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Chapter 1

Introduction

In this introduction some important aspects of organometallic chemistry will be
briefly reviewed including homogeneous and heterogeneous catalysis, asymmetric
induction, and carbonylation reactions. A more detailed analysis will then be made of the
carbonylation of linear organonitrogen compounds as well as the carbonylation and

cleavage of strained ring compounds by organotransition metal complexes.
1.1 Homogeneous and Heterogeneous Catalysis

Organotransition-metal complexes are compounds which have an organic group
bonded to a transition metal via a metal-carbon bond. Such compounds have recently
played a prominent part in synthesis, as they are able to catalyze a wide variety of organic
reactions. A given organic compound may react differently depending on the metal
complex with the nature of the metal and ligands of the complex both being important.

Organotransition-metal catalyzed reactions can be classified as homogeneous and
heterogeneous processes. A homogeneous reaction takes place throughout one phase: i.e.,
all the components of the reaction are present in the same phase. In a heterogeneous

reaction one or more of the components are in different phases. Normally the catalyst is a



solid and the reactants are liquids or gases. The reaction takes place at the phase boundary
(usually the surface of the catalyst).

Heterogeneous catalysis is the most widely used form in industry. This is because
the insoluble heterogeneous catalyst can be separated much more easily from the reaction
products than a homogeneous catalyst. Also the heterogeneous catalyst is, in general,
thermally more stable. However, homogeneous catalysts are becoming increasingly
important!, Such catalysts can often be used under mild conditions allowing very high
selectivity to the desired product. Moreover, mechanisms are more easily studied for
homogeneous catalysts. Infrared and nuclear magnetic resonance spectroscopy can be
used in many cases to study the progress of homogeneous reactions.

Nowadays more than twenty industrial processes utilize homogeneous catalysis2.
Homogeneously catalyzed carbonylation, hydrogenation, isomerization, oligomerization,
polymerization, oxidation and metathesis are well known processes. There are many

reviews of transition metal homogeneous catalysis in the literature®2.
1.2 Phase Transfer Catalysis

In 1976°, the application of phase transfer catalysis to organometallic chemistry
was first described, which has resulted in new organotransition-metal chemistry, It is
important to consider some general principles of phase transfer catalysis in organic
chemistry. Phase transfer catalysis is related to reactions between salts dissolved in water
or present in the solid state, and substances dissolved in organic media®, Without a
cataly=+ those reactions are generally slow or do not occur at all. Phase transfer catalysis
promotes reactions between ionic compounds and organic, water-insoluble substrates in
non-polar solvents.

Often used phase transfer agents are lipophilic quatemary salts (ammonium,

phosphonium and arsonium salts), crown ethers, cryptands, open chain polyethers (e.g.



polyethylene giycols of various molecular weights), and cyclodextrins. The basic function
of the catalyst is 1o transfer the anions of the reacting salt inio the organic medium in the
form of ion pairs. In aprotic solvents these anions are unsolvated and consequently are
very reactive.

The following mechanism, generalized for the SN, displacement of Cl by a

nucleophile X, catalyzed by a quaternary ammonium salt (Q*) was proposed by Starks’:

aqueous phase NatX™ + Q*ClT == NaCl + Q*X~

e H‘ ...................... Jr

organic phase RX + Q*CI™ «—— RCl + QtX~

The first application of phase transfer to processes involving organometallic

complexes’ involved the synthesis of ortho-metaiated complexes from thioketones and

triiron dodecacarbonyl.
R R
el

| l « I

C=8§ + Fe3(CO)3 —» H-C-8 = Fe(CO);
|

@ Fe(CO),

R R

During this reaction, it is possible that HFe3(CO)1 1", generated under the reaction
conditions, would undergo nucleophilic attack on the thione group.

Since this discovery, phase transfer catalysis has been established as a simple and
cheap method for the generation of anionic metal species from neutral precursors under
very gentle conditions®2. The formed anions, being relatively unsolvated in the organic
phase, show high reactivity towards appropriate substrates.

A particularly important phase transfer process is the conversion of dicobalt

octacarbonyl to the mononuclear cobalt tetracarbony! anion using aqueous sodium



hydroxide, benzene and benzyltriethylammonium chloride or cetyltrimethylammonium
bromide. A possible mechanism for the generation of the cobalt tetracarbonyl anion from

dicobalt octacarbonyl is as follows:

Scheme 1.1:

H
- I
OH" + Coy(CO)y — (CO)3Co— Co(CO), —» (CO); { CoLCo(CO),
C
0% “on o)\‘a-

’

HCO(C0)3 + CO(CO)4— + C02
col lZOH‘
— HZO 27—
CO(CO)4 "c)=\_ HCO(CO)4 C03 + Hzo
H

1.3 Asymmeiric Induction

The synthesis of optically active organic compounds from racemic starting
materials is perhaps the most elegant application of homogeneous catalysisz.
Hydrogenation is one good example of asymmetric synthesis. In order to achieve
asymmetric hydrogenation it is necessary for the substrate molecule to have prochiral
faces, and that the catalyst incorporates a chiral site. A product of high optical purity can
be obtained if the prochiral substrate is bound preferentially in one conformation to the
vacant site of the catalyst.

Efficient catalytic asymmetric hydrogenations have been obtained using an
optically active phosphine complexed to rhodium10 or ruthenium11+12:13, The
production of L-Dopa14, a drug used in the treatment of Parkinson’s disease, is a nice

example of this method.



SOR [Rh(PR;"),S,]*
R30 CH=C : 2200 . HO CH,- C--H
“NHR! H,, S=MeCH
R20 2. H,O* “coH
L-DOPA

Several optically active phosphine ligands have been used here including DiOP
(2,3-0-isopropylidene-2,3-dihydroxy-1,4-bis (diphenylphosphino) butane):

0
o

PPh,
PPh,

X

mu?—%m

Epoxidation of allylic alcohols catalyzed by a tartrate titanium complex has been

discovered by Sharplessls. Chiral epoxides can be obtained in high yield and high optical

purity:
[ t-BuOOH, Ti(OPr), . o 5
OH T+ -Dicthyitartrate, CH,Cl, -20°C. A% _OH

70-90%
90%ee

Asymmetric hydroformylation16 and asymmetric carbon:,rlation17 have also been

achieved.

1.4 Carbonylation Reactions

Carbonylation reactions are a fascinating way for incorporating carbon monoxide
in a wide variety of organic substrates. They are one of the most versatile of all the
homogeneous catalyzed processes since the carbon monoxide moiety is the most simple
synthon for introducing a carbonyl group into an organic compound.

The CO ligand, which is a strongly binding x acid in character, may undergo some



key reactions, the insertion process being one of the most importantlsz

co M—C~L

- Il

-~
M\ .
The ease with which alkyl metal carbonyls react with CO to give the corresponding acyl
derivatives depends on many factors1?. Destabilization of the ground state with respect to
the M-CO and M-R bonds and stabilization of the transition state for the formation of acyl
intermediates increase the rate of reaction. The reactivity depends in part on the strength
of the metal-carbon bond. Generally, electron releasing groups enhance the rate whereas
electron-withdrawing groups decrease it by strengthening the M-R linkage. For example,
insertion of CO into a transition metal-perfluoroalkyl or perfluoroaryl bond has never been
reported. The ancillary ligands and the position of the metal within the three transitions
series also affect the CO insertion. The first and second-row transition metals undergo
this reaction more easily than the third row transition metals of the same subgroup. The
5d metalé are-less reactive because of the higher strength of the corresponding
carbon-metal bond??,

The insertion reaction for ligands L (L = H, NR,, OR, SR, Cl, Br, I) depends on the
relative thermodynamic stability of M-COL and M-L + CO. When the M-L bonds are
stronger than the M-C bonds, the insertion reaction is more difficult to attain!®,

The second key reaction that a carbonyl ligand might undergo is nucleophilic

attack by an anionic reagent.
M-CO + Nu® —— 0, [M-C’ }

Carbon monoxide is a weak o-donor ligand. The bonding with the transition metal is
reinforced by back-donation from filled d-orbitals to the CO antibonding orbitals of

appropriate symmetry. If a partial positive charge exists on the carbon atom, then attack



by a nucleophilic reagent can occur. This addition can be intramolecular or intermolecular
depending on whether the species is another ligand or an external nucleophile. The attack

of hydroxide ioa at a metal carbonyl carbon followed by eliminaticn of carbon dioxide

leads to the formation of a hydrido complex:

O
1] -

M-CO + OH- — M'C\O — [M—H]—+ co,
/

H
The susceptibility to nucleophilic attack is higher when there is less back denation from
the metal to the carbonyl.

Another useful reaction is electrophilic attack on carbony! ligands of metal
carbonyls. Electrophiles and strong Lewis acids can attack the metal carbonyl complexes
at the oxygen atom?!.

The catalytic incorporation of CO into organic compounds has been intensively
studied since the early 1940s. Important industrial processes have evolved from this
research!. Good carbonylation methods allow the synthesis of aldehydes, alcohols,
ketones, esters, carboxylic acids from unsaturated and halogenated molecules. The
carbonylation of nitrogen compounds has led to the synthesis of amides, ureas, imides,
carbamates and lactams.

The carbonylation reactions might be divided into five classes!8:
hydrocarbonylation, azacarbonylation, carbocarbonylation, oxacarbonylation,
halocarbonylation. They lead respectively to the formation of a formyl group -C(0)-H, an
N-acyl group, -C(O)-N, a ketone, -C(0)-C, an acyloxy moiety, -C(0)-O and a fragment
-C(O)-hal.



1.5 Carbonylation of Linear Organonitregen
Compounds

The use of amines as promotors in the cobait catalyzed hydroformylation of
alkenes led to the discovery of insertion of CO into carbon-nitrogen and
hydrogen-nitrogen bonds!8. Azacarbonylation reactions have been reviewed according to
starting materials?>% and products!®2425.26_The types of compound which can be
obtained from carbonylation of nitrogen compounds are amides, ureas, isocyanates,
imides, lactams, carbamates and various heterocycles.

Carbon monoxide reacts with amines in the presence of transition metal catalysts

to give N-formyl derivatives and substituted ureas:

CO Co
RIRZNCONR!R? <= RIR2NH ——+ HCONRIR2
ML_ ML,

The reaction takes place mainly with primary and secondary amines. However tertiary
amines can also be carbonylated!®. There is a clear distinction in behaviour between
aliphatic and aromatic amines: aliphatic amines can be carbonylated to afford principally
N-formyl derivatives whereas aromatic amines usually give ureas. This difference in
behaviour might be explained by the large difference in basicity of aliphatic and aromatic
amines!®, A careful variation of metal catalysts and ancillary ligands can alter the
selectivity. For example, Co,(CO)g leads to the formation of substituted formamides from
aliphatic amines while Mn,(CO),4 converts primary aliphatic amines to dialkylureas!®.
Manganese, cobalt and nickel carbonyl are often used as catalysts for the
carbonylation of amines. The reaction conditions are generally severe, with temperatures
in the range of 150-270°C and pressures of carbon monoxide between 100 and 300
atm®27, For example, cyclohexylamine can be carbonylated to dicyclohexyl urea by

Mny(CO), at 180°C and 130 atm pressure:



0
Mny(CO)yy A
< :NH 180°C, 130 am CO ™ < :N C-N

58%

However [RuOAc(CO),], catalyzes the azacarbonylation of secondary amines under mild

Q) izt Q)
1 atm CO

N N
H

conditions28:

The mechanism of the carbonylation of amines has not been investigated in detail;
however, a common intermediate for the formation of formamides and ureas is believed to
be a carbamoyl-metal complex. This species could be formed either from an
intramolecular 1,2-shift reaction involving coordinated CO and amine or from an

intermolecular attack of the amine on a carbonyl ligand!8:

[M-CO] + RIR2NH ——» M-CO

\ RIRZﬁH
o, ¥

(B}
M- C - NHR!R?

This carbamoyl species can then undergo a proton shift to the metal center giving a

hydridocarbamoyl intermediate:

0O o)

I ]
M-C-NHR'R? —— ., M-C-NRIR?
|
H



Reductive elimination of the amide would afford the formamide whereas attack of an

additional primary or secondary amine would give urea.

o)
]

M- C-NRIR?

|

H

ﬁ) \QFNH
H. _NRR? + M—CO [M] +H, + RIRZNCNR!R?
1]

0 O

Aromatic amines can be converted to carbamate esters in the presence of PdCl,,

carbon monoxide, oxygen, hydrogen chloride and alcohols. CuCl, acts as reoxidant®®:

PdCl,/CuCl/HCl
RNH, + R'OH + CO + O, o/ CUCLHCL - & NHCOOR
R.T., 1 atm

R = aromatic, R' = Me, Et.

Recently3?, di-tert-butyl peroxide was found to be an oxygen substitute in this reaction.
Azacarbonylation of allylamines, in the presence of cobalt, ruthenium and rhodium
catalysts, gives y-lactams. The best catalyst is dicobalt octacarbonyl?2263132, For

example, carbonylation of allylamine gives 2-pyrrolidone in 60% yield?,

CH,=CHCH,NHR + CO 30atm <_>=o
280°C N
R

The azacarbonylation of allylic amines sometimes gives y and 8-lactams. This
indicates that initial isomerization occurs to form a v,8-unsaturated amine which

subsequently cyclizes:

10



\ i

CH3CH=CHCH2NH2 CO d
N O
H

[ Ecoco),

CI'12=CHCH2CH2NH2 co —

e

Extension of the azacarbonylation of unsaturated amines to unsaturated amides

provides a versatile synthesis of five-and six-membered ring imidesZ2.

Dicobalt octacarbonyl transforms ¢,3-unsaturated amides into five-membered rin g

imides:

RWNHRZ Coy(CO)y n
0 200°C30am PN N0

Crotonamide yields both 3-methyl-succinimide and glutarimide due to the

cobalt-catalyzed isomerization of the starting material®4:

NH
\//\n, 2, co CoxACON m . J:l
0 o) 0O o

N N° "0
H H
68% 19%

B,y-Unsaturated amides produce glutarimides3!.
Aromatic nitro compounds can be carbonylated to give the corresponding

isocyanates in high yields. The reactions are catalyzed by several transition metals, but

11



especially by Pd and Rh salts!:

AINO, + 3co RdorRhsalts, 4 neo 4 200,

A new approach to B-lactams involving the photolytic reaction of chromium

carbene complexes with imine has been developed35:36.

R3? R2 Yy R
CY S
) + |
R o) “R!
X = R, OR NR2
X=H Y=

The B-lactam-forming process is thought to involve the reaction of the imine substrate

with a photogenerated metal-bound ketene:

Scheme 1.2
NBz -
o= NBz, BZzNYH R
VN N <co>4c<tﬂ - Couel 1=
1]
O 1
O (O |
BZzN
H BN H
N (CO)yCr— I
0 "R - NJ
R

The azacarbonylation of aliphatic and aromatic imines affords a wide variety of

phthalimidines?»233!. The best catalyst is Co,(CO);.

12



gz CoxCO% R!
200-230°C N
100-200 atm “pn2

co R

benzene O
Rl R2 alkyl aryl 65-85%

Aromatic nitriles and ketoximes have also been carbonylated to produce
phthalimidines. Those azacarbonylations proceed under CO pressure and varying

amounts of hydrogen. For example?2:

oPheN ——2 % | NH
230°C, 270 atm . N_ + NHs

Ph |
N Co,(CO) o
- 2 8 - + H,O
OH  "256°C, 285 atm @;—15\ 2
CO, some H, H
0
80%

Phthalimidines can also be obtained from phenylhydrazones, semicarbazones and

azines??31, For example:

Ph
~ 190-200°C "
N. COZ(CO)S
h 250 atm CO
ey ]
230-240°C N NPh
: ; T H
o O

Azadienes react with a stoichiometric amount of dicobalt octacarbony! under phasc

13



transfer catalysis conditions, in presence of carbon monoxide and methyl iodide, to give

allylic amides®?. For example:

R
COz(CO)g, H20 rd
Ph 2~ 2NR + CO + CH,l » Ph _~ N
NN Ph CHgﬁEt:; cr- \/\/ \“_ CH3
1 atm CO O
6h, R.T. 65%
benzene +
R = pCH,C¢H,-
A RNHCOCH,
32%

A possible mechanism for allyl amide formation would be as follows’:

Scheme 1.3
R’ R’
CH,;COCo(CO e R’
R\/L¢NR" 0%, r AN
COCH;
Co
(CO),
l -CO
] R'
| /R" H,0 Ve R’
R \/L/N CH 2 R N
= T 3 -— = ~ CCH,
I
O (CO»3Co «— O

In the presence of CO and dicobalt octacarbonyl, aromatic azo compounds afford
different heterocycles. The nature of the products depends on the reaction temperature.
At 180-190°C, indazolones are obtained, using hydrocarbon solvents. Above this
temperature there is CO insertion into the nitrogen-nitrogen bond forming

2,4-dioxo-1,2,3,4-tetrahydroquinazolines!8-3839;

14



_190°C Q\F

230°C CO

~230°C @V
T
o)

With substituted azobenzenes there is ring closure at the ring containing an

COZ(CO)S

Ph—N=N-~-Ph —=—_"
150 atm CO

electron-releasing substituent.

In ethanol, PdCl, catalyzes the formation of indazolones from azobenzene under
somewhat milder conditions (50°C, 100 atm)*®, A possibie mechanism for this

carbonylation was proposed.

Scheme 1.4
[(azobenzene)PdCl], 2(-)-— /CO ﬂ)_, Q\ co
Pd.. cl CO

Z T
Qo
b

NPh  ~—o N

15



Sunlight irradiation of a solution of azobenzene and (methylmethoxycarbene)
pentacarbonylchromium(0) at 30°C gives 10% of a 1:1 mixture of 1,2-diazetddinone and
1,3-diazetidinone. The major product (65%) doesn’t come from carbonylation: it is the

imino ether?!

MeO

PhN = NPh I
+ hv /OMc N
_OMe m" PIN=C_ + Me |

(CO)sCr =C7 Me P aN

Me O Ph
+
Me
Ph N
N —4— OMe

4 N\

O Ph

1.6 Carbonylation and Cleavage of Strained Ring |
Compounds by Organotransition-metal Complexes

In recent years it has been shown that organotransition-metal complexes can
induce the opening of strained ring compounds (e.g. three-membered ring substances)*2.

The organotransition-metal chemistry of cyclopropanes, epoxides, episulfides,
azirines, aziridines, aziridinones is really fascinating. Carbonylation with cleavage of
three-membered ring compounds by organotransition-metal complexes is the basis of new
methods to prepare all kinds of heterocyclic and acyclic compounds including B,y and
d-lactones, B-lactams, 2,4-azetidinediones and vinylisocyanates.

Under carbon monoxide pressure, very low yields of cyclic and acyclic ketones
result from the carbonylation of cyclopropane in the presence of

chlorodicarbonylrhodium(l) dimer®?:
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[RR(CO),C! .
/\ +co 2, Q + PCPr 4 TPiCPr
0
oo
0 0

Unsaturated §-lactones might be obtained from epoxides using a catalytic quantity

of chloro(1,3-cyclooctadiene)rhodium dimer??:

Q/\> +co KLSCOD)RACI, \41\
0"™~o

0

75%
RhCI(CO)(PPh;), reacts with styrene oxide to give a B-lactone®:
Ph Ph
\> RhCI(CO)(PPhs);
28 atm CO 0
O 110°C, 20h 0
67%

A fascinating double carbonylation of styrene oxides occurs on treatment of the
heterocycle with Co,(CO)g, carbon monoxide, methyl iodide, NaOH, and

cetyltrimethylammonium bromide?6:

Ph Ph R
Co,(CQ)q, CTAB H
+ CO 2( )8 - I
Mel, NaCH(0,5M) O
0 R benzene HO
R.T., 1l atm 0
R=H, Me

A possible mechanism for this novel transformation follows?*5:
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Scheme 1.5
Co(CO)4~

Mel,  Meco(co),

co, MeCOCo(CO),
Ph
\~
O
O
I
PhCHCH,OCMe
!
(C0O)4Co
CO

O
I
PhCH— CH,0CMe

0 Me !
HO Co(CO)4 8
1CO
O
Ph CH, I
[ ™~ O0—-C— CH,
Co(CO
HO ( )4
0
lRﬁOH“
Ph CH,0; Fh
| / ~Co(CO),~
Co(CO j ©
HO o (CO), OH
0O

o)
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Recently the azacarbonylation of reactive nitrogen heterocycles has become
important in organic synthesis. Tetrakis(triphenylphosphine)palladium(0) transforms
azirines into B-lactams*’. It is a remarkable method to synthesize an important class of

antibiotics.

