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ABSTRACT \\\

The major portion of this thesis deals with the chemistéy of

© 5-t-butyl-3,3-dimethyl-5-methylene-A'-1,2,4~triazoline (94) and its

~J
derivativea. Triazoline 94, formally also an enamine and an azo compound

was treated with,seﬁéral substrates in attempts to synthesize new

A1;1.2l4—triazolines suitable-for the generation of a;omethine vlides.
When 94 was treated with hetqrocumuleneg or éiméle Michael acceptors

such as acr&lonitrile, the products included highly substituted aziridines’

(e.g., 109), simple Michsel addition products which contain the skeleton of

si94, and in cne instance, an azabicycloheptene: The reactionm of 84 with

more—substitiuted Michael acceptors, methacrylonitrile and methyl

methaérylgte, vielded 2-t-butyl-iminopyrrolidine derivatives.

; . ph
s N
ﬁﬁ t-Bu - 0
- %4 109 1288 T 177a

Spirotr;azolines {(e.g., 129a) were isclated from the reaction of 34 _

with benzonitrile oxide and diphenylnitrilimine. The thermal decampdsition

of these spiro species wa# found to follow the first order rate laé.

Treating 94 with phenyl azide and p-nitrophenyl azide provided spiro
. ~ ¢ o
triazolines whose thermal decompesition involved the loss of two moles of

”

molecular nitrogen.

141
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An analog of 94, bearing a2 fumarato substituent on the exocyclic

double bond was found to rearrange to a highly-subsiitu}ed pyrrole when

heated in MeOH. Another analog of 94, this species bearing an anilido

substituent on the exocyclic double bond, was found to lose nitrogen with

first order kinetics when heated in MeOH or CgHg.

1In 2 separate study, allyldimethylaminomaleates (e.g., 177a) resulted
from the reactions of dllyldimefhyi ﬁm{nes with_dimethyl

‘acetylenedicarboxylafe. The maleates are believed to arisc from tnitiul

zwitterion formation fellowed by intramo}ncular-ullyl'trnnsfur via ‘L evelee

E-membered transition state. -
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- | C S CHAPTER ONE . | o L

W

INTRODUCTION
Research in orgenic che) ist;y can be segregated~ibt6’two major.
- components. Physicallorganié chemistry is the stﬁdy of how organic

processes proceed while s&nthetic organic chemistry involves .the preparation

of interesting and/or useful.compounds. . C_/#~hb'
Synthetic organic chemistry too can be divided into two segments.

There is the discovery of new reac;ioné and methodology, divorced from

specific synthetic goals. ,A‘result of this type of research is Yhe

;éxtremely\uSeful Wittig reaction.l'2

N

\

The other element is the use of thesc

reactions and methodologies in the synthesfé:of novel compounds and natural

.products. The ”landmark synthesis of vitamin qu is a good e.‘cumpl‘e.'3

b

, Natqral product syntheses are now being carried out by means of three
principal types of kéy reaétions. Ionic reactions are pérhaps the most |
. o ‘ .

common and a;e also the oldest. -Robinson's syntheses bfktroﬂinonéq and
j—pelletierines'illustrate both- the effectiveness and the age of this
‘methodology. The work of Diels and Alder‘s'7 and subsequently that gf
Huisgen8 have brgught the use of cycloaddition chemistry tollight. One
famous case is the first-step of the laboratory preparation of reserpxne.9
More recently, radicalslo and in particu}ar~théir intrumolecglar
cyclizations have proven useful in synthesis.11

The work about which this thesis has been written waﬂ carriéd out in
order to: ) ’

1. extend the knowledge regarding the reactivity of and synthetic routes

to azomethine ylides,

%)
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2. learn more about heterocyclic ring transformations and the rules that

govern them, . ’

3.” " broaden the knowledge régarding the structures and reactivities of the
’ ) . . .

zwilterionic intermé&i%}es proposed when nucleophiles add to Michael

acceplors and heterocumulenes.

Each investigation was performed in ordér.to make available more
chemical knowledge for future synthetic pursuitéfg; others.

T;L purpose of this introduction is to familiarize the reader with
some of the rescarch already published in these fields and to ensure that
the reader has a suitable background in the chemistry utilized to carry‘;ut
these studies. In the foregoing subdivisions, the aforeméntioned aspeiis

and applications of 1,3-dipolar cycloadditions and the methodq of generating

aromethine ylides will be addressed. .

r~



" they also bear charge at atoms situated in a 1, 3-relat10nsh1p (4b and 5b).

1,3-Dipolar Cycloaddition QEFpistry

Morrzs defines ylides as "compounds in which a carbanionic centre is
boﬁded to a heteroatom which carries a positive charge".12 This strict
definitian has subsided somewhat, however, and the anion centred atom need
n;t be'restricted to carbon; nitr&gen.-sulfur. and oxygen-can bear the
negative charge also. The identity of the posiéively'bha:ged centre is not
limited under Morris®' definition. »

Initially, ylides were generated by the deprotonat1on of a carbon atom

adJacEZ//to an "anion"™ site. Often’the ‘formatiofr of ammonzum (1), sulfonlum

(2) and phospbonium (3) ylides is a facile process. The hetercatom need not

| — >

+ - - . + -
RN—CR'; - - R:S—CR’> -R¥—CR"z
~
i~ . 2 ‘ 3
a {

always be sp3 hybridized. Ylides 4 and 5 are examples where the heteroatom \

is unsaturated. Ylides of th1s type are also called 1,3- -dipoles because <§35
LY

i

+ - + -
RC=N—CR'; - RC=N—CR";
l 43 : 4h
+ - + -
ReC=S5—CR’; -— RL—5—CR";
Sa Sb

- Numerous exampfes of 1,3—dipoles are known. Table 1 lists several qf

§
these.8'13'14 Dipoles of this latter type can be divided into two types

depending on the degree of substitution (Table 1). The propargyl-allenyl



A\

J type contains a r-bond perpendiculaé to the ylide molecular orbitals and is

usually linear. The allyl type is lacking this additional r-bond and is

thereforé a bent species. Figure 1 provides representations of.each of

these dipales.

. allenyl-propargyl allyl B
' + + “\
N - - _ ¢+ ' = -0
a=b—c +* a=—b=c a” N v AT X

BB O 8

Figure 1. The Twe Types of 1, 3-Dipoles

U - o ' ‘ . ‘l\-—s
The dipoles of the allyl type have more' rescnance cantributors than

indicated in Table 1 and Figure l. Figure 2 illustrates how both termini
may bear positive or negative charge. Thus, the dipole is capable of
displaying electrophilic or nucleophilic character. ‘Analysis'pf the

propargyl-allenyl species shows that these ylides too may have embivalent

attributes.
. . \
- - - h +
a/b-::-c ] — a/ "'--c
- + -
T b~ (s
a2 ‘s..c -—> 84 ~c

Figure 2. Resonance Structures aof 4, 3-Dipoles

The most powerful utility of 1,3-dipoles is hetezécycliC”synthesis via

13,15-17

a i,3—dipolar cycloaddition (Scheme 1).



Table 1: Examples of 1,3-dipoles

\
type of ylide o structure common name
' —=F = -t - .
allenyl- —C=N—C{ > _C=N==C{ | nitrile ylige
propargyl '
+ = - o+ P
—C=N—N—- <—> _C=N=N" { nitrilimine
+ - - - + . - . A h
—-C=N—0 <+« _C=N=0 nitrile oxide
' \
N -_* - .
. NEN—L +— N=N==CI, diazoalkane
+ - - + . Kl N -
N=N—N". «—  N=N=N" | azice -
Nt - ~m Y _ - . ‘
allyl ,C_IT—C.,,_ «—— CC—N=C | azomethine ylide

+ - S =+
SC=N—N" <«— >C—N=N" | azomethine imine
l 1

)c::hlx—o «— >C—N= nitrone N
+ - -+
0=‘-T—U — 0—N=0 nitro compound

+ - -. + K 7
Sc=0—c{ <« _C—0=C{ | carbonyl ylide
—_ - - —_— . .
Sec=s—c{ <+— >C—s=C{ | thiocarbonyl ylide

0=0—0 - «— 0—0=0 ozone
<




+
- bs. -
a/ ~c /b\
- _'-* a c
\ \ oy
—e d—e
- Scheme 1
S \ 14 .
The initial report of a 1,3-dipolar cycloaddition is thought™ " to be

éhat by Buchner who in 188818 treated ethyl diazoacetate with
o, J~unsaturated esters. The first review cﬁhpiling these typég of reactions
was by L.I. Snithl9 in 1938. In that‘frticle; the "1,3-addition” chemistry
of diazo compounds, azides, nitrones and pitrile oxides was updated:19 The
. Treview did npt provide the initiative for further research, though. Smifh
failed to recognize the difference between HX addition across a dipole and
olefié addition to qive a cyclic product.

Huisgen's reviewzo in 1955 summarized diazoalkane chemistry and he

’readil&-accepted the notion that diazoalkanes add to olefins in a stepwise

manner. Scheme 2 shows the two possible stepwise pathweys.

.90 v :
. ’ P , -
—_— \\OMe + HL=N=N —_— -

OMe . OMe

Scheme 2



When Huisgen's two further reviews appeared in 1983,8 the chemistry
world had a compilation of the utmost importance. The first paper
summa;ized several examples of each- type of ylide knowﬁ to give
;,3—cycloaddué£$.' The sqdénd article detailed the kinetics and mechanism of
the cycloadditions. Observed reactivity ratios, regiochemistry anmd- the
effects of solvent and substituents were all explained. An encounter
requiring molecular orbital overlap a#d the simultaneous formetion of two
s-bonds was the mechanism that best acc;;nted-for the'experimegta} data.8

' Since then, research regaraing azomethine ylides, azomethine imines,
nitrile ylides, and diazoalkanes has beep summafized in the tw; volume

monograph edited by Padwe > and published in 1984. This compilation

contains chapters onlgll ylides capable of undergoing 1,3-dipolar

- -
[

cycloaddi}ionsi

Amoung the mdhy.distinguis?ing characteristijcs of these cycloadditions
is their early tramsition state. This is the s;;ongest argument supporting
the concerted nature of the reaction.z2 One would expect .that a‘two stép'
.éycloaddition would have a later-transition state, sot unlike the strucfure
of a diradical or dipolar intermediate.

Included in the experimental evidence for an early transition state is
the addition of diphenylnitr&limine to olefins and acetylenes to give
non—afomatic 2-pyrazolines and aromatic pyrazoles respectively (Scheﬁe 3).
Table 2 contains the rate constants for the cycloadditions indicated in

Ph ST PR

RC==CR" oo RCH=CHR"
Ph +~——  Ph—C=N—NPh ——
—_—
R A
R . Scheme 3
T



aromatic transition state question is not applicable.

Scheﬁc 3. Addition to olefins is indéed faster than to the acetylenes.
This must imply an early trgnsition state.23 There is inéuffiéieut
development of aromatic cﬁaracter in the transition sfaté for this to
provide a drivinglforce for the reaction. Any r-overlap is outweighed by
other rate detérmining parameters. The Hammond_postulatez4 statés that the
transition state is similar to starting materials in highly exothermic
reactions such as these. There are other examples

!

-

Tuble 2: Rate Constants_for Diphenylnitrilimine Addition to Substituted

Olefips and Acetylenes - T \ .
R,R’ 105k (C_H., 80°C)
' rel 66’
RC=CR’. RHC=CHR’
GP,CHy, GOLCH, 80 . 287
H, CO.CH, | 5.8 48
H, Ph ' 0.12 1.6
/ Ph, CO,CH, ~0.20 2.8
/ o
/ 25,26,27

of vlides displayingksimilar reactivity tendencies. .The possibility

- that the aromaticity is a compensating effect making up, for large inherent ’

reactivity difference between acetylenes and olefins was. precluded by the
determination that similar relative rate constants are obtained when the
28

- More evidence supporting an early transition state is the relatively

minor disruption of aromaticity during the cycloaddition reaction of an

aromatic dipole. Cyclic nitrones 6 and 7 underge cycloaddition with gthyl’

S
9
crotonate at different re‘;ntes."9 Isoquinoline N-oxide 7 reacts 36,000 times



~

more slowly than dibhydroisoquinoline N—oxide 6. This is attributed to

partial loss of aromaticity of 7 in tne cycloaddition transition state. In

~

similar examples benzonitrile oxide added to cyclopentadiene.930 times

faster than to furen.so The authors sugé%st‘a 15-25% disrnption of

aromaticity at the transition state.so " - - -

'Another distinguishing feature of 1,3-dipolar cycloadditions'is the

small dependence of the reaction rate constants on the solvent.

-

Cyclo&dditiona of phenyldiazomethané to ethyl acrylate and to norbornene '

were carried out in ‘twelve different solvents.31 For ethyl acrylate the

.o

rate constants increase by a factor of six on going from CCl to butanol and
for norbornene the range is 1.8 W1th no correlation to solvent polarity. 3l

This low solvent dependence is in keeplng with the proposed early tran51tlon

state for these cycloaddltlons

~ The question of stepwlse or concerted cycloadditions has been a major

topic of discussion between Huisgen8f22’33 and Firestone33-36 over the last

few decades. The fact that these reactions proceed with high stereo-
3pec1f1c1ty is the major argument in favour of the concerted mechanism.

Most cycloadditions proceed with stereospec1f1c1ty to the eiijnt of the

32

detection limits.5% Any stereochemical leakage in the cycloadditions has

-been attributed to artifacts of the experimental procedure. For example the



RS
addition of diphenylritrilimine tc fumaric and maleic esters gave 99% and

93x of adducts 8 and 9 respectively.37 It was subsequently determined that

-

Z “Neh- - “NPh
\\\\ 2, f) ” \‘\\ 2, /] "

9

the triethylamine employed to generate the ylide was isomerizing 9 to 8 when
maleate was the dipclarophile. The use of dimethyl 2.3—dimethylfum§raEF and
'its isomeric maleate led to stereoapecif;;gcﬁcloadditions.37 .
One experiment has- been done to deteryine the dégree of stereo—
specificity in.these reactions. The addition.of diazomethqne to methyl
tigiate and methyl angelate proceeds with 99.9897% and 99.84% retention.of
dipolarophile configuration (Scheme 4} - Reaction mlxture analy51s by gas 3

chromatography revealed one isomer.. The subsequent addition of small

-

- - + . . . _ » . ‘ i
- HC—N=N /.N/)~l /.M//N E'QC-—;EN

H: i — Hﬁ\ = ﬁ\ = i g
CHy =—— . 1CHy S H"". CinE +~— H . E.

Cthy
CHy E CHy - CHy CHy

angelic ester tiglic ester

m(}b *

10

Scheme 4 {E={OMe)



-

amounts of the other isomer revealed the detection limits of the instrument.

The presence of 30 ppm of 10 in 1l gave rise to a noficeable signal. r

Therefore, the stereospecificity in‘formati;n of 11 must exceed 99.997x%.

—

.Similarily, adduct 10 contains less 'than .08% of 11. The plausibility of

rotation of biradical intermediates {Scheme 4) is discussed in terms of

energetics and such rotation is considered unlikel?»38

It should bé noted that stereospecific cycloadditjon does not verify a
concerted mechan}sm. The absence of this specificity would rule out é
concérted mechanism. In light'of this the first example of a non-concerted

1,3-dipolar cycloaddition has recently appeared,39 The reaction of two.
. ; ) . L

thiocarbonyl ylide§ with dimethyl 2,3-dicyanofumarate gave a mixture of cis

and trans cycloadducts in each instance.39 The authors assumed a

- +

zwitterionic intermediate. Such an intermediate has been intercepted when

the dipolarophile was tetracyanoethyléne.40

-

1‘S-Dipoldfcycloadditions have reasonably characteristic Eyring

wparameters. Values of AS#’rangesfrom ~22 to -39 eu and its contribution to

the free energy of activation is often quite s‘j.gnificant.l4 These values
are consistent with the expected ordering required for tﬁe approach of the
two reactive species. Values of AH# are usually 7 to 20 kcal mql_l. These
low values indicate that little rehybridization has taken place in the-

transition state, thus, providing more evidence in favour of its "early"

nature.l4

The last points to be addressed in this section are concerned with the

regioselectivity and reactivity of the cycloaddends. Frontier Molecular

Orbital (FMO) theory41 splendidly explains the observéd reactivities.42_46
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The rates of reactions were found to be related to the energy .
difference between the highest occupied molecular orbital (HOMO) of one
reacting species and the lowest unoccupied molecular orbital (LUMO) of the

other. Sustnann42 »43

observed three types of cycloadditions (Figure 3). - ’
Those that are LIMO(dipolarophile}-EOMO(dipole) controlled are labelled Type
I, - Type III reactions occur when the LUMO(dipole)-HOMO(dipolarophile) is
the dominant: interaction and Type II is the designation assigned to those

instances where the energy levels are similar and both HOMO(dipole)-LUMO

(dipolarophile) and LUMO{dipole)-HOMO(dipolarophile} interactions mey

r
LUMQ dipols _ dipolarophile’
dipolarophile dipole dipolarophile dipole
i
EI
HOMO — _
. Type I Type IT Type III

+ ’ 2.4
Figure 3. Sustmann's Classification of 1, 3-Dipoles
control reactivity. The dominant interaction is thet which is the lowest
- .
energy pathway, as indicated by the arrows in Figure 3.
The relative HOMO/LUMO energy levels of a given species can be varied

by changing substituents. The influence of substituents is similar for both

-

-
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.
dipoles and dipolarophiles. Extra conjugation raises the HOMO energ& and
lowers the LIMO, electroo—withdrawing gr;ups lower the energy of both' the
HOMO and the LUMO and electron donating groups raise botﬁ HOMO and LUMd
energy levels. ‘ .
’ Once the BOMO~LIMO interaction controlling the reaction has been
identified, then apalysis of regiochemistry is simplified. The size of the
lobes of the interacting frontier orbitals, as given by their coefficicnts;
is employed to explain regiochemistry.. The most efficient inéeractiog is |
attained when two large lobes (large coeffigient;) overlap to make one bopd
and two smaller lobes (small coefficients) over1§p to make the other bond.
Repre;ehtation a) of Figure 4 exeﬁplifies a proper. interaction o% orbitals
thch will lead to a reéctibn.’ Representatjon b)~demonatratea inefficient

overlap which will not lead to a reaction. Again substituents heve an

influence on beth dipole and dipolarophile; they prejudice the size of the
S 9

: — ' ' d

O 0 00

a) . b}

orbital coefficients.

b

Figure 4. Modes of grbifhl Overlap for 1, 3-Dipolar Cycloadditions

-

Frontier molecular orbital cheracteristics afe not the sole
determinant for the course of these cycloadditions. Steric factors are also
”

involved, although not as significantly as was once belicved.23 Examples of

-



steric hindrance causing large changes in reaction rateb47’48 and

regiochenistry48_50 have been found and the stcric factors involved in

diazoalkane cycloadditions have been studied thoroughly.3® \

-

There are countless methods of generation of 1l,3-dipoles and many
reactions other than cycloadditions.13 The préceeding summary is to
demonstrate thé more important aspects of 1,3-dipolar cycloaddition

chemistry. A chapter illustrating the synthesis and uses of the very

1

topical azomethine ylides follows.

-

Generation of Azomethine Ylides

14

The recent rise in value of azomethine ylides as synthetic precﬁrsors

is evident by cénsidering‘sone natural products recently derived from them

51 ',,52

(e.g., 1277, 1377, 1453). Since the initial generation of an azomethine

}1ide of the type 15 by way of a pyfidinium ion, several reviews have

\appggred describing the ‘evolution of the different methods of synthesizing

such ylides.54_59

Early work by Kfaﬁhkeeo'SI

(eg, 15). Thef,were prepared by deprotonation of a pyridinium ion or in

general via deprotonation of an iminium salt.

)

Eto MeQ OH

12 : 13 ) . 14

“led to the discovery of pyridinium ylides
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3
/
- Aromatic ylides 15, 16 end 17 and their dihydro analogues 18 undergo
1,3-dipolar cycloaddition with suitablé dipolarophiles®® °F (Scheme 5, DMAD

= dfmethyl acetylenedicarboxylate) and in some cases air oxidation is
Qufficient to re—arcmatize the rin&.system. In other instancesPd/C,
_chloranll or d1cyanod1ch10roqu1noaé are required to achieve the purpose .
1,3-Dipolar cycloadditions are not the exclusive reaction of these
ylides.ss i}z’They'have been shown to act as nucleophiles also (Schame 6).
When ylides derived from heteroaromatic precursors undergo cycloaddition,
the aromaticity must be:di;rupted. From the examﬁles. this obviousfyx
occurs in some instanées. yPresumably, the exocyclic anionic portion of the
vlide acts as a pucleophile in othgr ceses because of the stabili#y of the
positive nitfogen in the hetercaromatic system. This stabilizing effect can
be sufficiently significant to allow the‘isolation of some of.these ylides

(eg, 19,20,21).58°70

@ " '+\EF11R2 o ©ij

- 0
~CRyFo n,c ~
\ Ar
19 R.=CN .20 a)Ry=CN 21 Ry=H
Fo=CN.CONFo, Re=CN, CONHs, Ar=pBrCeHe,
COCHs | COCHy ' PCesCera

b)Ry=H, Rz-c?st

' The iminium ion deprotonation -procedure is not restricted to
heterocyclic species. Deyrup and coworkers71_73 have tried to develop the

7
-



lnethodology for deprotonation of a simple iminium salt. This met with
failure in terms of product formation by 1,3-dipolar cycloaddition.

Recovered were aziridines from ring closure of ylides,?l various dimer; from

the reaction of two ylides.72'73

72,73

and products from_the reacti;n of ylides
with starting materials. Although cyeloaddition!‘ﬁave been achieved.74
the method is poor be;ause of competing s%ﬂ;_reactions. Whereas a weak base
such as triethylamine is sufficient to deproﬁonate a pyridin?um salt,
strongéﬁ”baseé are‘requirgﬁifor the task with non-hetercaromatic salts.
These strong bases destroy dipolarophiles.75 When a reaction does proceed
with the iminium salt, the base may add to the iminium carbon or deprotonate
from the wrong position to give an enamine, both in competition with ylide
generatioﬁ.
| Obviously’, the generality of the imini;m deprotonation ;rocedure is

”
limited, so other methodology had Sp be found. One such modg of azomethine

ylide generation, applicable to = greater number of systems, is the

electrocyclic ring opening of aziridines, e.g., Scheme 7.

-
*
P
Y
A Lt /l\ Y ,
ot iy, — NS :../ W 1y,
B e «—— s Pi‘ Ra _— R T A3
I R |
Ry ' R
-
Scheme 7
.y . . . 76
‘Initially discovered independently by Padwe and Hamilton
L 1
oL, _ . 77,78 - .
(RI,R3.R5—H. Rz—Ph, R4-C0Ph) and Heine agd Peavy (Rl gBrCSH4 or Ph;

R3,35=Ph; R2,R4=H), these reactions proceed in high vield (80-92%X) when a
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s

dipolarophile and the aziridine are refluxed in benzene for 11-18

76-78

»
hours. The reaction is extremely dependent upon the carbon

substituents.of the ring. Thus, at least two phenyl groups or one carbonyl
derived substituent are required for sufficient activation toward ring
opening.

Huisgen rigorously determined79_82 that the ring opening of cis-and

;;ggg aziridines is in accord with pre@ictions by Woodward and Hoffmann83
{Scheme 8). Thus ggggg-azigidinedicarboxy}ic ester 22 undergoes thermal
conrotalory ring opening to give 24 and photochemicai disrotatory opening
resulting in 25. Similarly the cis isomer aziridine 23, opens thermally to

25 and photochemically to 24.
After initielly determining that stergospecific cycloaddition took
place,79 Huisgén and coworkers obtained'kinetic data for the 24/25 isomerism
as well as for the thermal and photochemical ring opening. The activation
energy required to open 22 and 23 is approximately 29 kcal/mol while for the

24 to 25 interconversion it is 22 kcal/mel. Closure of 24 and 25 to their

81

respective aziridines has a barrier of 21 kcal/mol.
After a surge of papers Eegarding this aziridine ring opening method,
fewer havé appeared 1n recent vears. Deyrup has tabulated many examples in
a 1983 review.84 The first intramolecular dipolar cycloaddition employing
this mgthodology was reported by Padwa and Ku.ss Recently, two groups have’
independeﬁtly achieved intramolecular cycloaddition onto an unactivated

~olefinic side chain.ss’s7

Grigg and coworkers-have shown that prototropic systems, such as the

88-90

general case in Scheme 9, could be utilized to generate transient



-

azomethine ylidgs suitaeble for trapping via 1l,3-dipolar cycloaddition.
' o

Scheme 10 depicts how such a cycloaddition proceeds when an imine is heated

88,90,81

in a pon—-polar solvent in the presence of a trap. This chemistry

has been successfully extended to intramolecular cycloadditions to give

| z
X=Y—ZH - x=vy~
3 E y +SH .
-~ 7
=
Scheme 9

' H
3
CH_ — c — Ry M . COMe
Re R _
H 2°]
Y

Scneme 10 ({Y=CN,CO.£t)

assorted heterocyclic ring systqms.gz This prototrop} has also been found
to exist with copper(II), zinc(II) and cadm;umtII) complexes of,imines.g3
The use of aziridines and prototropic shifts for azomethine ylide
generation is limited to systems having electron delocalizing substituents.
Such methods are not applicable for a simple ylide such as 26. The use of
silicon compounds and desilylating agents solves this problem rather

94,85

effectively. Thus, treatment of an imine

H H
H'—J\+ P
(e.g., 27) with trimethylsilylmethyl triflate N H 26
' |

(MessiCHZOTf) leads to a silylated iminium salt q

(28; Scheme 11; path a)). Subsequent treatment of 28 with a desilylating
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agent containing F givee an ylide which is trapped in situ with a

dipolarophile. Iminium salt 28 can also be genérated by alkylation of
iminosilane 29 with a triflate or fludfosulphonate alkylating

.agent.51.53,94*97

These methods have been utilized extensively and
variations have been developed. Ihus, 0-,5~, and N-alkylation of silylated -
emides, thioamides,® end amidines,®® respectively, results in ions suitable

for desilylation (Scheme 12). Vinylogous amides and thioamides are equally

q Y
CN  AgF ~NFE | =T .
= | Y= %

« Ph

"y,

™S NN

Ph Ph

- Scheme 13

S8

suitable. Alkylation of 29 (Scheme 11) with alkyl, acyl or aroyl helides

and heating has been shown to be sufficient in order to generate the

ylide,loo-lo2 even when Rl or R2 = NR'R" or SR.]'O-3

52,58,104-106

Padwa has demonstrated-how a—cyanosilylamines can produce

azomethine ylides when treated with silver fluoride (Scheme 13), The Vedejs
review59 sumarizes and tabulates the desilylation methods up to early 1986.

