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Reactions of 4-chloromethyl—-1,4-dinydropyricaine and
4- (l-chloroetnyl)-1,4-dihydropyridine derivatives with enolate
ions from s-dicarbonyl compounds have been studied, and shown
to give the corresponding 4-substituted-4,5-dinydroazepines
under mild conditions. Under vigorous conditions intramolecular
Michael addition takes place (provided the dicarbonyl substitu-
ent possesses an acidic nydrogen atom) giving 2-azabicyclo-
(3.2.1) oct-3-enes; the stereochemistry of this reaction is
consicaered. The reactions of some simpler nucleophiles with
these chloro-compounds were also investigated.

Rearrangements of 4-cyano-4,5-dihydroazepines in both
acidic and basic conditions were reinvestigated. The isolation
of a ring-opened intermediate and a substituted dihydro-2-pyri-
done from the acid-catalysed rearrangement provide support for
a postulated mechanism.

The competitive reactions of chloroalkyl and bromo-
alkyl substituted 1,4-dihydropyridines with different bases
were studied in both concentrated and dilute solution and a
mechanism for the ring expansion reaction was postulated.

Methyl 5-acetyl-2,6-dimethylnicotinate and its di-
hydro-compound were synthesized, particularly for mass spectral
correlations. Mass spectra of some 1,4-dihydropyridines,b 4H-
azepines, 4,>-dihydroazepines, 2—azabicyclof3.2.l]oct—3—enes,
furo[Z,B—b]pyridines, pyrrolo [2,3-b) pyridines,and R~3~methoxy-
carbonyl-2-metnyl-l-pyrrolyl)-crotonic acid are reported and

discussed.
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INTRODUCTION

Tne ring expansion of six—memperea ring carbocyclic

compounas to give proaucts containing seven-memoered carbocyclic

1
rings 1is well documented and has recently been extended to the

preparation of cerivatives of azepine. In tnis latter case, the

nitrogen atom has been introduced using (A) a nitrene insertion

2 3
reaction , (8) the reaction of chloramine witih phenols , (C)

tne aaaition of iodine isocyanate to 1,4-dinyarobenzene deriva-
[
tives, followea oy an internal nucleophilic displacement , and

5
(D) the photorearrangement of antihranils .
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An alternative approach to the synthesis of azepine
werivatives would be to start witih a six-mewmpered nitrogen
heterocyclic ring and expand by one carbon atom. Thus the

ulvenzoazepine (2,R=H) and its N-metayl derivative (2,R=DMe)

6

AQave been ootained oy the action of polyphosphoric acid or
7
prhnosphorus pentoxiae on the cinhyaroacridine (1,R=l[,X=0l) or
8
silver percnlorate in ether on the i1odomethyl compound (1,

r=Me,X=1) respectively.

H CH, X
‘ 1I\T . ‘ \]/
& i
(1) (2)

In 1962, tne first ring expansion of a dihydropyridine
9
to an azepine derivative was reported . Recent work in this



area nas resulted in tine syntnesis of derivatives of several
different ring systems and the discovery of some interesting
rearrangements wnicn will herein be reviewed.

Tahe reaction of thne 4-chloromethyl-1,4-dinydropyridine
(3,R=CO,Et,R'=CH2Cl) with potassium cyanide in refluxing ethanol
gave two products, to whicn Benary assigned the 4-cyanomethyl-
1l,4-dinhydropyridine(3,R=COEt,R'=CH,CN) and the cyanomethyl-

10 . . .
pyrrole( 6 ) structures . This reaction was re-examined by

g
Jonnson and co-workers who showed,on the basis of chemical ana

spectroscopic properties, tnat the two products were the 4-cyano-

4 ,5-dinydroazepine (4,R=CO,Et,X=CN), and the pyrrole(5,R=CO,Et,
A=CN) . Furtiner the pyrrole(5,R=CO,Et,X=CN) was shown to be form-

ed from the 4-cyano-4,5-dihydroazepine(4,R=CO,Et,X=CN) by base
catalysis, the otner product oeing ethyl acrylate. The 4-cyano-
methyl-1,4-dihydropyridine (3,R=COEt,R"'=CH,CN) was synthesized
oy a rational route and shown to be different from any of the

procucts of tne cyanide reaction.

[}
H R X % R
R R KCN R R
[ I == X ’ [
EtOH
Me N Me N Me N Me
l Me o Me H
B H
(3) H ci,cn  (4) (5)
Me N CI,Et
H
(6)

Attempts to oxidize tne 4-cyano-4,5-dinydroazepine

. . . . . 1 1
(4,R=CO,Et,X=CN) using nitrous acid or silver nitrate gave

mainly tne furo f2,3—o] pyriaine (7,R=COEt) along with a small
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~qe 0551211ty of 3-aminocrotonate chromophore . The infrared
spectrum revealed the presence of W-H stretching ( 3408 and
,307 cm '), saturatecd ester carvonyl (1737 cm '), and un-
saturated ester carbonyl ( 1689 cm ™) bands. From the forego-

ing evidence the 1,4-dihydropyridine and 4,5-dihydroazepine

systems can be excluded. The n.m.r. spectrum showed the presence

of two methyl esters ( 16.26, singlet ), two C-methyl groups
(t 7.70 and 8.23, singlets ), a C-methyl group (1t 8.94,doublet,
J=7.0 iiz ), a single proton absorption at 15.01 (broad singlet)

for NH, whose chemical shift was concentration dependent, two
protons at .~ 5.32 ( doublet, J=4.8 iz ) and 7.45 ( doublet, J=
7.4 Hz ), and a proton at 16.96 ( nmultiplet ). From the coupl-
ing constants of above three protons and the doublet methyl
group, the product has a —éH—CH(Me)—CH(COZMe)~ system. The mass
spectrum of this compound showed parent peak at m/e 285, and a
base peak at m/e 185, which can be interpreted as loss of
methyl crotonate from the molecular ion. This spectral data is

in good agreement with the 2-aza-8-thiabicyclo (3.2.1)Joct-3-ene

structure ( l4a ). The stereochemistry may be established by
n.m.r.( see later-page 19 ). From the re-examination of the
recaction of the 4-chloromethyl-1,4-dihydropyridine ( 3a ) and

l ca
potassium hydrosulfide in agqueous ethanol, Ashby and Eisner

proposed the 2-aza-8-thiabicyclo 3.2.1 oct-3-ene ( l4a ) struc-
30

ture for the product which Benary had earlier claimed to be

che 1,4-dihydropyridine ( 3, R=CO,Me, R'=CH,SH ). The structur-

al assignment was mainly o~ased on spectral data and was dis-

cusseu 1in the previous section. With the similarity of the






Assignment of the conformations of the C-6 nethyl and
(-7 methoxycarbonyl groups 1in the major product was basea on
the coupling constants among three ring protons. The multiplet
at 1 6.96 1s assigned to the proton at C-6 which 1s coupled to
the protons at C-5 ana C-7 and the methyl protons at C-6. The
low field doublet is assigned to the proton at C-5 whose
chemical shift is lowered py the sulfur atom and adjacent un-
saturation. This proton is coupled to the proton at C-6 and
the coupling constant 4.8 Hz 1is consistent only with the C-6
proton occupying an exo configuration ( the 6-endo H forms a
dihedral angle of almost 90° with 5-H in the Dreiding model and
the coupling constant should be very close to zzro ). The other
doublet at 17.45 is then the proton at C-7. Since the proton
at C-6 1s exo, the proton at C-7 must be exo for the dihedral
angles of C-6 exo - C-7 exo and C-6 exo - C-7 endo are approxi-
mately 0° and 120° respectively. The former is in better agree-
ment with the observed coupling constant J=7.4 Hz. The complete
structure of the main product 1s thus given as 1,3-dimethyl-4-
nethoxycarbonyl-6-endomethyl-7-enaomethoxycarbonyl-2-aza-8-
thiabicyclo 3.2.1 oct-3-ene ( 33a ). The ultraviolet absorption
at 23inm(e2,850) might be explained as due to the interaction
between lone pair electrons on nitrogen and the 7-endomethoxy-—
carponyl groupj}

The other product, C,3H;430,S, white needles, ( m.p.
144-1467 , Rf=0.51 ), showed ultraviolet absorption at imax
293.5nm(=13,550)

17
chromopnore . The infrared spectrum showed a N-H stretching

, inadicatiny the possibility of 3-aminocrotonate
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separation either by crystallization or chromatography, was
ansuccessful and thin layer chromatography revealed only one

spot. This product probably is a simple compound which could

show two different forms in the n.m.r. spectrum. e.g. A.) keto-
enol equilibrium; B.) mixture of cis a 1 trans 4,5-disubstitu-
ted compounds; C.) two 1isomers due to restriction of rotation

of the 4-(l-methoxycarbonyl-2-oxopropy ) group by adjacent
methyl group at C-5 and methoxycarbonyl group at C-3. The n.m.
r. spectrum suggested the two components were present in
approximately 1l:1 ratio and since the ltraviolet spectrum of
this product 1is similar to other members of the series, a 50%
enol content seems unlikely. All 4,5-disubstituted compo ds
isolated thus for have had trans stere :themistry about C-4 and
C-5. This interpretation of the n.m.r. spectrum therefore seems
unlikely. The third possibility base o restricted rotation 1is
believed to be the correct explanation of the n.m.r. results.
The product then would be a mixture of two components, one
having methoxycarbonyl group cis to th 5-methyl group and one
with acetyl group cis to the 5-methyl coup. If this explana-
tion 1s correct then a compound having two equivalent groups
instead of methoxycarbonyl and acetyl 1o0uld exist in one form
only; the n.m.r. spectrum of the compo d ( 42d ) derived from
acetylacetone showed only one component. In addition, the
product ( 4e ), in which rotation cann : be restricted since

the 5-methyl group 1s absent, showed o .y one component.












- Lle 3 : The Coupling <
4-Substituted ¢

42a,b,c ).

nts of the Ring Protons of the

ihyare

zepines (

4a,b,c and

Cc wpound Substituents Coupling Constants
a b c d qz )

4a H H H C 1ip=15.0, Jbc=7.0, Jac=~1
CO-

4b H H H N ib=14.0, Jbc=6.5, Jac=1.0
\
CO-

4c H H H C 1ib=15.0, Jbc=6.2, Jac=1.5

42 a Me H H @) Jbc=6.6
CO-

42 Me H H ﬁ\ JIbc=6.0
L )=

42c Me H H C Jbc=6.2







The ¢ -pyrrolyl-crotonic acid ( 43a ) and the s -
pvrrolyl-a-—-deuteriocrotonic acid ( 43¢ ) were obtained in good
vield from the reaction of the 4-chloromethyl-1,4-dihydropyri-
cin> ( 3a ) with potassium carbonate in agqueous dimethyl sul-
foxide and in hexadgeuteriodimethyl sulfoxide-deuterium oxide.
The methyl @-pyrrolylcrotonate ( 43b ) was prepared from the
acia ( 43a ) and showed to not undergo selective hydrolysis on
the crotonic ester group in the rearrangement reaction condi-
tion. The a-hydrogen of the g-pyrrolylcrotonic acid did not
show l1sotopilic exchange in the above reaction condition.
Obviously the deuterium atom was introduced in the earlier step
of the reaction and the formation of the B8-pyrrolylcrotonic
acid ( 43a ) was thought to involve hydration of the 4li-azepine
(9 ) to form 4-hydroxy-4,5-dihydroazepine by 1,2-addition or
1l,4—-addition and tautomerizatioéf and following basic catalysed
retro-Claisen ring opening to give an enaminealdehyde ( 45 )
which undergoes cyclization and lactonization to form lactone
( 46 ). The lactone ( 46 ) was then hydrolysed and finally
aromatization by base gave the -pyrrolylcrotonic acid (43a,c).