R H R
N | N R
Pd(PPhy), . /—l/ XY’
CGHG! 40 C . N R'
R' 1 am /
H o}

If bis(dibenzylideneacetone)palladium (0) is used as catalyst, vinylisocyanates are

obtained?’:

_Pd(dba),

*O Ta e
R’ 1 atm
H

A possible mechanism for the formation of these products is illustrated in the following

scheme:
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Scheme 1.6

N N\c 7 0
Ph {(— I;'-dL2CO +«——— ph _é 1:;://
1 /

L
L 2
Ph
%Nl _ |
Ph NCO N
PdL,CO + \”/ «—CO__ Ph —</_\/§o
Lz =dba Pd—L
4 |
3L

=N e N
'
(?j \_6/‘ 0" 5 1
l-Pszco
Ph
N Ph
g
N
o/’
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The intramolecular cyclization of 2 would give 3 which may be a common intermediate of
both reactions. When L, = dba, vinylisocyanate (4) would be obtained by elimination of
Pd(dba)CO in the presence of carbon monoxide. WhenL = PPhj,, there would be
elimination to give the azetinone (5) and Pd(PPh,),CO; the latter would then react with
another azirine molecule to give (1). Compound 6 could be obtained by nucleophilic
addition of 1 to 5. The elimination of Pd(PPh,),CO would give the B-lactam(7).

The chlorodicarbonylrhodium(I) dimer, in the presence of carbon monoxide, also
induces vinyl isocyanate formation from azirines®®. Unfortunately a stoichiometric
quantity of the rhodium complex has to be used in this case.

Several years ago a novel ring expansion was developed by carbon monoxide |
incorporation into an aziridine*. B-Lactams can be obtained in the presence of a catalytic
quantity of chlorodicarbonylrhodium dimer. The reaction is regiospecific. Excellent
yields are obtained when the reaction is effected at 90°C, under 20 atm of carbon

monoxide, in benzene,

Ph ph\
\/ . o [Rh(COhCllz N |
N benzzgnc&go C /,_ N
a
T o7 X

100%

Chloro(1,5-cyclooctadiene)rhodium(I) also induces the conversion of aziridines to
B-lactams. However the chloro(1,5-hexadiene)rhodium(I) dimer and rhodium acetate are
unable to catalyze this reaction.

A possible mechanism* (scheme 1.7) involves initial oxidative addition at the
most substituted C-N bond of the heterocycle to give a Rh(IlI) complex. Subsequent

insertion of CO followed by reductive elimination would give the B-lactam.
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Scheme 1.7

R
R 0
Rh(COLCL, — OC cl R
N = Cl—Rh —  Rh
1 oc” My oc” Ny
Rl
! |
R' R
lco
o)
R
\—~| oc_ R
- Cl—“} Rl;l
Vanh oc” N
0 7 \R' |
RI

The 2-azarhodacyclobutane which might be involved as intermediate in this
metal-catalyzed conversion of aziridines to B-lactams has, as yet, not been isolated.
However an azairidocyclobutane has recently been isolated and characterized>°.

Recently the azacarbonylation of aziridines, catalyzed by Rh(I), has been found to
be stereospecific!’

Ph Me

P Me

h
N
J  +co _[RWCORC,

A o’

and enantiospecific.

Ph

Ph
&7 |
+ CO > ) _‘

N >
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oY
Ph | |

N +CO >

+ o7 X

Furthermore, in the presence of menthol, a remarkable high degree of asymmetric

induction is observed!”:

Ph
®) S)
Ph ‘N‘ N
56% Ph 65%
85% op 77% op
_ [Rh(COD)CI], 0.05eq [RR(COD)CI], 0,05eq +
—lj- b l-mcnthg)(l:Sga,h 20atm N d-menthol 3eq, 20atm
P 90°C, °
s —|_ 90°C, 24h ®
[ racemic Ph™ i
/r—- N + / — N
o7 X co o7 X
25% 21%
100% op 97% op

It was found that the R enantiomer reacts more rapidly in the presence of d-menthol than
in the presence of I-menthol. The opposite was observed with the S enantiomer!”.

The conversion of an aziridine to a f-lactam can also be achieved using an excess
of nickel tetracarbonyl®!, The less substituted C-N bond of the aziridine is carbonylated.

O
X V/,
T

/ reﬂux )j reﬂux /

I15mm Me Argon Me
3h

R = CH,Ph, SO,Me

For R=CH,Ph and SO,Me the yields of B-lactams are respectively 51% and 18%.
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Aziridinones (a-lactams) are also carbonylated regiospecifically by the

[Rh(C0),Cl], catalyst to give 2,4-azetidinediones2.

R R 0

N
7>:0 rco [RhCOCL T f
40°C, 1-30 atm A
Y 7N
R' 0 R

R= (CH3)3C, l-adamantyl
R'=(CH3);C, 1-adamantyl

Other good catalysts include {RhCI(1,5HD)], and [RhCI(1,5COD)],, and Co,(CO)q
induces this carbonylation at 65°C under nitrogen. The use of a carbon monoxide instead
of a nitrogen atmosphere inhibits the cobalt reaction, making this process non-catalytic
with respect to cobalt. A possible pathway for the dicobalt octacarbonyl reaction is

outlined in scheme 1.852:
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Scheme 1.8

0] i 0 1+ 1°
/ANR' +Coy(CO)g —— | _ﬁ N -R' Co(CO)y | —>
R
o ] Co(CO),,,_ \_ |
B T+ - B J+T -
R AN -R RZ _<0
Y7 Co
o7 (CO)s
2Co0,(CO)
0
+ 12
NR!
R
0 o
R NR' + 7CO + 2] Co CO(CO)4
N\
R R'
O ) 6 il 1
0 0
3| Co Co(CO)y | —— 2C04(CO)y; + Co + I%N
N
R Rl 6 R R'
i L 42

The regiospecific synthesis of a-methylene B-lactams by carbonylation of

methyleneaziridines was described in 198753;
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/ N
. co PAPPho), or PAOAC),PPh;

N CH,Cl,, | atm |
I R.T. V4 N
R

The acylation of 2-phenylaziridine under phase transfer catalysis has also been

observed4;
Ph
P R
. co CoxCO) CTAB. h(IZH (‘:H2
NaOH 0,5N, Mel
N S e
, 1at

H aim —

CH,

Although four-membered ring compounds are Iess strained than the
three-membered ring analogs, carbonylation with cleavage of four-membered rings is also
known.

In the presence of cobalt and nickel carbonyls, oxetanes react to give the
corresponding y-butyrolactones. The reaction occurs under milder conditions with

Ni(CQ), (250°C, 60 atm) than with Co,(CO)g (200°C, 200-250 atm)!8-32,

_I s 0o CoaCO) or Fl
0] O

Lo Ni(CO)4

With CoH(CQ}), a stoichiometric reaction occurs but the y-lactone is only obtained in the

presence of dicyclohexylethylamine35-6,
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0]

— 0 0 I
I + HCo(CO), + CO BELL HOCH,CH,CH,CCo(CO),
PPh,
NR, -CO
o)
o__o0 H
+ HOCH,CH,CH,CCo(CO);PPh,
+ R3NHCo(CO),~

B-Lactones can also be carbonylated in the presence of Co,(CO)g, albeit in

moderate yields!®2:

| + CO CO?_(CO)S
] 150°C, 100atm n *  Z > CooH
0 N 0" 0" N0

1.7 Aims of Research

Fascinated by the remarkable carbonylation and ring expansion reaction of
aziridines, methyleneaziridines and aziridinones, we asked ourselves what would happen
to a diaziridine if it was treated with carbon monoxide and an organotransition-metal
complex. Would it react and if so, would it undergo carbonylation with ring expansion?
In that event, where would CO insert, i.e. between the two nitrogens or between the
carbon and one of the nitrogen atoms? The aim of the first part of this thesis will be to
answer those questions.

Oxetanes and fB-lactones can be carbonylated with ring expansion. By analogy
would it be possible to carbonylate azetidines? The second part of this thesis will consider
this matter.

Five-membered ring compounds are not strained. Nevertheless, they can
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conceivably experience carbonylation and ring expansion to give the six-membered ring
heterocycles. The third section of this thesis describes an investigation of metal catalyzed

chemistry of pyrrolidines.
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Chapter 2
Carbonylation of Diaziridines

2.1 Introduction

Several reviews have appeared in the literature since the
First?7-59 reported synthesis of diaziridines in 195960-64,  1pe ring
opening reactions of diaziridines can be divided into two classes:
those proceeding with retention of the N-N bond and those involving N-N

¢ leavage. Many of the ring opening reactions lead to ring expansion.

2.1.1 Organic Chemistry of Diaziridines

2.1.1.1 Reactions of Diaziridines Proceeding with Retention of the N-N

Bond

Diaziridines having electron-withdrawing substituents at one or
both nitrogens frequently rearrange upon heating. They also react with
ynamines, isocyanates, dimethylacetylene dicarboxylate, and enamines ta
give Five-membered ring heterocycles. These transformations are
explained by the formation of an azomethine imine derivative which then
rearranges or undergoes cyc loaddit ion.

For example, heating diaziridine 8 gives the isolable azomethine
imide 9 6% which undergoes cycloaddition with phenyl isocyanate ard

dimethylacetylene dicarboxylate to give 10 and 11, respectivelyss.
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0 N 0 N~ “XCHPh
& P ’ 0’ N\Ph
COOMe 10
1
c
He
C
|
COOMe

The thermal 1isomerization of l-aroyl-2,3,3-trialkyldiaziridines

(12) affords 4,5,5-trialkyl-a2-1,3,4-oxadiazolines (13) 67,

R R? R!

NR
. X
/ 0w
)= N
12 F=<3 Ar
Ac 13

If heated in the presence of an ynamine, the diaziridine undergoes

cycloaddition to form 15 67,

R! RZ R!
R2” § /NR —
MCC - CNEEZ NR
N [ —— i
o NCOAr
Ar
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Thermolysis of the dibenzoyldiaziridine 16 gives 2,3-dihydro-1,3,4-

oxadiazole 17 68,

PhCO —N Ph o
5O —— IO
PhCO —N Noy
16 1 |= o
Ph

When heated in the presence of arylisocyanates, 1-p-toluenesulfonyli-
2-alkyl-3%,3-pentamethy lenediaziridines (e.g. 18) form triazolidin-3-one

derivatives (e.g. 19) 67,

CH,
NCH;,4 |
| — NS
& <:>/ N802C6H4M5'p
NSO,CyH Me-p N
18
90°Cl PhNCO
NCHs

A
PhN NSO,CsHaMe-p

19 o 68%

In contrast to 18, 1-{p-toluenesulfonyl)-2-cyclohexyl-3-methy ldiaziridine
failed to react when heated with phenyl isocyanate . This lack of
reactivity is consistent with the observation that the Fformation of
azomethine imines from diaziridines usually requires two stabilizing
substituents at the diaziridinyl carbon as well as electron-withdrawing

groups at the 1- or 1,2-position569.
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In acid media, the bhydrolysis of diaziridines gives carbonyl
derivatives and substituted hydrazines. This reaction occurs regardless

of the nature of the C- or N- substituents63,

H

| Rr2
NR H"' +NR + Hzo
>< | rlJNHR —=—= RNHNHR! + R?RICO
NR

2.1.1.2 Reactions of Diaziridines Involving Nitrogen-Nitrogen Bond

Cleavage

Pyrolysis of diaziridine 20 affords 21 (76%) and 23 (17%)70:

HO+
C‘J QEt

Pmcj\\[/ ——--m}_N\ CO,E
v -

»\ j-cozﬁz e ] o, B
o N Ny

— PN 1 NPh
Ty )i

2
O 5 O

23 would be formed by elimination of a carbethoxy carbene from 20 to
give 22 70,

At room temperature, in the presence of an equimolar quantity of
potassium-t-butoxide, 8 undergees nitrogem-nitrogen bond cleavage to form

24 in 52% yield’l.
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N—N ——
Nqi/bﬂ{
H Ph Ph
8 24

It has been suggested that B ring opens to give 2%. The latter could
then condense with benzaldehyde (somehow produced in a side reaction) to

give 24 n,

PhCH CH,Ph

r/\\f=0 0 rJl\f9O f’L\f’o
L | PhCHO |
N e
Ph Ph Ph Ph
25 24

1,2,3-trialkyldiaziridines (e.g. 26) react with diphenylketene to

form acyclic 1:2 adducts (e.q. 27} 72-73,

|
H N—R
Ph,C=C=0 C
| — . Ph,CH=—CO~C? “N—CO— CHPh,
Bt N—g 80°C ] )
Me R
26 27

Reaction of phenyl isocyanate with 1,2,3-triethyldiaziridine

(28) gives a mixture of products, all in low yield’?,
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NEt
E"“<<I + PRNCQ ——— PhNHCO¥COE: + PhHNHCONHE!:

NEt E

O

R

EtN NP
+ ENHCONCONHPA + | h
! Et N’J

3% Ph
1% |=0
°  NHPh

1,2-Dialkyldiaziridines react with ketene affording azetidinones

29 in 25% yield’4.

R'l
R3R?CHCON
NR NR
<I + RIRWC=C=0 “Senzene ™
NR' eflux
Smin R? o)
R2
29

Finally, 1,2-dialkyldiaziridines undergo thermal decomposition, even
at room temperature. For example, 1,2-dibutyl-3-hexyldiaziridine under-
goes 70% decompasition when kept at 0°C for 9 monthsé%. Heptanal, buty-
raldehyde, butylamine and ammonia are obtained, possibly by a radical
chain reaction (30 generated by attack of a radical on an N-methylene

group involving N-N cleavage )64,

R }II H_ N=CHPr
HXT_CHPI' A /C\ —_— C6H|3CHO + PFC”"
CGH NBu
CeHya NBu B " H + BuNH, + NH,
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2.1.2 Organometallic Chemistry of Diaziridines

Few reports have appeared in the literature on the chemistry of
diaziridines with metal containing systems. Catalytic hydrogenation of
l-cyclohexyl-3~ethyldiaziridine over Raney nickel forms n-propylamine and
cyclohexylamine75. Under the same conditions, diaziridines 31 glves

methylamine and tetrahydroisoquinoline63.

o /N
N _JU§L. MeNH, + [:::I:::lﬂ

|
31 NMe

Telomerization of 3,3-dimethyldiaziridine with butadiene catalyzed

by Pd complexes affords 32 and 33 64,

)~  PAacac)y PPhy-AlEty-CF,COH O ORI
+

{1:1:2:2,5) -~ N N
toluene, 60°C, 6h ; + 1>
Pl

HN._ _CH, HN
|
HN >< CH; 32 33

Recently, good antitumor activity against leukemia in mice was

obtained with platinum complexes of diaziridines (34, 35, 36) 76,

34: R=CHjs
35: R = CH,CH, R R
36: R,R = —(CHyp)s—
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The reaction of diaziridines with metal carbanyls has not been
investigated. We thought it would be really interesting to see if
appropriately substituted diaziridines might underge carbonylation with
ring expansion on treatment with an organotransition-metal complex in the
presence of carbon monoxide. We were also curious to know the reqio-
selectivity of the reactiont i.e., would insertion of carbon monoxide
occur between the two nitrogen atoms to give a 1,3-diazetidinone (37) or
between the carbon atom and a nitrogen atom to afford a

1,2-diazetidinone (38).

RIN— NR2 me'al complex s

36

R2
R4 R N 0
co ., .
organotmansiion-. R I o R



2.2 Results and Discussion

In order to study the organometallic chemistry of diaziridines we
prepared three representative classes of these heterocycles: 1,3-dime-
thyl-2-p-toluoyl-3-phenyldiaziridine (39), 1,2-diaroyldiaziridinyl
aroates (40), and 1-methyl-2-butyl-3,3-butamethy lenediaziridine (41).

1,3-Dimethy1-2-p-toluoyl-3-phenyldiaziridine (3?) was synthesized by

reaction of 1,3-dimethyl-3-phenyldiaziridine’7 with p-toluoylchlorideTB:

CH;  CeHs
cH N — CH;
1. CH:;NHQ_ 30% CH;PhCOG 3 ><
PRCOCHs 3 HNGSOH o/ CeHs N — CC¢H,CHy-p
H A\ "
CH, 39 0
Three 1,2-diaroyldiaziridinyt aroates (aroyl=p-toluoyl,

p-methoxybenzoyl, p-chlorobenzoyl) were prepared in a similar way/8-7%:

o HOCH, CH,
f
CHCCH,0H L NHOH
7. §;NOSOH
HN — NH
3p-RCH,COCI
?
O CH3 XT - CC6H4R'p
1]
PRGHCOCH: © SN — CCHR-p

1}
40 0

Attempts were also made to prepare 1,2-di-t-butylacetyldiaziridinyl-

t-butylacetate but this protected diaziridine could not be isolated, 1t
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rearranged to 1,3,4~oxadiazoline (42) under the reaction conditions:

o
HOCH, ~ CHs N — CCH,C(CHy)
3(CH3;1CCH,COCl >< | i

" | (CH3),CCH,COCH, N — CCH,C(CH
N — NH 34 20 g ,C(CH,),

. |

I
(CH3);CCH,COCH,  CH,
0

1]
I
‘/C:==N
(CH3),CCH,

1-Methy1-2-butyl-3,3-but amethy lenediaziridine (41) was prepared by
reaction of the N-butylcyclopentanimineB0 with met by 1hy droxylamine-o-
sulfonic acidB®1-82:

B UNHZ D= CH3NHOS 03H D< TCI{ZC}iZC}IZCH3
NCH,

41

The behaviour of 1,3-dimethyl-2-p-toluoyl-3-phenyldiaziridine (39)
was studied using different metal complexes: RuCly(PPhz)3, Coz(CO)g,
[Rh(CO)2C1]2, IrC1(C0) (PPh3)o, (Ir(COD)C1l]y, Ni(C0)2(PPh3z)?  and
Pd(PPh3)4. The results are listed in Table 1.

When 1,3-dimethyl-2-p-toluoyl-3-phenyldiaziridine was exposed to
carbon monoxide and a catalytic amount of RuClp(PPh3)3 in benzene at
65°C, no reaction was observed. Under the same reaction conditions

IrC1(CO}(PPh3); and Ni(CO)7(PPh3)y were also used, but to no avail.
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Table 1 Reaction of 1,3-Dimettyl-2-p-toluoyl-3-phenyldiaziridine (39) with

Metal Complexes

Diaziridine
Metal Complex |Metal Com- |Solvent| T [Gas| P [Time| Recovered | Acetophe-

plex (mmol/ °c AtmiDays [Diaziridine| nane

mmol ) %8 %a
RuCly(PPh3z)3 5/1 benzene{65 |CO ( 1 | 4 100 0
Coz(CO)g 1/1 benzene[65 {N2 | 1 | 2 100 0
[Rh(CO),C1], 4/1 benzene|65 ICO | 1 [1ar2 80 20
[Rh(CO),C1], 2/1 benzenel65 [co | 1 | 1 45b 37b
[Rh(CO),C1], 5/1 benzene{22 [CO (30 | 1 81 19
[Rh(C0),C1]s 5/1 4-methyl-|22 jco | 1 | 1 46D 26D

2-pentanone

IrC1{co)(PPh3)9 5/1 benzenei{65 {c0 | 1 | 3 100 0
IrC1(C0){PPh3}y| 5/1 benzene{65 [CO {30 [ 1 100 0
[Ir(cop)Ciiy 6/1 benzene(65 [CO | 1 [1or2 76 24
Ni(CO)7(PPh3)7 5/1 Ibenzene|65 |CO | 1 | 2 100 0
Pd(PPh3)y 5/1 benzene|65 [CO [30 | 1 92 8
Pd(PPh3)4 2/1 benzene{65 [CO | 1 {1or4 64 36

a) % calculated by 'H NMR

b) % isolated by thin layer chromatography (silica)
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Furthermore, the diaziridine remained unchanged when stirred with a stoichin-
metric amount of dicobalt octacarbonyl under nitrogen.