The fipal major ezomethine ylide equivalents are mescionic

compounds.lo7 Use of these as sources of various 1,3-dipoles for

cycloaddition is extensive and is particularly common for azomethine

108,109 110‘111, commonly referred to as

1

ylides. Thus, compounds 30

112,113 114,115 116

munchnones, 31 32 33116, and 34117 (Scheme 14) have all been

employed in cycloaddition chemistry. Scheme 14 depicts the general
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"

methodology. The mesoionic species is often generated in situ with the

trap, as shown in Scheme 15 with munchnone.35.

The variation in fhese methods for producing azomethine ylides is
quite vast, yet one method is still lacking. The thermolysis of a-

heterocycle-such as 36 gives a carbonyl ylide (X=0) and a thiocarbonyi ylide

(X=S).118 but the analogue where X=NR (Scheme 16) has yet to be reported.

= >
T -

A

N

AN

"

36 X=0.S

o ) - X&NR
Scheme 16

- -
4

The expectation is tﬁat 35 (X=NR), once made can lead to a synthetically

useful azomethine ylide, in order to broaden the array of methods available

for their syntheais.lla

[2+2k;Cycloaddition Chemistry of Epnamines

118-121

Since the-pioneerink work of Stork and coworkers concerning the ’

synthetic‘applications of enamipnes, activity in this field hds been
122-125

neverending. ¢

Simple C-alkylation or acylation of an enamine is now known as the

extended

Stork reaction (Scheme 17). The use of enamines has-since been'

past derivatization of aldehydes or ketones and several more functionalized
\ ' '

4

I
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enamines have -been shown to have synthetic utility. Thus reviews have

appeared addressing the chemistry of enaninones,lzs ﬂ-enamino—esters.lz7

cyanoenamines.]‘zs enamides,‘lzg and iminium 581t3_139 As w1, more general
reviews discuss the synthesis of natural products using enamines.131
" acylation reactions.mz‘l33 and the overall chemistry of
. 122-125,134 v
enamines. . .

Whepn a Stork alkylation product is desired, one of three aminés is
typically employed. The carbonyl compound is usualiy condensed with
piperi&ine (37), morpholine (38), or pyrrolidine (39) to give a nucleophile
of general structure 40. The reactivity

of the enamines derived from these

three amines has been determined and . N 1. RCI, R
+
many structural data have been [:ffj c. HO .
- '
obtained, consistent with the observed ’
. . & R=alkyl. acyl
reactivity. In various studies such
_ as rates of alkylation,135 rates of Scheme 17
27,136 137

cycloaddition reactiomns, and H-D exchange with hexadeuteroacetone,

the pyrrolidine derived epamines were found to react much faster than those
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4

Table 3: Ionization Potentials_(IP) of Enaminpes and Reference Compounds (eV)’

~
« Amine //J
- | 0 -0 w0
pyrrolidino |  7.10, 9.66%% 7.14, 9.58*4! ) 7.96'%3
7.10, 9.51142
7.15, 9.58144
piperidino 7.4, 9.55 4 . 7.50, 9.311%! 7.931%3
| T 7.42, 9.31142 '
7.44, 9.36%43
7.54, 9.4a% ' -
morpholino 7.601% ‘ 7.67, 9.40, 9.887%} 8.18
7.65, 9.42, 9.911%2 9.5013
_7.65, 9.40, 9.89™%
hydrogeh 9.21145 9.1414§ B
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from 37 or 38. Piperidine enamines tend to be slightly more nucleophilic
2. ‘

than morpholine enamines.135

1

' This\observed reactivity can be generally

correlated to the "H NMR chemical shift of the hydrogen on the 3—cafbon of

the enamines. As expected the chemical shift is furthest upfield due to

.

.shielding in the pyrrolidine case (44§ = 0.20 - 0.30 ppm upfield vs.

morpholine and piperidine). A similar comparative correlation between

piperidine and morpholine enaminei;is not observed.135

Crystal structure data have revealed that enamines derived from 39
tend to be closer to pfanarity throughout the nitrogen—olefin px sysiems

than those for 37 and 38138-140. Enamine 41 contains a nearly pluanur

nitrogen.138

Photoelectggn spectroscopy (PES) has also proved to be informutive
'with regard to relating reactivity and structure of enamines derived from
these amines. Table 3 provides PES date for enamines derive&”from the
condensatioh of 37, 38 and 40 with cycloantanone and cvélohnxannnp ;q well
as for some reference compounds. :

The shapes of the bands identified . Q ,I N
as the fﬂkst and second iP's gf these
compounds. are also informative. 41

~

The first ionization potential {(IP) is the broader one indicating that the
nitrogen is pyramiddl, as in a simple amine. This linesﬁape is due to }afge
geometry differences in the pyramidal ground state vs. the planar radical

cation. The sharper second IP band is predominantly alkene-like.
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Figure 5 is an energy level diagram -that- depicts the mixing which
¢

takes place when an amine and an alkene are brought into interaction with

~

one another. The highest occupiéd molecular orbital {HOMO), whose energy
level is best estimated by the negative of the first icnization potential’

(IPl). is given the [p—x] label while the second highest occupied MO (2nd

IP, IPZ) is referred to as [p+r]. The difference in the ;Pl energy levels
for a given eﬁamine and its parent.saturated amine is the amount of
destabilizatior of the lone pair and is also a measure of the prx
interaction. It has been observed that the more destabilized enamines,
those with greatest conjugation, do indecd react most'rapidly. Thus the

IP’s for the pyrrolidine enamines are substantially lower than those forathe
135

Y _ .
other enmmines, as expected from reactivity data. Similarly, the small

+ \ .
reactivity difference between piperidine and morpholine enamines predicts IP

\
values for piperidine enamines to be the slightly lower of the two, as is
2

the case. , . . _' N
The IP values for the diffe;;ht ring sizes tend to predict that

. . [ -
aminocyclopentenes are more reactive than thelpqcyclohexene couterparts,

135 : -

- : ~
data consistent with the experimeatal findings. .

-

While the aikylation of enamines hes found its niche in'synthesis, .

enamines can undergo reactions with certain substrates to give [2+2] |

e

%one carbon~carbon
V.

. y
bond in a reaction, this cycloaddition forms two C-C bonds in a,sing{i‘

cycloaddition reaction products. Whereas slkylation forms

process.
e ) -
Several reviews have appeared regarding polar [2+2] cycloaddition

146-150

reactions of enamines. These reactions were first discovered by
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" Figure 5. pT-Conjugation in an Enamine

p-TTof enamine

free amine

free alkene

— 2nd IP p+ITof enamine

&

A

a) X=CN,CO£t: Y=H

b) X=Y=COMe,CN .-
: >

Scheme 1B

a) X=S0xPh: Y=H
b) X=NQz: Y=Ph.H
¢c) X=PO(0Et)a: Y=H

Scheme 19
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- * . .-'
Cookls1 and subsequgntly elaborated by Brannock and co-workers.152'153 It
= .

was initially proposed that only enémlnes without ﬂ-hydrogens would glve
o

[2+2] cycloadd1t10n products when treated with electron,def1c1ent oleflns ‘

151-153 .

(Scheme 1B). Later work indicated that the J-hydrogen stlpulatxon

wasinot necessary that the f2+2}cycloadducts'éodld be obtained when
- ’ ' .

p-hydrogens were present on the enamine.153'154 By isolating cyclobutanes

at low temperatures, Fleming demonstrated that their formatlon was

reversible and proposed their 1ntermedlacy in a typ1ca1 Stork alkylatlon

: procedure 155,156 The Brannock and Flemlng research group5153 156 reported

that aldehyde-derlved enamines gave the more stable cyclobutanes.

Cyclobutanes are also formed with olefins actlvated by groups other

153,159

than carboxylate derivatives. Thus, vinyl sulfones, vinyl

phosphonates,160 and nitroolefin3153'161 react with enaminés to'give_[2+2]

cycloadducts (Scheme 19.).

The cycloadditions are believed to be.stépwise. The quse of maleate and

‘fumarape esters has proviéed evidence fo:‘this,%hgory.154’162’163' When amine

- . . . _“‘J‘
42 wos treated with maleate or fumarate.foﬁé product (43), bearing ester

groups trans to one another, was isolated. Adduct 43 was found to bé

thgrmolabile and {everted to only fumarate and 42 at high temperatures.182’163'

(Scheme 20).

Other subsirates also give cyclobutane derived products when broﬁght‘
132,165,166

v

in contact with enamines. Among these are aryﬁes,164 ketenes,

2- or 4—viny1pyridiniﬁm'ions (44,.55),567 diphenylcyclopropenone,188.159 and

- - . L S
. -

e
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Scheme 20. ‘ 43

Tion
.

highly substituted ethylenes.l'0

The cyclobutanes from this latter case
have been transformed into bicycle[l.1.0]butanes (46} (Scheme 21).170

Enamines also undergo-[2+2]cyclo—

additions with heterocumulenes, often

X
[ tj;‘ giving rise to isolable heterocyclic
K _ .
H l products. Sulfene, which reacts as if

44 45 it were [SO,=CH,], and its substituted

' analogs readily react with electron rich alkenes affording thietane-1,

l-dioxides (47);123_173 Sulfene is uﬁually produced by bringing a sulfonyl

chloride into contact with a tertiary amine, often triethylamine. A less
common method involves combining a diazouethgne,and sulfur dioxide.174-'This
methodology precludes alkaline reaction conditions which may induce
isomerism of produéts: | |

In order to determine whether the sulfene cycloadditions are !

175

concerted, Paglette and cbworkers synthesized thiete-1,l-dioxide 49 in

25% enantébmeric excess (ee), starting with optically active 48 (Scheme 2%).

The‘authogi suggest that the sulfepe approaches the underside of 48 in an

orthogohalvmannef and undergces a concerted rg + ri cycloaddition via a

175

product~like transition state. Stereoselectivity is also observed when
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aryl sulfenes react with enamines.174’116

Thus the thérmodynamically less
‘stable ¢is isomer predominates when thé aryl substituents are capable of

- stabilizing negative charge (Schems 24). The formation of 51 is either due
to a concerted reaction or can be explained in terms of electrostatic
attraction causing alignment as sho:;jby 50, followed by ring closure. If
the aryl group bears an electron withdrawing group, 50 (R=EWG) has a

sufficiently long lifetime to assume the conformation depicted by in Scheme

24; if R=H in 50, then the trans adduct is fofmed'preferentially
1Y

instead.174'176

Ar

H“<;;;:>‘==:\.
4 )
) \ ’lh+— Soa -
~ . —
EaaN a
' ' 50

Scheme 24 (R=EWG)

N
|

51

*
.Thietane-~l, 1-dioxides CEP usually be isolated because their ring
opening reactions are slow. The isclation of f-lactams, generated by the
reaction of enamines with isocyanates, has proven to be a more formidable

task. The reaction has been extensively studied.lzz’]:77

Typically, a

\four—meegpred ring is formed initially and it caﬁ be isolated if the enamine
precursor bears no ﬂ-hydrogéns; If such hydrogens are present, the j-lactam
is believed to decompese via amide enolization folloged by electrocyclic
ring-opening and fipally by prototropiec shift to give moﬁo—vinylogous urea

v 177

52 (Scheme 25) There is no mechenistic progf for this sequence. Also

possible is a nucleophilic addition to the isocyanate to give a zwitterion

N

ﬁ“"
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which undergoes a series of proton transfers resulting in the formation of
1
52. When there are no f~hydrogens the zwitterion clodes to the 4-membered

ring. One would expect that some of these zwitterions could also be

intercepted, however the high yield of ﬂ—lactaml77 precludes this

-

possibility. .
. The c&cloaddition chenistry.of acyl isocyanates including the

description of a synthesis of stable f-lactams bearing a f-hydrogen, has
8 . ’

been reviewed.17

Enamines have been treated with dimethyl acetylenedicarboxylate (DMAD)

149, 179-181

more than with any other cycloaddend. In non-polar solvents, the

[2+2] adduct, 8sn eminocyclobutene is formed which often undergoes facile
~

electrocyclic ring expansions to give diedamine§182-184 (53, Scheme 26; 54,

Scheme 27). The aminocyclobutenes can be isclated in some case3182'184'185

including one instance where it could be reduced to the c_yclobutane.ls4

The geometry about the enemine double bond oF,compounds such as 53 1is
Z, but about the other double bond it is either E or Z. The recent efforts

181

by Reinhoudt et al are attempts to end the controversy regarding the

geometry.
There is an amazing solvent dependence on the products of these

reactions. The E (fumarate) and/or Z (maleate) Michael adducts (55) are

often obtained in protic

% solvénts.las_l88 With respect to the
85 .
,/H\\\ other double bond, the amine is
E Il\\ usually trans to the fumarate/maleate

. NRa moiety.
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To account for these results, the 1,4-dipolar zwitterionic -
intermediate depicted in Scheme 28 is pro'posed and it can close to give the

four—membered .ring or abstract a proton from solvent as the first step

leading to Michael adducts (Scheme 28). -

Considerable evidence is available to support the existence of a

1,4-dipolar zwitterionic intermediate. The products of reactions between

DMAD and hiﬁhly functionalized enamines provide much of this evidence,.

181,189,190

Reinhoudt and co—workers have demonstrated several examples of

inthemolecular capture of the zwitterion. The chenistry of Scheme 29 is an

indication of the type of work.accomplishéd by these rescarchers.lsg
-~ . ' -

Scheme 30 depicts another example of intramolecular proton

abstraction. In this instance, formstion of a zwitterionic intermediate is

* thought to be followed by an intramolecular elihinatioh of heterocumulene

0=C=X via a six—membered cyclic transition state.lgl ’

€ £
SN £
M apman | g H
& <)
© e e
— A AL— + COX

Scheme 30 (X=0, NH, NCHCHPh)
' Ay

In a third example, Boyd and co—workerslgz found that the nucleophilic
end of the zwitterion attacked an appropriately situated carbonyl group

rather than closing to a four-membered ring (Scheme 31).
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. The indolizine in Scheme 32 was treated with DMAD and: gave 56 which-

rearranged thermafl} to 57, a process involving the loss of a dimethylamine
1

g

molecule 93 (Scheme 32). .

Reinhoudt et al in a recent report state that initial‘interaction does
n;t involve'a 1,4-2witterionic intermediate. Hathgr, these reactions give--
fhe cyclobutene ring initially followed by reversible riﬁg opening to the
zwitterion, regafdless of the reaction solvent.181 The exact nat;re and
geémeiry of the anionic end of these zwitterions will be discussed in a

later section.

The reactions of methyl propiclate with enamines are essentially
. . 180

identical to those of DMAD.
The Reactions of Amines with DMAD

Enamines are not the only nitrogen nucleophiles that can add to DMAD.

} . . . . . | .
Amines with various degrees of substitution also give rise to 1nteresthE\

. . Y
products.17g’194'195 Many reviews have been written summarizing the
. . . . 194 . . . 196
reactions of DMAD with tertiary amines, imines and azines, and .
179,197-199 . 197,200

heterocycles of -severdl types including aromatic amines.

Two reviews concentrating on the physical aspects of the addition rcactions

have appeared.zm'zo2 \ .

The reactions of tertiary amines are particularly interesting since
there 1s no possibility of simple Michael adduct formation (Scheme 33}; The
intermediacy of a species such as 58 is bést supported by the reaction u??’
pyridine with DMAD. At 0-259C,.reactions of various pyridines with two

203,204

equivalents of DMAD, typically lead to 4H-quinolizines (60). The

: 205
intermediate SaH-quinelizine 59 can be observed by nmr spectroscopy and

-
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206 (Scheme 34). At -60°C, the initial

has been isolated in one instance

- -

zwitter%pq\can be trapped by carbon dioxide to give maleate and fumurate

207

isomers. These are eventually isolated as their perchlorate salts
{Scheme 34). To date there has been no 'spectroscopic evidence for the

intermediacy of a zwitterion such as 58 {Scheme 33).

There are numerous examples of products similar to €9 wherc two DMAD

components have been incorporated before fusion to the original

187<200 ., .~ . iy L .
This fusion is reasonable since the positive nitrogen

o

heterocycle.

of the heterocyclic intermediate increases the electrophilicity of the

» 203,207

ring. There are other instances where the anionic portion of 58

intramolecularly attacks an appropriately activated substituent of the

. 179,194,208,208 . . -
amine. In one instance, a secondary amine was employed and

Lt
attack was so rapid that it precluded Michael adduct formation.“lo The:

number of these sorts of reactions is limited though. High yiclds are rare

. . 9
despite thq;suggested use of dilute solutions and low temperatu_res.l 4

!

One of the early studies was by Winterfeldt who treated various
Jg-amino-carbonyl compounds with methyl propiolate (MP) and D:‘-i.-w..‘wﬂ':311
Schéme 35 summarizes the principal reactions involved. Maleate 62 arises by
Hoffman degradation of 61. Enamine 64 is'formed by internal prognn delivery
to the anionic end of 61 followed by rearrangement. In DMSO, pyrrole 63
ultimately forms ?fter inifial attack by the anionic portion at the carbonyl

group in R.

Tertiary alkyl amines, in the presence of their hydrochloride salts,

&>
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- ' 210
give the dialkylaminomaleate when treated with DMAD.“lf N-Benzylaziridine

e
and DMAD give maleate 65 in the presence of t-butyl alcohol."1§ In a

similar study, l-ahabicycf;[l.l.OI butane §8 and DMAD gave a ring-opened
+ _0Ot-Bu product 67, formed without the aid of
. 2
PRCHN H solvent (Scheme 36)."09 Still another

three membered ring opening reaction is

.E achieved with DMAD and the diaziridines
65 of Scheme 37.213
— ’ - R - n
" £ §\
DOMAD R R
66 —_— . — | _
C =
HA N ~
A=H.CHy . ] 67 J-L
+ — e

Scheme 36
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Diefhyl hydroxylamine and DMAD gave nitrone 68 initiafiy. Subsequent

"chemistry occurs and diesters 69, 70 and 71 are isolated214 (Scheme 38).

" More recently, successful applications of the zwitterion methodology

to alkaloid chemistry have been .reported. Two groups independently studied

215-217

‘the reactivity of thebaine (72) with acetylenic esters. wWith méthyl

or.efhyl propiolate in awnon-ﬁolar solvent, 73 (R=H) is initially formed

L

(Scheme 39). It then closes onto the ring system after cleavage.of the CLN

215:218 Iy similar solvents, DMAD gives zwitterion 73 (RE)

17

bond to form 75.

which undergoes a Hoffman-like elimipation to yield 76.2 If MeCH is the

solvent it adds to 74 after C-N bond cleavege to give 77, }cgardless of the
T o

-~

acetylene employed (S¢heme 39).21

In another instance, Mariano and co-workers have used a rearrangement

2
-

similar to that required to form 75 in their synthesis of reserpine and
. o _

yohimbine"ls type alkaloids. Thus, the zwitterion resulting from the
treatment of;quinuclidinene/Zﬁ h}th ethyl propiclate undergoes a

-

"zwitterionic amino-Claisen' rearrangement yielding alkaleid precursors of

the type 79 (Scheme 40). (jfi:>

The use” of tertiary'émines preciudes the formation of simple Michuael
adducts in thesé instances. Thgre is a cage: albeit specialized, where a
secondary-aﬁﬁne can be employed. The anionic po;tion qf the zwitterion
attacks an electrophilic end of the molecule before the proton transfers
required for Michael ;dduct formation can occur.z;o Atfack éf the alkyl
group with ring opening of tﬁe aziridine gives dihydroazepine 81 (Schemc
41). This transformation'has also been achieved with some electron

2 ' -
deficient olefins. 210 ..

=% Y,
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A final intqrebting reaction is indicated by Scheme' 42. Heterocatom
aubstitutéd dimethylamines react with acetylenedicarboxylafe'eSters to give

220

the 1,2-disubstituted adducts .82. The maleate isomer is formed initially

in all cases except X=SPh. Where x=me3320a the authors believe th;at the

metal transfer does not occur vie the backsidelof the metal, rather transfer
220a ‘ -

occurs without inversion at the metal centre.

The geometry aﬁéqt the diester double boﬁd must be.gig in all these
cases since the electrophile is intramolecularlyi(internally) siﬁ#&ted.
This-need not be thg case thE there is external_electrophilerdefgvery.
Dickstein and Miller have attempted t; create a working modei for éredicfing

the geometry of .the products by considering parameters such as solvent

polarity; electrophile aveilability and anion inversion barriefs.z?z

Ll

In the previous schemes.the vinyl anion end of the zwitterionic
intermediate has been.depicted as a vinyl asnion for reasons of simplicity.

Presently there is only speculatiop as to the exact nature of this anionic

end_215,217,221 Rarely bas an effort been made to determine the geometry of

the anion. The authors in one report prefer the geometry shown in Figﬁre 5

because of the geometry assumed by its isoelectronic heteroanalog.201

\f) Houk and co-workers have performed . \\

calculations regarding the nature of -

B ¢
' ’/H\\N' such anions end their rates of
MeQ MeQ ,//”;\\

i‘nversion.zzz’z23 They noted thet in
Nu . most"caSea addition to the acetylene is

' ' initially anti (Figure 7). The
- Figure 6. Structural Similarity Between

Two Unsaturated Carbonyl Species resultant anion then readily protongtes

in a protic solvent. In non-protic
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1 -

solvents enti addition is less favoured and the lack of rquilY-accessible

electroﬁhiles prolongs the ’'life’ of the anion. This extended lifetime
allows for inversion of the gxg (or anti) addition isomer before subsequent

c:h(azm:lsf'.r:'y..22"2 ‘With cyasnoacetylene, it is believed that the anti isomer is

. . o
voured in polar solvents because of the small size of the cyano g:'oup."'22

The structure/energy relationships of vinyl anions with various

substituents have been determined using two Basis'sets (Table 4).223 These

\ data show that cyano- and carbomethoxy-substituted vinyl anions are bent but

do have low inversion barriers. -

Table 4: Energy Relationships Between Bent and Linear Vinyl Anions.

\

)

Stabilizing " E(linear)-E(bent)
N Substituent ' ‘ (anl/ﬁol) . _ P
) ~ STO-3G 4-316G
H ‘ - - 50.4 _36.8
CN . 16.7 9.4
.quMe : | Q12.1 5.0 -
" CHO | 7.7 =-5.7 . -

More recently Grein and co-workers have determined the relative

) 994 29
stabilities of four anions (83-86) using 4-31G, geometry optimization.“"4'""5

J

It was concluded that with a formyl substituent the linear anion should be

. 99
the only major isomer present.""4

L] - »

T,
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. Heterocyclic Syntheses and Transformetions

-

The utilities of heterocycles in chemistry and industry are endless.

B I
There are countless uses of these compounds now known both in nature and in
. 228,227 . L
society." _ .

One small but important componeﬁt of this vast field is the chemistry of

aziridines, saturatgd three~membered rings .containing one nitrogen atom.84’228

- Their uses are plentiful and representative of the uses of heterocycles in

general. Aziridines are empfoyed throughout industry with applications

ranging from pharmaceuticals to reprography and photography.227 As well,

aziridines have been shown to have significant biological activity.229‘231

-

Several reviews have outlined the different synthetic methodologies

84,147,228,229,232

for making aziridines. There are four main methods -for

the ring synthesis. The most common method is outlined in Scheme 43. When

X=OSO§, the me%hod is called the Henker’synthesis and if X=halogen it is the
Gabriel aynthesis.84'229 Cyclization can be achieved when X=tosylate233 or
234

aéh amino alcohols have also been cyclized via a

methanesul fonate
235,236

phosphine-helide mediated closure.
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. -
Azirines are also suitable precursors for aziridines. Addition of a

substrate across the azirine double bond offers a simple route to the

“
//“"/ +N . N
X=8r,C1,I,S0:0 ,0Ts .

Scheme 43

saturated form of the ring (Scheme 44). Formally X-Y can be Hz: reduction

has been achieved catalytically237 or with reducing agents such as

)
LiA1H4.238 Both electrophiles such as acid chlt:.\r'ides,"39 or nucleophiles:

241,242 243,244

such as alkoxide3240 amines, and organometallic reagents are

Y
R R
\lb X~—Y
| -

N . N

X~
. " 1Y

Scheme 44

suitable substrates for addition across the double bond.” The cycloaddition
chemistry about this bond to give ring fused aziridines is also quite
245 '

extensive, *

The third method of azirid{;e generation is carbene addition to an

246,247

imine bond (Scheme 45). Halocarbeneé q?ve the best yields, while

2
non-halogenated carbenoid species add with limited success.*'48
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Scheme 45'

The cycloadditioﬁ of nitrogen compounds to alkenes also.gcnerates
aziridines. The most simple cycloaddition is that between a nitrene and an
alkene (Scheme 46). This chemistry has been extensively reviewed and
proceeds with all types of nitrenes ineluding ;arbonyl (R=R'CO) and amino
(R=RéN} nitrenesf24f'zf? The less obvious route is the cycloaddition of an
azide to an alkene or of a diazoalkane to an imine to givg a —

251-253

A2-1,2,3-triazoline (87) (Scheme 47). Subsequent decbmpoéqiion of 87

'thermally or, for a higher vield, photochemically leads !5 the formution of
- -
an aziridine (Scheme 48). A byproduct of the decomposition is imine 88

which is readily explained by“proposing intermediate 89 which can close to_

-—

the aziridine or transfer an alkyl group with displacement of N,, to make

. R . 251,252
the imine bond. This methodology has been well studied.

Transformations and rearrangements exemplified here are cbmmonplace in
. . ) . Y . 254-257
heterocyclic chemistry and are the subject of several reviews.
General reviews .on hetefSchlic chemistry are also available. Two
series containing summaries offmore specific heterocyclic topics are

258,259 A series of volumes is available to help in the

available.
structural assignment of heterocycles as well as aid in the determination of

their physical properties.zso *

R
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Finally, a recent set of eight volumes has updated ;he evergrowing

261

field of heterocyclic chemistry: The first volume of this series

contains a chapter listing all monogréphs and review articles availabletto
the heteroc&clic &hemist.227 o ' ’

Wiﬁh a suitable.background now provided the reader will be in a
position to appreciate the efforts made here to follow up the thinking and
pursuits of Kellogg, who tried to synthesize A1—1,2,4-triazolines with the
hope of employing them as azomethine ylide precursors.u8 To this end a
series of A1—1,2,4—triazolihes, both isolable and transient, have been
generated. These give rise to a num?er of different species including .
azomethine ﬁlides, aroégtic heterocycles, and aziridines all by novel
pathways. As well, the bgckgro;nd of amine—DMAb reactions has been outlined
so that the mechanism of a new dimethylaminoallylapion reaction across DMAD

can be readily understood.

