 6, 08 (s,1H) .

~These two compounds could not be identified

successfully.

l—Phenyl—l—butyhe dicobalt hexacarbonyl. (21)

Eluting with hexane‘separated the unreacted bromoform
and unreacted starting material. [1.43 g., 78%] Two more
fractions were separaEed with a mixture of benzene;hexane
(1:1) . ~ Swectral daha of the rajor product(0.042 gl);
1ﬂ NMR (CDCl }§:1.05(d,34), 1.25(m,1E}, 6.05(&,1&), 6.15(s,5Y).
IR v_o(CHC1,):1730(s) om *. MS m/e: 329, 301, 249, 169.

The second fraction was obtained in less than 10 mg.

These two compounds could not be identified successfully.
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3.2 Catalytic reduction and carbonylation of nitro p
compounds by triruthenium dodecacarbonyl.

3.2.1 General procedure for the: reduction of nitro ;
compounds with triruthenium dodecacarbonyl /
under phase transfer conditions,

_ E To Ru (CO):]_2 (0.03 mmol) in benzene (20 ml.)}
containing 2-methoxyethanol (5 ml.) was added benzyltrlethyl—
ammonium‘chloride (0.25 mmol) in 5N sodium hydroxlde (10 ml.)

The reaction mixture was stirred for one hour under an

atmosphere of carbon mono%ize. During this time the colour

of the reaétiqp mixture changed from orange torbright wine

red. The nitro compound {5.0 mmol) in benzene (5 ml.) was

added and stirring was continued until the reac;ion was

complete (tlc) . The . organic phase was separated,

and the ‘agqueous phase was acidified to pé 6 with dilute
hydrochloric acid and the amine was extracted"with ether. The la-
tter was added to the organic phase whichlwas then dried

(MgSO4). Evaporation qf the solvent gave the crude amine -
which was worked up in the following manner for the various

compounds. The yields and reaction times are given in

Table 3. I
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Nitrobenzene.

The crude oil was*taken up' in 1: 1 hexane-ethyl acetate
and';assed through a column of silica gel Evaporatlon of
the solvent gave pure aniline [0.44§ g., 97%l,wh1ch was identified
by comparison of spectral data (IR, NMﬁ), Rf value and the

boiling point with_authentic material. : : :

p-Nitrotoluene.

The crude black solid was dissolved in a small amount
of methylene chloride and streaked on four preparative
thin layer silica gel plafes. Methylene chloride was used
to develop the plates. The amine was separated from the
small amount of ruthenium impurity. \;ie’pure crystalline -
product was‘identified as p-toluidine by compariné ies

spectral data (IR, NMR)er value and melting point with

literature data for p-toluidine (yield 0.503 g., 94%).

gLG—Dimethy;nitrobenzene /7

e T

The crude black solid was dlseg}ved in a small amount
of methylene chloride and coated/en e‘small amount of ‘silica
gel. This was added to a column of silica.gel. Two fractions
were separeted with hexane:etﬁyl acetate {1:4). Fraction
one coqteined unreacted-stari&gg material. [0.68 g., 90%].
r
raction two contained the pure amine [0.048 g., 8%]. This
pure oily product was identified by comparing its spectral
data (IR, NMR} and Re values to literature data for

'

2,6~dimethylaniline.
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p-Nitroanisoie.

The -crude solid was dissolved in a small amount of ethyl
acetate and streaked on four preparative thin layer silica
gel *plates. A mixture of 4:1 ethyl acetateeﬁexane was used
to develop the plates. The amine was separated as.white
crystals. This product was identified as p—anisidine by
comparing its spectral data (IR NMRJ, Rfvalue andznelting

p01nt to literature data for p-an151dine. Yield (0.517 g.,

-

84%).

p-Chloronitrobenzene.

The crude black\?olid was dissolved in a small amount’
g8 *
oﬁ&methylene chloride and streaked on four preparative thin
i
layer-plates.. The plates were developed with @ 1:4 mixture of

hexane:ethyl acetate. A white crystalline amine was obtained

[0.62 g., 98%)]. The product was identified by comparing its

" spectral data (IR, NMR),Rf value and melting-point with

that of authentic p-chloroaniline.

2—Nitrofluorene.

The crude black solid was dissolved in a small amount
of methylene chloride and stteaked on four preparative thin
layer plates. Methylené chloride was used to develop the
piates. The pure amine was separated from the rutheniugyf'
impurity [0.86., 95%]. The buff coloured crystals were
identified by comparing its spectral data (IR, NMR) to those

~—

given in the literature for 2-aminofluorene.
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4-Nitrobenzophenone.

=

The crude black solid was dissolved in a small amount
of methylene chloride and streaked on four preparative thin
layer plates. Methylene chloride was used to develop the
plates.' The pure amine was separate& f;om the ruthenium
impurity[0.95 g., 97%]. The compound was identified by
comparing its spectral data (IR, NMR) with that of authentic

4-aminobenzophencne.

1-Nitropropane.
While the reaction is proceeding small samples of the
organic phase was injected into a carbowax column at 40-45°C.

The completion of the reaction was determined when the peak

for nitropropane ' disappeared. By comparing the retention

time of the product to that of commercially available 1-
propylamine the compound was identified and the yield was

\
found to be 85%.

This reduction was tried on vinyl nitro coumpounds

33 and 34 , and also on other substances (35-39).
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A few reactionswere carried out on the nitro compounds with

variations on the general procedure.

Without the phase transfer catalyst.

p-Nitrotoluene was sﬁbjected to reduction by the general
procedure in the absence of the phase transfer catalyst, benzy-
ltriethYlammonium chloride. The work up was the same as

described for p-nitrotoluene.

Reaction under a nitrogen atmosphere.

p-Nitrotoluene was subjected to reduction by the general

~

" procedure in an atmosphere of nitrogen instead of carbon

-?

monoxide. ' The work up was the same as in the general procedure

for p-nitrotoluene.

With 50% sodium hydroxide.

p—Nitrotoluene was subjected to reduction by the general
procedure in the presence of 50% sodium hydroxide instead of
the 5N sodium hydroxide (20%). The work up was the same

as in the general procedure for p-nitrotcluene.

With tetrabutylammonium bromide as phase transfer catalyst+—
/
p-Nitrotoluene was subjected to reductidn by the géheral

method in the presence of_tétrabutylammonium bromide (0.25 mmol)
instead of benzyltriethylammonium chlcride. Work up was the

same as in the general procedure for p-nitrotoluene.
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With Aliquat 336 as” the phase transfer catalyst.

p-Chloronitrobenzene was subjected to reduction by the
general procedure in the presence of Aliquat 336 (0.25 mmol)
instead of benzyltriethylammonium chloride. Work up was the

same as in the general procedure for p-chloronitrobenzene.

With l8-crown-6 as the phase transfer catalyst.

