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SERFIRTRNE LS

’ ‘ ABSTRACT

Novel metal complexed indfced reactions of azirines provide
simp;e and convenient synthetic apprda&hes‘to heterocyclic
systems. _Pglladium tb) catalyzed carbonylation reactions
of azirines under honogeneous and heterogeneoﬁqtreaction
cénditions, aé well as molybdenum hexacarbdnyl induced
reactions of azirines in thé.preseﬁce of caébanibns are
describéd. Various reagénts and conditions-employed'fdr
carrying out these differenf reactions are presentéd iﬁ
three sections. o  ‘ .

The use of soluble ééllédium-(ﬂ) catalysté for
the carbonylation of azirines results in thé'novélhsfntheses
of two imﬁortant classeq)of comppﬁnds. The reaction course
is dependent on the nature of the ligands attgched to the
metal. -Teﬁ}akis(triphenylphosphineipaliadium (0) catalyzes  *
the conversion of azirines to B-léctaﬁs, while vingl '
.isocyapates are formed in a regiospecific reaction using
bis (dibenzylideneacetone)palladium (6) as the‘catalysy.

A mechanism is proposed for these reactions.

2-Styrylindoles were obtained in modest yields
by the exposure of azirines to carbon monoxide,.a palladium
{0) catalyst, sodium hydroxide, benzene as the organic
phase and'benzyltriethylammoniuﬁ_chloride as the phase.

: 4
transfer agent. The reaction is sensitive to the atmosphere

used.

viii.
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~ -

Molybdenum hexacarbonyl induced reaction of~
azirines in the presence of carbani;ns results in a novel
and stereospecific imide synthesis. The readtion is
sensitive 'to the atmosphere uSed. Molybdenum hexacarbonyl
induced reaction of azirine with ethyl diethyl malonate an10n

yielded an imino diester, a coupled product and a pyrro= .

linone ihstead of an imide.

*
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CHAPTER 1

':

l. Introduction - .

The azirine ring.sfsﬁem is a three membered
Egterocycle containing one nitrogen'a£qm and one ;ouble
bond. There are two isomeric azirines (1 and 2) which
have-been_degignated by Chemical Abstréc&sand “Thé'Ring

Index"1

, as PH agﬁ TH{gzirine, respectively. More

frequently a system of nomentlature "that deéignatesn£he.

position of the double bond has been used. Unde:‘this ‘ .
gystém coﬁbounds ‘(i)i_and (2) are named as l-azirine ‘

+ W, - .
and 2-azirine respectively.

&l

:

. - ."f

Although a number of l-azirjnes have been syn-

thesized and examined for their reactivity towards various

reagents, there are nooigshantés\examples of the isomeric
2-azirines as yet, in spite of several synthetic attempts.z-6

Their instability is due not only to large bond-angle strain



.inherent in any unsaturated 3-membered ring, but also to
"the overlap of the nitrogen lone-pair of electrons with the
. carbon-carbon double bond, a situation which gives'rise-td

'\\? destabilizing anti-aromatic 4n - electron system.

l-azirines are highly desirable synthetic

reagents, due to bigh reactivity and relative ease of pre-

. paratioﬂ. One can take advantage of the fo;lowing features
within their structure,

(1) “high ring strain; \

(gi) reactivity of ﬁhe 1 bond - availability for cyclo-

addition reactions;
(iii) reactivity. of the C =N bond towards electrophiles;
{iv) basicity of nitrogen-availability of the lone pair

of eleétroﬂs for protonation and complexation with

metals.

) . 4,

1.2 Reactions of l-Azirines

1.%.1. Photolytic and thermolytic reactions.

1.2.2. Reactions with Blectrophilic reagents.
- 1.2.3. Reactions with'nucleophilic reagents.

l1.2.4. Cyéloaddition reactions.

1.2.5. Metal promoted-éeactions.

1.2.6. Miscellaneous reactions. ///f



mediate (3) to a second molecule of azirine.’

S l.2.1. Photolytic and fhérmolytic reactions

C - ' - -
. T : '. " . .,#.-

The - photochemlcal decomp051t10n and rearrange-
ment of l az&rlnes has aroused much 1nterest in the last

decade for the mechanlstlc and synthetlc aspects of thlS
7,8

- branch' of chemlstry.‘ " It has been demonstrated that on

‘photoly51s l-azirines undergo irreversible rlng openlng via

c- C bond cleavage to 1,3 dlpolar nitrile ylides (3a)<->(3b)

- as intermediates,- the latter readily undergo inter or intra-

. 3 o
Rl'-RZ’ R3 - alkyl, aryl

molecular 1,3 dipolar cycloaddition with a wide variety of
dipolarophiles. ‘Thus, the photolysis of 2-phenyl-l-azirine
(4) affords diazabicyclohexene (5),-by the intermolecular

cycloaddition of the initially formed nitrile ylide . inter-

hv




Many examples of intramolecular photocycli-

10,11 which involved the

zation also has . been reported,
nitrile ylides derived from l-azirines. For example,
pyrroles (7) have been obtained on irradiatfon of 3-vinyl-1- ~

azirine (6) as expected by intramolecular cyclization.

R

hy - o /\

Ph

Y

R=CN, CHO, COOMe

Of interest is the trans-styrylazirine (8) which
gave 2,3 diphenyl pyrrole (9) according to path 'a' in con-
trast to its ¢is isomer which experienced ring expansion to

~ the benzazepinelo(IO) [path 'b'].

Ph
—
: & path 'b’ ®
\ ““’ [
H Ph
9 8
X = CHPh

Fh
10




Similarly imidazole (l2a) and oxazole (12b)

has been obtained from compound (1l) on photolysis ﬁia |
12,13

nitrile ylides.

A 4

12

Photolysis of 3-hydroxymethyl-l-azirine (13)

gave ‘oxazoline(l5) by proton transfer from theggi%file ylide

S

intermediate (14) [Scheme 1; path 'a'l. However, if 'Y' is

a good leaving group, then l-substituted 2—azébutadienes (16)

were obtained [Scheme 1; paEp 'b'] by Xrearrangement 1,4

Path‘a'? Ph"ﬁ<:;::]
=0H
_ 15

substituent shift].9

CH,Y

¥ = Cl, Br, OAc, OCOCF,, OCOAT .

© Scheme 1 o 16

e i i s e 4 i b A L S SR a4 in b \‘




In contrast to the photdlysis, the thermo-
chemistry of l-agirines generally involves C-N raﬁhéf
than C-C bond cleavage. On thermolysis, 3-phenyl-l-azirine
(16) gave an equimolar mixture of indoles (18) and phenyl
acetonitrile (19)‘-‘by 'rearra\ngre'u.lent.l‘l This result could

. be ratlonallzed in terms of an equlllbrlum between azirine
(16) and the correspondlng transient vinyl nitrene (l?),

because the formatlon of (18) and (19) could be explained

bx'intramolecular reactions of the vinyl nitrene (17).

h
H -
. 17a
16
?
4
Y
5
_+_ Ph - CHC =N
I 19
H

18

st —“f/i“_"‘ O—J\k

\




LY

Iﬁ fhe presence of a suitably posiﬁioned unsatur-
ated side-chaihn, attéck by the intermediate nitrene at the .
multiple bond leads to a.series of heterocycles isomeric
with thése obtained photochemically. For examp;e,ﬁpyrréles'

(21) have been obtained from the l:azirihgs (20) on thermolysis,

by intramolecular cyclization.lz'15
/ \ ' Rl= H, CH3, PH
A " . .
> R, =CN, CHO,
R R Coave, CHy, Ph
d .
21

20 . .

Similarly, isoxazole (23a) and pyrazole (23b)

were formed on thermolysis of compound (22).

~
| Ph . “W P
_ A \ﬂi ‘/,J] | e 4 /
Ph—" . g B N? X N\\x
X 23
H
22
a,X=0 b, X=N-Ph



This type of thermal ring exbansion is believed

1 -

to involve participation of a vinyl nitrene intermediate
O 12,15,16

resulting from c-N bond cleavage of l-azirines.

1.2.2. Reactions with electrophilic reagents

1-Azirineé are very nonbasic due‘té the large
degreé of s character .in the orbital containing the lone
pai£ of electrons on the nitrogen.l7 Théy are insoluble
in dilute HC1l, but soluble with slow aecqmpdsition in con-

cent?ated acia.t® .

3

The anhydrous.perchloric acid catalyzéd reactions

of 3,3-dimethyl-2-phenyl-l-aziarine (25) with acetone, ace-

- 19,20
tonitrile and aniline have been studied T

“
N ! H .
- 26 2 2 )
25 o . CH,CN .
: H_COCH
. .. [PH3C0CH;
. r:' CH \
3. CH3" CH,
; A | +>< -
‘ : H 0
: CH
, (44%)Ph 3 cy., (36%)
) : Ph 3
: og ~ CH3 -
CH,

29 28



L]

r

S Protonated azirine ring (26)-is believed to

" ring open to resonance stabilized cation (27), which then

-~

adds to the carbon-oxygen double bond or carbon-nitrogen
triple bond to give (28) and. (29) fespectively. Similarly,

the a-anmonlolsobutyroPhenone am’l perchlorate  (33) was 4

obtained when azirlne (25) was: treated with anilinium per-

chlorate20 in acetonltrlle. The reaction has been postulated
to proceed through aziridine (30), which rearranges to (32)

[via 311.
o (

NS

CH,CN, -10°C
25

PKG_.__
(96%) ' H.

PK/’ My N

33 -

- Reaction of 2—phenyl—l—azirine with benzoic acid
resulted 1n the formation of N- benzoylphenacylamlne (35) 21
Aziridine (34), belleved to be an 1ntermed1ate in this reaction,

could then rearrange to (35}.



Ph-idffi].“*EHIIna  — ] | Lo

o

w 3

The addition of some acids. to l-azirines does

not result inidestruction of the 3-membered ring. .For

F .

example, aziridine (36) has been obtained by Leonard and

Zﬁanenbarg, when l-azirine (25) was treated with pyridinium

perchlorate in pyridine.lg, ' '

H
i:{ - »
Cl0 Ph
. |+ ' CHB
] N Pyridine .

~ > CH

P -+ O o°c ’ O 5
. CH, -
ClO4

CH3 36

Similarly, addition ‘of p-taluenesulfinic acid

to l-azirines (37) readily seems to give the sulfonyl

aziridines (38). - ‘ ) ' ' ; :

Ph ' acetohe, - ‘ R
- + K S0

37 . - ' | 38

R=CH, , Ph . ' CH

10

| I .
N T
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1

\

When reagents such as acid chlorides

were reacted with l-azirines (39) N-benzoyl-2-chloro aziridines

(4D)yeré-obtained.22 These were converted to oxazoles (41)
in polar solvents or by heating. Similarly, acid anhfdrides
also were reported21 to give‘oxazolés when heated with

l-azirines in benzene. -

. COPh .
" Ph PhCOCL A /CH.OH :
“6°6, A *““sgﬁﬁﬁii;acetone, 5%¢
H. . P
39 : - 044£F>

D

]

R=H,CH3 Ph
?

When N-phenylbenéimidoyl'chloride'wés treated

with 2-phenyl-l-azirine, 1,2,5 triphenylimidazole (42) was .

. obtained as expected.21

Ph

NPh

reflux

42

Y



-]

However, ketoamide (44) was formed rather-
than the ©xazole, whén-z-phenyl-l-azirine'was reacted
with phthalic anhydride, presumably via hydrolysis.of th

1

initially formed 8-membered intermediate (43).2 Simi- -

larly, maleic anhydride gave N-phenacylmaleinmonoamide.

43

35) 

COCH '

CONHCH,COPh.

44 -

s

o
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1.2.3. Reactions with nucleophilic Reagents

L d

Addition of nucleophiles to the C=N of

l-azirines has reported to occur readily and stereospeci- e

fically from the least hindered side of the molecule.17'23'24

Several l-azirines have been reduced to azirid&neﬂﬂitth“LiAlH4_

The reaction usually proceeds in high yield and is stereo-

25,26

specific. This has therefore provided a useful synthesis

of cis-l,2~disubstituted aziridines. The reaction of l-azirines

with sodium borohydride also has been reported to give

e s e 24
aziridines.
St ‘
. 1 R=CH, (97%) .
R=Ph (85%)
. (l)LiAlH4 o -
(2} NaOH . -

Grignard reagéhts have been shown to react with

18,22,27 ppis is analagous to .

l-aziriﬁés to give aziridineé.
thé stereospecific reduction of azirines to aziridines by
LiKlH4; The attack of the Grignard reagent has been shown.
to oécur-stéreospecifically from the less stericall§ hindered

side of the azirine.28
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Ph X
(1) C,H MgBr

(Z)NH4C1

A variety of carbanions have been added to
l-azirines. Reactipn of 2-phenyl-l-azirine with acetophenone

'ih the presenéé of dimethylsulfinyl carbanion afforded
21 '

2,4 diphenyl pYrrole. ~
, . . PT )
. . ‘ | e F) :O
. . CH gcn _ j
/ \ + CHjcorn R B H
Ph ‘ f : ' :
h
-
v
_ ’ '
Iil .
Ph N -
H i
[ S
FPh
u




— =

—
!

Similarly, ethyl benzoylacetate has yielded
3-benzoyl=-4-phenyl-2-oxopyrroline by reaction with-2-pheny£f

l-azirine in the presence of dimethylsulfinyk cai:baniqn.21

15

' ii o ?H,gCHq . -
| Ph—C—cHycoome \ > ya
; | hn .~ P¥ opPh

3,4—Dibhenyl-2;oxo—5—iminopyrr01ine (46) has
been obtained under similar conditions with benzyl cyanide.

Probably the lmlnopyrrollne (45) was formed 1n1t1ally and

-

then oxidized by air to (46) .

N4

| | o ﬁ
Pf\_ﬁ 4 PhCH,Cz==N CHy>CHy

(o]




esters or e-hydroxy esters to l-azirines was reported.

b

Recently nucleophilic add%tion-of ¢ -anino

29

For example,. treatment of 3,3~ dﬁmethyl-2—pheﬁyl—1—azirine‘

with glyéine ethyl ester hydrochloride in the presenbe of

.Et3N'in Cﬁ3CN gave dihydropyrazinone (47) in 53% yield.

Similarly, with l#azirines (48) pyrazinones (50) have been

iéolated, probably by air oxidation of :the initially forméd

dihydropyrazinone (49). But product,fSl) has been obtained
- o ‘ 0\
™) ph CH,
" et '
\ ph; ‘ ClHBNCH2COOEt CH3
ca, Et 3N, CH,CN B
e w
c 3 800C,48hrs cl_
‘ ' S Et
r- . J
oy
SN - EtOH
3 . ‘ A\J
-
. , Ph
. Hy | i
. CHy  (53%)
47
(
Ph
-+
: ClH,NCH,,COOEt
i 3 2 N
.
. Et3N,CH3CN .
'80° C, 48 hrs
48 _ 49 . ' 50
e J
Ph,CH3 : R=Ph (90%)

R=CH3(43%)



,
- instead of a heterocycle when 3,3 —dimethyl-2-phenyl-1l-

azirine was treated with f-alanine ethyl ester® hydrochloride.

3
- 4 -
CLH,N (CH, JCOOEt/Et o ?
CH,CN, &
EtozplC“2)2 | |
.. (40%)

51

Nucleophilic addition of ethyl lactate to 2,3-
diphenyl-l-aziriqe in;the presence of NaH in THF gave (53)
in a similar manner to ¢ -amino esters. But a different
result was observed when 3-methyl-2-phenyl-l-azirine was
reacted with 0.50 mole of eth%} lactate or nmethyl mandelate.
.Heteroéycle (55) was the only product formed in this reaction
by condensatién of 2 molecules of azirines with 1 molecule
of o -hydroxy.ester. When the abové reacgion was.carried
out u51ng an’ equlmolar amount of ethyl lactate, product (55)
was*formed as the major product with small amount of (56).
But in the 2,3-diphenyl-l-azirine reaction, the analagous

product of (55) was not formed. This may be due to more

~

mobility of the benzylic proton in (52) than the aliphatic

proton in (54). :
; qH
| . CHy CHCOOEt Chy—d

NaH, THF R

20°C, 24hrs

)
®

-



55

R=CH, (86%)
R=Ph (76%)

OH

]
_jCHcozR’

NaH,THF,
CH Vo
3 20°C,lhr

56

.
v
Ph CH3
‘Y
< S
HJﬁ g
54
(10&#”

18



The first example of “the 1-azabicyclo[1.1.0}butane

30

ring system (57) has been obtained, When 2-phenyl-l-azirine

'was treated with dimethylsulphonium methylide.

+—
Me.,SI,BulLi
ph 3 5
THF,-40"C

LY
rd

(60%)

Other attempts to prepare azabicyclobutane by
addition of dichlorocarbenes to l-azirines has given only
ﬁ—vinylimines. However, adduct (58) has been oli"tained'31
~ by the reactionof 3-methyl—2—phenyl—;-azirine with trichlo-
romethyl lithium. Attempted ring clé&?ﬁé of (58) to én'
azabicyclobutane (59) .has lead to Lsofétion of the 4-membered
ring azetine (60), which has sugéesféd that the bicyclic

compound (59} might be an intermediate in this reaction. . —

N

/ + Liccl , >

P - H

58



-

—~ A 20

Eril .
1

3
%CCIE-—¥' 1

CH

=

3 Cl

L | s J -
N \ (55%)
Attempted epoxidation of azirines to produce oxaza-
" bicyclobutanes have been unsuccessful thus far. The acylimine
(61) or its alcohol addition product (62) have been isolated

when t-butylhydroperoxide -was employed.23

P £ -BuOOH
Hy
“
3 0 .
il ?} \
Ph-C-N-CHgH , t-BuOH %
t-B . T | Ph-C —N=CHCH,
62 | _ 61

'y
Aminoketones and acetals could be obtained
by treatment of l-azirines with methanol containing a

catalytic amount of sodium methoxide.32
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P> .
> OMg™ / M.g‘)ii
CH

OMe

*

U R oV

. f’h;__'u‘—c—?ﬁ_ﬁ, < pPh—C— ¢—CH,
H3 : OMg¢ H

1.2.4. Cycloaddition Reactions

To effect cycloadditions undey suitable reaction
conditions, advantage.can be taken of the inherent reactivity
of the rigid carbon-nitrogen double.bénd of l-azirineé.

These cycloaddition reactions are potentially valuable routes

for the preparation of unusual heterocyclic compounds.

A. ihermal cycloaddition reactions
(2+ 1) cycloaddition

The successful synthesis of azabicyclobutane
(57) which was mentioned before is an example of a (2 + 1)

cycloaddition reaction.
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(2 + 2) cycloaddition

It has been shown that for the synthesis qf
heterocyclic compounds, l-azirines are;extremely useful
precursors and could be incorporated i&%o compounds con-

taining desirable functions. A class of‘Eeactive rFagénts
that can enter into complex heterocyclic systehs through
cycloadditions with azirines are hdterocumulenes. For
example, thidzoles were obtained as producfé by (2+ 2)
cycloaddition when benzoyl isothiocyanate was reacted'ﬁish
l--azirines.33 Another heterocumulene , CSz, also has been
reported to édd in a (2+ 2) fashion across its C=§

bond to give thiazole.34r

/"
4+ PﬁfgLN=c=s —_—

0
Ph—t‘,l —~ =
) o

H h

R= Ph,CH

H

3’

on ;ngvh
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(2 + 3) cycloaddition'

23

/ Addition of diazomethane to l-azirine was the

The allyl

first example of this type of reactiog.>°’3®

azide which was obtained could arise from the initially

formed triazoline cycloadduct (63).

CH3

_

s

Similarly, reéctioqzof nmesityl nitrile oxide

[hd

with l-azirines gave carbodiimides via an initially formed

1,3 dipolar cycloadduct (64).37

~

/ ' Mesityl~C=N-0
ether, 0 C

Ph

e

b
/

mesityl —N =—=C=—= Ne

> Ar '~CH_.'\.\
-.CH3
. (85%)
ﬁ'
mesityl
/ R
Ph
o
64
C —COPh

)



(2 + 4) cycloaddition

Dﬁring ﬁhe past several years, the‘formétion
of wvarious heterocyclic compounds using l-aiirines as
dienophiles ha; been reported. For example, 3H-azepines
were obtained when l-azirines Qere réfluxed with cyclo-

38-42

-pentadienones in benzene or CH He.
. 3765 —

-

Y

L

Whe? the cycloaddition reaction of isobenzofuran

with l-azirines were carried out the exo cycloadducts (65)

were isolated.43.