P ‘ .



RESULTS AND DISCUSSION
. . CHAPTER 2

Syntheais and Properties of 4-t-Butyl-3,3-dimethyl-5-methylene— A1-1,2,4— -
triaszoline )

-

It was felt that the methodology successfully employed in the
synthesis of A3—1,3,4—oxadiazolines could be suitable for generating
A1-1.2,4-triazolines. The ketone hydrazones of hydrazides ¢an be cyclized

using lead tetraacétate (LTA) to give heteroatomsubstituted oxadiazolines

262,263

(Scheme 49, X=0). When the solvent is a nucleophile, such as an

alcohol, then R4=aiky1 whereas a n6n~nucleophilic selvent allows for acetate

262,263 Oxidation of 90 (X=NR5)

under similar conditions should give an analogous heterocycle (91, X:NR5):

substitution onto the ring (R4=acety1).

[ 4

The appropriate oxidation precursor was prepared using the

f)
methodology of Fuks."'s4 Anhydrous ferric chloride, acetonitrile,  and

| 4 _
- t-butyl chloride were brought together to form nitrilium salt 92 (Scheme

50). Addition of this salt to a mixture of acetone hydrazone and n-Buli

-

affords Ng-g—butylﬂNl—isopropylideneacetamidrazone {93) in 51% yieid. 1In
solvents such as CHCla. 93 exists as two interconéerting tautomers.
Oxidative cyclization of 93 did not yield a triazoline of the
structure 91 (X=NtBu, R1=R25R3=CH3). Rather, 4-t-butyl-3,3-dimethyl-5-
methylene—ﬁ‘-l;2,4—triazoline (94)_was the isolated product. Ideal

conditions for this transformation were found. Addition of LTA (1.1 equiv.)
L § .
to benzene followed by anhydrous K,,CO3 and finally addition of 93 gave =z

-

reactlon mixture which was stirred for 45 minutes at 0°C before workup

L

) S
(Scheme 50). Triazoline 94 was isolated in 45% yield.

S4
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The use of alcohol or methylene chloride‘solvents gave 84 in
substantially lower yield and no heterocatom—substituted triazolines_(e.gll
g1, x=NLBu) were detected. -Deprofonation of 93 béfore treatment with LTA
‘-followed.by reprotonation during the workup stage provided 94 in lower
yields (~30%). - |

Triazoline 94 is the fi;st A141.2.4—triazoline without hetercatom
Sﬁbstituents.zss Ring skeletons ideptical to 84 have béen generatedl

~ previously, bEt these éxamples bear exocycl}c garbonyl. thiocarbonylror
imine.unsaturﬁtion.zs5 . .

Triazoline 94 is a &ellow_oil which solidified upon Storaée below
00C. Its structure Qas established on tﬁe basis of its spectral data. An
exact molecular maés (m/z=187.1432) consistent with the molecular formula
CgH17§3_yas obtajiégdT As well, an exacF mass at m/z=139.1347 coincided with
the molecular mass less N2(CSH17N). The infrared spectrum fhowed baﬁds

consistent with the unsaturation of the molecule-(ISBG and 1511 cm_l). The

-

geminate methyl groups resonate as a single peak in both the 1H and 13C nmr

spectra. The ;H nmr spectrum also showed a pair of doublets (J=2.2 Hz) \

-~ having the highly shielded olefinic chemical shifts of 4.76 and 4.16 ppm

- géDClS): Nuglear Overhauser enhancement (nOe) studies indicated that the
' protén gi; to the N-t-Bu portion of the ring resonates at 4.186 ﬁpm (Table B,
P 72). |

- The nmr data imply that the ring is planar or at least is inverting

at a rate which is too fast for detection by the nmr instruments at ambient

temperatures. This behaviour is much like that observed for interesting
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azoenamipe. 95. The planarity of 94,

hinted at by the IH nmr spectrum is supported

by the gpotoélectron spectrum (Figure 8).

. 95 -Triazbline 94 is an enamine. Its exocydlic
‘double bond is substituted by two nitfogen;atoms; one of which can readily‘
attain the geametry required for conjugation of its lone pair with the
carbon:carbon double bond. In the introduction the normal lineshapes of PES
bands of enamines were outlined. On this basis,-the lineshapes of the PES

Spectrum of 94 are atypical. Usually,.the lst IP is broader than the 2nd

125 )

IP, for reasons introduced earlier. With 94 though, the situation s

~

reversed. One can conclude that since the lst IP band of 94 is relatively
e [

sharp, then the normal geometry difference between the pyramidal ground
state and the planar radicallcation;of an enamine must be substantf;lly
-reduced. That is, there is minimal.geqmetrf change when an electron is
removed from the HOMO of 94. This impliés that the enamine nitrogen of 94
is near planarity in the groind state. | '

- The ISE?IP value is found at 7.6 eV. This compares favourably to
that measured for morphelinocyclohexene and:morQholinocyclopentene {Table

n

3). This may indicate that 94 is equivalent in reactivity to the morpholine

derived enamines which would also imply that the pyrrelidine derived
enamines are more reactive than 94.
The value of 9.0 eV for the 2nd IP of 94 is surprisingly low. The

enanines of Table 3 have 2nd IP's (8.3-9.9 eV} that are gre?ter than this

value. The conjugation of the azo function of 94 with the exocyclic double

bond mey account fob this finding. o ‘

S
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Figure 8. The Photoelectron Spectrum of 94®

a L. . - ; .
A MINDO calculation of 94 gave peak positions consistent with the
observed spectrum.=~"’
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The other discernable band of Figure 8 is the 3rd IP of 94 which

‘&ppears at 10.2 eV. This-i; due to an electron drivenrfrom a molecular

orbital extendirng throughout the pr system and including the quaternary t-Bu

carbon.267

The nmr data and PES spectrum indicate that 94 should indeed have
enamine-like reactivity. Chemical evidence for this is shown when 94 is

¢is$olved in MeOH containing a catalytic emount of acid. An equilibrium

between 94 and methoxytriazoline 96 is established (Scheme 51).122'268

Proton and 13C nmr spectra o% the

) OMe equilibrium solution were obtained.
4+ E
'H/MgOH Using the spectral data of oxadiazoline
84 ——— N7 TNt-Bu :
) W\ = - Q1 (X=0,R,=R,=R.,=R,=CH.,) for
N 1 723 "4 3
96 . 269 . .
comparison, peaks consistent with

Scheme S1. structure 96 were observed. The ratto

b Y
of 94:96 is 1.75.

The statement that 949 and 96 are in equilibrium is supported Qy the

-

13C npr spectrum of 94 when dissolved in acidic MeOD. Since broad-band

proton decoupling enhances the signalg of carbons bearing protons, and since
the héthylené carbon signal of 94 @irtually disappears, the ingication s
that the site has become fully deuterated. This observation is best
explained if 94 and 96 are in equilibrium.

- ‘ Facile decomposiéion of 96 during manipuylation and/or concentration
of the mixture precludes its isolation.

The ‘thermal stability of 94 is quite surprising. Refluxing 94 in

7CHCl3 for several days gives’Pnly starting material. Similar treatment of-

. . \

*
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94 in neutral MéOH leads to -the loss of 94 to give an.unidénﬁifiea-dimer.
Either way, the thermal chemistry of 94 is not ﬁseful. The exocyclic douple
.bond tends to render 94 ?articularly stable with.rgspect to loss ofAN2 in
inert solvents and the enamine gnd azo funftionalities induce undesired
transformations in a more chemically active solvent (MeOH). |

The principal reason for tﬁe problem turned 9ut to be the key to the
solution. Use of the enamine functiénélity 4o quaternize the sp2 ring

Y :

. carbon of 94, as was done to generate 96, led to triazolines with more

favourable and useful thermolysis chemistry.'

—

The initial attempts to generate more thermdlabile triazolines were
via [2+2] cycloaddition chemistry and a discussion of these efforts

comprises the content of the following section.
' 3

J . A
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Thé-[2+21 Cycloaddition Chemistry of 4—t—Buty1-3,3—dimethyl—S-ﬂethylene—Al- .
1,2,4-triazoline (945 ' |

The initial substrates chosen for [2+2)] cycloaddit;bn‘with 94 were
acrylic acid and methacrylic acid Aerivatives. Thus, diastereomeric
spi;oaziridines 97a (88X) and amidrazones 98b (70%) and 98c (~70%) were
obtained whenISe was heated in neat acrylonitrile, methacrylonitrile, and
methyl methacry;;te respectively. | -

lAziridines 97a were-abtaingd és a 50:50 mixture of diastereomers,
partially separable by gas ch?tography.‘ The isomers were idéntified by
way of their lH'and 130 nmr spectra. A 500 MHz 1H nmr spectrum, . although
not fully resolved requires that the methylene and methine protons are
attached to a rigid carbon framework. This observation ié in Keeping wilh

. .

the assignment of a 4-membered ring.. G

' The proof that N2 has been lost is found by inspecting the 13C nmr
data. By analogy with triazolines 94 anq S6, if the product cbtained =till
contained NZ' then tﬁe quagernary ring carbons would resonatc at. 100 10
ppm. This is not observed. All signals in the 4{—55 ppm range are assigned
to aziridiné ring carbons, consi;tent with quaternar; carbons bearing one
nitrogen.

The %H nmr spectra of 98b and 98¢ each showed th methvl proups
attached to an unsaturated carbon. This allows one .to conclude that the
triazoline‘riﬁg h;; been opened. Also, the 1H ﬁmr spectra indicated four
magnetically noh—equivalent protons all coupling one nnother.-in'a rigid
environment, thus providing evidence for the 5-membered ring. The infrared

. -~ -
spectra of 98b and 98¢ gave’ broad bands near 1670 cm l, consistent with the

presence of .two similar C=N bonds.

& - .
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It is betieved that in these cases a 1,4-zwitterion is-forﬁed

149,154

initially, by analogy with previous proposals. The fate of

zwitterion 100 can be depicted by three pathways, one of which leads to the

spiroaziridine product (97a) (Scheme 52).

-~
-

Aziridine 97a. is ultimétely formed after 1029 closes in a 4-exo

‘manner to yield ;pirotriazoline 101. - At 800C (reaction conditions), 101
extrudes N2 and the ensuing ylide 102 then smoothly closes to 97a. Four
diastgreomers are possible but-éast nitrogen inversion allows forrthg
detection of only two. .
Presumably 100b and 100c would have the identical pathpay available
except that the presence of the additional methyl groups (X=Me) increases
the steric hindrance of the 4-exo closﬁre. This increase is sufficiently
large to prevent cyclobutang formation. The lifetimes of 100b and 100; are
extended for this reason. The result is that o%her modes of decomposition

of 100b and 100c are allowed to come to the forefront.

~

One such alternative route for zwitterion decay is by way of a less
sterically encumbereqd 5-exo closure onto the azo group yiélding azomethine

imine 103. Subsequent ring opening of the original triazoline ring provides

v

98. This route has a’drawback however. Although closure to 103 is a

-y

S5-exo-trig c:losux--e-,zt0 the near planarity of the cationic ring system of 100
adds structural restrictions to the approach of the carbanionic centre,

giving the process a degree of difficulty more in line with that of a

o .
S5-endo-trig closure."lo This difficulty is circumvented if the triazoline
ring opening precedes‘the S5-exo closure. The stereoelectronic requirements

for forming 104 are well provided for in 100 and there is precedent for such

]
. 27 . . . . . :
a transformation. L Acyclic zwitterions 104, species having greater
LY

flexibility than }00, then undergo the closure affording 98b° and 98c.
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97 a) Y‘H, X=CN
b) Y=Me, X=CN
c) Y=Me, X=COMe

98ib) .Y=Me, X=CN
S €} Y=Me, X=COxMe

94
R
CHp =CXY
99 a) X=H, Y=CN
b} X=Me, Y=CN
) X=Me, Y=COMe

X
Y N
[
103 -NXNE—BU
~N
98b & ¢ J 97a
Scheme 52
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For mechanistic reasons both routes yield.98b and 98c heving the
same configuration about the C=NtBu function. That geometry, as drawn,- also
minimizes non-bonding interactions.

The conrept of a 1,4-zwitterion not closipg to a [2+2] adduct, but

.
rather decaying in another manner comes from the work of Boyd and

. 192
coworkers.

Treatment of 94 with acetone cyanchydrin in acrylonitrile, MeCH or .

methylene chloride gave arizidine 105 in 42-47% yield. Aziridine 105 was

identified on the basis of its simple spectral data. The lack of a 130 nmr

resonance near 100-110 ppm provides evidence that the product does not kave

-

the azo functional group. U

e

Presuma%}y the acetone cyanohydrin acts as its own acid and

protonates 94 at the f-carbon (Scheme 53). The resulting intermediate (106}

L4

then adds cyanide which was expelled during acetone formation. Triazoline
107 is not detected, nor is azomethine ylide 108 which is assumed to be

formed after'N2 is extruded from 107. Rapid electrocyclic ring closure of
‘ .

108 yields 105. Acrylonitrile and methanol are effective

13,272,273

dipeclarophiles, yet 108 could not b® intercepted even in neat-

trap. \ ’ l;

"When sulfene was generated in the presence of 94, spiroaziridine 109 -

was obtained in 40X yield. The distinctive 1H and 13

shift5172 of the thietane ring protons and carbons are consistent with the

C nmr chemical

assigned structure. Since the thietane ring proton signal appeared as an ab
quartet, the molecule-must have an effective plane of symmetry. This is
1

attributed to facile aziridine ring inversion at'r00fztemperature. The



65

<

presence of three 130 nmr resonances in ‘the 41-55 ppﬁ range indicated, that

the azo functicon has Peen lost.
~

The regiochemistry of the [2+2] cycloadduct is consistent with
previous observationsl7l and with FMO theory.41 Once again no-triazoline

(i.e., 110) was detected in the reaction mixture. Loss of N2 and closure of

\\\\ the resultant ylide must be rapid. ) . .

- The failure of neat acrylonitrile to trap ylides 102 and 108'is
. .
somewhat surprising. Jhe rate constants for 1,3-dipolar cycloadditions are
¥
génerally quite high.13 The ylides proposed .(i.e.,, 102 and 108) as

precursors to-the aziridines obtained are highly substituted. The nitrogen
bears a L—Bﬁ group and the ylide termini each bear non-hydrogen substituents
(Figurelg). Normally, 1,3-dipoles are at their energy minima when they are

81,274,275

planar, a geometry which maximizes r-bonding. From this

configuration e high energy barrier often slows formation of a 3-membered -
13,81

ring. HBowever, with dipoles such as 102 and 108 the-sii:i? congestion

may prevent the ylides from attaining a planar geome;ry and indeed the
configd:ation taken gy these ylides after losé of N2 maiy be along the
éathway for aziridine formation.

A different explanation incorporating similar principles says that
the planar geometry is the energy minimum of the ylides. In the cases of
sterically hindered ylides the minima would have to b at a high energy

level, thereby substantially reducing the barrier to electrocyclic ring

closure {Figure 10).

It should be realized that aziridine formation lessens steric

congestion of the plapnar ylides in two ways. The elimination of 7-overlap

ac
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lengthens C-N bonds thereby extending the t-Bu group away from other
aziridine substituents. As well, going from & planar geometry, where the
-

t-Bu group eclipses the exo substituents of the ylide, to a rapidly

-

o

typical .
azomethine
ylige
aziridine
reaction coordinate
) .
- . Figure 10. Energy Profile for Ylide Closure

inverting aziridine where the t-Bu group virtually bisects both pairs of

| o

aziridine substituents, is also a relief of steric encumbrance. High energy

dipoles showing particularly large rate constants for ring closure have been

noted previously. t»276:277 ﬂ ’

Treatment of 94 with phenyl isocyapate in chloroform, provided
amidotriazoline 111 in 62% yield, rather than triazoline 112 or aziridine
‘ﬁ14. .The,monovinylpgou; urea structure is consistent with that obtained
from enamines with at least one f-hydrogen. The geometry about the
exocyclic double bond of 111 was verified by nOCe experimentation.
Irradiation at the t-Bu frequency enhanced the lﬁ nmr intensity of the vinyl

hydrogen by 26% (see Table 6, page 72). Other 'H and 1°

“ - p)
consistent with the structure indicated.

v 1

C nmr spectral data are

- ey
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The mass spectral data of 111 deserves discussion. - Under electron
impact (ei)»condigions the molecular ion peak was- not obsérved. but there
was a peak at m/z=258 corresponding to M+-N2. Chemical ionizatiAn fci) mass
spectra (NH3 or‘CH4), on the o;ﬁ;r hand, gave a signal at m/z=289
corresponding to (M+3)+. In the ci(NHs).mass speétruﬁfthe signal for;
m/2=289 was the most intense one, while in the case of ci(CHQ) the relative
intensity for m/z=289 was 9% (Base peak, m/z=110) and there were, additional
signals at m/z=288 (8%) and 287 (32%). This apparent reduction of 111 by
NH3 and CH4 in tﬁe mass spectrometer wa; given credibility when it was
determined that diethyl azodicarboxylate, an azocarbonyl compound kﬁown to
have a low reduction potential.27§ also gave a significant m/z={M+3) " signal
under similar ci conditions.

The mechanism of formation of 1ll may well be anaiogous to that
introduced’fﬁ/Scheme 25. Scheme 54 depicts this mechanism as it applies to
the formation of lll. Since no mechanistic evidence has been forwarded to

support this pathway (Schemes 25 and 54), the

. 0
possibility of 111 forming by way of an initial \
zwitterionic intermediat?,(113) and su&sequent Ph
proton transfers, must be considered (Scheme 55). NE-8u
The HA/A™ acid-base pair is unidentified but may
be a&ventitious impurities or some of the ionic 114

intermediates themselves. - The set of transformations of Scheme 55 is
\ N
preferred over the genermlly accepted mechanism (Schemes 25 and 54), since

no intermediates were detected while the reaction was monitored by IH nmr.

Species such as those depicted in Scheme 55 would be expected to be

.
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short-lived, bqt 112 ﬂﬁiéa is afnecessafy component in the alternative «~
mechanism (S#heme 54) Qogld bé-expgcted to lose the azo nitrogen or to \\‘xﬁ
accumulate. Since the azo nitrogen is stiil present in the product, 112
should be an intermediate cbservable by 18 nm;-sbéctrosccpy.

The reaction mixture from DMADVand S4 proved to be less trivial thﬁn
those just described. Three products, 115, 116, and.117. were isolated from
both CH‘2C12 and MeOH but in different amounts.  An astounding solvent effect
on the product yields was found for this reéction (Table 5).

Products 115 (E,E) and 116 (E,Z) were identified as Michael adducts
on the basis o?htheir spectroscopic data. Azobicycléheptene i17 was -
identified by means of single crystal X-ray crystallography.

Geometric isamers 115 and 116 were assigned their respective

- geometries by way of the following criteria. One compound, the major »

E E .
1 E ‘
E E
H
N t-Bu N t-Bu NE-
\ A £
N N 7
115 116 117 *

Table 5: Solvent Dependencies op Yields of 115, 116 and 117.
Solvent L5 1s a7 -
MeOH 72 ) 5 . 19

CH,C1, 17 4 52
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- isomer was eluted more rapidly oh both TLC plates and on a ‘silica HPLC
. - <
column. It is known that maleic esters are more polar than fumaric esters

because of their additive ester dipcle moments. The ester dipoles of

fumarates are opposing‘and thus their net dipoles are somewhat *

reduced.279'280 T

The ultraviolet absorption of the major isomer was found to be at
o .
longer wavélength and it had a greater trapgsition probability, both
consistent with fumaric esters which®ire allowed to lie flat and arec not

v ) .
distorted from planarity. Maleates are twisted ard therefore have a lesser

transition ﬁ?obability-and require more énergy or excitation.281
Lastly, nOe measurements on the two geometric isomers provided still
more evidence fof their as;ignment. Irradiation at }hé ﬁ-b&tyl frequency
and observation of the 1H nmr signrals of the vinyl proténs gave significant
enhancement of the exocyclic vinyl group protons of both 115 and 118, But
only in the minor isomer was the terminal vinyl proton noticgébly enhancegl .
{Table 6). This is consisten? with the terminal proten (Hb) §eing svn to b
the t-butyl group as it is in 1186.
.The above observations are consi;tent with 115 hav{nﬁ t?¥ EE
geometry (fumarate) and 116 having the E,Z (maleat;) configuration. >
The nQe datg also provide a basis fo; the assignment of the geometry
about the exocyclic double bonds of 115 and 116. Using the enhancements of
94 as a guide {Table §), then the exoc#clic vinyl group hydrogen most be.cis
CT\\uﬂto the t-Bu group. ‘Such a geometry is not unexpected in Jiew of the steric
interactions that would be present in‘the other isomers (Z,FE and Z,Z2). No

products having the Z-configuration about the exocyclic double bond were

detected.

»
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Table 6: Noe Enhancements of Vinyl Hydrogens of al-l,Z,h-Triazolines
» n R “ e . )
Hydrogen - % Enhameement

b

.2

) - Ha Hb
- ) ;
Hb i
h{’\q 35 10
N .
94 : ;p .
¥
PRHN i
) S
‘ 26 -
111 . )
Hb E .
SE Ha # “ 7 i
\!\:J t-Buy \ 36 {0 -
115 ) ‘ ’
a2
[}
®
8 45 9
. ] .
. i‘ ‘it“

72
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The finding that Michael adducts comprise the major portion of the

MeCH reaction mixture is in keeping with previous results 186-188 The
mechanistic ;ouﬂé to 115 and 116 begins with'an encounter to furm zwitterion

118. Rapid protonation at the oxygen of 118 provides an allenol ‘which

yvields the observed products by way of several prototropic shifts (Schkéme

~

. G OMe HQ
\ I | -
hat .
e €
94 DMAD 1}5
+ + —_— +
- N t-Bu T t ~-Bu . 116
N
118 148 \ o
o, Scheme 56
j’ >
' ' o
56; cf., Scheme 55).

Each of these transfers is intermolecular becaus:

simple 1,3-H shifts must be antarafacial and are thus structurally

unfeasible.90 The intermolecularity of the proton trunsfers was confirmed

when the reaction was performed in CHSOD. The terminal vinyl positions of

115 and 116 wers f‘ullly deuterated. . ‘

The preference for formation of 115 over 116 muy be due to

intramolecular influence during a reprotonation step. Intermediate 120,

which lies between 119 and the Michael ndduct

products in‘§cheme 56, provides a poasiblﬁ

explanation for the product ratio. Internul

hydrogen bonding to.the ester function hold

the hydrogen to be transferred in a position

/&
120 ' _—r\\ ¥ facilitating formation of- isomer 115. °
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Independent experiments indicated that 115 and 116 are not
interconvertible under cdndition; designed to mimic those cf the régétion by
whi;h they were formed..

' The formation of 115 and 116 in CH,Cl, is less resdily rationalized.
_Thi; solvent canhot be readily deprotdﬁated. Proton transfers must proceed
with the aid of small amounts of impurities including weter and/or by way of
intermolecular reactions of intermediates such as 118, 119 and i20.

Reinhoudt’s prop0531181 that . cyclobutenes of thé type 121 are the
first formed,speciés in a DMAD-enamine encounter is not favored in this
instance. In MeOH & modest rate of reopening of 121 to 118 could be
envisioned but in CH2C12 the activation energy can be gxpected to be
substantig)ly greater. As well;.the availabiiity of other facile modes of
decomposition of 121 remove the need for the 121 - 118 process (Scheme 57).

A third competing pathway, the glectrccyclic ring opening of
cfklobutene 121 to give dienamine 122 is'also possible, and is the reaction

typically observed under non-protic conditibns.laz_ls4

»

However, no}products

arising from 122 were detected, nor was 122 itself a detectablé ?roductﬁ
The likely route chosen by 121 begins with the electrocy;;ic

extrusion of N, Yieldiﬁg azomethine ylide 123. Ylide 123 could close to

az{ridine 127 by analogy with ylides 97a and 108, but this‘possibility can

be excluded because 127 was not detected and th; ring opening of 127 to

regenerate 123 is a process that requires temperatures much greater than

~ 2590.84 Instead that ylide (123) undergoes a known 1,4-hydrogen shift ‘

_affording 124. At this stage, with the particularly facile reaction

having taken place, the cyclobuteneAmoiety ring-opens to trienamine 125.

This process probably gives rise to two geometric isomers about the
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non-terminal carbon-carbon double bond. The geometry indicated by 125 is

, that which is required for subsequent reactions on the way to 117. Since

117 is obtained ﬁn'EFéater than éox vield, then either 125 is formed R
péeferentially or there must be some mechanism for its isomer to convert to
the required geometry, i.e: that of 125. An Pncharacterized species, having
acidic properties could catalyze the transformation.

An B-electron electrocyclic ring closure'by 125 provides 126 which
is another azomethine ylide. This step can alsc be perceived és an
intramoleculé; Michael addition by an enamine.

The 125 ~ 126 pathway can be viewed in.yet another way. An
intramclecular Diels—-Alder reactiéﬁ by7125 would afford bicyclic aziridine
128. Subsequent ring opening of 128 would give 126. Aal,S—electrocyclization
of 128 yields azobicycloheptene 117.

Acheson has fuggested an

equivalent mechanism, for conversion of

an analog of 124 to a skeleton identical to
199 '

that of 1l17.
= When the reaction of 94 with DMAD was followed by lH nmr

spectroscopy the' growth and decay of several intermediates could be &

‘observed. Thus, several transient species are present in the mixture, as is

required for the postulated mechanism.

Ty
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The 1,3-Dipolar Cycloaddition Chemistry of 4-t-Butyl-~3,3-dimethyl-

5—methy1enefA1—1,2,4;Triazoline (94) ..

In the preceding section, most of the triazolines proposed to

account for the observed products are transients. There is one excep€&on.

though. Triazoline 96 has a prolonged lifetime and can be observed by lH
and 130 nmr spectroscopies. )

A second set of triazolines may also have significant lifetimes at

room temperature. Triazoline 112 and its enol tautomer (Scheme 54) are part

of a possible mechanism proposed to account for the formation of 111 and

they do not lose nitrogen. Indeed, the azodgroup must remain present for

s

111 to form.. Although Scheme 54 is not thetpreferred mgchanism, the
presence of 112 in the reaction'ﬁixture, which yields 111 is still a strong
possibility. Interektingiy,'TTZ and $6 have a similar quality. They cach
have a third heteroatom attached. to oné of their triazoline ring carbons.