#hen a benzene or a 4-methyl-2-pentanone solution of the diaziridine was
stirred with chlorodicarbonylrhodium dimer, acetophenone was obtained. This
was observed at 22°C as well as at 65°C. This reaction occurred with CO
bubbling (1 atm) and under 30 atm of CO, It could be seen by infrared
spectroscopy that, during the reaction, the carbonyl bands of [Rh{CO),Cit],
decreased considerably. In order to obtain a fair yield of acetophenone
(20-26%) it was necessary to use a considerable amount of [RR(C0)2C115(4 or
5/1 ratio of diaziridine to rhodium complex).

A reaction was run, in benzene, using two equivalents of diaziridine for
one equivalent of [Rh{(CD)9Cl]s. After one day of stirring, at 65°C under CO,
an orange precipitate was formed which was Ffiltered., Purification of the
filtrate, by column chromatography, afforded 37% of acetophenone and 45% of
diaziridine. The orange precipitate was a rthodium complex. Its infrared
spectrum, taken in chloroform, showed carbonyl bands at 2018 and 2085 cm-!.
These frequencies are different from those of [Rh(CO)2Cl), (2040 anrd
2100 cm=1). The TH NMR of the complex (CDCl3) suggests the presence of the
CH3CgH,CONNCH3 ligand:

Y 2,35 (s3; 3H, EEECBHa); 3,60 (s; 3H, CH3N); 7,03-7,53 (AA'BB' pattern; 4H,
CgHy )™

1,3-Dimethyl-2-p-toluoyl-3-phenyldiaziridine was also converted fn
acetophenone by [Ir(COD)Cl]}p and Pd(PPh3)y.

How can onme account for the formation of acetophenone from 1,3-dimethy |-
2-p-toluoyl-3-phenyldiaziridine in the presence of [Rh(C0),Cllp, [Ir(CODICL],
and Pd{PPh3)4? Initially there may be oxidative addition of the metal to one

C-N bond of the ring to give a four-membered ring metal lacycle followed by
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ring opening to form a tranmsition metal carbene complex. This carbene comlex
may afford acetophenone during the work-up of the reaction, the azo part of
the wmetallacycle would link to another metal species affording a diazene

complex. This proposed mechanism is illustrated for [Rh(CO)2Cl]ly in Scheme

2.1,

Sc\weme D..l

C
CH; CeHs s ‘lx/’,co
RACOT o, JR
N—N NN
CH CC:H,CH,- CH;
3 TR 0>\C6H4CHTP
0
]Rh(CO)zCl
co oC NCH
PR/ N e
>—Rh—C0 + 0c— Rh\'
HyC Na N~ CoHCHrp
work-up 0
Hz0,09

Ph
=0
HyC

B
-t



The spectral data for the rhodium complex that was observed at the end of
the reaction is in accord with a diazene rhodium complex having two
carbonyl ligands.

The production of acetophenone from diaziridine is uninteresting
from a practical point of view!

Rec&ntly46 it has been discovered that double carbonylation of
styrene oxides occurs on treatment of the heterocycle with Cop(CC)g,

carbon monoxide, methyl iodide, NaOH and cetyltrimethylammonium bromide:

Ph R
Ph
Coy(CO)g, CTAB
b\R + O 02(CO)g H
Mel, NaOH (0,5M) o
o benzene, R.T., 1 atm HO
8]

[t seemed conceivable that 1,3-dimethyl-2-p-toluoyl-3-phenyldiaziridine
would also undergo carbonylation under phase transfer catalysis. In
aorder to determine whether such a process can occur, the behaviour of the
diaziridine in the presence af Cop(CO)g, Ni(CN)2.4Hp0 and Pd(PPh3)y was
investigated under phase transfer catalysis. The results are listed in
Table 2. All except one of the attempts at carbonylating the diaziridine

were unsuccessful.
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when a mixture of 1,3-dimethyl-2-p-teluoyl-3-phenyldiaziridine
(0,75 mmol), cetyltrimethylammonium bromide (0,19 mmol), Cop(COYg
(0,19 mmol), methyl iodide (21 mmol), benzeme (12 ml) and NaOH 0,5N (12
mlL) was stirred under 30 atm of CO (at 60°C), some reaction did occur.
Purification of the crude product on silica plates afforded 55% of
1-acetyl-Z-methyl-T-p-toluoylhydrazine (43) and traces of 1,1-dimethy !~
2-p-toluoylhydrazine (44) or 1,2-dimethy 1-1-p-toluoylhydrazine (45).

Acetophenone and 15% of recovered diaziridine were also isolated.
p

s
1 g=o
N-=N
Cetls  CH, b
CHy, C=0
Coy(CO)g, CHyI, CO T
CTAB 43 C5H4CH3-p
/N — N\ bcnz?)ne. N%(())lo'lc(aq)
30 atm,
CH3 CcﬁHdc}ITp *
g CH; H H CH
[ U
39 N-N °r  N=-N
1 | { |
CH; C=0 CH, ? =0
| .
C¢H,CHyp CeHyCHy-p
44 45

43



Table 2 Reaction of 1,3-Dimethyl-2-p-toluoyl-3-phenyldiaziridine (39) with

Metal Complexes under Phase Tramsfer Catalysis Conditions

were isolated.

44

Phase Transfer | DiaziridineMC/
Metal Complex |Catalyst® "PTC"| PTC/CHs3I mmol/ |NaOH| T |Pco|Time|Reaction
"MC" mmol/mmol/mmol N {°C |Atm|Days
nil CTAB 4/0/1/0 0,5 160 [ 1 | 1 No
3/3/1/0
Cop{C0)g TEBAC 5 60| 1|1 No
Cop(C0)g CTAB 4/1/1/0 0,5 |60 |30 {1 No
Cap(CO)g CTAB 4/1/1/111 0,5 (22 | 1 {1 No
Cop(CO)g CTAB 4/1/1/111 0,5 {22 {30 { 1 No
Cop{CO)g CTAB a4/1/1/111 0,> [35 |30 | 1 No
Coz(C0)g CTAB 4/1/1/111 0,5 |60 {30 | 2 yesD
Ni(CN)7.4H,0 TBAHS 17/2/1/0 5 160 (1 11 No
Pd(PPh3 )4 CTAB 4/1/1/111 0,5 (22 [ 1 { 1 No
a) TBAHS = tetrabutylammonium hydrogen sulfate
TEBAC = benzyltriethy lammonium chloride
CTAB = cetyltrimethylammonium bromide
b) 15% of diaziridine, acetophenone, 55% of 43, and traces of 44 or 45




The fact that 43 is the major product, and not 1-acety 1-T-met hy |-

2-p-toluoylhydrazine, is supported by spectral data. Indeed, the
infrared spectrum (¥ CO(CHCl3) = 1710 cm~! and 1655 cm=1) is quite
different from the one reported for 1-acetyl-1-methyl-2-benzoylhydrazine
(Wmax (CHCl3) = 1675 cm~! and 1620 em~1)83. The substitution of the
toluoyl group for a benzoyl group would not be expected to lead to a
significant change in the infrared spectrum, On the other hand, the
chemical shift for the protons of CHzN (4 =3,13 ppm) is too high to
correspond to _C_Ej}NCUCH;. Indeed, Ei'l_;NCD of 1-écetyl-1,2,2-trimethy1-
hydrazine is at 43,94 ppmea. Unfortunately, no 'H-NMR spectrum of a
1-methyl-2,2-diacetyl or dibenzoylhydrazine could be found in the
literature. However, considering the deshielding effect of substituents
on various hydrazines, d 3,13 ppm is a reasonable value for Lthe CH3N
of 43. Indeed, in tetramethylhydrazine the methyls are at 2,21 pmes.
The substitution of one CHz of a N(CH3)o by H causes deshielding of the
remaining CH3 by 0,24 ppm85. Likewise substitution of one CHs by a
benzoyl or an acetyl group also causes deshielding of the CH3z on the
adjacent nitrogen by 0,28 or 0,25 ppmaa. A rtough estimate of the
chemical shift for the NCH3 of 43 would be 2,21 + 0,24 + (,28 + 0,25 =

2,98 ppm, which is close to 3,13 ppm.

H,C CH, H CH,| [FC CH, [BC
N A b 1
N—N N—N] N—N N—N
H,C CH;| [HC 'CH, | [HsC' CCHs [HyCY
T I =
221 ppm 2,45 ppm 230ppm 249 ppm 2,55 ppm
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Since T-acetyl-Z-methyl-1-p-toluoylhydrazine and not 1-acetyl-1-
methy l-2-p-toluoy lhydrazine is formed, it is probable that the minor
product is 1,2-dimethyl-1-p-toluoylhydrazine.

Under the reaction conditions, Co(C0)4~ is generated fram
dicobalt octacarbonyl. Conversion of the anion to MeCo(CO)y and
MeCOCo(CN)4 occurs in the presence of methyl iodide and carbon monoxide.
Then there may be addition of either MeCo(CO)y or MeCOCo(CD)4 to onme of
the carbon-nitrogen bonds of the diaziridine, The addition of MeCo(CO)y4
would afford the product obtained in low yield (probably 45) while the
addit ion of MeCOCo(CO}y would give the major product. A possible pathway
leading to the major product is illustrated in scheme 2.2, It may
explain why 43 and not 1-acetyl-l-methyl-2-p-toluoylhydrazine 1is the
major product. Indeed, compound 47 should be less stable then 46 since

it has a positive charge <« to a catbonyl group.
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Scheme 2.2

H,C  CeHg

CH3N —N— CC6H4CH3-p
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|
{coco,  © {Co(coy, CH, O
1 - Co(CO)4~ )!( - Co(CO)™
?53 \oH (|3H3
_ H,C
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HCYy | | cHs” M| I
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-+
CeHs I |
0 46 47 C.H,CHyp
CH, OH CH,
[ HC | |
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BRC | | | CgHs | il
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4
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The results with 1,3-dimethyl-2-p-toluoyl-3-phenyldiaziridine
were disappointing inasmuch that carbonylation did not occur with ring
expansion. Perhaps the absence of a phenyl group on the carbon atom of
the heterocycle would avoid cleavage of the two carbon-nitrogen bonds to
form the ketone. For these reasons another class of diaziridines, the
1,2-diarcyldiaziridinyl arcates (40), were prepared for study.

When equimolar quantities of a 1,2-diaroyldiaziridinyl aroate and
dicobalt octacarbonyl in dry benzene were stirred overnight under
nitrogen at 65-70°C, dihydrooxazoles (oxazolines, 4B) were obtained.
After chromatographic work-up, 1,2-di-p-toluoyldiaziridinyl p-tolucate,
1,2-di-p-methoxybenzoyldiaziridinyl p-methoxybenzoate and 1,2-di-p-
chlorobenzoyldiaziridinyl p-chlorobenzoate afforded the oxazolines in
yields of 51%, 59% and 79% respectively (see Table 3 for data). During
the reaction carboxylic acid (50) was also formed. For instance,
p-chlorobenzoic acid was obtained in 70% yield with 1,2-di-p-chloraben-
zoyldiaziridinyl p-chlorobenzoate as the substrate. The analytical and

spectral data support the proposed structures of the products.
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Table 3

Reaction of 1,2 Diaroyldiaziridinyl Aroates (40) with Metal

Complexes, in Benzene

Dizziridine
Aryl Metal Metal T lGasy P [TimeiDihydro}1,2,4-Oxadia-
group Complex Complex oxazole| zoline
mmol/mmol (48) (51)
°C atm|days| %@ %
CH3CgHy nil -- 65-70 [ Npj 1| 1 0 0
CH3CgHy | Cop(CO)g 1/1 65-70 | Np| 1 1] 5 0
CH30CgHy| Cop(CO)g 1/1 65-70 | Nz| 1| 1| 59 0
ClCgHy Cop(CO)g 1/1 6570 { Nz 1 | 1| 79 0
CH3CgH, | Cop(CO)g 171 65-70 | CO{ 1 1 79 0
CH3CgHy | Cop(CO)g 3/1 RT INg[ 1] 3| 18 140
CH3CgHy | Cop(CO)g 5/1 35 | cof 1 2 0 29¢
CH3CgHy | Cog(CO)q2 5/1 RT | co|l1]| 2 0 9b
CH3CgHy | Co{(02CPh)2 1/1 65-70 | COj 1 1 0 0
CH3CgHy {[RM(CD)2C1], 10/ 60 | col 1 1 0 0
CH3CgHy |[RR(EO)2CL]2|  10/1 60 | cofsn | 2 0 0
CH3CgHy | Pd(PPh3)y 9/1 54 | cof 1 1 0 22
CH30CgH, | Pd{PPh3)y 3/1 54 | co| 1 1 0 63
ClCgHy | Pd(PPh3)4 3/1 54 pcol 1 1 0 77
CH3CgHy | Pd(PPh3)4 10/1 RT |co|l 1| 3 0 0
CH3CgHg | Pd(dba)sg 10/1 RT [cof1{ 3 0 0

a)
b)

c)

Isolated yields

THF as solvent
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Use of a carbon monoxide instead of a nitrogen atmosphere also
afforded the oxazolines. For example, 1,2-di-p-toluoyldiaziridinyl
p-tolucate gave the oxazoline in 79% yield.

When the diaziridine was heated at 65-70°C, in the obsence of
Cop(CO)g, quantitative thermal rearrangement occurred yielding 1,3,4-
oxadiazoline (49). The oxazoline does not arise from 1,3,4-oxadiazoline
since no reaction occurred by exposure of the latter to Coz(CU)B in

benzene at 65-70°C.

0
i
0 Gy N—CCHR®
Ple
PRCHCOCH; © SN coHR-p
1l

o
N3, CoHg
65-70°C
without with
Co,(CO) 1c°2(c0)3
o 0
] Il
CCHR-p NHCCH,R-p
o s N Coy(COX z;r CH,
Il N __35 . i
p-RC6H4COC1'Iz XO I P'RC5H4 /LO + p RCﬁH,;COZH
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When a catalytic amount of dicobalt octacarbonyl [10:1 ratio of
diaziridine to Co(C0)g]l was used, under CO bubbling at 65°C, the
diaziridine was converted to the 1,3,4-oxadiazoline. This result shows
that the thermal rearrangement was fast compared with any catalytic
reaction with Coz(C0)g.

When a benzene solution of 1,2-di-p-toluoyldiaziridinyl
p-toluoate (0,45 mmol) and dicobalt octacarbonyl (0,15 mmol) was stirred
under nitrogen at room temperature éar three days, 18% of the oxazoline
was obtained along with recovered diaziridine and 14% of another
product., Its analytical and spectral data show that this new product is
an isomer of 1,3,4-oxadiazoline, possibly the %,2,4-oxadiazoline (51).
Unsuccessful attempts were made to grow a crystal of the compound Ffor
x-ray analysis, in order to unequivocally establish the structure of this

product .

i

p-RC¢H,COCH,
N CHj;
/N

p-RGsH, ’Lo’ ‘“ﬁc,,mk-p

51 ©

The infrared spectrum of this compound showed two carbonyl bands
(1700-1705 cm=! and 1722 cm=1-1726 cm-1) for the ester group. The one at
the lower freguency might be explained by the interaction of the iminyl

nitrogen with the carbonyl group:

51



0

I of o
p-RC¢HCOCH, % N en,
1
R /
N——CH, PRGH VPt - am,

/ I
P-RGgH, ’QO’N > ﬁc,,ﬂ.,a.p P-RCgH, ’QO’N‘ ﬁCst-p

0 0
¥ C0 of ester(benzene): v C0 of ester(benzene):
1722 cm=1-1726 em) 1700 cm~1-1705 cm~!

In the literature, other monocarbonyl compounds have been reported to
show two absorptions in the infrared carbonyl region. For example,

azetidinyl esters86 and 2-aroylaziridines87:

"
COCH, ﬁ
{ e
N N
X CeHn/
¥ CO(CCl1y): V C0(2,2,4-trimethylpentane):
1753 om~1 and 1725 cm=] 1695 em=1 and 1673 cm~]
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The presence of two carbonyl absorptions was attributed to conformational
isomerism. & -Piperidinoacetophenone also shows split carbonyl bands in
CCly solution, at 1701 cm~1 and 1685 cm=1.87 Since acetophenone shows a
single carbonyl frequency at 1692 cm-1 it was suggested that the band at
higher frequency should be assigned to a conformation with the C=0 and
C-N bonds in an eclipsed cis arrangement. The lower frequency band (1685
em=1)  was assigned to a gauche conformation "P" in which a small
polarization of the carbonyl group- might be expected from an intra-

molecular three-membered ring interaction of the amino nitrogen with the

carbonyl carbon87:

o} 0&'
W x ;
é/c |/
e
Ar " NS

In tetrahydrofuran, using a 5:1 ratio of diaziridine to dicobalt
octacarbonyl at 35°C and under CO, the 1,2,4-oxadiazoline was obtained in
29% yield after two days. The rest of the crude product was unreacted
diaziridine, In benzene, a catalytic amount of Co4{C0)q2 {(5:1 ratio of
diaziridine to tetracobalt dodecacarbonyl) also afforded 1,2,4-oxa-
diazoline in low yield (9% after two days), at room temperature with the
remaining being unreacted diaziridine.

When dicobalt octacarbonyl was replaced by a stoichiometric
amount of cobalt benzoate or a catalytic amount of [Rh{C0),Clly, under (0
at 65-70°C, the thermal product was obtained in high yield. The rhodium

complex was inert even under 40 atm of carbon monoxide.
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The thermal isomerization observed here {1,2-diaroyldiaziridines
——31,3,4-0xadiazolines) was previously Ffound with wmonoaryldiazi-
ridines67, the latter heterocycles rearranging at ambient temperature in
chloroform, acetonitrile, or methylene chloride. It was originally
reported88 that thermal rearrangement of spirocyclic 1,2-diaroyldiazi-
ridines does not afford oxadiazolines, but ﬂ: ,E:-diaroylhydrazones.
However, recently Somogyi68 demonstrated that the thermal rearrangement
of 1',2' -~ dibenzoylspirolcyclohexane-1.3'-diaziridine]l (16) leads to
1,3,4-oxadiazoline (17) instead of the claimed isomeric dibenzoylhy-
drazone. Our results support the findings of Somogyi.

When 1,2-diaroyldiaziridinyl aroates (1,23 mmol) and Pd(PPhz),
(0,408 mmol) in dry benzene (36 ml) were stirred under CO, at S54°C,
1,2,4-0%adiazolines were obtained. After purification on silica gel
1,2-di-p-methoxybenzoyldiaziridinyl p-methoxybenzoate armd 1,2-di-p-
chlorobenzoyldiaziridinyl p-chlorobenzoate afforded 63% and 77%,
respectively, of the 1,Z,4-oxadizzoline. A small amount of 1,3,4-oxadia-
zoline was obtained as a by-product (9% and 4%).

The reaction with 1,2-di-p-toluoyldiaziridinyl p-tolucate was
done with three times less Pd(PPh3), (9:1 ratio of diaziridine to Pd).
However, only 22% of the corresponding 1,2,4-oxadiazoline was isolated
along with 50% of 1,3,4-oxadiazoline.

These results show that it is necessary to use a considerable
quantity of Pd(PPh3)s4 in order to avoid thermal rearrangement. The
tetrakistripbenylphosphine palladium induced conversion of 1,2-diaroyl-
diaziridinyl aroates into 1,2,4-oxadiazolines is ecatalytic in nature.
[ndeed, more than 33% of 1,2,4-oxadiazoline was obtained using a 3:1

ratio of diaziridine to palladium.
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At room ‘temperature, a catalytic amount (10:1 ratio of
diaziridine to Pd) of Pd{(PPh3)y and Pd(dbaly failed to give the
1,2,4-0xadiazoline on attempted carbonylation, After three days, the

diaziridine was recovered unchanged.