Ru3(CO)12 (0.15 9., 0.3 mmol) was dissolved
in tetrahydrofuran (60 ml.) and‘2-methoxyethanol (5 ml.) was
a&ded.To fhis solution solid powdered potassium hydroxide
(1.25 g.) was added and the soluﬁion was stirred for fiftegn
minutes with 18-crown—-6 (0.08 g., 0.3 mmol). p—éﬁloronitro~
benzene (2.35, 15 mmol) was then added and the reaction
mixture was sfirred at room temperature. ~When complete
(follbwed'bj this layer chrdmatography) the reaqtion mixture
was addéd to 100 ml. of disfillea-water and the amine was .
extracted with CH_2C12 and purified according tc the general.

procedure for p-chloronitrobenzene.

Before the general procedure for reduction of nitro
compounds was discovered, a number of reactions were carried
out on the nitro system to determine if any carbonyl insertion

or reduction took place.
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Using different metal catalysts

Chlorodicarbonylrhodium(I) dimeT ™

To a solution of p-chloronitrobenzene (0.78 g., 5 mmol)
in methylene chloride (25 ml.) ana 8N sodium hydroxide {20 ml.)
was added benzYltriethyiammonium chloride (0.23 g., 2 mmol)
and chlorodicarbonylrhodium(I) dimer (0.077 g:, 0.2 mmol),
The reaction mixture was stirred.under carbon monoxide at
25-30°C for 65 hours. Distilled water was then added,and the
amine was extracted with methylene chloride, and purified
according to the general ﬁrocedure of p—chlorohitrobenzene.
The reaction was also effected iE’EBe same'manner, at

45-50°C. N

PdClQ(PhCN)Z

The palladium complex (0.5 mmol) was stirred under
carbon monoxide at room temperature .in benzene for ten
minutes. Then 50% sodium hydroxide (10 ml.) was added aleng
with benzyltrietﬁylammohium chlofide (0.5 mmol). pQNit;otoluene
(5 mmol) was added, the reaction mixture was stirred at fgom

temperature overnight , and then worked up as usual.
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Pd(22h3\4

Tetrakis(tiiphenylphosphine)palladium (0.5 mmol) was _
stirred under carbon monoxide at room temperature in benzene (§E&'
for ten minutes. Then 50% sodium hydroxide (10 ml.) was
added along with benzyltriethyiammonium chloride (0.5 mmol).
p-Nitrotoluene (5 mmol) was added and the reaction mixture
stirrea at rocm temperature overnight. The work up was the
same as given in the general procedure.

PdClE % e

To a stirred solution of-p—nitrotqluene (c.466 g., . N NJ/
3.4 mmol) in methylene chloride (6.5 ml.) was added a 3N )
solution of hydrodhloric acid (4.0 ml.) and benzyltriethl-
ammonium cﬁloride'(0.073 g., 0.34 mmol) and PdC12(0.17 mmol) .
This réadtion mixture was stirred at room temperature for

five hours. The work up waslthé same as for the general
procedure.
Pd(OAc)g)

Palladium acetate was substituted for Pdclz(PhCN)2 and
PdCl2 in the above prdcedure usingjbasic and acidic conditiéns
respectively. |
COQ(CO)S

Methylene chloride was dégassed and- then €he flask was

. charged with carbon monoxide. To this was added 50% sodium

hydroxide (25 ml.} and carbon monoxide was bubbled through
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the solution at a fast rate.Dicobalt octécarbbnyl (0.27 g.,
0.8 mmol) was added and the solution was stirred for 2 hours. To
this mixture p—nitrotoluene‘(l.096 g., 8.0 mmol) was added
and the reaction was followed by thin layer chromatography.

Workup was the same as described in the general procedure.

Ru. (CO),./Fe(CO) . (excess) .

To Ru3(CO)lO (0.19 g., 0.3 mmol) in benzene (15 ml.)
was added benzyltriethylammoniﬁm chloride (0.068 g., 0.3 mmol)
and 5N sodium hydroxide (10 ml.). ‘When the solution turned
red Fe(CO)5 10.784 g., 4 mmol) was added followed ten minutés
later by p-nitrotoluene (0.685 g., 5 mmol). The reaction
was followed by thin layer chrométography. Work up was ﬁﬁé

same as described in the general procedure.

Ru, (CO),.,/Fe(CO). (l:2 ratio).

The procedure above was followed but instead of 4 mmol

of Fe(co)s,-d ly 0.6 mmol was used.

Using different base concentrations.

' To Ru4(CO¥,, (0.19 g., 0.3 mmol) in benzene (20 ml.)

- was added benzyltriethylammonium chloride (0.057ﬂg., 0.25 mmol~
in 0.5N, 2N, 5N, and 50% NaOH (10 ml) in five different
reagtions. The reaction mixtures were stirred for one houfl

.under carbon monbxide. The nitro Eompound, p-nitrotoluene
(0.685 g., 5 mmol), was added.an& stirring was continued over-

1

night. The work ub for all five reactions was the same as for



146

the geﬂeral procedure. The results are given in Table 4.

:At different reaction temperatures.

- . “ To Rﬁé(dowiz_ (0.19 g., 0.3 mmol) in benzene L
-5,120 ml.) was édded-benzylt&iethylammonium_chlofide (0.057 g.,
0.25 mmol) in 5N so&ium'hydroxﬁde (10 ﬁl.). » The mixture was
“ﬁ étirred-fdf one hour undér carbén mqnokide,\pfnitrotoluene.
(6:685 g;, 5 mmol) ﬁas‘thég addéd and stirring was contihued

"

for 6 hours ét-0°C,5°C and 70°C in three different reactions.
The work up in each case was the same as for the'general

procedure. «The results are given in Table 5.

AN :
Using different phase transfer catalysts.

18-Crown=-6

[

Ru3(C0)12 (0.19 g., 0.3 mmol) was dissolved in £etra-
hydrofuran (60 ml.). Solid potassium hydroxide (1.25 g.)
fand 18-crown-6 (0.08 g., 0.3 mmol)were then added and stirred
for fifteen minutes. p-Nitrotoluene (2.05 g., 15 mmol) was .
added in portions to the vigorously stirred solution. After

one hod?‘it,was heated to reflux for 48 hours. Work up was the

_ "same as for the general procedure. | I

Aliquat 336

To Ru3(CO)12 (0.38 g., 0.6 mmol} in'methylene chioride
(50 ml.),‘was added 50% sodium ﬁydroxide {2;5 ml.) and Aliquat
336 (0.43 g., 0.6 mmol). Then p-nitrotoluene (1.37 g., 10 mmol)
was added and stirring was continued for 48 hours at room

- temperature. Work up was the same as for the general procedure.
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3.2.2., General procedure for the carbonylation of
'nitro compounds with triruthenium dodecacarbonyl.