The same pasic treatment of the 4-(l-chloroethyl)-1,4-dihydro-

pyridine ( 3e ) dia not give the corresponding p-pyrrolyl-
crotonic acid but yielded the 4H-azepine ( 47 ) even after
stirring for one month. These different results are probably

due to the steric effect of the C-5 methyl group in the hydra-

tion step.



( Scner.e 2 )

Li CH2C1
MeO, C CO,Me - 1eO,C \ CO, Me H,O
] 2 OH (c OD.)
> \ _ >~ (0rD,0)
a7 —_—_— o
Me T~ Me -HC1 Me N Me
H
ﬁﬁ(or OB)
an(D) lO MeO, C -
. H (D) i
MeO, C 0, Me
- Me
MeO,C 1i O (or OD) MeO:» C

/ \ — -(43a,c)

— > Me~ ~ Me

Y

~
e —xn_-C=0 Me - £0>2

H (D) H (D)

(46)



(y.) Preparation of the 4-Methyl-4ld-azepine ( 47 ).

The 4-methyl-4ii-azepine ( 47 ) was prepared following
Johnson's method by the reaction of the 4-(l-chloroethyl)-1,4-
dihydropyridine ( 3e ) and sodium ethoxide in absolute ether,
and by pyrolysis of the 4-methoxy-5-methyl-4,5-dihydroazepine
( 42a ) . The product was distilled under reduced pressure as
pale yellow oil which showed ultraviolet absorption at J‘max 213
and 295nm (8,200 and 7150 ). The corresponding 4H-azepine(9a)
showed “nax 216, 275 and 388nm (¢20,700; 3,600; 2,900 ). The
infrared spectrum showed unsaturated ester carbonyls ( 1723 and
1702 cm ~') . The n.m.r. spectrum in carbon tetrachloride at room
temperature showed two methyl esters at 1 6.22 and 6.25
(singlets), a methvl group at T 7.60(singlet), a methyl group
at 1 7.77(broad singlet), and a methyl group at 1 ¢.14 ( very
broad ). At 50 ¢ , the n.m.r. spectrum showed two methyl esters
at T 6.24 and 6.27 (singlets), two methyl groups at T 7.62 and
7.80 (singlets), a methyl group at T 9.12 (doublet, J=7.0 Hz),
and a olefinic proton at Tt 4.77 (doublet, J=9.0 Hz). This indi-
cated a slow ring inversiégsgn this compound at room tempera-
ture. The mass spectrum showed a strong parent peak at m/e 251,
and base peak at m/e 192 corresponding to the elimination of
CO Me radical.

This compound was also obtained from the reaction of
the 4-(l-chloroethyl)-1,4-dihydropyridine( 3e ) with potassium
carbonate in dimethyl sulfoxide and by the pyrolysis of the 5-

methyl-4-succinimino-4,5-dihydroazepine ( 42b ).



rRearrangements of 4-Cyano-4,5-dihydroazepines.

-

(a.) Base-catalysed Rearrangement.
From the reaction of chloro-compound ( 3d ) and pota-
ssium cyanide, the pyrrole ( 5b ) was isolated along with the

4-cyano—-4,5-dihydroazepine ( 4h ), especially when heated. The

formation of pyrrole was thought to involve base-catalysed ring

contraction of the 4-cyano-4,5-dihydroazepine ( 4h ), since
treatment of the 4-cyano-4,5-dihydroazepine ( 4h ) with alco-
nolic potassium hydroxide gave pyrrole ( 5b ) and ethyl

acrylate. The mechanism was originally postulated to occur via
a retro—-Claisen condensation, followed by base-catalysed cycli-

zation and elimination of ethyl acrylate, as outlined in the

following scheme ( scheme 3 ).
1C R a, R=CO;Me
/ \ b, R=CO;Et
Me N Me
H c, R=CO,H
(5) d, R=H
( Scheme 3 ) B
CN H CN
EtO, C CO, Et retro—Claisen EtO, C O, Et
\ / condensation N \
R - NS
Me ﬂ Me Me NH Me

H

Me




cer on Jonnson and Anderson found that the simpler 4,5-di-

nydroazepine( 10 ) with agueous potassium hydroxide, eliminat-
ew anmaoania a.nd producea l-acetyl-2-metnylcyciopentene(1l8), (see
introduction section, page 19 ). With cyano substituent, the

Lo

reaction follows a different course. Johnson and Anderson
tnerefore suggested a transannular interaction mechanism
involving formation of carbanion at C-4, followed by nucleo-
pnilic attack on the C-7 position, and aromatisation by elimi-
nation of ethyl acrylate from the bicyclic compound( 48 ) .

(see Scheme 4 ).

( Scheme 4 )

EtO,C COEt B~ LtOZC COLEt EtOZC = CO,Et
N N N
Me Me Me
(48)
EtO,C CN
+
—_——> / \ CH,=CHCO,ET
Me Me

N
H

From the reaction of the 4-cyano-4,5-dihydroazepine
( 4c ) in boiling methanolic potassium hydroxide, we obtained
netuyl acrylate and a small amount of its ammonia addition
product, methyl 3-aminopropionate which were detected and sepa-
ratea from the distillate by gas liguid chromatography, and
were confirmed py mass spectrometry. The pyrrole ( 5a ) was
isolated from the residue in good yield, and was identified by

tne spectral data and also oy tne conversion of tae methyl






(b.) Ascid-catalysed Rearrangenent.

During studies of the oxidation of the 4-cyano-4,5-
9b, 11

dinydroazepine ( 4h ), Bullock, Gregory and Johnson found that
a small amount of the furo [2,3—b] pyridine ( 7b ) was formed
from the action of sodium nitrite in glacial acetic acid. The

vield was improved by the action of aqueous ethanolic silver
nitrate, and along with the furo [2,3—b] pyridine ( 7b ) a
small amount of the pyrrolo [2,3-b) pyridine ( 8b ) was formed.
The structures of these rearrangement products were based on
spectral data, anua cnemical properties (e.g. aromaticity,
basicity ), and degradation to 6-nethyl-3-n-propyl-2-pyridone
by hydrolysis, decarboxylation and hydrogenolysis.

The mechanism of the formation of the furo(2,3-b) -
pyridine ( 7b ) and the pyrrolo(2,3—b] pyridine ( 8b ) was
postulated to involve protonation of the vinylamine system,
followed by hydrolysis to the acyclic intermediate ( 51 ) which
could be further converted to (52) by acid. A double cycliza-
tion and oxidation then leaas to the furo (2,3—b]pyridine( 7b) .

Double cyclization of (51) and oxidation of (53) will lead to

the pyrrolo(2,3-b)pyridine( 8b ). No further investigation and
intermediate isolation has peen reported. ( see page 48-sheme 5).
R // R R - R
Me w O Me Me N 5 Me
il
(7) (8)
a, R=CO,;Me a, R=CO,;Me

b, R=CO,Et b, R=CO;Et



( ~chene 5 )

COEt
Lto-C COo Lt . Et02C COvbt BrOzC
+ Me
o M Me Hz
4 (51)
L/:"izo
H*
COLEt
LtO-C Ozht EtO,:C EtO,C CO2Et
}\Me r\ ]
-1 \\]
(52) (5
—-H, —H»,
=tO, C COzEt EtO,C COL,Et
/l =
Me~ Xy -~ N\g < ~Me Me” XN - 21~ “Me
H
(7b) (€ )
We have reinvestigated this reaction in ti hope that

evidence could be obtained which would support or reject the
avove mechanism. If the mechanism is correct, the 4- yano-5-
methyl-4,5-dihydroazepine ( 42c ) should give a furof2,3—b]
pyridine with the extra methyl group in the 4-posit: n. The 4-
cyano-5-methyl-4,5-dihydroazepine ( 42c ) was synthe ized and
reacted with agueous methanolic silver nitrate, to ¢ ve three

COIﬂpoundS A Ci4H; sNO5s ), B ( Ci14H; WO ) , and C( CiyH, 6N2O‘+) .



compound A showea ultraviolet absorption at mnx L8, 251, and
237nm (23,800, 9,150; 8,500 ) with shoulder at 2% 260.5nm

(. 8,000) and infrared spectrum vmax at 1727 cm ~!, corresponding
to the ester carbonyl. The n.m.r. spectrum showed two methyl
esters at 7 6.03 and 6.09 (singlets), and three methyl groups
at - 7.29, 7.36 ana 7.45 (singlets) shifted to lo field com-
pared with starting material indicating the stron ring current
and hence the aromatic nature of the compound. The compound C
showed ultraviolet absorption at srmax 228 and 294 n (£24,900;
11,000) with shoulder at rmax 250nm (£15,500), an' infrared
spectrum vmax at 3435, 3205, 1727, and 1709 cm ' correspondaing
to the N-H and ester carbonyl stretchings. The n. .r. spectrum
showed a proton at 1 -2.05 for WH, two methyl esters at T 6.03
ana 6.11 (singlets), and three methyl groups at ©v 7.32, 7.35,
and 7.42 (singlets), which were again shifted to low field
conpared with starting material, indicating aromaticity. The
very similar spectra suggested that the two compot .ds possessed
similar ring systemns differing only in the replacement of the

oxyyen atom of A by HH function in compound C.

From the 4-cyano-4,5-dihydroazepine ( 4c ) only two
conmpounds D ( Ci1313J0s5 ) and E ( Ci13H1sN204 ) were obtained.
Compouna D was identical with the furo [2,3—b) pyridine ( 7a )

from the reaction of the N-methyl-4-chloromethyl-1,4-dihydro-
z2

pyriaine ( 20, R=CO:22Me ) and potassium cyanide . - e ultravio-

let and infrared spectra of compound D and E were almost

identical with the furo [2,3-b ) pyridine ( 7b ) and the pyr »lo-

[2,3—b) pyridine ( 8b ), and again similar to the compound A
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anud ¢ from the reaction of the 4-cyano-5-methyl-4,5-dihydro ze-
pine (42c). There was no compound corresponding to compound B
formed in this reaction. From above simple relationship, the
conpounca A was assigned as furo [2,3—b) pyridine ring systel

and the compounds C and E as pyrrolo [2,3—b] pyridine ring

system. Mass spectra of these four cowpounas A, C, D, and E,
all showed strong rarent peaks ( as base peaks ) and similar
fragmentation vatterns corresponding to the elir nation of I O,
MeO:i, anda CO:Me species.( see mass spectra section). This 1s

again a good support of the stable ring structures.