24




65

R=Ph,H

Diels-Alder reaction of l=-azirines with the
diene components of tetrazines occurs to give" triazepines |
(66} with the loss of nitrogen. Further thermolysis leads
to a varietg_' of otheJ;: heterocycles, including pyrimidines,

triazoles, pyrazoles. 44

- v
o | | N
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o - ‘
Heterocumulenes containing a carbonyl or

related unsaturation adjacent to the”cumulative bonds

are usually veryﬁreactive, and thushthiobéhzoyl'Jiaocyahat;.aﬁd

benzoyl isocyanate are. excellent compounds for cyclo-.‘

addition with l-azirines. When thiobenzoyl isocyanate was

reacted with l-azirines at room temperature, cis .bicyclic .

aziridines (67) were obtained by stereospecifig and regto-

B.45 pciq catalyzed hydrolysis of the

specific addition.
latter gave the urea (68), Thiadiazépinone (69) ‘has been
obtéined when the cycloadductV(GZ) (R‘= Ph) was subjected
to thermolysis,[ prolonged thermolysis gaﬁe the‘pyrimidone
{(70}] . The behaviour of benzoyl isocyanéte-parglleled that

of - thiobenzoyl isocyanate and (4 + 2) cycloadducts'have

been iéolated.33
H
Ph
Ph h
67
R=Ph,CH,4,H o




B. Photochemical cycloaddition reactions

As mentioned earlier, the photolysis of l-azirines
leaas to irreversible carbon-carbon single bond cleavage of
the ring ana generation of nitrile ylides (3). The latter
readily undergo inter or %ﬁramolecu;ar 1,3 dipolar cyclo-
addifions'with a wide variety of dipolarophiles to form
S—ﬁembered heterécyclic compounds. Several electron deficient
olefing .have been reported to give 'Al—-pyrrolines reg#o-

specifically on photolysis with 1—azirines.46'47

For example,
2-phenyl-z-carbomethoxy- ,g—pyrroline has been obtained on
irradiation of a solution of 2—phenyl—lfazirine in excess

methyl acrylate.

P

=CHCOOMe h
Ph + S T

(80%) -

O0OMg
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) Similarly, photolysis of 2 3-diphenyl 1-a21r1ne
with methyl acrylate afforded 2 5—d1phenyl-c1s—-4—methoxy—“

carbonyl-A.;pyrroline as a single:photoadduct;

N | - - QOMe
~+ CH,=CHCOOMe A 3hrs o
h P

Interestingly; two major products (71) and (72)

have been obti}ned on photolysis of 2-phenyl-l-azirine with
methylméthac:ylate. Similar resplté were obtained with

methacrylonitrile too.

)/R hy

e

+ CEg=c

R=COOMe,CN - 71 72

Photolysis of 2,3-diphenyl-l-azirine with
dimethyl acetylenedicarboxylate afforded 2,5~dipheny1—-3,4-

dicarbomethoxy pyrrole.

[
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o | hv ..
+ MQOE-CEC.-COMO =

h

The'phépochemical réactibns of l-azirines
with carbon-oxygen and-ca;bon4sulfur double bonds élsq
has been exténsively studied. The stereoisomeric oxa-
zolines (73) and (74) have béen obtained exclusively with
complete regiospegificity, on photochemical addition of

l-azirines to fthe carbonyl group of‘aldehydes,48'49{50

ketones$0'51'52 and esters.51{53'54

P 4+ /C=0 i _h\)_+
Ry .

R=Ph,CH ,H = H. '

R1=alkyi, aryl R2 ,qlky}, OEt

The photochemical addition of some heterocumulenes

has also been studied.55'56 Oxazoline (75) has been isolated

on irradiation of 2,3-diphenyl-l-azirine in benzene in the
presence of ketene. #Similar results were obtained when l-azirines

were irradiated with diphenylketene.

L I
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l.2.5‘hétal Promoted Reactions

0

\ & : »n'

. Transition metal qarbonyls cah affect a number
of useful reactions in orga%&c chemistry.64 For example,
cyclocoupling of ¢, a'-dibromo ketones with olefins or.dienes
in_thé presence of diiron enneacarbonyl is one interesting
transformation.65 Thus, substituted 4chcloheptenone§ have
been produced in fair to exc;lleng\yieiqs by reaction of

a number of open chain dienes with tertiary or secondary

30
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s o'-dihaloketones. This reaction providés'a very

. facile entry into sevep-mémbered‘ring systems which are
normally both difficult and cumbersome to éyntheSize.“
This chemistry has offered the most direcﬁ rdute to a
numbéf:of'natural products cdntainiég seven-membered
.rings. For examble, nezukone (80}, B - thujaplicin (81}
and «a -thhjapliéin (82} could be synthesized fromlphe

cycloadducts of fﬁrans.66 .

L

0} . . - .
| , o '
- OH % OH
-V 80 o | 81 . 82

Isomerization of cholesta—3,5—dienes67 with
Fe(CO)5 in refluxing dibutyl ether is another metal -carbonyl
induced reaction. Decomplexation with FeCl3.in ethanol
has given the cisoid isomer in good yield. The driving
force for the isomerization is the necessity of the diene °
to possess a cisoid conformation in order for cqmple%
formgtion to take place. This reaction sequencé has provided
for the synthesis of compounds not readily available By

other means (e.g. 83, R = OCHB)[
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FeCls
E%OH

-

Fe(CO)3 o - 83

R=H, CH,,OMe, C¢H, b

".))’* There also has been considerable)interest in

recent years in the use Of transitiop metal organometallic
complexes for the cleavage of strained ring compounds_.6

" For example, tetrakis (triphenylpﬁosphine) palladiﬁm (0)
can catalyze the conversion 5; ﬁinyl epéxides to either

allylic alcohols (e.g. 84 ~+ 855 or B,y-unsaturated ketones,

depending on the nature of the organjc reac;tantq69
' ' S

n—C4H'
_ Pa (PPh;), , THF LB=C H; C,Hg=n
- 1109¢, 95% /
4H9_n "
B4 85

Vinyl cyclopropanes activated by the presence

of a 2—aryl group, with Fe (C0)5 haue been reported to gwe

the iron trlcarbonyl complex of the highly reactive 2- aryl—

1l,3-trans pentadlene.7-0

-~



X : %
Fe(CO)5
: o
;/ . ; ; Bu,,0 '\
. ' A
e(CO)3
X=H,CL,OCH

3

As mentioned earlier, azirines undergo carbon-
carbon bond cleavage on photolysis, while thermolytic ripg
opening of these 3-membered unsaturated heterocycles usually

12 It is

occurs by cleavage of the carbon—nitrdben bond.
also known that under nonphotolytic conditions metal carbonyls
cén effect'photolytic type reactions of Orgahic substraées.
For examplé, the reaction of santonin with FeZ(CO)Q 71 leads
to iron tri0a¥bonyl complexes (86) and (87). The organic
ligand ofh(87) is the product isolated as a dimer .on solid
state irradiation of santonin. Thus, Fez(CQ)9 couid,efcht

a rearrangement which'greviously was only observed under

photolytic conditions.

.. 2

Celle

407°C

Y

+ Fe?_(CO)9

Hj

e et 3

e e A s e m L -

i e
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‘On the basis of these results it .seemed ipter—

" esting to find out whefher metal carbonyls could’ induce

cleavage of azirines in a synthetically useful manner to
~ provide simple and convenient synthetic approaches to

heterocyclic systems and/or to rm novel.ofganometailic
complexes. It was also important) to learn whether such
antﬁcipated organomet allic reactiong would take piace by
Earbon—carbon or carbon-nitrogen bond cleavage‘Bf the azirine

ring.

In 1975 Alper and co~woikers72-carried out-the
group 6 metal carbongls[‘MjCO{ﬁi ﬂ = W, Cr, Mel induced ,
rgabtion of l-azirines in THF at room teﬁgerature, which
gave 2,5—diphenylmmaﬁnes ‘hsually as thé Fajpr product,
with isomeric 2,5-diaryl-3,6-dihydropyrazine and 3,6—diphenylé

3,6-dihydropyrazine as the by products .

_ __ ph h
M(CO)g,THF |

- +
.r.temp.,Ny 7

-

M=Cr,W, Mo
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‘ A study of tﬁe reaction of 2-phenyl;3-subati-
tuted-l-azirines having substituents whiéh are capable of
participating in intramolecular cycloaddition reactions

‘has also been undertaken iﬁ the presence of molybdenum hexa-

carbonyl, since the nature of the products formed in such

cycloaddition reactions would be able to provide evidence

: o i -5
PR SR

regarding the site of cleavage of tﬁ% azirine ring. For

73

example, 3-phenylisoxazole was obtained, when 3-formyl-2-

phenyl-l-azirine (88) was treated with Mo(CO)6 in THF at .

room temperature. Previously, 3-phenylisoxazole-was obtained

in 80% yield by thermolysis of l-azirine (88) in toluene at

200°C in a sealed tube for 3 days ?,
7 o Ph .
Mo¢ CO) ~ '
6 | \ °
o s . T\ .
: THF,r.temp. . (81%)
ohrs A »
gg . cHo  ° . : | :
‘ {
{

Similar treatment of N—arylimines (89), readily
prepared from (88) with the appropriate aniline in the presence
of p-toluenesulfonic acid or molecular sieves resulted in

‘the formation of l—aryl—B-phenylpyrazoleé in 67-96% yield.

L3

Application of the reaction to (El 2-phenyl-1-
‘azirine-3-acrylate (90} afforded 2-phenyl-5-carbomethoxypyrrole
in 91% yield and (2) 2-~phenyl-3- (2,3 diphenyl-2H azirine-

2 -y1) acrylophenone (91} afforded mixtures of pyrroles and a
1,3-okazepiﬂe79 mixtures. Similar results were obtained |

with diiron_enneacarbonyl81
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y -
3

- - P
—E’%‘F-%t—r%j \)
‘ 24;rs i \\T

=

89

3 | . ‘

R=H,Cl,CH3,OCH

p | L .
—C—0OMe Mo[CO}H,THF N -
H / u r.temp. P / \ . _‘ :
J COOMe
90 ‘ ‘ J (91%)
o
. Ph
,, . . , P
Mo (CO) 6 . / \ —I" '\
P . r. temp. : / ,
COPh | THF, T tempP h Bh oh
P ' l: I :
p//\ o H COPh
91 : . ‘ i
P OPh
P h
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' These results showed that Mo(CO) . effects C-N,
rather than C-C bond cleavage of the azirine ring possibly
via complex (92) [Scheme 2 ], sigge the_éroducts obtained in
these reactions correspond to those formed by therﬁolysis

rather than photolysis of l-azirines.12

The charged separated
structure (93&)'is a‘significant contributor to the reéoﬁ-‘
aﬁce hybrid of (93) and is stabilized by electronﬂdonéting
groups attached to X (e.g., Y=;p-CH3OC6H4i. The hetero-

cycle (94) would afford by the ring closure of (93).

| / Mo(CO)g

Mo (CO)g N
_60 - P
’ X —Y
py 92
X-¥=0,NC_H,RB,
‘CHCOOCHji
\f
Mo (CO) ¢ ' " Mo(CO) ¢
N . .
\ =S
' @
L D
93a
94



Recently, support for a nitrene intermedfﬁﬁe
has‘come from work by Nitta's group,74 who carried out the
reaction of 3-benzoyl-2-phenyl-l-azirine with" an equi-
valent amount-of Mo(CO)6 in'acgtonitrile containing an
equimolar quantity of water. 1In the presence of water the.
postulated nitrene complex collapses to isoxazole and

"B—aminoenone in 50% and 28% yields respectively.

P Bh
_CH,CN,H,0 y CH3CN/HD .
o temp. N - r.temp.
Mo (CO) ¢ ) (50%)

Similar results have been obtained by Nitta'slﬁ

group on photoirradiation of 3-benzoyl-2-phenyl-l-azirine
with a stoichiometric amount of Fe(CO)5 in_moistlacetonitrile.
Isoxazole and g-aminoenone were obtained’in yields of 43%

and 39% respectively. However, under similar conditions
photoirradiation of 3-benzoyl-2-phenyl-l-azirine in the
absence of Ft;:(CO)5 gave the isoxazole in 27% yield with the
isolation of the ﬁnreacted azirine in 69% yield. Further-
.more; when the above reaction was carried out at 50°C in the
presence of'Féz(CO)g, the same two products, isoxazole (31%)

and p-aminoenone (57%) were isolated.
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ZHQPyrrole has been obtained in low yields
(5-20%) by molybdenum hexacafbonyl induced intermolecular
cycloaddition of 3,3 —dimethyl-2-phenyl-l-azirine with

| acetylene carboxylates.76

In the absence of.the alkyne,
pyrazines or dihydropyrazines were formed, A.substituted
pyrrolé has been isolated from 2,3-diphenyl-l-azirine where
there is a H atom on the saturated carbon atom.: The
formation of the*létter and 2H-pyrrole could be rationalized

on the basis of cleavage of the carbon-nitrogen double bond of

l-azirine.

The use of silver pgrchlofate77 is another
‘metal induced‘process }or.convgitlng azirines into pyra-
zines. Metallic silver has bééh oEtaihed as a by-~product
in that reaction. Reaction o%_cYclopentadienyliron'
dicarbonyl dimer, [CpFé(CO)z]z,-with l-azirines aiso have
formed pyrazines with the dimer of cfclopentadienone,
Bq8—diketo-4,7—me€hano-3a,4,7,7a-tetrahydroindene3,

obtained in as high as 38% yield.’S

- N

| o P
Ph‘& _l.. CoHe 2 m+
1 r.temp. Ph

F (CO)2
g

or-
A2 g0eC
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A similar reaction uaing 3—foxmyl-24phenyl-
l-azirine as the substrate afforded 3-phenylisoxazole in
84% yield. These_;esults'znaicate that as group VI metal
carbényls, the iron carbonyl dimer behaves in an analagous
mﬁnnar towards l-azirines. The formation of cyclopenta-
dienone has been proﬁosed to .occur via initial CO displace—
ment by azirine from [sz(COQZFeZE; to give (95) [Scheme 3 1],
which on metalation with hydrogen transfer to the azirine
possibly via an iron hydride intermediate would .form (96).
Oxidative cleavage of (96) in which each iron atom is
M:-complexed to one cyclopentadienyl’'ring and ¢-bonded to
another would give cyclopentadienone. 'The latter would be
readily aimerized to’ cyclopentadienone. (path q). Metalation
of (95) by loss of azirine to give (27) (path b), which
could then collapse to cyclopentadienone also has.been
suggested as another possihle patﬁ, -In this reaction cyclbé

pentadienone was not formed prior to workTﬁp.
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1

In 1976, it was reported80 that lJazi;inés
‘react with diiron enneacarbonyl in benzene, probany'via
cleavage of éhe carbpn—nitrogen single bond to.give several
interesting ofganometallic éomplexes (98-101) as well as
pyrroles (102) and ketones (103). None, however, were
formed in high yieids.

. h
PH A

, ~ Fe,(CO) g - *\‘NS;Epe{c013 o N-——Fe(CO)
h-<ff ! 500C, C H, /-N——---sle(cm3

, + _“‘\ e (co),
3-4hrs \J//Lbh
98

Sae(co) o
2ze (co) + I 102.], Fe(cO),

101

h + Ph__c —cH,

. 102 103



A .
a —-Chloro ketones (104) and pyridazines (1Q5]}

have been obtained in nodest yields with small amounts ‘

of 2,5;diphenylpwﬂ2ine . (166) and monoketone (107}, when |

l-azirines were tfeai:ed with twice the molar amount of

TiCl, in hexane at —7§°C.73 Even at -7.8°C, these reactions

were reported to be exothermic. No' heterocycle has been

detected when a methyl group was at the saturated carbon
atom of  the l-azirine ring. The w~chloro ketone (104)

‘was fou}:d to be the major product formed in all cases

;

except_‘.f'lz—,phenyl-l—azi‘rine, where the pyridazine was obtained as the

majfo‘;:‘"'fproduct .

—¢mr" +
Cl

104 R

R=H CHB,Br
R’ =H, CH

AN

107 |
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. Nickel (II) catalyzed reaction.of l-azirines
with activated ketones has been reported to givé pyrroles
in.qﬁantitative yvield at room temperat'ure.B.2 ‘This cata-
lyst has .proven to be advantageous, sihlce_ the‘.synthesis'

~ is free from side reactions.

" - . \ }? ~ Ph

_f. R?CH2C0R3 Ni]acac!a 5

(CH,) ,CO RS
Ph : ' ) -
v r.temp. L

Rl = H CH3,C :
R® = —cocag\ -CN , —%—CHE
R 1

= -:CH3, 6 5, CHE-C—(CH:_,’)2

The pyrrole (109) was obtained in 83% yield

by treatment of azirine ester (108) with topper stearate

at 80°C'rncyciohexane.83

3
-

C er st

80°c, Jhrs
0,Me cyclohexane

108 ' 109 ‘
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_ 7 On the other hand Cu(II) bromide promoted

reaction of 2—pheny1-1—azirine under mild co:j?ti&né has

g \x*—fgﬁyen 2 typesof dimeric bromo compounds depe

B84 . .
solvents used. w ~Bromoacetophenone azine was obtained

-iﬁg on the
at room temperature in cyclohexane, while é-brgmomethyl—2;4-
diphenyl-2H-imidazole was formediin'cplé. When the 1atéé;-
was carried outby cooling in- an ice-salt bath‘aé isomeric
.Q—bromo—e,5—diphenyl—1,éldiqzabicyclo [3.1.0] hex-3-ene

was obtained. This was tragéférmed tolzébromometﬁyl—2,4—
diphenyl-2H-imidazole by allowing it ‘to stand in ccl, at

room temperature for 1 day.

' {
Cubro.Ceflyy o %\N 725" 4 cubr
BrCH,, - v ¢
T .temp.,24hrs - 2 =
CuBrz,Cél4 . (74%) \>h '
cooled in ice-salt bath
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to be correct. Stablﬁabgs (amino azirine) zinc dibromide .

46

It was reéeported that dichlorobis (benzonitrile)

[y

palladium (II) catalyzed reactlon of l—a21r1nes having a
)

-

phenyl group at the saturated carbon atom of the rlng has

given indoles quant1tat1vely.85 The same indoles were

isolated by thermeolysis 'of these l-azirines.

L~ P h .
R » PACL, (Bhey) _ "
30°c,C H, P .
2N NH3,H20 |
Cl—Pd—cl
H
£
elevated -
temp.

" R=H CH3,Ph

\ Evidence ﬂn;the intermediacy of bis {azirine)

palladlum dichloride complexes in these reactlons has been
obtalned using 2~equ1valents of a varlety of l-azirines. 85,86

Indqles have been also isolated quantitatively upon stirring

¢ thése bis(azi;ine)'palladium diéhldride ;ptermediates in

benzene at room temperature,85 indigating the above assumption

-

complexes were obtained by the reaction of 2-dimethylamino-
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3,3~dimethyl-l-azirine or 2(N;methyianilinol—3,3—dimethyl— i

l-azirine with ZnBrzin a 1:] mixture of CH3pN:CH2C12'at

i
i
room.temperature.87 By X~-ray analysis, the structures of ' dwi

the zinc and the related bis (azirine) cobalt dichloride

complexes have been confirmed,%8C/ 88

2-Styrylindoles, whikh are useful intermediates
in alkaloid synthesis have been obtained in good yields by

the reaction of l—azirinesa(110) with dicobalt octacarbonyl

89

in benzene at room temperature, Since 2-substituted

indoles are not as readily accessible as 3-substituted

90

indoles, this reaction represents a simple and

convenient approach to such heterocycles.

4

C_H
-|— Co, (CO) 4 66
' R.T.,N,
2
110 4hrs
R=H, CH,,OCH,, Br

The same transformation has been realized using
(110} either with a catalytic-amoupt of chlorodicarbonylrhodiﬁm
(1) dimer [Rh(CO}2C1]2 oé chlorocarboﬁylbis {(triphenyl-
phosphine) rhodium (I}, t(PPh3)2RH(C6jCl ] » in benzene at

room temperature.91 This rhodium reaction has displayed.