To a mixéure of Ru;(CO),, (0.3 mmol) in benzene (50 ml.)
and 2-methoxyethanol (10 ml.) ﬁas added sodium methoxide
(30. mmol), and the reaction mixtyre was stirred under carbon
monoxide for one hour. The nitq2>compound (5 mmol) dissolved
in benzene (5 ml.), was then added and the reaction mixture
was warmed to 50°C (oil bath tempe%ature); The reaction was
followed by thin layer chromatography and when all the sfart-
ing material had reacted the reaction mixture was added to
distilled water to remove any unreacted sodium methoxide.
The o:ganic‘layer was separated and the agqueous layer was
extracted several times with 25 ml. portions of ether. These-
were added to the organic phase and dried (Mgso4). Eva-
poration of'the solvent gave the crude product whic¢h contained
the amide as the major species:ﬁ-fhis was worked up in the
following manner for the varigms reactions. Yields and
reaction times are given‘gg_ le 6.

p-Nitrotoluene

The crude black solid waé dissolved in a small amount
of methylene chloride and coated on- silica gel. This

was addéed to the top of a column of silica gel. Elution with

-.,ﬂf'
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hexane:ether (2:3) gave the amide as a pale buff coloured
solid [0.72 g., 11%]. The product was identified by comparison
of spectral data (IR NMR}, Rg value and‘melting point with

literature data.

P

éjNitroanisole

The crude black solid was dissolved in methylene chloride

and -coated on a small amount of silica gei. This was added
> .

on top of a silica gel column. Elution with hexane:ether
(1:4) gave the formamide [0.186 g., 3l%las a buff coloured
solid, identified by comparing spectral data, Rf‘and

i

melting point with literature data.

p-Chloronitrobenzene

]

- The crude black solid was dissolved in a small amount of
methylene  chloride and coated on silica gel. This

was added on top of a column of silica gel and elqﬁed with

hexane:ether (2:3). The first fraction was the azoxy compound
[0.322 g., 50%]. The second fraction was the amide
[0.212 g., 34%]. The azoxy compound and the amide were iden-

tified by comparing their spectral data'(;R, NMR}, Rf and

melting.points with anthentic samples.

2-Nitroflourene

The crude black solid was dissolved in a small amount
of methylene chloride and coated on silica gel-. This

was added on £op of a silica gel column and eluted with

4
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hexane:ether (2:3). The formamide was obtained as a pale
brown solid [0.276 g., 25%], identified by comparing its
spectral data (IR and NMR), Rf value and melting point with

authentic material.

4-Nitrobenzophenone

The crude black solid was coated on a small amount of

silica gel and added to the top of a silica gel column. Elution

with a mixture of hexane:ether (1:4 ratio) gave the amine
[0.125 g., 14%] as a light brown solid, which. was identified
by comparlng its spectral data (IR, NMR), Rf value and melting

point to that of authentic material.

_Fea(CO),q/Sodium methoxide

- To a solution of Fe3(CO)12 {¢.15 g., 0.3 mmoi) in benzene
(50 ml) was added sodium methoxide (1.6., 30 mmol) and the
reaction mixture was stirred under carbon monoxide for 8 hours
until the colour changed from deep green to reddish brown.

p-Chloronitrobenzene (0.628 g., 5 mmol) was added and stirring

‘was continued at 50°C for 72 hours.Work up was the.same as

for a the general procedure. Note that 2-methoxyethanol was

not added as Fe3(CO)12 was completely soluble in benzene.

[Rh{CO) ,C1l]_/Sodium methoxide/l5-crown-5.

To p-chloronitrobenzene (0.628 g., 5 mmol) in benzene
(50 ml) was added lS—crown—5u(0.05‘ml., 0.3 mmol} followed
by sodium methoxide (0.6 g., 30 mmol) and [Rh(CO)2Cl]2

{0.77 g., 0.2 mmol). The;reaction was stirred for 48 hours
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{monitored}by thin layer chromatograghy) and then worked

up as described in tﬁe general progedure.

' Ru,(CO),q[Potassium t-butoxide.

To a solgtion of Ru3(CO)12 (0.19 g., 0.3 mmol) in THF
(50 ml.) and 2-methoxyethanol (5 ml.f was added potassium
t-butoxide (3.48 g., 30 mmol) and 18-crown-6 (0.21 g.,1.2 mmol).
After stirring for one hour p-chloronitrobenzene (0.628 s P
5 mmol) in THF (5 ml.) was added and the reaction was run
for 24 hours. Work up was the same as for the genéral
procedure for p-chloronitrobenzene. The reaction was also
repeated in the absence of crown ether catalyst. This reaction
with crown ether was carried out in benzene and in methylene

chloride to determine the effect of the different solvents.
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3.3 Dicobalt octacarbonyl catalyzed reductive acylation
and reaction of organchoranes with imines.

3.3.1. Phase transfer catalyzed reductive acylation’
of azadienes.

Preparation of azadienes.

The a,B-unsaturated aldehydes and the amines were

-

commercially available and used as received. The azadienes ///
were prepared according to the procedure given by Cardaci

137

and'Bellachioma. An ether solution of the amine (20 mmol)

was added dropwise to an ether solution of the o, B~unsaturated
aldehyde (20 mmol). The reaction mixtufe was stirred for
one hour, Wdried {MgSO4),and the solveit was .evaporated.

The crude azadiene was purified b& recrystallization :from

a mixture of hexane and methylene chloride.

1-p-Anisoyl-4-phenyl-1,3—-azadiene. (54} ‘ _ T
Obtained aS‘bright‘yellow crystals, yield 3.69 g: (78%).

1 »
H NMR (CDCl,) 3.75(s, 3H), 6.80~7.60(m, 1H), 8.20-8.35. —

(t, 1H J=2Hz). - - \\M)

1-p-Tolyl-4-phenyl-1,3-azadiene. (51)

. Bright yellow crystals, yield 3.09 g; (70%) . 1a NMR

(CDC1,)§ 2.4 (S,3H), 7.0-7.7 (m, 11H), 5.2-4.45 (t, 1H J=2Hz).

1-p~Tolyl-3-methyl-4-pheny¥l-1,3-azadiene. (64)

Bright dark yellow'crystals.r Yield was 2.91 g. (62%)

1. :
H NMR (CDClB}G. 2.11(8,3H), 6.95~-7.18{m,10H) .8.05(s,1H).

i
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. . lvp—ch'orophenyl—34mﬁbyl—4—phenyl-l,3—azadiéne. (66)
5 \.\ - d
{’ '~ * Dark yellow long crystals. Yield was 3.57 g., (70%).
> ' .. o
' nMr (CDC1,) 8. 2.1I(s,3H), 6.95-7.18 (m,10H).8.05(s,1H). /\

l—é—Tolyl—4~(2 furyl)-1,3-azadiene. (59)

Dark brown crystals. . Yield was 1.055 g., (50%).

lH NMR (CDC1326. 2.32(s,3H), 6.47(m,2H) 6.83~7.42(m,7H),

+

8.05 (m, 1H) . ’ i

’ .
1-(2,4-Dimethylphenyl}-4 -(2 furyl)-1,3-azadiene. {61)
Y

'w‘) o
Dark brown crystals. Yield was 1.125 g., (50%).