" This inherent stability is surprising. Intuition suggests that an_
added hetercatom would accelerate nitrogen gxtruskon from triazélinca.
Obviously, this is not the case and the persistende of triazolines such as
96'sﬁgﬁld be‘investigated further. COCne mgthod of obtaining similar

triazelines would be to treat 94 with 1,3-dipoles which bear a heterautom at

one of their termini.
The first two 1,3-dipeles chosen for reaction with 94 wero
benzoqitfilé oxide, Ph—CEﬁ-a and diphenylnitrile imine, Ph—CEN+-ﬁ-Ph.. Thesae
were chosen not only because they provided a heteroatom at the desired
position but also because they are known to react with enamines at room

temperature or lower.lq' Indeed such cycloadditions were achieved with 94
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and both dipoles. Treating 94 with benzoyl chloride oxime2 and

triethylamine at -300C for 15 minutes afforded 129a in 77% yield.’ Benzoyl
3\ -

chloride-phenylhydrazone283 together with triethylamine *and 94 provided 129b

in 84X yield after 40 hours at room temperature (Scheme 58).

Structures 129 were assigned as the triazolines resulting from

1,3-dipolar cycloaddition of the two substrates thﬁ 94 based on thclr

» e

spectral data. The 1H nmr spectra of 129 and 129b each showed two
magnetically non-equivalent methyl groups and the methylene protons appeared
as agiquartets. demonatrating their non—equivalence. The l3C nmr spectra

s
support the suggestion that the cycleoaddition proceeded with the expected

regiochemistryl4 ana th:& the azo function was still present in the : ®
product§. The triazoline ring carbons resonated at 128.63 and 104.6% ppm
for 128a and at 119.58 a;d 502.68 for 129b. JThese chemical shifts are }n.
keeping with the values expected bésed on the number of adjacent heterontoms

{cf., the values for 97a, 1051 and 109). Moreover, the presence of a strong

] -
band’ in the 1590-1600 cm L region of the Raman spectra of both 129a and

JJ\N oA

t-8u j‘
) \N PRC(C1) =N A
t-8u
W\ =
N
94
a) X=0 .
‘Dl X=NFh . 129 130~
Scheme 58

. and 128b is suppo;Eive of a cis azo function.284

3
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The mass spectral data of 129, al££ough lesﬁ'inforﬁative, are in
keeping with the assignment;. Méiécular ions from 129a and 12Sb were mnot
detected undgr“électron iﬁpact conditions. Rather, weak m/z=(ﬁ-N25+ and
significant m/zéEM—NZfCH3)+;fragments were observed. Under chemical

ionization conditions the expected (MH)+ ions were observed.

Triazolines 129 are the first isolable A!'-1,2,4-triazolines with

«

sp ring carbops. With 129 in hand, the next step was to investigate their
thermolysis chemistry,'with the hope that they woulq.be.useful precursors to
azomethine'ylides. ‘

Th;rmolysis of 129a and 12Sb in benzene afforded isoxazole 130a and
pyrazele 130b respectively, in high yield (89x and'94x) (Scheme 58).
Unfortunately these-are also the products when the pyrolyses are carried out

in methyl erylate or DMAD, two efficient dipolarophiles.l4

A . Heterccycles 130 were identigjed on the basis of the spectroscoﬁic
deta which correspond well to those of other knmown similar heterocycles.

(IableJT). One significent aspect.of the nmr data is that the gem-dimethyl
groups appear as sigglets indicating their magnet{c equivalen?e. This -~
provides strong evidence for the opening of the triazoline ring during the.
formation of 130 from 129. |
The infrared spectra depicted yH stretching bands at 3355‘%m-1

{(130a) and 3378 c:m;1 (130b). The mass spectra of 130 showed a weak m/z=M+ ’
signal q@der el bénditions. A signal at'(M—CH'a)+ was significant in both
instances. Under c¢i conditions, the expected m/z=(M+1)+ peaks were evident
in both spectra. Finally, an interesting similari£y was noted between the

-

el mass spectra of 129a and 129 and those of 130a and 130b. Among other
. -

\ -—-.‘\.
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Table 7: NMR Chemical Shifts of Aromatic Heterocycles
- Chemical Shift (PPm)a
!"{eterocycle - 1‘ 13('5'
‘ 3-Hg 3-C 4-C 5-C
isoxazole 6.41°% | 149.1%88 1037 157.9
. -
3- pheny 1-5-methyl isoxazole 6.20> 287 169:6%88  100.3  160.3
130a 6.37 162.36 98.10 181.20
f)
1H-pyrazole 6.3178% | 134.629° 1058  136.6
3-phenyl-1H-pyrazole 6.60°5° | 150.2%290 1037 134.4
/ 289 :
1-phenyl--1H -pyrazole 6.46° 140.98 107.1 126.2
130b 6.57 149.98 102.50  154.16
. 292 . )
I-phenyl-1,2,3-triazole(141a) 7.81 - 134.0 121.7
1-phenyl-5-(isopropylaminomethyl )~ 7.66 - 133.3 136.3
1,2,3~triazole (145)293% .
137a - 7.64 - 132.04 138.58
*In CnCl3 unlegg'otherwise noted. .
bin ccl,. “In Cp,Cl,
»
{
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peaks, the background of 129a and 129b contained the characteristic .spectrum
of 130a and 130§. respectively. This is presumably due to some 129 beihg
tqgnsformed into 130 during the heating process which is performed in order

to volatilize 129 at the inlet of the mass spectrometer.

The mechanism of the transformation of 129 to 130 is not readily

recognized. A possible pathway to 130 is outlined in Scheme 59. As has

1s

3
-

been observed w#th more thermolabile t;iazolines (e.g., 101, 121), N
probably lost during pyrolysis. The resulting azomethine ylide (131) would
be expected to close quickly to aziridine 132 due to the non -bonding
interactions amoung the five ylide substituents. This is anotheraénuawhvrv

stérically congested ylides form 3-membered rings with unimqledhf;r rate.

--a’_ ! A

constants large encugh to prevent cycloaddition to n dipolarophllzr(nf.f¢

9 »
71,276,277 Thus, the failure of methyl acrylute and DMAD to

N

3

]

I

3

97a, 108).

131 132 133

Scheme 59
— : ’ o :

- " ‘
trap 131 is not surprising.

L

The ring opening of 132 then follows via a mechuanism which mav be
2

- intramolecular as depicted in Scheme 59. Finally, deprolanation from the

ring by the negatively-charged nitrogen allows for the aromatization of the

hetgrocycle.
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- Other mechanisms may be possible but two features must be part of
any proposal. The carbon bearing the gem~dimethyls must end up attached to
the ring and the bond attaching the N-t-Bu to the ring must be broken. The

i

conversion of S-aminoisoxazolines to deaminated isoxazoles is

294-296

commonplace and serves as suitable precedent for the 132 to 130

transformation. Deamination of 5-aminopyrazolines to yield pyrazoles is
also known to proceed readify.297_299

Since £he spirotriaéolines (129) decomposed fairly cleanly to
azomethine ylides, éhe activation parameters for the decomposition of 129
could be obtained.. Selutions of triazolines 129 and benzene were degassed
and sealed into nmr tubes. The tubes were immersed in a constant
temperature bath and were withdrawn periodically for ingegration of the 1H
nmr spectra. In the 40-829C range, the decomposition was found to comply
with the first order rate law. The rate consta;ts obtained are listed in
Table 8 and the aétivatiop parameters calculated from them-are found in
Table 9. The staﬁdard errﬁrs accompanying-the acti;ation parameters aré
calculated from the linear regression data which vielded the parameter5300
(see Experimental). The error values are quite small and since the nmr
method‘that was used for acquiring the rate constants is rough, the expected
error rafge is more likely to be 1‘1.5 for AH* and Ea, and = 3.0 for
AS#-277,301 . ~

The AS* values (-1.7 and -0.3 cu) are in good agreement with values
.from the literature for nitrogen extrusion reactions.301 The kinetic

.parameters are therefore supportive of the proposed mechanism (Scheme 59),

with the first stebgirreversible and rate-limiting. .

I



Table 8: Decémposition Rates of 129a

and 129b in Benzene®
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R 129a 129b
Temperatu ) 10%k/sect t 10°k/sec” !
p re sec . 1/2 /sec tliﬁ )
40 .381 50.5 hr .206 93.4 hr
50.5° 1.46 13.2 hr 815 24.6 hr
60 4.71 4.1 hr 2.42 8.0 hr
69 1.37 84 min 7.94 145 min
80 ., 44.4 26 min 27.6 42 min
80 45.8 25 “min 6.7 a3 min
aStarting f128] = 0.069 M at room temperature unless otherwise inditated.

b519¢ for 129b.

€l129a] = .104 M:; [129b] = .100 M.

Table 9: Activation Parameters for Decomposition of 129°
Parameter 129a 1296
AH* /keal moit 25.6 +'0.1 6.4 % 0.5
As*/eu -1.7 £ 0.4 -0.3 = 1.5
Ea/keal mol t 25.4°% 0.1 27.1 0.5
log & 13.0 + 0.1 13.2 = 0.4

A4
aThe method of calculation ¢

-

J
]

standard error is described

Loy

In experimental.
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Phenyl azide would not

Two other dipoles were reacted with 94.
react with 94 at room temperature. Heating to B0OC in benzene for >24 hours

was requiréd and the chances of isolating spirotriazoliné 134a were
Thus, only comppunds believed to be derived from 134a

therefore ‘reduced.
were-isolated. Triazéline 94 is an enamine and thérefore the 1,3-dipolar
cycloaddition with azides is predicted to be controlled by HOMO(olefig)—
LUMO(dipole) interactions. Since substitution of a para-nitro group onto
phenyl azide is known to lower the LUMO energy level of the azide‘;nd to
14 p-nitrophenyl

render it more reactive toward r-excessive double bonds,
azide was reacted with 94. An isolakle triazoline (134b) was: obtained in

~

E5% vield. .
The spectroscopic properties of 134b are similar to fhose of 129.
In the “H nmr spectrum, the geminate methyl groups furnished two singlets

1

and the methylene protons appeared as an ab quartet. The ~°C nmr spectrum

The Raman spectrum 6f

1
was supportive of the assignment, with ring carbon signals (114-12 and
The el mass spectrum of 134b provided a peak at m/z=(M-N4}¢,whi1e

LY

the ci spectrum.gave the expected peak at m/z=(M+l)+.

104.11 ppm) comparable to those of 129.
134b showed a band at 1598 cm_l along with intense nitro signals.

-

Cycloadducf 134b is a unique spiro species containing'a
A -1,2,3-triazoline ring and a A1—1,2,4—triazoline ring. Whereas the

b
limited to that which has been described in this thesis, very much is known
These triazolines are-

background regarding the thermolysis chemistry of A1—1,2!4-triazoline is
251,252

\

: " )
about N, loss from A™-1,2,3-triazolines.
believed to decompose via a zwitterion rather than an ylide to give
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aziridines via ring closure and/or imino species by an alkyl.shift as

described previously (Scheme 48, page 52).

One would expect:-the A1-1,2,4;;riazoline ring of 134 to decay faster

-
A

due to the conjugatively stabilized azomethine ylide that results from loss

~of molecular nitrogen. Breakdown of the 1,2,3-triazoliné portion.yields a

non-stabilized zwitterion {Scheme 48). However, loss of N, from the

2

1,2,3-system may follow extrusion of N2 from the 1,2,4-ring. If this is
+ . ' . T
indeed the case, then various trends can be expected. For instance, it is

known that aziridines rarely result from the Jreakdown of . )

S-amino—l,2,3-triazoiines.251’302‘303 These S5—amino species. often decompusce

to 1,2,3-triazoles via loss of.smine., When the l—position'of.the triazoline
bears an electron withdrawiné group, loss of N2 leading to an amidine
(scheme 48, path b, RlzN(R’)z) becomes siénificéntuénd may compete yith
deaminat}on to the triazole.251 Finally, spiro-&zriﬂﬂ,s—triuzolipes’£end to
give ring expanded imino coﬁpounds. | )

With these trends in mind, the £hermal deco‘l‘npositiqn products of
"134a and 134b could be readi}y'id%ntified and rationalized. Unfortunately,
-thc deéoﬁposition of 134b did not’proceed with the clean‘loss of one or two
molecules of N2. Cycloadddct 134b also cycloreverts t§ 84 and p-nitrophenvl
azide. There is precedent for this reversion reaction and the edujlgbrkgm ¢

304 ‘This ccmplicétion prevented the

favours azide at higher temperatures.
" acquisition of a unimolecular decomposition rate constant for 134b.
For practical ‘ease, the decomposition of 134b was carried out

without 1its isol&&ion. Thermolysis of 134a was also performed in this -

manner since it could not be isolated in pure form. Refluxing a solution of

3

i

-

1 \ . ) . o ' ‘- “'j."-”
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phenyl azide and 94 in benzene followed by chromatographic separation

provided products 137ag-1393,-and i4la in the yields indicated in Table 10.

" When g—yitrophenyl-azide was refluxed with 94 in bénzene, compounds 139b

(30%), 140b (21%), 143b (19%), 144b (4%)-and p-nitroeniline (2%) were
- . _‘ -

-

obéained.

Tria;ole 137a was identified. by comparison to similar hetercaromutic

gspecies including triezole 145293 (Table 7). - Triazole l4la is a known

x

specles and the spectral and physical data obtained for ldla were in keeping

with those reported previously.zgz‘aos

Table 10: Yields of Products from Decomposition of 134a ’

Solvent % Yield of Product
137a 139a l4la 143a
CGHS 7% ' 16% 32% -
a ‘
CSHS 3 14 14 . 5'
CH,CN 40 traces - -

aInitially in C followed by extended thermolysis in toluene..
8 A

Aridines 139 were identified by comparison of their spectroscopic

3 The C=N stretch of 139s and 139b appeared

data to those of amidine 146.29
at 1674 and 1652 cm-I respectively. The lH nmr spectra showed singlets for
the methylene groups of 139a and 13Sb and for their geminate methyl

substituents.
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The 3¢ nmr spectra showed signals at 156.66 (IBQa)J;;d 157.49 ppm (139b)

for the amidine carbons. Both values are in the range expected for
. 293,306
amidines.

-

‘Although the geometry about the C=N cannot be determined

from the spectroscopic data, amigines 139 are believed to possess the

r

gﬂgeometry since amidines-with the g-configurati;n are rare and are known to
i#omeriz; redadily to the _E-form.gos'ao7

Amidines 143b and 144b demonstrate spectroscopic characteristics
quite similar to those of 139 and 13B. The}lH nmr of 143b‘disélaynd n
partiéuiarly distincti;e trait. ‘The methyl g:Pups of 143b are found at 1.97

ané 1.88 ppm. These signals are éasily distinguished by their shiape. The
acetamidinelmethyi singlet is vefy shars'atll.gg‘ppm while the
isopropylidene methyl singlet is les; intense and broader due to allylic
céupling.

The.nmr data and the mass spectrum of 144b suggested that the
-isopropenyl moiqty was no longer present. Instead the group was replaced bLv
a hydrogen as e;idenced by the presence of an N-H bond at 3422 cmTI in the
ir spectrum.

Finally, A2-1.2,3-triazoline 140b was identified by way of its lH
amr spectrum. The ABX pattern of the ring protons of S-Aialkylamino—iz—

1,2,3-triazolines is a readily recognizable feature (Table 11).308 The

~

other spectral duta of 140b were totally consistent with the assignment .
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Table 11: IH nmr Data of 5-Amino-1,2,3-triazolines =

Triazoline = 1H chemical shifts(d) coupliﬁg constants (Hz)
H-4cis H-4trans  H-5 J. J J
. T - €1s trans gem

14g°08:2 4.00 4.49 5.32 3 2 17
140a° 4.08 ' 4.58 5.47 10.5 3 17.4
140b° 4.19 . 4.72 5.50 10.0 2.9 17.7-
360 MHz, D500 MHz. -

A 1H nmr spectrum of the cfude'reaction_mixturé of phenvl-azide and
94 also showed a distinctive ABX pattern and this is ascribed to the
presence of 140s in the crude mixture. Only small amounts of 14la could be
detected in this crude mixture and because 14la is the ultimate major
product it follows that 140a deaminates to l4la d;ring chrométography: A
500 MHz 1H nor spectrum of the crude reaction mixture from decomposition of

309 but this species was

N 134b showed very small peaks corresponding to.141b,
' ’ H

not recovered during chromatography.

Scheme 60 offers a series of pathways rationalizing the formation of
tﬁe observed products. Cycloaddition between §4 and azide yields 134 which
would be expected to break down with a rate constant similar to those for
the decay of 129. This decomposition wohld generate azomethine ylide 135.
Two reactions of 135 then lead to the series of products obtained. A
fl,4]-hydrogen shift leads to A2—1,2,3—triazoline 140. 1,2,3-Triazoline

140a deaminates to 14la upon chromatography. Analog 140b survives
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chromatography at least to some.extent but doeé decompose with prolonged
manipulation. Presumably the nitro group of 140b renders the sp3 nitroken
of the triazoline ring less nucleophilic and the breakdown of 140b is
é19wed.

Triazolines 140 however do break down thermally. Zwitter;ons 142

result from hétcrolytic cleavage of‘thg triazoline ring. A hydriqe shift

and loss of‘N2 affords amidine 143b in the case of 142@, When the reaction

mixture containing 140e was heated for longer periods of time & small amount

of 143a was detected and ‘identified by its 1H nmr speéfrum. +The o

-~

charucteristic methyl group signals of 143b a;; also present in 143a.

-

Other peaks which allowed the identifiéation were the peaks at 4.81 and 5.20
ppm due.to the protons of the terminal oiefin of 143a. Only limited
spectral data for 143a codld be coliected since it ;s—a very sensifive
species. T;iazole 14la is thg'p(incipal product of the thermolysis of 140a.
Spcciesll4la was delected in significant amounts in the crude thermolysig
mixture indicating that 14la is not arising during chromatography. Amidine
144b is the product of enamine hydrolvsis of 143b. p~Nitroaniline is®the
product of. further hydrolysis of 143b and/for 144b and this process may be .
occurrinﬁ, at least t; some extent, durt chromatagraphy. The expected by-
product of this hydrolysis, N-t-butylacetamide could not be found. ‘Ngf
surprisingly, extended refluxing of the mixture containing 140b led to

greater yields of 143b, 144b, and p-nitroaniline at the expense of 140b (see.

Experimental}.
The dther unimelecular reaction of ylides 135 is the ring closure to

o .
138. Crandall and co—workers"g3 have proposed spiroaziridine 147 as an
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intermediate in the reaction_of phenyl azide anq N-isopropylﬁethylene—

az;ridine. Species 147 was not detsfted and rapidl; Aecoﬁposed to tria;ole
145 and amidine 146. Tﬁé broposed decomposition pathway of 147 is analogous
Lo that displayed in Scheme‘GO for the breakdown of 136. Only lﬂsa;gives .

the deaminated triazole (137a). When 136a is generated in CH.CN, 137e

3
becomes the major product, most likely because the dipolar intermedizte
) . -, v . ..
involved in the process is stabilized in that solvent. The mechanism
suggested for the formation of heterocycles 130 is also a suitable pathway

.

for rationalizing the presence of 137a (Scheme 59).

't'Amidinés 133 are formed by cleavage of the 1,2.3:£riazoline.(136) to i
138 which undergoes an algyl shift that #ompletés'the expulsion of moleéulaf
nitrogen and affords the ring expénded species (139). 1In view of the known
greater thermal stability of l—phéhyl-l,2,3—triazolinés over iheir'- -
I"Q-nigr@phenyl counpterparts, it is not surprising that 136a decays to 137a }
as well as 139a whercas 136b does:not lead to 137b. - M

When a pure sample of 134b was heated in methyl acrylate,. no new
products arising from 135b were detected.

On the ;hole, all of the products obta&ned from 84 and azide can be
rationa}ized with the aid of ample precedent. The pathways of Scheme 60 are
fairly sccure siﬁce 140a can be detected and 140b can he‘isoiated. As well,
direct synthesis of 147 by another method lends credence to the proposal
that 136 lies on the pathway from 134 éo 137 and.139. Although the
mechanism of Scheme 60 is sufficient, the possibility_éhat there is another

concurrent pathwaycamnot be ruled out. Scheme 61 for example, depicts an

alternative route for 135 to 139 and to 143. In this meéchanism some of the



negative charge at one of the termini of ylide 135 can accelerate the loss

of N2 from the 1.2,3-triazoline moiety. The zwitterionic speciés resulting

N=N N - . 148
) \ ) Ar /'v : .
NAr ) - (1,5]-H =~
- - v _Nt-Bu '
/Nt-BU hb +

b= -\{ﬁosure
. l 149 )
. - 135 ) ' ) 139

) . Scheme 61 -

; (149) can then clese to 139 or deproEonate.Entramolecularly from a methyl
g;oup, affbrding 143. This latter step can also be perceived a; a
_[I;SIThYQrogen transfeér, assisted at least in part by the polarity of 148.
Species 14Sb would be more stabilized than 149a Que to the coéjugatiye
gffects-df the E-nitro;gro;p. The pathway in Scheme §1 may be more

- —

important for the decay of 135b than of 135a.
Unfortunately, there is no madel system with which the reactivity eof
135, with respect to loss of N2, can be assessed. Deprotonation of

A2-1,2,3-triazolines that have been carried out have occurred from the
310

4-carbon. . Two examples are'supportive of the proposal -depicted in Séhemc

61. Deproteonation from the 4-position of pyrazolines 150 enhances the rate

311 14,32

of ﬂitrcgen loéé by a factor of 1012 for x=cone and 1029 for X=CN.

312

A closer analogy was suggeésted by“Padwg et al " to account for the
decompo§§tion.of heterocycle 151. beproﬁonation from .the 5-pesition of 151
vielded enolate 152 via anidni¢ cyci;reversion. fhe simplest case of
anionic cycloreversion_prébably involves deprotonation from the 2-position
of THF‘and the subsequent generation of ethylene and acetaldehyde

enolate.313
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Based on these examples, some credibility can be giver to the

-alternative mechanism for the formatipn of 139 and 143 as depicted in Scheme

61, even if there isg nbt a full negative'charge at the 4-position of the-

1.2,3-triazoline.ring of 135.

. The fact that triazolines 129 and 134b can be isolated is trulf

-

surprising in light of the thermal instability of triazolines such as 105,

-

110 and 121. Intuitively one would expect the additional heterontom te have

a-‘destabilizing effectg Analysis of all the examples presented in this
. . )
. .
thesis allows one to conclude that the size of the spire ring., if present,

- -

has little-e?fect on the stability of the triazoline.

There are three possible explanations 'for the observed stability of

triazolines 129 and 134b. It could be due to the relative cnergies of the
ground state’ trlazollnes or of the requlrlng ylldes or hoth -
Con51der1ng the ylide ehirgy levels, ylides 131 and 135b would have

to bamuch more stabilized than those resultin® from triazolines 105, 110

and 121. Thls is unlikely based on the calculated substituent effects on\LL
cérbonyl ylides.”™ 274 The corresponding stabilization is prohably somvwhut

lower for azomethine ylides since they are considered to_be more 7-excessive

14 . "

than carbonyl ylides- ' and therefore have less to gain.from the availuble

Y

-

. .
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electrons of a nitrogen substituent. Moreover, the hetercatom substituent

3

on ylides 131 and 135b -is not simply amino or hydroxy. Rather, it is a -
heteroatom which can conjugate its electrons not only inf% the ylide but

also into the adjacent unsaturation of the heterocycle. The effect of this

- 3

is' that the electrons of the heteroatom are not entirely utilized to
stabilize the ylide. For these reasons, one would not expect ylides-131 and

135b to be much more stable than the-all carbon substituted ylides (e.g.,

from 105). T

By process of elimination it seems likely that a ground state effect

———

is the reason for the observed stability of. 129 and 134b. - Unfortunately,

there seems to be no readily recognizabie reascn why this ghould be so and

therefore this question must remain unanswered. -

The Thermal Intramolecular Chemistry of Al-1,2,4-Triazolines 111 and 115

-

The syﬁtheses of fumaratotriazoline 115 and amidotriazoline 111 have
been described in an earlier section. As A1-1,2,4-triazolines with extended
conjugation, 115 and 111 held promise for the generation of azomethine

vlides. Thus, 115 and 111 could conceivably lead to spirotriazelines 153

and 154 respectively by unimolecular cyclization. With quaternary carbons
at C-3 and C-5 of the triazoline rings, 153 and 154 would be expected to

serve as precursors to azomethine ylides 155 and 156, respectively {Schemes

62 and 63).- )

i
&

ﬁefluxing a solution of fumaratotriazeline 115 in MeOH for 48 hours

resulted in the complefe consumption of 115. Careful separation via’

.centrifugal chromatography afforded pyrroles 157 and 158 in 91% total yinid.
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When 157 was allowed contact with éir; hydrolysis of the hydrazone fragment
hocéurfed within 15 miputes yielding.lﬁﬁ; "It is therefore safe to assume .