. L]
LE
- W

RN
o,

e
-
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\\ ‘ \ an int_erest:’l.ng concentxation dependence, since 2,5 diphenyl
' pyrroles were formed using ;ai 2:1 molar ratio of l-azirine
" to rhodium (I) compléx, i.e. as .a stoic_:hiometr_ic process.
, . ) . . P .
Furthermore, this rhodium (I) reaction waé_
. carried out in the 'pres’e,nce of cai‘bon .fnonqxide in order to
’
trép the intermediates in the reaction, as well as to N
realize us’eful organic synthes\‘is. From this carbonylation -
reaction vinyl isocfanates have rbeen -Ersdiated.gz-. The ' .
isocyanates were either isolated-as such or as uré._as or
carbamates by exposure of thé products to amine or alcohol | e

respectively.
R

C_.H r.tém .
. 6" R N=C=0
'l" Cco +[Rh'(CO)2cl]2 or SOC - / )

MeOH
E@,\,/NH@-NHCH2Ph | ©

HCOOM e

R=H’CH 'OMe, Br

3’
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. ' 113

.
Vinyl isocyanatesimay-haie arisen from a vinyl
nitrene compl%x'(lll) [Schene l{t path a)]. Ligand migration
{(L12) followed By decomplexat%&n would afford the isocyanate.
Metallocycles were alsqQ suggested as possiblg iﬁtermediates
inr these reactlons (path b). The rhodlum.(III) complex (113)
could form by the oxidative addition of l-a21r1nes to the

rhodium (I) complex, which on llgand mlgratlon (114), followed

by decomplexation would afford: the 1socyanates.

5

'+'[Rh(c0)201]2. Path a

Path b

.

CO

. \N<Rh (CO) ,Cl
114
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1.2.6. Miscellaneous reactions

l-Azirines have shown to be sufficiently nucleo-
philic to react with 'gphenylcycldpropenone .to give

3

4-pyridonés (116) in\good yields.s7 When R = CH, the
géminally substituted pyridone (115) was isolated. . '

Ph

115, w\’ 116

The addition of cyclopropenyl cations to

l-azirines has been reported58 to give pyridine derivatives (117).

b
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R=H,Ph . R=H, CH,Ph

Reaction of 2-phenyl-l-azirine with pyridinium—
N-imine hydroiodide in the presence of base gave bicyclic

triazine derivatives in good yields.sg'60

/

O,

R H,CH

3

*
Ketenes were also reported to be attacked by .

l-azirines. But in this case 2:1 adducts (118) - were

formed.ﬁl'
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In contrast to lithium'aluminum hydride, the

catalytic hydrogenation by palladium or Raney nickel

surprisingly resulted in reduction of the C-N bond rather

than the double bond to give unstable imines.3’62’63
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Aims of Research

Pd(dba)2 Catalyzed carbonylation of azirines

o Azirines undergo a variety of interesting and

~useful‘ring cleavage reactions in the presenée of organo-

metallic compounds 680.

In 1979 Sakakibara and Alper
investigated the carbcuflation of azirines in the presence
of Rh(I) complexes [e.g., [Rh(CO)ZCI]ZJV . Vinyl isocya-
n%tes, which are ugeful compbunds in polymer éhemistry, ‘
were obtained from'éhis carbonylation reaction. 'Some
disadvantages in this reaction are that the reaction is
neither catalytic nor regioséecific.ln.aﬁmmbmﬂof:m11mﬁum(0)
catalyzed reactions given in literature , palladium complexes behaves -
as nucleophiles . Palladium is more nucleophilic than rhodium,ﬁat
Pd(CBHSCchHCOCH=CHCGH5)2,[bis(dibenzy]ﬁdeneadetone)pa]ladium(O),Pd(dba)z],
containing 1igands wi;h acceptor groups acts more 1ike rhodium.Therefore

our aim was to.see if we could obtain the vinyl isocyanates in high

yields by carbonylation of azirines using catalytic amounts of Pd(dba)z.

53
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Catalytic homogeneous carbonjlation.of.azirines by Pd{PPh3)4

v

When the Pd(dba)é catalyzed carbonyiation of

azirines gave vinyl isocyanates in verf hiéh yields, we

planned to examine the effectlof other Pd(O) comple;es also
| in-this o reaction. Since Pd{dba)2 céntaiﬁs acceptor
bidentate ligands, it seemed‘interestiﬁg to learn what
would happen if one used Pd(0) complexes.with donor ligands
like tetrakls(trlphenylphosphlne)palladlum(o) Pd(PPhB)q,
in the latter reaction. Our aim was to determine whether
Pd(PPh3)4 catalyzed carbonylation of azirines would give
vinyl isocyanates 1ike Pd(dba}2 or whether if one would be
able to ring expand the azirine to a four-membered ring

heterocycle and thus realize the synthesis of 'g-=lactam

derivatives, an important class of compounds.

Pd (0} Catalyzed reactions of azirines under heterogeneous
cormditions

éalladium (O) catalyzed carbonylation of azirines
under homogeneous condltlons resulted in novel synthe51s
of two 1mportant classes of compounds. Tetrakls—-
(triphenylphosphine)palladium(0) catalyzed the conversion
of azirineé to pg-lactams, while vinyl isocyanates are
formed in a segiospecific manner using bis(dibenzylideneacetone)—
palladium{0) as the catalyst. It seemed of 1nterest there-

fore to learn whether Pd(o) catalyzed carbonylation of
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azirines effected under phase transfer conditions would.
afford the same ( B ~lactam, vinyl isocyanate) or different
products than the homogeneous reactions.

‘ &
Mo(CQ)6 induced reactions of azirines with carbanions

The reaction of a;irines with nuc}eophi;ic
reagents has been investigated in somas detai1.24 A question
which arises is whether the presénce of metal complexeé_can“
promote synthetically useful transformations under such
conditions. Azirines are convertible to pyraéines,
isoxazolﬁf, pyrazoles, or pfrroles on exposure to Mo(CO)6
and oéher Group 6 metal carbonylé73. Since it is believed
that ‘the initial step in the az’irine'—Mo(CO)6 reaction is
the formation of a nitrogen'donér ligand complex
[azirine_Mo(CO)5 ] and since in suchﬁa‘complex the carbon-
nitrogen double bond would be more susceptible to nucléo-
philic addition’>, it was decided to investigate the
molybdenum he#aparbonyl induced reaction of azirines with

carbanions derived fronx(}dicarbonyl compounds.

14
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R CHAPTER ‘111

3. Results and Discussion

. 3.1. Palladium (0) . catalyzed carbonylation of azirines
under AoMOgenecus "donditions ‘

The chemistry of azirines has been extensively
investigated in recent yéars7'24. The metal complex
catalyzed ripg opening of azirines has led to tho develop-l
ment of several interesting and useful reaction processessac.
In 1979, Sakdkibara and Alper initiated a study 6f metal
complex catalyzed carbonylation of azirines using soluble
metal complexes, in order to trap the intermediates in
reactions effected under a nitrogen atmosphere. Further-
more, it was hoped that one could riog—expand the azirine to
Q@ four—meﬁbered ring heterocycle and_thus realize the
synthesis of B-lactam derivafives, an‘important class of

1 .
compounds. Although carbohylation of azirines did occur by the

use of sto1ch10metr1c quantities of. rhodium(Lq cOmﬁnund(e gqchlorodi

c¢arbonylrhodium(I) dimer), the ring-opened vinyl isocyanates were

92

obtained and not any heterocyclic compounds .It was anticipated

that carbonylation of azirines in the presence of Pd(dba), [dbe=
dibenzylideneacetone] would also lead to vinyl isooyanates,
since Pd(dba[Q,containing an acceptor bidentate ligand

would act more like rhodium. Therefore a study was made of
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Carbonylation of an azirine (14) with a catalytic
amount of Pd(dba)2 in benzene affﬁrdeé the vinyl isocyanates
as anticipated. This m;tal—catélyzed'azirinencarbonylation
reaction proved to be an exceedingly clean one leading to
vinyl isocyanates (15) in high yields. ‘Product character-
ization was made either on the ﬁinyl isocyanate itself or
on the carbamate ester (16), formed by simple addition of
methanol to (15). The yields (77-99%) and reaction times
are iisted in Table 1. Spectral data are given in Table 2.

When one compares the Pd(dba)2 reaction with

the Rh(I) reactlon, a serlous dlsadvantage in the latter

5\
A
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jthe reaction of the bis(dibenzylideneacetone)palladium(0)
catalyéed carbonylation of azirines.
R o Pd(dba), Re_ _~NCO
+ CO = > a3
, © C.H,.,40°C . . ' e
676 : . 1
B 1 atm R
CHBOF
v
~ 'R__~ NHCOOCH

3



.

f. is its stoichiométric nature whereas the Pd-(dba)2 reaction
is c¢atalytic} also the yields of(15) and (16) are consist-.
‘ - . . . _‘ l"
ently higher with Pd(dba), than with [Rh(c0),c1],%2, o
S — : - |
When we used 3~methyl-2-phenyl-l-azirine only one isomer,
{E) -l-phenyl-l-propenyl isocyanate (15, R= CGHS,Rf=CH3),
was obtaingd fﬁ quantitative yield. The nuclear magnetic
resonance speetrum of (E)—l-phenyl—l—propenyl‘isocyanate'
. \ N ' .
(15,R=C¢H,, R =CH;): 'H NMR(CDC1,), 1.67 (d,3H,CH,,J=8Hz),
' 5.63(q,1H,CH=),7.33(s,5H,C H,) agrees  well
with data reported for the same compound (i.e., the E
isomer) .synthesized by an indepeﬁdent rou£e93. The- latter
was converted to carbamate - ester (16,R=C_H.,R"=CH.,) on
e 65 3
treatment with methanol. No 2 isomer of (15) or (16)
was detected. In contrast, the Rh(I) reaction is not

v . .
réqlospecific?.

.
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Yields for the carbamate ester (16)
(16) , R, R '-Reacﬁ;on Time,hr vield % |

. 7 ' - - v
P-CH,C H, ,H 29 . 83

CeHy  ,H T488 . 77P
p-CleH4 +H oygrnight ) 99
p—B;CéH4,H overnight. .96

CEHS ,CH3 overnight_‘ - 98

L

. - .
2 When Pd(o—MeOdba__}2 was used .the reaction time was 4 days

and with Pd'(o—Medba)2 the reaction time was 6 days.

b
P

b When Pd (0-MeOdb }, was used the yield was 80% and with

Pd(O-Medbq)z-the yield was 77%.
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Since'the carbonylation of azirines in the
presence of Pd(dba)2 containing'accepfor bidentate ligand
lead to the vinyl,isocyaﬁates‘jlé), ;t seemed ihteresting

,ﬁo learn whetﬁer Pd(O)'complexes with donor ligands like.
Pd(PPh3)4 also would afford viny i;pcyanates'(lé) or
different'products than the Pdidi§{2(éata1yzed reaction.

Therefore a study of the éarbonylation reaction of |

aéirines catalyzed bylPd(PPh3)4 in benzene was.carried

out. Much more interesting results“yére obtained'with

the Pd(PPh3)4 catalyst since the bicyclie g-lactam (17)

was obtained by insertion of carbon monoxide and cyclo-

ad®ition. Tﬁis homogeneous proceﬁs occurred under mild -
conditions {1 atm, 40°C) using a iin\ratio of (li)/Pd(PPh3)4'

. The flelds 5 melting points and analytical data
k;zi/(ll) are listed in Table 3, and pertinent spectral

‘ a are given in Table 4. The structure of tﬁe product

was determined from analytical and spectral data. A single-
crystal X-ray determlnatlon of 17 {R—p CH,C_H,,R =H)

376 4'
was also made.

o

| | Pd(PPh.) _
R 7 374 Ty
+ CO =
y CgHgs 40° C / N
1Y R 1 atm ‘
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The appearance of a carbenyl stretching band at

1763-1783 em T

(CHClB) in the infrared spectrum was
consistent with the présence of a B-~lacta® ring in (17).
In the proton madnetig_resonaﬁce spectra of 17 (R=a;yl,
R = H), the two methylene Qroups displayed different
magnetic properties, the methylene protons of the four-
membéred ring gave‘a singiet (83.53~3.59) Qhereés the
methylene protons of the five-membered ring appeared as
two doublets ( 6§3.92-4.00, & 4.98-5.30, J=16Hz). The
methylene carbons of 17 (R=aryl,R’=H) 6ccurred at

6 53.23-56:09 in the carbon magnetic resonance specﬁra,
and £he‘carbon at.the ring Jjunction appeared at § 92.64-
92.91. @y comparison with shifts for the analogous

carbon in related penam system’s95

, the signal at §169.75-
170.50 was assigned to the carbonyl carbon of the

B -lactam. The unsaturated carbon of the imidazoline

ring gave a signal at 6§178.66-179.37. All the mass spectra

displayed a molecular ion peak, and the primary fragmen-

tation was the extrusion of carbon monoxide.

H R
Rl .
& N
H
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Although structure {l17) could be assiéned on
the basis of the spéctral—data, isomers such as-(lg)
could not be ruled out. -Consequently, an X-ray analysis
of ll(R=p-Cﬁ3C6H4,R’=H) was undertaken to unambiguously

establish the structuregﬁ. - The study has identified the

A

product as (ll).

The structure given in Figure 1, shows the

"

W
.
(at \

12i121 1
in?
210 229
&,
1213 ney Nit)-C(8}-C(6) a9 B
ne N{4)-CISI-CitBl U7 &
no 3fizz s
nrajint ——
i At 1207 1214
84 2 8901051 .
us 223 2on 1B nr s 218
. ’ 1220 1211 120 B
1361}94 3 90 %08 3
1208 12t

1203 uEd LY
*
-

b

Figure 2. (a) Bond lengths (), e.s.d.'s =0.004-0.005 & ;
(b) Bond angles (°). e.s.d.'s = 0.,2-0.3°,
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interesting geometry of the B-lactam with respect to
the five-membered ring, and the bond.lengths and angles
are shown in Figure 2.

First we proposed,las a working hypothesis,
a mechahism to account for the formation of (17) from
(14) as outlined in scheme J (iilﬁstrated for 2-phenyl-1-
azifine). Substitution of a phosphine liéand of thé
catalyst by carbon monoxide would give (19). The latter
may‘then éffect carbon-nitrogen bond cleavage of the
dzirine, affofd;gg the ‘azaallyl complex (20). 1In a number
of important palladium-catalyzed reactions ¢ -allyl
complexes have been suggested as intermediates 97’98.

Intermolecular reaction of (20) with another molecule of

2-phenyl-1-azirine would produce- (21), which would afford

the bicyclic system (22) by cyclization and decomplexation. -

Insertion of pélladium into a carbon-nitrogen bond of (22).
or oxidative addition would give (23), which on iigand
migration and decomplexation or reductive elimination
would afford the g-lactam (l7) and regenerate the

catalyst.

i
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3)3 + PPh3

-

'1>c1(1>1>113)"1 =——— Pd{PPh

Pd (PPh3) 3 + CO '—"Pd(PPh3)3CO

. 12
19 L
Ph_ | = » Ph {—Pd(PPh,) ,CO.. +
-PPh, W @ =L
| | A
. J ,/' Ph '
| : PPh. .
Ph //Nﬁﬁt;:> < 3.
-1
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~PPh
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Ph o Ph
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e : Ph 0
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If (22) was ‘an intermediate then one WOuid
expect the P'd(PPh3)4 to promote the carbonylation of an
aziridine to a .B-lactah. 3pwever, no reaction occurred
when-N—n—buty1-2—phehylaziridine (13) was exposed to
carbon monoxide and PA(PPh,),,. Recently it has been
;gportedgg that R =lactams could, be obtained from Rh(I)

catalyzed carbonylation of aziridines under pressure of

carbon monoxide at elevated temperature,
¢

_ " Cgtls )
ERB(C0) ,C1 1, .

+ CO-

s Celg &

. R ' .
In addition, the photodimer 11;)106 of 2-phenyl-

l-azirine is an isomer of (22), and it also failed to
undergo carbonylation'under éonditioﬁs described
for 14 (R = Ph,R' = H). These results provide evidence
against the intermediacy of (22) in the carbonylation
reaqtion. ‘ »

A

Ph Ph

. 20 atm ,90°C - - (100%)

)
!
i
!




What is remarkable about the rééults described above is
the complete sélectivity exhibited by/the palladium
:catalysts: AWhilé Pd(PPh3)4 catalyzes the conversion of
?azirines to pB-lactams (12) with nb vinyl isocyanate (15}
:product being detected, compound (lé) is the oﬁly product
- obtained ;hen Pélfdba}2 is ﬁggd ff‘the catalyst.
~ 'How can one rationalize the formation of

B-lactams and vinyl isocyanates in these reactions? It

is conceivable that both produéts arise via-a common inter-

mediate (Scheme 6A) ; illustratad for lg, R= C R'=H).

657
. Structure (25) is a contributor to the resonance hybfid'
of (ggi.'.Intramolecular cyc;ization of (25) would afford
(26) . Decomplexation of the paiiédbcyble cén occur in
one of two ways. For L,=dba, elimination of Pd(dba)coﬁ)
0ccurs_in the présence of carbon‘monoxidé to give the
vinyl isocyanate (15). Reaction‘of the palladium species
with azirine will regenerate (20). Fo£ L=PPh,;, reductive
~ elimination takes place to give the azetinone (27) and
lbd(PPh3)2CO, the TaEter again forming'fgg) on £reatment
with additional azirine (14). Nuéleqph%liq-addition of
(20) to (27) would afford (28) which on‘ring closure and

elimination of PA(PPh,),CO would give the  B-lactam “(17).

32
An alternative mechanism invdlving metallocycle
intermediates is outlined in Scheme 6B, for the formation of viny]

isocyanates (15) and g -lactams:{17). -
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The Pd(PPK,), catalyzed carbonylation -reaction

of trazirine seemed to _be inhibited by the substitution. on.

v

the 3;position of the ring . No reaction “occurred: when .




B

§
3- ﬁormyl-Z—phenyl 1ﬂazirine ‘or 34dimethoxymethyl)-2—pheny1—

73

‘1l-azirine or 3fmethy1 3-allyl 2%phenyl- l—azirine was
ekposed to carbon monoxide aﬁh Pd(PPh3)4,and 3-methyl-2~
. . a . n

phenyl—l—azirine alsoc gave a very low yield-of B-lactam N
‘ _ C . ' ‘ ‘ L . ' '
17 (R=C H, ,ﬂécn ). . ‘a .

, .

' The effect of other factors such as a%iiiq\ _
ligands, polar solvents and hydrogen on the Pd(PPh ) o
catalyzed carbonylation reactlon always resulted in redutied
yields of the pg~lactam (17). .For example when the _
Pd(PPh3)4 catalyzed cerbonylation of 2-phenyl-1—azirine
was run in the dipolar aprotic solvent, N N—dimethylaceta-l
mide, p—lectam (17) was fprmed in 16% yield. The latter
reaction was alsoooerried‘out in'the presence of added
lioends, such as 2,2'—b1pyridyl,|N,N,N',N'ftetramethyle- . .2
xhyleneaiamine (TMEDA), maleic anhydride and allyl aoetate
in order to generate a new catalyst in situ by replacenent
of PPh by the added ligands. Such cétalytic species might
be able to improve the yleld of the reaction and/or change

f

the reaction course. For example, the carbonylatian.of

(1) by Pa(PPh3)4:2,2'ﬂbipyridyl,(l.l) or Pd(PPh3)4.

TMEDA(1:1) or Pd(PPh,),: TMEDA - (1:2)- or Pd(PPh,),: maleic
anhydride (1:3) gave B-lactam 17 (R=CgHg,R'=H) in 29%,

65’ .
28%, 31% ana 16% yields respectively Similarly, the < -

-4
carbonylation reac¢tion of (1) by Pd(PPh ) in the presence

%



of allyl acetate [ PA{(PPh;),: allyl acet%ﬁg.(l;l)] gave .
- 33-36% of pg-lactam 17 (R = 6HS,R' = H). But- the |
Pd(dba)2 catélyzed'carbonylation reaction in-the.presence
of allyl'acetate’did not show any reaction aftér;3 days: -
This may be due. to the fprmation of a (CH CHCH ) pat_
kwa)OAc comp]ex in- situ wzif the allyl acetate, Whlch
can inhiSit'the carbonylation “gaction_qf az1r1ne] But,
in the case of Pd(PPh3)4, this type of cbmplex formation
must be very low, since the yield of B-lactam was only
slightly reduced in‘the.presence of allyl acetate. The
carbonyiation reaction was carried out using'synthésis
gas (1l:1 CO/H2) to see the effect. of hydrogen on this

* reaction. B-Lactam 17 (R—C6 57 R'=H) was‘isolated‘in 25%

yield in the latter reaction with 4.5% yield of 4,5 —

diphenylpyrimidine [H 'NMR(CDC1;), & 7.40-8.96 (m,12H,

aromatic protons’ + pyrimidine protons); MS (m/e), 232'[M]+.].