1y nmr (€DC15) 6. 2.28 (s,6H), 6.39(m,2H)y 6.73-7.35 (m,6H),

S 8.03 {(m, 1H)..
J k_/l_
\\H“ ark orange coloured crystals. Yield was 0.672 g.,
q
1

(é' . H NMR (CDC13)5 2.92(s,6H}), 3.75(s,3H), 6.55-7.43

p-Anisoyl-4-(4—d1methylaminophenyl)Ll,3—azadiene. (57)

y - (m,10H) 8.05 (m, 1H).

}

; o ,

L General procedure for the reductive acylation of
azadienes under phase transfer conditions.
f« _ Nitrogen gas waé passed, for a pe;iod of one hour ~
through a mixture of anh?drous benzene (20 ml.), distilled
fi;l water (20 ml.} and benzyltriethylammonium chloride (0.5 mmol).

‘ The  gas was changed to éarbon moncxide, and diccbalt octacarbonyl
(2:0 mmol) was added along with methyl iodide (1 ml.). This

mixture wds stirred overnight at rcom temperature. The

—
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azadiene (20 mmol) was added under a fast stream-bf carbon
monoxide. Tﬁe reactioh mixture was stirred at room temperature
or 60°C until the solution became bright red indicating the
completion of the reaction. The organic layer was separated
and the aqueous layer was extraéted several times with 25 ml.
portions of methylene chloride. The methylene chloride
extracts were combined wifh the organic layer, dried (MgSO4)
and concentrated by rotary evaporatigp. The resulting crude
Product‘was.worked up in the following manner#for the wvarious
reactions. Yields-§§F reaction times are given in é%ble 8.
Spectral data melting points and anélysis (C,H,N) are given
in Table 9. - .
A2adiene él .

K The crude dark red thick oil was dissolved in sdme
methylene chloride and coated on a sqill amount of silica gel.
This was then added on top Qf a silica gel column and eluted
with 1:1 hexane-ether. Three fragﬁions were separated.
Fraction one containedAcinhaﬁaldehyde [0.51 g., 22%]}. Fraction
two contained pure white crystalline allyl amide [0.336 g.,
65%]. The third fraction contained the p-tolyl derivative

of acetanilide [0.10 g., 33%].

-

Azadiene gg

The crude dark red thick o0il was dissolved in some methylene

chloride and coated on a small amount of silica gel. This
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was then added to the top of a silica gel column and
elutéd with ethér—hexane (l:1). Three fractions wer§
separated.  Fraction one contained cinnamaldehyde[0.065 g.,
28%]. Fraction two contained pure thte crystalline allyl
amide [0.284 g., 50%]. Fraction three contained the p-

anisoyl derivative of acetanilide [0.120 g., 33%].

Azadiene 64

The crude dark red thick oil was dissolved in some
methylene chloride and coated on a small amount of silica
gel.l This was then added to the top of a silica gel coiumn
and éluted with ether-hexane (l:1). Four fractions were
seﬁgﬁéted: 64 (0.18 g., 40%], 2—ﬁethyl cinnamaidehyde
[0.06 g., 25%], allyl amide [0.147 .g., 25%], as a thick
dark yellow oil and the p-tolyl derivative of acetanilide
[0.095.g., 30%.] When the yields were calculated according
to the starting material reacted,” the allyl amide was
formed in 41% yield while the p-tolyl derivative of acet-

anilide was formed in ‘50% yield.

Azadiene 66

Tﬁe crude dark red thick oil was dissolved in some
méthylene chloriae and coated on a small amount of silica gel.
This was then added on top of a silica ge%tcolumn and eluted
with ether-hexane (1l:1}). Two fractions were separated:
starting azadiene 66[0.205 g., 50%] and allyl keto amide
67[0.342 g., 50%]; as a thick pale yellow oil. Calculated

vield compared to starting material reaéted>;s 100%. When
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the reaction was cariied'out at room temperature for 72
hours, four fractions were separated; 2-methylcinnamaldehyde .
(0.093g., 32%], 66 [0.238 g., 47%] allyl ketoamide 67[0.070 g.,

10%] and the p-chloro derivative of‘acetanilide (0.137 g., 40%].

Azadiene 59

The dark red solid was dissolved in.some methylene
chloridé and coaggg on a‘Small amount of silica gel. This
was- added on top ¢f a silica gel column aﬁd eluted'with hexane-
.ether (1:1). The foilowing fractions were separated: B-(2-furyl)-
acrolein(0.073 g., 30%}allyl amide as white crystals [0.316 g.,
62%]) and the p-tolyl derivative of acetanilide [0.103 g.,34%].
The allyl amide was recrystallized from hexane-methylene

chloride.

Azadiene 61
The dark red solid was dissolved in some methylene.

chloride and cocated on a small amount of silica gel.. This
(* was then added on to a column of silica gel and eluted with
' MJether—hexane (L:1). The following fractions were separated:
B-{2-furyl)acrolein [0.109 g.; 45%1, allyl amide as white
crystals [0.256 g., 50%]; and the 2,4-dimethylphenyl deri-
vative of acetanilide [0.179 g., 50%]. The allyl amide was

recrystallized from hefﬁﬁe—methylene chloride.

S
Azadiene 37

The dark red solid was dissolved in some_methiﬁene
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chloride and coated on a small amount of silica gel. This

was thén added on top of a silica gel column aﬂé elution

with 1l:1 hexane ether gave three fractions:
j4-dimethy;aminocinnamalaehyde [0.098 g., 30%], allyl amide as
light brown crystals [0.305 gi*”49%]’ and the p-anisoyl defﬁﬁﬁive
of acetanilide [0.133 g., 39%]. The allyl amide was re- <
cfystallized.ﬁmmn hexane and methylene chloride.

- A number of reactions were carried out on 51(l-p-tolyl-

4-phenyl-1,3-azadiene) with variations oh the general procedure.

Catalytic Co.,(CO)3
Only 0.2 mmol of Coz(CO)8 was used instead of 2 mmol.
The reaction and work up was the same as for the general

procedure for (l-p—tolyl—4-phenyl-l,3—azadiene) 51.

Blank reactions

da) Without Co, {CO)g. Reaction ‘and work up was the same as
-y .

for the general procedure for 51.
{b) Without the phase transfer catalyst. Reaction and work

up was the same as for the‘geﬁeral procedure for 51.

In the dark

The reaction was carried out according to the genergl
procedure but the reaction flask was covered with aluminum

foil. : : /

With Aligquat 336

Instead of benzyltriethylammonium chlgfide (0.5 mmol)

C
- r'
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Aliquat 336 (0.5 mmol) was used as the phase transfer agent.
The reaction and work up was the same as for the general

Fe
procedure for 51.

CH,I:Azadiene, 1:1(Stoichiometric amount of methyl iodide).

2 mmol of CH3I was used instead of the excess 1 ml.
The reaction and work up was the same as the general pro-

cedure fqr él.

Using methanol ‘instead of . water.