O
0 i
[l p-RC6H4COCH2
CH N— R
(Ijl 3 ~ CC6H4R P Pd(PPh3)4, 54°C A‘;‘ CH3
p-RCH,COCH, ~ Sy or " pR N< .
sHs 2 N FC('H“R—P Co4(C0)g OF Coy(CO)y P-RCH, 7™ CCeHR-p
c|> 22-35°C o)

A possible mechanism for the dicobalt octacarbonyl induced

conversion of 1,2 - diaroyldiaziridines into oxazolines is as follows:

Scheme 2.3

0] 0
Il I
CH; CHy— OCC4HR-p CH, CH2!5CC6H4R-p
I ]
p-RCgHC — N — N — CCH R-p p-RCgH,C —+I;t —N—CCsH,R-p

Co(CQO)4 k-Co(CO)‘t

l' p'RC6H4COZ-

CH; CH,-0 o CHs ou,
o T o 0
1l + Pp-RCGHCOCo(CO)y, = i
PRCHC—N  N= PROHC =N N CeHaR-p
Co(co),  CeHaR-p Co(CO), Co(COl4
leO p-RC4H,CO,~
CH3 CHZ- O
0 + p-RCH,COCH
p-RC&[‘hC‘N N —
1
H CeH4R-p
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In the proposed mechanism, the diaziridine can function as a3
Lewis base, inducing disproportionation of dicebalt octacarbonyl. Such
reactions have been observed previously for a variety of Lewis bases
including the amide, N,N-dimethylf‘ormamidesg.

The formation of 1,2,4-oxadiazolines, in the presence of Coy(CO)g
at room temperature, may result by attack of Co(CO)4~ on a molecule of

the diaziridine (Scheme Z.4):

Scheme 2.4

0
CHzol(J—'CeH4R'P
0 ~Co(CO),
p-RCH,ON — N — CC.H,R-p
03
l
0 0
CHZOI(!TCSH4R-p CHZOE'CGHdR-p
0 0
p-RCH,CN — N oo p-RCGH,EN N
“o-=c¢ LEoACO), cl; — 'é
C¢H R-p \C6H4R"P

A metallacyclic intermediate may be responsible for the conver-
sion of diaziridines to 1,2,4-oxadiazolines induced by Pd{PPh3)4 under a

CO atmosphere (Scheme 2.5).
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Scheme 2.5
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While the use of cobalt and palladium complexes to induce
conversion of 1,2-diaroyldiaziridinyl aroates into oxazolines or 1,2,4-
oxadiazolines is interesting, our goal to carbonylate diaziridines with
ring expansion was not realized. Since both oxazolines and 1,2,4-oxa-
diazolines were obtained due to the presence of the aroyl substituents,
we thought it might be interesting to study the behaviour of simple
1,2-dialkyldiaziridines. Consequently, we synthesized 1-methyl-Z-butyl-
3,3-butamethy lenediaziridine for study.

When 1-methyl-2-butyl-3,3-butamethylenediaziridine was refluxed
in benzene with Half‘ the equimolar quantity of dicobalt octacarbonyl (Ng

atmosphere)}, the 1,3-diazetidinone (52) was obtained along with N-butyl-

cyclopent animine (53).
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benzene, reflux N

N
e 1O
I

BuN =———— NMe Me
By
52 53

The reaction was monitored by infrared spectroscopy. After ten minutes,
the carbanyl bands of Cop(C0)g [1848 cm=1(m), 2020 cm-'(S), 2040
em=1 (5), 2070 em-1(S)] disappeared and were replaced by a broad carbonyl
band at 1890 cm-1. A carbonyl peak at 1775 cm=1 confirmed the presence
of some diazetidinone. Another peak at 1680 cm=! showed that same
N-butylcyclopentanimine had been formed: it was confirmed by GC-mass
spectroscopy. After 5 hours the peak at 1890 cm-! had almost disap-
peared, The pea% at 1775 cm~1 was about the same intensity while the
peak at 1680 em~!  increased. These observations indicate that the
diazetidinone is principally formed in the first minutes of the reac-
tion. Accumulation of the imine occurs at a later stage of the reac-
tion. The fact that there is no more Co{C0)g after 10 mirutes indicates
that Coy{(CD)g is responsible for the formation of the diazetidinone. The
cobalt complex with a broad carbonyl band at 1890 cm=1 (Co(C0)4~7) cannot
ef fect this carbonylation with ring expansion.

The yield of N-butylcyclopentanimine was 41% as determined by gas
chromatography wusing decane as internal standard. Some traces of
N-methy lcyclopent animine were detected by GC-mass spectroscopy. Purifi-

cation on alumina plates afforded the 1,3 -diazetidinone in 11% yield.
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The structure of the 1,3-diazetidinone was assigned from 1its
analytical and spectral data. The fact that the 1,3-diazetidinone is
formed and not the 1,2-diazetidin-3-one is supported by the fragmentation
pattern in the mass spectrum. Indeed, in addition to the molecular iaon
peak, the mass spectrum shows one peak at m/e 139 and one at m/e 97 which
correspond, respectively, to the loss of CH3NCO and BuNCO from the
molecular iaon. [t would be impossible to have these two fragments

generated from either 1,2-diazetidin-3-one isomer.

Furthermore, the mass spectrum of the product does not show a signal at
m/e 100 which would correspond to CH3N=NBu of the 1,2-diazetidin-3-one.
The formation of the azo derivative is the major peak in the mass
speckrum of 1,2—diazetidin0nes“1.

Recentlygo, 1,2-dimethyl-3,3-pentamethy lenediaziridine had been
prepared in our laboratories and reacted with Cop(CO)g under the same
experimental conditions. A diazetidinone was obtained, whase 13 c-NwR
spectrum showed only one signal for CH3N, indicating that the product was
the 1,3-diazetidinone. (The 1,2-diazetidin-3-one should have 2 different
NCH3 signals). These results also support the structure assigned to the

diazetidinone obtained in the present work.
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The dicobalt octacarbonyl reaction affording 1,3-diazetidinone
can be accounted For by a pathway similar to the one which has been
proposed for the cobalt carbonyl induced formation of azetidine -2,4-

diones from &-lactams?Z (Scheme 2.6).

Scheme 2.6
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The formation of N-butyleyclopentanimine in 41% yield and only
traces of N-methylcyclopentanimine is not easy to rationalize. [t is
conceivable that N-methylcyclopentanimine is actually formed in quanti-
ties similar to that of N-butylcyclopentanimine but that only traces of
this product were observed probably because of its high volatility.

The imines may arise by the cleavage of a metallacyclic inter-

mediate, as described in sheme 2.7.

Scheme 2.7

+
+
—— + MeN = Co(CO)
BuN] " ‘NMe I; [ ‘]
X/ N
Co Bu
(CO)y
[ 1+
N + CHN=C=0
or BuN\ ) kNMe — . | + CoCO) +
N 3
CD—'< Bu
(CO) o
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At the beginning of this study we wanted to determine whether
diaziridines could undergo carbonylation with ring expansion on treat-
ment with an organctransition-metal complex. Such a process is possible
in the case of selected diaziridines with regiospecific insertion afford-
ing the 1,3-diazetidinone. It is probable that 1,2,3,3-tetraalkyl-
diaziridines in general will give 1,3-diazetidinones on exposure with
dicobalt octacarbonyl in refluxing benzene.

This study has shown that 1,2-diaroyldiaziridines possess a rich
organometallic chemistry. For example, diaziridines can function as a
source of 1,2,4-oxadiazolines and of oxazolines.

Finally it was found that, in the presence of dicobalt octa
carbonyl and under phase transfer catalysis, 1,3-dimethyl-2-p-toluoyl-3-
phenyldiaziridine afforded an acetylated diazene in good yield. It would
be interesting to see if azo compounds themselves are acetylated under

phase transfer catalysis conditions.
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2.3 Experimental Data

2.3.1 General Comments

Infrared spectra were recorded using a Perkin-Elmer 783 spectro-
meter, and were calibrated with a polystyrene standard. Sodium chloride
cells were used for rtunning the spectra. Proton magnetic rescnance
spectra were recorded on a Varian 760, EM 360A, or XL 300 spectrometer
whereas carbon magnetic resonance spectra were obtainmed with a Varian FT
80 or an XL 300 spectrometer. Mass spectra were recorded with a VG
Micromass 7070E spectrometer. Gas chromatography-mass spectra were
obtained with a Varian 3300 chromatograph, fitted with a Megabore DBS
capillary column in tandem with the VG Micromass 7070FE spectrometer.

Gas chromatography was carried out with a Varian Vista 6000 or
Varian 3400 gas chromatograph equipped with a flame ionization detector
and a Varian 4270 integrator. Glass columns packed with 3% 0V-101 or 3%
0V-17 on chromosorb W, B0-100 mesh were utilized.

A Fisher-Johns apparatus was used to obtain the melting points.

Elemental analyses were carried out by M.H.W., Laboratories in
Phoenix, Arizona or Guelph Chemical Laboratories, Guelph, Ontario.

The organic chemicals used were purchased from Aldrich Chemical
Co, Pfaltz and Bauer, or Fluka, or were prepared according to literature
methods. Organometallic complexes were purchased from Strem Chemicals

Company or Pressure Chemical Co,
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Gases were obtained from Air Products Company. Solvents were
purified and dried by standard methods.

High pressure reactions were conducted in 45 ml-series 4700
stainless steel, screw-cap, autoclaves manufactured by Parr Instruments.

Thin layer chromatographic plates, silica gel or neutral (type Ei
alumina oxide 60 F2s54 were purchased from Terochem Co. as were the silica

gel and aluminium oxide used for column chromatography.

2.3.2 Synthesis of Diaziridines

2.3.2.1 Synthesis of 1,3-Dimethyl-3-phenyldiaziridine

1,3-Dimethy 1-3-phenyldiaziridine was synthesised according to the
literature procedure77 except that 30% methylamine in water was used
instead of methylamine gas. The diaziridine was obtained as a white
solid in 23% yield.
b.p. = 60°C (0,8 mm Hg) [1it?7 b.p. = 65°C (0,8 mm Hg)
"H NMR(CDCl;):J 2,00 (S; 3H, CH3C), 3,02(5;3H, CH3N); 4,72 (S; 1H, NH),
7,10-7,65 (m; 5H, CgHs).

Mass spec.: m/e 148 [M]+

2.3.2.2 Synthesis of 1,3-Dimethyl-2-p-toluoyl-3-phenyldiaziridine (39)

1,3-Dimethyl-3-phenyldiaziridine was reacted with p-toluoyl
chloride according to known methodology73. To a two-necked round
bottomed flask equipped with a condenser, a drying tube and a dropping

funnel was added the diaziridine (0,90g; 6,1 mmol) dissolved in dry
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benzene (8 ml) and freshly distilled pyridine (9 ml). Freshly distil led
p-toluoyl chloride (0,%45g; 6,7 mmol) in benzene (9 ml) was added drop-
wise, at 60°C. The reaction mixture was stirred for 30 minutes, cooled
to room temperature, and thenm poured into 200 ml of water. The layers
were separated, the aqueous layer was washed with 25 ml of benzene, and
the organic extracts were combined, washed with water (50 ml) and then
with 5% sodium carbonate solution (50 ml). After drying over MgSQy,
benzene was removed using a rotary evaporator to give a yellow solid
(1,59g). The latter was washed with ether and filtered, affording 78% of
pure diaziridine (1,27g; 4,8 mmol) as a white solid.

m.p. = 119-121°C

IR (benzene):v CO: 1650 cm—1.

'H NMR (CDCl3): d 2,20 (S; 3H, CH3C); 2,30 (53 3H, EEECBHQ); 3,33 (S;3H,
NCH3); 6,95 - 7,80 (m; 9H, CgHs and Cghy)

Mass spec: m/e 266 [M]+

2.3.2.3 Synthesis of 3-Hydroxymethyl-3-methyldiaziridine

>-Hydroxymethyl-3-methy ldiaziridine was readily synthesized
following the literature procudure79. Distillation of the crude product
under reduced pressure gave 25% of pure 3-hydroxymethyl-3-methyldiazi-
ridine.
b.p. = 60-64°C (0,5 mm Hg) [1it’? b.p. = 62-63 (0,5 mm Hg)]
'H NMR (CDC13):d 1,40 (S; 3H, CHz); 3,03 (broad S; 3H, 2NH and OH); 3,62

(S; 2H,CHo).
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2.3.2.4 Synthesis of 1,2-Diaroyldiaziridinyl Aroates (40)

1,2-Diaroyldiaziridinyl aroates were synthesized by reaction of
3-hydroxymethy1-3-methyldiaziridine with aroyl chlorides in pyridine’8.
The procedure is analogous to the one described for the synthesis of
1,3-dimethy 1-Z2-toluoyl-3-phenyldiaziridine except that 3 equivalents of
aroyl chloride were used for 1 equivalent of diaziridine. The 1,2-
diaroyldiaziridinyl arcates were purified by silica gel chromatography

using 7:3 hexane/ethyl acetate as eluant.

1,2-di-p-toluoyldiaziridinyl p-toluoate

yield: 43%

IR (benzene): vCO: 1710 cm~! (0=CN) and 1730 em~1 (0C=0)

"H NMR (CDC13): § 1,56(S; 3H, CH3C); 2,36 (S; 9H, 3CH3Ph); 4,50 (S;2H,
CH,0); 6,96 - 8,06 (m; 12H, 3CgHy)

Mass spec.: m/e 442 [M]+; 293 [M-CH202CPhCH31+; 119 [CH3PhCO]+

1,2-di-p-methoxybenzoyldiaziridinyl p-methoxybenzoate

yield: 35%

IR (benzene):v CO 1710 cm~! (0=CN) and 1730 em~1 (0C=0)

'H NMR (CDC13): & 1,60 (S; 3H, CH3C); 3,80 (S,9H, 3CH30); 4,53 (S;2H,
CH,0); 6,66-8,16 (m; 12H, 3CgH)

Mass spec.: m/e 490 [Ml+; 325 [M-CHp0,CPhOCH3 J+; 135 [CH30PhCO]+
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1,2-di-p-chlorobenzoyldiaziridinyl p-chlorobenzoate

yield: 48%
IR (benzene):+ CO 1710 cm=1 (0=CN) and 1730 cm-1 {0=CO0)
'H NMR (COCls): & 1,60 (S5 3H, CH3C); 4,56 (S,2H, CHp0); 7,10 - 8,10 (m;

12H, 3CgHy)

Surprisingly, some aromatic armhydrides were abtained as by-

products (=20%)

p-toluoic anhydride:

TR (CHCL3):~C0 1720 cm~1(m) and 1785 cn=' (S)
'H NMR (CDCl3):d 2,40 (S; éH, 2CH3Ph); 7,06-8,10 (AA'BB', BH, 2C4Hg)

Mass spec.: m/e 254 [Ml+; 119 [CH3PRCOL+; 91[CH3Phl+

p-methoxybenzoic anhydride

IR (CHCL3):Y CO 1715 cm~'(m) and 1780 cm~! (5)

Mass spec.: m/e 286 [Ml+; 135 [CH3OPhCOJ+; 107[CH30Ph ]+

p-chlorobenzoic anhydride

IR (CHCl3):¥ €O 1730 cm~1(m) and 1792 cm~1 (S)

Mass spec.: m/e 294 [Ml+; 139 [CLPhCOJ+; 111{CLPh])+

2.3.2.5 Attempted Synthesis of 1,2-t-Butylacetyldiaziridinyl t-Butyl-

acetate

When  3-hydroxymethyl-3-methyldiaziridine was treated with

t-butylacetyl chloride according to the procedure described for the
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synthesis of 1,2-diaroyldiaziridinyl arcates, no protected diaziridine
could be aobtained. Thermal rearrangement of the 1,2-t-butylacetyl-
diaziridinyl t-butylacetate, initially formed, afforded a 4,5-dihydro-
oxadiazole (42). ‘

IR (CHC13):¥ CO 1736 cm=1(0=C0); 1645 em~1 (D=CN)

‘H NMR (COCl3):d 1,02 [S; 27H, 3(CH3)3C); 1,76(S; 3H; CH3CN)

2,16 (S; 4H, 2CdpC=0); 2,46 (S; 2H, CHp C=N); 4,49 (AB quartet, 2H,
CH,0).

130 MR (CDCL3): § 24,45 (CH3-C); 33,44 (3(CH3)3 C);

43,06 (CHp); 49,95 (CHz); 51,60 (CHp); 67,66 (CH0);

101 {(0-C-N); 158 (0-C=N); 172 (N-C=0); 175 (0-C=0)

Mass spec.: m/e 382 [M]+; 367 [M-CHzJ+, 99

[(CH3)3 CCH2CO0l+; 155 [{CH3)3 CCHy COp CHp CNI+

2.3.2.6 Synthesis of 1-Methyl-2-butyl-3,3-butamethylenediaziridine {41)

First, N-butyleyclopentanimine was prepared. It was obtainea by
stirring cyclopentanone and butylamine in benzene, for 4 hours at 80°C,
using the azeotropic distillation techniqueeo. Distillation under
reduced pressure afforded 81% of the imine.

IR (benzene): ¥ C=N 1680 cm~1

'H NMR (CDCl3):d 0,90 (t; 3H, CH3CHZ2)5 1,34 (m; 2H, CHZQEECH3);
1,55-1,82 (m; 6H, 3CHp), 2,14 (t; 2H, CHp C=N);

2,30 (t; 2H, CHp C=N)4 3,15 {t; 2H, CHyN)

13c NMR (CDC13): & 14,04 (CH3); 20,80 (CHgCH3);
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24, 34(CH); 25,00 (CHp), 28,85 (CHp), 33,04 (CHy); 36,42 (CHp), 53,44
(CHN); 179,63 (CaN).

Mass spec.: m/e 139 [Ml+, 124 [M-CH3l+, 110 [M-CHoCH3 1+,

96 [M-CHyCHyCH3 I+

1-Methyl-2-butyl-3,3-butamethy lenediaziridine was then synthesis-
ed by reaction of the N-butylcyclopentanimine with methy lhydroxylamine -
o- sulfonic acid, according to known methodology 81-82, purification by
thin layer chromatography (alumina), using penténe as the eiluant, af-
forded the diaziridine in 75% yield.
"H NMR (CDCl;):é- 0,91 (t; 3H, CHsC)% 1,32-1,83 (m; 12H, 6CHp )
2,19-2,28 (m; 1H, NCH); 2,40 (S;3H, NCH3); 2,46-2,55 (m;°1H, NCH),
15 NMR (COCl3): & 14,20 (C-CH3); 20,76 (CHpCH3);24,81 (CHp); 24,91
(CHy), 28,59 (Eﬂ?CNZEEg), 31,40 (CH-CH2CH2) 42,01 (CH3N);
54,83 (CHyN); 72,97 (NCN)
Mass spec.: m/e 168 [M]+, 153 [M-CH3)+, 125 [M-CHaCHCH3 ]+,
96 [M-CgHqpl+, 68 [M-CH3NNCH,CHoCHoCH3 ]+

2.3.3 Reaction of 1,3-Dimethyl-2-p-toluoyl-3-phenyldiaziridine with
Organotransition-metal Complexes

2.3.3.1 General Procedure For Reaction Under Carbon Monoxide at Atmos-

pheric Pressure

A mixture of diaziridine (0,20g; 0,75 mmol)} and dry benzene

(10-15 ml) was degassed by bubbling nitrogen through the solution for 10
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min at room temperature. After having replaced nitrogen by carbon
monoxide, the metal complex {0,15-0,75 mmol) was added. The solution was
stirred under carbon monoxide at room temperature or at 65°C for one to
four days. The reaction was followed by infrared spectrosecopy.

Work-up was effected by filtering the reaction mixture through
Celite. Rotary evaporation of the filtrate gave the crude product. A
'"H-NMR of the crude product was done and, when necessary, the mixture was
purified by silica gel thin layer chromatography using 7:3 hexane/ethyl

acetate as the eluant.

2.3.3.2 General Procedure for Reaction Under Carbaon Momoxide Pressure

A 45 ml autoclave containing the diaziridine {0,20g; 0,75 mmol),
the metal complex (0,15-0,75 mmol), and dry degassed benzene (10-15 ml)
was purged twice with 7 atm of carbon monoxide before being loaded wifh
30 atm of carbon monoxide. The reaction mixture was stirred for 1 day
under 30 atm. The pressure was released and work-up was effected as
described in the general procedure for the reaction at atmospheric

pressure.

2.3.3.,3 Attempted Carbonylation with Different Organotransition-metal

Comglexes

Attempted carbonylation with RuClz{PPh3)3

A benzene (10 ml) sotution of diaziridine (0,073g, 0,27 mmol) and
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RuClg{(PPh3)3 {(0,053g; 0,055 mmol) was stirred at 65°C under CO bubbling.

Anzlysis after 4 days indicated that no reaction occurred.

Aitempted carbonylation with Coy(CO)g
A benzene (10 ml) solution of diaziridine (0,20g; 0,75 mmol)} and

Cop(C0)g (0,257g; 0,75 mmol) was stirred at 65°C under 1 atm of Np,

After 2 days only the diaziridine was recovered.