The use of other PA(0) complexes as catalysts
on the carbonylation reaction of azirine was also examined.
Replacement of two triphenylphosphine ligands of Pd(PPh3)4
/_;& a dimethyl acetylenedicarbboxylate ligand [i.e., (PPhg);-
(CH3OZCC—CC02CH )Pd(0)] resulted in B -lactam formation
but in somewhat slightly lower yield {35%) than in the case
of Pd(PPh3)4 (using 2-phenyl-l-azirine). The use of a -
‘bidentate donor ligand such as 1;2—bis(diphenylpho phino)

ethane (i.e.,Pd(dpe)2 ) instead of triphenylphosp ine

74
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resulted”in,fhe pomplete inhibition of the reaction.‘,Also
tried were Pd(II) complexes in the carbonylation reaction, .

of azirine When one uses Pd(CéBCOZ)2 and di u—chlorobis‘
(n3—propenj;;;ﬁﬂﬂ1adhmﬂll) oy 6 and 4 fractions respect- .

- ively were isoiated, none of which was identified success- -
fully. However, when.theugarbonylatiOn reaction of = .

- 2-phenyl-l-azirine was effected with di- u—chlorobis(n -
propenyl)dipalladium(II) in the presence of triphenyl—-

phosphine ligand [Pd(II): PPh (1:3)] , bicyclic

3
B —1ac£am 17 (R=C.H.,R'=H) was isolated in 15% yield and
11% of 2,5-diphenylpyrazine was also formed This may
be due to the in sity formation of PQ}PPhB)n. Similarlyf
when-the cakrbonylation reactio? of'2—phenyl~l—azirine was .
carried out with Pd(dba.‘)2 in the presence ‘of PPh,,
R—-lactam was obtained instead of .vinyl isocyanate,-due
€b in situ generation of Pd(PPhB)n. When we use Pd(dba)z:
PPh, (1:30) the reaction was very slow and Brlaetem_iz J
(R_CGHQ ,R'=H) was obtained in 27% yield, whereas with
Pd(dba) PPh3 (}:3), latter was obtained in 35% yield and
the reaction waeléery much faster. When there isa large
excess of PPh3 in the reactiOn mixture, the formation of
Pd(P?h3)n_1t6 is very siow, because-the equilibrium
beEWeee Pd (PPhy)  and PA(PPh,) _, lies more towards
Pd(PPh3)n as shown below. |

PR

2 — > pd(pph.) +2 “dba’

Pd(dba), + n PPhj 3, .

]

—————- .
PA(PPh;) Pd (PPh,) _, + PPhy wy

Cco

;
%

Ch e Bammae



When nickel [N1i(PPh,), ] and platinum

[Pt (PPh3) ,] analogues of'Pd(PPhB)4 were used, they were

.~ ineffective as catalysts for the azirine carbonylation . °

‘reaction. Starting material was recovered in both cases.

The Pd(PPh3)4 catalyzed reaction of azirine

under a ﬁitrégen atmosphere gave 7 fractions, none of

" whizh were identified successfully. Recently it was

111

reported that tetrakis (triphenylphosphinepalladium(0)

_catalyzed the conversion of 3-ally1-1—éiirines to pyridines

and pyrroleé, under nitrogen or carbon dioxide atmosphg;e. 2
This reaction ‘is sensitive to the atmosphere in which it
is conducted, as well as to the pressure. Under elevated

pressure (24.5 atm) the yield of pyrrole increased.

/

R
- : Pd(PPh,) ,
Ph 34_) / \ ‘\+_\
H
. . NZOI‘ Coao P 3 h
R - CgHe 4,507 C
he _ et A N
R CHBT. CH,CH=CH,, | ,

<

The mechanism whi?h has been proposed for the

-

formation of pyridines and pyrroles from allyl azirines, “

//f—ﬁ&\\i\Hﬂ’inVOlves a common int{?;édiété (33) [ Scheme 7 ] . As

in the other metal cafﬁonyl catalyzed reactions of l-azi-

rines, a nitrene palladium complex (g;) would form by
5. * B

2



- o~ Pd (PPh,) ,

Pd (PPh,). 5 -~

v 3 * 34 . Ph,
e . . ath b
" # R . - ? 2
P ' PPh3
'-Hz?d (PPh3) 3



78

$
.coleexaéiog;(ég) aﬂg cléavage of the carbon-nitrogen _}{
" éinglé bonq., Unlike simple nitreﬁe metal complékeé, ')“
' COmpouﬁd (31) has an allylic graﬁp; Binding of this dquble |
bond of the allylio unit to pallé@iu@'maflgive (32). By -
: allyiic hydrogen absfraciion, palladium hydride (33) may
'_form;which could react by two pathwéys to give pyrroles. 'E§1
aﬁd pyri@ines.. Trahsform&tidn of‘thq}hydride to the least
substituted terminal carbon of the allyl-unit wouldléive‘
(34) [path a ] and 'with PPhy, (35) and which on cycliza<
tion and}decomplexapion would agford (36) rand Pd(PPh3)3.
Compound (30) could'be regenerated completing the'cycle by
the reaction of_gd(Pfh3i3 with another molecule of azirine
(29), while (36) would reaZ;:y isomerize to the pyrrole (gl).l

Instead of hydr&gen transfer from palladium to

t
the least substituted.&£erminal carbon of the allylic unit
(33 —»34), (33) could undergo m.p0 allyl conversion in

the presence of PPh. to give (38) [ path b ]. "The pyridine

3

{39} and P_d(PPh3)2H2 would result from (38) b ehydroge- (/K
nation and elimination. Addition of PPh, to 'H d(PPh3)2

9°

It is also possible that (38) would elimina e-Pd(PPh3)3

would regenerate Pd(PPh3)3 with the eliminatjon of H

and H2 directly in the presence of PPh3.

Once some variations on the general procedure

of Pd(PPh3)4 catalyzed carbonylation of azirines were done,

Qeutried to trap the proposed dipolar azaailyl intermediate ..
%‘ . - .



- (29) in the latter reaction with various dipolaroﬁhiles.

-4_'

7%

In all cases it was not successful. For example, when

dimethyl fumarate and dimethyl maleate were used only

B-lactams(l7) were obtained with 2-phenyl-l-azirine or . ]
2{2',4'-dimethylphenyl)-1-azirine as reactants (i.e., no ' _ ._25 
cycloaddition products were isolated). When dimethyl

acetylenedibarboxylate'was used 4 producté were obtained

with 2-phenyl-l-azirine, none of which was identified

successfully. Similar results were. obtained with 2(2',4'-

dimethylphenyl)-l-azirine.

Diels—-Alder reactions were also attempted with
various dienophiles on the resulting vinyl isocyanates(15)
of Pd(dba), catalyzed carbonylation reaction of azirines.
This was also unsuccessful. When the resultant vinyi
isocyanate 15 (R=C HgsR'=H) was allowed to reflux with
dimethyl acetylenedicarboxylate and-dimethyl maleate in
benzene only tﬁe unreacted vinyl isocyanate lg_(R=C6H5,R'=H)
and esters were isolated after several days.

el g Al e minfoden Lt e
-



3.2. Palladium (O) catalyzed reactions of azirines
under heterogeneous conditions

-

Theiuse of phase—transfer catalysls as a preéa—
rative method in organib synthésis has grown rapidly during
the past eighteeﬂ:years 112’113. Theae reactions are
carried ou£ in an aQueous base—orggg;c two-phase system
with an ammonium or phosphonium salt, or crown ether as the
cagiﬂyst. Some of the advantages of phasé-transfer cata-
K}ytic processes include the ability to carry out the
reactions efficiently and under mild conditions. The method
also saves on expensive anhydrous aprotic solvents, and
agqueous NaOH is usgd instead of alkali metal alkoxides.

The  workup is also-usuall& simple. ‘

A liquid-liquid phase-transfer catal?zed nucleo-
philic substitution reaction is illugtratead in- Scheme 8.
Here Q+ is an ammoniﬁm'or phosphonium salt cation and Y~
is assumed to be more lipophilic than X~ . The catalyst
cation (f migrates with the anion Y~ Vfrom the aqueous

phase into the organic phase, where the weakly solgated ™

ion pair reacts with RX to give RY and [ Q*x-], which is

agqueous phase Na'y o+ Q+X"
\ .
inferface et S —————— b
Co. 3+ -~ R ‘ +.- .
organic phase [QY ] + RX —————> [ X ] + RY
Scheme 8

Fal



~then transported to the aqueous phase.

]

However, the mechanism shown in Scheme 9 applies
when highly lipophilic catalyst catioﬁs.are used. ‘According
to this mechanism Q will stay in the organic phase and

only the anions are transferred across the interface.

ayueous phase Na|Y K '

interface -__-__-_--“________-__-__EQ __________
v .

orgafic phase ' [Q*v-]. #RX ——=[q X ]+ RY

, Scheme 9

‘
Crown ethers have also been of great use.as
catalysts in solid—liquid phase transfer reactions: The
hiqp rate of the latter reaction in comparieon to the
reactgen in the absence of crown ethe;s‘is mainly due to

v

the fact that.crown ethers can bind to #he cation of a salt
[ . . ‘

‘:§d solvate the salt in the organic phase, ‘thereby increasing

We nucleophilicity qf the anion. ° Y

Transition metal complexes ‘catalyzed phase-
, N -
transfer catalysis is also reported to be a use;ul method

“ for effecting a varletf’of valuable’ syntheticr transfor-

mationsll?. ‘Examples include the regiospecific'cobelt

L



‘ ) - " . .. .
octacarbonyl catalyzed synthesis of butenolides (44) from

alkyhesll4 (Scheme 10) and the palladium(0) induced

conversion of vinylic dibromides ‘to diynes, diacids or

monoacids depending on the nature of the unsaturated halide,

and the reaction condit:Lonsllr5 . The fo-rlle;'-\‘.

*

-
S S o= Hm
agueous R4N X +Na OH m—m———> RAN OH +Na X

‘organic 32 R,N'OH +1iCo, (CO) y—> 20K

e -
N C?(CO)4+6[ R4N]2CQ3

-

+16H.0+2C0 24+200-2

2 3
+2 - _ ' -2
agqueous 2Co "+80H ———» 2 Co(OH)4
Co(CO)y, | o ‘ ﬁ
organic CHBI - i CH3C0(CO)4 - CH3 Co(CO)4
" . " | &
SN
3 - .
. / RCs=CH
+ by




reaction may'proceed,py disproportionatlon of Co,(CO)gq
_by oase to generate Co(CO); anion which then reacts with
CH,I to.give CH,Co(CO) , e Carbonylation of the
latter may'generate acetY1cobalt‘tetracarbonyl'(ﬁg)‘which
can add to the alkyne giving a vinyléooalt complek (il).
Carbonylation of til) would éive (52) which may underéo
‘metal~carbon bond cleavage by base to produce the unsa-

' turated keto aciaj(43), which is the chain tautomer, of
the cyclic lactone (44).

It seemed of interest therefore to learn
whether the'palladiuﬁ(o) catalyzed\daroonylatiOn of
azirines, effected under phase transfer cgnditione; would
afford the same (15, 17) or different products than the

homogeneouS'reactions. Therefore we investigated the

latter reactlon

Treatment of 2-phenyl-l-azirine (45,R=H) with
carbon monoxide, 50% NaOH benzepe as the organic phase,
benzyltriethylammonium chloride .as the phase transfer
catalyst, and tetrﬂﬂs(triphenylphosphine)palladium(O)
[ 10/1 ratio of 45 / Pd(PPh3)4 ] as the metal catalyst,
at 45°C for 1.Shr, afforded 2-styrylindole (46, R=H) in
29% yield. Product yields, reaction times and the phase
‘transferroatalyst used are given in Table 5. Spectral

data gre listed in Table 6.

83



When the reaction was effected nder a nitrogen |
instead of carbon monoxide atmosphére, ﬁg/jeaction took
place, although the reaction should, in principle, proceed
under such conditions since there is no CO insertion in

the product formed. However, when cﬁféon dioxide was used
as the reaction étmosphere, the indole was obtained in

19% yield. The indole (46) is ot formed.ln the absence

of palladium(ﬂ) catalyst, but in thé presence of CO

In the absence of the phase transfer catalyst, the
‘conversion of a21f;;es to indoles does occur (i.e., as-a
biphasic process), but in lower yield (18%). Certain
phase trgnsfer catalyétsrsuch as dodecylt%imethylammonium
chloridg and‘tegggbutylammonium hydrogen sulfate were used
instead of_benzyflriethylammomiuﬁ 6hloride’IEKQrder to see
whether any improvement could be made to the rgaction.

In both cases the yield did not improve. The-concentra~
tion of base has some influence on the. reactlon since (46,
‘R-H) was formed in 25% yield using more dilute so§1um :
hydroxide (5N).When water was used as the aqueous phase the yield
., dropped to 11% with B -lactam (17, R=CgHe,R' H) .and acetophenone
fo_rmed in 38% and 10% yields respective]} . The use of
pbtassium carbonate as the base afforded the B¥1actam

(17, R CGHS'R =H) 1n 35% yield, with 46 (R—H) formed in 5%

vield. These two q@ses werg the only 1nstances where

B —lactam (1l7) was qumed.

, .. - L4

i
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7[48- MS (m/e) 351] of.2-pheny1—l—a21rine were isolated ‘in

‘v ~—F  c0,Pa(PPh),
) . 2 — )- .
. BRCH,N" (CoHj) 5017
NaQH,CsHG '
40-50%C

o

,{: The yield 6:-55 (R = CGHS) was decreased when

the proportion of'oalladiumﬂn : was lincreased [i.e.,‘

5/1 ratio of 45 / pd(O) ] Bisf[ bis(l »2=-diphenylphosphino}—
ethane ]palladium(o) e[ Pd(dpe)2] , was a less useful
catalyst than Pd(PPh3)4, while with bis(dibenzylideneace-

tone)palladium(0), Pdfdbalz, no- indole-was obtained.. The

[

L

use of the PA(II) . catalyst, palladium acetate gave 41%

-yield of acetophenone from 2-phenyl—l—az¥rine, and no

indole was 1solated The substitution of other organic

\solvents for benzene such as t-amyl alcohol gave no indole

and hexane gave a poor yield of 46 (R = H , 13%). .~§f

Pressure of (350 psi) also inhibited the conversion of “

 (45) to {46). A dimer [47; MS(m/e)234 ] and-a trimer

*

19% and 13% yields respectively from the above reaction. -

The structures of the two products were not determined N

successfully. ‘ C

When the phase transfer reaction was carried

. gut in the’ presence of~Co (CO) g [ i.e., 1/1 ratio of

85
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' CO'Z(CO)-BL' Pd(PPh3)4 ] as a bimetallic process the product

e .

yield again decreased.
' Modest yields of styrylindoles were also »
obtained from 244'—methylphenyl}-,and 214'¥methoxyphenyl)—

as well as from 2{2'emethilphenylr~ and 2{2‘;4'-dimethy1-

'phenylr-l—azirine. Since 2 molecules of'(ﬁé) are required

to form’indole'(ﬁé), a question arises as to the fate of '

the second nitrogen atom.‘ No- nitrogen containing species

was isolated as a by-product.‘ It is possible to consider

that the nitrogen ends up. as ammonium hydroxide. Previously
styrylindoles have been obtained in high yields from homo-
geneous cobalt((]\)'89 or rhodium(I)gl reaction with azirines

under a nitrogen atmosphere. Under a carbon monoxide

atmosphere, as in the case of Pd(dba)z, vinyl isocyanates

(1l5) arxe formed - e
. : ..-',_;p
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3.3, MP(CO)G Induced.Reections.of Azirines with

' ‘Carbanions

L

("JA\ . In heterocyclic synthesis, transiticn metal

e

complexes have played ah important role as reagentg and as

catalysts in'the last decédellsl For example, pyraEines,
isoxazoles,. pyrazoles or pyrroles are obtained on exposure
of azirines to molybdenum and other Group VI metal.
carbonyls73 indoles using cobalt octacarbonyl8 , and

bicyclic p-lactams (17) with tetrakis(triphenylphosphine)-

..palladium{0) and cerbon monoxide.

The reaction of nucleophilic reagents with

azirines has been investigated in considerable detail. 24

.A question which arises is whether under such conditions

the presence of metal complexes can promote synthetically
useful transformations. Therefore it was decided to inves-
tigate the molybdenum hexacarbonyl induceq reaction of
azirines with carbanions derived from f-dicarbonyl compounds.

. The reaction of sodium diethyl. malonate [ 50,

R” =COOEt - Qenerated from NaOEt and diethyl malonate in

ethanol-tetrahydrofuran (THF) ] ®ith molybdenum hexacarbonyl at
50°C, and then with 2-phenyl-l-azirine-(49,R=Ph,R'=H) in

THF at -78°C (allowed to warm to room temp ure), afforded

the imide 51 (R=Ph, R'=H, R =COOEt) in 4@k'yie d. The reaction

was carried out u51ng equimoihr amounts of - (49) and Mo(CO)

with 1.5 equivalents of - (50) From spectral data and by an *



L4

X-ray crystal. structure determination it wae shown

that this -reaction . is- a,-.étéreospecific

R H
Ri.__ —— R"
HCOOEt + Mo(co)6 THF:;2H5°H /
LS
. H

one with the~two substituent groups (R and R” ) of (51) in

‘a'prans relationship. The band at 3410 cn ! in the infra-
red spectrum (CHCl;) is due to an N-H stretching absorption.
In the proton maghetic resonance spectrum, the twg methine

protons of 51 (R— R'=H,R*® =COOEt) gave two doublet

6 5'
signals at §3.80 and 4.42, while those for the carbon
atoms bearing these hydrogens occurred at 651.62 and 56.21

in the carbon magnetic resonance spectrum. The, structure

given in Figure 3, shows the interesting geometry of the

657

imide 51 (R=C_H_,R'=H, R =COOEt) with two substituyent grxoups-
in a trans‘relatlohship as determined by X-ray crystal-

.lography. The selected bond'%gpgthé and bond angles'are

shown in Flgure 4. ' -

-

P , A variety of other azirines including 49

[R=p-BrC ¢H, 1P~CH,C, 4,;::—CH gHq/P-CICH, 5 R' = H, R” =

64
COOEt ], undergo this novel and interesting reaction to

give the disubstituted imides in 27-68% yield. The product

yields, réaction timés, melting points and analytical data

93
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Figure 3 Mo]ecular structure of 5%, R= (:6H5 ,R'=H, R"-—COOEt, as determ’lned
by X- -ray crysta]]ography Pertinent X-data for 51, R= CGHS sR'=H, RY= COOEt '
monochmc P2,/n ,a= 13 286(3), b=5.377(2), c=16.218(4)£ ; B= 109 72(2)°,
pca]cd (Z=4)=1.309gcm ,graph1te-monochromatued MoKo. A(Kul) =0.70930,
J\(Ka )=0.71359A° R]—O 046 R2 =0, 055 for 1130 observed refleetions.

-
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Figure 4. (a)_Sele'_cte'dl‘ bond lengths (A- )‘-,e.s.d.'.s=0.005A :
_C(?);C(B),1:513;C(8)rﬁ(§),1;388;N(9)—C(10),
1.357; C(10)-C(11}, 1.519;C AN-C(7),1.533;
C(8)-0(8), 1.209; C(10)-0(10), 1.219.

(b) Selected bond angles(deg.),e.s.d.'s=0.3": .
C(11)-C(7)-C(8); -103.8; C(7i7q(8)-N(9),107.b;
C(8)-N(9)-C(10), 114.0; N(9)-C(10)-C(11), 108.0;

c(10)-C(11)-C(7), 104.6. =

95



‘are given in Table 7. Spectral data are listed in Table 8.

The imide 51 (R=C/Hg,R'=CH,,R’ =COOEt) was obtained in

6
. 74% yield in the case of 3-methyl-2-phenyl-l-azirine (49,
R=Ph,R'=CH3). Othe; carbanions,‘defived from ethyi Hen—
. zoylacetate (QQ,R” =C63h) éﬁd ethyl cyanoacetate'(é_(_)_,RJj =
Cﬁ), could alsoc be used.

oIt shoql@‘be noted that in the absence of
Ho(CO)6 this reaction does occur, but in significaht}y
 'lower yield. The reverse adaition[ i,e., dropwise addition -
of ‘50 (K' =COOEt) to a mixtyre of £2.5R=P = and
.Mo(éo)s'igﬁaﬁF] also gave imide in lower yiel@ ﬁ52j33%).'
When the reaction was carried out'inia carbon monoxide
instead of a 'nitrogen atmosphere, a significdnt ;nhibitioh"

- 0f the above reaction was observed.