Methanol (20 ml.) which was freshly distilled over
magnesium (under nit%ogen) was used in place afﬂdistilled
water. With .(a) 1:2 ratio of azadiene to methyl iodide(0.57 g.,

-

4 mmol) (b) Excess methyl iodide. (1 ml;I/

No phase transfer catalyst was used in th;;e.reactiOESX Once
the reaction mixture turned red indicating the completion

of the reaction the solvents were evaporated by rotary eva-

‘poration and worked up similar to the general procedure for

51.

CH,(CH,) _Br instead of CH.I.

A stoilichiometric amount of CH3(CH2)SBr (0.328 g., 2 mmol)

&

was used instead of excess CH3I. Reaction and the work up was

similar to  the general procedure for 51.

L

Methylene Chloride as solvent.

Instead of benzene (20 ml.) me;ﬁylene chloride (20 ml.)

was used. Methylene chloride was freshly distilled. Reaction.

N\
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and work up‘yas.carfied out in the usual manner for 51.

Homogeneous reaction

Reaction was carried out in freshly distilled anhy-
droﬁs benzene in the absence of water. No phasé.transfgg
catalyst was added. Work up involved the concentration of
the reaction mixture by evaporating benzene and separation

as described in the general procedure for 51.-

Different base concentrations

, (a) 12.5 N NaoH (20 ml.).

(b) 5 N NaOH (20 ml.). | .o
(c) 2 N NaOH (20 ml.).

(d) 0.5 N NaOH (20 ml.).

{e) 0.1 N NaOH (20 ml.) was used instead of 20 ml. of

distilled water. Reaction and work up same as for

the general procedure for this particular azadiene.

‘The results of this study are given in Table 7.

Using solid KOH and l18-crown-6 . <:j

Solid KOH (1 g.) and l8-crown-6 was used insteéd

of water. The reaction and the work up was the same as

\\j the general procedure for this particular azadiene.
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Under acidic phase transfer conditions.

A mixture of pentane (20 ml.), distilléd water (20 ml.)
and toluenesulfonic acid (0.172 g., i mnol) was degassed
for one hour by passing,nitfogen through the solution. The
gas was changed to‘carbon monoxide,Coz(CO)8 (0.68 g.,‘z‘mmol)
and CH,I (1 ml.) were aéded and, the solution was stirred for
four hours. To this mixture waé added azadiene (2 mmol) and
the solution was stirréd‘overnight. The workup was the same

as for the general procédure for this particular azadiene.

3.3.2. Homogeneous reductive acylationlof imines.

The simple imines were synthesized according to

138

the procedure of Campbell et al."” The ketoimines were

synthesized according to the précedure of Knovenagel.139

The iminoamides were prepared as described below. N-methyl-
aniline was used instead of tqluidine for the phenylmethyl-
imino amide. Dichloromethyl methyl éther (3.6 g., 30 mmol)
was.added dropwise to stirred benzoyl formic acid (4.5 g.,
30 mmol). Afte; the evolution of hydrochloric acid the
reéction mixture was heated in an oil bath for 30 minutes

_ at 50°C. The resulting a-keto acid chloride was distilled

'qff at 110°c/4 mm and collected at -20°C. To this,an ether

solution of toluidine- (3.2 g., 30.mmol) was added slowly.
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a

The ketoamide formed was recrystallized from éthanolt The

final purified pale yellow crystalline ketoamide was obtained
in 2.25 g.,(32%).**%  The ketoamide (1.0 g., 4.5 mmol) was

dissolved in-benzene (25 ml.) and p-anisidine (0.55 g.,

~
4X5 mmol), and icdine (0.1 g.,) were added. The solution

was warmed to 60°C for 30 minutes. The solvent was evaporated
and the crude imincamide was recrystallized from ethanol

which gave 0.72 g., (30%) of bright vellow cristals-Mp 109-112°C.

1

All the imine compounds were ideﬁtified by their ~H NMR,

.

IR and in some cases mass spectra.

Cobalt tetfacarbonyl anion was prepared according to

the procedure of Gladysz and coworﬁérs.l4l'l42

General procedure for the reductive acylation cof
imines under homecgeneous conditions.

NaCo(CO)4 was formed by stirring a mixture of C02(C0)8
{2.0 mmol) and 5.0 ml. of sddium'tr;ethylborbhydride( 1M
in tetrahydrofuran) in tetrahydrofuran (50 ml) for fifteen
minutes. Methyl iodiae (1.0 ml - carbon monoxide atmos-
phere) was added, the reaction mixture was warmed to 60°C,
and after fifteen minutes the imine (2.0 mmol) was added.
The reaction E%E monitored by thin layer chromatography
and when complete, the solution was cooled to room temperature
and to it was added 5N sodium hydroxide (20 ml.). Ether
was then added to the separated organic phase. The sclution

was acidified (pH 6) washed with water, dried (Mgso4) and
4,
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concentrated. The resulting crude product was dissolved

in a small amount of>methy1ene chloride and coated on some
silica gel. This was added on top of a silica gel column
and frac;ions separated in the following manner for the
diffefenﬁdimines. The yields and reaction times are given
in Table 10. Spectral data (NMR, IR, mass), melting points

and analytical data of the products are listed in Table 11.

Ketoimine 74

Elution with hexane gave the unreacted 74 ({0.114 g., 20%]

Use of 2:1 hexaﬁe;ether afforded the ethyl amide - 76
as a white solid [0.068 g., 10%1. Elution with 1:1

hexane~ether gavé the ring opened tatrahydrofuranyl amide

(0.065 g., 17%] and the methyl amide [0.286 g., 44%].

Ketoimine 79

~Elution with hexane gave two fractions. The first
fraction was'the saturated product [0.072 g., 12%) as an,
oil and the second fraction was the methyl amide [0.505 g.,
74%)which was a white solid. Recrystallization from ether-

hexane gave the pure product.
g
Ketoimine 82

Elution with hexane gave the saturated product_[0.069 g.,
)

11%] as a thick oil. Elution with 1:1 hexane—éther and ‘

subsequent recrystallizétions gave the methyl amide[0.628 g.,

88%] as a pure white solid. : -
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Ketoimine 85

Elution wifh hexane gave the étarting ﬁaterial{0.094 g.,
15%] and the saturated product [0.279 g., 43%] as a thick
pale yellow oil. Elution with 2:1 ether-hexane afforded

the amide 86 [0.l43-ig., 20%) as pure white .crystals.

Ketoimine 88

Elution with hexane gave unreacted starting material
[0.250 g.,40%] and the saturated product {0.063 g;, 10%]
as a thick pale yellow oil. Elution witﬁ 2:1 ether-hexane

gave the ‘amide 89 [0.327 g., 46%)] as pure white crystals.

-

Iminoamide 105

"Elution with 1l:1 ether-hexane gave unreacted start-

ing material [0.619 g., 90%]. ©No products were isolated.

Imincamide 106

Elution with 1:1 hexane gave unreacted starting material

[0.512 g., 78%] and an unidentified product with high mole-

cular weight, fragments of which were seen by mass Spectroscopy.