Compound B showed ultraviolet absorption at /max 214
ana 279.5nm( -« 3,200 and 11,500) in 95% EtOH, indicating the 3-
acetamidocrotonate chromophore possibly the RF-unsaturated-
lactam or the y-unsaturated-3-lactam, ( e.g. the vy-lactams 54a,
54 give ultraviolet absorption at imax 218, 280nm(e3,240 and
11,180) and 218, 280nm(e4,250 and 12,000); the d&-lactams 55a,
55b give ultraviolet absorption at ‘max 212, 279 n(e€2,435 and

40

11,740) ana 214, 279nm(€2,915 and 12,270) ). The infrared

spactrum showed N-H stretching( 3400 and 3224 cm '), saturated

ester carbonyl( 1750 cm '), unsaturated ester carbonyl and
ketone carbo s71( overlap at 1720-1695 cm ™), ami : carbonyl (
1640 cm™'), support the 3-acetamido-crotonate and methyl aceto-

acetate systems. Mass spectrum showed parent peak at m/e 297
and base peak at m/e 181 corresponding to loss of methyl aceto-
acetate by McLafferty rearrangement. From the ev: lence of the
foregoing spectra the two possible structures 62b and 63b were
postulated, 1d the n.m.r. spectrum is in agreeme .t with 63b.

Three protons at  5.99( 4, J=11.4 Hz ), 6.34( 4 .,


















HYi, O

( 56 ) and ( 57 )

MeQO, C i CO, e MeO
m —
Me o Me
H

a, R= H

b, R=Me

2 C

Me

56 -

R
:

|
| O
H

(61)

M902C

Me

CN

CO2 Me

COzI\"Ie MeOZC

, "I‘I 2
Me Me
/ CO > Me
I
~E N
N O Me

(69)

CO, Me

//~Me



The Mechanism of the Ring Expansion of 4- alogenocalkyl-1,4-di-

e

nydropyridines.

A wide range of proaucts such . 5 derivatives of
pyrrole, dihydroazepine, azepine, fulvene, furo [2,3~b]pyridine,
pvrrolo (2,3-b) pyridine, and 2-azabicyc] (3.2.1) oct-3-ene
haa been reportea from the reaction of t] : 4-chloromethyl-1,4-
dinydropyridine ( 3 ) with wvarious nuclec b>hiles (see introduc-
tion section ). 1ne rearrangement products largely depend on
the pasic character of the nucleophiles 1d the N-substitution,
ana these proaucts occasionally undergo further base-catalysed
rearrangements but almost invariably a ring expansion reaction
appears to be necessary as initial step.

In order to study the ring exp 1sion reaction and
reclated rearrangements, the 4-(l-chloroethyl)-1,4-dihydropyri-
dine ( 3e ) was prepared by condensation of 1,2-dichloropropyl
ethyl ether and methyl 3—-aminocrotonate in benzene. Tne product
snowed characteristic 1l,4-dihydropyridine ultraviolet absorp-
tionii and the structure was confirmed by elemental analysis
and other spectral characteristics ( see Experimental section).
This compound possesses a methyl group on the carbon atom where
the cihlorine is located and will act as label in the rearrange-
nents. The corresponding bromo-compound ( 3f ) was prepared by
the treatment of the 4-methoxy-5-methyl-4,5-dihydroazepine
( 42a ) with conc. hydrobromic acid in ether. The spectral
data of the bromo-compound ( 3f ) were similar to its chlorine

analogue ( see Experimental section ). For the comparison of






gen was proposed.

If the rate-determing step was the removal of proton
from WH, and then followed by very rapid rearrangement and eli-
mination of halide ion, the 4-chloromethyl-1,4-dihydropyridine
( 3a ) and the 4-bromomethyl-1,4-dihydropyridine ( 3b ) should
react at the same rate. However, it has been found that in the
competitive reaction of egquimolar guantities of the 4-chloro-
methyvl-1,4~-dihydropyridaine ( 3a ) and the 4-bromomethyl-1,4-
adihvdropyridine ( 3b ) with potassium carbonate in dimethyl
sulfoxide-dg, the bromo-compound ( 3b ) was used up within 30
minutes while at this time more than 70% of the chloro-compound
( 3a ) remains from the n.m.r. measurement. Assuming that the
acidities of the NH groupings are approximately the same in the
two compounds, then the reaction rate seems to depend on the
nature of the leaving group. The competitive reaction of the
4-(l-chloroethyl)-1,4-dihydropyridine ( 3e ) and the 4-(1-
bromoethyl)-1,4-dihydropyridine ( 3f ) also showed a similar
result. (see Experimental section). In order to eliminate the
solubility factor involved in the reaction, the competitive
reaction was carried out in very dilute solution with excess
reagent and at constant temperature ( 26O ). The reactions were
followed by measurement of the ultraviolet absorption spectra
( see Experimental section and Fig. 2 ).

From the results, it is clear that the bromo-compound
( 3b ) reacts faster than the chloro-compound ( 3a ) either in
the presence of strongly basic or weakly basic conditions, and

both compounds react 1in strongly basic conditions much faster



than in weakly basic conditions. Thus the reaction is depend-
ent on the nature of leaving groups and also dependent on the
base strength. This suggests that both a modified Brignell's
mechanism,and Gregory and Bullock's mechanism probably are
equally possibpble.

In strongly basic conditions, removal of proton from
nitrogen atom take place very rapidly and is followed by elimi-
nation of halide ion whicihh is the rate-determing step. In weak-
ly basic conditions, homoallylically assisted ionization of
halide ion may occur as a rate-determing first step to give an
equilibrating set of carbonium ions or a non-classical carbo-
nium ion which may then react with nucleophile to give 4-sub-
stituted 4,5-dihydroazepine ( 4 ) or lose a proton to give the
4ii—azepine ( 9 ). The equilibrium concentration of the N-de-
protonated species ( 3A ) would be much lower in weakly basic
media and therefore a small fraction of the reaction, if any,
would proceed by the modified Brignell route.

The formation of product may occur by attack of
nucleophile on the carbonium ion, or by addition to the 4H-
azepine ( 9 ) or its valence isomer, the azanorcaradiene ( 9A).
The addition to the 4ii-azepine is a type of Michael reaction
vecause the 4h-azepine ( 9 ) has C=C(C=N)-CO,R system which
showed two electron withdrawing groups on the C-5 and C-6
double bond. ( cf. the system C=C-C=N behaves like the C=C-C=0
in the Michael reaction, and quinone imidegg, 2-vinylpyridines,

4 4

and 4-vinylpyridines are good acceptors in the Michael reac-

tion towards the reactive methylene compounds ).



In cases where weakly nucleophilic reagents are used

or 1in the concitions which favor the reverse Michael reaction,

tne isolation of the 4lH-azepine ( 9 ) should be possible. In
fact, the 4H-azepine ( 9 ) was prepared from the reaction of
the 4-chloromethyl-1,4-dihycdropyridine ( 3a ) with potassiumn

carbonate in dimethyl sulfoxide.

( Scheme 7 )

1CEIQ—X
8 + strong
R R 0" pase ) R y R R .
~ [~ ,
P
M J Me M \\\IJ 1o Me N Me
i1
(3) (3A) (9) (91)
- A . ~
+ X L X( weak base ) _u* it A
+
R R R
A=\
N~ Me Me” N e HY
H I
—-lY
v
Y
R R _
\ I












































































































( <10,800) after 1a.
\Mass spectrum:iy/e 353(2), 321(6), 278(10), 238(17), 237(34), 222
(7), 206(29), 205(24), 179(24), 178(54), 177(11), 174(5), 164 8),
162(7), 149(5), 148(7), 147(9), 146(58), 137(5), 136(5), 119( ,
118(22), 116(14), 105(13), 101(10), 91(6), 88(4), 85(17), 84(7),
76(6), 77(18), 74(10), 69(14), ©5(5), 59(28), 53(6), 52(6), 51

(6), >1(7), 44(7), 43(100), 42(12),41(5), 39(7).

vriinethyl 8-acetyl-1,3-daimethyl-2-azabicyc D [3w2.l] oct-3-en

-4,7,8~-tricarboxylate ( 36b ).

Tne chloro-compound ( 3a, 1.0g.) in dry dimethvlfor-
mamide (1l0ml.)was added to a solution of methyl sodioacetoacetate
(1.06g.) in dry dimetnylformamide (20ml.) a above, and tne mix-
ture was heated on an oil patn for 6a. at )% . After cooling,
tae nixture was poured into cold water (100 ..) containing ammo-—
nluwr chloride (5g.) . Tne product was extracted witn chloroform
(3x60ml.) and the chloroform extract washe wlith water (3x20ml.) .
Tne solvent was removed under reduced pressure and tne residue
recrystallised from etner-petroleum ether 1  give wnite need 2s
(0.929,71%) m.p. 147-148.5° .

Ultraviolet spectrum: imax  290nm( e 14,5 ).

Infrared spectrun: vmax 3415m(NIl), 1738s(C= ), 1706s(C=0), 1le6t
(C=0), 1598m, 1475m, 1460m, 1454m, 1435s, 1380m, 1356., 1332m,
1304m, 1265m, 1174m, 1lllém, 1096s, 1079r, ¢ 8w cm™!.

d.M.R. spectrum: 1 , 5.91(s, Nii), 6.33(s, t 0 =2ster Me), 6.77(
a.d, J 11. ana 5.5Hz, ), 7.72(s, 3-Me), 7.95(s, COve). and 8.2
(s, 1l-Me), One proton at 1t 6.25-6.45, two ¢ otons at 1t 7.5-8.2

were partially obscured by ester methyls, methy. and ac-tvl
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10-(7), 96.5(12), 21(8), 80.5(15), 79(6), 77(9), 67(6), ©65(6),

59(3), "5(20), 53(5), 43(6), 42(20), 41(8), 39(6).

[—uldl. Calca. for Ci18 H23 NOs (mol.wt. 349) : C, 61.88, 11,6.64;
N, 4.19. Found (mass spectrum 349) : C, 61.82; H, 6.40, N,
4.19.

pimetayl 1,3-dimetnyl-2-azabicyclo [3.2.1] oct-3-ene-4,7-

alcarocrylate—-8-spiro-(4"',4'-aimetnyl-2"',6"'-dioxocyclonexane)

(41b ).

Thne cnloro-compounada( 3a, 273mg.) 1in dry dimetayl-
formami e(5ml.) was added to a solution of 5,5-dimethylcyclo-
nexane- ,3-dionate(350mg.) prepared from dimedone (32 ng.) and
sodium nydriae (52mg.) in dry dimethylformamide (10ml.) . The
mixture was heated on a water bath for 8h at 65° with magnetic
stirrir . After cooling, the mixture was poured into cold water
(100ml.) containing ammonium chloride(5g.) and the solution
cxtraclt 4d witn ether (3 x 80ml.). The ether extract was washed
witn water (3 x 20ml.) and the solvent removed in wvacuo. The
residue was crystallized from chloroform-petroleum ether to
Jive wihite needles (310mng.; 82%), m.p. 221.5-222.5°% .
Ultraviolet spectrum : Amax 289nm( £ 14,550) .