- < ‘ &
that '157 is the thermolysis product and 158 Tesslts from hydrolysis of 157

-

. [} .
in the reactiop vessel and/or during its isclation. If the reactigg mixture

is allowed to stand before separation, the rézio 157:158 décreases.
The assignment of 157 and 158 as pyrroles is based on their

spectroscopic data. Their infrared'spéctra are siq}lar to those of highlvy

substituted pyrroles.314_316 Both IH and'13C.nmr spectra support the

7

: -

structural assignments (Table 12).31

. Scheme 64 offers three similar themes for the -mechanism for the
B |

formation of -157. Resonance contributor 115° suggests incipient* polar

-

Table 12: IH and 130 nmr Data of Pyrroles
- 1 S 13 .
Compound H nmr . C nmr {(riny cnrbon)

“ § of 3-H - c-2 c-3 c-4 c-5, )
159a5%7 5.50 ' X '
1596317 . 5.69 '

157 CL 5.71 137 93 112(119) 119(112)
158 °~ 5.54 a2 81 nsa2nh 1znns.
pyrrole o 6.30 117 108 108 1T

factors that can induce the initiation of the rearrangement of 115. The

w

-anionic terminus can close onto the azo functionality to give aromethine
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'imine 160, whose newly formed ring is'cyclopentadiéne—like. Tgis duulity _
allows for two rapid I.S-hydroggn shifts yielding 161. Intermediate.l61 may
then,break ;pen the orig}nal friazoline ring affording 1§2T\h:%automer of'
157. A slightly different version of this mechanism involves triazq{ine

ring opening at the 1680 stage. The result.is 163 which is one prolotropic
shift from 162. ' '

These mechdnisms which invoke the intermediécy of 160 are nnﬁLﬁgous
to the pgspanism for the formation 'of 98, which was spﬁrned; and indeed
these pathways suffer from the same drawback. The qlosure of the anionic

end of 115’ onto the planar ring of 160 has unfavourable 5-endo-triy
qualities although it is formally a S—g;é—;gig.closure.27o

?ortunatel& in this instance as with the previous exuample, this
problem can be by-passed. The ring opening of 160 yiclding acyclic

-

. < - : :
zwitterton 164 is a more plausible mech:mi.st'1t:'o‘f‘f‘»ar'ing:."f1 Closure of the
anionic end of this flexible intermediate J{154) onto the cumulated double

bond system affords 163. Two prototropic shifts through,iSZ yields pyrrole

157. It has been shown thatypyrroles are thermodynamically favoured over

their iminopyrroline tautomers (e.g., 162),318 : i

’ T, . . ' ) .
Although 165 or derivatives of it were not detected, it may still he
forming but the step yielding 165 must be reversible duc to the high yield
of pyrrole and because the unidentified compound which comprises the

remaining 9% of the reaction mixture is a species which c¢cdéntains three

nitrogen atoms (see Experimental).
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Closuré of 115’ to give significant amounts of 165 (Scheme 65)-can

" be ruled out. The chemistry of 121 is\an indication that 165 should lose N,

/»”

~very rapidly at 659C to give a product derived from 166. No such product

was detected.
Although 4,5-dicarboalkoxypyrroles are much less common thuan their

3,4-substituted counterparts, methods are-.availuble for their

Synthes15.315'316n319—321

h‘

2—(alky£gmino)-4.5-dicarboqlkoxypyrroles such as 157 and 158 which seem to  _

These methods are unsuitable for

be the fFirst members of their family.

Reductive removal of the l-amino substitueﬂt of 158 should be facile
. . 322,323
as it is for other l-aminopyrroles. !

Thermolysis of 111 in various solvents led to the isolation of

- dienamine 167. In McOH the yield was 53% but in benzene and methyl'arrylaté

tﬁe yield reached 85%. The E configuration abuat-the internal double bond

of 167 was assigned on the basis of the 12 Hz coupling constant between Lhe

<
vinvl hydrogens. ’
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A mechanism for the 111 to 167 tranﬁformgtion must accomodate the

- A . - —
following experimental observations. First, the decomposition®f-111
. -z . :

follows first_ofder kinetics in both MeOH and benzene (Table 13'. Activation

. Table 13: Kinetics of Decomposition of 111 T
- a -‘ 0 5 "'l
Solvent (111) T(C) 107k (s )
CH,OH 0.055 | 58.5 0.143
CH,08 0.055 © 73.0 0.874
‘\ X
CH,,OH 0.103 80.0 2.04
CHsOH = 0.055 87.5 1.34
CH,OH 0.055 102.0 27,2
Collg 0.072 ®0.0

a. ... . .
Initial concentration at room temperature

parameters were cobtained for the decomposition in MeQH (log A - 13.7 £ 0.R;

Ea=29.7 = 0.9 kcal/mol). These values are comparable to the activation

parameters measured for the decompesition of spriotriazelines 129 and thew

i

0]
. Ph -Pr
o J\ :[[
' S
Nt-Bu
t ) \ _I/\
167 . 168

MeQ ‘

£ ~BuNH

169
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represent low barriers compared to thiadiazoline 168 which is a sﬁitable

parallel to 111 due to the presence of a third heteroatom and the exocyclic

double bond. Thiadiazoline 168 was found to lose molecular nitrogen within

324

80 minutes at 1659C. Using the.exéeriméntal activation parameters

measured for the transformation of 111 to 167, breakdown of 11l would be

- complete (>98%) in lesé than one minute at 165°C.

> Secondly, 111 was found to decompose 2.3 times faster in benzene

————

than in MeOH at 80°C. In either solvent there was no accumulation of
intermediates detectable by 1H nmr s?éctroscopy. Additionéi—;roducts were
.obtained.in the methanoT_?eactian mirture. Aniling gnd enaminoester 169280
are significant co-products (=15% each). |

' Finally, when the thermglysis of.1ll]l was carried out in MeOD, 1867

B

was found to be fully deuterated at the site adjacent to the amlno nitrogen

.

as indicated*(167-dl).‘ '
The mechanism depicted in Scheme Ss\shows the pathwéy Ehat‘best fits
the experimental findings. The activatiop parameters.fugges;.decomPOSition
of a triﬁzoline having two sp3 ring carbons (e.g., 129) rather than a
0 triazoline with exocyclic unsatgration (e.g.,

94, 115). The electrocyclic ring closure to

givé 154 circumvents the need for direct

t-Bu
decomposition of 111]. Moreover, this proposal
provides a triazoline (154) with two sp3 ring
167-d
! \ carbons.

- : \ s
Although oxete formation Is -net common, the 4-electron cyclization

is thermally allowed qu the theoretical work of Epiatisazs‘suggésts that

transformations of diene components that are "push-pull” polarized should be
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facilitated. The J-amido enamine structure of 111 seems ideally polurised
for the ring closure. Some oxetes, albeit suitably substituted, can be

isolated. Benzoxete 173, for example, results from the oxidation of

326

2,8-disubstituted phenols.

-

THe observed rate constants for decomposition of 111 (Table 13! are

a combination of the 111/154 equilibrium constant and the unimolecular rate
™~

constant for decomposition of 154. In_general.lsolveht dependencies on

pericyclic reactions are small.327

and one would expect that the solvent
effect measured in this instance manifests itself
on both components of the cbserved rate constant

due to the nature of the transformations uand

since both are isopolar reactions. One would

also expect the entropy of activation (AS#TI.S *

173

0.2 eu, MeQH, see page 82 ) originates from both

-
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components of the overall transformation. The valpe of AS#,is reascnable
for a process involving a combination of decreased solvent ordering and

increased subsirate ordering as the oxete ring of 154 develops and the valugy

is typical for a nitrogen extrusion reaction.301

After loss of Nz‘from 154,'azomethine ylide 170 then undergoes a
[1.4]—hydroge; shift yielding 17). The fact that 167 is rgcoveréd in high
yvield in mcghylgcrylate;uggests that 1,3-dipolar cycloaddifion reactions
involving 170 are slow (cf., 102, 108 and 131) and the ylide therefore

decays by anothe?‘rpute. This other pathway is unimolecular in.benzene and,

methyl acrylate but in methanel, solvent intervention is neccsséry to

account for the formation of 167-d1. Presumably, the more negative end of
ylide 170 is protonated by MeOH and then the solvent deprotonates from the

-
gem-dimethyl terminus to. yield.the isopropenyl moiety of 171.

. Ring openinglof the oxete yields 167. Conrotatory ring opening

could go in two directigns yie]dipg cis and trans isomers in a .structurally

> : ¢ .
unrestricted system. However, bearing in mind the sterically hindered
geometry of 172, it is not surprising that the oxete ring opening proceeds

A3

with unidirectionality. a

Finally, the formati;n of aniline and 169 in methanol can be
expléined best if it is assumed that an enaminocoxete such as 171 can add
methanol across it§'double bond (Scheme 67). Sﬁch a transfo;mation would
require initial protonation at the sp2 carbon § to the oxygen and to the
n;trogen with subsequent addition of MeCH. Protonation of aminooxetes
should be preferred over protonation of 111 or 167 due to thei; relative
bas{citics. Indeed 167 was found to withstand refluxing MeOH, an experiment

. »
proving the inertness of 167 and similar structures (i.e., 111) to the
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reaction conditions. After addition of methanol, Eubsequent elimination of

*

aniline constitutes formal anilide methanolysis and thus provides a
~ mechanism rationalizing the presence of aniline and 171 in the methanol.
reaction mixture.’ . ' . ) .
ther mechanisms are possib;eland Scheme 68 outlines several .
slightfy different versions of direct decomposition of lil.
One Key argument against any o 'he pathways’in Scheme 68 is the
_ fact that methylenet;iazolines 94 and 115 do not lose N2 under similar

treatment and that the thiadiazoline analog (165) requires much higher

temperatures for N, gxtrusionﬂ324

One bond he;erolysis of "11l to give 174‘can'be ruled éut. since
formation of a dipolér interpedigte should be facilitated, not retarded in a
polar solvegt. Thirdly, regardless of the route for its-generation, .one end
of ylide 175 is allenic in nature having an sp carbon for one of its

termini.- In benzené, where the [1,4]-hydrogen shift proceeds with no
L Y

‘solvent .intervention, it would have to do so on the upper face and the lower

face. of 175 to give both 167 and its geometri¢ isomer 172, possibly with 172
f‘ - . .

/
! predominating due to the steric influence provided by the anilide

bstituent (Figure 11). o
'\ For the above }easqns the mechanism depicted in Scheme 66 is s
- ‘
© favoured to account for the transformation of 111 to 167.

172 Jeeer fage o '@Q g\\\‘ t-8u lower face 157
transfer g 8 =) ' transfer _
PnNﬁcq - Xk ( &
J 175 ‘ ‘ )

Figure 11. The Mepdes of [1, 4]-H Transfer in Azomethine Ylide 175
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a) [1,51-H shift b) {1, 4]-H snift

1

Figure 12. Compar‘_ison'ofﬁ two [1, x] -Hydrogen Shifts

, At this-point, a rationalization of the behavior of the various

azomethine ylides proposed in this thesis is due. Two modes of decay were

observed. All yiiées underwent eitﬂér ¢losure to aziridines or a
.[1.4}—hydrogen transéer except 135 which succumbed to both trunsformations.
Aziridine formation is an electrocyclic ;eabtioh, procéeding by
conrotatory ring closure. ?he [1,4]-hydrogen shift is a stgmatropic.
rearrangeqent much like the [1,5)-hydrogen shift ofidiene systems (Figure
12). Both ylide transformationg are controlled principally by HOMO-LIMO
interactions aqﬁ by sféric effects. The behaviof~of.the ylides generated

.

from $4 {;'also governed by these effects. '

t

"‘All of'the ylides are sterically hindered due primarily to the
P .

. L:butyl and gem-dimethyl substituents and all should have a large rate

. constant for closure. The extreme example would be ylide. 108 (Scheme 57,
pa§g66) which did not originate from a spirotriazoline and‘thus does not.
.'haﬁe the subékituents on one of its termini tied back as a ring. Thusrthc

CHB-C-CN bond -angle of 108 is probably close to 1200 since the internal

2
" carbon is sp” hybridized. .

~

\‘\
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The two ylides which dq-ﬁgt close but undergo the [1,4]-shift
instead do not have the same electronic 3tructure'as the other Qlides.h At
one of their termini, there is strong delocalization of negative chafge.

Ylide 170 has a 6 electron oxete ring and should poséeqs some aromatic

character while 123 can stabilize nggative'charge by cenjugation with a

double bond and with a carbomethogy group. ?he negative charge can alsoc be
stébilized.inductively by the other carb:methoxy group. It is known that
eleétrdn releasing groups attached to the H—beafing c§rbon accclerate the _
[1,5)-8hift in diene systems.szs so it would follow that electron
withdrawing groups at the receptor carbon would facilitate a (1,4]-hydrogen
:shift in ylides. This is indeed what appedrs to occur‘in the cases of
ylides 123 and 170. Ylide 108 also has a strong electron withdrawing group
but the steric effects in this particulaf instance are at an extreme and.gs
a result only aziridine formation is observed.

These eiectrgn conjugating groups would also tend to decelerate ring ‘!
closure fbr the following reason. Aziridine ring.opening is accelerated by
electron withdfawing substituents and indeed ihere are examples of vlide -

L e Cy ey ' 2
aziridine equilibria that are glose to 1:1.at room temperature.3 9

Thus |
Just as substituents allow facile riag open?ng, they stabilize the incipient
ylide enough and create a significant barrier to ring closure.:

' Frontier molecular orbital theory explains thé phenomenon well. .The
HOMO(ylide) cleses Ey way of conrota£ion to give the aziridine (Figure 13).
%his process would Be most efficient when the coefficient of the interacting

lobes are of the same magnitude. An Unsubstituted ylide is a suitable

example in this instance. When electron withdrawing groups are substituted

. .
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on the ylide, the lobe sizes become different in the sense that the .
magnitude at éne terminus increases while the magnitude at the other
terminus decreases. This leads to less efficient overlap for the

conrotatory closure process and thus it creates a greater energy barrier.

\
w o

- ' N -— ‘ :
| o@of ‘ \
\ } ] ) ]

\Figure_ 13. FMO Representation of Electrocyclic Ylide Closure

"In light of this.rationalization, the reason for the bidirectional
' : 11
reactivity of ylides 135 is ‘more difficult to pinpoint. Perhaps the

-

substituent nitrogens in ylides 135 conjugate with their contiguous pheny!

>

and azo groups more than the heteroatoms (X) of ylideé 131 conjugate with

their adjacent unsaturation. This would create more positive charge on the
substiéuent nitrogen which could then accommodate:negative charge at the
neighbouring ylide termings. The negative charge stabilization would not be
~—  to the same extent as with ylides 123 and 170. Therefore, the reactivity of
ylides 134 does not reach the same extreme of selectivity. |
This:completes the descéiption and discussion of the triazoline
chemistry that ;as investigated. The key conclusion to be made here is that
, these heterocycles are indee& suitable precufsors for azomethine ylideé. By
way of these ylides, the thermolysis of A1-1,2,4—triazolines can lead to
highly substituteq aziridines. As well, S5-membered arématic heterocycles

with various substitution patterns were also generated from triazolines,

sometimes via azomethine ylides.
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Unfortunately, no bimolecular éycload&itions could be achieved, so

further study should be by the mechanistic chemist, at least for the time

being. The reasons for the behaviour of the ylides generated from

‘ triazolines can only be fully understood once more examples have been

P

investigated. With time, the synthetic chemist will make use of triazolines

-

and these compounds willyinevitably become known as synthons for azomethine

- ylides and for the subsequent generation of nitrogen hetefocycles. ’

L.



CHAPTER 3
The Reactions of DMAD with Allyldimethylamines.

The reactions of tertiary amines with acetylenedicarboxylic acid

LA -

aiesters has been outlines in the introduction. The intramolecular

' -~

L_/' behavio; of the intermediate zwitterion provides interesting chemistry for

study by both mechanistic and synthetic chemists.

Ay

Particularly(iaferesting are the double bond migrations, exemplified -
o
\ .

by Schemes 39, 40 and 41 (pp.44 and 46). Each of these is accompanzed by a
second, presumably sxmultaneous transformation rendering the overall \

210,215-219

rearrangement energetlcally feasible "In some cases there is a

25
release of ring strain accompanying the double bond migration“10’218’2lg.
while in other instences a suitably disposed methbxy group aids in the

migration of the doublé bond and overall neutralization of the quatermary
ey A

n1trogen21s_218 a

The question as to whether these. structurall; specialized systems are
necessary for the success of the reaction was not answered by the
authors’ 210,215~ 919. The reactions of DMAD with several simple
allyldiméthyiamines could answer the question.

Several amines of the general structure 176 were synthesized.
Refluxiné these amines with one eéhivalent of DMAD in CHSCN vielded a séries
of 1- dlmethylamlno—z-allyl maleates 177 in all but two cases (177e,f)
(Scheme 69). These products were 1dent1f1ed from their 1H and 13C nmr data
as well as from infrered and mass spectra (Tables 16, 17 and 18}. _The
maleate geometry was assigned with the aid of mechanistic arguments (see

N\

below). _ -
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Thé gedhftry of the 2-butenyl moiety of 177b could not be readily _
Assigned by measuring the 1H nmr coupling constants of ﬁhe vipyl_protbns
because a 500 MHz mmr instrument was incapable of separating the vinyi’
proton signals. "Therefore a different criterion had to be employed. -The
130 omr chemical shift of the methyl group of the Z-Sutenyl side chain was
found to be 18.6 ppn-:. — This correlates ';ell with M—Z—bﬁtene and *
;;g§§-2joctenc whose vinyl methyi groups re$onate at 17.3 and 19 ppm
respectively.330‘ The methyl sigpals of the cis analogs appear at 10.6 ppm
(c_ig—Z—b.uten?) and 13 ppm {cis-2-octene) ..330 Comparison to'-these data allow

the assighment of the geomet}y of the 2-butenyl pertion of 177b as trans.

Ry
Sy—cH DMAD o Re
/ ‘ HE ® __>, ' =
VN -
e - x|
176 R3 >
- £ E
. 177
a) Ry=R=Rs=H +
b) Ri=CHs, Ro=R3=H
c) A=Ry=H, Ro=CHs Ny ’
d) Ry=Rsz=H. Ro=Ph B o=
e) Ri=Rs=H, Rz=C] E E
) f) Ry=Rs=H. Rp=Br 178
g) R:;=Re=H, Rs=Me r —
1.
. Scheme 69

Product 177g was obtained as an inseparable mixture of fumarate and

.
maleate %somers. Proton nmr spectroscopy indiceted ‘that the ratio was 3:1.

The major iscomer was assigned the fumarate geometry on the following basié.



Dimethylamino groups have been shown to shield protons on substituents cis

to them. That is, in instances where geometric isomers have been oBtained

and their 1H nmr spectra have been recorded, the protons on substituents gis
to the dimefhylamiﬁb moitty resonated at higher field than those trans to

e
the dimethylamino group.331'33—

The methine proton éﬁ_the_major isomer of
the mixture 172£_F6§ona£ed'at 3.47 ppm while the signal from the analogous
proton of the minor isomer was found at 292 ppm. This is consistent with

the dimethylamino group bein& cis to the butenyl function of the minor

isomer of 177g.

The other criterion for distinguishing between the two isomcrs is the

chemical shifts of the methoxyl protons of. butenediloic esters. The shifts /’

of the methoxylﬁprotons of maleic esters are found slightly downfield from
. ') -
those of the fumuratcs.lag'"so’333 The methoxy peaks of the minor isomer of
H

177¢ were found at 3.61 and 3.72 ppm while those of the major isomer
apéeared at 3.56 and 3.69 ppm. These two points allow canfidént assqgnmunts
to be made regarding the geometry of the components of the.mixture 177g.

A product common to all the reaction mixtﬁres is the prcviougly
svnthesized dimethvlaminomaleate 178.280 Facile separation of reaction
components was achieved by column ;hromatogkaphy. Table 14 shows the y;clds
‘of products 177 and 178 in each reaction; The aminoaliylation products are
all new compounds and were obtained as oils. A ;igqificant amgunt of
coloured by-products remained at the top of the chromatography columns.

-4
Benzyvldimethylamine (179) was treated with DMAD in CH.CN but only

3
dimethyvlaminomaleate 178 and starting amine 179 were among the non-polar

. |

products recovered.



Some of the aqines were also treated with one equivalent of DMAD in,

¥

CHCI3 at. room tampe}ature. Reaction times extended from one day to six

weeks. Reaction products in this case were very.dependent upon initial

concentrations. More concentrated solutions gave increased yields of 178,

in most cases, and poorer yields of 177 (Table 15).

\ :

Table 14: Allyl Transfer Product Yields in Refluxing CH

3CN :

Amine Initial conc. Ducation Yield of 177 Yield of 178

178 of each reactant of Eeactiona
-} 0.200 .M 14 hours 37% 2%
s ‘-0.914.ﬂ$ 1.5 bours 8 1
a R 0.008 M 20.5 hours 54 él

b 0.217 M 11.5 hours 51 16
c 0.217 M 9.5 hours 44 30
d 0.202 M 12 hours ~ 54 i4
e 0.20{ M 34 hours 0 31
f 0.201 M~ 42 hours 0 28
g 0.212 M 5.5 hours 33° 32

3Reactions may have been completed in a shorter period of time.

bObtained as a 3:1 = fumarate maleate mixture.

Amines 176a and 176c reacted with DMAD in CHC1

ey

3

to afford 180a and

113

I80c respectively, as additional non-polar products. Both were isolated in

low yields.

In both solvents, DMAD was

usually the limiting reagent and yields

were therefore based on the amount of

amine consumed.

™~
/,N

€1

I

E

Cl

R

~

180 a) RgmH
c) RomCHa



Tableé 15: Allyl Transfer Product Yields in CHC1

114

Amine | Starting conc. Duration Yield Yield “Yield of
176 . of ‘esch reactant _ of reaction® of 177 of 178 180 + 177
2 0.164 M 14 days 1ex 40% 3ax

a 0.165 M 6 days 13 37¢ 17
,E;>' 0.585 M 1 day 28 15 28

b . 0.069 M ' 4 days 52 28 r 52

c 0.464 M 40 days .22 31 32

d 0.434 M 21 days 45 34 46

8Reactions may have been completed in a shorter time period.

b
In CDC?.3

”

qVinyl position was 85-90% deuterated as estimated from the lH nmr spectrum

’

of the crude reaction mixture. -

-

Amines 176a and 176d were also treated with PMAD in CH

Cl, but lower

2

vields of 177 were obtained in these cases {(15% 177c, 10x 177d)}.
y .

The double bond migration, or allyl transfer, presumably proceeds via

a zwitterionic intermediate (eg, 1B8Bl) as proposed by sev

179;194,210,215-219
authors .

and coworker5224'225

than a bent vinyl anion (Scheme 70).

ifal other
In keeping with the recent findings of Grein

. 181 has been depicted as an allenolate anion rather

“

Strong'evidence for the intramolecularity of this reasction lies in the

fact thet more dilute chloroform solutions led to cleaner reaction mixtures

(Table 14). If 181 were to lead to 177 via an intermolecular route {i.e.,

bimolecular in 181), then the yield of 177 would be expected to be lower in

more dilute solutions due to the likelihood of competitive siOw reactions

becoming more preva{;;:. i.e., formation of polar, colored byproducts:

v

b,

PC ¥ o
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176 solvent R}ib'izéEt:yfRB _ B
X > ) e —

N 177
oMap -~ t>,=._\\?_
N L
Scheme 70
hY
h Y
N — - | +\_//
> ﬁ/ oM ) —s > h/ . ome
— — .=“
N E>: <
181b . 181b° .
- . linitial
1N intermalecular -
lattack
177b |
‘ | //J _
P 7
- 182
Scheme 71
= ., CGist177g
176b . \4?)/‘ d 45,
. E < «OMe
' / 'ZQ-_-. 6
- 3 > 177b

Scheme 72
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-

Amine 176b gave solely allyl transfer product 177b and none of its cis
isomer 182. This result also lends credence to the proposed intramolecglar
mechanism. Scheme %1 shows two of many poss&ﬁle one~bopd rotamers of 181b.
Intermolecular or intramolecular reaction of 181b would result.in the
formation of 177b because the geometry of the alkenyl side chain required
" for 177b is already present. - Rotamer 18lb’ is susceptible to intermolecular

-

attack only and perhaps more so than 18lb because a more open entry is
' 1
available to the nucleophile. Moreover, 181b' would lead to 182 because the

t
geometry is conducive to the formation of 182 with the gis-2-butenyl

geometry. Since 182 is nqt }ormed. and‘since intermolecular att;ck on 181b°
should be at least as favored as that on 18lb the only remaining possibility
‘is intramolecular rearrangément via- 181b, to give 177b.

~ The question of whethqr there is a six-membered trangition state n} i
four-membered transition state (Scheme 72) during allyl trunsfer is.also
answered by anqusis of the reaction p}oducts of amine 176b and DMAD.
Maleate 177b was isolatéd whereas maleate 177g should have been Lhe produc;
of the allyl transfer if a four-membered transition state were involved,
Consistent with the proposed mechanism is’ the fact that 177g rather than
177 is the product when 176g is treated with: DMaD.

Isomers 177g are the only.ally1 transfer products obltained as a
mixture of ﬁaleate and fumaraté isomers. Presumably the steric bulk of the
sec—-butenyl side chain of 177g aids in the facile isomerism of the initial
maleate product. The B:i ratio was consistently present after workup
_whether the reaction was carried out in CHSCN for 1, 2, or 5.5 hours or in

CHC13.- The 3:1 ratio is probably the equilibrium composition For the two

geometric configurations.
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The reaction proceeds more readily in CH,CN than in CHC]

‘ ‘ 3 3" ?Pe best
conditions that were found for the allyl transfer in CHCl3 are diluﬁe
solution and low temperature. Consumption of starting materialé may
th?refore'take exteﬁded periods of time. A competing reaction in this
solvent is deprotonation of CHCl3 by the anionic end of the zwitterion
‘(Scheme 73i. Thé cation may then lose its allyl group to a nucleéphile in

. solution, «such as starting amine, via an Sn2 or Sn2’ sdbstitution with the

aminomaleate as the,leaving group. This would account for the significant

amounts of 178 observed.
M ——

. . -y
181a ____,.CHCI:* >QH — 178

Scheme 73

' The obsefvation that the product resulting frém deprotonation of the
- solvent (178) is the maleate yather than the fumarate degerves discussion.
The maleate is more often obtained in non—-protic than in protic

299 -
solvents.zol'zozr-z-

Despite early recognition of this phenomenon, a
suitable'explanation is still unavailable. One theory is that the fumarate
anion is formed initially_and if the;e is no proton transfer agent avatlable

(e.g., alcohol), then it inverts to the maleate anion which undergoes

subsequent reaction perhaps including deprotonation from CHCl? or
222,334 . ) v

&

CH3CN.



. 118

- An alternative explanation that is breferred in this case, says that
the anionic end is allenic and has the option of adding an electrophile at

either face to give the maleate or the fumarate. In.CHC.l3 a structure such.

-

a' as 183 degicts why maleate formation might be
0139\ a-t- L. . '
, S/ H preferred. If the molecule of CHCl, to be
_?}Né ) OMe - deprotévéted is situated "inside” the

N\
B
|
qj"

zwitterion, then it ié between the ammonium and
183 the allenyl moieties. This proximity to the

ammonium nitrogen allows for a favourable coulombic interaction whivh_lnwprs
the energy of the proton transfer transiginn stafe.‘ Tge maleate -
configuration is’a necessary result from alignment as in 183. Formation of
the fumarate has no such intramolecular stabilizing effect‘agqilnhlo. A
similar explanation can be invoked for.deprotdnatiﬁn from CH3CN. This
explanation for maleate formation is similar to that proposed when the Iwo
addenés deposited across the acetylene originate ffom one mo]e:e*‘ulea.z':):'J

In alcohél sﬁlvents, the deprotonation is very fust and presumably the
allenolate oxygen\}s initially protonated. Subsgquent formation of tﬁp Lwo
geometric isomers, usually predominantly fumarate, is then governed at least
in part by thermodynamics. Any requirement for charge, or partiat charpe
stabilizétion during proton. transfers can be aécommodated in large measure
by the Polar solvent, without a significant stabilizing component from

coulombic interactions depicted by 183



' . 119
as .