Imine 91
Elution with 1:2 pentane-ether afforded the methyl amide

[0.157 g., 40%] as a thick pale yvellow oil. It was identified

by mass, NMR and IR spectra.
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Imine 93

4

Elution with 1:2 hexane-ether gave the white crystalline

compoundlgi [0.21 g., 25%].

-

Imine 95

Elutian‘with hexane-ether (l:1) gave three fractions.
Fraction oné.was the keto amide 21:[0.036 g., 6%], fraction
two was the p—chlorgfderivative of acetanilide [0.078 g.,

15%] and fraction three was the methyl %mide [0.122 g., 23%].

Imine 99

Elution with 1:2 hexane-ether afforded three fractions.
Fraction one was the n=butylmethylamide [0.185 g., 30%1,
fraction two was the ketoamide 101 [0.225 g., 45%] and fraction
three was the aliphatiﬁ'amide 102 [0.083 g., 15%]. All three

compounds were oils.

Imine 103
Elution with hexane-ether (1l:1) gave - the allyl amide

[0.350 g., 80%] as a thick pale yellow oil.

Vinyl cyclohexane

Elution with ether-hexane (2:1) gave the starting

material [0.176 g., -80%]. No products wefe isolated.

-

Once the general procedure for reductive acylation was es-
tablished some variations were made to determine if improve-

ments could be made to‘the reaction.



le4

n

Under phase transfer conditions.

_A mixture of distilled benzene (25 ml.), 5N sodium
hydroxide (20 ml) and benzyltrieéhylammonium chloride was
degassed for one hour by nitfogen. Dicobalt octacarbonyl (2 mmol)
waé then added with methyl iodide (1 ml.). "After two hours -
the imine (2 mmol) was added and the reaction mixture was
stirred under an atmosphere of carbon monoxide. The reaction
was monitcred by thin layer chromatography. When complete
the reaction mixture was added to distilled water (100 ml.),
the organ;c phase extracted with ether, dried (MgSO4) and g
concentrated and coated on a small amount of silica gel.

This was added to the top of.a silica gel column. Elution
with ;:l hexane-ether gave unreacted starting material
followed by the methyl amide. Tﬁe yields and reaction

times are given in Table 11.

Phase transfer reaction under an atmosphere of CO/H2.

.This reaction was run like the carbon monoxide phase
transfef reaction, buf insfead of carbon monoxide a mixture
of carbon monoxide and hydrogeniwas used. N-benzylidinem-
ethylamine 91 was used as the starting material. After
three days the reaction was terminated. The aqueoﬁs layer
when acidified (dil. HClj gave phenylacetic acid [0.049% g.,

S%j. The organic layer contained the starting material.

Blank reaction.

This reaction was.carried out similar to the general

;
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procedure but in the absence of dicobalt octacarbonyl, with 74
used as the starting material. The reéaction was followed by
thin layer chromatography. After 72 hours the reaction

was stopped, and worked up using t@e general procedure

w

to glve unreacted starting material [0.5 g., 90%], and

»

the saturated product {0.022 g., 5%] was also isolated.

b

Isobutyryl chloride instead of methyl iodide.

The reaction was the same as the general procedure
but instéad of excess methyl iodide a stoichiometric
amount of Msobutyryl chlorid; (CH3)2CHCOCi‘( 0.213 g., 2 mmol)
QES‘qddéd. - The imine used was 74 ; After 48 hours there

was no reaction and the stéfging material was recovered
—

[0.524 g., 92%].

In the absence of methyl iodide.
' Reactions were carried out as in the above general
procedure but in the absence of_methyl iodide. Column
chromatography with 1:1 hexane~-ether gave éhe stérting
material as the fifst fraction, and Phe ethyl amide as Eze
second fraction. Reaction times aﬂd yieldé are given in
,Tablé 12T Spectral data'(NMR, IR; mass), melting points

and analysis are listed in Table 13.
a ,

Using lithium triethylborohydride. .

T ™~

The cobalt tetracarbonyl anion waS‘generétedﬁﬁﬁ??
5

lithium triethfiborohydride; {5 ml. in THF) instead of
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sodimmtriethylborohyd;ide.gg was‘used as the startihg‘
material. ‘When'the reaction was over the crude product

was worked up using the same procedure as above. Column
chromatography on silica gel with 1:2 hex;ne—ether gave 94 -

f{0.14 g., 32%] as a white solid.
e

Using an iminjium éaﬁt.

The iminium salt 6f 91 was synthesized according to

literature methods:.L43 This salt (0.524 g., 2 mmol) was added

to a solution of cobalt tetracarbonyl generated by sodium
triethylborohydride. When the reaction was complete (monitored
by thin layer chromatography) the iminium salt had ‘decomposed
to give benzaldehyde. -
" /"/
3.3.3. Dicobalt octacarbonyl catilyzed reaction-
of organoboranes with 1mines.

] ’ . (‘

3 . - !
General procedure for the reaction of imines (M
with commercially available boranes.

3

Thé organoborane was added to freshly distilled tetra-

hydrofuran (50 ml;) and this mixture was digassed for half an hour.

Then dicobalt octacarbonyl L/%0.0GS g., 2 mmol) was added

under a fast stream of carbon monoxide. Affer ten minutes
Py §

.the imine was added and the reaction mixture was heated to W
6Q°C- Thqlreaction‘was monitored by thih_layer_chromaﬁography,
‘apd when complete the solution was cooled to room temperéqEEE
and to it was added SN ‘sodium hydroxide (20 ml.). Ether

was then added to the separated organic phase. The aquecus

&
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phase was extracted several times with 25 ml. portions
‘of ether.  The organic extracts were combined, dried
{MgSO4), and concentrated. The crude“producé was dissolved
in a small amount of methylene_chloria;? d pésited on
some silica gel, added on top of a silica gel coluﬁﬁ

aﬂd the prﬁducts were separafed‘in the following manner
for the various compounds. The yié ds agd reaction times

are given in Table 14. Spectral data, melting points and

analysis data are listed in Table 15.

The reaction of ketdimine 74 with -

(a) Triethylborane

Elution with 1:1 hexane-ether gave 0.28 g. ( 48 %)of
the white crystalline saturated compound. When 1:3 hexane-

ether was used as the eluant the amide was collecteﬁ

[0.343 g., 50%].

L)

(b) Tributylborane

Elution with 1:1 hexane-ethef éave the startin&“material
[0 113 g., 19%] followed by the saturated compound [0.103 g.,
lg%fV Elution with 1:4 hexane-ether gave the amide as white
crystals [0.495 g., 67% ;82% based on the amount of 74

reacted]

(c) -Triphenylborane

Elution with 1:1 hexane-ether gave three fractions:

R ‘?’."\, . . l|
s

“\J
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unreacted- starting material [0.144 g., 24%]; saturated
product [0.116 g., 20%]and the pure white crystalline amide

[0.42 g., 56%:67% based on the amount of 74 reacﬁed].

(d} Tri-sec-butylborane

Elution with 1:3 hexane-ether gave two fractionst Un-
raacted starting material [0.463 g., 81%] and an unidentified

r

product [0.041 g.] which was not the amide.