]
+

In 1967, Sato and co-workers® 2t reported the
isolation of 3—benicyl—4—phenyl—4—pyrrolin-2—qne-(gg) from
the reagtion of 2—phenyl—i"azir;ne witﬁ kég,R"=COPh),
generated from ethyl benzoylacetaté and methylsulfinyl
carbanion in dimethylsulfoxide. Compound (gg).waé not
isolated when the_reacﬁion was carried out, in THF-ethanol,
in thelpresence or absence of Mo(CO)G(i.e;, the blank !
reaction ). In addition:imide 51 (R=CgHg,R'=H,R"=COPh) was -
' not obtained from compouna tjg) on overnight‘eﬁposurefto

Mo(CO)G in THF at room temperature;
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+ PhCOCHCOOEt

" a possible mechanism for the conversion' of

»
azirines to imides with carbanions in the presence of Mo(CO)

is outlined in Scheme 11 [illustrated for- 2—phenyl~l—azirine
and diethyl malpnate‘anion ]. Inltlal pomp;exation of the
molybﬁenmn with the lone pair of electrons on the nitrogen.
atom would give (53), which could react with the carbanion
to give {54) . The bicyclic B-lactam (55) would.arise by
'1ntramolecular cyclization of (54), accompanied by ellmﬁha-
tion of ethoxide ion. .The S-membered heterooydlic ring

complex (56) can be obtained from §§§i by hydrogen migration’

and ring cleavage. -Conversion of (56) to'(51) may -take place

# by oxidation durihg workub or alternatively via hydration
[note that excess 99% ethanol is used in the generation of
the carbanion ggg)] of (56) followed by dehydrogenation.

The y%e]ds of imides (51) were significantly enhanced when the reac}1on
was ‘effected in the presence of Mo(CO)6 » and this is probab]y due to the -
comp1exat1on pathway descr1bed above,

In the case of 37methy]-2-pheny1—1-azirine (49), the CH,

group in bicyclic B-lactam (55a) m1grates in prefetgnce to the H atom

to.afford the 5- membered heterécyciic compTex(56a)

>

<
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. °2H5°‘E~

Ph— t:SEZ:-——bﬂb(UO)5

CH3

When ethyl acetoacetate anion was used instead

of diethyl maldnate anion; 7 preoducts were isolated,aﬁd none
of them was characterized successfully. Similarly, when

o - (p-toluene sulfonyl) acetate anion was used only starting
ester and sevexal unidentified products were isolate@.

When molybdenum.hexacarboﬁyl indgced reaction of
‘2—phenyl—l-azirine was effected ih the presence of ethyl
diethyl malonate anlon, different results were observed.

An imino diester, a coupled product (57) and a 3—pyrroll—

none (58) were obtained. Product yvields, melting points,

reaction times and analytical results are given in Table 9.
- 8

o )
Spectfgl*data‘are listed in Tablle 10.

MO(CO)6'

+ =
+ NaG(COOEt),
THF-C,H0H

. ~78°C—RT
N2 s 1 atm

R = Ph, p-CH,C H _
’ 3764 ¥




. ' The infrared spectrum (CHC1, ) of (57 R—C )
diSplayed an N—H stretching absorption at 3450 cm }; The
two ester methylene groups. and methyl groups showed two-

. multiplets between ¢ 3. 60 ~4.20 and 5 0.92-1.35 respecti--
vely in the proton magnetic resonance spectrum (CDCl )
These two ester methylene groups showed two signals at
560.34. and 60.92 in the carbon magnetic resonance spectrun.
These spectrai'results indicate that these two ester groups
are not equivalent. In the carbon magnetic resonance
spectrum (in CDC13L there are 4 signals fpr quarternary

sp? carbon atoms at & 136.78, 139.87, 156.26 and 170.04
assigned to the aromatic gquarternary carbon atom, the
hydrogen bonded carbonyl carbOn; the imine carbon, and the
other ester carbonyixégrbon respectively. The signal for
the quarternary sp3 carbon atom was hidden ‘among the

chCl., peaks, but in CCl4 it occurred at§ 61 76 in the

3
carbon magnetic resonance spectrum. The mass spectrum
showed the molecular ion peak. - The same type of coupled
product was also obtained with‘244‘-methy1phenyl)-1-asirine.
The 3—ethpl—4—(p-methylphenyl)-3—pyrrolin-2-
one (58) obtained from the reaction of 244'—methylphenyl)-1—
azirine and ethyl diethyl malonate aniOn showed an N-H
stretching band at. 3465 em-) in £he infrared spectrum
(CleB). The methylene proton‘of'§§(R=p-CH3C6H4) gave a

singlet signal at §4.14 in the proton magnetic resonance

100
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spégtrum (CDCl;) and the signal for tﬂis carbon atom occurred
at S 48.35.in the carbon magnetic resonance spectrum. The
signal at ¢ 176.14 was assigned to the carbonyl carbon
and the two unsaturated carbons .of the‘pyrrolinone ring
gave signals at 8 139,01 and 149.01. 'The mass spedﬁrum
"Shéﬁéd the molecular ion peak.

A possible mechanism for fhe conversion of
azirines to the imino diesters (57), is outlined in Scheme
12[ i1lustrated for 2-phenyl-1-azirine].

#.

Tt

i :"' r*
Ph

v + Mo (C0) g =00 .

- C(COOEL) ,
- Et .
Y .
- _ - o . /MO(CO) 5
H-- Et 7=
o 1,0 fOOEt
L S : :
COOEt i-—coom
- Ph”. Bt | t
. ﬂ\ | &

Scheme 12
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Initial co—ordination of the nitrogen ione péir to the
molybdeﬁum as mentioned earlier would give 53 [ Scheme 12 ].
When the attacking carbanion is very bulky it will attack
at the less sterically hindered carbon atom on the ring.
Therefore attack of the ethyl diethyl malonate anion could
occur at the methylene group of the azirine ring, which
could then undergo ring 0penipg.to give complexh(ggf.

During the workup (60) may be converted.to (57).

-
&

Other metal c0mplexes such as C02(C0)8,LRh£1,5-
hexadiene) C1],,Pd(dpe) ,,Pd (PPhy), and RuCl, (PPh,), were
also used instead of Mo(CO)6 invthe reaction of 2-phenyl-1-
azirine with diethyl malonate carbanion in order to deter-
mine if any improvement could be-made to the latter reaction.
The different metal complexes-dsed, reaction ﬁimes and
product yields are given in Table ll; In all -cases ebe

yields decreased when compared with Mo(CO)G. When a

-



)

stoichiometric amount of Coz(CO)8 was used inétead of

Mo (CO) ., 9% of imide 51 (R=C_H.,R'=H,R"=COOEt) was obtained,
6 22 R=bghg

whereas with a catalytic amount of CoptC0)g,16% of imide

.51 (R=C H_,R'=H,R"=COOEt) wéds obtained. These results

65’

" show that all these complexes are inhibiting the above

reaction.

103
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'TABLE 11: VYields and reaction times for metal induced

reactions of azirine 47 (R=CGHS;R'=H) with
.diethyl malonate anion
- ' S - b
Metal Complexa Reaction time, hr Yield, %
Pd(PPh3)4 o ' ‘3 : 19
pd (dpe) , - 2 o 14
[Rh(].,S--he'xadiene‘)Cl]2 _ 2 ' 5
RuClz(PPhB)3 2 . g
Coz(CO)B. R 2.5 16

& catalytic amount of the .metal complex was used. [i.e.,47:
metal complex (10:1)]

b - 1w .’lf\
51 (R=CgHs R =H) ‘ y

Since it is well known that imides can be ring
opened under a variety of conditions, the above described .
process;, can be uééd as sources of a variety' of useful
acyclic compounds. The acid hydrolysis (2-6N HC19. of 2l '
= "= ”: =
(R_CGHS’R H,R"=COOEt) and 51 (R CGHS

C¢HgCH (COOH) CH, COOH and C:HgCH (COOH) CH,COPh respectively.

Therefore hydrolysis and decarboxylation occurred instead of giving

,R'=H,R”=COPh) gave

the expected C¢H_CH (COOH) CH (COOH) COOEt Eﬁa CH CH (COOH) CH—

6
(COOH) COPh.

... - '

ul
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CHAPTER IV

A .
. 4. Experimental

General Data

Meltinq point determinations were made b§ usirng a
Fisher-Johns apparatus and are uncorrected. Infrared
speétra were obtai;ed by use qf'a Unicam SP-1100 spectrometer - e
equipped with a calibration standard. Mass spectré were
determined on an AEI MS902 or«VG7070-E speéfrometer.

Varian T60 and HAlOO.spectrometefs were used for proton

magnetic resonance determinations, and carbon magnetic fgson-
\ aﬁce spectra were recorded in the fully and partially
decoupled modes with a Varian FT-80 spectrometé}. Elemental
analyses were cé?ried out by Canadian Micrbanalytical Service,
Vancouver; Canada. X-ray analyses were carried out by Dr.
F.R. Ahmed of the National Research Council, Ottawa,and by
Dr. F.W.B. Einstein and Dr. A.C. Willis, Simon Fraser Univer-

sity.

Silyka gel was used for column and for thin-layer
chromatography. Solvents were purified and dried by standard
methods. The reactions were carried out under carbon monoxide

or nitrogen atmosphere'unless otherwise stated.



Tbtrgkis(triphehfi?ﬁbqpﬁine)pa11adhmﬂ0)l was
either purchased from Ald&ich Chemical Co. or synthesized
folléﬁing the ?rgcédufe of Coulson 108. . Tetrakis (triphenyl-
RPosphine)p1atnmm(0),' dicobalt ‘octacarbonyl, dichdorotris-
(triphenylphosphine) r‘utﬁgni um(II)", and  tetrakis (triphenyl-
phosphine)nickel (0) " were bbﬁained_from Strem Chemicéﬁs,
Inc., Palladium acetaté was obta}ned from Alfa Chémicais.

.Dr. T. Izumi kindly donatéed bis [bis (1,2 - diphenylbhos—
phina) ethaﬁé] palladium (0) and 3-methyl-3-allyl-2-phenyl-1-
aziriﬁe; 3-{6zmethoxfmethyl)—2-phenyl-1-azirine“was a gift
from Prof. H. Alper. Molybdenum hexacarbonyl was purchased
from Préssufe Chemical Co., Chloro (1,5-hexadi§ne)'rhodium

(I) dimer was a gift from K. Januszkiewicz.
All phase transfed catalysts, and saturated and unsatur-

A : 1. o
ated esters were commercially available and were used as

received. .

- »

4.1 " Palladium (0) catalyzed réactions under homogeneous
conditions

. r'd
4,1.1 Preparation of amirine compounds

¢ ‘ * . "
The azirines were prepared following literature

10 '101'102’103. The styrenes were commercially

Y

ﬁfocedures

available and were used as ;eceived. "

L Ml
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Z-Phenyl-l-aziriné (;1100

Bromine (80 g, 0.50 mol) in 100 ml of CCl4.
was‘addedlslowly to a'solutioﬁ gf styrene (52.1 g, 0.50

mol) in 400 ml of €Cl,, at 15—20°C; After the 'addition
was complete'the CCl4 was removed oﬁ‘dwmtary evaporator

and the remaining residue of crystalline 1,2-dibromosty-

rene'was-diséolved in 750 ml of dimethyl sulfoxide. To
this solution was added 49 g (0.75|ﬁbl)_pf NaN, at
‘ 15-20°C (N, atmosphere) . The'mixture was élioﬁedﬂio stir
for 24 hr at 24—26°C; and cooled to 12°Cuand was treated
‘with 20 g (0.5 mol) of NaPH in 20 ml of H,O. The solution
was stirred for 24 hrs’ 4t 24-26°C, and was poured into -
2 2 of a 2% aqueous NaHCO, solution, and extracted with CH2C12.
The combined extracts_were wgshed with wéter, dried over
anhydrous Na2804, @iltefed and evaporéted to yield-crude

1

l-azidostyrene as a red oil. ~H NMR (CC14), § 4.82 (4,H,

’

J = 2.1 Hz}, 5.27 (d, 1H, J = 2,1 Hz) and 7.1 - 7.6 (m, S5H,

i

aromatic protons). -

e The 0il was diluted with 200 ml of hexane and passed
. through a column of neutral alumina (200g) using an additional.

800 ml of the same solvent as eluant. The eluate was
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‘\evaporate‘d and the residuél pale yellow oil was dissolved

in toluene (1.2 ¢) and was refluxed until the evolution of
nitrogen ceased (1.5-2 hr). Removall of the solﬁent.and the
distillation_,o:f the crude product gave 30 g (51%) of (1) as
é pale y_ellow liquid. bp. 63-645°C (3mm) ; IH NMR(CCl4) '

4

6 1.56 (s, 2H, CH,), 7.4-7.9 (m, 5H, aromatic protons);

1

IR (neat) 1740 cm — (C=N).

2-{4'-Methylphenyl)-1l-azirine (,g)_loo

Azirine (2) was prepared on a.0.083 mole scale as
éesgribed for (1) using 4-me'thylstyrana . The mixture was.
stirred for 60 hrs after the addition of‘3.33 g (0.083 mol)
of NaOH pelie'ts. The usual workup fbllowea by distillation
gave .6..2.7 g (58%) ofl (2) as a pale yél-iow liquid. bp. 75-77°C.
(5 mm) s 'H NMR (CDC13),8 1.7 (s, 2H, CH,), 2.4 ($; 3H, CHy),
L.2-7.8 (Sym. A,B, pattern,- 4H, aromatic protons).

. ‘ - . b
24{4'-Bromophenyl)-l-azirine (3) 100

Azirine (3) was prepared on 2 0.05 mole -scale as des-
cribed for (2) starting-'wi'th 4-bromostyrena. Thé"\usual workup

“was followed by sublimation under reduced pressure to: give
+ . . . . '
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3.9 g (40%) of (3) as pale yellow crystals. mp. 73=75°C;

s nR (cDCl,); § 1.8 (s, 2H, CHy), 7.1 (s, 4H, aromatid

protons) .

-

2{4'-Chlorophenyl)~-1-azirine (4)90

. Azirine (4) was prepared as described for (2) ¥
on a 0.083 mol scale starting'with.4—chlorostyrene. Distil=~

lation gave 5.19 g (55%) of (4) as a light'yellow.solid..

1

bp. 87-89°C (3 mm); “H NMR (CDCl,),8 1.66 (s, 2H, CHj),

7.36-7.83 (Synm. A2B2 pattern, 4H, _.aromatic prbtons).

“‘ = &
' : . . ©.101 ' .
3~Methyl-2-phenyl-l-azirine (3) . N . v

To a $iurry.of 7.5 g (0.125 mol) of NaN 4 in

A

50fml of CH3CN , cooled in a methanol—éce cold bath, was

added IC1[0.15 g, 0.557 mold W a small hnount of CHCM

over a period of 10-20 min. . After stir:Xng‘for a further

5-10 min, 5.9 g(0.05mo1)of“zﬁug;s-methyistyfene was added

and the mixture was §11owed to warmup to room tempeﬁatﬁre and stirred for 2]
hrs. The red brown slurry was pourea into 125Aﬁl of water

and was extracted with ether (125-ml x 3).The combined ether
extracts were washed with 75 ml of 5% sodiumhﬁhiosulfate

leaving & colourless ethereal solution. This solution was

washed with 450 ml of waterin 4 portions and dried over

i

. ———
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MgSO, . Removal of ether.in vacuo at room temperature . T

. gave bright red l-azido-2-iodo-l-phenyl propane. lH NMR
(cpcl,), s 1.76 (d, 3H, CHy, J = 6.5Hz), 4.20 (m, 1H, CHI),
4.63 (4, 1H, CHN3, J = 6 Hz), 7-7.3 (s {(br), 5H, aromatic

protons). -

The iodo azide 9.6 g, 0.060mol1] was dissolved in 125
ml of dry ether, cooled in an ice bath, and 6.75 g (20%
excessj of KOBu-t was added. The mixture was stirred for
22 hrs at room temperature and then washed twice with 250
ml of HZO' The ethereal solution wa; dried over MgSO,,.
filtered and ether waé removed in vacuo. The resultant crude
unsaturated azide; cis-i-azido;l—phenyl;l-propene, was dissolved
in 24 ml of hexane and passed through 40 g of neutrall.alumina,
using 95 ml of hexane as eluant. The éluate ;as evaporated
to yield a yellow oil. This. was dissolved in 75 ml of toluene
aﬂd was refluxed for 2 hrs. Removal of the solvent and
distillation of the crude product gave 3.15 g (40%) of
(5) as a pale yellow liquid. bp. 55-60°C (0.5 - lmm) ; lH
NMR (CC14),6 7.2-8.0 (m, 5H, aromatic protons), 2.27 (g,

J:SHZ).

1H, CH, J = 5Hz), 1.35 (d, 3H, CH,,

T T —————————— e+ = e = an e s B e T T I



3-Formyl-2-phenyl-l-azirine (1)_102' 103

Cinnamaldehyde dimethyl acetal was prepared102

by stirfing a mixture of trans-cinnamaldehyde (26.4 g, 0.020
mol), trimethyl orthoformate (40 g, 0.42 mol}) and p-toluene-
sulfonlc acid monohydrate (1 g, 0.005 mol) in CH3OH (180ml)
at room temperatu;e for 24 hrs. Removal of the alcohol -

followed by.distil;ation of the residue gave 31.13 g (87%)

cinnamaldehyde dimethyl acetal. bp. 75-77°C (0.1l5 mm)}. . '

To 29 g (0.45 mol) of " NaN, in 175 ml of  CH4CN
was added 32‘§ (0.2 -mol) of IC1l dropwise for 15-20 min. at
0°C. The reaction mixture was allowed to stir for an addi—
tional 15 min. and 31 g (0.17 mol) of cinnamaldehyde dimethyl
acetdl was then added over a period of 15-20 min. at d—5°C.
The solutidn was stirred for 12 hr at room temperatu;e,

poured inté 200 ml of Hzo, and extracted with ethef (200 ml
x 3). The combined ether extracts were washed successively
with 5% aqueous Nazsi%3(275 ml) and‘ HZO (375 ml), dried over
MgSO4, filtered and removal of the solvent using a rotary
evaporatbr gave l-azido -3,3-dimethoxy-2-iede-l~pkenyl propane
as a dark Qil. This o0il was dissolved in 575 ml of dry

ether and 54 g (0.21 ‘mol) of KOBu-t was added (10-15 min),

at -5° - 0°C. After stirring at 0°c for additional 5 hr,

118
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the mixture was washed with water, dried over g80,,
o & . X
filtered, and the solvent was removed using a rota

evaporator. The resultant crude l-azido-3,3-dimethoxy=-1-

phenyl-l-propene was dissolved in 385 ml of CHCl3 and

refluxed for 12 hr. Removal of the solvenf and.qistil—
ldtion gave 15,13 g.(0.680 mol) of 3—(dimethoxymethxa)-2—
phenyl -l-azirine as a light yellow liguid. bp. 80-83°C
(0:15 -0.2 mm). This material was dissolved in dioxane

(160 ml) and 2% acetiq acid (235 ml) jand was heated at

85°C for 45 min.- The reaction mixture was rapidly cooled

>

to 0°C and extracted with ether. The combined ether extracts

were washed‘successively with adueous 5% NaHCO, {160 ml)
and saturated aqueous NaCl (160 ml). The ether layer was
dried over MgSO4, filtered and removal of the solvent gave
a brown oil which was allowedrtd”étand in the refrigerator
to induce crystallization. Since no crystals were formed,
hexane was added, the Qolution was filtered and on removal
of hexane 2.85 g (25%) of (7) was obtained as off white

crystals. mp. 46-48°C; .

H NMR (CDC13L6 2.86 (4, 1H, CH,
J = 6 Hz), 7.46 - 8.00 (m, &5H, aromatic protons}, B8.90
v .

(d, 1H, CHO, J = 6Hz)

-
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2-(2',4'_Dimethylphenyl)~l-azirine (6)

Azirine (6) was prepared as described for (2) on a
0.1 mole scale starting from 2,4-dimethylstyreme. Distil-
lation gave 4.79 g (33%) of (é) as a colourless liquid.

bp. 88-91°C (5 mm); *

H NMR (CDClB),G 1.60 (s, 2H, cnz),
2.37 (s, 3H, CH3), 2.64 (s, 3H, CHB), 6.9-7.8 (m, 3H,

‘aromatic protons).

2{2'-Methylphenyl)—l—ézirine (8)

Azirine (8) was prepared as describédlfor (g)'on a

0.083 mole scale starting from 2-methylstyrene. Distil-
lation gave 5:44 g (50%) of (8) as a colgurless liquid.