The presence of trichloromethyl anions accounts fér the formation of
-~

cyclopropenes 180a and-180c. The anions lose chloride ion to generate

dichlorocarbene which adds to the_more'nuclgophilic double bond of maleates

177a and 177¢.5%°

——

as ¢is (diester) based on the geometry of the starting allyl transfer

The stereochemistry of amines 180a .and 180c is assigned

products. It is uncertain as to why cyclopfopanes dq;ived from 177b and

177d are not formed. The greater efficiency of allyl transfer in the phenyl

- -

substituted case and the lower amount of 178 formed in the casé of 176b, may
have significgn; bearing on any explanation. ’
. Amines 176e and 176f do not undergo'the allyl transfer reaction. A

possible explanation for this may be that the geometry assumcd by

zwit$erioﬁ§ 18le and 181f prevents allyl 6' .
: _ Cl : 181e
transfer. It is possible that the R
electronegative halogen is attracted 7
ec s e
! “OM
s . -~ j):::o::£§; €
toward the positive nitrogen by dipole . = _ o

interactions. This explanaticn has drawbacks however, The ring size of the
interactiqn is four and there is one_sp2 centre to spreuad out an internal
bond angle. - This would indicate that any dipolar interaction may be wenk
ana that-the other cogformations.should remain significantly populaled. Tt
should be emphasized, though, that 18le and 181f having the geometry and
interaction as shown for 18le need pnly be ~1.5 kcal rm::l_'1 lower in energy
than their freely rotating counterparts. ‘Sﬁéh an energy difference would
reduce the yield of 18le and 181f below the limits of detection.

The allyl transfer is formally a 3,3—sigmatropic rearrangement. §6me
heteroatomic species which have demonstrated the capabilitie§ to undergo

210,215-219 136

this rearrangement include zwitterions, ammonium ions,’ and

neutral maleates (Scheme 74).337’338
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»

Regarding the chemistry already described in this chapter, since the

solvent was already being deprotonated and dichlorocarbene wis being formed,

48

H
E:]L\OI’N\]I:E \ . 0 :][,E

E ] )
Scheme 74

the reaction environment is probably of an alkaline naturer. This does not
however, eliminate the possiSility that a species such as 184 (formed by
deproténgtion of CHCla) ig doing-the rearrangement fScheme 75).
Deprolonation of 185 would_thén vield 177. 1t would fo]low then thit the
additi?n of benzoic acid to tﬂe reaction mixture would serve as a probe for
the cation rearrangement (Scheme 75) - since it shoyld facilitate Formation
of 184 and reduce by—prodﬁct formation to give an dverall increased yin[h of
allyl trapsfer product. The inclusion of benzoic acid (8% of 1176a!) with
176a and DMAD in CH013 gave a re@uced rather than an enhanced yield of 177a.
Had the benzoic acid experiment lent credence to the postulate thiat 181 was
the rearranging species, then an explanation for why the reaction does not
.prqceed as efficiently in CH2C12 would also have been provided.
Deprotonation from CH2012 is much more difficult 'and thus the rate of
formation of 184 in CH2C12 woﬁld have been significang}y less. As it is,
there is no explanation for the CHCla-CHzclg-solvent dependence.

Amine 179 did not undergo the rearrangement. Presumably the

disruption of aromaticity requires too much encrgy, althouph maleates hive

been shown to overcome this barrier and to undergo 3,3-sigmatropic

rearrangements (Scheme 74).337‘338 %
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Another tertiary amine was found to give an intereéting pfoduct when -
treated with DMAD in CHbls. ;;GDimethylaminomethyl)risog;;yrophenone'(186)
gave heterocyclic alc:hol 187 in 42% yielé:- Scheme 7§£indicateS'xh3t this
is unother exumple demonstrating the nucleophilicity of the ankbnic portioen -

of zwillerions such as 58. Scheme 76 complies with the mechanistic evidence

acquired. As in other cases, formation of zwitterion 188 should be

b -

reversible. Elihination of amine, and return to 186 in this case, shoﬁld be
a fucile process. The nex£ step to give 189 must @lso be reversible for thé_
following reasan. It was found that in deuteriochloroform, the alcohol
hydrogen wias replaced with .2 deuterium. The rate of formation of the
hyvdro¥ylated product in CHCI3 was 1.9 times the rate of formation of €ﬁe
dviL}rutud analog in CDCIB. At first glance this could be construed as a
kinvti; isotope effect (kie) of 1.9. However, if formation of 189 is not
reversible, then the preceding steps have no solvent depéndence and -
prolonal ion or deuteration-of the alkoxide should proceed regardless of
their relative rate constants. Since some selectivity is observed, there
must be a compeling pathway, which is 189 going to 188. There is probably
some pfutgnution of 188 to form maleate derivatives, much like ;he first
step on the way to forming 178. This should serve to lower the yield of 187
in CHCl3 (comparca {o CDC13) becauge a kie at thenmalegte formation stage
should manifest itself, although the reverse seems to be true for zwitterion
181a (Table 153. .It does so presumably to some extent and the value of 1.9
1s therefore some sort of weighted average of the kie for maleate formation

p—

and the kie for alcohol formation.
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Once amﬁonium ion 190 is formed, it can either be demethylated to givc
187 or remain as a polar by-product. Trichloromethyl anions are not the
demethylating -agents since éH3C013 was not found in thé reaction hixture.
It is expected that chloride ion is not the demethylating agenl either since
ammoni;m chlo;ide salts remdin as such aF room temperature rather than )
equilibrating with alkyl chlorides.and amihes. Therefore the demethylating
agent is probably starting amine and this,woula help t; account Hor the low
yield of non-polar product 187. //" |

In this last chapter, it has becen shown that a reaction éhat was
p;eviodsly applied to specialized systems can also be acdhieved in simple
systeﬁs. The new products havq considerable potential in synthesis as
highly functionalized dienophiles and dipolarophiles, either directly or

. . . . .. 33¢
after facile conversion to their respective N-phenylmaleimides. J

. , \
The formation of 187 indicates the potential of the procedure for the

synthesis of interesting heterocycles. —



. ) . CHAPTER 4
EXPERIMENTAL
Melting poiﬁts (mp) were determined on a Thomas Hoover capillary
melting point apéaratus and are uncorrected. Infrared (ir) spectra,
obtained_with a Perkin-Elmer model 283 instrument, are reported in
wavenumbgrs calibrated against the 1601.4 t:m--1 band of polystyrene. Only
major and diagnostic bands are reported.

Proton nuclear magnetic }esonance (1H nmr} spectra wers recorded o
either a Bruker AM-501), a Bruker WH;ZSO, or a Variaﬁ EM-390 spectrometer.
CDCl3 was'the solveqt inlgll cases, witﬂ ™S serving as the internal
standard. Chemica} shifts are reported in § values {ppm}, followed'in
brackets by the multiplicity symbol (s=singlet, dfdoublet, t-triplet,
q=quartet, m-multiplet), the relative proton.intcgral._and.thn-vnnp[1nu
constant where appropriate. The deuterium nuclear magnetic rpsénancu !:H
nmr) spectrum was recordéd on the Bruker AM-500 instrument at 75.76 Mia.
Carbon-13 nuclear magnetic resonancc_(13C nmr) spe;tru were obtained with
either the Bruker AM-500 (125.76 MHz), the Bruker WH~250‘(62.90 MHz o o«
Bruker WP-80,/90 (22.62 MHz} spectrometer. The solvent wns CDCI3 unless
7

otherwise noted and the peaks are calibrated against the 77.20 ppm peak of

CDCIS. oot

Ultraviolet (uv) spectra were obtained with @ Hewlett-Puckard model
8451A diode array spectrophotometer. Mass spectra (ms) were recorded on a
VG 70-70F double focussing or a VG ZAR-E triple focussing mass specltrometer,

Samples were introduced via a direct insertion probe.system. The enerpy of

the "ionizing electrons was 70 eV. -

L4
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%or Raman spectra, a Coherent Model Innova 90 argon laser giving up to
3.5 W at 51452 was used for excitation. The';pectrometer was a Spex . |
Industries Model 140£8 double monochromator equippedrwith 1800 groves/mm
holographic gratings. Slit widths were set at 100 or 200 am. The power

. ] . 1
setting was 50 or 100 mW. The scan rate was set at 1 or 2 cm 15 1. Raman

shifts quoted are believed to be accurate to 22 cm-l.

The He(I) photcelectron spectruﬁ {PES) of 94 was obtained with a
non-commercial instrument based on a 10 éﬁ diameter aluminum hemispherical
electrostatic energy analyzer. The photoelectrons were retarded and |
focussed onto a rectangular-entrance slit (0.5 x 2 mm) by a suitable lens.
He( &) photons were generated by an air-cooled DC discharge lamp operated at

b

. 9 -
1.3 kv. With this lamp the typical count rate on Ar “P3 is 100,000 Hz with

a 40-meV fwhm.

Centrifugal chromatography was carried out on silica (Merck, Kieselpel
50 PF254) coated glaéi plates (coating 2mm thick) spinning in a Chromatotron
model 7924T apparatus. Plastic—backed) Merck Kiesclgel 60 F254, 0.2 mm
silica plates or plastic—béckéd Polygram ALOX, N/HV254, 0.2 mm neutral
alumina plates were used for analytical thin layer chromatography (tlc'.

The chémicals used were purchased from Aldrich, Baker, bjshhr, or BDH
unless otherwise indicated. Chemicals were purified prlor‘toluse where

appropriate. The reaction sclvents were dried by disti]laiiod from Pqu

, !
before use. CHC13‘was washed with conc. H.,SO4 prior to distillation. Ether

supplied by Allied was used without further drying. \

- -
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Nuclear Overhauser enhapcement (nOe) measuremegnts

The substrate (10-20 mg) in ga. 0.5 mL of CDC13 contn{ning a trace of
CH2012 was sealed into a mediumwalled nmr tube after three cycles of
freeze-pump~thaw degassing at 0.03 Torr. Eight normal scans on the WH-250
spectrometer Qere followed by eigﬁt scans taken during irradiation at the
frequency of the éubstrate‘s £gg;—butyi signgl. Each.spectrum was
integrated against the signal from internal CH2C12. No correction was made
for enhancement, if any, of the-reference siénal during double ircadiation.
For the analysis of 111, MeOH was employed_as the internal standord.

.

Synthesis of Nl—isopropylideneéﬂ?-tert—butylacetamidrazone (93)

IR L
The procedure for preparation of 93 is based on that of'Fuk-:.'h1 A S

two-necked flask, fitted with an efficient mechanical stirrer and a pressure
equalizing dropping funnel, was charged with anhydrous forrie chlorde 0y,
0.1 mol). During c;nstant sgirring and cooling with ice were fAdded,
dropwisé and in succession, aﬁhydrous ether (40 ml), anhvidrous acetonitrile
(7.6 g, 0.19 mol) in ether (10 ml), and tert-butyl chleoride (17.1 g 0.1:8
mol) in 20 mL of dry ether. The mixture was stirred for 30 minutes ot pee
temperature, during which time an orange-red suspension was fnﬁmét\ The ) -
suspension was added quickly, at -789C, to a solution of th? lithium salt of
acetone hydrazone, prepared aé follows. n-Butyllithium in hexane {(0.3] mol

of Buli) was added to ¥00 mL of ethqr‘at ~7TB0C. Acetone hydrqéonﬂ (fG?J g,

0.28 mol) in ether (80 mL} was then added, dropwise with stirring, ta the

cold solution.

*
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}' Whén addition qf the suspensioﬁiwas-complete the resulting mixture was
allowed to reach 0°C approx1mate1y, durlng one hour of stlrrlng, ufter

Wthh aqueous -sodium hydgpxade solutlon (0.64 mol of NaOH in 50 ml) was

added. The subsequent workup according tG the procedure of F‘ukszs1 gave

crude amidrazone which was distilled. After an initia}”fraétioniof acetone

) 4

azine, 93 and N;tert—buéyl acetamide distilled together at 120-1300C (30
-Torr).. That fraction was chromatographed on Al (II) to afford 93 {10.5 g,

‘353 based on aceton1tr11e) as a low meltlng.solxd. A sample of.93 collected

- by preparétive-gc had mp 49-50.50C. Spectral data fona93. g:l mixture of
. tautomers; }H nmr, é: 1.35 (s, gH).;l.#O (s, 6H), 2.00 (s, TH), 2.03 ‘s,
-1, 2.16 (s, 10: 15 nmr (20.62 MHz) 6: 16.62, 17.56, 18.00, 19.71, 24.87.
25,30 (Me’s), 28.82, 31.09 (t-Bu’s), 50.31, 51.04 (gﬁes's>‘157.os, 157,24,

15%.72, 159.29 (C=N's); ms(ei}, m/z(%ﬁ:'169(52),”98(100), 72037), 69(211,
, 1

57(42),7 56(41), uv (hexanesY, 4 (log ¢): 248 mom (3.87); ir (€DCl,), cp

3463, 3335, 1636, 1590; 1505, 1412, 1370, 1360, '1250.

N

. ,
M 4

Synthe31s of 4- tert-butyl—3 3 armethyl 5-methylene—d l,-,4 triazoline 94

\&“
In a typxcal owldatlon. am1dra9one 93 (l 0 g, 5.9 mmel) in 10 mL of

benzene was added all at once to lead tetraacctafe (2.9 g, 6.5 mmol) in 30

mlL ‘of bénzene over 16 g of anhydrous potussium carbonate. The reaction

~ o~

mixturg was stirred and cooled with ice-water during the addition and tor 45

minutes after. Aqueous sodium bicarbonate solufion (5%) was then added, thé

mixture was filtered through Celite, and the organic phase was separated:

It was washed with brine aha-dried over magnesium sdlfate. The dricd

: - - : i i
benzene solution was concentrated and the residue was chromatographed on

“ e
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Al OS(II) using ether (10%) in light petroleum for elution. After pure &4
had been collected, the solvent was changed to 50% ether in petroleum to
élute unreacted 93. Addition of solld NaOH™ to the aqueous phasé (above),
extract:on with dichloromethane, washlng the organic phase with brlne.

drylng over Mg504, and evaporatxon of the dichloromethane and dzstxllqtlon

afforded additional 93 (25-35% recovery overall) of the same quality as that
initiélly used for oxiﬂatioq. The vield of 94;based on '93 consumed, was
45%. It ié an oil at room temperature but it freezes during'storago ;t AR
-200C. Spectral data for 94: 1H nmr {90 MHz), §: 1.41 (s, 9H), 1.5B-(s,
6H), 4.16 (d, .14, J=2.2 Hz), 4.76 (d, 1H, J=2.2 Hz): 130 nmr (22.62 MHz), &
26.02 {di~Me), 28.12 (t-Bu), 52.82 (CMe ), 83.70 (LH ), 104. ”3,(sp ring C);

163.13 (sp2 ring C): ms (ei, high resolutiony m/z: cale'd for "9"1

167.1432; found 167.1427; calc’d for CgHy.N [(M"-N,]-139.1347; found

139.1354; uv (CHsoﬁ}. Aﬁaw (log €¢): 216 nm (3.88), 361 nm (3.49}1 ir ‘acat?,

_— 1636, 1511.

o .
Methylenetriazoline (94)-methoxytriazoline (96’ equilibrium

Triazoline 94 (0.20 g) in methanol 2 ml) cnnlninin(:s Cow ocrvstals of

toluenesulfonic acid hydrate was kept at room temperature feor Hh. Analyvsis

of the solution by 1H'nmr'and 13C nmr spectroscopy showed thd presence of

unreacted 94 and 4—(£~buty1)—3,5,5-trimethy1—3—methoxy—dl*1,2.4*

ol ine

(96) The ratio 96:94 = 0.6, estimated by integration of the IH nmr

spectrum, remained constant with time for several welks.
_ r Spectral data for $6; lH nmr (S0 MHz), §« 1.34 (s, 9H), 1.49 (s, 3},
ig@L 1.64 (s, 3H), 1.72 (s, 3H), 2.97 (s, 3H:; LBC nﬁr {22.62 MHz, MeOH at 15.9

ppm), §: 25.6,. 28.2, 28.4 (Me's), 31.0 (t-Bu), 47.9 (OMe), 51.7 ‘Che

"

Rfv
. 104.0; 126.2 or 128.8 (ring C’s).
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Reaééions of 94 with acrylonitrile, methacrylonitrile, and methyl
.methacrylate ) | o
Triazoline 94 (0.120 g) in 10 mlL of acryionifrile was sealed into a

'tubé which. had been evacuated at 0.1 torr. The tubé and contents were

heated with an oil.bath at 800C (8 hr) or at 500C (14.5°hr). . After
~cooling, theé tube washsgéped and the excess acrylonitrile was removeé under
' reéﬁced pfessu;é (aspirator). Thé residue, in ether, was applied to a

neutral A1203(Ii) column from which it was elute& with 40% ether in liéht
'petroleum. The first fraction collected contained the diastereomeric
2-aza-2-(t-butyl)-4-cyano-3,3-dimethyl- spiro[2.3]hexanes, (S%a), (rf =

0.61, A1203. ether) isolated as an oil, 139 mg (88%). Spectral dat; for

97a, 1:1 mikture of diastereoﬁers; lﬁ nmr (500 MHz), 4: 1.13 (s, éH). 1.14

(s, 9H), 1.19 (s, 9H), 1.21 (s, 3H), 1.24 (s, 3H), 1.45 (s, 3H), 2.14 (m,
34, 2.31 {m, SQ). 2.52 (m, 1H), 2.94 (q, 1H, J=12.9 Hz), 3.07 (m, 1H), 3.33

(t, 1H, J29.5 Hz); 15C omr (22.62 MHz), 6: 17.93, 20.26, 21.08, 24.67.
25.81, 27.69, 30.87, 31.14, 32.15, 40.12, 41.62, 48.565, 49.3}. 54.80, 72.26,

120.43, 122.06; ms(ei), miz{%): 192(10), 177(8), 135(46), 121 200, 109(20},
TB2(4R), 81(3?), 57(100);: ms (ei, high resolution), m/z: ealc’a for C ZHZUNZ

192.1626; found 192.1627; uv (hsﬁane). Amax(log ¢): 212 nm (3.01); ir |

{Cclq).-cm‘I: 5221. 1450, 1396, 1384, 1365, 1355.

Similar Reating of 94 (0.127 g) in methacrylonitrile (9 mL) at 80%C

for 26 hr, gnd analoggus workup except for elution with ethyl acetate (10%)

in light petroleum, afforded amidrazone 98b (0.128 g, .70%), ce = 0.08

(A1203. ether).‘ Recfysta;lizatioq from light pétroleum gave 98b nas a
colourltess solid, mp 60-81.50C. Spectral data for 98b: Ly anr 500 MHz),

§: 1.19 (s, SHY, 1.52 (s, 3H), 1.83 (s, 3H), 1.93 (m, lH), 2:11 (s, 3H),
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2.47 (m, 1H), 2/60 (m, 20); 13 nmr (22.62 MHz), &: 21.59, 24.69, 25.09
(Me’s), 25.43, 32.89 (Fﬁz's), 31.05 (£-Bu), 53.33 (GMe,), 58.89 (C-CN),
120.97 (ON), 150.61, 172.83 (C=N's): ms(ei), m/z(%): 234(2), 219(24),
163(67), 95(24), 57(100), 56(19); ms (ei, high resolution), m/z: calc'd for
CyqHyoN, 234.1844; found 234.1848; uv (MeOH), 1__ (log ¢): 234 nm (3.52);
-1

ir(film), cm '; 2225(vw), 1674(br), 1449, 1371, 1358, 1254, 1217, 1166, 853,

736.

Analogous treatment of 94 (0.260 g) with methyl methacrylate (10 ﬁL)
at 80°C for 26 hr led to significént polymer formuation. The contents of the
tube were added to dry methanol (20 m}),'the precipitate was filtered off,
and the residue was concentrated to afford crude 98¢, which is very cosily
hydrolyzed. The 13C nmr spectrum was obtained directly with the crude
‘sample. For other spectra pure samples were collected by preparative glpe
{6°x1/4" column packed with OV-17, qu on Ch;omosorb W) at 172°C. With a
helium flow ;ate of 18 mL minul, the retigtion time for 98¢ was 7 min.
Spectrai data for 98c; 1H‘nmr' (500 MHz), é: 1.21 (s, 9H), 1.42 (s: 3H), 1.85
(s, 3H), 2.05 (s, 3H), 2.17 (m, 1lH), 2.4)1 (m, 1lH), 2.54 (m; 1Hy, 2.66 (m,
1), 3.71 (s, 3H); 13C amr (22.62 MHz), §: 21.21, 21.53, 23.06 "Me's',

" 28.53, 29.46 (CHE’S), 30.79 (t-Bu), 51.86 (Oﬁe), 53.33 (QM»Bi, BB.34 (CCr 00,
154.16, 174.49 (C=N's}, 177.60 (C=0): ms(ei), m/z(%): 2B7(3), 252(28),
197(49), 196(100), 152(29), 112(45), 87(37), 57(7?); ms {eil, high

: : ‘
resolution), m/z: calc’d for C ,H, N0, 267.1949; found 267.1949: uv
(QHCI3). Jmax(log €): 240 nm {3.87):‘ir (Film), cm"I: FTHQ, 1670(bry, 1159,

1372, 1359, 1258, 1220, 1192, 1095,
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"Reaction of 94 with 'acetone cyanohydrin

A solution.of triazoline 94 (210 mg) in 2.5 mL of a solvent (sec
below) and 0.25 mlL of acetone cyanchydrin was stirred at room temperniure
until the triazoline was consumed (5 hr for CH2C12 solvent, 3 hr for

methanol or acrylonitrile). Once the reaction was complete, CH,Cl, (10 mL}

-
-

and dilute aqueous base (20 ml) were added. After five minutes more of
stirring, the layers were separated. The aqueous portion was extracted (3 x
10 mL) with CHECIE'. The organic layers were combined and dried over Mgsoq.
- After filtration énd concentration (aspirator) the ;esidue was applied
to a column of 10 g of AIZOB(II) and eluted with 50% ether in light
petrolepm.' The first fraction (re=.57, ether) was
1-(t-butyl)-2-cyano-2,3,3~trimethylaziridine (105) obtained as an oil 88- 99
mg, 42-47%). Spectral data for 105; 1H nmr (90 MHz), §: 1.13 (s, 30", 1.8

(s, 9H), 1.36 (s, 3M), 1.45 (s, 3H): 1°

C nmr (22.62 MHz), &: 19.67, 20.19,
23.68 (Me’s), 29,34 (L-Bu), 46.08, 52.18, 55.89 (4a™° C’s), 122.19 /oN":
ms{ei}, m/z(%)r ’{él(g) 110(25), 109(25), 83(53Y, 57(100): ms (ci, NH )
m/z(~)f 167(100), 111(31): ms (ei, high resolution), m/z: calc'd for Catly5N,

[M+‘CH3] 151.1235; found 151°12;&f uv: no Amaw > 200 nm: ir (C 14!. em I:

2210, 1455, 1386, 1378, 1364.

Reaction of 94 with sulfene

A 50 mL round bottom flask was charged with-94 (0.280 g, 1.7 m@ol),
triethylamine (0.350 g, 3.5 mmol) and 10 mL of anhydrous et?er. The
solution was stirred and cooled with'ice while methanesulfonyl chloride

(0.379 g, 3.3 mmol) was added dropwise. over 20 min. The ice bath was



removed and stirring was continued for 4 hr. Dich}d?bméthane (10 ml) was

added, the precipitated amine sélt was filtered ogf and the filtrate waé
concentrated. The residu; was applied to a column of AIéG3 (I1) from which >
the product was eluted with ether (50%) in 1ighélpetroleum {rf = 0.17,

ether). Further chromatographic purification of the prodﬁEt‘from the first
column gave 2-aza—2—(£—bu§yl)-q,
3—dime£hyl~5£thiaspiro[2.3]hexane¢5.5—dioxide (109) (0.84 g, 40% based on
0.20 g of triazzoline consumed), mp 78.5-80¢C (from petroleum). Spectral
data for 109; 1-I-I nmr (90 MHz), §: 1.16 (s, SH),.1.25 {s, BH), 4.22 (ab q,°*

13

4H, J3=12.8 Hz); C nmr (22.62 MHEQ' §: 22.04 (di-Me}, 30.26 (t Bu), 11,135,

53.46, 55.68 (4" C’s), 68.55 (CH,): ms(ei), m/z(%): 2174, 216(4),

.- Y .
202(22), 160(30), 97(43), 96(97), 57(100); ms (ei, high resolution?, m
calc'd for C9H16N025 {M+—CH3] 202.£902; found 202.08B98; uv: no Amnx v200

nm: ir (CDCla}. cm_lz 1450, 1385, 1377, 1368, 1358, 1325, 1200.

Reaction of 84 with phenyl -isocyanate

A solution of triazoline 94 (0.158 g) in & ml of dry chlorofuorn
containing 0.25 mlL ;f phenyl isocyunate was stirred at.;unm temperature far
48 hr. More isocyanate (0.25 mL) was added and stirring was continued for a
further 48 hr. Dry chloreform (20 mL) was added and the resulting rolution
was washed twice with aqueous NaOH (20 mL, 0.5 M). The organic laver was
dried over MgSO4. ) Concéntration alnd chron!at.ography of the mesidue un o
silica column (ether) led té separation of an orange compound with rf:O:ZB

(ether). Fractions containing the orange materTal were condentrated und the

residues were subjected to centrifugal chromatography with ethyl acetate
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(25%) in light petroleum. The viscous-orange product would not crystallize.
The yield of triazoline 111 was 168 mg (62%). Spectral data for 111; 1H nmr
(S0 MHz), $: 1.50 (s, 9H), 1.89 (s, BH), 5.17 (s..lH), 7.01-7.82 (m, 5H),

10.45 (s, br, 1H); 13

C nmr (22.62 MHz), 6: 25.31 (di-Me), 28.06 (t-Bu),
54.43 (EMeS). 84.03 (vinyl CH), 105.15 (Sp3 ring C), 120.00, 123.21, 128.849,
138.37 (Ph C’s), 159.07 (Sp2 ring C), 164.91 (C=0);.ms(ei). m/z(%}; 258(11},
129(18), 166(12), 110(100), 93(30), 71(21), 70(20), 57(78), 55(26); ms (ci,
Cﬂq), m/z{%): 289(9), 288(8), 287(32): ms (ei, NHS)' m/z(%):_ESH(IOO): ms
(ei, high resolution), m/z: calc’d for CgHaoNs0 [M+—N2] 258.1732; found
258.1748; uv (ethanol), Amax (log €): 226 nm (3.85), 256 nm (4.32), é:b om

1

-_(3.53). 392 nm (3.83); ir (CHClg). cm T: 3345, 3017, 1632, 1617, 1392, 1540,

1499, 1442, 1373, 1317, 1296, 1263, 1202, 1159.