Attempted carbonylation with [Rh(CD}2C1]p
a} A solution of diaziridine (0,20g; 0,75 mmol) and [Rh(CO)CL];
(0,074g; 0,19 mmol) in benzene (10 ml) was stirred at 65°C under carbon

monoxide. After 1 or 2 days 'H-NMR of the crude product showed the

presence of 20% acetophenone and 80% diaziridine.

b) A benzene solution of diaziridine (0,20q; 0,75 mmol) and
[Rh(CO)oCL]y (0,146g; 0,38 mmol) was stirred at 65°C under CO bubbling.
After 1 day the reaction was stopped. In the flask there was an orange
precipitate and a vyellow solution, The mixture was filtered, the
precipitate was washed with benzene, and dried (brown solid).

An infrared spectrum of the precipitate was taken in chloroform:

Y0 2018 em~! and 2085 em~'. These carbonyl bands are different Ffrom
those of [Rh(CO)9Clly (2040 cm=1 and 2100 em='). An 'H-NMR of the
complex was recorded in CDClz: & 2,36 (S,3H), 3,60 (S,3H), 7,03-7,53
(AA'BB* pattern, 4H).
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The filtrate was concentrated by rotary evaporation. The crude
residue was chromatographed using a silica gel thin layer plate {(7:3
hexane/ethyl acetate as eluant) to give 45% of diaziridine anmd 37% of
acetophenone. IR of acetophenone (benzene) ¥ CO 1685cm—1; 'H-NMR of

acetophenone (COCls): § 2,53 (S; 3H, CH3)y 7,23-7,97 {(m; SH, CgHg).

c) A benzene (10 ml) soluticn of diaziridine (0,096g; 0,36 mmol)
and [Rh(CO),Cl], (0,028g; 0,072 mmol) was stirred under 30 atm of carbon
monoxide, at 22°C. After 1 day, 19% of acetophenone and 81% of diaziri-
dine were present ('H NMR ratio).

d) A 4-methyl-Z-pentanone (11 ml) solution of diaziridine (0,17g;
0,65 mmol) and [Rh(CO)2Cl], (0,050g9; 0,13 mmol) was stirred under carbon
monoxide at 22°C. After 1 day the reaction was stopped. Silica gel

chromatography afforded 46% of diaziridine and 26% of acetophenone.

Attempted Carbonylation with IrC1(C0)(PPh3),

a) A benzene (10 ml) solution of diaziridime (0,20g; 0,75 mmol)
and IrC1(CO)(PPh3), (0,123; 0,15 mmol) was stirred under carbon monoxide
at 65°C for 3 days. There was no reaction.

b) No reaction was observed when a benzene (10 ml) solution of
diaziridine (0,20g; 0,75 mmol) and IrC1(CO){(PPhz)y (0,12g9; 0,15 mmol) was

stirred under 30 atm of carbon monoxide, at 65°C, for 1 day.
Attempted carbonylation with [Ir{C00)C1l],

A solution of diaziridine (0,13g; 0,49 mmol) and [Ir(COD)Cl],

(0,054g; 0,081 mmol) in benzene (15 ml) was stirred at 65°C (carbon
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menoxide) for 1 or 2 days. No precipitate was observed. The solution
turned from orange to dark brown. An infrared spectrum of the reaction
mixture showed ? CO at 2080 and 2005 cm=! (in benzene). An 'H-NMR of the
crude residue showed the presence of 24% acetophenone and 76% diaziri-

dine.

Attempted carbonylation with Ni(CD;)(PPhs),
A benzene (15 ml)} solution of diaziridine (0,20q; 0,75 mmol) and

Ni(C0),(PPh3), (0,096g; 0,15 mmol) was stirred under carbon monoxide for

2 days, at 65°C. No reaction was observed.

Attempted carbonylation with Pd(PPh3)4
a) A benzene (10 ml) solution of diaziridine (0,20g; 0,75 mmal)
and Pd(PPh3)y4 (0,17g; 0,15 mmol) was stirred, at 65°C under 30 atm of

carbon monoxide. After 1 day, there was 8% of acetophenone and 92% of

diaziridine ('H-NMR ratio).

b) Diaziridine (0,097g; 0,36 mmol) and Pd(PPh3)4 (0,20gq; 0,18
mmol) were stirred in benzene (10 ml) under carbon monoxide at 65°C.
After 1 or 4 days, 36% of acetophenone and 64% of diaziridine was formed

(H-NMR ratio). An infrared spectrum of the reaction mixture, in benzene,

showed a carbonyl band at 1943 cm-1.

2.3.3.4 General Procedure for Carbonylation of Diaziridine at Atmospheric

Pressure Under Phase Transfer Catalysis Conditions using Cetyl-

trimethy lammonium Bromide (CTAB)
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Freshly prepared 0,5N sodium hydroxide solution (12 ml) and
distilled benzene (12 ml) were placed in a S0 ml three-necked round
bottomed flask. The mixture was degassed by bubbling nitrogen through
the stirred solution for 30 minutes at room temperature. The gas was
changed to carbon maonoxide, cetyltrimethylammonium bromide {0,19 mmol)
and the metal complex (0,19 mmol) were added, and the mixture was stirred
for about 30 minutes. The diaziridine (0,75 mmol) was then added (in
those cases where methyl iodide (21 mmol) was used, it was added to the
mixture five minutes before the diaziridine), and the reaction mixture

was stirred at room temperature or 60°C, for one day.

The two layers were separated, and the aqueous layer was
extracted with 12 ml of benzene. The benzene extracts were combined,
dried over MgS0O4 and concentrated (rotary evaporator) to give the crude
products. The aqueous phase was neutralized with dilute hydrochloric
acid and extracted several times with 10 ml portions of methylene
chloride. The organic extracts were dried (MgS04) and concentrated.
When necessary, the mixture was purified by silica gel thin layer chroma-

tography.

2.3.3.5 General Procedure for Carbonylation of Diaziridines Hnder

Pressure and Phase Transfer Catalysis Conditions

The reaction mixture was prepared as described in the previous
procedure. Five minutes after the addition of the diaziridine, the
mixture was transferred to an autoclave. It was purged once with 7 atm

of carbon monoxide before being loaded with 30 atm of the gas. The
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reaction mixture was stirred at room temperature, 35°C or 60°C, for 1 or
2 days. The pressure was released and the reaction was worked-up as

described above.

2.3.3.6 Attempted Carbonylation with Different Organotransition-metal

Complexes Under Phase Transfer Conditions

Reaction with Cop(C0)g and Mel (PTC using (CTAB)

Under 30 atm of carbon monoxide, the diaziridine was recovered
after attempted reaction at 22°C and at 35°C. However, after 2 days at
60°C reaction did occur. The aqueous phase was neutralized and extracted
several times with 20 ml portions of methylene chloride. The combined
organic extracts were dried and concentrated on a rotary evaporator.
Purification of the mixture on silica plates, using 7:3 ethyl acetate/
hexane as eluant, afforded 15% of diaziridine, 20% of acetophenone, 55%
of 1-acetyl-2-methyl-1-p-toluoylhydrazine (43) and traces of 1,1-
dimethy 1-2-p-toluoylhydrazine (44) or 1,2-dimethyl-1-p-toluoylhydrazine
(45).

43:

m.p. = 143-145°C; IRV CO(CHC13):1655 cm~! and 1710 cm™T;

'"H NMR (CDCL3)id 1,73 (S 3H, CH3CON); 2,30 (S5 3H, CHsPh); 3,13 (S} 3H,
CH3N); 6,90-7,40 (my &H, CgH,)y 8,83 (S} 1H, NH)

Mass Spec.: m/e 206 [M1+) 164 [M-CHpCOl+} 119[pCH3PhCOI+, 91 [pCH3Ph]+

44 or 45:

Mass Spec.: m/e 178 [M]+, 119 [pCH3PhCOl+, 91[pCH3Phl+
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Reaction with Cop(C0)g (PTC using TEBAC)
The diaziridine (0,20g; 0,75 mmol), Cop(CO)g (0,26g; 0,75 mmol)
and benzyltriethylammonium chloride (TEBAC, 0,056g; 0,25 mmaol) were
stirred in benzene (8 ml) and NaOH 5N (8 ml), at 60°C (carbon monoxide

atmosphere). There was no reaction after 24 hours.

Reaction with Ni(CN),.4H,0
The diaziridine (0,20g; 0,75 mmol), Ni{CN)9.4H,0 (0,017g; 0,09
mmol) and tetrabutyl ammonium hydrogen sulfate (0,0GiSg; 0,045 mmol) were
stirred with benzene (5 ml) and NaOH SN (5 ml), at 60°C {carbon

monoxide). After 1 day there was no reaction.

2.3.4 Reactlon of 1,2-Diaroyldiaziridines with Organotransition-metal Complexes

2.3.4.1 Conversion of 1,2-Diaroyldiaziridines into Dihydrooxazoles {48)

General procedure for the reaction of dicebalt octacarbonyl with

1,2-diaroyldiaziridinyl aroates (40)

A mixture of 40 (0,38 mmol) and Coz(CO)g (0,38 mmol) in dry
benzene (10 ml) was stirred under nitrogen at 65-70°C. The reaction was
monitored by infrared spectroscopy and thin-layer chromatography. After
75 minutes the reaction was essentially complete, but stirring was

continued overnight. The solution was cooled and filtered. The filtrate
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was washed with 1N NaOH to remove the carboxylic acid which was isolated
by acidification of the aqueous layer. The benzene layer was dried over
MgS0,4 and concentrated by rotary evaporation. The dihydrooxazole was
purified by silica gel thin-layer chromatography using hexane/ethyl

acetate (7:3 for R=Me or Cl; 4:6 for Rz=0Me) as the eluant.

Reaction with 1,2-di-p-toluoyldiaziridiny! p-toluoate

48, R=CH3, was isolated in 51% vyield of analytically pure

material,
m.p.: 165-167°C '
IR (benzene):V3437 cm~T(NH); 1662cm=1(C=0); 1643 cm=1 {C=N)
'H NMR (CDCl3): o 1,76(S; 3H, CHsd; 2,36(S; €H, 2CH3CeHy); 4,58 (AB
quartet; 2H, CHp0); 6,90-7,90 (m39H, 2CgH4 and NH)
V3¢ NMR (CDCL3): o 21,40 (CH3CgHy); 21,59 (CH3CgHy); 26,73 (CH3CNy);
78,54 (THo0); 83,07 (N-C-N); 124,207 126,95; 128,493 129,13; 129,16;
131,09; 142,09; 142,50; 165,95 (NC=0)
Mass Spec.: m/e 293 [M-CHsl+; 119 [CH3PhCO]+
C.I. 309[M+1 ]+
Elemental analysis: calculated C 74,00 H 6,54 N 9,08

faund 74,07 6,56 8,70
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Reactien with 1,2-di-p-methoxybenzoyldiaziridinyl p-methoxybenzoate

48, R=0CH3, was obtained in 59% yield.
IR (benzene):V 3437 cm=T(NH}; 1660 cm-1 (C=0); 1642 cm~1 (C=N)
'"H NMR (CDC13): $ 1,75 (S5 3H, CHsC); 3,76 (S; 6éH, 2CH30); 4,58 (AB
quartet, 2H, CH20); 6,63-7,90 (m; 9H, 2CeHz and NH)
Mass Spec.: m/e 325 [M-CH3z]+; 135 [CH30PhC=0)+
C.I. 341 [Ms1])+
tlemental analysis: calculated C 67,04 H 5,92 N 8,23

found 67,38 5,99  8.19

Reaction with 1,2-di-p—chlorobenzoyldiaziridinyl p-chlorobenzoate

48, R=Cl, was isolated in 79% yield.
m.p. = 168-170°C
IR (benzene) 3440 cm~1 (NH); 1662 cm=! (C=0); 1640 cm=1 (C=N)
'H NMR (COCl3): & 1,80 (S; 3H, CH3); 4,58 (AB quartet, 2H, CHp0); 6,90
(broad S; 1H, NH); 7,16-7,93 (m; 8H, 2CgH,)
Y3 NMR (CDCl3): & 26,78 (CHs); 78,47 (CHp0); 83,10 (N-C-N); 125,45
128,39; 128,78; 128,82; 129,77; 129,863 132,21; 138,06; 138,34; 164,98
(NC=0).
Mass spec.: m/e 333 [M-CH3z)+; 139 [C1PhCO]+

C.1. 349 [Me1)e
Elemental analysis: calculated C 58,47 H 4,04 N 8,02

found 58,26 4,09 7,86
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Variation in reaction conditions

Replacement of nitrogen by carbon monoxide

Use of a carbon monoxide atmosphere instead of nitrogen also
af forded the dihydrooxazoles. For instance, 40(R=CH3) gave 48 (R=CH3) in

79% yield.

Use of a catalytic amount of dicobalt octacarbonyl under carbon monoxide

When a catalytic amount of dicobalt octacarbonyl (10:1) was used,
under a carbon monoxide atmosphere, the diaziridine was converted to a
1,3,4-oxadiazoline (49}. This product was also obtained quantitatively
in the absence of dicobalt octacarbonyl (N, atmosphere).
49 (R=CHz}:
m.p. = 92-94°C
IR (benzene): v CO: 1643 cm=1 (N-Cz0); 1732 cm=1 (0-C=0)
'H NMR (CDC13): ¢ 2,06 (S; 3H, CH3); 2,27 (S; 3H, EE2C6H4); 2,31 (S; 3H,
EE}CsHQ); 2,36 (S; 3H, EEECGHQ); 4,93 (AB quartet, 2H, CH,0C=0); 6,90-
7,96 (m; 12H, 3CgHy)
3¢ NMR (CDCL3): o 20,80(CH3); 21,53(EE§C6HQ); 21,57 (EE}C6H4)?
21,59(Eﬂ§C6H4); 64,72{EE?OC=U); 100,19(0-C-N); 121,633 126,70; 126,82,
128,39; 128,993 129,225 129,65; 129,8{; 131,19; 141,483 141,89; 143,69;
154,72(0-C=N); 164,72(N-C=0); 165,73(0-C=0)
Mass spec.: C.I. 443 [Me1]e
Elemental Analysis: calculated C 73,28 H 5,92 N 6,33

found 73,55 6,01 6,30
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49 (R=0CH3):
m.p.=z120-122°C

IR (benzene):v CO: 1640 cm=1 (N-C=0); 1727 co~1 (0-C=z0)

'H NMR (CDCl3) :$ 2,03 (S5 3H, CH3); 3,76 (S; 9H, 3CH30); 4,89 (AB
quartet; ZH, CHp0C=0); 6,60-8,00 (m; 12H, 3CgHy)

Mass spec.: C.1. 491 [M+1]+

49 (R=Cl):

m.p.= 104-105°C

IR (benzene): ) CO: 1647 cm~1 (N-C=z0); 1735 cm=1 (0-C=0)

'H NMR (CDCl3) 3d 2,04 (S; 3H, CH3); 4,90 (AB quartet; 2H, CHy0C=0);
7,02-7,94 (m; 12H, 3CgHg)

P N (CDCl3) ¢ & 24,64(CH3); 68,82(CHo0); 104,78(N-C-0); 126,54;
132,03; 132,70; 133,00; 134,81; 135,12; 135,98; 141,50; 141,89; 143,69;
158,09 (0-C=N); 167,72(N-C=0); 168,59 (0-C=0)

Mass spec.: C.I. 504 [M+1]+

Elementsy Analysis: calculated € 57,22 H 3,40 N 5,56

found 57,24 3,57 5,52

Use of a catalytic amount of dicobalt octacarbonyl, at 55-58°C (carbon

monoxide atmosphere)

The reaction was run using a 10:1 ratio of diaziridine/octacar-
benyl dicobalt. No dihydrooxazole was obtained. However, the 1,3,4-

oxadiazoline was formed.

10
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Replacement of Cop(CO)g by Co(OCCgHs)s {carbon monoxide atmosphere).

When Cog(CO)g was replaced by Co(DOCCgHs5}p, and reaction effected at

6B8°C, the thermal product was obtained in quantitative yield.

Replacement of Cop(C0)g by {Rh{CO)9Cl]ly, at 60°C (carbon monoxide atmosphere)

Use of a catalytic amount of chlorodicarbonyl rhodium dimer (10:1
ratio of diaziridine to Rh complex), under 1 atm or 40 atm of CO, afforded the

1,3,4-~0xadiazoline in high yield.

2,.3.4.2 Conversion of 1,2-Diaroyldiaziridines into 1,2,4-Oxadiazolines

General procedure for the reaction of Pd(PPh3)g with 1,2-diaroyl-

diaziridinyl aroates

A mixture of 1,2-diarcyldiaziridinyl aroate (1,23 mmol) and Pd(PPh3)y
(0,408 mmol) in dry benzene (36 ml) was stirred under carbon monoxide, at
54°C., After one night, the solution was cooled and filtered through Celite.
The filtrate was concentrated by rotary evaporation. The crude product was
purified by silica gel (plate or column) chromatography using hexane/ethyl
acetate (7:3) as eluant. 1,2,4-Oxadiazolines (51) were obtained along with

some thermal product {49).

Reaction with 1,2-di-p-toluoyldiaziridinyl p-toluoate
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Three times less Pd(PPhj3), was used in this reaction than that

described in the general procedure, affording 50% of 49 (R=CH3) and 22%

of 51 (R=CHj).

51 (R=CH3):
IR (benzene): v CO: 1672 cm™l (N~C=0); 1702 cm~l and 1726 ca~l (0C=0)

"H NMR (CDCl3);d 1,99 (S; 3H, CH3); 2,33 (S; 94, 3CH3CgH,); 5,03 (S; 2,
CHy0); 7,03-7,99 (m; L2H; 3CgHy)

13¢c MR (CDC13);d 21,47(2CH3); 21,71(CH3); 22,32(CH3); 67,62(CHy0);
70,51 (N-C~N); 126,56; 127,10; 129,17; 129,27; 129,96; 131,45; 142,28;
144,42; 167,69 (N~C=0); 167,78 (0~C=0)

Mass spec.: m/e: 293 [M-CH3PhCO2CH9J+; 119 [CH3PhCO]+
Reaction with 1,2—-di-p-methorybenzoyldiaziridinyl p-methoxybenzocate

9% of 49 (R=0CH3) and 637 of 51 (R=0CH3) were obtained from this
reaction.
51 (R=0CH3):
m.p.: 144~145°C
IR (benzene): v CO: 1672 cm™} (NC=0); 1700 cm™! and 1722 cw~l (0C=0)
'"H MR (CDC13); & 2,00 (S; 3H, CH3C); 3,80 (S; 9H, 3GH30); 5,04 (S;3H,
CH,0C=0); 6,70-8,06 (m; 12H; 3CgH,)
L3¢ MR (CDC13); § 22,27(CH3C); 55,39(2H30); 55,47(CH30); 67,62 (CH0);

70,61 (N-C-N); 113,76; 121,62; 126,61; 128,97; 132,03; 162,39; (0C=N);
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163,86(N-C=0}; 167,25 (0-C=0)

 Mass spec.: m/e: 325 [M-—CH;DPhCUZCHz]ﬂ 135[CH30PhCO]+
Colo: 491 [M1 )+

Elemental Analysis: calculated C 66,11 H 5,34 N 5,71

found 66,23 5,78 5,84
Reaction with 1,2-di-p-chlorobenzoyldiaziridinyl p-chlorobenzoate

The reaction afforded 4% of 49 (R=Cl) and 77% of 51 (R=Cl).
51 (R=C1) |
m.p. = 174-175°C
IR (benzene):y CO: 1665 cm=1 (NC=0); 1705 cm~! and 1725 cm~! (0C=0)
'H NMR (CDCl3): & 1,96 (S; 3H, CHs); 5,00 (S; 2H, CHp0); 7,13-8,03 (m;
12H, 3CgHy)

Mass spec.: C.I. 504 [M+11+
The reaction using a catalytic amount (10:1 ratio of diaziridine to Pd}
of Pd(PPh3)y or Pd(dba)z at room temperature failed to give the
1,2,4~oxadiazoline. After 3 days the diaziridine was recovered.
Formation of 1,2,4-oxadiazolines by cobalt coepiexes
A mixture of p-toluoyldiaziridinyl p-toluoate (0,45 mmol) and

Cop(CO)g (0,09 mmol) was stirred in tetrahydrofuran (15 ml) at 35°C

{carbon monoxide atmosphere). After 2 days, the reaction was stopped,
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Filtered through Celite, and evaporation of the solvent gave 71% of
unreacted diaziridine and 29% of the corresponding 1,2,4-oxadiazoline ('H
NMR yield).