Infrared spectrum : vmax 34l6n(MNH), 1727s(C=0), 1697s(C=0),

1662, 1593m, 14821, 1467m, 1456n, 1437m, 1376m, 1356m, 1322n,
1308m, 1267m, 1174m, 1112s, 1095m cm”'.

Jd. M. R. spectrum : 1,5.84(s, NH), 6.32(s, two ester Me), 7.98
(s, 3-Me), 8.27(s, 1l-4e), 8.81 and 9.16 (each s, dimedone ring

Me) . Eight protons give complicated signals petween 1 6.1-8.4

and were hard to interpret.
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12(14), 41(13), 39(6).
Anal. Calcd. for C21 H2e NOe (mol.wt. 391) : C, 64.43; U, 7.47;

N, 3.58. Found (mass spectrum 391) : C, ©64.38; A, 7.49; N, 3.39.

Dimethyl 1,3-dimethyl-2-azabicyclo [3.2.1] oct-3—-ene-4,7-di-

carboxylate-8-spiro-cyclopentadiene (39a) .

Tne chloro-compound( 3a, 2.73g.) in dry dimethyl-
formamide (20ml.) was adaed to a solution of cyclopentadienyl
sodium(2.2g.) prepared from fresnly distilled cyclopentadiene
(3.5ml1l.) and sodium hydride (600mg.) in dry dimethyl formamide
(20ml.) on an ice-water bath. The mixture was neated on a water
path for 6h at 60°% withn magnetic stirring. After cooling, the
mixture was poured into cold water (300ml.) containing ammonium
cnloride (20g.) ana the solution extracted witn ether (3 x200ml.) .
Tne ether extract was washed with water (3 x 30ml.) and the
solvent removed under reduced pressure. The residue was crysta-
llized from etner-petroleum ether and agueous cioxane to give
colorless prisms(2.05g.;67.5%), m.p. 195-196.5° .

Ultraviolet spectrum : ‘max 295nm(e16,200) .

Infrared spectrum : vmax 3427m(NH) , 1739s(C=0), 1681ls (C=0),
1593s, 1479m, 1452m, 1438m, 1380m, 1349m, 1334m, 1303m, 129%6m,
1277m, 1171m, 1149m, 1120m, 1094s, 1078m cm™'.

N. M. R. spectrum : (Varian HA-100) T 3.69(m, cyclopentadiene
ring protons), 5.72(s, NH), 6.29 and 6.38(each s, ester Me),
6.8l1(d.d, J 4.9 anada 11.8 iz, 7-H), 7.02(b.d, J 5.8 and ~1.0 Hz,
5-11) , 7.36(b.4.d, J 4.9, 14.0 and 1.0 4z, 6enco H), 7.62(m,

J 5.8, 11.8 and 14.0 iiz, 6exo i), 7.82(s, 3-Me), 8.79(s, 1-Me).
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Mass spectrum : /e 304 (13), 303(67), 288(13), 273(5), 272
(32), 256(6), 245(17), 244 (100), 243(9), 240(7), 230(9), 228(8),
218(8), 217(51), 216(59), 213(o), 212(27), 211(8), 202(382), 196
(5), 188(5), 185(11), 184 (34), 183(6), 182(7), 179(8), 171(e6),
170(11), 169(13), 168(11), 159(9), 158(63), 157(14), 156(1l6),
154(6), 152(6), 144(7), 143(13), 142(12), 141(9),131(6), 130(9),
129(18), 128(19), 127(6), 1lle6(1l2), 115(29), 106(6), 103(7), 93
(7), 91(14), 89(6), 84(9), 79(6), 78(6), 77(13), 65(10), 59(14),
55(9), 53(6), 51(6), 42(26), 41(6), 39(10).

Aanal. Calcd. for C,,H, NO, (mol. wt. 303): C, 67.31; H, 6.98; N,

4.62. Found (mass spectrum 303): C,67.57; 1, 7.03; W. 4.75.

Dimethyl 1,3-dimethyl-2-azabicyclo [3.2.1] oct—-3-ene-4,7-

dicarpoxylate-8-spiro-cyclopentane ( 40 ).

Spiro-compound ( 39a , 250mg.) and platinum oxide (50
mg.) 1in methanol (20ml.) were stirred under hydrogen at 1 atmn.
pressure and room temperature. The hydrogen absorption took
place in 30min. and stirring was continued for another 30min..
Tne catalyst was filtered off and the “iltrate was evaporated in
vacuo. The tetranydrospiro-compound ( 40 ) was crystallized as
white prisms (242mg.;96%)m.p. 207—210O . The analytical sample
was recrystallized twice from agueous metnanol to give white
prisms, m.p. 212-213.50 |
Ultraviolet spectrum: A‘max 296nm( £€16,950).

Infrared spectrum: VvVnax 3427m(NH) , 1730s(sat. COaMe), 1l664s
unsat. COa2Me) 1589s, 1478s, 1453m, 1435s, 1378m, 1352m, 1330m,

1302m, 1277m, 1165m, 1114s, 1081m. cm~1.
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zsura, anda tne residue recrystallized from cnloroform-petroleun

00

etaer to give white prisms(2.78g.; 75%). m.p. 192.5-193.5°% .
Uitraviolet spectrum: Amax  235nm(e11,8C ), 330nm( £13, 8¢(
Infrared spectrum: vmax 3410m(NH), 1775w (C=0), 1705s(C=0),
le22w, 1511n, 1505s, 1435m, 1402m, 1385m, 1358m, 1326m, 1z 8m,
1134w, 1089s cm™!.

N.M.R. spectrum: (Varian HA-100) T, 4.22(5, N1i), 4.48(d.4d, J

1.0 anda 6.5 Hz, 4-1i), 6.36and .39 (each s, ester Me), 6.78(d.c, J
o.> and 14.0 Yz, trans 5-d), 7.48(s, succinim 10 group, CH,),
7.60(a.d, J 1.0 and 14.0 Hz, 5-11), 7.56 and 7.77(each s,
nuclear Me) . Tne trans 5-11, guartet becomes doublet --:-a
irradiation at 552 Hz.

“ass spectruam: m/e 336(5.7), 277(5), 251(5), 245(5), 238(11),
237(60), 224(4), 222(16), 219(5), 218(5), 217(3), 207(5), 206/
31), 205(35), 192(7), 190( ), 180(6), 179(40), 178(100), 177(21),
los(5), loe4d(le), 1lo3(7), 1l62(le), 153(9), 150(5), 149(9), 1l4s
(13), 147(15), 146(97), 137(10), 136(11), 135(5), 134(8), 133
(6), 121(12), 120¢(7), 1l19(11), 118(42), 117(5), 109(7), 1C (5),
107(5), 106(7), 105(24), 104(4), 100(5), 99(47), 94(6), 93(9),
22(5), 91(13), 83(5), 79¢(8), 78(13), 77(37), 67(7), 66(7), 65
(11) , 59(33), 56(42), 55(14), 53(15), 52(15) 51(19), 50(6), 45(9),
44(13), 43(12), 42(19), 41(11), 39(1le)

Anal. calcd. for CigHppid, O (mol.wt. 336):C, 57.14; H, 5. 9; H,

s.33 . Found (mass spectrum 330): C,57.05; H, 6.09; N, 8.22 .

Dimethyl 4,5-din” dro—2,5,7-trimethyl-4-succinimino-azepir -3,6—

dicarboxylate ( 42b ).

The cnloro-compound( 3e, 2.87g.) was added to a stirred
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s_.lution of potassium succinimide (l.4~.) in absolute ethanol (6C
LiL.). A tter 48n. the solvent was removed under reduced pressure,

anu tne residue recrystallisecd from chloroform-ether-petroleum

oe

ctner to give wnite prisms (2.58g.; 74%), m.p. 180- 81°
Litraviolet spectrum: iamax 235nm( €10,450), 328nm( £14,650) .
Infrared spectrum: vmax 3410m(NH), 1772~ (C=0), 1701s(C=0),
lv23w(C=CG), 1509s, 1431m, 1397w, 1373m, 1351m, 1335m, 1254m,
1168w, 1099m, 1075m cm™'.

J.M.R. spectrum: (Varian iHA-100) T, 4.09(s, NH), 4.69(4d, J 6.0
wz, 4-H), 6.37(s, ester Me), 6.65(m, J 6.0 and 7.2 Hz, 5-H),
7.49(s, succinimino group, CH ), 7.54(s, 2-Me), 7.82(s, 7-Me),
and 9.03(4d, J 7.2 tlz, 5-Me) . The 5-ii, multiplet pecomes doublet
on lirradiation at 99 Hz. Tne 4-H, douolet and 5-Me, doublet be-
come singlets on irradiation at 336H=z. The 5-H, mul iplet be-
comes guartet on irradiation at 534iz.

lass spectrum: m/e 350(5), 319(5), 291(4), 252(10), 251(57), 236
(13), 224(5), 221(6), 220(33), 219(51), 218(5), 211(5), 204(1ls8),
193(15), 192(100), 191(32), 190(5), 179(26), 178(11) 177(7),
176 (24), 167(12), 1l64(6), 163(9), l1l62(6), 1l61(12), 160(79), 159
(12), 153(15), 151(8), 150(12) ,149(7), 148(7), 144t , 135(8),
134(5), 133(12), 132(49), 121(9), 120(7), 119(21), 1 8(8),117(8),
107(e), 105(8), 99(52), 93(7), 92(7), 91(38), 79(9), 77(12), 67
(8), 66(6), 65(18), 63(5), 59(21), 56(47), 55(11), 53(8), 32(7),
51(9), 44(11), 43(13), 42(14), 41(13), 39(13).

anal. calcd. for C; 7H,,3,04 (mol. wt 350): C, 58.27; 1,6.33; N,

8.00 . Found (mass spectrum 350): C, 58.05; {,6.45; , 7.84
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63(5), 59(28), 53(30 , 52(8), 51(11), 43(33), 42(14), 41(13),

40(5), 39(1le).

Anal. Calcd. for C,, , NO; (mol. wt.283): C, 59.36; H, 7.47; XN,

4 .94. Found (mass ¢ ectrum 283) : C, 59.15; i, 7.60; N, 4.87.

Reaction of Dimethyl 4,5-dihydro-4-methoxy-2,5,7-trimethyl-

azepine-3,6-dicarbo slate( 42a ) witih Methanolic Hydrogen

Chloride.