Reaction of 94 with DMAD -

A solution of 94 (260 mg, ‘1.2 mﬁol) and DMAD (200 mg, 1.4 mmol) in 20
mL of solvent‘(methanol or dichloromethane, se¢e text) was stirred at room
temperature for i? hours. The ;clution was concentrated with a rotary
evaporator and the residue was chromatographed on AIEOR(II). The canmn wils
developed initially with 10% ether in light petroleum and the polarity was
increased gradually after eéch compancent was eluted. " The component to he
eluted first was 115 (rf=0.65: ether) which was recfystallizeé from
betroleum to give ﬁg 115~116°C. Compound 117 (rf=0.50) was obtained second, -
mp 90-91°C (from petroleum) and 116_er=.36) was eluted last.

Analyses by high performance liquid chromatography (hplc) were carried

out with a Varian 5000 instrument equipped with a Varian Vista 102 Processor
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and with a uv deféctor set at.310 nm. A Varian SI-5 silica Eolumn (4x150

mm} was used wzth “the follow1ng elution prcgram 0-10 min (10% CH Clg in -
ﬁ‘ ]
hexane changxng to 9% CHZCIZ' 1% 1sopropy1 alcohol in hexane) 10- 35 min (no

phange). 35-40 min (return to 1n1tlal composition). With that progrum and a

pumping r%;e of one mL min_l, the retention times were 19 min (115), 23 min

(117}, and'27 min (116). Spectral data for 115; 1-H nmr (S0 MHz), &: 1.55

(s, 9H), 1.86 (s, 6H), 3.70 (s, 3H), 3.8l (s, 3H), 5.52 (s, lH), 7.0l (s,

1) 13 nmr (22.62 MHz), 6: 25.45 (di-Me), 28.44 (t-Bu), 51.71, 51.28

(OMe’s), 54.56 (gMeB). 93.37 (vinyl C), 106.09 (sp3 ring C), 110.56
o n

{(terminal CH=), 148.16 (sp” ring C), 158.57 (inner CH:=), 167.62, 170.67

(C=0"s); ms(ei), m/z(%): 309(25), 294(17), 238f§3), 224(28), 197(51),

166(31), 57(100); ms (ei, high resolution), m/z: calce’d for qu ,11.'\‘,20.1

309.1687; found 309.1686: uv (MeOH), A__ (log €): 216 nm (3.87), 768 nm
(3.60), 318 nm (3.87), 420 nm {4.13); ir (ccly), em L 1741, 1705, 1611,
1568, 1432.

-

1

Spectral data for 116: "H nmr (90 MHz), &: 1.42 (s, 9H), 1.5K :s, 61D,

3.88 (s, 3H), 3.86 (s, 3H)}, 5.30 (s, 1), 5.87 (s, lH): msiel), m/zi%::
281(8), 205(21}, 166(31), 139(33), 108(34), 57(100); ms {ei, high

resolution), m/z: calc’d for CpgHo N0, [M'-N,] 281.1627: found ZHI.1609: uv

(MeCH), Jmax(log €): 200-275 nm (3.27-3.33, continuum), 3.08 nm (4.67), 411
-1

mm (3.55); ir (CClq), cm “: 1734, 1713, 1671, 1615, 1565, 1439.

Spectral data for 117: lH nor (250 MHz), &: 1.28 (s, 9H), [.52 i4,~-
3H), 1.94 (ddd, lH, J=3.6, 10.2 and 11.7 Hz), 2.14 (ddd, lH, J-3.6, 9.9 and
11.9 Hz), 2.46 {(m, 1H), 2.79 (ddd, 1H, J=9.4, 10:2 and 11.9 Hz}, 2.58 -,

3H), 3.65 {s, 3H), 7.56 (s, lH); 1?C nmr (22.82 MHzY, 6: 22.14 (Me', 31.09
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(£-Bu), 26.61,/34. 93 (CHy's), 50.38, 51.91 (OMe’s), 55.65, 59.78, 73.97
(4re. C's), 101.70 (v1ny1 C), d51.34 (=CH), 166.43, 172.67 (C=0's); ms(ci),
m/z(%): 281(85, 280(24), 253(11), 250(6), 221(26), 193(193, 165(100),
134(13), 107(¢18), 57(30); ms (ei, high.resolution), m/z: calc'd for

€, 5Ho5N0, 281.1627; found 281.1603; uv (MeOH), 4__ (log €): 206 nm (4.58)—
310 mm (4.18); ir(CCl,), cw *: 1736, 1690 (br).

Reaction of 94 with benzonitrile oxide

. A flask contéiniﬂ% 4 mL of dry CH2012 and benzpyl chloride oxime282
{162 mg, 1.14 mmol) was stirred‘at -300C (alcohol-dry ice). A solution of;
94 (162 mg, 0.97 mmol) and Et N {150 mg, 1. 49 mmol) in 4 ml CH Cl, was added
all at once. After 15 minutes, 4 volumes of ether were added and the
solution was filtered. The filtrate was concentratgd {aspirater) and
applied‘to a basic A1203(II) column. Elution was with 40% ether in light

petroleum. The fraction eluting with r_=0.28 (40%.ether) contained 129a

f
(193_mg. 0.75 mmol) 77%. Recrystallization from light petroleum provided
white crystals, mp 120-1229C decomp. Spectral data for 129a: lH nmr ‘90

MHz ), é: 1'36.(5' SH), 1.58 (s, 3H), 1.67 (s, 3H), 3.59 (s, 2H, (ab 5, J-18
Bz in CgH)), 7.38-7.58 (m, 3H), 7.67-7.82 (m, 2H); '3 nme (62.90 Mz), ¥
26.85, 27.88 (Me's), 31.99 (t-Bu), 42.63 (CHz), 53.08 (CMe.}, 104.68 (ring
¢), 128.83 (spiro C), 126.81, 128.95, 459.99, 130.47 (Ph C‘s),‘15§.59 {C=NY;
ms(ei), m/z(%): 258(5), 257(4), 244(18), 243(89), 187(58), 186(62), 159(31Y,
103(30), 77(27), 58(100), 57(47); ms (ci, CH,), b/z(%): 287(19), 259(22),
243(48), 203(29), 201(30), 186(31), 159(56), 118(70), 114(100), 104(86),
99(50!, B84(36); ms (ei, high resolution), m/z: calc’d for C,.H..N.O FMB—NQJ-

1672272

-~
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. . . 3 +
258.1732;, found 258.1748; calc’d for C15H19N20 (M -N2-CH3] 243.1497: found
243.1503; uv (CHC13), Amax {16@ €): 264 nm (3.88), 317 nm (2.95): ir (Cilm),

em ': 1596 (vw), 1580 (vw), 1450, 1420, 1399, 1366, 1310, 1258, 1208: Ruman,

cm 1 1600, 1592 (N=N), 1564.

.Reactji;n of 94 with diphenylnitrilimine

. A flask containing 94 (2356 mg, 1.41 mmol), benzoyl chloride.
phenylhydrazone283 (326" mg, 1.41 mmol), Et3N {300 mg, 2.87 mmwol) am! 5 ml of
dry CH2012 was stirred at.}oom temperature for‘44 hours. At this time, 4
volumes of ether were added and the solution was filtered. Aftef
concentration of the filtrate, the residue was applied to n gasic 3{203
column. Development with 10% ether in light ;e;rgleum afforded 129bl{425

(11}

. £
mg, 1.18 mmol) 84%, as a solid, mp 1109C decomp., rf=0.10 i 10% smther:,

Spectral data for 129b: IH nmr (90 MHz), &: 1.28 (s, OHY, 1.49 ‘s, 3H:, 1.70

(s, 3H), 3.42 (ab q, 24, J=18.3 Hz), 6.83-7.86 (m, 10H}: '°C umr (125.7%

\ P

MHz), &: 26.85, 27.16 (Me’s), 31.00 {t-Bu), 43.30 (CH.,}), 52.72 CMe,

102.68 (ring C), 119.58 (spiro.C), 117.80, 121.80, 125.61," I28.17, 128.75,"

128.93, 132.8§, 143.15 (Ph C’s), 146.51 (C=N); ms(ei), miz(%): 33301,
318(26),'282(32), 281(31), 143(26), 117(21), 77(100), 58{45}: ms (ci, NH., -
m/z(X): 362(85), 334(100), 261(92), 74(46); ms (ei, hish resolution}, m/u:
cale’d for C21H24N3 [M+-N2—?H3] 318.1970; found 318.1874: uv (hexanes), Amnx j

(loge): 240 nm (4.14), 298 nm (3.93), 326 nm (4.18), 352 nm (4.10!: ir

(film), cmﬁlz 1599, 1581{w), 1493, 1445(w), 1384, 1378, 1365, 1313, 1273

1232, 1218; Raman, cm-lz 1595 (N=N), 15862.
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Conversion of 129a to 130a

" Triazoline 1é9&’(104 ng, 0.36 mmoi) was heated in 5 mlL of benzene at
809C for 3 hours. After cocling and concentration, centrifugal
e&;;matography of the residue (10% ethyl acetate in ligﬁt petroleum)
‘afforded 130a (83 mg, 0.32 mmol) 89%, as a solid, mp 56-580C (light.

petroleum), r

1

f-O 65 (25X EtOAc in petroleum, Al 3) Spectral data for

H nmr (90 MHz), §: 1.08 (s, SH), 1.60 (s,'SH), 1. 85 {s, br. 1H), -6.37
13

130a;

(s, 1H), 7.43-7.55(m, 3H), 7.79-7.92 (m, 2H); C nmr (125.76 MHz), §:

30.64 (di-Me), 3}.77 (t-Bu); 52.05, 52.76 (4°C C’s), 98.10 (C-4*, 126.63,
P ’ P
129.04, 129.57, 130.02 (Ph C’s), 162.36 (C-3), 181.20 (C-5); ms(ei), m/z/%):

4 1]
259(8); 243(43), 186(26), 114(100), 74(9): ms {ei, high resolution), m/=z:

258(1)I 243(79)| 187(36), 186(38) l7(13), 8f100)'\gms (C'l, CH. miz{%Y:

cale’d for € H N,O [M -CH,) 243.1497: found 243.1503: uv (MeOH), b (log
1

T e): 240 nm (4.04); ir (film), cm ": 3352(br), 3121, 1597, 1578, 1508, Y467,

1

1438, 1405, 1391, 1379, 1362, 1214(br).

Conversion of ,129b to 130b

Triazoline 129b (95 mg, 0.26 mmo;) was heated in benzene dat 80°C fnr 3
hours. After cooling and concentration, centrifugal chromatograﬁhy (10%
EtOA¢ in petroleum) afforded 130b (82 mé, 0.25 mmol}) 94%, as a solid, mp
104-105°C.(petroleum), rf=0.63‘(25% EtOAc in pet;oleum, Alzbg}. Spectral
data for 130b; 'H nmr (90 MHz), &: 0.99 (s, 9H), 1.47 (s, BH), 1.92 (s. br,

1H), 6.57 (s, 1H), 7.20-7.76 (m, 8H), 7.81-7.98 (m, 2H): 13C nmr (125.76

w

MHz), é: 31.71 (t-Bu), 32.28 (di-Me), 51.70, 52.80 (4°° C’s), 102.50 (C-4),

125.57, 126.51, 138.49 (br), 128.54, 128.65, 133.28, 142.33 (Ph C’s}), 149.98
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(C-3), 154.16 (C-5); ms(ei), m/z(%): 333(2), 318(Bl), 262(80), 261(100),

-

773&?), 58(26);. ms‘(ei. high resolution), m/z: calc’d for C,,.,H.,,?N3 333.2205;
fodhd 333.2210; uv (hexane), A__ (log €):-258 nm (4.24): ir (film),-cm b:
3378 (br), 3063, 1599, 1538(w), 1498, 1460, 1421(w), 1389, 1377, 1363,

- 1213(br).

Decomposition kinetics of triazolines 129

Medium-walled nmr tubes Qere charged with 129 and with sufficient
benzene to give solutions with the concentrations indicated in Table K. The
éolutions were dégassed by means of three "freeze-pump-thaw!” cveles hefare
the tubes were sealed and immersed in constant temp;rature baths contralled
to *0.19C.

Progress of the decomposition was monitored by lH nmr spectroscopy.
Integration of the t-butyl and gem~dimethyl signals of all.components
provided the normalizing integrals. Decompositions were followed to af -
least 85% conversion. Good fits of tae data to the first order rate I;;.
were obtained. The activation parameters listed in Table 9 were culeulated ‘
using the ArfheniUS equation (A and Ea) and the Eyring éﬁuation (AH# aned
As®). |

The uncertainty in the slope of the plots was qaiaulatnd us iny
equation (1] where n is the number of pairs of data points, x are the
individual X‘V&&UESﬂ and (ry)? is given by eq.'[2].30O Parameter r in .

. [2] is the correlation coefficient and v represents the individunl v-values.

‘ : 00
The uncertainty in the intercept is given by equation (31.3

.
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) " L) - p‘
: e J/héax!2 i
uncertainty in slope =  ndx?-(3x)? )
2 ’ 2
(1-r2) (nSy%-(2y) %)
(oy)?= ” - (2]
fa-2) -
' J/(ay)2(1+ (Xx)* Y
uncertainty in intercept = n nix?-(oslx) T . (31
Synthesis of ‘triazoline 134b .
A flask was charged with 94 (171 mg, 1.03 mmel),
g—nitrophenyl—azid3340 (169 mg, 1.02 mmol) and 5 mL of dry CH3CN. The
contents were stirred at room temperature'for f:ve davs. At this time the
contents were concentrated (aspirator) and applied to a basic AI,,O3 (I
column. Elution was with 33X ether in light petroleum. The fraction with

rf=0.20 (33%) ether) was collected and concentration afforded 134b /220 my,

0.66 mmol) 65% as a yellow solid, mp 809C decomp. {light petroleum!.

Spectral data for 134b:

's, 3H), 4.63 (ab q, 2H, J=18.6 Hz), 7.40 (d,

13C amr {125.76 MHz), §:

J=9.3 Hz):

(CMeq), 73.03 (CK,), 104.11 (sp° ring C), 114.

1H nmr (90 MHz}, g

.12 (s, 9HY, 1.84 s, 3H, 1.

2H, J=9.3 Hz), 8.30 (d, 2H,

fote]

.05 (Me’s}, 31.60 (t-Bu), 53.02

12 (spire C), 116.62, 125.13,

143.64, 144.348 (Ph C’s); ms(ei), m/z(%): 275(16), 218(24), 163(50Y, 138(42},

117(21), 98(38), 82(73), 58(44), 57(100); ms {ci, NH3), m/z(%): 332i8);

276(48), 2456(47), 168(100), 140(38), 113(75), 111(40), 109(8l):.ms (ei, high

resoclution), m/z: cale’d for C

157217372

[M+—N4] 275.1634;: found 275.1833: uv



”
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(CHCln), A (1og €): 280 nm (3.75), 332 om (4.19); ir (film), em ': 1604,
1524, 1502, 1400(w), 1382(w), I370,f§§41, 1328, 1300(w), 1290,‘1272. 1172;
Reman, cm ': 1595 (C-N=N-C), 1589, 1329, 1290, 113, |
Reaction of 94 and phenyl azide in benzene.

Triazoline 94 (384 mg, 2.30 mmol) and-phenyl azide™! (375 mg, 3.15
mnol) were heated together in 30 mL of benzene at B0%C for 43 hours.. Aftoer

cooling, the benzene was removed {aspirator) followed by the excess phenyl

azide (vaéuum line). The residue was applied to a neutral.Aloo (In

3
column. Development with 2% ether in petroleum afforded 139a (85 mg, 0.37

mmol} 16% as a.white solid, mp 52-54%C (light petroleum!, rf=0.28 s

ether). Increasing the solvent polarity to 20% ether gave 137a and 14la as

a mixture (rf=0.10. 20% ether). Centrifugal chromatography of this mixture

(5% EtOAc in petroleum) gave pure 14la (107 mg, 0.74 mmol) 32ﬁ.‘obtninéd as

a solid, mp 52-53.59C (light petroleum), Iit305 mp 55-560C. Product 137a

could not be recovered. The yield of 137a (7%) was estimated from the IH
nmr spectrum of the crudelre;ction mixture. Spectral data for 139a: lH nmr .,
(90 MHz), &: 1.41 (s, 9H), 1.42 (s, BH), 2.52 (s, 2H), B.7R-7T.2% m, 51
130 nmr (125.76 MHz), §: 28.27 (di-Me), 28.39 (t Bu), 44.14 (cﬁzx, 55. 30
(gMeB), 61.01 (sp3 ring C), 121.65, 122.71, 128.79, 150.66 (Ph C's; IGK.12
(C=N); ms(ei), m/z(%): 230(38), 173(18), 139(28), 118(10C), U815, KI'EO!,
57(77}; ms {ei, high resolution), m/z: calc’'d for CISHQZNZ 230.1783: found

230.1780! uv (MeOH), 4 ‘log ¢': 246 nm (4.01): ir (film', cm L: 16747 vs |
- max ) ﬁ‘
1594, 1489, 1368, 1271, 1251, 1230, 1131.
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Partial 1H nmr data for 140a; from IH nmr_spectrum of crude reaction
mixture (500 MHz), &: 1.24 (s, 9H), 1.53.(s, 3H), 4.08 {(dd, 1lH, J=10.5 and
17.4 Hz), 4.54 (s, br,1H), 4.58 (dd, 1H, J=3.2 and 17.4 H%), 4.83 (s, br,

1H), 5.47 4dd, 1H, J=3.2 and 10.5 Hz). \
» ’ . ) N

Extgnded heating of 94 an& phgﬁ}l aziﬁe _

Triazoline 94 (354 ﬁé, 2.12 mmol)} and phenyl azide (140 mg, 3.48 mﬁo])
were héated in 30 ml of benzéné at 800C for 30 ho;rs. After removal of the
benzene and the phenyl azide as described above, 20 mL of foluene-weée
added. ' This solytion was‘refluxed for 22 hours before cooling and removal -
;f the toluene by vacuuﬁ distillation. The-resi§ue was applied to a
ngutral .t\l:.:,O:3 (ID coiﬁmn.‘:élution was with.lzneiher_in petreleum and
nffo}ded 143a (24 mg, O.lo.wmol)'Sk, rf=QL18 (1% ei?ér) fok&owcd by 139a (68
mg, 0.30 mmol) 14%. Increaging the solvent pclarity provided 137a and iﬁlé
as a mixéure. Centrifugal chromatography of thi; mixture provided 141a (43
mg, 0.30 mmol) 14%. The yigld of 137a was estimﬁteq to‘be 3%. Spectrul
data for 143a: 'H nmr (30 MHz), & 1.53 (s, 9H), .79 (s, 315, 1.93 ‘s, br,
3HY, 4.91 (s, br, 1H) 5.20 {s, br, 1H),*6.61-7.17 (m, S5H); uv (hcxnnesf-",
‘Amax (log €): 236. nm (4.23): ir_Cfil#f, cm—l:-3061, 1610(vs), 1592, 1482,
1370, 1345, 1267; 1223.

Reaction?of 94 and phenyl azide in CH3C&f .

?Eia;oline 84 (178 mé, 1.05 mmol?} and pﬁunyl azide 7317 ag, 2.66 mol}

were he;ted in 5 nlL of CH3CN at 650C for 3 davs. After cooling the CH3CN

was removed (aspirator) followed by the pﬁenyl azide (vacuum line},
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Centrifugal chromatography (10% EtOAc in petraleum) of the residuc prnvidod

pure 137a (109 mg, 0.42 mmol) 40%, obtained as a solid, mp 55;5806 (light

~

- petroleum)}, rf=0.17 (Alzoa), 10% EtQAc). Product 139§ was detected by
analytical GC‘in.<'1x yield._,Spectral data for 137a: IH nmr {90 MH;); é:
1.02 (s, 9H), 1.50 (s, 6H), 7.57-7.63 (m, 5H), 7.64 (s, 1H): '°C nmr (125.76
MHz), §: 32.01- (di-Me), 32.15 (t-Bu), 51.91, 52.01 (sp C's), 127.99,
128.71,'129.85, 147.21 (Ph C's); 132.04 (a—C). 138;58 (5-C); ms(ei?}, mﬁz(t):;.h
258(2), 243(25), 186(21)/ 158(16), 114(24), 77(20), 58(100); ms (ei..high .

fesolution). m/z: calc’'d for ClsH.,.,N4 258:1844; found: -Z58.183%: uv (McOHY,
Joo (log €): 262 nm (3.43); ir (film), cm ':73340 (br), 3158, 1600,

1537(F), 1581, 1471(w), 1452, 1413(w}, 1390, 1380, 1383, 1311, iZSO. 1220,
1201, 1180, 1169, 1164, 1127. o

-
L]

Al

-

) : . \
Reaction of 94 and p-nitrophenyl azide in benzene
Triazoline 94 (260 mg, 1.56 mmol) and p-nitruphenyl azode “260 me,

1.58 mmol) were heated together in 15 mlL of bhenzene at 80%C for 20 hours.
” {4 .
After cooling, the benzene was roemoved (aspirator! and the residue was

triturated with 3 x 30 mL of hfﬁﬂ}O-SOOC petroleum nther. The petroleum

-

extracts were combined and put in a freezer at -20°C for 12 hours. Aft.r

removal, the liquid was decanted from the solid film which foll From
»

sdSytion. The liquid was conéentrated and applied Fo a neutral AIZOE fId
column. De#elopmgnt with 2% e;heg in lighf petroleum provided p nitrophenvi
az}de (rin.39, 2% ether) fo}lowed by amidine 143b (82'mg, 0.30 mmol) lUs,
as a yellow soliq, mp 90-920C {light petroleum), rf=0.57 C10% ether .,

Gradual increase of the polarity to 10% ether afforded amidinu 139k 1128 myp,

i

- . 1
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0.47 mol) 30%, mp 93-949C (petroleum),-r =0. 32 {102 ether) followed by 144b :
. (15 mg, 0.06 mmol) 4%, as a yellow solid, mp 137 138¢C (from CHC13 in light

petroleum). r -0 12 (103 ether)
The‘solid which fell from the cold petroleum ether solution was leken

) up in a small amount of solvent and applied to a neutral Al 03 (II) column. '}'
Development with 33& ether in light petroleum prov1ded l 2, 3 tr1a7011ne 140b

(99 mg, 0 33 mmol) 21«, mp 120—12200. r.=0.61 (33% ether) followed by

f
Q—nltroanlllne (4 mg, 0.03 mmol) 2% 2%, rf-O 09 (33% ethe(). Spectral data for
139b: 'H nmr (S0 Miz), §: 1.51 (s, SH), 1.57 (s, 6H), 2.66 (s, T
24, 9.3 Hz), 8.13 (4, 28, 329.3 bz); 13C nor (22.62 MHz), 5 27.94

(dl-Me), 28.21 (t~ Bu), 44.39 (CH }, 55.97 (Cﬁe ), B2.18 (sp3 ring CV, j.

W

122.48, 125.10, 141 96, 157.62 (Ph C's), 157.49 {C=N); ms(ei), m/z(%):
275(32), 218(26), 204(17), 163(41), 139(49), 98(30}, 85(673, 58138y,

57(100); ms (ei, high resolution), m/z: calc’'d for C , 275.1634;

15 91 3
found 275:1633; uv (CHCIB). Amax {log ¢): 372 om (4.52): ir (film), c:rn_l
1652(br), 1578(br), 1502, 1381, 1369, 1327, 1260, 1219, 1168, 1131, 1104,
1073.

Spectrul data for 140b; IH nmr (500 MHz), §é: 1.31 (s, OH), 1.83 (s,

300, 4.19 tdd, 1, J=10.0 and 17.7 Kz), 4.53 (s, br, 1HI, 4.72 (dd, 1,
J-2.9 and 17.7 Hz), 4.85 (s, br, 1H), 5.50 (dd, 1H, J=2.8 und'10.0 Hz), 7.56
(d, 2H, J=9.2 Hz), 8.23 (d, 2H, J=9.2 Hz); '5C nmr (125.76 MHz), &: 25.12
(Me), 29.78 (£-Bu), 55.17 (CMey), B6.90 (CH), 7L.71 (CHy), 116.82 (<CHi,)
114.87, 125.57, 140.75, 146.02 (Ph C’s), 145.96 (vinyl C); ms(ei}, m/z/%):
275(7), 204(11), 177(33), 121(87), 82(60), 57(100), 41(72): uv (hexanes),
Amax (lag ¢ 220‘nm (3.68), 3.38 nm (3.79); ir (film), cm_l: 3042, -

1578(brY, 1502, 1383, 1370, 1329, 1208.
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Specfral'dataf r 143b; 1H nmr (90 MHz). §: 1.56 (s, 9HY, 1.88 fs.

34), 1.97 (s, b, 3), 4.92 (s, br,. 1), 5. 23 (s, be, 10), 7.16 (d, 20,

J29.3 Hz), 8.29 (d, 2H, J=9.3 Hz); 15C omr (22.62 MHz), 6: 18.30 (N<C-Me).