1y nMr (cbcly), § 1.66 (s,

bp. 40-45°C (0.025 -~ ,075 mm);
2H, CH,), 2.70 .(s, 3H, CHj); 7.13 - 7.86 (m, 4H, aromatic

protons).

2<{4'-methoxyphenyl)-l-azirine (3)

Azirine (9) was prepared as described for (l) on a
- -
0.063 mole scale starting from 4-methoxystyrene. Distil-

latioh gave 5.99 g (53%) of (9) as a pale yellow liquid,

which readily solidified. bp. 75-77 °c (0 5'mm), H NMR . (CDCl L

§ 170 (s, 2H, CH2), 3.83'(s, 3H, OCH ), 6.90 - 7.8B6

(sym. A232 pattern. , 4H, aromatic protpns).

120
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4.1.2. Prepération of N-n-butyl;2—pheny1 aziridine
(10) 104,105~ .

To 29.3g(0.40 mol) of boiling n-butylamine,
24.5g (0.20 mbl) of styrene oxide was added over a period
gf 1.5-2hrs. The solutidn was refluxed for a further_Zh;s..
Distillation afforded the crude product which on recrys-
tallization from hexane gave 17.94g (46%) of g-butylamino-
a -phenethyl alcohol as white crystals. mp. 58-59°C.‘ The
latter (13.5g, 0.07 mol) was ice cooleé and was treated
droéﬁiée with 4.4ml-{0.07 mol) of chlorosulfonic acid over
a period of 45 min. After the addition, the solid mass was
heated in an oil bath at slighfly_less than‘lSQéC‘for 1.5
hr at reduped pressuré (15-20 mm ), The resulting estér was
disSblved in Hﬂ)(SSrﬂ) and was treated with 30g of KOH in
30ml of H,0. The mixture was heated on a steam ‘bath for 30
min., cooled to room temperature and then extracted with
ether (100mlx4). The combined ether 1a§ers were washed with
water, dried over MgSO4. Removal ¢f the soclvent and
distillation of the residue gave 3.1g (25%) of (l0) as a
pale yellow liquid. bp.35°C (0.2mm); 'H NMR (CDCL,), §7-13

Ve

(s,5H, aromatic protons),0.8—2.5(m,l2H,(CHé)3CH3 and three ring

protons); MS(m/e} 175, 160, 132, 118, 91, 77.
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4.1.3. Preparation of 4,5-diphenyl-l,3-diazabicyclo
'[3.1.0] hex-3-ene -(11) -U° .

2-Phényl—1-aziriné (0.5g, 4.27 mmol ) in
benzene (400ml) was irradiéted for 5hrs using a Rayonet
‘Photochemical Reactor (2537 A ). Removal of the solvent
on a rotary evaporator gave a brown oil, which was treéted
with cold hexane and the hexane soluble portioh was
separated. ‘Removal of the solvent using a rotary evaporator
gave 0.207g (41%) of {(1ll) as a yellow oil. 'y NMR |
(CDCla), § 1.68(s,1H), 3.00(s,1H), 4i90(d,lH,J=16Hz);5.30

(d,1H,J= 1l6Hz}, 7.1-7.7 (m,1l0H,aromatic protons),

4 .1.4. Preparation of palladium complexes

2

Bis(dibenzylideneacetone)palladium(o)lo ~Pd (dba) ,

To a solution of benzaldehyde (21.29,0.20 mole)
in §£0H(40m1) was added NaOH(SJlZg,O.lZB mole) in H20(40ml).
To this mixture acetone (5.8g,0.1l0mole) was ;dded dropwise
for 30 min. A yellow precipitate was obtained. Recrys-
tallization from EtOH gave lngSl%) of dibenzylidene-
aceton;.

A mixture of PdCl, (1.05¢9,5.90 mmol} and

2
NaCl(0.69g,118 mmol) in MeOH (50ml) was stirred at room
temperature for 24 hr. The mixture was filtered and was
treated with sodium acetate (3.9%9g,47.5 mmol) and excess

dibenzylideneacetone (4.6g,19.6 mmol) at 45°C. The
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reaction mixture was sti:féd‘for 4hr during which a brown
precipitate was formed and then allowed to cdol'to room
temperature to cbﬁpiete the precipitation. The precipitate
was filtered, washed successiggly with water and acetone
and\dried in vacuo to give 3.498g (100%) of Pd(d_ba)2 as a

purplish brown powder. mp. 145-153°C {decomp. ).

Bis(di—o—methoxybenzylideneacetbne)pglladium(o)
"'Pd( o~-Me0 d.ba) 2

This'black complex was prepared as described for

ok
e

Pd(dba), using a-anisaldehyde instead of beﬁzaldghyde:

Yield: 3.829(93%).mp.122-125°C(decomp).’

*

Bis(di-o-methylbenzylideneacetone)palladium(@)—?d(o—Medba)2

This reddish brown complex was prepared as
described for Pd(c"iba)2 using o-tolualdehyde instead of
benzaldehyde. Yield: 1.482g(94%). mp. 125-133%¢C(decomp. ).

Tetrakis(triphehylphosphine)palladium(O)108 —_ Pd(PPh3)4

L

A mixture of PdCl2 (0.886g,5.0 mmol) and PPh3

.(6.5529,25.0 mmol) in dimethyl sulfoxide (60ml) was heated
under a N2 atmosphere at 160°C until the solution became
clear. The oil bath was removed aﬁd NHZNH2'H20 {1.01qg,
0.020 mol) was added rapidly-from a syringe. A vigdfous

reaction took place with evolution of nitrogen. The dark.
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-
solution was allowed to cool to room tempefatufe..,When
it was cooling yellow flakes began to.form. This solid
was filtered undéi N, and was washed sucéessively with

" ethanol and then with ether. The préduct was dried by
.passing a slow stream of N2 through the fuﬁnel to.give

- 5.48g(95%) of Pd(PPh3)4 as bright yellow flakes. mp. 99~
106°C (decomp.) .

e

(Dimethvl acetylenedicarboxylate)bis(triphenylphosphine)—

109 2

palladium (0)

"A solution of Pd(PPh3)4(l.059g,0.918 mmol) in
'CHzclz (10ml) [N2 atmosphere ] was cooled in an ice-bath
and was treated dropwise with dimethyl acetylenedicérboxy--
‘late(0.846g, 6.0 mmol) in CH,Cl, (10 ml). :After the
addition, the ice-béth was removed and the solution was
stirred at room temperature for 1 hr, MeOH (lSmli was
added, and removal of the solvent gave the crude product.
Recrystallization from methanol afforded 0.298g (42%) of
(dimethyl acetylenedicarboxylate)big(triphenylphosphine)—

Pd(0) as off white crystals. mp. 128-130°C (deéompJ.

Di-p~chloro his (TP-propenyl) dipalladium(II)llO

PdCl, (1.8l2g, 0.010 mol) was heated at 100°C
in 105 md of 50% (v/v) ‘aqueous acetic acid for 15 min.

The insoluble material was filtered off and allyl chloride
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{6.0ml) was added to the filtrate, aﬂd the mixture was
heated at 60°C for lhr. The pale yellow solution wéé
treated with.CH2C12‘(60mlx 3) and the combined_CH2C12
extracts were washed with water (60mlx6). Aftef drying
over MgSO4, and removing of the solvent, a yellow“solid

-was obtained. Recrystallization from MeOH gave 1.08 ¢

(58%) of the 'm-allyl palladium complex as yellow crystals.

T NMR (cDCl;), & 5.16-5.85 (m,2H,2CH),4.11(d,4H,J=6.5Hz),

3.20 (d4,4H,J=12Hz).

4.1.5. General procedure for the Pd(dba)2

catalyzed carbonylation of azirines

To 50ml of dry C.H, Pd(dba), (0.12-0.47 mmol )

P

5*
and azirine (l.2-4.7 mmol ) was added at 40°C under a CO
atmosphere. The reaction was followed by thin layer chro-
matography and when complete, the reaction mixture was
concentrated by using a'rotary evaporatér. The resulting
crude residue was worked up in the following manner for
variou§ azirines to obtain pure carbamate ester (16).°
Prodﬁct yields and reaction times are listed in Table 1.
Spectral data are given in Table 2.

The vinyl isocyanate (15) can be isolated by
‘distillation of the filtrate obtained by the treatment of

the crude residue with (20-~80ml) hexanegB. -

T
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2-Phenyl-l-azirine (}) R :

-
~

The rgactién'ﬂas carriéé out using (0.545g;_4;7
mmol) of (1). Theoiesplting qru&e residue was treated with
80 ml of hexane and filtered.To the filtrate , 12ml of
absoiﬁte MeOH was added and the mixture ;as stirred for
2,5 .hrs at fbom'temperature. ‘Aﬁter removal'gf the solvent.
by rotary evaporation, 0.634g g??%i of the carbamate ester

was formed as an orange coloured oil.

2{4“methylphenyl)-l-azirine (2)

The reaction was carried out using 0.247g
(1.90 mmol ) of (2). The resulting crude residue was
treated with 20ml of hexane, and filtered. To :the

filtrate 10 ml of absolute CH,.OH was added and the solution

3
-was stirrefd for 2,5 hrs’at room temperature. After
removal of hexane-methanol by rotary evaporation 0.298g

{%EF) of carbamate ester was'isolaﬁéd 3s a thick orange

oil.

2{4-Bromophenyl) -l-azirine (3).

L4

The reaction was carried out using 0.236g
(1.20 mmol ) of (3)}. The resulting cruae_residue was
treated with 50 ml of hexane and filtered. To the filtrate
10 ml of absolute MeOH was added and the mixture was

stirred at room temperature for 2.5 hrs. Removal of the

Ve



as a thick orange yellow oil.

}

solvent by rotary evaporation gave 0. 297g(97%) of e’

carbamate ester as a yellow oil.

'2442chlorophenyl)—l-azirine(i)

-

The reaction was carried out usinglo;ZSSg (1.7 |

mmol ) of (4). The resulting crude residue was treated

with 30ml of hexane and filtered. To the filtrate 20ml

of absoclute MeOH was added and the solutioh was stirred

for 2, 5 hrs at room temperature Removal.of the solvent

by rotary evaporation gave 0.351g (99%) odearbamate ester

»

3-Methyl-2~phenyl-l-azirine (5)

The reaction was carried out using 0:20g
(L.50 mmo® ) of (5). -The resulting crude residue was
treated with 20ml of hexane and filtered. To the filtrate

¢ . - -
20ml of absolute CH.,OH was added and the reaction mixture

3
was stirred for 2.5 hrs at room temprature. Removal of
the solvent by rotary evaporation gave- 0. 2889 (98%) of

carbamate ester as a thick yellow 011

3 ' . 4

- Isolation of (E);CGHSC(NCO)CHCH

-

. The reaction was carried out using 0.078g

(0. 60 mmol ) of (5)." The resulting crude residue was

treated with 10 ml of hexane and filtered. Removal of the

¥, . »
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«solvent by rotary evapo;géion gave a Quantitative yield

of isocyanate as a pale'yeliow oil. _IRICHC13)v 2260

VNco
-1 1

Cemt; m NMR(CDC1,), &1.67 (d,3H,CH,,J=8Hz),5.63 (q,1H,CH),

7.33 (8,5H, aromatic protons).
A few reactions were carried out on 2-phenyl-1-

azirine with variation on the géneral procedure.

Pd(dba), with substituents en the 'dba’' Tigand
?d(o—MaOdba)2 . .
The reaction was effected in a manner identical

with that des;fibed for the,Pd(dha)é reaction, - except for the
change in the catalyst. The filtrate was treated with 25ml

of absolute MeOH and stirred for 2.5 hrs at room temper-
ature. Removal of the solvent by rotary evaporation gave

0.606g (80%) of carbamate ester (16,R=C H.,R'=H) as an K\\

orange yellow oil.

Pd(o—Médba)2

The reaction was effected in a manner identical
with that desgriﬁed for the Pd(@ba)a- reaction, except -for the
change in the catalyst. The resulting crude residue was
treated with GOmi of hexane and filtered. To the filtrate
25q1 of absolute MgOH was addéa and the éolhtion was |
stirred at room temperéturé for'2.5.'hr. Removal of the
solvent by rotary evaporation gave 0.588g (77%)lof carba-

mate esteij(lg,R=C6H5,R'=H) as an orange- yellow oil.
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Reaction with Pd(dba)2 }p,the bresence of allyl acetate

' To 40ml of dry C (0.43mmol) Pd(dba), and

66
allyl acetate (0.43 mmol) were added and the mixture was
-

2

stirred uhder a N atmdsphere.atutoqm temperature for 2hrs.
To this mixture azirine (1) (4. 3 1

[} was added and the

mixture was stirred aé 40° ¢ for 3 days under a carbon
monoxide atmosPhere. .Starting material was recovered

quantitatively. ) N

4.1.6. General procedure for the Pd{PPh3)4 cétalyzed.

-+

carbonylation of azirines

A mixture of dry benzene (50ml), PA(PPh,}, “
{1l mmol ), and azirine (10 mmol ) was stirred undef_a co
atmospheré at~4Q°C. The reaction was followed‘by thin
layer chromatography and when complete (usuélly ovgrnight)

the reaction mixture was concentrated by using a rotary

- evaporator. The resulting crude residue was dissolved in

a small amount-of benzené‘énd coated on a .small amount of

‘sil;ca gel. This was added on top of a silica gel column

and eluted in the following manner using different solvent
systems for the various bicyclic B -lactams (17). The
yields, melting points and analyticai data for {17) are

given in Table 3. Spectral data are listed in Table 4.
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Z-fhenyl—l-azirine (1)

B

The reaction was carried out using (0 66lg,
5.65 mmol )" of (1) . Elution with C HG-CH013 and CHC]3 gave 0.297g
(40%) of bicyclic g-lactam as a pale yellow solid.
Recrystallization from hot hexane gave the pure off white .
. .

crystalline product.

2F(4LMethylpheny1)—l-azirine (2) _' o ’§\

Tﬁe reaction was carried out using'(l.OIq,7.7
mmol } of (2). Elution witl:h;CGHG—CHCl3 and CHCl, gave D
?.563g (50%) of bicyclic p=-lactam as a pale green solidr
Recrystallization from hot hexane gave pure yellow |
green needle like crystals. A single crYétal X-ray

structure determination was also made of this compound.

2-{4_Bromophenyl)-l-azirine (3)

The reaction was carried out using (1.00g, 5.1
mmob.) of (3). Elutlon with C6 6 CHCl3 gave,0.59g (55%)
of bicyclic B -lactam as a pale yellow solid: Recrystai—

lization from hot hexane gave pure off white crystals.

2{4-Chlorophenyl)-l~azirine (4)

The reaction was carried out using (0.190g, 1.26

mmol ) ofi(i). Elution with 1:4 ether: hexane gave

" ~

0,077g (37%) of bicyclic g-lactam as a yellow solid.



Anaiyticall& pure material was obtained by pas&sing a
hexane solution of the compound through a small column.

using hexane: ether (5:1) as the eluant.

3-Methyl—z-phenyl-l-ézirinei§)

The reaction was carried out using (1.022gq,

7.8 mmol ) of (5). The reaction was followed by thin layer
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dhromatography. After 2”days since‘there was still unreacted

azirine left; more Pd(PPh3)4 (0.96 mmol ) wag added to the

reaction mixture. After 1.5 days the reactiop was stdpped

and worked up in the usual manner. Elution wi C6H6-CH013

gave 0.029 g (2.5%) of analytically pure bicyclic g-lactam

as an orange yellow oil.

24{2',4"'-Dimethylphenyly-l-azirine (§)

The reaction was carried out usingLiP.SOBg,B.S
mmol ) of (6). Elution with ether:. hexane ( l:4)gave

0.292g (49%) of bicyclic p-lactam as an orahge-yellow oil,

ﬁ—Formyl—Z—phenyl—l—azirine (7)

. The reaction was carried out using (0.505q,

3.50 mmol ) of (7). After 5 days the thin layer chroma-

tography showed that there were no new products formed.

The starting azirine (7) was recovered quantitatively.

-

,
A



¥{Dimethoxymethyl)~2-phenyl-l-azirine (12) o .

-

The reaction was carried out using (1.00qg,5.2
mmol )} of (12) The reaction ﬁas fol%owed by thin layer
;chromatography. After 1 day the sta;ting material was
. still present. Therefore more Pd(PPh3)4 (0.52 mmo} ) wasi
- added to the reaction ﬁixture. After another 3 days the

starting material (12) was recovered quantitatively.

3-Methyl-3-allyl-2-phenyl-l-azirine (13) -

The reaction was carried out using (15064g,

5.8 mmol ) of (13}. After 3 days thin layer chromatography‘
'showed that/there were no new products formed The starting
a21r1ne (13) was recovered quantitatively.

-7 'Once the general procedure of Pd(PPh3)4
catalyzed carbonylation of azirines were established, some
variatlons were made to determine if improvement could be

-made to theareactﬁon and also to see the effect of other
factors such as added ligands, polar solvents, and hydrogen

on the reaction.

Carbonylatlon of 2-phenyl- l—azirine(l) catalyzed by Pd(PPh )
in N,N-dimethylacetamide A

>

The general procedure was appl ied to the

Pd(PPh)4 (0. 21 mmo1l} catalyzed carbonylation of (1) (2.18

mmol ) in N,N~dimethylacetamide (50ml) instead of C6H6.

14
i

132
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When the reaction was complete the mixture was treated

‘with 20ml of absolute MeOH and stirred for lhr and then

poured into excess H,0. The solution was extracted with

ether and the combined ether extracts were washed success-

ively 4-5 times with water, dried over MgSO4;‘fii£erédl
and concentrated, The crude residue was chromatographed
on a silica gel.column and elut}on with 1:4 ether:hexane gave
0.036g (l6%) of theibicyclic g -lactam as pale yellow

crystals.

Reaction of 2-phenyl-l-azirine with 1:1] ﬂNHzcatalyzed

py Pd (1=1>h3}‘4

"A 1:1 carbon monoxide—hydrbgen gas mixture

was bubbled through a CgHg (50ml) solution containing (1)

. (0.531g, 4.54 mmol ) and Pd(PPh,), (0.58 mmol ). Column

chromatographic work-up (l:4 ether: hexane) gave 0.15g
{25%) of bicyclic g-lactam and 0.024g (4.5%) of 4,5-

Al

diphenylpyrimidine.

Pd(PPh3)4 catalyzed carbonylation of 2-phenyl-l-azirine in

the presence of added ligands -

2,2'-Bipyridyl

To -a mixtﬁre-of 0.254¢g(0.220 mmol ) of Pd(PPh3)4
and 0.037g (0.24 mmol ) of 2,25ﬁbipyridyl‘in CéHG'(SOml) B |

was added (1) (0,263g, 2.25 mmol ). The reaction mixture

" was stirred overnight at 40°C under a carbon monoxide

v
»
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atmosphere. Workup by silica gel chromatography [ether:

hexane (1:4) ]gave 0.0866g (29%) of bicyclkic p-lactam.

Pd (PPh,) 4/N,N,N' ,N'-Tetramethyl Ethylene Diamine [ TMEDA]

~ (1:1)

To a mixture of 0.49lg (0.426 mmol) of Pd(PPh,) ,
and  0.502g(0.437 mmol) of TMEDA in benzene (50ml) was
added 2-phenY1—1-azirine[0.502Q,4.29 mmol J. The reaction 2
mixture wa; stirred overnight at 40°C. Workup by siliéa
gel column chromatography [ether: hexane (1:4)] gave

0.155g (28%) of bicyclic g-lactam. '

Pd(PPh3)4: TMEDA { 1:2)

-

The reaction was effected in a manner identical
to the above réaction except using double the amouht of

TMEDA used, [ PA{PPh l: TMEDA (1:10:2) ] to give

3lg®
0.173g (31%) of bicyclic B-lactam.

Maleic Anhydride

A mixture of 0.494g (0.43 mmol) of Pd(PPh3)4

rand 0.127g (1.29 mmol) of maleic anhydride was stirred for

15 min. under a CO atmosphere at 40°C. To this 0.503g
(4.3 mmol).of (1) was added and the mixture was'stirred

overnight. 'Conventipnal work-up gave 0.088g (16%) of
}

' bigyclic B~lactam.

l
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Allyl Acetate ol . - ’

A mixture of 0.4%6g (0.43 mmol) of‘Pq(PPhB)4

and 0.043g (0.43 mmol) of allyl acetate in benzene (40 ml)

5

was'gtirred at room £emperature under a nitrogen atmosphere
foé'Zhr,, To'this mixture was added 0.503g (4.29 mmol) of
(1), the'atmosphere was changed to carbon monoxide, and
the solution was stirred ovérnight at 40°C. Workup as '
usual gave 0.203g (36%) of bicyclic B—lactém.

| When the above reaftien was effected under a

carbon monoxide atmosphere from the beginning 0.187g

(33%) of bicyclic g-lactam was obtained.