When a benzene solution of p-toluoyldiaziridinyl p-tolucate (3,45
mmol) and Coz{(C0)g (0,15 mmol) was stirred under nitrogen, at room
temperature for 3 days, 14% of 1,2,4-oxadiazoline and 18% of dihydro-
oxazole were obtained {'H-NMR yield). No 1,3,4-oxadiazoline was formed.

Moreover, 9% of 1,2,4-oxadiazoline was obtained when p-toluoyl-
diaziridinyl p-tolucate (0,45 mmol)} and Co4(C0)92 (0,09 mmol) were
stirrec in benzene (15 ml} at room temperature (carbon monoxide atmos-

pl’EI‘B)-

2.3.5 Carbonylation of 1-Methyl-2-butyl-3,3-butamethylenediaziridine

To a degassed solution (nitrogen) containing 1-methyl-2-butyl-
3,3-butamethy lenediaziridine (0,300g; 1,78 mmol) in dry benzene (15 mi)
was added Cop(CO)g (0,305g; 0,89 mmol)., Then the reaction mixture was
heated to 100°C (the reaction was followed by infrared spectroscopy).
After 10 minutes, the carbonyl bands of dicobalt actacarbonyl had disap-
peared. They had been replaced by a broad carbony! band at 1890 em=1. A
band at 1775 cm~) showed the presence of some diazetidinone. Another
absorption at 1680 cm=! indicated that N-butylecyclopentanimine had been
formed. After 5 hours the band at 1890 cm~! had almost disappeared and
that at 1775 cm=1 was qualitatively of the same intensity while th:

absorption band at 1680 cm=1 increased. The resction was stopped and the
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solution was filtered through a small amount of aluminium oxide to remove
most of the cobalt. Concentration of the filtrate on a rotary evaporator
gave the crude product which was purified by alumina thin layer chroma-
tography using 7,5: 2,5 pentane/ethyl ether as eluant. The 1,3-diaze-
tidinone (52) was obtained in 11% yield. (Note: silica gel plates should
not be used for purification as the product decamposes in such a case).
The yield (41%) of N-butylcyclopentanimine was determined by gas

chromatography using decane as internal standard.

52z

IR (benzene): v CO: 1775 cm~]

'H NMR {CDCi3): 4 0,90 (t; 3H, CHsC); 1,23-1,89 (m; 12H, 6CHy); 2,66 (S;
3H, NCH3); 3,02 (t; 2H, NCHp)

Mass spec.: m/e 196 [Ml+; 139 [M-CHzNCOJ+; 97 [M-BuNCO]+

Elemental Analysis: calculated C 67,32 H 10,27 N 14,27

found 67,00 10,41 14,59
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Chapter 3

Acylation of Diazenes

3.1 Introduction

In the presence of dicobalt octacarbonyl, under phase transfer
catalysis, 1,3-dimethyl-2-p-toluoyl-3-phenyldiaziridine afforded an
acylated diazene. It was of considerable interest to determine if
diazenes themselves can be acylated under phase transfer catalysis.

A few transition metal induced reactions of azoarenes are known.
They usually proceed via an o-metallated intermediate where the azo
ligand is chelated to the metal via a nitrogen & -donor bond and a
met al-carbon §€-bond forming a five-membered ring (54)91. For example,
both the dicobalt octacarbonyl and the palladium chloride - catalysed
carbony lation of azobenzene are thought to proceed via an o-metallated
intermediate; carbonyl insertion into the metal-carbon §-bond leads to

the 2-phenylindazolone46.

O
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N-Anilinoguinolone can be obtained by reaction of (azobenzene)

Co(CO0)3 with hexafluorobut-Z-yne followed by hydrogenation92=

. Co

N: CF

\ F,0C=CCF, N.‘N_; \ Hp X U
Co{COYs ——— cFs

CF voo

3 NHCHs

In the presence of palladium (II), azobenzene is selectively
halogenated by chlorine and bromine ortho to the azo function, aFFordiné
mono and polyhalogenated azobenzenes?3-%,

A wide variety of methods have been used to reduce azoarenes to

hydrazoarenes%.

AIN=NAr — . AIN- NAr
H H

For example, this conversion may be readily brought sbout by the use of
lithium aluminium hydride in presence of certain metal halides (e.g.
MoClg, TiCly, VCl3, FeCl3)6, Catalytic hydrogenation is also a useful
means for the reduction of an azoarene. [RhCl3pys3+NaBHa] is a good
catalyst source97,

When a solution of azobenzene in acetic acid, containing ferric
chloride, is refluxed for an extended period of time, acetanilide is

obtained?8:

HNOMe
@ N=N _@ HOAC/FeCl, @
reflux

87



The organotransition-metal induced conversion of azo compounds to
carboxylic acid hydrazides and 2-acylhydrazides 1is not known, and

therefore the mono and diacylation of azoarenes was investigated.
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3.2 Results and Discussion

A variety of azo compounds were treated with dicobalt octacarbonyl
and methyl iodide under phase transfer conditions. Yhen
benzyltriethylammonium chloride was used as the phase transfer agent, in
the presence of two equivalents of Cop{C0)g, azoarenes (%5) gave acetic

acid 1,2-diaryl-2-acetylhydrazides (56) in fair to good yields.

Cox(CO)g, CHl, PACH,ENCL AnlN = NAn
o » 2Bl
Ar;N = NAT 2(C0)g, Ly :ll |_
benzene, H,0, 60°C, N, or CO
| h\% H3C CH3
55 56

The results are Llisted in Table 4. Other metal catalysts, including
Ruz(C0)q9 and [Rh(CO),Cl], were ineffective for this reaction.

The best yields (52-54%) were obtained with azobenzene,
4,4'-dimethy lazobenzene, 3,3'-dimethylazobenzene and 4-acetaxyazobenzene
while 4,4'-dichloroazobenzene was slightly less reactive (36% of 56).
For those five azoarenes the acylation was very selective while with
azobenzene and  4-acetoxyazobenzene, 1% of the acetic acid

1,2-diarylhydrazide (57) was also isolated.

ArN — NAr.
AR S

H,C
57
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Table 4 Acylatiza of Azo Compounds (55) by Co(C0)g and Methyl Iodide Under

Phase Transfer Catalysis?.

Acetic Acid

1

SUBSTRATE Recovered Acetic Acid (2-Acetylhy- | Amide (58)
(55) Subsgrate Hydraz.li;de(S'i) drazide (56) %b
QD 16 1 54 0
CH; <0)-N=N<{0)-CHj;
23 a 52 8]
@)
ch, CH, 28 0 52 0
KON Cl - 0 16 5
0
{0) N=N{0)- OCCH, 28 1€ 53 0

(@-¥=nN~o)-on 14d 0 28¢ 1
{0)- NN <0)- OCH;

18 0 18 13
CH;0 <G)- NN <0)- OcH
? } 20 0 14 32
{ N—v=NC-N
TR 0 93 0 0
o o -

a)

b)

c)

d)

e)

Reaction conditions: 1 atm Np, 60°C, 1 night, benzene/H0 (24 ml of
each), substrate (2,0 mmol), Cop(CO)g (4,0 mmol), CH3I (62 mmol),

CgHgCH, EL N (0,5 mmol)

Isolated yields
1:1 mixture of  @uu@ogh. and @oﬁﬂ:@ﬁqﬁ
Gy HC
23% of @ <8 ooy were also isolated
1]
nd 19% of -
% of %m;@on a a (c%s ic@otéwa
He Ch e Ty
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4-Hydroxyazobenzene, 4-methoxyazobenzene and 4,4'-dimethoxyazo-
benzene afforded the acetic acid 1,2-diaryl-2-acetylhydrazides in fair

yields. However cleavage of the nitrogen-nitrogen bond also occurred,

yielding amides (58):

Al'lN - NAl'z AI]_NH AIZNH
ArlN:NArz-—-——-ro;Ji Lo+ 03 + 07
H3C CH3 H3C H3C

58

4-Hydrozyazobenzene and 4-methoxyazobenzene were slightly more selective
for the acetic acid 2-acetylhydrazide derivative affording 2-acetyl-
hydrazide/amides in a ratio of 62/38 and of 58/42 respectively. 4,4'-
Dimethoxyazobenzene principally underwent acylation with cleavage of the

nitrogen-nitrogen bond {2-acetylhydrazide = 30 } . Under the react ion

amides 70
conditions, acylstion of the hydroxy group of 4-hydroxyazobenzene was
also observed with 4-acetoxyazobenzene formed in 23% yield.
Surprisingly, 1,1'-(azodicarbonyl)dipiperidine was converted

guantitatively into the acetic acid hydrazide:

9



COz(CO)s,CH3I, PhCH2Et3NCl ~N-— N _
- ﬁN"" Nﬁ"N Benzene, H,0, 60°C, Np ot CO~ Nﬁ Ll\_I | ﬁ ND
o O ol® wuo
CHj

59 60

Interestingly, under the same reaction conditions, acetic acid
1,2-diphenylhydrazide (57, Arq=Arp=CgHs) af forded acet ic acid
1,2-diphenyl-2-acety lhydrazide (56, Arq=Ary=CgHs) in quant itative
yield. Also, acylation of hydrazobenzene (61, ArqzArp=CgHs) gave 4%

of 56 and 8% of 57 along with recovered hydrazobenzene.

ArN - NAr
IHH1

61

Unfortunately, the acylation of azoarenes was not catalytic in
Coy(C0)g (see Table 5). A high proportion of dicobalt octacarbonyl (1:2
ratio of azobenzene to Cop(CO)g) was required in order to achieve a good
conversion of azobenzene. This finding is not surprising since the
previously reported acylation of an azadiene with dicobalt octacarboryl,
carbon monoxide and methyl iodide under phase transfer catalysis

conditions is not catalytic either’>7,
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Table 5

Using Benzyltriethylammonium Chloride

Influence of the Quantity of Co2(CO)g on the Acylation of Azobenzene

Recavered Acetic Acid Acetic Acid Selectivityb
_ Azobenzene |1,2-Diphenyl- | 1,2-Diphenyl-|in Acetic Acid
@‘V“ N'@ (55) hydrazide 2-Acety lhy- |[1,2-Diphenyl-
(57) drazide (56) |2-Acetylhydra-
(o, (CO)¢ zide (56)
(molar ratio} %a %a %a %a
1/2 © 16 1 54 98
1/1 € 57 12 18 60
2/1 4 70 7 5 42

a)

b)

d)

Isolated yields

% Selectivity =

reaction time :

reaction time :

% 2-acetylhydrazide X 100%

% 2-acetylhydrazide + % hydrazide

1 night

2 days
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Several reactions were tried, using azobenzene, in order to better
understand the acylation reaction. Reactions run at temperatures lower
than 60°C led to either very low yields of acetic acid 1,2-diphenyl-2-
acetylhydrazide or there was no reaction (e.g. at room temperature) even
after two days. At 60°C, the reaction was quite Ffast initially.
Indeed, after four hours, 32% of acetic acid 1,2-diphenyl-2-acetyl-
hydrazide and 5% of acetic acid 1,2-diphenylhydrazide were already
formed. After 15 hours no more acylated products were produced but some
hydrazobenzene was obtained (B% after two days). To check whether the
reaction stopped because there was no methyl iodide left in the mixture,
another quantity of CH3I was added, but further acylation did not
occur. When the reaction was carried out in the absence of methyl
iodide, 15% of hydrazobenzene and 85% of azobenzene were obtained.

The acylation reaction is essentially inhibited by addition of an
equimolar quantity of triphenylphosphine or tri-n-butylphosphine. For
example, acetic acid 1,2-diphenyl-2-acetylhydrazide and acetic acid
1,2-diphenylhydrazide were obtained in yields of 5% each when tri-n-
butylphosphine was used (90% recovered azobenzene)}., This inhibition by
addition of a phosphine might be explained by the formation of
€oy(CO)4PR3 or Cop(C0)g(PR3)y either of which would be less reactive
than Cop(CO)g.

Only traces of acetic acid 1,2-diphenylhydrazide and of hydrazo-
benzene were obtained in the absence of benzyltriethylammonium
chloride. This result shows the importance of the phase transfer
catalyst in the acylation of diazenes. Methylene chloride can be used
as the organic phase instead of benzene but the yield of acetic acid

1,2-diphenyl-2-acety lhydrazide (20%) decreases in favor of acetic acid
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1,2-dipheny lhydrazide (&%) and hydrazobenzene (24%), (29% of azobenzene
is recovered). It is important to note that the isolated yield of
hydrazobenzene is certainly a minimum one, and is true for all isolated
yields reported for hydrazobenzene. Indeed it was observed that some
hydrazobenzene is converted to azobenzene on silica gel.

Use of 0,54 sodium hydroxide solution as aqueous phase was not
advant ageous since it led to lower conversion. Furthermore, azobenzene
did not react in the absence of an aqueous phase and phase transfer
agent .

Similar results were obtained wusing an atmosphere of either
nitrogen or carbon monoxide. However, the use of carbon monoxide/
hydrogen (3/1) afforded acetic acid 1,2-diphenylhydrazide (22%) as the
major product together with acetic acid 1,Z2-diphenyl-2-acety lhydrazide
(19%) and hydrazobenzene (7%) (with 22% recovered azobenzene).

The acylation of diazenes under nitrogen occurred in modest yields
using bis(triphenylphosphineiminium)tetracarbonylcaobaltate (pent
Co(C0)4~). Since this cobalt complex is insoluble in benzene, methylene
chloride was used as the organic phase. Using a 1:1 ratio of PRNT
Co(C0)4~ and azobenzene, at 60°C gave 7% of acetic acid 1,2-diphenyl-2-
acetylhydrazide and 4% of acetic acid 1,2-diphenyl hydrazide (67% of
azobenzene). Similar results were obtained when the reaction was
repeated at lower temperatures (5°, 10°, or 35°C). In these reactions
it is essential that azobenzene be added prior to methyl iodide as only
traces of 56 and 57 (Arq=Arp=CgHg) were formed otherwise. This suggests
that the species formed by reaction of methyl iodide with PPN+C0(CCI)4'
is quite unstable. To verify this point, PPN*Co(C0); was dissolved in

degassed methylene chloride and methyl iodide was added under a carbon
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monoxide atmosphere at 55°C, An infrared spectrum recorded after 2

minutes did not show a carbonyl band at 1885 em~1 characteristic of
PPN+C0(C0)4‘. Instead, there were carbonyl bands at 2110 cm=1 (W),
2050-2010 cm-1{5), 1955 cm=1 (M), 1938 cm=1(M) and acyl bands at 1710
em=1(M) and 1655 cm=1(W). No carbonyl bands were present in an infrared
spectrum taken after 45 minutes. Note that a precipitate of PPN¥I- was
formed in the reaction mixture. The carbonyl frequencies of the species

formed initially 1is in accord with a mixture of two cobalt complexes

(62 and 63):

0, CH

N 3

N C, o
| .CO 1"

PPN+l OC-Co H,CC- Co(CO),

1~co

I

62 63

Indeed, at the same time this experiment was done, Roper, Schieren and
Heaton?? reported that PPNY Co(C0)4~ reacts with methyl iodide in

methy lene chloride, at 0°C and under argon, to yield 62 and 63:

0
- 1]
E:o(CO)EI + CHyl —S0% CH;3Co(CO)f25Ls CH3C- Co(CO)s

0 0
] |
CHJC‘ CO(CO)] -"—+E-6—> G"{JC" CO(CO)4

(0] O
1 ]
CH3C‘ CO(CO)3 —+I.—> C:HJC -_— CO(C0)3I
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An infrared spectrum of 62, in tetrahydrofuran, shows carbonyl bands at
2029 cm=1(W), 1953 cm=1(vS), 1933 cm=1(VS) and 1657 cm=1(S) while those
of 63 occur at 2110 em=1(W), 2055 em-1(VS), 2022 cm~1(VS) and 1712(S).
Roper, Schieren and Heaton also observed that the ratio of the two
complexes formed depends on the counterion of Co(C0)4~ and on the
solvent. With PPN+ in THF or in acetonitrile only 62 is obtained while
use of K[Ca(CO)4] in THF leads exclusively to 63. It was also found??
that 62 tends to decompose with separation of PANT” even at temperatures
below 0°C. Since the carbonyl bands of 63 had, after 45 minutes, also
disappeared from our reaction, it is reasonable to assume that this
complex is not very stable either, even under an atmosphere of carbon
monoxide. It is also possible that a small amount of 63 is comstantly

being converted to 62 which then decomposes:

o) ¢
1] .CO Il
CH;C- Co(CO)y —5 7 [CH,C =~ Co(CONI

Those results account for the low yields of acylated products and for
the necessity of adding azobenzene before methyl iodide.

Since CH3COCo(CO)4 and/or [CH3COCo(CO)3I}~ also induced the acyla-
tion of diazenes, it seemed conceivable that dicobalt octacarbonyl might

be converted into such species under the following reaction conditions:

co Mel, CO, PhCH,Et;NCl
Coy(COlg H,0, benzene, 60°C

»CH,COC0(CO), o | CH;COCo(COY5L ]
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To verify this point, an infrared spectrum was taken 30 minutes after
the addition of CH3I to Coy(C0)g in the absence of azobenzene. The
presence of carbonyl bands at 2110 cm‘1(w), 2050 cm'1(S), 2020 cn~1(S)
and 1710 cm~1(M) confirmed the formation of CH3COCo(CO)4. No bands were
present which could be attributed to Cop(£0)g or to [CH3COCo(CO)sI]-.
Perhaps the anion was formed but destroyed in less than 30 minutes. It
is also conceivable that, in benzene and with PhCHoEtsN+ as counterion,
this anion is obtained in very small quantity or not formed at all.

A possible mechanism for the formatian oF.the acylated products is
out lined in Scheme 3.1, Path "a" would lead to acetic acid 1,2-
diphenylhydrazide. Acetic acid 1,2-diphenyl-2-acetylhydrazide might be
formed according to path "b". Path "c" is less probable since it should
also. have resulted in methylation at nitrogen. The tetracarbonyl-
cobaltate anion is obtained under the phase transfer catalysis condi-

tions.

Scheme 3.1

ColcOly + T ——3 CHyCo(CO),— CHCOC(CO),

CH;COCo(CO); —CQJ'CH;:,COCO(CO) 42111\_I_N1'i11> @' I?TC—"'IE @
0 r

(CO)4CH,
64
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H.0 oo ~0
* * CH,
HO-Co(CO)4 +[{0% N-N
@ NN
-
CH,

CHJCOCO(CO)glpath "b"

@N-ND

CH;CO ZCo-H O

E

HCo(COY, +
o (0> N-N )
1Co(CO), 4 g?: (,:Eo
H
HCo(CO), C 3 3
R,N'OH 1Co(CO),
CO(CO)4-

How can one explain the greater selectivity for acetic acid 1,2-
diphenyl-2-acety lhydrazide when more Co2(CO)g is present? This may be
because the acetic acid 1,2-diphenylhydrazide formed has the opportunity
to react Ffurther with more CH3COCo(C0)3 or CH3COCo(CO)}4. The results
indicate tho:t acetic acid 1,2-diphenylhydrazide is quite reactive since
it is converted to acetic acid 1,2-diphenyl-2-acetylhydrazide before the
comp lete conversion of azobenzene. The presence of an acyl group on the
neighbouring nitrogen atom seems to activate the N-H of acetic acid
1,2-diphenylhydrazide. Indeed, hydrazocbenzene is considerably less

reactive than acetic acid 1,2-diphenylhydrazide.
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As noted earlier, 1,1'-(azodicarbanyll)dipiperidine afforded only
the acetic acid hydrazide derivative in quantitative yield. This con-
version probably proceeds according to the same mechanism as described
for acetic acid 1,2-diphenylhydrazide.

4-Hydroxyazobenzene, 4-methoxyazobenzene and 4,4'-dimethoxyazo-
benzene afforded amides in addition to the acetic acid 1,2-diaryl-2-
acetylhydrazide. This particular behaviour may be due to the presence
of an oxygen atom at the 4 position of the areme ring of the azo
compound. Cleavage of the nitrogen-nitrogen bond of e reaction inter-
mediate such as 65 may then occur owing to its lone pairs of electrons

{illustrated in Scheme 3.2 for 4,4'-dimethoxyazobenzene).