25.12 (C=C-Me), 28.72 (t-Bu), 57.61 (CMe,), 118.02 (=CH,), 121.62, 125.25,
141.64, 158.65 (Ph C’s), 145.86 (vinyl €), 153.75 (C=N): ms(ei), m/z(%):
"275(11), 219(38), 218(100), 163(82), 117(52), 82(92), 57(67); ms (ei, high

resolution), m/z: cale’d for C15H21N302 275.1634; fognd 275.1836; uv

(hexanes), Jmax {log ¢}: 2”2 nm (4.11), 333 nm (4.23); ir (film), &: 3100,

1617(br), 1582(br), 1499, 1372, 1360, 1325, 1285, 1239, 1191, 1165, 1108

-

(s,

P

Spectral'daia for 144k; lH nmr (90 MHz), §: 1.46 (s, 9H), 1.79
3H), 3.38 (s, br, 1H), 6.78 (d, 2H, J=9.0 Hz), 8.16 {d, 2H, J-9.0 Hz): '9C
" nmr (22.62 MHz), §: 18.81 (Me), .28.74 (LvBu}, 51.84 (gﬁn?). tere. 21,
TAD

142.03, 159.08, ¢Ph C’s), 153.21 .(C=N): ms(ei), m/z(%): 235043}, 17nf;q\,

126,049,

178(100), 163(38), 138(100) 108(38), 76(36), 57(57); ms toi, high

resolution); m/z: calec'd for C1°H1"N Oq 235.1320; found °35 1324,

(CHCly), A (log €): 350 am (3.80): ir (film), em b 3a22(brh, M54, 1584,

14

1526, 1487, 1323, 1261, 1202, 1611, 1102.

‘ . . . . 2049
H nmr data for 137b; obtained from crude reaction mixture ' H00

MHz), &: 7.92 (s, lHY, 8.00 {(d, 28, J:9.1 Hz), 8.13 (s, IH), B.4% (d, uH,
J=9.1 Hz).

Extended heating of 94 and p-nitrophenyl azide
Triazoline 94 (219 nmg, 1.31 mmol) and p-nitrophenyl azide {220 ny,
1.34 mmol) were heated in benzene at B03C for 24 hours. After cooling, ,/f}

. i
concentration, and trituration of the mixture into 3 x 20 mbl of hol 20 6070
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pétroleum, the petroleum was concentrated (aspirator) and the residue was
taken up in 10 mL of toluene. This solution was heated for 12 hours at %
1100C. After cooling and removal of the toluene by vacuum distillation, the

— -

residue was triturated with 3 »x 30 mlL of hot petroleum ether. The combined

' petroleum ether extracts‘were.put in a freezer for 12 hours.

-Chromatography of the components remaining in solution was done as
described abﬁf’ and afforded 143b (94 mg, 0.34 mmol) 26%, 13$b~(115.mg, 0.42
mmol) 32% and 144b (15 mg, 0.07 mmol)_Sz.

Chromatography.of the solid that fell from the cold petroleum solution
afforded p-nitroaniline (27 mg, 0.20 mmol) 152._ _

. : . .
Partial decoméosition of 134b in benzé@e

20 mg of'§£4b were heated in 3 ml of benzenc for 2 hours. Afte?
cooling tle iﬁdicated the'presence of 139b, l40b, 143b, 144b and
p-nitroaniline -as well as starting material 134b, g—nitrdéhenyl azide and

.

triazoline 94.
T - -
Thermelysis of 115 in methanol " -

.Fumaratotriazoline 115 (SSS'ﬁg. 1.2 mmol! was added to o [lask
cnntaining.methanol (100 mlY. Dissolution of 115 occ&rred during hcating to
reflux temperature. Periodic withdrawal of aliquots of the boilins
solution, and.analysis by ilc. showed that no more 115 remained after 48 hr.
Céoling and evaporation of the solvent with a rotary evaporator was fnilnwod
bv centrifugal chromatography of Phe residuc in two portions. .Hlutiun with

ethvl acetate (15%) in 1ight petroleum afforded pvrroles 158 and 157, in
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that order, combired yields (from both pprtions) of 133-5n& 8%,

respectively. On silica tle plates, developed with 50% ethv! accetate in

light petroleum, 158 and IS{Ihad L values of 0.40 and 0.22, re;pectivély.

1

Bth'were oils at room. temperature. Spectral data for 157: IH nmr (90 MH=z),

§: 1.22 (s, 9H), 1.27 (s, br, 1H), 1.80 (s, 3H), 2.21 (s, 3H), 3.68 (s, 3H),

13

'3.77 (s, 3H),.5.71 (s, lH); ~°C nmr (22.62 MHz), §: 20.29, 24.93 (Me's),

29.53 (t-Bu), 51.28 (OMe), 51.74 (CMe, and OMe),’92.71 (C-3), 112.17, 119.90
(C-4 and C-5), 137.34 (C-2)}, 150.55, 165.83 (C=0’s), 183.91 (C=N); msf&i):
m/z(%): 309(54), 253(25),,197(160), 169(28), 164(23), 137(20), 57(100),
56(86); ms (eif_higﬁ rééolution). m/z: cale'd for C15H23N304 309. 1619; .
found 309.1687: ?v (CHCI3), Amax {(log ¢): 240 nm f4.07). 328 nm (4.0D): ir
(cocly), cm“lg 3378(br), 1730, 1688, 1571, 1518, 1198, 1465, 1136, 188,
1358, 1284, 1209, 1130, 1051.. .

Spectral data for 158; lH nmr (90 Mﬁz), d:1.26 (s, 9HY, 3.72 (s, 3HY,

3.74 (s, 3H), 4.90 (s, br, 1), 5.54 (s, 1H): '5C nmr (22.62 MHz), & 29.63

-
-y

o

{t-Bu}, 50.96 (gMe3 and OMe), 52.20 {(OMe), 90.86 (C-3), 113.34, 120.80 /C-1}
and €-5), 142.31 (C-2), 161.70, 165.88 (C=0's): ms(ci}, m/z{%): 2B9iHE-,
238(22), 213(83), 197(100), 1B1(82), 165(30), 137(35), 122(43): ms (i, hruh
ssolut i : - 2 376; 269. 1479 uv
rguolutlon), m/z: calc’d for C12H19N304 269.1376; found 269.147 v
(CHC1Y), 4 (log €): 242 nm (3.96), 332 nm (4.03); ir (CDCL), om : 33Wd,

-t g

3353, 1730, 1678, 1640(br), 1567, 1530, 1497, 1435, 1399, 1352, 1253, 122z
1210, 1134, 1065.

Spectral data for unidentified component (89%): 1H nmr (90 MHzi, £:
1.53 (s, 9HY, 2.69 (s, 3H), 3.72 (s, 3H), 6.37 (d, lH, J=3.0 Hz), 6.66 ‘d,
,1124’3°‘

4
IH, J=3.0 Hz}: ms{ci), m/z(%: 269(8), 195/50", 11926, 13965

108100}, 107(46), 69(41); ir (CDCL.), cm ': 1701(v br), 1547

4] , 1440, 1370,

1328, 1240, 1215(br), 1134, 1060
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Hydrolysis of 157
‘ , . .
Pyrrole 157 (fo ng) was dissolved in ether (0.5 ml) and the solution
was transferred to a watch glass from which the ether was eﬁagbrated in ca.
5 min. Ten minutes after the ether had evaporated, analysis of the residue

by ir revealed that little, if any, 157 remained and that 158 was the major

product.

Thermolysis of 111 in methanol
Amidotriazoline 111 (120 mg, 0.42 mmol) in methanol (5‘mL;,wns hcntod.
at the reflux températﬁ;b for six days. Cooling, concentration, and
centrifugal chromatography (15% ethyl acetate in light petroleum) afforded
167 (47 mg, 0.18 mmol) 43%, as a white solid, mp 163-164.5%C (from acetone
in petroleum ether), rf = 0.58 (ethyl acetate). ;
. Direct analysis by gc of a similar thermolvsate from 111 in methanol
showed that both éniline and 169 were present in ~15% vield. An authentic
sample of 16% prepared from methylpropiclate and t-butyl amine,280 had
rf=0.21 {10% ethyl acetate in petroleum) .and gave the published IH émr

280

data.” Crude 1869 isolated from the thermolysate, gave the lH nme spectruml

oflauthentic 169.

Spectral data for 167: 1H nmr (90 MHz), §: 1.32 (s, SH), 1.88 (s, 3H},
4.75 (d, 1H, J-12.4 Hz), 4.83 (s, br, 1H), 5.18 (s, br, 1H), 6.80 (s, br,
NH), 6.94-7.71 (ms 5H), 7.92 (d, 1N, J=12.4 Hz); 3¢ omre (22.62 MHz), 6
21.12 (Me), 30.05 (t-Bu), 57.52 (CMey), 90.10 (=CH,), 116.73 (0=C-CH),
119.50,7122.76, 128.95, 139.89 (Ph C’s), 144.29 (=C-Me), 145.64 (=CH-N',

€ 167.70 (C=0): ms{ei), m/z®): 258(12), 182(18), 166(30), 112(19), 110100y,
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105(18), 93(48), 82(17), 77(21), 70(22),/5;(67); ms (ei, high }esolutﬁon),
n/z: calc'd for C18H22N20 258.1732; found 258.1734: uv (CHClg), jmax (IQg
€): 200-270 nm (3.69, continuum), 302 nm (4.48): ir (£ilm), cm\: 3088,
3247, 313@, 305é, 1654, 1598, 1574, 1535, 149%. 1438, 1379, 1332, 1289,
1242, 1281, 1038;1003.

' Spectral data for 169: 1H nmr (90 MHz), &: 1.27 (s, 9H), 3.B5 (s, 3H),
4.42 (d, 1H, J=8.0 Hz), 6.80 (dd, 1H, J=8.0 and 14.0 Hé), 8.12 (s, v br,
13

_ NH);

C nmr (22.62 MHz), §é: 30.21 (t-Bu), 50.14 (CMe,), 52.01 (OMe), R1.42

3
(0=C-CH), 148.19 (=CH-N), 165.50 (C=0); uv (€1, 4 (log ¢): 280 am
(3.79); ir (film), cm ': 3334, 1668, 1618, 1480, 1461, 1371, 1307, 1196,

1140.

]

Thermolysis of 111 in benzene

-

Heating of 111 (120 mg) in benzene (5 ml) at the reflux temperature
for three days afforded 167 in B5% yield, estimated by integration of the [H‘

nmr spectrum.

Kinetics of thermolysis of 111 - ' | -
Medium-walled nmr tubes were charpged with 111 and with vuuuuﬂ solvent
:;o give solutions at the concentrations given in Table 13. The solutions
were degassed by means of three "freeze—pump-thow" cycles before the tubes
were sealed and immersed in- constant temperature baths controlled to :0.106.
Progress of the decompositio; was monitored by IH nmr spectroscopy.

Fof samples in methanol the internal standard, for normalizing integrals of

all methyvl signals of remaining 111, was the sum of integrals from nll
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t*butyl and methyl signals except for the propenyl methyl group signal of

167, which was doubled before entry into the summation. For samplés in

p
benzene the methyl group signal from added toluene was used as internal
standard. Decompositions were followed to at least 80% and»uéually to more

than B5% conversion. ' Good fits of the data to the first order rate law

.were obtained. From the temperature dependence of the rate constant in
methanol (Table 13) the activation parametefs calculated were: Arrhenius
equation log A = 13.6 = 0.6, Ea = 29.6 % 0.9 kcal/mol: Eyring equation,

AuF=28.9 + 0.1 keal/mol, As? = 1.5 + 0.2 eu.

. /
Preparation of some starting amines

o
Amines 176&34“ and 178343 were prepared according to published

3

procedurgs. Amines 176¢ (bp B81-830C, 1it 44 by 82-83.5°C) and 179 (bp 85°C

34

{27 mm)}, 1lit 4 bp 72-780C (8 mm) were prepared from methéllylamine and

benzylamine, respectively, by using the Eschweiler—Clarke methodolomy

employed for 176&.342 )

1-Amino-2-butene and 3-amino-l-butene were prepared from their

respective chlorides via the Gabriel synthesis.343 Amine 176b was then

o re
synthesized from 3-amino-l-butene via the Eschweiler-Clarke methodji“ (bp

348

87-880C, 1it” "~ bp 910C). Similarly, 176g (90-95% pure) was prepared from

347

l~amino-2~butene (bp 95-980C 1lit bp 93°C). The impurity was]found to be

inert to DMAD. N

Synthesis of amine 176e

.

A 100 ml. flask was charged with 2,3-dichloropropenc (8.92 g, 0.080 -

mol), 30mL of 40% MeONH/HQOJAnd 20 mL of MeOH. The sclution was warmed at
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60°C for 15 hours. After cooling, 50 mL of 50% aq. KOH were added :nd the

solution was extracte§ with 2 x 40 mlL of:ether. The orgagic phases were

combined and dried over KOH. .After don:entrntion {aspirator), tpc residue

was dried once moré‘;vér KOH and then distilled from KOH. The-y;éld of

176c wes 3.56 g, (37%), bp 113-1149C, };¢348 bp 119-1209C (755 mm).

-

Synthesis of amine 1764

A 250 mL flask was charged with 100 ml of a—methylstyrenc and

t-butylhypochloride (13.6 g, 0.11 mol)(Frinton). AIBN (0.25 g, 1.8 mmol)

v -

was added and the contents were warmed to 80°C for.4 hours. After coonling,

the contents were distilled under reduced pressure. The fractions cnIlSctud
_ above 709C (6.5 mm) were combined (=20 mL)} and dissolved in 170 ml of MeOH.
The solution was stirred wigp ice'cooliﬂg while 70 ol of 40% MczNHFHE? were
added dropwise over a period of 20 miqutes. The ice bath was then removed

and the contents were allowed to stir at room temperature for 16 hours.  The

solution was then carefully added to 200 mlL of ice-cooled aqueous HCL {6%1.
The aqueocus solution was wéshed (3 x 70 ml) with cther and was then adderd
dropwise to ice-cooled aqueous N32C03 (5%). After addition wis complete,
the solution was saturated with N32C03 and extracted (3 x 100 mL: with
ether. The combined organic extracts were washed %ith brine and dried over
MgsO, .

After filtration and concentration, the residue was applied 4o o
neutral A1203 (II) column and eluted with 10% ecther in light petroleum. The
only compound that was eluted was amine 176d (4.60 g, 27% vield overall:.
Svectral data for 17éd; IH nmr (90 MHz), é: 2.24 (5, éH, 3.27 s, bhr, 2H,

7

5.19 (s, br, W), 5.42 (s, br, lH), 7.24-7.60 (m, SH): e nmr 22,62 MEz

- -
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~

§: 45.28, 64.52, 115.18, 126.27, 127.55, 128.27, 140.21, 145.35; ms(ei), .

--m/z(zgz-lg1(30), 118(16), 115(15), 59(13), 58(100).

- -

éeactions of DMAﬁ'Qith.amines‘ETG -

In the general procédure, the appropriate‘aminq and one equivalent of
DMAD were mixed tog&ther in a volume of solvent chosen to give the
concentratidas indicated in Tables 14 and 15. Air above the chloroform
solutions was displacea with N2 and the solutiéns were allowed to stand
protected from light. The CH3CN golutions'were refluxed with a Cdblg‘ﬁryinﬁ
tube attached to 15& condensor. When periodic IF nmr spectra oﬁ_the.

’ 4
mixtures indicated complete consumption of cither reactart( mixtures, were

‘worked up. Mixtures were separated as described below. Spectral data for

prnduéts 177 and 178 are found in Ta?}es 16, 17 and 18.
Amine-176a gnd DMAD . : _ -

After removal of solvent (aspiratorﬁ, the residue wa; applied to a
column containing basic A1203(II)u Elution with 50% ether in light
petroleum provided three cowmponents from reaction in CHCI3 and two
components - from reaction with CH3CN as solvent. Product 180a was eluted

first (rf=0.%9. 50% ether), followed by 177a (rf=0.41? and 178 4rf=0.26. mp .
80-80.59C) (petroleum ether-acetone) 1it250 mp 83-84.50C). Spectral data
for 180a; % nmr (500 Miz), 8: 2.33 (s, 6H), 2.81 (dd, 1H, J=8.0 and 13.8
Hz), 2.98 (dd, 1H, J=6.2 and 13.8 Hz), 3.75 (s, 3H), 3.81 (s, 3H). 5.13 (dd,
1§, J=10.3 and 1.3 Hz), 5.19 (dd, 1H, J=17.1 and 1.3 ), 5.94 (m, e B

nmr (62.90 MHz), ¢é: 39.90, 40.87, 51.71, 52.78, ?3.78: 118.94, 125.43,
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133.06, 135.18, 166.18, 167.84: ms (ci, CH,), m/z(X): 314(6), 312(23),
310(52), 308(18), 270(52), 268(78), 254(8), 252(4l), 250(63), 56(100): -«

ms{ei), m/z(z): 272(14), 270(686), 268(100), 156(g5), 150(32); ms (ei, high

‘resolution), m/z: cale’d for C9H1°N043SCL37C1 [M+-C3H5]\2?U.0114:.found
: . 35
9 . '
270.0118; calc’d for C,:SHIZNO4 o]

Amax'(log'c): 240 mm (3.13); ir (film), cm

12 268.0143; found 268.0139; uv (CHCIB),

L. 1732¢v br), 1639, 1595(be)

-

Amine 176b and DMAD
After removal df solvent, the residué was applied to 6 column
:ontaining basic A1203(II). ‘Elu#ion with 20% ether 1in pet:nlnum prn?:dnd_'
'first~177b (rf=0.53, 50% ether) fillowed by 178. o

Amine 176c and DMAD

After removal of solvent and application of the residuc Lo o basic
. s _ ‘

Alooq(II) column, elution with 20% ether in petroleum vielded 180c  from

reaction in CHCl3 sélution anly) (rf=0.31, 20% ethér). Increasing the other
component to 50% cave 1772‘(rf=0.44, 50%) followed by 178. Elution of the
product mixture from rcacfion in Cﬁ3CN wias begun with 50% ether in Light
petroleum. Spectral datg for 180c: 1H nmr &0 MHz», 5{ 1.81 s, 3H, 2.a2

(s, 6H}, 2.9l (ab q, 2H, J=13.5 Hz), 3.76 (s, 3H}, 3.82 {5, 3, 4.96 s,

*br, 28); 1°C nmr (62.90.MMz), §: 24.26, 40.67, 41.26, 5L.4I, 52.61, {1T.u,

126.63, 135.40, 140.84, 166.44, 167.31; ms (ci, CH,), m/z(%): 32803,
326(10), 324(22), 322(12), 272(12), 270(60), 268(100}, 266(28), B4(9H .

170(58): ms(ei), wm/z(%): 272(10), 270(65}, 268(100%, 266:40), 264:65.,

170018, 150{23); ms {(ei, high resolutlon?, m/z: calce'd for C,iﬂl,,.\'f)ﬁ'hf)!u ol

— t



_5153.

: [M* C ] 270 0114; found 270 0113; calc’d for CgHIqNO Clq 268.0145: found™
268.0132; uv (CHCla), max (log E) 240 nm (3 14); ir (fllm). cm~1‘1741.

1735, 16486, 1603.

. Amine 176d and.DMAD
After removal of solvent and aﬁplication of the residue to a basib_
Al 0 (II) column, elution with 40% ether in light petroleun gave 177d

(rf=0.43. 50% ether) followed by 178.

AEines 177e and 17f and DMAD
Chromatography of the residue after concentration of the reaction

mixture gave only 178, -

Amine 177g and DMAD

- Af?cr concentration of the solution and‘application of the rcstd;c on
to AlgbB(IIS, elution with 33% ether in light betroleum provided él§ and
‘trans 177g as an inseparable mixturc-(rf=0.40, 33%} followed by 178.

i

Amine 179 and DMAD i - N

.
After "H nmr spectroscopy revealed complete consumption of DH\D

&

Lhromatographv ylelded only 178 and starting amine 179.

Reaction of 186 with DMAD
A reaction ;essel was charged with 5 mL of dry CHC13, Qmine 18634J
{341 mg, 1.66 mmol) and DMAD (235 mg, 1.65 mmol). Air was displaced bv

passing N, briefly over the solution which was allowed to stand in the dark.

‘e
et



. ‘ ) - . 154
After 21 days at room temperature: the‘solutioh was concentrated.and applied
tq a basic A1203(II) column. Elution with 10% etber in petfoleum afforded
unreacted amine 186 (41'mg). By increasing the polariby graduslly, 187 (mb'
126-1279¢C, petroleum) was eluted (rp = 0.24, 25% EtOAc in petrolcum). The
. . ; .

yvield was 42X baged on the amount of 186 consumed. Spectral data for 187;

' omr (90 MHz), §: 0.67 (s, 3H), 1.20 (s, 3H), 2.93 (ab q, 2H, J 13 Hz},

l 2295}(5, 3H), 3.53 {s, 3H), 3.§4 (s, 3H), 4.%81 (s, bf, 1H), 7.26-7.58 ¢m,
13 ;

5H); °C nor (22.62 MHz), §: 21.88, 22.77, 36.22, 40.27, 51.93, 52.75,

59.51, 77.37, 98.46, 127.31, 146.21, 149.78, 166.02, .167.74; ms(ci), miz{%)e.
"333(12), 302(14), 300(14), 276(25), -244(32), 218(22), 19%(49), 186467,

105(100), 77(23); ms-(ei, high resolution), m/z: calc’d for C NG

| _ 1812370
333.15%6; found 333.1576; uv (MeOH), JmaY'(log ¢): 208 nm (3.89), 242 nm

(4.18); ir (film}, cm_lz'3402 (vbr), 1746, 1896, 1652,

“Relative ratés.of ;eactibns of 186 with DMAD in CHC].3 and in CDC13'-
Solutions of DMAD and 186 - (each 0.33 M) in CHCl, (CNCL.) were deussed
by means of three freeze-pump-thaw cyéles at 0.05 fnrr and sealed inte nﬁr
tubeg. The tubes.were kept at room temperature for six davs, duriny whieh
ti;f’chang;;'weré monifored b& 1H nmr spectroscopy. Product 187 wirss farmed
1.9 times faster in CHC13 than in CDClg. Examination of the con}ents at the
CDClg*containing tube by 2H nmr spectroscopy {76.75 ﬂnzr revealed o ostrons
broad signal at § 4.81, as well as the 2H signal from Lthe solvent. Additon

of CH':),CCI3 to .the CHCls—containing tube led to a new peak in the {H nmr

spectrum. *
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Protons

Product *
NMe2 OMe Other - -
177a 2.92 '3.68  3.16 (dd, 2H, J=7 and 1.5 Hz)
3.87  4.96 (m, 1H); 5.12 (m, 1lH)
5.71-6.22 (m, 1H)
177b .. 2.86 3.66 1.65 (dd, 3H, J=6 and 1.5 Hz)
3.82  3.07 (m, 2H) .
5.47 (m, 2H)
177¢ 2.86 3.64 - - 1.66 (s, 3H); 3.05 (s, 2H)
_ 3.83  4.66 (s, br, lH) ‘ &
4.78 (s, br, 1H)
- 177d 2.89  3.64  3.54 (t, 2H, J=1.5 Hz)
3.88 5.07 (s, br,.1H)
5.47 (s, br, 1H)
7.26-7.60 (m, 5H)
177¢" 2.65  3.56 1.21 (d, 3H, J=7 Hz)
. {major) 3.69 3.47 (p, iH,,J=7 Hz)
4.87 (dt, 1H, J=10.4 and 1.5 Hz)
. 4:92 (dt, 1H, J=17.2 and 1.5 Hz)
,5.92 (ddd, 1H, J=17.2,10.4 and 6.3 Hz)
177¢° 2.60  3.61  1.13 (d, 3H, J=7 Hz)
¢ minor) 3.72 2.92 (p, 1H, J=7 Hz)
4.83 (dt, lH, J=10.3 and 1.5 Hz)
4.86 (dt, 1H, J=17.2 and 1.5 Hz)
5.86 (ddd, lH, J=17.2°10.3 and 6.1 Hz)
178 2.90 3.64  4.80 (s, lH)
3.94

%90 MHz unless otherwise indicated.

b500 MHz, ®btained as a mixture of isomers.
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Table. 17: qu nmr Data of Allyl Transfer‘Pgoductsa'
__ L
Product Carbon
I 2 i 3 4 5 ) . 7 8 Other
177a 42.63 153.99 102.90 31.91° 137.17 115.10 169.80 52.49'
.o 167.43 51.57 -

177 . 42.72 153.59 104.88 30.89 129.44 125.80 169.64 52,141 18.01
167.51 51.59

177¢ 42.36 154.28 102.97 35.80 145.52 110.48 168.72 52.71 IR
167.84 2. 30

177 41.94  154.25 101.52 33.34 147.43 112.53 163.82 52.10 141.46
167.35 51.54 28,15

Y 125,649
177¢°  43.34 151.02 119.94 37.16 141.41° 113.51 168.51 51.98  19.09
(major) . I166.82 al.15
177¢°  42.35 147.36 113.06 39.29 141.96 '112.40 167.98 52.03  l4.09
‘minor) . 167.10 50.82
178 39.65 155.23 84.35 - - - 168.11 52.79 * -

50.62

166.06

-

299 62 MHz, unless-otherwise indicated

b125.76 MHz, obtuined as a mixture of isomers
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Table 18: Other Spectral Data for Allyl Transfer Products

-

Product uv(CHCl3) Mass Spectrum ) High res. ir(film)
. : -1
Jmax(log €) m/z(%) Mass Spectrum cm ,
(nm) e
177a 304(3.88) 227(34/ 108(58). obs. 227.1159 3060 1429
' 195(1p) 72(19) cale. for 3045 1385
168(100) ’ Ci14)7NOy -~ 1735 1302
- 152(25) 227.1158 1692 1248
. . 1595 1222
1776 306(3.85) 241(38) “72(12) obs 241.1315 3022 1388
209(22) cale. for 1740 1302
182(100) CioH| gNO, 1696 1246
166(29) : 241.1315 - 1575 1226
122(55) . 1432
177¢ - 304(3.84) 241(81) 150(490) obs. 241.1317 3078 1385
' 210(40) 123(51) cale. for 1739 1307
200(46) l22(100) Ci12oH;9NO4 1693 1248
182(93) 108(50) 241.1315 1575 1221
. . . 166(38) 96(46) . ’ 1432
177d 302(3.81) 303(40; 96(28) obs. 303.1469 3049 1433
) 244(35) calc. for 3020 1387
" - 200(100) Cij7HaNOg 1741 1309
184(29) e 303.1471 . 1695 1251
118(26) ' 1578
177g% . 312(2.79) 241(18) 150(32) obs. 241.1314 3080 1433
- 226(36) 122(52) calc. for 1740(br) 1390
209(20) 108(35) Cy2H;gNO, 1701(br) 1325 °
C182(100) 72(21) 241.1315 1572(br) 1241(br!
166(40) i © 1452
178 280(4.22) 187(38) 82(22) 3090 1434
. 156(40) 72(37) 1742 1412
155(43) 68(24) 1683 1371

128(100) : 1584 1245

a . .
“3:1 mixture of isomers.
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