To the 4-methoxy-4,5-dihydroazepine(42a, 300mg.) in
dry methanol (5ml.) as added 0.2N methanolic hydrogen chloride
solution (1l0ml.). The solution was stirred at room temperature
for 30 min. The solvent was then removed under reduced pressure
and the excess hydrogen chloride was removed by adding dry ether
and removing the ether under vaccum 3 times. The residue was
then separated by preparative t.l.c.on silica gel G. The higher
Rf band gave the dihydropyridine( 3e, 92mg.; 30% ), m.p.l65-
167° and was identical with the dimethyl 4-(l-chloroethyl) -1,4-
dihydro-2,6-dinethylpyridine-3,5-dicarboxylate ( 3e ).

From the second band, the dihydropyridine ( 3g ) was

obtained(175mg.; 58%), m.p.1l24-127°%° . The analytical sample was

recrystallized from ether-petroleum ether to give colorless
prisms, m.p. 127-129° .

Ultraviolet spectrum : 'max 233.5nm(e¢ 14,050), 347nm(e 6,700) .
Infrared spectrum : vmax 3430m(Nii), 3306b (WH), 1696s(C-2),
1650m(C=C), 1618m, 1472s, 1435m, 1382w, 1309m, 1151m, 1128s,

1102m, 1050w, 1007w cm

N.M.R. spectrum : 71,3.69(s, NH), 5.66(d, J 5.0 Hz, 4-H), 6.24
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:'ss spectruw: /e 33214(0), 252((6), 251(26), 236(11l), 225(013),
224 (94), 220(27), 219(40), 205(5), 204(18), 193(13), 192(93),
121(25) ,178(9), 177(5), 176((20), 1l65(7), l1le4{(ll), 1l63(7), 1le6z2
(6), 1l6l1(1ll), 1l60(82), 159(17), 151(6), 150(13), 149(34), 148
(3), 144(6), 141(7), 135(6), 134(5), 133(11), 132(50), 121(5),
120(5), 119(15), 118(s), 117(9), 107(5Y, 1l0oo(5), 105(8), 104
(6), 93(6), 9%92(0), 91(32), 83(5), 82(13 , 80(14), 79(1le), 78
(100), 77(35), 76(9), 74(5), 71(6), 70(7), 69(6), ©67(7), 66(5),
65(16), 63(6), 59(20),57(1l5), 56(10), 55(12), 53(8), 52(22),
51(21), 50(14), 44(34), 43(23), 42(22), 41(28), 40(27)y, 39(27).
Anal. calcd. for Cjp3il; gNOy Br : C, 47.00; ", 5.46; X, 4.22; 3r,

24.05. Founa: ¢, 47.07; #, 5.55; N, 4. 7; Br, 24.18.

Dimetanyl 4-cyano-4,5-dihydro-2,5,7-trimethylazepine-3,6-

dicarboxylate ( 42c ).

(a.) The chloro-compound ( 3e, 4.0g.) was added to a
stirrea solution of soaliuwn cyanide(l.bg.) 1n ailmetnyl sulfoxiae
(30ml.), and stirring continued for 48h. After addition of
water (200ml.) tne reaction mixture was extracted with ether
(3x200ml.). Thne etner solution was washed witn water (2x30ml.)
and tne solvent was evaporated under reduced pressure to give
a pale vyvellow s0l1lid(3.5g.) wnich t.l.c. revealed to .oe two com-
pounds. Recrystallization from ctner-petroleum etner, afforaed
tne less soluble cyano-compound( 42c ) as white prisms(2.41qg.;
62.5%), m.p. 147-148.5° .

Ultraviolet spectrum: Amax 229nm(=s 14,400), 326nm( £16,300) .
Infrared spectrum: vmax 3416m(NH) , 2246w (C=N), 1709s (C=0) ,

1696s (C=0), 1l633m(C=C), 1510s, 1434m, 1302m, 1273m, 1248m, 11l1l4m,
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1098w, 1075s cm~}

N.M.R. spectrum: (Varian +tIA-100) ¢t ,3.83(s, Nii), 5.66(a, J ©6.2iHz,
4-i1), 6.206(s, 3—-ester Me), 6.27(s, 6~ester Me), 6.27(m, J 6.2and
6.8 Hz, 5-4), 7.61l(s, 2-Me), 7.66(s, 7-Me), ana 9.06(a, J 6.8nz,
5-Me) . The 4-H cdoublet and tne 5-Me douolet become singlets on
irradiation at 373 iiz.

Mass spectrum : m/e 278(26), 264(8), 263(47), 248(6), 247(35),
238(12), 231(19), 21v(11), 211(17), 204 (1l2), 203(17), 192(6),
ls8¢(4), 187(13), 180¢(1l5), 179(100), 178(5), 1l60(12), 159(21),
151(6), 147(6), 1l46(5), 1l45(6), 144(5), 143(5), 132(8), 121(21),
119(26), 118(28), 117(5), 1ll6(5), 108¢(5), 93(1 ), 91(8), 80(4),
79(5), 78(6), 77(6), 67(9), 66(6), 65(10), 59(13), 53(5), 52(6),
>51(7), 43(5), 42(28), 41(14), 39(12).

Anal. calca. for C ,H,,N,0, (mol.wt. 278): C, 60.42; H, ©6.52;

i, 10.07. Found (mass spectrum 278): C, 60.31; #, 6.37; N, 2.96.
Tne niore solupvie compouna( 5a )was obtained by removal of sol-
vent from the mother liguor and recrystallization fr = benzene
to give wnite prisms (0.58g.; 23%), m.p. 180.5-181.5°0
Ultraviolet spectrum : Amax 21lnrm( €15000), 263nn (€¢8,730) .
Infrared spectrum : vmax 3435m(NH), 3251lb.m(NH), 2233s(CszN),
1710s(C=0), 1596w, 1548m, 1447s, 1414m, 1382w, 1334w, 1l277s,
1139s, 1098m cm ~1.

N.M.R. spectrum: -7 6.20(s, ester Me), 7.53 and

7.0>(eacn s, nuclear Me) . N o signal was not observed.

Mass spectrun : /e 179(8), 178(66), 1l64(6), 163(53), 148(1l1),
147 (100), 1l46(47), 145(32), 120(7), 119(23), 118(32), 117(7),
92(9), 91(5), 78(18), 77(9), 76(10), 75(5), ©5(7), 52(6), 51(13),

50(7), 42(44), 41(7), 39(3)
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anal. calc. for Cor1oN.0z2 (mol. wt. 178) :C, ©00.67; 1l 5.66; XN,

’
15.71 . Found (mass spectrum 178): C, 60.75; H, 5.88; N, 15.71 .
(p.) 4n-Azepine( 47 , 310mng.), and potassium cyanide(
150mg.) in metnanol(25ml.) was stirred for 10h. at room tem-
perature. The mixture was then poured into ice water (100ml.)
and extracted with ether(3x60ml) . The ether extract was washed
wlith water(3xl5ml.) and dried over anihydrous magnesium sulfate.
The solvent was removed under recduced pressure, ana the residue
was recrystalizea from ether-petroleun ether to give cyano com-—
pound( 42c¢c, 85mg.) . The motner liguor was evaporated and
separateda by preparative t.l.c. on silica gel G. to yield cyano
compound ( 42c , 1l72mmg.; total yiela 75%) and methoxy compound
( 42a ;1lémg.; 4.6%) and botn were identical with the authentic

compounds .

Hydrolysis and transesterification of metiyl 2,5-dimethyl-4-

cyanopyrrole-3—-carboxylate ( 5a ).

The pyrrole metnyl ester ( 5a, 1.5g.) was stirred in
tne solution of 10% sodium hydroxide (1l00ml.) and metihanol (10ml.)
at room temperature for 30nh. Unreacted ester was tnen removed

by ether extraction and tne agueous solution was neutralized

witn sulfuric acid, and extracted witn etner(3x60al.). The
ether extract was wasnhed with water (3x1lOml.) and tne solvent
evaporated in vacuo to give white crystal 5c (1.23g.; 89%).

Tne pure sample was obtained by suplimation at 200° under
0.05mm ttg. to give wihnite prisms, m.p. 325-333°%°. (decomp.).

10
lit. 264° (deconp). some decarpoxylated pyrrole 5d «aeposited
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on tne upper part of tne sudslimation tube giving m.p. 87-88.50
sa 49

lit 87.5-88.50 , g9°

. The pyrrole acid 5c¢ (0.5g.) in
alconolic nyarogen cnlorice (50ml.) was stirrced at 40° for 20n.
After removal of solvent, tne residue was extracted and recrysta-
llizea from benzene to yiela white prisms( 0.28g.; 47.5%2) m.p.
149-150.5", 1it. 149.5—1510;;d 150-151° and was identical with
the authentic sample by mixed melting point and spectral data.
Tnis ethyl pyrrolecarooxylate 5b was also obtained by trans-—
esterification of metnyl pyrrolecarboxylate 5a with sodium

e . . cn0 -
ethoxide in apmsolute etnancl at 50 for 1 day.

Dimetnyl 2,6-dimetnyl-4-(1 -tniocyanatoetnyl)-1,4-dinydropyridine-

3,5-dicarboxylate ( 3h ).

A solution of the dinydropyridine( 3e, l.4g.) and

potassium tniocyanate(0.6g.) in methanol(50ml.) was heated under

reflux for 2n . Tne solution was evaporated in vacuo, and the

residue was dissolvecd in etner(80ml.). The ether solution was

wasned with water (3 x 10ml.) and dried over anhydrous magnesium
sulfate. Ether was evaporated until tne volume was approximately
10ml. and an egual amount of petroleum etner was adds:

colorless prisms( 3h, 1.31g.; 86.5%) ,m.p. 142-145° | 7he

analytical sample was purifieau by recrystalization twice from

etner-petroleum etner to give white prisms, m.p. 149-150.3°

i

Ultraviolet spectrum : Amax 233nm( € 17,350), 341lnn( e 6,700).
Infrarecd spectrum : Vomax  3428m(J1) , 33060.w(Nii), 2154m(SCN) ,
1699s (C=0) , 16453m, 1617m, 1470s, 1434rn, 1379m, 131 , 1303m,

1277n, 1149m, 1124m, 1106s, 1072m cm™?

AT

N. M. R. spectrum : T, 3.09(s, Ju), 5.58(cd, J 5.0 .z, 4-H), 6.21
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i), 3.78(q, J 1.5 gz, Olefinic H), 6.25(s, ester Me), 7.59(s,
ring Me), 7.78(d, J 1.5 iz, Olefinic Me).

Mass spectrum : /e 224(14), 223(100), 208(7), 206(6), 193(9),
192(68), 191(23), 190(11), 179(7), 178(54), 176(19), 174(8),
l64(22), 163(6), 162(10), 160(10), 150(10), 148(5), 147(10),
l46 (55), 138(7), 134(7), 1l24(5), 122(8), 120(19), 119(le), 118
(12), 117(7), 109(5), 108(42), 107(6), 106(10), 104(6), 93(6),
91(7), 85(7), 84(8), 80(12), 79(10), 78(7), 77(7), 67(13), 65
(6), 63(5), 59(6), 53(l6) ,52(14), 51(12),43(11), 42(8), 41(1l2).
Anal. Caled. for C; H; 3NO. (mol.wt.223): C, 59.19; H, 5.87; I,
6.28. Found (mass spectrum 223): C, 59.23; H, 5.81l; N, 6.15.