Pd(PPh3)4-Chtalyzed reaction of 2-phenyl-l-azirine undér

-

a nitrogen atmosphere. | 7 -

A mixture of 0.985g (0.853 mmol.) of PA(PPh,),
and 1.007g(8.6 mmol ) of (1) was stirred for 2‘days at 40°C
under a‘nitrogen atmosphere.' Workup by column chromato-
graphy with'ether: hexane, ether gave 7 fractiomns. None

of them were identified sucébssfully.

Carbonylation reaction of 2—phenyl -l-azirine catalyzed by
other palladlum complexes

(Dimethyl acetylenedicarboxylate)bis (triphenylphosphine)—
palladium {0) '

A mixture of (dimethyl acetylenedicarboxylate)-

bis (triphenylphosphine) allédium(O) complex (0.337g,
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0.436 mmol ) and 2-phenyl-l-azirine (0.51g, 4.36 mmol ) in
benzene (50ml) was stirred overnight under a.carbon monoxide
atmosphere at 40°C. Workup as usual gave 0.198g (35%) of

bicyclic g-lactam.

Bis[ bis(l,2-diphenylphosphine)ethane Jpalladium (0) -
Pd(dpe)2

A mixture of 0.385¢g (9.43 mmol ) of Pd(dpe)z-
and 0.515g (4.4 mmol ) of (1) in benzene (50ml) was stirred
under a carbon monoxide atmosphere at 40°C. After 1 day
the tempefature was increased to 60 °C and the mixture was
stirred overnight. Thin layer chromatography and an infra-
red spectrum of the cruée residue shqyed fhat there were

b

no new'products formed and that unreacted sta;ting material

AY
is still present.
'The above reaction was also carried out in THF
instead of C.H., at 40°C for 4 days. Thin layer chromato-

~ graphy showed that there were no-new productsﬁformed.

Starting aszirine (1) was isolated quantitatively.

(CH;C00) ,PA(II) o Ny

A mixture of 0.228g(1.02 mmol ) of (CH4C00) ,Pd
and 1.018g (8.7 mmol ) of (1) in CeHe (60ml) was stirred
for'overnigﬁt at room temperature under a carbon monoxide

atmosphere. Workup by silica gel chromatography [bénzene,
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etherthexane and ether ] gave 6 fractions, none of'which

was identified' successfully. )‘

. Di—u-chlorébis(ﬂ3—proponyl.)dipalladium (II)

A mixture of the m-allyl palladium (II)
complex (6:16g§ 0.436 mmol ) and 2-phenyl-l-azirine:
(0.503qg, &.B‘mmol Y in beﬁzene {50ml} was stirred overnight
at 40°C under carbén.mdnoxidé.- Workup by cblumn CQEOma—
tography [ether: hexane, ether ] gave 4 fractions, none

of which was identified successfully.

Di-y-Chlorobis (0 °-propenyl)dipalladium(II) : PPh. (1:3)

To a mixture of PPh, (0.338g, 1.29 mm01 )‘and
Pd (II) catalyst (0.1629,0.442 mmol ) in benzene (50ml)
~ was added 2-phenyl-1- azirine (0.503g, 4.3 mmol ) and the
mixture was stirred ovefhight at 4o°c under a ¢arbon monoxide:
atmosphere, Workup by ecolumn Ehromatography [ etherthexane (1:3)] -
gave 0.053 g (11%) of 2,5-diphenylpyrazine and 0.0844 (15%[
of bicyclic p-lactam.

Pd(dba)z: PPh, (1:30)

3

To a.mixture of 0.25g(0.43 mmol ) of pd(dba),
and 3.369(12.8 mmol ) of PPh3'in benzené'(40ml)'was added
2-phenyl-l-azirine (0.501g, 4.28 mmol ) and the.mixture was

stirred at 40°C for 4'days under a carbon monoxide
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atmogphere. An infrared spectrum.of the crude residue:

- . . L]
showed thqt isocyanate was not present. Elution with
ether: hexane (l:4) gave 0.}51g-(27§) of bicyclic g -

lactam.

pd(dba), : Pf’h3' (L:3)

To a mixture of 0.34g (1.296 mmol ) of PPh,
and 0.249g (0.433 mmol ) of'éd(dbagz in cr;H6 (40ml) was
added 2-phenyl-l-azirine (0;4997g, 4,27 mmol ) and the
solﬁtion was stirred at 40°C overnight under a carbon
monoxide atmosphere. An infrared spectrum of thé crude reaidué

showed that the isocyanate peak is not present. Elution with
ether: hexane (1:9). gave 0.198g (35%) of bicyqlic B~

lactam,

Attempted carbonylation of 2-phenyl-l-azirine using other
catalysts

Pt(PPh3)4 :

The reaction was effected in a manner.identical
_ with that described for Pd(PPh3)% reaction. After 2 days

the starting azirine (l) was recovered quantitatively.

4 R “ .
Nl(PPh3)4

\
-The reaction was effected in. a manner identical

with that .described for Pd(PPh3)4'reaction except for a
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change in the catalyst. After 1 week the starting aeirine

(1) was recovered quantitatively. °

Reaction of N—n—butyl—Z—pﬁenyl aziridine{10) with CO and

pd(PPh3)4

The aziridine (10) (0.602g, 3.44 mmol-) and

Pd(PPh3)4 (0.403qg, Q.349Immoi ) in benzene {50ml) were

stirred under an atmosphere of carbon monoxide at 40°C for‘

2 days. Workup gave recovered starting material.

Reaction of 4,5-diphenyl-1,3-diazabicyclo [3.1,0]hex-3-
ene (11) with CO and PAd(PPh,), '

Starting material was recovered when a mixture

of (11) (0.207g, 0.884 mmol ) and PA(PPh.), (0.117g, .

3)4
0.102 mmol.) in benzene (50m15 was exposed to €O for 2 days
at .40°C. ' .

Once some vafiations on the general procedure
of Pd(PRh3)4 catalyzeq CArSonylation of azirines were done
we tried to trap the proposed dipolar azaallyl’interme--

diate (20) in the latter reaction with various dipola-

rophiles.
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.Attempted.Pd(PPh3)4 catalyzed cycloaddition.reactiohs of 2

‘azirines in the presence of CO | T L

Cycloaddition reaction of 2-phenyl-l-azirire with dimethyl
maleate

‘To a mixture of Pd(PPh )4 (0.522g, 0.452 mmol )

.and dimethyl maleate (l.l4g, 7.9 mmol ) in CGH (50m1) was

6
added 2-phenyl-l-azirine (0.533g, 4.55 mmol ) and the
solution was sti;:ed,at room temperature under a carbon
monoxide atmoépﬁ;re. After 1@#day the temperature was
iﬁcreased'to 40°C and stirring was continued overﬁight.
Workup by column chromatography using? as eluant/, ether:

hexané with increasing proportions of ether. Elution with

ether: hexane (1:4) gave 0.245g (41%) of bicyclic’ B -~lactam.

Similarly B-lactams were obtained when dimethyl
fumarate was used, instead of dimethyl maleate and also
2(2',4'-dimethylphenyl )-l-azirine was used instead of

2-phenyl-l-azirine in the above reaction.
o
..Cycloaddition reaction of 2-phenyl-l-azirine with dimethyl
acetylenedicarboxylate '

s

A mixture of dimethyl acetylenedicarboxylate
(0.608g,4. 28 mmol ) and. Pd(PPh3)4 (0.494g, 0.428 mmol ) in
benzene (40ml) was stirred aE\;oom temperature for 0. 5hr'
under a carbon monoxide atmosphere. To this was added

2-pheny1-l-azirine‘(O.4995g, 4,27 mmol ) and the reaction
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mixture was stirred for 1 day at room temperature and then .

at 40°C for 27 hrs Workup gave 4 unidentified products.l
The same results were observed when 242',4'

dimethylpEEnyl) -l-azirine was used instead of 2-pheny1 -1-

L

azirine in the above reaction.

t Once. thé general’ procedure for the-Pd»(dba)2
catalyzed carbonylation of?azirines was established we
also tried to dq Diels-Alder cycloaddition reaction on the

resulting vinyl isocyanates with various dienophiles.

. ‘ 'ﬂ‘ i .
Reaction of 244tchloropheny{)-l-azirine and Pd{(dba)., in the

presence of dimethyl acetylenedioarboxylate

To 40 ml of dry CGH was added Pd(dba) (0.246g,
.0.42 mmol ) and dimethyl acetylenedicarboxyiate (0.606qg,

4.27 mmol ) and the solution was stirred atrroom temperature

Ifor 0.5hr under a CO atmosphere. To this was added 2-(4'-chlorophenyl)-
.1-azirine-(0;648g: 4.27 mmol Y in CGHG(SmI) and stjrring was continued at room

temperature for 1 day and at 40°C for 4 days. The solvent was removed on a

rotary evaporator. An infrared soFctrum of the - resultant\

crude residue showed that an isocyanate peak is note preéent

Workup gave 3 compounds which could not be 1dent1fled

Reaction of 2-phenyl-l-azirine and Pd{dba)2 with dimethyl

acetylenedicarboxylate

A mixture of Pd(dba)2 (0.247g, 0.43 mmol ),
2-phenyl-l-azirine (0.5q, 4-3”mm0% ) and benzene (40mi) was )};

~
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stirred under a carbon_monoxide a;moéphere at 43°C for 6hrs.

Then @im hyl acetylenedicérﬁokyléte (d.%dég,f4.3 mmol ) -~ - -
was added. e \reaction was followed by thin layer chromato-

graphy. After 2 days the reaction mixture was refluxed for

17hr. [The -solvent was removed on a rotary.evapdrator._ An
infrareq spectrum of the resultant_crﬁde rgsidﬁe showed
the ﬁresence of isocyanate. Therefore, the residue was
treated with 80ml of hexane, filtered andﬂgoncentrated on

a rotary evaporator. The NMR and IR spectra of the

- resulting crude oil showed the presence of a mixture of

vinyl isocyanate and unreacted dimethyl écet&lenedicarboxyw
late. The latter was again dissolved in 40ml of benzene:

aﬁd dimethyl maleate (0.6lg, 4.3 mmol ) was added and R
réflﬁxed under a CO atmosphere for 2.§aays. The solvent was
removed'on a rotafy.evaborator . NMR and'IR spectra of the

resulting crude showed that there was no reaction.

4.2. Palladium(0) CatalyZéd Reagtions Of Azirines Under
Heterogeneous Conditions J N

General procedure

A mixture of benzyltriethylammonium éhloride ~
(0.10g) in 50% NaOH (15ml) and palladium(0) catalyst.._"
(0.34-0.43 mmol) in benzene (15ml) was stirred for lhr at
. . ¥

40-50°C, under a carbon monoxide atmosphere. To this

mixture was added,ﬁhropwise (lhr), the azirine (3.4-4.3~mmol‘)dﬁ\1
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in benzene (5ml).  The reaction was' Followed by thin layer
chromatography énd, yhen‘complete, was extracted with
eth;}. The organic layer was washed‘with water, dried _
over Mgso4; concentrated and chrqmatqgraéhed on silica gel '
Styrylingoles were obtained from}the'aqueous phase by
acidification'wiéh Hélfﬁéliowed;by extractionxwithietﬁer.
Product yields, reaction times and £he phasde transfér .
catalyst-ﬁsed are given in Table 5. Spectral data are
listed in Table 6.

« Once the gd(PPh3)4'catalyzed reaction of azirines !
' ﬁndef heterogeneous conditions was established.some vanf;tions
.were made to determine if improvements could be made to the '
reaction. 1In thése'reactionf 2-phenyl-l-azirine (3) was

used as'the‘spbstrétel

Reaction undér a nitrogen atmosphere éﬂ

\ L

The reaction was effected in‘a,manner identical

1

with that described for the general procedure, except in -
an atmosphere of nitrogen instead of carbon monoxide.

Workup was effected. as mentioned ‘in the general procedure.

5 - ¥

: t .
Réaction under a carbon dioxide ‘atmosphere .

The reaction was effected in a manner identical
with that described .for the general procedure except-in

an'atmosphére of carbon dioxide instead of carbon monoxide.
et : L Lt . .

fﬁ\

H



144

Here, work-up by extraction of the agqueous pEase after
acidification did not give any indole. The organic layer |
was placed-dn a silica gel'column. Elution with ether:

hexane (1:5) gave 0.088g (19%) of 2-styrylindole.

Reaction without Pd(PPh's)4 _ =

4

The reaction was effected. in a manner identical
with that descrlbed for the general’ procedure except in
the absence‘of Pd (PPh,) , catalyst. Extraction of the aqueous
phase after acidification did not give indole. The organic
layer .was placed on a silica gel celumn Elution with
{(I:4) ether: hexane gave 0.097g (19%) of a dimer (47) of
2- phenyl-l,az1rine(l). The structure was not determined
" Syecessfully. o NMR Acoely), §6.754d,3=3Hz), 6. 9-7.8 (m) ;

MS' (m/e) 234; IRv . (CHCl,) 3375 cm L.

Reaction using (5:1) 2-phenyl-l-azirine: Pd (PPh,) ,

K4

The reaction was effected in a manner identical

with that described for the geﬁeral procedure except using

double the amount oOf Pd (PPh [i.e., 5/1 ratio of (1) /

34
Pd(PPh3_)4 ]- Extraction of the aqueous phase after acidi-
fication gave 0.0859 (18%) of 2-styrylindole. Column

chromatogrephy [(1:§) ether: Hhexane ] of the organic

by

layer gaﬁe 0.062g (12%) of acetophenone.

-
-
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Rea::}bﬁ without a phase transfer catalyst = >

The reaction was effected in a fanner identical’

with that described for: the general procedure except in

’

the abfence of a phase transfer catylyst. Extraction of |

the agueous phase after acidificatioh gave“0.084g (18%)
- S - ) L
of 2-styrylindole. Column’®chromatography of the organic

layer on a silica gel column [{ 1:5) ether: . hexane ] gave

0.033g ¢(6.5%) of a dimer. (47) of ' 2-phenyl-l-azirine.

. ,f”/

Using tetrabutylammonium hydrogen sulfate, [ ﬁﬁ&N+H80;]

..as the phase transfer catalyst °

.The reaction was effected in a manner identical

with that described for;the general procedure except ‘using

'tetrebutyiammnﬁum hydrogen sulfate as the phase transfer

-

catalyst. Extraction of the- agueous phase after acidifi-

cation gave 0.095g (20%) of 2-styrylindole.

051ng dodecyltrlmethylammonlum chlorlde as the phase '
transfer catalyst '

’

The reaction was effected in a manner identical

with that described for the general procedure except using

r

{dodecyltrrmethylammonimn chloride as the phase transfer

catalyst. Extraction of the aqueous phase after acidifica-

LY

tion gave '0.029g (6%)'of 2;styrylind01e. Acetophenone

- [ 0.028g; 5% ] was obtained on werkup of the 6rganic phase.

<

o i T
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‘Using" 5N NaOH
The reaction was‘effected in a manner identical

with that described for the geheral procedure-except using
: ' /
5N NaOH instead of 50% NaOH. Extraction of the aqueous
phase after acidification gave 0. 115g (25%) of 2—styry—

1indole, Column chromgtographic work-up of.the organic

‘phase gave small amounts of unidentified compounds.

\

Using H20

. The general procoduie was used except that
.distilled'wote; instead of 50% NaOH was used as the agueous
lphase. Extraction of the aqueous phase éftéflacidification
did not give any indole. Column chromatography of the
‘organic iayerl[gther: hexane ] ga&e 0.053g (10%) of aceto-
phenone, followed by 0.053g (11%) of 2-styrylindole and

‘2;213g (38%)' of bicyclic g-lactam.

Reaction with K,CO, N

> :
A mixture of benzyltriethylammonium chloride

(0.1g, 0.44 mmol ), K,CO, (1.214g,8.798 mmol ) and Pd(PPh

2773 3)4
(0. 494g,0 43 mmol ) in benzene (45ml) was héated at 50 C for
S5hr, in a carbon monoxide atmosphere.' To this 2—phenyl 1--
azirlne(O 59,4.28 mmol ) in benZene(Sml) was added dropwise

(lhx). when the reaction was complete water . (50ml) was

added and the usual work-up afforded 0.195g(35%) of bicyclic
. -\ . ' ‘
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g-lactam and 0.023g(5%) of 2-styrylindole.

Using hexane as the organic phase

H . ) L]
The reaction was effecﬂgd in a manner identical

with that- described for the general procedure except using - .. .
hexane instead of benzene as the organic phase. Pd(PPh3)4

was introduced by dissolving in 3ml of CcH Workup as

6"
usual gave 0.06y (13%) of 2-styrylindole and 0.0lg (2%}

acetophenone.

Us}ing Pd (PP1:13)'4,/C<_32 (co)_,s {l:1)

. ﬁixture of benzyltriethylammonium chloride
(Otldgﬂ 0.44 mmol f‘in 50% NaOH (15ml) and Pd(PPh3)4
(0.493g, 0.43 mmol ) in benzene (15ml) was stirred under
a carbon monoxide'atmospheremét 40°C for_lhr. The solution
" was cooled to room temperature, COZ(CO)B_(O;lSZg,.0.44
mmol ) was added, and stirring continued for 0.5hr at
room témperature.. To this mixture 2-phenyl-l-azirine
.[0.502g,4.3 mmol ] in CgHg (5ml) was added droﬁhiéé(lhr)q
and the reaction mixture was stir;ed overnight. Workup
as usual gave 0.086g (18%) of 2—styryli?dole and 0.02g .

Lan

(4%) of acetophenone.

Reaction under CO pressure & : - 5

.A mixture of benzyltrietHA¥lammonium chloride

(0.10g,0.44 mmol ) in 50% NaOH (15ml) and Pd(PPh3)4
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{0.493&;0.43 mmol )} in benéene (15ml) was stirred under a

._carﬂén_monqxide atmosphere at 40°C for 2hrs. This mixture
was'trgnsfgrred to a titanium bomb and 2-phenyl-l-azirine
(0:504g,4.3 mmol ) in.benzene (5m1) was added. To this

.mixture a cafbon monoxide pressure of 350 psi was introduced

. an@.iﬂnen the reaction mixtufe wés hégtéd overnighflwith stirring at 40-457C,
¢onven£ional workup ‘gave no indole, but gave 0.097g (19%)
of a dimer (47) of 2-phenyl-l-azirine and then 0.065g (13%)
ofla trimer (48) of the latter. The structures of the two

products were not determined successfully.

Dimer (47) - MS(m/e) 234,IR VN-H (CHC13).3375 cm_l.

Trimer (48) - MS(m/e) 351,IRyy . (CHCL,) 3310 cm ™,

[4

Using Pd(dba)., as the PdA{0) catalyst

2

The reaction was effected in a manner identical
with that described for the general proceglure excépt using
Pd(dba)2 instead of Pd(PPh3)4. Work-up as usual did ‘not give

indole but gave 0.069g (13%) of acetophencne.

Using Pd(dpe)2 as the Pd(O) catalyst

The reaction was effected in a manner identical
with that described for the general procedure using
%d(ﬂm)zandSN NaOH-ihsﬁead of Pd(PPh3)4 and‘SO% NaOH
respectively. Pd(dpé)2 was introduced by dissolVinQ in
CH5Cl, (3ml) . ‘thraction of the aqueous phaéé after
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acidification gave trace amounts of 2-styrylindole. Workup

. of the organic phase afforded 0.026g (5%) of acetophenone

and 0.056g (12%) of 2-styrylindole.

Using Pd(dpe)2 and 2441methylpheﬁYl)—l—azirine

)

The reaction was effected in a manner identical
to the reaction of Pd(dpe}2 with 2-phenyl-l-azirine, usihg
244tmethylphenyl)-l—azirine instead of 2-phenyl-l-azirine.
Pd(dpe)2 was introduced £o the reaction é%xture by
dissolving it ;n CH2C12 (3ml). Column chromatographic
work-up with ether: hexane (1:8) gave 0.079g(15%) of 2-
pwmethylacetophehone and 0.029g (6%).of 2p-methylstyryl-6-

.

methylindole. ‘-

Using Pd(CH3000)2 as the metal catalyst

The reaction was effected in a manner identical
with that described for the“genmetal procedure except using
Pd(CH3COO)2 instead of Pa(PPh3)4, Standard'work—up gave

0.208g {41%) of acetophenone.