.- “.
Scheme 3.2 MeO '@Iﬁll;_’@QMc
Co ,—0
(C0)CHs
65
+
+
MeO -@'I;T IE:@ OMe
Co(CO), & ©
3
H.0 * Co(CO)4
Y O
MeO <O~ NH CHyCN <0)- OMe
Co(CO)4 Co(CO),
CHyl H,0
r
Me0 @ 'bLi% N {0 OMe + HO-Co(CO)
CH; gl_g
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The formation of some hydrazobenzene when the azoarene/Cop(CO)g
reaction is run in the absence of CHzI can be rationalized as follows:
under neutral phase transfer catalysis conditions, there may be some
HCa(CO)4 present which would add to the nitrogen-nitrogen double bond.
Cleavage of the cobalt-nitrogen bond by water would then afford the

hydrazobenzene (Scheme 3.3).

HCO(CO)
Scheme 33 O NNQ —— — @N“N@

Co(CO)4
H,0

© NN O+ HOCo(CO),

The formation of hydrazobenzere is quite appreciable when methylene
chloride is used as the organic phase. However in benzene scheme 3.1 is
preferred.

It was shown that the formation of acetic acid 1,2-diphenyl-2-
acety lhydrazide is inhibited when hydrogen is present in the reaction
involving CH3I. In such a case, Cop{C0)g would be converted principally
to Ho(CB)y. The latter may, with CH3I, ultimately lead to acetic acid

1,2-dipheny lhydrazide (Scheme 3.4).

Scheme 3.4 Co(CO N2 » 2ZHCO(CO) PN, QNN
H Co(CO),
CHsl-co. T
opQ —-opro
P "Co- CH
-&3;6CH (o), ?
N-N
H Lo~ |+ 1corcoy,
CH,

101



It is also possible that complex 64 (Scheme 3.1) is formed. Cleavage of
the nitrogen-cobalt bond would occur affording acetic acid 1,2-diphenyl-

hydrazide:

O\ @ @NN@ y HG(CO),
(r-o)q.‘"
Ha CH3
AN
Having found a process to convert azoarenes into acetic acid
1,2-diaryl-2~acetylhydrazides, an investigation was made to develop
another method which would lead selectively to acetic acid 1,2-diaryl-
hydrazides. The best results were obtained under acidic phase tramsfer
catalysis.
The azoarenes were converted in fair to good ylelds into acetic

acid 1,2-dlarylhydrazides using p—toluenesulfonic acid and a stoichio-

metric quantity of dicobelt octacarbonyl.

Co, (CO); ,CH, T, CH;-@©-SO,H
ArN=NAy _ o T

i/
g
7
—Z
>
=

benzene, H,0,60°C, CO o3 H
| night HBC
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The yields obtained for different diazenes are summarized in Table 6.
Using 0,02 equivalent of p-toluenesulfonic acid, the acylation of
azobenzene and of 1,1'-(azodicarbonyl)dipiperidine was highly selective

affording 48% and 80% of the acetic acid hydrazide derivative respect-

J
ively. A good result was also obtained with 4,4'-dichloroazobenzene
although some hydrazo compound was isolated as a by-product. However,
with 3,3'-and 4,4'-dimethylazobenzene it was necessary to use more
p-toluenesulfonic acid (0,06-0,10 equivalent) in order to achieve good
selectivity. Otherwise the acetip acid 1,2-diaryl-2-acetylhydrazide
and, surprisingly, amides were also obtained to some extent.

The high selectivity for reductive monoacylation may be due to the
fact that under acidic conditions HCo{CO)4 should be the major cobalt
species present and the latter would give the acetic acid hydrazide
compound (scheme 3.4). Several reactions, using azobenzene, were
conducted under modified conditions to define the best reaction con~
ditions. At lower temperatures little or no acetic acid 1,2-diphenyl-
hydrazide was formed. Replacement of carbon monoxide by carbon
monoxide/hydrogen {(1/1) afforded hydrazobenzene as the major product
while use of a stoichiometric amount of p-toluenesulfonic acid led to
low conversion and less selectivity, with more hydrazobenzene being
obt ained.

An increase in the quantity of Cop(CO)g resulted in decrease in
selectivity. For example use of a 2:1 ratio of Coy(CO)g to azobenzene
led to 29% of acetic acid 1,2-diphenylhydrazide and 14% of acetic acid
1,2-diphenyl-2-acety lhydrazide. No reaction cccurred when methanol was

used as solvent instead of water and benzene.
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Table 6 Acylation of Azo Compounds (55) Using p-Toluenesulfonic Acid and

Cop(CO)g3.
Acetic Acetic
Acid Recover-|Acid Hy- jAcid 2-
Equi- ed Subs-ldrazide |Acetylhy- |Hydrazine
SUBSTRATE valent |trate Derivati- jdrazide Derivative| Amide
(55) (55) ve (57) |Derivative (61) (58)
% %b (56) %P % %D
(SyN=N-{) 0,02 39 48 0 traces 0
H,{o)-N=NL)CH; | 0,02 54 13 11 traces 11
CH, By NN CHy | 0,06 50 29 6 traces 5
@N:N@ch 0,02 41 14 4 18 4
CHy >
@”‘N'@ 0,10 48 28 0 5 0
CHy
C"'CN‘NC‘"D : 8,02 0 80 0 0 0
S
a) reaction conditions: 1 atm CO, 60°C, benzene/Hp0 (24 ml of each),
substrate (2 mmol) Coz(C0)g (2 mmol), CH3l (62 mmol)
b) Isolated yields
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When the acylation was conducted in the presence of sodium dode-
cy lbenzenesulfonate (0,1 equivalent) instead of p-toluenesulfonic acid,
28% of acetic acid 1,2-diphenylhydrazide and 11% of acetic acid 1,2-
diphenyl-2-acety lhydrazide were obtained along with 47% of azobenzene.
When p-toluenesulfonic acid was replaced by the same quantity of HBFy,
only 21% of acetic acid 1,2-diphenylhydrazide was isolated. Hydrazo-
benzene (24%) was the major prqduct. If 20% HBF4 is employed as the
aqueous phase instead of a catalytic amount of the acid, then acetic
acid 1,2-diphenylhydrazide was not obtained. Rather, benzidine was
isolated in 46% yield., This product probably arises from rearrangement
of the in situ generated hydrazobenzene, Indeed, under acid conditiens,
hydrazobenzene is known to afford benzidine. This acid-induced rear-
rangement is usually performed in ethanol or dioxane solution on the
addition of agueous HCl or H2504100.

During these investigations it was also found that good selectivity
for acetic acid 1,2-diphenylhydrazide results when azobenzene is exposed
to carbon monoxide and an equimolar quantity of Cop(CO)g and tetra-
buty lammonium fluoride in tetrahydrofuran and water. At 60°C, 29% of
acetic acid 1,2-diphenylhydrazide, 3% of acetic acid 1,2-diphenyl-2-

acetylhydrazide and 41% of recovered azobenzene were obtained.

(o, (0, CHT, (CyHg), NF

@ 4G

—

@vt@

o o
THF H,0,60°C, CO i
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Furthermore, azobenzene is quant itatively converted to
hydrazobenzene wusing a 1:1 ratio of 4-dimethylaminopyridine and

Cop(C0)g. This is true even in the presence of methy! iodide.

Cc> CCVS, h£:>—N.\

benzene ,H 0, N,  60°%C HoH
ST

(©)--0)

By infrared spectroscopy it was shown that, before adding azobenzene,
Coz(C0)g is converted to a new complex with carbonyl bands at 1895
em=1(5), 1930 cm~1(M) and 2030 cm-1{M). It is probably an adduct of
HCo(C0)4 with 4-dimethylaminopyridine. Indeed it is known101 that
triethylamine gives an adduct with HCo(C0)4. This adduct cantains a
Co-H-N bond; its infrared spectrumin the v (C=0) region is similar to
the ane of our complex [IR (toluene): 2015 em=-1(W), 1932 cm‘1(5), 1895
em=1(vs)].

In conclusion, depending on the reaction conditions, dicobalt
octacarbonyl is able to convert azoarenes to predominantly acetic acid
1,2-diaryl-2-acetylhydrazides, acetic acid 1,2-diarylhydrazides, or

hydrazoarenes.
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3.3 Experimental Data

3.3.1 General Comments

The generazl comments described in chapter 2 also apply here.
Azobenzene, G4-hydroxyazobenzene and 1,1'-(azodicarbenyl)dipi-

peridine were purchased from Aldrich.
3.3.2 Synthesis of Azo Compounds

Some of the azo compounds used were not commercially available and

had to be synthesized according to literature procedures.
Synthesis of RCgHyN=NCgHaR (R=p-C1, p-MeD, p-Me, m-Me)

A literature procedure!02 was used to prepare RCgHyN=NCgH4R
(Rzp-Cl, p-MeO, p-Me, m-Me), by reaction of RCgH4NOz with half the molar
amount of Cop(CO)g in refluxing benzene for 5 hours (N atmosphere).
Recrystallization from hexane afforded the products in 40-49% yields.

Synthesis of CgHgN=NCgHA02CCH3-p
4-Pheny lazophenol was reacted with acetylchloride in the presence

of pyridine, according to the procedure’8 described in ctiapter 2 for the

protection of 1,3-dimethyl-3-phenyldiaziridine with p-toluoylchloride.
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The crude product was crystallized by dissolving it in the minimum
amount of hot ether and adding a small quantity of hexane and storing
overnight at 3°C. Yield of azo compound = 93%.

'"H NMR (CDCls): § 2,26 (S; 3H, CHz); 7,09-8,06 (m; 9H, aromatic

protons).

Synthesis of CgHsN=NCgHz0CH3-p103

A mixture of CHClz (50 ml), water (S0 ml), CgHsN=NCgH4OH (10
mmol), NaOH (15 mmol), CHsI (25 mmol) and ‘benzyltriethylammonium
chloride (10 mmol) was stirred at room temperature for 15 hours. The
layers were separated and the agueous layer was extracted three times
with 50 ml portions of methylene chloride. The combined organic
extracts were concentrated by rotary revaporation. Recrystal lisat ion
from ether / pentane af forded the pure product in 90% yield.
'H NMR (CDCl3): & 3,77 (S; 3H, OCH3); 6,74-7,94 (m; 9H, aromatic

protons)

3.3.3 Synthesis of PPN’ Co(CO)4

PPNt Co(CO)4~ was synthesized according to the method of
Giadysz104,  Recrystallisation from methylene chloride / ether gave
+ 4"Co(C0) 4~ in 85% yield.

IR (CHpClp): > CO: 1885 cm~!

3.3.4 General Procedure for the Acylation of Aze Compounds Undet
Phase Transfer Catalysis Conditions Using Benzyltriethylammonium
Chloride and Co,(CO)g
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Distilled water (24 ml) and benzene (24 ml) were placed in a 100 ml
three-necked round bottomed flask. The mixture was stirred at 60°C and
degassed by bubbling nitrogen through the solution for 30 minutes.
Cop(CO)g (1,36g; 4,0 mmol) was added followed, at 5 minutes intervals,
by addition of CgHsCHpEt3INCL (0,114g; 0,50 mmol), CH3I (3,0 ml; 62 mmol)
and the azo compound (2,0 mmol). The mixture was stirred overnight at
60°C (Nz atmosphere). At the end of the reaction, the organic phase was
orange while the aqueous layer was pink and slightly acid.

The two layers were separated and the aqueous phase was extracted
with 24 ml of CHCi3. The combined organic phases were dried over MgSOy
and concentrated by rotary evaporation. The crude products were puri-
fied by silica gel chromatography {(plates or column) using an appro-
priate mixture of hexane/ethyl acetate. For the tlc plates, 7:3 or 5:5
mixtures of hexane/ethyl acetate were used as the eluant. For the
column a 9,5:0,5 mixture of hexane/ethyl acetate was initially used;
when all the azcbenzene was recovered the quantity of ethyl acetate was

gradually increased. The products were recrystallized from ether when

necessary.

3.3.4.1 Acylation of Azobenzene

Acylation of azobenzene afforded:
a) 56 (Ar1=Arp=CgHs) in 54% yield.
m.p.= 106-107°C (lit m.p. = 105°C)105
IR (CHCl3):Y CO 1700 cm=! and 1677 cm-!

'H NHR (COCl3): § 1,96 (S; 6H, 2CH3), 7,29 (S; 10H, aromatic protons)
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13c NMR (CDCL3): @ 22,32 (20H3); 128,17; 128,88; 129,48; 141,27 aromatic

carbons; 168,32 (20=C-~N)

Mass spec.: m/e 268 [Ml+; 226 [M-CH€O0l+; 183 [M-CHoCO-CH3COJ+; 77
[CgHg J+; 43[CH3CO )+

Elemental analysis: calculated C 71,62 H 6,01 N 10,44

found 71,63 5,76 10,40

b) 57 (Arq=Arp=CgHs) in 1% yield
IR (CHCl3): ¥ CO: 1673 cm-]

'H NMR (CDCl3): d 2,22 (S; 3H, CHs3}, 6,55-7,69 (m; 11H, aromatic protons
+ NH)
Mass spec.: m/e 226 {M]+; 183 [M-CH3CO}+; 77 [CgHs}+; 43[CH3CO)+.

c) 55 (Arq=Arp=CgHs) was recovered in 16% yield

3.3.4.2 Acylation of 4,4'-Dimethylazobenzene

Acylation of 4,4'-dimethylazobenzene gave:
a) 56 {Arq= Arp= p-CH3CgHy) in 52% yield.
m.p. = 126-128°C o
IR (CHEl3): ¥ CO: 1695 cm=! and 1673 cm-1
'H NMR (CDCl3): & 1,92 (S; 6H, 2CH3C0)% 2,32 (S5 €éH, 20H3CeHy); 7,09
(broad S; 8H, aromatic protons).
Mass spec.: m/e 296 [Ml+; 254 [M-CHoCOl+; 211 [M-CHpCO-CH3COl+; 91
[CHsCgHy J+; 43 [CH3COl+
Elemental analysis : calculated C 73,45 H 6,16 N 9,52

found 73,24 6,52 9,61
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b) 55 (Ary= Arp= p-CH3CgHy) was recovered in 23% yield.

3.3.4.3 Acylation of 3,3'-Dimethylazobenzene

Acy lation of 3,3'-dimethylazobenzene gave:
a) 56 (Arq= Arp= m-CH3CgHy) in 52% yield.
m.p. = 110-111°C
IR (CHCl3): » CO: 1697 cm~! and 1673 cm™!
'H NMR(CDCL3): 1,93 (S5 6H, 2CH3C0), 2,29 (S5 6H, 20H3CgHy)s 6,83-
7,33 (m; 8H, aromatic protons).
Mass spec.: m/e 296 [M}+; 254 [M-CHpCOl+; 211 [M-CHCO-CH3COl+; 91
[CH3CgHy J+; 43 [CH3COD+
Elemental analysis : calculated C 72,95 H 6,80 N 9,45
found 73,13 7,38 9,71

b) 55 (Arq= Arg= m-CH3CgH4) was recovered in 28% yield.

5.3.4.4 Acylation of 4,4'-Dichloroazobenzene

Acylation of 4,4'-dichloroazobenzene afforded:
a) 56 (Arq= Arp= p-C1lCgHy) in 36% yield.
m.p. = 119-121°C
IR (CHCl3): ¥ CO: 1700 cm=1 and 1672 cm™]
'H NMR (CDCl3): d 1,93 (S; 6H, 2CH3); 7,20 (brosd S; BH, aromatic
protons).
Mass spec.: m/e 33 [Ml+; 294 [M-CHpCOJ+; 251 [M-CH2CO-CH3COJ+; 111

[CLCgHy +; 43 [CH3CO)+
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b) 55 (Arq= Arps p-ClCgHy) was recovered in 38% yield.

3,3.4.5 Acylation of 4-Acetoxyazobenzene

Acylation of 4-Acetoxyazobenzene gave:
a) 56 (Arq= CgHs; Arg= p-CH3CO0pCgH4) in 53% yield.
IR (CHCl3): » CO: 1755 em=1 (0=C-0); 1700 cm=1 and 1675 cm= (0=C-N)
'H NMR (CDC13): o 1,93 (S; 6H, 2CH3CON); 2,26 (S; 3H, CH3CO2); 6,93-7,46
(m; 9H, aromatic protons)
Mass spec.: m/e 326 [Ml]+; 284 [M-CHpCOJ+; 241 [M-CHoCO-CH3COM+; 135
[CH3C02CgHa J+; 77 [CgHsl+; 43 [CH3COl+
b) 57 {Arq=CgHs; Arp = p-CH3CO2CgHy) and 57 (Ary= p-CH3CO2CgHy; Arp=
CgHg) in 1% yield (1:1 mixture)
IR (CHC13): Y CO: 1755 cm™! (0=C-0); 1675 cm™! (0=C-N)
'H NMR (CDC13): o 2,18 (S3 3H, CH3CON), 2,22 (S; 3H, CH3CON); 2,24 (S;
6H, 2CH5CO9); 6,68-7,52 (m; 20H, aromatic and amino protons)
Mass spec.: m/e 284 [M]+; 241 [M-CHsCOl+; 135 [CH3CO2CgH4l+; 77 [CgHsle;
43 [CH3COl+

¢) 595 (Arq=CgHs; Argz= p-CH3C02CgH;) was recovered in 28% yield.

3.3.4,6 Acylation of 4-Hydroxyazobenzene

Acylation of 4-hydroxyazobenzene af forded:
a) 56 (Arq= CgHs; Arg= p-HOCgHy) in %% yield.

IR (CHCLl3): Y CO: 1694 cm=1 and 1670 cm-]
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'H NMR (CDCl3): & 1,93 (S; 6H, 2CH3), 6,60-7,38 (m; 10H, aromatic and
hydroxyl protons)

Mass spec.: m/e 284 [M)+; 242 [M-CHCOl+; 199 [M-CHpCO-CH3COl+; 93
[HOCgHg J+3 77 [CgHs+; 43 [CH3CO]+

b) 56 (Arq= CgHg; Ary= p-CH3CO,CgHg) in 19% yield.

c) 58 (Arq= CgHs) and 58 (Arp= p-HOCgH4) in 17% yield.

Mass spec.: m/e 135 [Ml+ and 151 [M]+

d) 55 (Arq= CgHs; Arp= p-CH3CO,CgH,) in 23% yieid.

e) 55 (Arq= CgHg; Arp= p-HOCgH4) was recovered in 14% yield.

3.3.4,7 Acylation of 4-Methoxyazobenzene

Acylation of 4-methoxyazobenzene afforded:
a) 56 (Arq= CgHg; Aro= p-CH3OCgHg) in 18% yield.
IR (CHCL3): Y €O: 1695 em=! and 1675 cm~1
'"H NMR (CDCLl3): € 1,90 (S; 6H, 2CH3CO); 3,73 (S; 3H, CH30); 6,56-7,27
(m; 94, aromatic protons)
Mass spec.: m/e 298 [Mle; 256 [M-CHpCOJ+; 213 [M-CHoCO-CH3CO+; 107
[MeOCgHy J+; 77 [CeHsl+s 43 [CH3COl+
b) 58 (Arq= CgHs )in 13% yield.
c) 58 (Arp= p-CH30CgH4) in 13% yield,
IR (CHC13): ¥ CO: 1680 cm-!
'"H NMR (COC13): d 2,10 (S5 3H, CH3CO); 3,53 (S; 3H, OCH3); 6,36-7,30 (m;
5H, aromatic and amino protons)
Mass spec.: m/e 165 [MJ+; 123 [M-CHpCO}+; 43 [CH3COl+

d) 5% (Arq= CgHs; Arp= p-CH30CgH4) was recovered in 38% yield.
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3.3.4.8 Acylation of 4,4'-Dimethoxyazobenzene

Acylation of 4,4'-dimethoxyazobenzene af forded:
a) 56 (Arq= Arp= p-CH30CgHa) in 14% yield.
IR (CHC13):V CO: 1694 cm~1 and 1673 cm-]
'H NMR (CDCl3): d 1,88 (S; 6H, 2CH3CO); 3,70 (S; 6H, 2CH30); 6,63-6,90
(m; BH, aromatic protons)
b) 58 (Ar= p-CH30CgH4) in 32% yield.

c) 55 (Arq= Arp= p-CH30C4H,) was recovered in 20% yield.