(b.) A mixture of the dihydropyridine(3a, 80mg.) and
sodium bicarponate (200mg.) in glyme (30ml.) and water(lOml.) was
stirred for 10 days at room temperature. The reaction mixture
was then poured into water(1l00ml.) and extracted with ether
(3 x 20ml.) to remove water insoluble products. Dilute sulfuric
acid was added to neutralize the agueous layer and extracted
with ether(3 x 30ml.). The ether extract was worked up as above
to give white prisms (38mg.;58%), m.p.l48—l490. This product was
identical with the authentic sample from the above procedure by
nixed melting point and spectral data.

The acid (43a, 50mg.) and potassium carbonate (100mg.)
in dimethyl sulfoxide-d ¢ (1lml.) and deuterium oxide (0.5ml.)
were stirred at room temperature for one day. The acid was 1iso-
lated and purified as above to give white prisms (44mg.) ,m.p.
l48—l490. This product showed no deuterium exchange in the n.

m.r. spectrum.
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ltethyl R3-(3-methoxycarbonyl-2-methyl-l-pyrrolyl) crotonate (43b) .

The methyl ester(43b) was obtained quantitatively by

methylation of the acid with diazomethane, and purified by

G
ulistillation from pulb tupe at 120-125 (oil bath temperature)

. 0
under 0.05 mm Hg. It solidified when standing, m.p.41

Ultraviolet spectrum : imax 249nm( £10,600) .
Infrared spectrum : Vmax 1730s (C=0), 1703s(C=0), 1l676ra, 1557m,

1494m, 1442m, 1392w, 1379w, 1304m, 1244m, 1174m, 1156m,1116m,
1055m, 917w cm™ '

N.M.R. spectrum : T,3.47 and 3.62(each d, J 3.2 Hz,ring H),

3.99(gq, J 1.4 Hz, olefinic H), 6.25 and 6.45 (each s,ester Me),

7.64(s, ring Me), 7.84(d, J 1.4 Hz, olefinic Me),

Mass spectrumn : /e 237(100), 222(7), 207(9), 206 (64), 205
(14), 204(6), 190(12), 179(8), 178(62), 174(19), 173(6), 1l62
(13), 1le0(7), 147(12), 1l46(52), 120(6), 119(15), 118(43), 117
(5), 108(19), 106(7), 99(6), 91(6), 87.5(7), 79(6), 67(14), 59
(1), 58.5(7), 53(8), 52(8), 51(8), 45(9), 39(18).

Anal. Calcd. for C.,H; 5030, (mol.wt.237) : C, 60.75; U, 6.37;

W,

5.90. Found (mass spectrum 237) : C, 60.78; H, 6.46; N, 6.02.

The methy ester(43b, 50mg.) and potassium carbonate

(50mg.) in dimethyl sulfoxide-des (1lml.) and deuterium oxide

(0.5ml1l.) were stirred for one day, and showed no ester group

nydrolysis from the n.m.r. spectrum ana t.l.c..
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Dimetnyl 2,7 -dimethyl-4ii-azepine-3,6 -dicarboxylate ( 9%9a ).

(a.) Dinydropyridine( 3a, 000mng.) and powdered
potassium carbonate (500mg.) in dimetnhyl sulfoxide(l2ml.) was
stirred at room temperature for 3.5h . The reaction mixture was

poured into cold water(50ml.) anc extracted with ether (3x15ml.) .
Tne etner extract was wasned with water (3x5ml.) and dried over
anhydrous magnesium sulfate. After removal of solvent, tne
residue was distilled from a bulb tube under 0.05 mm Hg.

Tne product was distilled at 110-115°(0il bath temperature) as
pale yellow oil, ( 9a, 352mg.; 68%) and crystallized on stand-
ing, m.p. 67-72°. This suvstance was identical with the authen-
tic 4H-azepine( 9a ) prepared oy tne method of Anderson and
Jonnson12 .

(b.) Tne 4-succinimino-4,5-dihydroazepine( 4b, 150mg.)
was 1introduced into a sublimation tupe, followed by a column of
small glass peads (20cm) . The tube was preheated at 180-185° for
5 min. and then distilled at the same temperature under 0.03mm
Hg. A colorless o0il and wnite prisms were concenseda on the top
cool part of the tupe. The 0il was dissolved in cyclohexane
and, on adaition of petroleum ether, yielaed wnite prisms, (73mg.;
©9%) , m.p. 76—770, and was ildentical with the samples obtained
from pyrol sis of tne 4-metnoxy-4,5-dihydroazepine( 4a ) and
potassium —~aroonate treatment of tne 4-cnlorometnyl-1,4-dainydro-
pyridine ( 3a ) in dimetnyl sulfoxice Dy mixed melting point
and spectral data. Tne wanlte prisms formed on the tube was

purified oy wasaing witn cyclonexane and recrystallized from
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2tnanol to give white prisms, (36mg., 81%), n.p. 125° , water

soluple, and was snown to e identical with succinimide by mixed

melting point and i.r,n.m.r, mass spectra.

Dimetnyl-2,4,7-trinetnyl-4li-azepine-3,6dicarboxylate ( 47 ).

(a.) Dihydropyridine( 3 , 2.5g.) and powdered potassium
carbonate (2.0g.) in dimetanyl sulfoxide(35ml.) was stirrec at
room temperature for 5n. and then poured into cold water(120ml.).
The product was extracted with ether(3x50ml.) and the ether ex-
tract was washed witn water(3x20ml.) and dried over anhydrous
magnesium sulfate. After removal of solvent, the residue was
distilled from a »pulb tube under 0.03mm Hg. The product was
distilled at 110-115° (oil bath temperature) as pale yellow
oil, ( 47/, 1.8g9.; 82%)

Ultraviolet spectrum : Amax 213nm( £€8,200), 295nm( € 7,15)).
Infrared spectrum : vrmax 1723s(C=0), 1702w (C=0), 1620m, 1562w,
1435s, 1374m, 1298m, 1247s, 1209m, 1190w, 1163w, 1112m cm-t

Jd. M. R. spectra : ( CClL+ )

(a.) at R.T., T, 6.22 and 6.25(each s, ester Me), 7.60(s, nuclear
Me), 7.55-7.95(b,centred at ¢ 7.75, nuclear lle), and 8.85-9.45
(v.o, centred at 1 9.15, nuclear Me) .

(b.) at SOO,T, 4.77(4d, J 9.0 Hz, 5-H), 6.24 and 6.27(each s,
ester Me), 7.12(m, 4-11), 7.62 and 7.80 (each s, nuclear Me), and
9.12(a, J 7.0 Hz, 4-Me) .

Mass spectrum : m/e 252(6), 251(34), 236(13), 220(28), 219
(47), 204(18), 193(14), 192(100), 191(34), 178(10), 177(6), 176

(24), 1le4(o), 163(9), 1lez2(6), 1lel(1l3), 160(90), 159(21), 151(7),
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150 (12), 149(7), 148(6), 144(5), 135(6), 133(1 ), 132(47), 120
(5), 119(le), 118¢(6), 117(6), 92(5), 91(26), 79(6), 77(8), 65
(10), 59(13), 39(5),

Anal. Calcd. for Ci13H:170804 (rnol.wt.251) : C, 62.13; H, 6.82; N,
5.57. Found (mass spectrum 251) : C, 62.08; H, 6.75; W, 5.73.

(b.) The 4H-azepine (47 ) was obtained with the yield
of 76% according to Anderson anda Johnson's method by treatment
of the dinydropyridine( 3e ) with sodium ethoxide in dry ether.
The product was identical with the authentic sample from the
dihydropyridine( 3e ) with potassium carbonate by spectroscopy.

(c.) The 5-methyl-4-succinimino-4,5-dihydroazepine
( 42b, 150mg.) was pyrolysed at l75—l8OOusing the same techni-
gque of sublimation through hot glass beads as its analogue to
give colorless o0il (82mg.;76%), and was identical withthe product
obtained from potassium carbonate treatment of the 4-(l-chloro-
ethyl) -1,4-dihyaropyridine( 3e ) by spectroscopy.

(d.) The 4-methoxy-5-methyl-4,5-dihydroazepine( 42a,
100mg.) was pyrolysed at 1600 using the same procedure as
succinimino-conpouna to yield colorless oil( 65mg., 73%), and
was identical with the authentic sample by i.r., u.v., n.m.r.,

rmass spectra.

Reaction of the 4H-Azepine( 47 ).

(a.) To the 4li-azepine( 47, 450rny.) in ether (50ml.)
was added conc. hydrochloric acid(lml.) in a separatory funnel.
The mixture was shaken for 5 min. and then ice water (1l0ml.)

was added to dilute the acid. The ether layer was separated and
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washed with water(3 x 5ml.). After removal of ether, the solid
dihydropyridine( 3e ) was formed as pale yellow prisms (4.35mg.;
84.5%) . The pure compound was obtained by recrystallization
twice from benzene to give white prisms, m.p.l68—l690, and was
identical with the product from the dichloroether and methyl
3—-aminocrotonate (Mixeu melting point and u.v., i.r., n.m.r.
spectra.) .

(b.) To the 4h-azepine( 47, 220mg.) in ether(50ml.)
was added conc. hydrobromic acid(0.5ml.) in a separatory funnel.
The mixture was shaken for 5 min. and worked up 1in the same way
as the chloro-analogue to give the pale brownish dihydropyridine
( 3e, 246mg.; 85%) , m.p.156—l60o . The pure compound was
optained by recrystallization from benzene-petroleum ether to
give white prisms, m.p.164—1650, and was identical with the
sample from the reaction of the 4-methoxy-5-methyl-4,5-dihydro-
azepine( 42a ) with the conc. hydrobromic acid by mixed melting

point and spectral data.
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sase~-catalysed Rearrangement of 4-Cyvano-4,5-air

droazepine

To the cyano-compound( 42c, 300mg.) 1

was added potassium hydroxidcde (65mg.) 1in methanc
solution was heated on the steam bath unuer ref
Most of the methanol was then distilled off slc¢
rest was distilled under reduced pressure and <
ary ice cooling trap. The vapor-—-phase chromatoc
a Beckrman GC-2A gas chromatograph instrument, U
70007 (Ccarvowax 4000 Dioleate on C-22 Firebrick)
12 1b/sqg inch pressure of helium, showed two pe¢
fraction was iuentical with methyl crotonate by
and its mass spectrum.

The second fraction was collected and
rum showed a molecular ion seventeen mass units
methyl crotonate,
Mass spectrum : m/e 117 M(1l2),

102 (13), 101(10)

69 (9), 59(100), 43(51), 41(11), 15(55).

The residue was dissolved in methano”
ed into ice-water (50ml.) .