(e) 9—Borabicycio{3E3:l)nonané]

Elution with 1:1 hexane-ether gave unreacted starting
materia%r[o.leo g., 18%], the saturated compound [0.228 g.,
50%] ang an unidentified product [0.135 g.].

e

Reaction of ketoimine 82 with -

(2a) Triethylborane ‘ f/)

i-

Elution with 1:1 hexane-ether ga unreacted starting
material -as the first fraction [0.013 §., 2%]. Elution with
l:4 hexane-ether gave the saturated product [0.407 g., 65%]

as a thick pale yellow o0il, and the amide [0.245 g., 33% ].
sy W

(b) Tributylborane

Elution with 1:2 hexane-ether gave starting material
[0.263 g., 42%] followed by the amide TO.BSl g., 44%]. No
saturated product was isolated. The yield of the amide when

. ]
calculated based on the_imine reacted was 76%.
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Reaction of ketoimineﬂlg with triethylborane.

Elution with 1:1 hexane-ether gave three fractions:
the unreacted starting material [0.081 g., 12%]; the
saturated compound [0.408 g., 60%] and the ethyl amide
[b.255 g., 32%]. ?he yield of the amide when calculated

based on the imine reacted was 37%.

&
Reaction of the ketoimine 124 with tributylborane.

Elution with 1:3 hexane-ether gave two major products.

-
Fraction one contained unreacted starting material (0.20 g.,

31%], and fraction two contained the amide [0.488 g., 60%]

”

calculated basedwiﬁ the imine reacted, the yvield of the
amide was 87%.

Reaction of the ketoimine 126 with tﬁgbut;zborane.

Elution with 1:2 hexane-ether/gave unreacted starting

A

. 4 .
material [0.44 g., 68%] fc::?eé by the amide [0.18 g., 23%]
: [N

Yield of amide when calcul d based on the amount of imine

" reacted was 74%.

Reaction)of the imine 128 with triethylborane.

Eﬂugfon with 1l:1 ether-hexane gave unreacted starting
material &"14 g., 35%] followed by . the amide [0.28 g., '38%].
The yield’ of the amide when calculated based on the amount ///

of imine reacted was 62%.



\

1

170

Reaction of the oxime 130 with tributylborane.

-

Elution with 1:1 hexane-ether gave three fractions:
the unreacted starting material [0.310 g., 65%]and two

other products [0.08 g..and 0.06 g which could not

>

be identified. -
'r\<
\

General procédure for the reaction of in situ

generated” organoboranes with imines.
Ay

e olefin (8.0 mmol) was dissolved in tetrahydrofu-

ran A5 ml.) in a 50 ml. nitrogen flushed round bottom

f%z’k equipped with a magnetic’stirrer, septem inlet and

Jéeflux condenser.. The solution was cooled to 0°C and

: , “
BH3-THF (2 mmolgas added via a syringe. The solution .

was stirred at 0°C for.ome. hour under nitrogen.l4é Then

tetrahydrofuran (40 ml.) (gietilled under N, and added via

\§;> qyringe)was added and the gas was changed to carbon monox-

b

Dicobalt octacarbonyl (0. 2 mmol) was then added followed e

ten minutes, by the imine (2.0 mmol).éﬁj the reactlon
=

warmed 16/26°C. The reaction was\monitored
by thin layer chromatography. When complete the solution
was cooled\j#0 room tempperature and extracted in the same

way as th?)prev1ous procedure. The products were separated

in the following manner for the various reactions. The

(A}

vields and reaction times are giVen in Table 14. Spectral

data (NMR, IR, mass), melting points and analyticad data

are listed in Table 15.
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Reaction of the ketoimine 74 with -

(a) The borane-generated from'stirene (t;iphenethylborane).
Elution with 1:1 hexane-ether gave three fractions:

unreacted starting ‘material [0.10 g., 18%], saturated

rcompohnd [0.05 g., 10%] and the amide [0.40 g., 48%] as

pure white crystals. The yield of amide when calculated

ot

based on the amount of imine reacted was 60%.

Y

(b) The borane generated from a-methylstyrene

Elution with 1l:1 hexane-ether gave unreacted starting

material followed by the saturated product and the amide.

~
rd

(c) The borane generated from n-heptene (tri n-heptylborane).

-

Elution with 1:1 hexane-ether gave unreacted starting

material [0.1l1 g., Ey%], saturated compound [0.126 g., 22%]
and then the amide [0.35 g., 43%]. as a thick pale yellow oil.
The yield of the amide when calculated based on the amount
of imine reacted wa% 55%.

(d) The_borahe generated from 4-vinyl-azetidine-2-one.

B

Elution with 1:1 hexane gave the unrea ted starting

material and the unreacted/4—vinyl azetidine-2-one. This
shéws that the organoborane was not formé by ‘this olefin.
Some of 74 was reduced to the saturated oduct by the

unreacted BH3.THF. . /

Y P
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Reaction of phénylacetylene {139) with triethylborane.

The reaction was carried out in an identical manner
to the general procedure but pheﬁylacetylene(Z mmol) was
used instead of the imine (2 mmol). The crude product
after work up contained l,2,4-triphen§lbenzéne in 100%
yield. This crude product s passed through a short
column of silica gel uéing 1:1 hexane-ether. The pure
l,é,4~triphenylbenzene was obtained in 99%.yield ag a white
solid. Identified by comparing the melting point and spectral

data with an authentic sample.

Reaction of 4-methyl-2-pentyne (141) with triethylborane.

Reaction was carriéd out in essentially the same manner
as the genéral procedure but with 4-methyl-2-pentyne substi-
yer“Zhromatography

of the crude product showed that algbst)all the starting

material was present and a small amount of an alkyne cobalt

complex was formed. This was separated on a silica gel

column using 2:1 ‘hexane-ether.IR and NMR of this dark red

0oil showed that it was the alkyne cobalt complex [0.081 g., §
15%], identified by comparing the melting point and spectral

data with those of the alkyne cobalt complex 20.
Reaction of 2-bromomethylnaphthalene (133) with triethylborane.

—_—

Reaction was carried out in essentially the same manner

as:the general pfog@dure but 2-bromomethylnapht:halene was

-

used instead of the imine. After work up the crude product

3

was coated on some silica gel and loaded on a silica gel

column. Elution with hexane-ether (1:3) gave unreacted

e

1

™ \J



starting material {0.30 g., 70%],the dimer (0.04 g., 16%T, °
and the ethyl ketone [0.024 g., 6%]. Q - \\

Reaction of p-methflbenzyl bromide (EEE) with triet%;llorane.
Reaction was carried oﬁt in essentially the same manner
as the general procedure'but with p-metﬁylbenzyl bromide
instead of the iminé. After work up the érude prbduct was
coated on a small amount of silica gel and loaded on to a
silica gel column and eluted with 1:2 hexane-ether. ' The
first fraction was the unreacted starting material [0.069 g.,
018%], followed by the coupled prodqct [0.315 g., 75%] and

the ethyl ketone [0.013 g., 4%]. -

Reaction of PhCOCH = CHPh (132) with triethylborane.