4.3. MO(CO)GInduceduReactions Of Azirines With Carbanions

1

General Procedure -

To a solution of NaOEt, prepared from the reaction

149

of Na(4-7 mmol ) in 99% ethanol (5m1), CH, (COOEt), (4-7 mmol )
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in ngi{ﬂpl) was added and the solut%oﬁKwas heated at’
50°C‘under a nitrogen'atmbspheré. After 4hrs, 25@1 Qf

THF was added and stirring was continued for. 0.5hr. .To this
‘mixture, Mo(CO) . (2,7-4.7 mmol. ) in THF(5ml) was added.
After 0.5hr the mixture was coéled to -78°C and azirine
-(2.7-4.7.mmol:)tiQ‘THF(Sml) was added dropwise (lhr).

The dropping funnei was washed with 5ml of THF and the THF
was added to the soiﬂtion: The mixture was then'al;owed

to warm up to room £emperaturé aﬁd stirring has continued
until reaction wés complete (followed by thin layér chroma~-
tography). The reaction mixture was_added to distilled
water, expfactéd with ether, drigd-over MgSO4 and concén;
trated to give the crude imides. The pure imides were
isolated by, column qﬁromatography on silicé-ggl. Product
yields,‘reaction times, melting points and analyticai data

are given-in Table 7. Spectral data are listed in Table 8.

Work~up in the individual cases was as follows:

2-Phenyl-l~azirine (])

~Elution with ether: hexane (3:2) gave.0.476;
0.483g" (45-46%) of imide (51, R=Ph,R'=H,R’=COCEt) as a
thick pale yelloﬁ'oil; which crystallized after a feﬁ weeks,
as transparent crystals. A single-crystal X-ray determi-

nation was also made.
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2 -(4-methylphenyl)-1-azirine (2)

Elution with e%her: hexane (3:2) gave 0.678g
(68%) of imide (51,R=p-CH,C.H,,R'=H,R'=COOEt) as a thick '

pale yellow oil.

24 4’-Bromophenyl)-1l-azirine (3)

Elution with ether: hexane (3:2) gave 0.4333

674’
yvellow oil, which crystallized as transparent crystals

(52%) of imide (51 ,R=p-BrC.H,,R'=H,R"=COOEt) as a pale

after a few weeks,

2%4tchloropheny1)-l—azirine (4)

Elution with ether: hexane (3:2) gave 0.291g"’
{27%) of imide (51 , R=p-C1C6H4,R'=H,R"=C00Et) as a thick
vellow o0il. :

3-Methyl-2-phenyl-l-azirine (3) v

Elution with ether gave 0.74g (74%) of imide
(51 ,R=C6H5,R'=CH3, R"=COQEt) as a white solid. Recrystal-

lization from ethanol gave white needle like crystals.

2422methylphenyl)—l—azirine(§)

Elution with ether: hexane (3:2) gave 0.41lg

 (41%) of imide (51,R=0-CH.C.H,,R'=H,R’=COOEt) as an off
21 H3CeHy

white 0il. This was pufified further by using'fhin layer-
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chromatography with ether: hexane (l:1) as the developing
solvent. A white thick oil was obtained which crystallized

after a few weeks, as white crystals.

L \“

244-methoxyphenyl)—14azirine:(g)'

3

Elution with ether: hexane (3:2) gave 0.56g

(59%) of imide (51, R=p-CH,OC.H,,R'=H, R'=COCEt), as a  °

pale yellow oil, which gradually formed white crystals.

Once the Mo(CO)6 induced reaction of azirines
with diethyl malonate carbanion was established some s
variations were made to improve the reaction. In these
reactions 2—pheny1-l-azitine (1) was used as.thé substrate

unless otherwise mentioned.

Blank Test

.The blank tests were carried out in a manner
identical to the general procedure except in the absence
of Mo (CO) . Workup was done as usual . Elution wiﬁh etyer:
hexane (3:2) .gave 0.22-0.24g (21-23%) of imide (51, R=C_H,,
R'=H,_1§V=cooz~3t) as a pale yellow oil.

Reverse reaction

To 35m1 of dry THF , Mo(CO), (4.7mmol ) and azirine

(4.7 mmol ) were added. .The mixture was cooled at once to -
-78°C and stirred under a nitrogen atmosphere for 12-15

min. To this mixture, sodium diethyl malonate (7 mmol )



in THF (1l0ml) was ‘added dropwise(lhr). The mixture was
allowed to warm up to room temperature. When the reaction
was complete, the usual workup was effected giving 0.337g

" (32%) of imide (31,R=C.H;,;R'=H,R"=COOEt) .

Under a CO atmaosphere with caialytic amount of MO(CO)G

To a solution of NaOEt, prepared from (7 mmol )
of Na in 99% ethanol (5ml), diethyl malonate (7 mmol ) in
THf (10ml) was added and the mi#ture was heated at 50°C
- under a nitrogén atmospﬁere.' After 4hrs, 25ml of dry THF
- was added and the mixture ﬁas stir;ed for 30 min. To this
solution Mo(CO), (0.476 mmol ) in THE (S5ml) was added, and
after 15 min the nitrogen atmosphere was changed to
carbon monoxide. After 15 min, the mixture was cooled to
-78°C and azirine (4.7 mmol ) in THF (5ml) was added drop-
wise (lhr). The solution was allowed to. warm up to room
temperathfe, and. then stirred overnight. Wdrkup by column
chromatography [ether:: hexane (3:2)] gave a heavy oiiy
impure material. This was again 'used on a short silica
gel column. Elution with ether: hexane (2:3) afforded-

0.023g (2%) of imide (51, R=C.H ., R'=H,R"=COOEt).

Reaction under a CO atmosphere with a stoichiometric
amount of Mo(CO}6

The reaction was_effected in a manner identical

with that described for the reaction under a CO atﬁosphere'
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.
with a catalytic amount of Mo (CO) ., except using a-

stoichiometric quantity (4.7 mmol ) of Mo(CO)G. Afterxr
overnight reaction, workup as usual gave 0.155g (15%). . of

imide (51,R=C_H

S,R'=H;RF=COOEt).

Once sgme ﬁariations were made on the Mo(CO)6
induced reaction of azirines with diethyl malonate anion,
other carbanions were also used for this reaction. Product

yields, reaction times, melting points and énalytical data

are given in Table' 9. 'Spectral'data are listed in Table 10.

Reaction of 2-phenyl-l-azirine with ethyl benzoyl malonate
anion in the-: presence of Mo(CO)6

The reaction was effected in a manner identical
with that described for the general proceduré, except
using ethyl benzoyl malonate instead of diethyl malonate.

Column chromatographic work-up [ether: hexane (1:1)]

Sl

gave 0.346g (29%) of imide (51,R=C.H -R'=H,Rf=coc635), as —_

"a pale yellow o0il, which crystallized as white crystals
[N} .

after a few weeks.

Reaction of 2-phenvyl-l-azirine with ethyl benzoyl malonate
anion'in the absence of MQ(C0)6
"~

The reaction was effected in a manner identical
with that described for the general procedure using ethyi

benzoyl malonate ‘instead of-diethyl malonate, in the



absence of Mo(CO)é. After overnight, workup as usual gave

. - J‘. X " .
-Reaction of 244.bromophenyl) -l-azirine with'ethyl'benzgyl
malofate fﬁZOn in the presence of Mo(CO) . )

'd

The reaction was ‘effected in a manner identical

With tQat described for the geﬂefal\procedure, exbept
using ethyl benzoyl méloéate instead of diéthyl malonate.
Column chromatégrabhic workdp with ether: ﬂékane (1:1)
‘gave 0.321g (35%) .of imide (51,R=p-BrC.H,,R'=H, R"”=COC HS)

as a pale yellow oil, which crystallized as white c;ystals

after a few weeks. ' oA

IS

'Reaction of 2-phenyl-l-azirine with ethyl acetoacetate
anion in the Bresence of Mo(CO) : .

The reaction was effected in a manner identical

-

. with that described for tﬁe generallprobedure, except

using ethyl acetoacetate instead of diethyl malonate.
Workup by column chromatography gave 7 fractions, none of

.

them was identified successfully.

Reaction of 2-phenyl-l-azirine with ethyl a: (p-toluene

.&alfonyl) acetate anion in the presence of Mo(CO)6

The reaction was effected in a manner identical

with tpet described for the general procedure, except
using ethyl a-(p-toluene sulfonyl) acetate instead of

155
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Reaction of 2-phenyl-l-azirine in the presence of Mo(CO)6

. the solution was stirred for (.5hr under a nitrogén

. o ST 156

~ diethyl malonate. ' Only starting ester and several

unidentified products resulted on workupf

Reaction ofné—phenyl—l-azirine witﬁ‘ethYI'cyénoacetate

"anion in the presence of qg(co)s

- The reaction was effected in a manner identical’

!

with that described for the general procedure except using

ethyl cyanoacetate instead of diethyl ‘malonate. When the
reaction was completed, column chromatographic workup

{ether: hexane) gave 4.fractions, none of which were

_ successfully identified.

L4

with ethyl cyanoacetate anion generated by NaH

NaH (7 mmol ) was added to 20ml of dry THF and

atmosphere. To this was édded ethyl cyanoacetaﬁ5 (7 mmol )
in THF (10ml). After 30 min, Mo(CO). (4.7 mmol ) in THF
(5ml} was q@ded, and. the solution was stirred for a further

30 min. After cooling to ~78°C azirine (1) in THF (5ml)

I3

was .added dropwise (lhr). The m%;ture'was allowed to -warm

up to rooﬁ‘temperature and whén the reaction was completed,
| * ’ -

the reaction was worked up as usual. Elution with (3:2)

ether: hexane gave 0.19g (23%) of crude imide (51,R=

CgHg R'=H,R”=CN) a6 an orange coloured oll, Further purifi-

cation was attempted_by preparative thin layer chromatogragay
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using'(l:l) ether: hexane as the'develgping sol;ent. It
was not successful since some otﬁer impﬁritylwas moving
‘with the produc®. Other solvent systems were also tried
on ‘small thin.layer chromatography plates, but they were
also not very suceessfui' Mass and infrared spectra
e;fees with the imide formulation (51). IH NMR‘spectrqm

showed that 3ome ofher impurity is also present. Analy-

tical results, did not agree with the calculated values.

MO(CO)6 induced reaction 'of 2-phenyl-l-azirine with ethyl

a—{p-toluene sulfonyl) acetate anion generated by NaH
r .

The reaction was effected in a manner identical

Wlth that described for the reactlon of ethyl cyanoacetate
anion generated by NaH, except using ethyl o-{p-toluene
sulfonyl) acetate. When the reaction was coﬁbleted, workep
by column chromatography gave 3 major fractions. The
seconad\ one was the uﬁreacted.ester,'énd the other two

[}

fractio were not i@entified successfuliy.

Mo(CO)6 induced reaction of:2ﬂphenyl-l-azirine with ethyl

diethyl malonate anion

The reaction was effected in a manner identical
-with that described t@ the general procedure, except using
ethyl diethyl malonate ‘instead of diethyl malonate. When

the reaction was complete, the reaction was worked up by

\
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column chromatograph&. Elution with ether: . hexane (1:8)

gave 0. 174g (13%) of coupling product (57 R—C ) as a ‘light )
yellow oil, and elution with ether: hexane (1:1) gave '
0.246g (31%) of 3¢ethy1—4?pheny1—3-pyprolin-2—one (58) as
an off thte solid._ Tpe pyrrolinone (§§,R=CSHQK<:ii

‘ _furﬁher purified by preparativejthin 1ayer chromatography
using ether: hexane }3:4) as the'developing_splvent.,:The

product was obtained as a pure white powder.

.

. , ) ‘ . ) Y
‘ Mo(CO)6 induced reaction of 244}methylphenyl)-l-azirine

with ethyl diethvl malonate anion

The reactlon was effected in afhaﬁner identical

r’ .

with that des?ptbed for the general procedure except using

boebe

ethyl diethyl- malonate instead of diethyl ‘malonate.- When

-

the reaction was completed workup was effected by column
chromategraphy. Elution wmth ether: hexane (1-8) gave I

0. 187g (15%) of coupling product (57, R—p CH3C6H4) as a

pale yellow oil ‘and“elution with (1:1) ether:. hexape

gave 0.128qg (17%) of,3—ethy1—44p—methylphenyl)-3—pyrrolin—l
2-one(58) as a light yellow solid. The pyrrolinone (§_§,Rép-cu3 Celly )
was further purified by preparative thin layer chroma-
ﬁtogg;phy“using ether: hexane (3:4) as the developing

system. The product was obtained as a pure white powder.
f -
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Reaction of 3-benzoyl-4-phenyl-4-pyrrolin -2-one (52) in

the presence of Mo(CO)6

Ry

3-Benzoyl-4-phenyl-4-pyrrolin -2-one 452} was

prepared according to +the literature pfocedurelll.

r)

- Preparationr of 3mbenzoyl;4—pheny1f47pyrrolin —2-ane (52}

To NaH (0.204g,0,b09 mole) under a nitrogen

atmosphere was added dimethyl sulfoxide (12.5ml). After
® .

stirrinb for o;shr, ethyl-benzoylacetate (¥423L 0.01 mole)

LS

and 2—pheﬁyl—1-azirine (1.15g, 0.01 mole) were added and .

stirring was continued ovefnight at room temperature;
This mixtufe was added to water and acidified.with HCY,
"but no prec;pitate waé formed. - Attempted extraction with
ether gave a yéllow precipitate which was fiitered and
washed successively with water aﬁd ether. 'Drying and
concentration gave 0.322g (14%) of (52) as an off white
powder. mp.184-187°C, Lit mp. 188-189°C; MS (m/e) 263
[M]+; IR tCDﬁl3) 3458 cm_l(N-H), 1700'cm_1(lactanCI=0),

1

1665 cm — (COPh).

Reaction of (52) with Mo({(CO),

Molybdenum hexacarbonyl (0.6 mmol ) in dry THF

.

(40ml) was heated at 50°C under a nitrogen ‘atmosphere.

After 0.5hr, this solution was cooled to -78°C and compound

(52) (0.6 mmol ) in CHCl,(Sml) was added dropwise (lhr).
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The mixture was a1{//;d to warm ﬁﬁ#to room temperature and reaction

was followed by thin layer chromatography After 1'day

(according to TLC) there was no imide (51,R=C H5,R —H R"

6
=coPh) formed JThe' solvent was removed on a rotary ‘evaporator

and used -the crude residue on a silica gel column. Elution
with ether: hexane gradually increasing the amount of
ether gave mainly 2 fractions. None of them were identi-

fied successfully. But no :imide (51, R=C_H

6 5,R'=H,R"=c01>h)

was'isolated. ‘ﬁ/(,

Reaction of 2-phenyl-l-azirine with carbanions in the
presence of other catalysts ' -

With & catalytic amount of - 002(30)8 , Pa(PPny),

-, Pd(dpe}, - , Ruc12(PPh3)4 or, [ Rh{l 5-hexadiene)C1]

Y

s

The reaction was effected in'a manner identical
with that described for the general procedure except using
a catalytic amount of the above species. When the‘reaction
was completed the reaction was worked-up as usual.” The

gatalyst used, product ylelds and reaction times are given
Sy

.in Table 11.

With a stoichiometric amount of Co-{CQ)g

$

The reaction was effected in a manner identical
with that described for the general procedure except using
COZ(CO)8 instead of Mo(CO)é; The reattion once completed

was worked up as usual.

e



Acid Hydrolysis of imides ~
Hydrolysis of (51,R=C,H,,R'=H,R'=COOEt) using 2N HCI

Imide (51, R=CH,R'=H,R“=COOEt) (0.8 mmol: )
was refluxed overnight in 2N HCL (25ml). The mixture was
extrgcted-with ether, the etherlektracfs were washed with-
water,; dried (MgSO4) and concentrated to give 0.137g
(89%) of ‘66}15011 (COOH) CH,COOH. 'H NMR' (DMSO) § 2.55
"~ {(q,1H)}, 3.i {a,1H), 3.9 (4,1H), 9.3 « 8,2H,COCH), 7.15
(bx., 5H, dromatic protons); MS (m/e) [TMS derivative
of the acid], 338[n ]",323 [ M-cu, 1%, 248 [m-scu;1", 147
[H5L,Me ] o, 73 [Sin?g'*.- |

Hydrolysis of (_5_;,R=c6H5,R'=H,R”=c_:OOEt) using 0.5N HCl

-

Imide (51,R=C.H,,R'=H,R”=COOEt) (0.4 mmol ) in
0.5N HC1l (25 ml) was stigred overnight at room temperature.
Workup as mentioned above gave starting material with

trace amounts of CGHSCH(COOH)CH2COOH.

" Hydrolysis of (hS_l,.R=C6HS,R'=H,R"=COPh) using 2N HCl

Imide (51,R=C.H,R'=H,R =COPh)- (0.14 mmol-) in

2N +HC1l (25ml) was refluxed overnight. Workup as mentioned

before gave mainly recovered starting material.
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Hydrolysis of (51, Rncsus,L'=H ,R"=COPh Jusing 6N HC

Imide (51, R=C6H5, R'=H, R"=COPH )} (0.14mmo1 ) in 6N HC
(2-5rn1) was refluxed for 24hr . Workup as mentfo;uad before gave 0.032g
(882) of CgHsCH(COOR)CH,COCEH; . TH NMR (cocty) 5 6 3.28(q,TH) , 4.06(q,1H),
4.35(q,1H) , 7.30-8.30 (m,10H, aromatic protons) ,8.55 (br.,1H,CO0H);
MS(n/e) [THS derivative of the acid ])326.[M]+,‘ 311 [M-CH 1" , 281 [M-3CH T,
236 [M-HoSiMe3]" , 105 [COPHT*, 73 [siMeq]*. |

2 -



163

. CHAPTER V

5. Summarz
5.1. Conclusions

In conclusion, metai complexes can catalyze or
promote some interesting and useful transformations inéluding
tﬁé synthesis of p-lactams, Qinyl isocyanates and imides.

The Pd(PPh3)4 and Pd(dbaJZ are highly selective catalysts for

the novel synthesis of B-lactams and vinyl isocyanates,

respeétively. These two classés.of compounds are of consider-

able impo?tance in medicinal ( B-lactams) and polymer (vinyl
isocyanates) chemistry. ga-lkactams a:; an important class of
antibiotics, and there has beén gréat interest in recent years

in the synthesis of_heterote.g.;azallj, Oxalle) as well as

carbén (e.g.,thienamyqinllg) analogues of -penicillin. The N—‘“——~\\\
remarkable ligand effects observed iﬁ this investiéa;ion are
rather unusual in homogeneous catalysis. Use of mild condi-
tions and thed simplicity- in the workup of the reactions are
other important features of th%se reactions.

Styrylindoles are obtained by palladium{0) and
phase-transfer catalyzed reactions of “azirines. Neither
B-lactams, nor vinyl isocyanates were detected in any of these

*

Pd(0) catalyzed heterogeneous reactions. When compared to the

homogeneous process, this different behavior may be due to



t§9 generation of anionic palladium complexes under phasé
transfer catalysisi!®: . ”f R

Molybdenum hexécérbonyl can induce or promote the
remarkable conversion of azirines and carbanions (e.g.,R”CH2~
COOEt, RY= COOEt, COPh,CN) to imides. The reaction is com-

pletely stereospecific. The described process would cons-

164

titute to aAsimple and convenient entry into acyé¢lic compounds

of defined stereochemistry (e.g.,-succinipfacids),:siﬂce it
is well known that ?mides dan be ring opened under a variety
of conditions. Trans-3,4-disubstituted py?rolidineslzo could
be obtained by hfdride reduction, of the above ﬁentioned
imides. Azirines are conyerted to“aﬁ imino diester and a

.3-pyrrolinone by molybdenumrhexacafbonyl‘induced reaction

in the presence of ethyl diethyl malonate anion.
t

5.2.7 Claims to Original Research

- Catalytic homogeneoﬁs carbonylation of aegirines
to vinyl isocyanates By bis(dibenzylideneacetone)-

v palladium(g).

- (Catalytic homogeneous carbonylation of azirines
to PB-lactams by tetrakis(triphenylphosphine)-
palladium(@). N

- Palladium(0) and phase-transfer catalyzed

'_conversion of azirines to styrylindoles.
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- Novel and stereospecific imide synthesis
by molybdenum hexacarbonyl induced reactions

- of azirines with carbanions of B-dicarbonyl

v .

compounds.
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