The precipitate was

crystallized from benzene to give white prisms,

, 85(8),

methanol (10ml.)
(2ml.), and the
ux for 2 h.

ly, and the

llected on a
am, measured on
ing column HNo.

at 70O and

ks. The first

retention time
the mass

spect-

more than for

and gave no ultraviolet absorption.

75(29) ,
5ml.) and pour-
>llected and re-

5a, m.p.180-

181O and was identical with the methyl 4-cyano-2,5-dimethyl-

pyrrole-3-carvoxylate which was obtained as a

synthesis of the 4-cyano-4,5-dihydroazepine( 4

/—-product in the

> ).

(42c) .
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Acid-catalysed Rearrangenent of 4-Cyano-4,5-dihydroazepines

(a.) Silver Witrate and the 4-Cyano-4,5-dihydroazepine( 4c ).
A solution of the cyano-compound ( 4c, 2.0g. ) and
silver nitrate(l.4g.) in methanol(30ml.) and water(2ml.) was

heatea under reflux for 2 days. The deposited silver was
filtered off and the filtrate was evaporated in vacuo. The
residue was dissolved in ch oroform and chromatographed on
pasic alurnina using benzene and ethyl acetate as eluent. The
first fraction yielded, after removal of solvent, dimethy 2,6-
aimethylfuro [2,3—b) pyridine-3,5-dicarboxylate ( 67a ) as
white needles(1l.32g.; 66%), m.p.122-123° (lit. 122.5-124 ).
This compounu( 67a ) was confirmed by comparison of the spectra
of the authentic sample obtained from the reaction of the W=~
nethyl—-4-chloromethyl—-1,4-dihydropyridine ( 20, R=CO;Me ) with
potassium cyanidez?

Ultraviolet spectrum : ‘max 219nm/( €30,800), 292.5nm(c7,600) ,
infl. 247 .5nm( €9,050) .

Infrared spectrumn : Vmax 1721s (C=0), 1599m, 1460m, 1441m,
1404m, 1322m, 1253s, 1150m, 1093s cm

w.M.R. spectrum : *,1.30(s, ring H), 6.03 and 6.05(each s,
ester Me), 7.13 and 7.20(each s, nuclear Me).

Mass spectrum : m/e 264 (le), 263(100), 248(13), 233(14), 232
(96), 231(70), 216 (1l5), 204(20), 203 (406), 188(8), 175(8), 173
(5), 172(22), 160(5), 144(9), 116(7), 100.5(9), 89(6), 76(5),

59(8), 50(5), 43(26).
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The second fraction yielded dimethyl 2,6-dimethyl-
pyrrolo (2,3—b] pyridine-3,5—-dicarboxylate( 68a ) as white fine
crystals (0.22g.; 11%), m.p. 250-251°%.

Ultraviolet spectrum : *max 235.5nm( £€35,400), 298nm( £8,250),
infl. 255nm( £€16,500) .

Infrarea spectrum : ‘max 3426w (JH), 1709s (C=0), 1615m, 1549m,
1445m, 1415m, 1316m, 1257s, 1171lm, 1099s, 1071lm cm™'.

N.M.R. spectrum : ( DMSO-d¢ ) 17,1.30(s, ring H), 6.12 and 6.16
(each s, ester Me), 7.25 and 7.33(each s, nuclear Me).

Mass spectrum : m/e 263(18), 262(99.5), 247(15), 232 (1le), 231
(100) , 230(43), 229(5), 215(10), 204(5), 203(15), 202(043), 199
(7), 187(10), 173(5), 172(12), 171(49), 170(7), 159(10), 144
(14), 143(13), 131(6), 117(6), 11l6(10), 115(6), 104(5), 102(7),
100 (10), 90(5), 89(7), 86(7), 77(6), 76(8), 75(7), 67(5), 63(5),
51(7), 50(5), 44(12), 42(9).

Anal. Calcd. for C ;. H;.N,0 (mol.wt.262) : C, 59.54; H, 5.38;

N, 10.68. Found (mass spectrum 262): C,59.49; H,5.38; W,10.51.

(b.) Silver Witrate and the 4-Cyano-4,5-dihydroazepine( 42c ).

A solution of the cyano-compound ( 42c¢, 2.0g.) and
silver nitrate (l.4g.) in methanol (30ml.) and water(2ml.) was
heated under reflux for 2 days. The deposited silver was
filtered off and the filtrate was evaporated in vacuo. The
residue was dissolveda in benzene and chromatographed on silica
gel i using benzene and ethyl acetate as eluent. After removal

of solvent, the first fraction yielded dimethyl 2,4,6-trimethyl-
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furo (2,3—bj pyriaine-3,5>-dicarboxylate ( 67b ) as colorless
prisms (0.39.; 19.5%), m.p. 95-96° . The analytical sample was
recrystallized twice from agueous dioxane to give colorless
prisms, m.p. 98-98.5°.
Ultraviolet spectrum : 'max 218nm( £€23,300), 251lnm( £€9,150),
287nm( =8,500), infl. 260.5nm( £8,000) .
Infrared spectrum : vmax 1727s(C=0), 1582m, 1441m, 1387m,
1377m, 1334m, 1291m, 1268s, 1176m, 1093s, 1070m, 1002w cm ' .
Ww.M.R. spectrum : 1,6.03 and 6.09 (each s, ester Me), 7.29,
7.36 and 7.45(each s, nuclear Me).
Mass spectrumn : m/e 278((18), 277 (100), 262(6), 247(13), 246
(84), 245(63), 230(9), 218(14), 217(44), 214(7), 189(10), 188
(11), 187(13), 159(5), 158(7), 107.5(1le), 107(7), 89¢(6), 77(5),
65(6), 43(25), 39(5),
Anal. Calcd. for CiusH;sNOs (mol.wt. 277) : C, 60.64; H, 5.45;
W, 5.05. Found (mass spectrum 277): C,60.52; H,5.58; N,4.89.
The second fraction yielded white prisms(63b, 0.37g.;
17%), m.p.141.5-146° . The analytical sample was recrystallized
four times from benzene to give white prisms, m.p.151—1530
Ultraviolet spectrum : -max 214nm(<3,200), 279.5nm( <11,500) .
Infrared spectrum : vmax 3395m (i), 3218b.w(NH), 1753s(C=0),
171l4s (C=v), 1701ls (¢=0), 1l641ls, 14586m, 1439s, 1391m, 1381lm,
1361lm, 1343m, 1305m, 1251s, 1178m, 1162m, 1143m, 1114m, 1092mn,
1053m, 985w cm .
N.M.R. spectrun : 71,1.37(s, WH), 5.99(4, J 11.4 Hz, side chain

i), 6.19 and 6.22(each s, ester Me), 6.43(d.d,Jd 11.4 and 5.5Hz,
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3-ti), 6.91(m, J 7.0 ana 5.5 wz, 4-n1), 7.55(s, 6-Me), 7.72(s,
COore), 2.06(d, I 7.0 iz, 4-Me).
Mass spectrum : m/e 297(14), 282(5), 266(13), 255(5), 254 (6),
250(15), 234(7), 224(7), 223(11), 222(18), 208(19), 206(6), 194
(1L1), 191(6), 190(5), 183(5), 182(34), 181(100), 180(39), 178
(6), 1l64(14), 163(11), 162(9), 155(6), 151(6), 150(16), 149(13),
148(12), 143(5), 142(56), 136(14), 135(7), 134(5), 122(5), 121
(7), 120(>5), 114(5), 113(17), 111(5), 110(46), 108(6), 107(5),
106(6), 94(5), 93(8), 92(5), 91(6), 85(7), 82(10), 81l(6), 80(5),
79(5), 77(5), 69(13), 68(8), 67(8), 66(7), 65(8), 59(15), 55(9),
54(6), 53(9), 44(6), 43(58), 42(31), 41(15), 39(10).
Anal. Calcd. for Cius Hi1s NOs (mol.wt.297) : C, 56.56; H, 6.44;
N, 4.71. Found(mass spectrum 297) : C, 56.44; H, 6.47; N, 4.52
The third fraction yielded dimethyl 2,4 ,6-trimethyl-
pyrrolo [2,3—b] pyridine-3,5-dicarboxylate ( 68b ) as white
prisms, (0.82g.; 41%), m.p. 155-157° . The analytical sample was
recrystallized twice from ether-petroleum ether to give white
prisms, m.p. 157.5-159°
Ultraviolet spectrum : Amax 228nm( €24,900), 294nm( €11,000),
infl. 250nm( €15,500) .
Infrared spectrum : vmax 3435m(Wil) ,3205b.w(JH) , 1727s (C=0) ,
1709s (C=0) ,1600w, 1572m, 1537m, 1l446s, 1l41l6ém, 1402m, 1383m,
1327m, 1296m, 1266s, 1175m, 1107s, 1080m, 1066m, 1006w, 818w cri.
N. M. R. spectrum : T, -2.05(s, NH), 6.03 and 6.1ll(each s,ester
Me), 7.32, 7.35 and 7.42(each s, nuclear Me).
Mass spectrum : m/ e 277(18), 276 (100), 261(5), 246(13), 245
(83), 244(35), 229(9), 217(lo), 216(48), 213(1le), 202(5), 201

(12), 187(9), 186¢(18), 185(11), 173(6), 158(12), 157(7), 122(7),
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107(20), 106.5(8), 93(8), 92(5), 89(6), 78((6), 77.5), 65(5).

Anal. Caicd. for C;, H;¢ W,0, (mol.wt.276) : C, 60.86; H, 5.84;
N, 10.14. Found(mass spectrum 276) : C, 60.73; H, 5.99; N,
10.10.
Action of conc. Sulfuric Acid on the Compound . 63b ),

Compound 6 3b (20mg.) in conc. sulfuric acid(lml.) was

stirred at room temperature for 3h and then poured into ice-
water (30ml.) . Tne acidic solution was neutralized with dil.
sodium nydroxide solution and extracted with ether( 3x20ml.) .
The etner extract was washed with water and dJdried over anhydrous

magnesium sulfate. Solvent was evaporated and the residue re-

oe

crystallized from agueous methanol to give prisms, (6émg.; 32%),
n.p. 95-96° . Tnis substance was identical with the furopyridine

( 670 ) by mixed melting point and u.v. and mass spectra.

(c ) Dowex 5077-X8 and the 4-Cyano-4,5-dihydroazepine(4c).

A mixture of tne cyano-compound( 4c, 2.0g.) and Dowe-
50W-X8(1l5g.) in methanol (60ml.) and water(lOml.) was stirred at
45 for 4h under a nitrogen atmosphere. After cooling, the resin
was filtered off and the solvent was removed under reducead
pressure. The residue was transferred to a sublimation apparatus
and distilled at 135-140 (0il bath temperature) under 0.02-0.03
mm Hg. to give a viscous colorless oil (58a, 1.74g.;81%) .
Ultraviolet spectra Amax 218nm( €1,353), 260nm( €1, 700) .
0.01N NaOun/95%8EtOH Amax 275nm( £ 27,000).