Reaction was the same as the general procedure but
using PhCOCH = CHPh instead of the imine. Thin layer
chromatography of‘lhe crude Froduct showed that there was

no new prqduct.

)

Variations dlthegene;éﬁ procedure were made to determine
if any improvement could be made. The ketoimine ii was

used as the starting material for these reactions.
—_ .

. _
2 / ~Under an-atmosphere of CO/H, gas with tributylborane.

The reaction was carried out and worked up in essentially -
the same manner as the general procedure but under an atmos-

.

phere of 1:1 CO/HZ-gas instead of carbon monoxide. Three -.

[
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fractions were separated: recovered starting material
(0.126 g., 22%], saturated compound {0.006 g., l%?\and the
butylamide [0.379 g., 51%].

-

" Using hexane as solvent with triethylborane in hexane.

The reaction was carried out like the general
progedure, but using hexane instead of THF, and triethylborane
in hexane, instead of triethylborane in THF. Work up was
effected according to the general procedure for this imine
and triethylbor;ﬁe. Threé fractions were separated: unreacted

starting material [ 0,068 g,, 12%] , saturated product [0.20 g.,

40%] ,ethyl amide [0.20 g., 30%] . !

)

Using methylene.chloride as the solvent with
 triethylborane in THF.

The reaction was carried out and worked up in essentially
§

the same manner asgfhe general procedure but using methylene
cthride instead of" tetrahydrofuran. Separation gave un-
reacted starting material [0.43 g., 72%], saturated compound

{0.045 g., 8%] and the ethyl amide [0.082 g.,,12%] .

Generating the . cobalt tetracarbonyl anion under nitrogen.

< A mixture of triethylborane (2 mmol) and Co,, (CO) ¢
(0.2 mmol) in THF (50 ml.) was stirriE at 60°C under a

nitrogen atmosphere for 30 minutes. . Then the imine (2 mmol)
was added and the flask was charged with carbon monoxide.
Usual work up conditions gave the saéurated compound [0.281 g.,

50%] and the ethyl amide [0.314 g., 46%].
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Adding Co, (CO), last.
£ = —tF /‘
To triethylborane in THF was added.the starting imine.

b

The reaction mixture was stirred under carbon monoxide at
60°C for fifteen minutes. -cOz(co)a' {(0.068 5., 0.2 mmol)
was then added and the reaction was continued until completion.

Work up gave recovered starting material [0.295 g., 52%] and’

the ethyl amide [0.26 g., 38%]. ~
2

Reaction ofltrighenylborane in anhydrous’ hexane.

The reaction was carried out in exactly the same way as
the general procedure but using anhydrous hexane instead of
THF. Work up gave unreacted starting material [0.09 g., 30%],

and the phenyl amide [0.122 g., 31%]

Cyclization of a ketoamide.

The ketoamide (0.2 g., 0.5 mmol) was refluxed in

Fox
m

concéntrated acetic acid (15 ml.) with excess ammonium
acetate . (3 g.). When the reaction was complete (monitored

by thin layer chfomatography) it wgf added ?o distilled

water (100 ml.),neutralized with sdhgpm carbonate (50%, 5 ml.)
and the organic phase was extrécted with ether, dried (Mgsd4),
and copéentrated. The 1,3 azole 110 was obtained {0.152 gq.,

80%]. This was identified by its spectral data. L

1o NMR (bnc13) § 0.8(t,3H.J=5Hz), 1.62(m,4H) 2.35(s,6H),

2.85(t,2H,J=6Hz), 7.05—?.7(m,;3H.), mass m/e380, 351, 319,
305, 276, 263, 248, 221, 179, 117. o

—*’”’\\\; .
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‘Phe attempted trappihg of the [Co — B) " species with PPN+le

.Triethylbofane (10 ml. , 10 mmol) was added to THF
(50, ml.)}. After half an hour Coz(CO)8 (3.4 g., 10 mmol) was
added and fhe solution was left overnight under an atmosphere
- of carbon monoxide. Solid PPN C1~ (11.48 g., 20, mmol) was
thén added and the resulting blue solid was filtered and
separated. When the THF was evaporated it afforded a pale
green solid (7.0 g.), the NMR spectrum of which showed the

presence of an ethyl group.
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CHAPTER IV ' &

4. - SUMMARY

4.1. Conclusion

The researth described herein has resulted in the
discovery of new phase transfer catalyzed organometallic ’
réactions. The dibromécérbene inserted diene-iron éarbonyl
complexes (7 -~ 1ll) show potential as intermediates for
organic synthesis.

The phase transfer catalyzed tﬁi;utﬁenium dodecacarbonyl
catalyzed reduction of nitro compounds is a gréat impgoyement
to that using water gas shift ?eactioﬁ“cond%tiops.

The dicobalt 6ggggérbonyl catalyzed reaction between an

o
organoborane and ‘a Schiff base is the first example of metaLih“
carbonyl catalysis of an organoborane react;op. _ﬁy this P .
method simple as well as a-ketoimines can be converted to
substituted amides and B-ketoamides, and subsequently to 1,3,\
azoles, thiazoles and oxazoles. Aé ghe organoborane is
synthesized by the hydrobora£ion of olefins this reaction
can also be considered as a method to convert olefins to
amides.

A
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4.2.- Further Research i
There are several interesting aspects of this work
that seem worthy of investigating, = —_—
(i)- If the.carbene insertion reaction is carriea
out under an atmosphere of CO and/o; CO:H, T
there could be an insertion of CO in addition

"to the insertion of carbene. -

(ii) Fixing Ru, (CO),, on a solidJshpport (e.g.
Silica gel, alumina, polymer) fof the reaction
of a nitro compound and sodium methoxide.
There is a possibility of obtaining quantitative

vields of formamides from nitro compouﬁds.

(iii) Are there any other metals much more efficient
than CoZ(CO)8 in catalyzing the organobcrane

‘reaction with Schiff bases?
C4

: S |

(iv) WwWhat other compouhds would give carbonylation

]
»

with organoboranes and carbon monoxide in

addition to Schiff bases?

(v) Would organoaluminum and organotin compounds .
react with Schiff bases and carbon monoxide,

catalyzed by metal complexes?

Ny



Claims To Original Research

"Phase transfer catalyzed dibromocarbene insertion

into diene-iron tricarbonyl complexes.

179

The ruthenium carbonyl catalyzed reduction of !

nitro compounds by phase transfer catalysis.

H

The ruthenium carbonyl carbecnylaticn*of nitrc

compounds under homogenecus conditions.

The selective reductive acylation of

imines under homogeneous conditions.

Metal carbonyl catalysis of organoborane reactions:

" cobalt carbonyl catalyzed reductive carbonylation

of Schiff bases.

The regiospecific phase transfer caialyzed reductive

carbenylation of azadienes.
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