3.3.4.9 Acylation of 1,1'-(Azodicarbonyl)dipiperidine

Acylation of 1,1'-(azodicarbonyl)dipiperidine afforded 93% of 60.
m.p.z 153-154°C
IR (CHC13): ¥ CO: 1680 cm=1 (3 N-C=0)
'H AR (COCL3): & 1,36-1,83 (m; 12H, 2 C(CH2)3C); 2,09 (S; 3H, CH3CO);
3,13-3,69 (m; 8H, 2CHp NCHp); 8,33 (S; 1H, NH)
Mass spec.: m/e 296 [Ml+; 254 [M-CH2COl+; 112 [CgHqgNCO]+
Elemental Analysis: calculated C 56,71 H 8,17 N 18,91

found 56,93 8,10 18,65

3.3.5 Varlation in Reaction Conditions

3.3.5.1 Addition of More CHzl After One Night
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A reaction was done using azobenzene as described in the general
procedure. However, after 1 night, an additional 3,0 ml of CH3l was
added and the reaction mixture was stirred for 24 more hours. The

results were similar to those without the added portion of CH3lI.

3.3.5.2 Variation in the Agueous Phase

A reaction was done using 0,5M NaOH as aqueous phase. After one
night 30% of acetic acid 1,2-diphenyl-2-acetylhydrazide was obtained

along with 45% of recovered azobenzene.

3.3.6 Reaction of PPN* Co(CO),;" with Mel

Methyl iodide (3,0 ml; 62 mmol) was added to a methylene chloride
solution (25 ml) containing 2,0 mmol of PPN*Co(CO)4~ (CO atm; 55°C).
The caolor of the solution turned immediately from blue to brown. After
2 minutes an infrared spectrum was taken and showed no carbonyl band at
1885 cm=1. ALl the PPN+C0(CU)4‘ was converted to other cobalt species
with Y(CO) at 2110 cm=-1(W), 2050 em-1-2010 cm-1(S), 1955 em-1(M), 1938
em=1(M) andV (acyl) at 1710 em=1(M) and 1655 cm~1(W). After 45 minutes,
a second infrared spectrum was done, and showed that no more carbeonyl
bands were present. A precipitate was formed. Its infrared spectrum
(KBr pellet), similar to the one of PPﬁCl} showed that it was PPNT,

IR of PPNCL: V 504,42 cm=1y 535,28 cm='; 550,72 cm~1} 682,49 cm=T;

?

723,36 cm~1; 996,30 em=1; 1114,0 cn™1; 1232,6 oy 1431,3 cm-l.

- o
IR of PPNI: » 486,70 cm-1; 535, 28 cm-l; 549,75 cm~1; 692,49 cm~?;

724,32 cm=1 996,30 em=1; 1114,0 em-Y) 1265,4 om=1; 1437,1 on~1,

115



3.3.7 Acylation of Azobenzene Using (C4Hg)4NF and Co4(CO)g

To Cop(C0)g (0,68g; 2,0 mmol) dissolved in degassed THF (30 ml) and
water (0,1 ml), was added (C4Hg)gNF (2,0 ml of 1M solution in THF; 2,0
mmol) at 60°C under CO. After B minutes, CHsI (1,0 ml; 21 mmol) was
added followed 2 minutes later by azobenzene (0,36g; 2,0 mmol). The
reaction mixture was stirred overnight, and the THF was removed by
rotary evaporation. Methylene chloride (25 ml) was added to the
residue, and then it was treated first with- 1M NaOH and then with
water. The organic phase was dried over MgS504, filtered, and concen-
trated by rotary evaporation. The crude product was purified by colum
chromatography using silica gel with hexane/ethyl acetate as the eluant:
29% of acetic acid 1,2-diphenylhydrazide, 3% of acetic acid 1,2-
diphenyl-2-acetylhydrazide and 41% of azobenzene were obtained. The

conversion of azobenzene was lower (22%) in the absence of water.

3.3.8 General Procedure for the Acylation of Azoarenes Using
p-Toluenesulfonic Acid and Co,(COQ)g

Distilled water (24 ml), benzene (24 mi) and p-toluenesulfonic acid
(0,04-0,20 mmol) were placed in a 100 ml three-necked round bottomed
flask. The mixture was stirred at 60°C and degassed (nitrogen). The
gas was changed to carbon monoxide, Cop(CO)g (0,68g; 2 mmol) and CH3l
(3,0 ml; 62 mmol) were added, and after 30 minutes the azo compound (2
mmol) was added ta the solution. The reaction mixture was stirred
overnight at 60°C under carbon monoxide. The benzene phase became

orange-brown, the agueous phase was pink and a green precipitate was
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present., The precipitaste was removed by filtration and the two layers
were separated. The aqueous phase was neutralized and extracted with 24
ml of CHCi3. The combined organic phases were dried over MgSOg, concen-
trated by rotary evaporation and the crude products were purified by
silica gel chromatography using an appropriate mixture of hexane/ethyl

acetate (7:3 or 5:5) as the eluant.

3.3.8.1 Acylation of Azobenzene

Acylation of azobenzene using 0,02 equivalent of p-toluenesulfonic
acid af forded:
a) 57 (Arqz Arp= CgHs) in 48% yield.
b) traces of 61 (Arq= Arz= CgHs)
Mass spec.: m/e 184 [M]+
'H NMR (CDCl3): & 5,50 (S; 2H, 2NH); 6,56-7,39 (m; 10H, aromatic
protons)

c) 55 (Arq= Arp= CgHg) was recovered in 39% yield.

3.3.8.2 Acylation of 4,4'-Dimethylazobenzene

Acylation of 4,4'-dimethylazobenzene using 0,02 equivalent of
p~toluenesulfonic acid afforded:
a) 57 (Arq= Arp= p-CH3CgHy) in 13% yield
m.p.x 141-142°C
IR (CHCl 3):V CO: 1672 cm-]
TH NHR (CDC13):82,23 (S; 3H, CH3CO); 2,26 (S; 6H, 29&186Ha); 6,43%-7,26

(m; 9H, aromatic and amino protons)
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Mass spec.: m/e 254 [M]+; 211 [M-CH3COJ+; 91 [CH3CgHql+; 43 [CH3CO]«+.
b) 56 (Arg= Arp= p-CH3CgHy) in 11% yield.

c) traces of 61 (Arq= Arp= p-CH3CgHy)

Mass spec.: m/e 212 [M]+

d) 58 (Ar= p-CH3CgHy) in 11% yield

IR (CHCl3):V: 3430 cm=1 (NH); 1683 cm=! (N-C=0)

Mass spec.: m/e 149 [M}+; 107 [M-CH,CO)}+; 106 [M-CH3CO]+

e) 55 (Arq= Arp = p-CH3CgH,) was recovered in 54% yield.

When the acylation reaction was carried out using 0,06 equivalent
of p-toluenesulfonic acid,29% of the acetic acid 1,2-diarylhydrazide, &%
of the acetic acid 1,2-diaryl2-acetylhydrazide, traces of 4,4'-dimethyl-
hydrazobenzene, 5% of amide and 50% of recovered starting material were

obtained.

3.3.8.3 Acylation of 3,3'-Dimethylazobenzene

Acylation of 3,3'-dimethylazobenzene using 0,02 equivalent of
p-toluenesulfonic acid gave:
a) 57 (Arq= Arg= m-CH3CgHy) in 14% yield
IR (CHC13): v €0:672 cm~!
'"H NMR (CDCl;):é' 2,22 (S; 3H, CH3CO); 2,26 {(S; 6H, 2§ﬂ§CGH&); 6,36-7,30
(m; 9H, aromatic and amino protons)
Mass spec.: m/e 254 [Ml+; 211 [M-CH3CO}+; 91 [CH3CgHg J¢s 43 [CH3CO+.
Elemental Analysis: calculated C 75,56 H 7,13 N 11,01

found 75,93 7,12 11,09
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b) 56 (Arq= Arp= m-CH3CgHg4) in 4% yield
c) 61 (Arq= Arp= m-CH3CgHg) in 18% yield
Mass spec.: m/e 212 [M]+

d) 58 (Ar= m-CH3CgHy) in 4% yield

Mass spec.: m/e 149 [M]+

e) 55 (Arq= Arp= m-CH3CgHy) was recovered in 41% yield.

When the acylation was done using 0,10 equivalent of p-toluene-
sulfonic acid, 28% of the acetic acid 1,2-diarylhydrazide, 5% of 3,3'-
dimethy Lhydrazobenzene and 48% of recovered starting material were

obtained.

3.3.8.4 Acylation of 4,4'-Dichloroazobenzene

Acylation of 4,4'-dichloroazobenzene using 0,02 equivalent of
p-toluenesulfonic acid afforded:
a) 57 (Arq= Arg= p-ClCgHy) in 37% yield
m.p.= 94-96°C
IR (CHCl3):¥ CO: 1678 cm~!
'H NMR (CDCl3): & 2,16 (S; 3H, CH3); 6,39-7,33 (m; 9H, aromatic and
amino protons}
Mass spec.: m/e 294 [M}+; 251 [M-CH3CO0)+; 111 [C1CgH4l+; 43 [CH3CO ]+
b) 61 {(Arq= Arz= p-CICgH,) in 8% yield.

Mass spec.: 252 [M]+
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c) 55 (Arq= Arg= p-CiCgH,) was recovered in 39% yield.

3.3.8.5 Acylation of 1,1'-(Azodicarbonyl)dipiperidine

Acylation of 1,1'-(azodicarbonyl)dipiperidine afforded 60 in B80%

yield.

3.3.9 Variation in Reaction Conditions

Several reactions using azobenzene were conducted under modified

conditions. They were carried out as in the general procedure except

for the following:

3.3.9.1 Replacement of Carbon Monoxide by CO/Hse (1/1)

Acylation of azobenzene under CO/Hz (1/1) bubbling afforded only 6%

of acetic acid 1,2-diphenylhydrazide together with 39% of hydrazobenzene

and 40% of azobenzene,

3.3.9.2 Variation in Temperature

When the reaction was run at 40°C, 15% of hydrazobenzene and 85% of

azobenzene were obtained ('H-NMR yields).

At S0°C, 24% of acetic acid 1,2-diphenylhydrazide, 21% of hydra-

zobenzene and 40% of azobenzene were isolated.
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3.3.9.3 Substitution of p-Toluenesulfonic Acid by HBFy4

When p-toluenesulfonic acid was replaced by HBFy (0,10 mmol), 21%
of acetic acid 1,2-diphenylhydrazide, 3% of acetic acid 1,2-diphenyl-2-
acetylhydrazide, 24% of hydrazobenzene and 29% of azobenzene were
obtained.

Acylation was attempted according to the general procedure except
that p-toluenesulfonic acid was replaced by HBF4-Et;0 (2 mmol) and that
no water was used. After 1 night only azobenzene was isolated.

Some reactions were carried out using 20% HBFy as the aqueous phase
and sodium dodecylbenzenesulfonate (0,20 mmol) instead of p-toluene-
sulfonic acid. Acetic acid 1,2-diphenylhydrazide was not obtained under
those conditions. Benzidine was isoclated in 46% yield together with

azobenzene. A good yield of benzidine was obtained even at room

temperature.

3.3.10 General Procedure for the Hydrogenation of Azobenzene Using
4-Dimethylaminopyridine and Co,(CO)g

A mixture of distilled water (24 ml) and benzene (24 ml) was
stirred at 60°C ard degassed (nitrogen) for 30 minutes. To this
solution was added Co{(CO0)g (1,36g9; 4,0 mmol) and, after 30 minutes,
4-dimethylaminopyridine (0,489g; 4,0 mmol). One hour later, the water
was pale pink while the benzene layer was violet. An infrared spectrum
of the benzene solution showed carbonyl bands at 1895 cm'1, 1930 cm=?
and 2030 cm-1. Azobenzene (0,365g; 2,0 mmol) was added and the mixture

was stirred overnight at 60°C under nitrogen. At the end of the
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reaction, there was a violet precipitate in the organic phase which was
filtered, and the two layers of the filtrate were separated. The
orange-brown organic phase was dried over MgS04 and concentrated by
rotary evaporation., An 'H-NMR of the crude product showed that the
azobenzene had been completely converted into hydrazobenzene. 1In order
to remove all the cobalt, the product was purified by chromatography
using a silica gel column and a mixture of 95% hexane and 5% ethyl
acetate as eluant. An 'H-NMR of the product showed a mixture of 5B%
hydrazobenzene and 42% azobenzene, Some hydrazobenzene had been

converted to azobenzene during the chromatography.

3.3.11 Variation in Reaction Conditions

3.3.11.1 Use of a Catalytic Amount of Cop(CO}g and 4-Dimethylamino-

pyridine Under Carbon Monoxide Atmosphere

When the reaction was carried out under carbon monoxide using only
0,20 mmol of Cop(CO)}g and 0,20 mmol of 4-dimethylaminopyridine, no

hydrazobenzene could be detected by 'H-NMR. Only azobenzene was

recovered.

3.3.11.2 Use of CH3I (Carbon Monoxide Atmosphere)

When the rteaction was conducted like that described in the general
procedure but under carbon monoxide and in the presence of CH3l (3,0 ml;

62 mmol), all the azobenzene was converted to hydrazobenzene.
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3.3.11.3 Use of CH3l and Benzyltriethylammonium Chloride (Carbon

Monoxide Atmosphere)

The reaction was effected as in the gemeral procedure except that
it was run under carbon monoxide and that CH3I (3,0 ml; 62 mmol) and
benzyltriethy lammonium chloride (0,114q; 0,50 mmol) were added before
azobenzene. Acetic acid 1,2-diphenyl-2-acetylhydrazide and hydrazo-

benzene were obtained in 13% and 87% yields, respectively.
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Chapter 4

Carbonylation of Azetidines

4.1 Introduction

Azetidines are an interesting class of compounds. They form a
bridge between the highly strained aziridimes amd the less-strained
larger rings. Several reviews have been written on the chemistry of
azet idines106-110,

The azetidine ring is puckered with an angle of 10-20° from
planarity109. Although the ring is somewhat strained, the gas phase
basicity of azetidine, which reflects orbital hybridization, closely
resembles that of pyrrolidine. Indeed the proton affinity for cyclic
amines decreases in the order pyrrclidine (229 kcal/mol) ) azetidine
(227,5 kcal/mol) > aziridine (220,1 kecal/mal)?11-112Z,  Tnis correlates
well with an increase in lone pair s-character in the series.

This introduction briefly reviews some organic reactions of
azetidines which occur with ring cleavage as well as the organo-

transition metal chemistry of these heterocycles.

4.1.1 Organic Chemistry of Azetidines

Azetidines undergo ring opening with greater ease than larger ring

nitrogen heterocycles, but much less readily than aziridines, The ring



cleavage can be induced thermally or by attack of either nucleophiles or
electrophiles110.

At 420°C, there is cycloreversion of the azetidine to ethylene and
methy lene amine followed by addition of unreacted azetidine to the

lattert13:
CH2=CH2
Ll ™ e & L) [
NH CH, =NH N N
NH AV

Ring opening has been observed on heating 1-propicnyl-2-ethyl-2-

pheny lazetidine at 150°C114:

CH, Ph
Ph Ph
CH;
H CHCH;,4
3 : -
N_ _CH,CH, N 20 - COCHCH
\wr/ I N
0 CH,CH,3

The 2,2-diethyl and the 2-ethyl derivatives did not react under the same
conditions.

When heated in the presence of hydrochloric acid, 6,7-dimethoxy-

tetrahydroazeto[2,1-aJisoquinoline (66) af fords benzof 4,5-d Jazocine
(67) 115:
CH,0 MeO MeO
He, . NH
N NH :
CH;0 MeQ g MeO —_
66 67

Similarly, Z2-arylazetidines, in the presence of =acids, easily
undergo ring cleavage with elimination to give cinnamylamines116.
Cleavage of the ring of 1-alkyl-3,3-disubstituted azetidines occurs

on heating with acetic anhydridel16:
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The propensity of azetidines to give polymeric products is well
known109,  for example, polymerization of 1,3,3-trimethylazetidine can
be initiated by a variety of electrophiles at temperatures above
60°ct17, The polymerization proceeds by successive alkylation of

monomer units.

e P s CH CH
CH, —b cH, _b o _i:_‘ oty O ow, O
e e o Yy e
CHy E CH, CHy| E

1-Acyl and thioacylazetidines afford 1,3-oxazines and 1,3-thiazines
respectively, when heated with catalysts such as p-toluenesulfonic acid
or boron trifluoride. With acids having a nucleophilic counterion such

as chloride, the open~chain product is also obtained!18-119,

X

X 1l
| | A, (\i +  ACH,CH,CH,NHCR

X=0o0rS

Treatment of the sulfonyloxymethy lazet idine hydrochloride (68) with

triethylamine in methylene chloride gave the sulfonyloxypyrrolidine

(69) 120,

CH,0S0,CHj 0S0,CH,
NEt3
10°C
N.HC! N

68 —'_ 69
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4.1.2 Organometailic Chemistry of Azetidines

Little is known concerning the organometallic chemistry of azeti-
dines. Azetidine amd 2-acetylazetidine form complexes with metal

c:hlc;rit:h?:s1 21,

where M= Zn, Cd, Co, Ni, Pt. The platinum complex, PtClz.(azetidine)l
has good antitumor activity against leukemia in mice’6, The zinc

chloride complex reacts with ethanol, at 120°C to give 70 (n=3-8)122;

(Y ()

H,N_ HNCH,CH,CH, —{— HN_ HNCEH,CH;CH, —— HN_ BNCH,CH,CH,OFt
z
V4
o “a d “a o d ta
70

Dienylazetidines bearing a N-p-toluenesulfonyl group smoothly
rearrange to vinylpiperidine in presence of a catalytic amount of

Pd{PPh3)4123:

_..| Ph
| N S/’O Pd(PPhy)y N o
o7 —DMSO__ j 1
i @\ Z5°C, 128 N-S
Ph (l
0
80%
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The presence of the N-p-toluenesulfonyl group and of the dienyl

moiety is essential for the rearrangement. It has been proposedn3 that

the reaction proceeds via nucleophilic attack of Pd(0) on the diene

group to form a zwitterion consisting of a TW-pentadienylpalladium and a

stabilized tosylamide anion. The attack of Pd{(0) on the C-NTs bond

would be another possible route to the zwitterion123,
It was anticipated that the metal complex catalyzed carbonylation
of azetidines may afford a novel route to pyrrolidones. In this chapter

are described the interesting results of this investigation.
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4.2 Results and Discussion

A variety of azetidines were prepared according to Lliterature
procedures124'142. An investigation of their behaviour was made using
an organotransition metal complex and carbon monoxide.

At first 1-p-tosylazetidine was utilized as the substrate.
Dicobalt octacarbonyl, chlorodicarbonylrhodium dimer, triruthenium
dodecacarbonyl, tetrakistriphenylphosphinepalladium, palladium acetate/
triphenylphosphine (1:4), and palladium iodide/1,4 bis(diphenyl-
phosphino)butane (1:1) were all unable to carbonylate 1-p-tosylaze-
tidine. No reaction occurred even at high temperature (170°C) and high
pressure (60 atm) of carbon monoxide.

The lack of reactivity of 1-p-tosylazetidine may have been a result
of the low basicity of the heterocyclic nitrogen atom. Therefore, a
study was undertaken of the more basic 1-t-butyl-2-methylazetidine.
This azetidine was converted quantitatively and regiospecifically into
1-t-butyl-5-methylpyrrolidin-2-one when exposed, for 24 hours, to a
catalytic amount of dicobalt octacarbonyl (10/1 ratio of substrate/
catalyst) in benzene or toluene at 90°C and under 3,4 atm of carbon
monoxide. Likewise, 1-t-butyl-2-methoxycarbonylazetidine, 1-t-butyl-
2-hydroxymethy lazetidine, 1-t-butyl-2-methoxymethylazetidine, 1-t-butyl-
2-acetoxymethy lazet idine, and 7-methyl-cis-7-azabicyclo [4,2,0]octane,
were also converted into the corresponding 5-substituted pyrrolidin-2-
ones (table 7). The reactions were completely regiospecific except that
of 1-t-butyl-2-methoxycarbonylazetidine which afforded traces of the
3.substituted pyr