Infrared spectrum : vmax 3474b (enol) , 2252m(C=N), 1752s(

C=0), 1729s(C=0), 1657m, 1616w, 1439m, 1362m, 1253s, 1201m cm'.



- 136 -

llass spectrum : /e 283(1.5), 263(3), 241(3), 210(9), 168
(7, 167(5), 155(22), 129(20), 117(15), 1l6(l2), 112(5), 98(5),
97(20), 87(28), 85(5), 59(5), 55(16), 44(5), 43(100).

Anal. Calcd. for C;3 H;7 N Oy (mol.wt. 283) : C, 55.12; H,6.05;

N, 4.95. Found(mass spectrum 283) : C, 55.13, HE, 6.14; N,5.13.

ODimethyl 2,6-dimetnylfuro (2,3-b) - ,7-dinydropyridine-3,5-

dicarvoxylacte (6la).

Tne compound ( 5wa, 1.0g.) was sealed under vacuum and
tae tuoe was neatea at 160° for one cgay. Tae o0il was soliaified
as pale yellow solid, and was recrys allized twice guickly from
cnloroform,etner, and petroleum ether to glive pale yellow
crystals,( ola, 0.54g.;58%), m.p. 178-179.5° .

Ultraviolet spectrum : \max 223nm( £9,400), 347nm( £8,550).
Infrareda spectrum : (K81 ) ‘max 3297 (Nil), 1720s(C=0), 1l686n/(
C=0), 1654z, 16043, 1526s, 1>510m, 1435s, 1290s, 1264s, 1090 cnil.
N. 1I. R. spectrum ( DMSO-ugy ) T 0.52(s, NH), 6.22 and 6.35
(eacn s, ester lie), ©.40(y, J 0.5 nz, uvlnyuropyridine ring i),
7.53(s, furan ring Me), 7.80(d, J 0.5 i1lz, cihydropyridine ring
Me) .

Mass spectrum : m/e 266 (8), 265(5C , 264 (35), 263(1l5), 251
(14), 250(100), 234(24), 233(7), 232 33), 231(1le), 218(15), 206
(19), 205(14), 204(35), 203(10), 191 5), 1920(20), 174(14), 173
(7), 172(15), 1l62(6), 147(5), ld4e(1C , 145(5), 103(7), 100.5(7),
86.5(6), 77(5), ©67(6), 59(9), 43(17), 42(5).

Anal. Calca. for C,; tl; 5 N Oy (mol.w .265) : C, 58.84; i, 5.70;
N, 5.28. Found(mass spectrum 26~ : C, 58.86; H, 5.49; N,5.05.

Tnis commpound( 6la ) was oxidizead t the corresponaing furo-
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pyridine ( 67a ) when exposed to the air.

Reaction of Dihydropyridines and Potassium Carbonate.

(a.) The dihydropyridine ( 3a, 100mg.) and powdered
potassium carbonate ( 80mg.) in dimethyl sulfoxide-dg ( 2ml.)
was stirred at room temperature in a small test tube. The reac-—
tion was followed by taking clear solution from the reaction
nixture and measuring the n.m.r. spectra. Results were recorded

based on the integyration of methyl signals of the dihydropyri-

cdine ( 3a ) and the 4H-azepine ( %9a ) as follows :
Time ( min.) Dihydropyridine ( 3a ) 4H-Azepine ( 9a )
0 100 0
20 80 20
60 35 65
150 0 100
(b.) Dihydropyridine ( 3e, 1l00mg.) and powdered
potassium carbonate ( 80mg.) in aimethyl sulfoxide-d g ( 2ml.)

was stirred at room temperature in a small test tube and the

reaction was followed by n.m.r. spectra as above.
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Time ( min.) Dihydropyridine ( 3e ) 4H-Azepine (47 )
0 100 0
5 90 10
25 60 40
62 20 80
122 5 95
225 0 100

(c.) Dinyaropyridines 3a ( 91lmg., 0.33 m mole ), 3b
( 10bmg., 0.33 m mole ), and powdered potassium carbonate ( 152

mg., 1.1 m mole ) in dimethyl sulf <ide-dg ( 1.5ml.) and 2
drops of deuterium oxide were stirred at room temperature in a
small test tube and the reaction w 3 followed by n.m.r. spectra

as above.

Time ( min.) Chloro-compou 1 ( 3a ) Bromo-compound( 3b )
0 100 100
10 85 15

30 70 0




- 139 -

(a.) Dianydropyricines 3e (lérg.,0.33m mole), 3f
(1l1lmy.,0.33m nmole), and powderec potassium carbonate(l52mg.,
1.1lm wole) 1in aimetayl sulfoxide-d s (1.5ml.) and 2 drops of
deuterium oxide were stirred at room temperature and tl! : react-

ion was followed oy n.m.r. spectra.

Time (min.) Chloro-compouna( 3e ) Bromo-compound ( 3f )
0 100 100
10 90 10
30 75 0
00 60 0
(e.) 10ml.of 0.3 r moles solutions of the 4-chloro-
metnyl-1,4-dihydropyridine( 3a ) were reacted separately with

10ral. of 2m moles solution of sodium methoxide and triethyl-
amine at 26° in dark. Reactions were followed by ultraviolet
spectra. Similar reactions under identical conditions were
studied on tne 4-oromometnyl—-1l,4-dihycropyridine( 3b ) . (see

Fig. 2 at discussion section ).
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Metnyl «-(3,5-cimetnyl-4-isoxazolylmetnyl)acetoacetate ( 70 ).

A solution of 4d4-cnloromethyl-3,5-dimethylisoxazole
(l4.0g.) in dry cimethylformramide (30ml.) was added to a
solution of metnyl sodioacetoacetate(l3.8g.) prepared by addincg
methyl acetoacetate(l2.5g.) to a suspension of sodium hydride
(2.4g.) 1in dry dimethylformamide(120ml.) cooled in ice-water.
The mixture was stirred at room temperature for 6h and then
poured into cold water(600ml.). The products were extracted
witn etner (3x150ml.) and the etner extract was washed witn
water (3x20ml.) and drieu over anhyarous magnesium sulfate. The
solvent was evaporated in vacuo, and crystals were formed when
stanaing. Tne crystal was filterecd off and crystallized from
chloroform and etner to give white prisms of the dialkylation
product, metayl 2,2-bis(3,5-dimethyl-4-isoxazolylmethyl) aceto-
acetate( 73 ), 4.3g., 13%, m.p.1l08-109°
Ultraviolet spectrum : Amax  221nm( £ 7,850) .
Infrarea spectrum : vinax 1745s(C=0), 1712s(C=0), 1629m, 1433
s, 1358m, 1104m, 984w, 898w et
N. li. R. spectrum : 1T 6.30(s,ester Me), 7.07(s, CH,), 7.70 and
7.85(eacn s, isoxazole ring Me), 8.00(s, COMe).
Mass spectrum : m/e 335(5), 334(17), 291(11), 225(14), 224
(40), 194(9), 193(4), 192(35), 183(6), 182(12), 178(5), 150(13),
111(18), 110(100), 69(11), ©68(99.5), 43(95), 42(48), 41(25), 39
(23) .
Anal. Calcd. for C;7H,,43,05 (mol.wt. 334): C, 61.07; H, 6.63;

N, 8.38. Found (mass spectrum 334): C, ©1.28; H, 6.78; N, 8.40.
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The filtrates were compined ana evaporated 1n vacuo,
and tne residue was distilled under reduced pressure to yield
tne monoalkylation product, metayl a-(3,5-dimetnyl-4-isoxazolyl-
metnyl) acetoacectate as viscous oil, ( 70, 13.4g.; 59%), boiling
at 106-110° under 0.03 mm Hg.

Ultraviolet spectrum : Amax 221.5nm( £ 4,300).

Infrared spectrum : vinax 1752s (C=0), 1724s(C=0), 1640m,
1438m, 1364m, 1150m cm”™'.

N. M. R. spectrum : T, 6.26(s, ester Me), 6.30(t, J 7.6 Hz,
CH), 7.13(d, J 7.6 Hz, CH,), 7.67(s, COMe), 7.77(s, isoxazole
ring Me) .

Mass spectrum : m/e 225(6), 207(7), 183(7), le9(e6), 1loo(13),
152 (o), 151(5), 150(39), 148(5), 125(3), 124(15), 111(5), 110
(56), 109(15), 108(7), 97(5), 82(8), 69(7), 68(55), 67(9), 55
(5), 43(100), 39(8).

Anal. Calcd. for Cii1iHi1sN Oy (mol.wt. 225): C, 58.66; H, 6.71;

N, 6.22. Found (mass spectrum 225): C, 58.60; H, 6.63; N, 6.21.

Metnyl 5-acetyl-2,6-dimethyl-1,4~-dihydronicotinate ( 71 ).

Totayl o —(3,5-dimetnyl-d-isoxazolylmetnyl)aceto-
acetate ( 70, 5g.) ,triethylamine(2ml.), and 5% palladium on
cnarcoal (150mg.) in methanol (30ml.) were stirred under hydrogen
at 1 atm. and room temperature for 10h. The catalyst was filter-
ed off and the filtrate was evaporated under reduced pressure.
The residue was dissolved 1i: benzene and chromatographed on

alumina (Brockman No. 1) and eluted withh benzene-ethyl acetate
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Methyl 5-acetyl-2,6-dimethylnicotinate ( 72 ).

To the dihydronicotinate ( 71, 0.65g.) in glacial

acetic acia ( 6ml.) was added dropwise a solution of sodium
nitrite ( 0.3g.) in water ( 1l.5ml.). After standing for 30 min.
the solution was poured into ice-water ( 50ml.), and the

product was extracted with ether (3 x 20ml.). The ether extract
was washed with water (3 x 5ml.) and the solvent was evaporated
in vacuo. The residue was distilled under reduced pressure to
give an oil boiling at 100-105° ( o0il bath temperature ) under
0.5 mm Hg. and which solidified on standing, ( 0.48g.; 75% ) ,m.
p.40.5-41.5° .

Ultraviolet spectrum : ‘*max 213nm(25,900), 243nm(e10,250),
276nm(c4,150), infl. 286nm(e3,450) .

Infrared spectrum : vmax 1732s (C=0), 1696s(C=0), 1598m, 1541m,
1435m, 1373m, 1365m, 1359m, 1285s, 1098s, 956m cm '.

N.M.R. spectrum : ~,1.28(s, 4-H), 5.95(s, ester Me), 7.08 and
7.15( each s, nuclear Me), 7.32(s, COMe).

Mass spectrum : m/e 208(6), 207(42), 193(13), 192(100), 176
(13), le5(e), 1l64(46), 1lv0(5), 132(12), 120(15), 1l06(11), 105
(5), 104<(7), 79(7), 77(13), 64(6), 63(9), 59(9), 51(6), 43(49),
42 (8), 39(7).

Anal. Calcd. for Ci;i1H;35802 ( mol. wt. 207 ): C, 63.76; H, 6.32;

N, 6.76. Found (mass spectrum 207): C, 63.58; H,6.31; N, 6.73.
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