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Erratum

The reader's attention is drawn to the fact that pp. 91 and

92 have been inadvertently bound before p. 90 and are out of order.

Similarly p. 155 has been bound in front of p. 154.

Thach Duong.



(ii)

Chapter 6 contains the results of testing of some lactanms
and thiolactams as well as their structure-activity relation-

ships.
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PART 1

SYNTHESIS OF DEHYDROPEALOLINE




HTRODUCTION

Several alkaloids containing a diazaphenanthrene skeleton
have been discovered in various species of grass. Perloline,
the most abundant member of this family was first isolated by

Melville and Grimmettl from Lolium perenne I (New Zealand rye-

grass) and became the target for most structural investigations.
After studying its ultraviolet spectra and the analytical data,
Metcalf2 concluded that perloline contained a dimethoxyphenyl

group and its structure was subsequently showvn to be 1 by x-ray

.
analysis~”.

H

¥

Because of the widespread use of L-perenne in pastures, a

detailed investigation of perloline has been made4. This alka-~

loid has been subjected to a number of investigations dealing

5

with the extraction of perloline and other bases from grass”,

. . . . 6 . . . ] .
its estimation in grass , its characterisation and cnemlstry7,

8’9, its effect on plant

its toxicity and physiological effects
growthlo’, and the effect of genetic differences on the perlo-
11
line content of rye-grass herbage o
It was reportedl2 that the oxidation of perloline proceeded
egsily and afforded a variety of products all of which contained
13

nitrogen. The degradation of perloline gave perlolidine (2

and a colourless non basic material dehydroperloline (%),



Perlolidine was first isolated and characterised in New Zealand

14,15 and it was the base responsible for the blue fluorescence

D
ov
rt OCH,
(@)
O
Q
" @ Hoo g
of zone % on the paper chromatograms described by Jeffrey516°

This alkaloid has been synthesised by two different routesl7’18°

Because of the physiological activity of these alkaloids,
intensive studies have been reported on the extraction of perlo-
line from other species of grass4, but no synthetic work has yet
been reported on either perloline or on dehydroperloline (3).

It was therefore the aim of this work to synthesise the latter.
The methods used are easily adaptable to the synthesis of the

former, although this has not been pursued.
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DISCUSSION

A suitable starting compound for the proposed synthesis

appeared to be the fluorenones 4 or 5.

4 R=H

5 R:CH3

Compound 4 had been used by Powers and Ponticellol! as the

key intermediate for the synthesis of perlolidine (2) (scheme 1).

o
=0 - ” -
o N N0
©

Scheme 1

H
@

Two methods for the conversion of 4 to 3 were considered.

6 by the method of Reddlienl9

Conversion of 4 or 5 to a Schiff base

with 4-aminoveratrole followed by treatment with m-chloroperoxy-

benzoic acid20 (m-CPBA) would give the N-oxide 7 (Scheme 2).

21

Irradiation of 7 would subsequently afford the required product

3, although other products are possible (see below).
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Scheme 2

Alternatively, reaction of ketone 4 with the Grignard
reagent derived from 4-bromoveratrole would lead to the fluorenol
8 which should undergo the Schmidt reaction to produce 9 and/or
10 (Scheme 3).
o
R
() ok

Q
o - &
&
— OCH,
X OCH;4
> d
N“o N0 0
9

8 : o)

Scheme 3%

22,2%,24

Recent reviews on the mechanism and migratory apti-

tude of the Schmidt. reaction have indicated that in the case of

alcohols and 9-fluorenols in particular, the ring having the



greater electron-release will migrate predominantly and therefore
compound 9 is likely to be the major product. With m-CPBA in
chloroform, 9 should give the N-oxide 11, irradiation of which

would yield 3.

0
Ho (1)
A consideration of the synthetic routes to the intermediates
4 and 5 is also in order. Although 4 had been prepared by
17

Powers and Ponticello™ ', alternative routes were investigated.

Conversion of 3-carboxy-2-ethoxy-4-phenylpyridine (12) into

4 by acid oyclisation25 appeared to be a promising route (Scheme 4).

Br CeH; 0,1?‘
SN
PSS > —> 4
O,
Q o
(" 2 <,
°4, % %

(13) 14) (12

However, the success of this Scheme depends on an efficient

synthesis of acid 12. It was hoped that 3, 4—dehydro-pyridine 14



could be formed selectively from 4—bromo—2methoxy-pyridine26 (13)
and the addition of phenyllithium to 14 would lead to the desired

product 12.

An alternative route was also investigated, Conversion of
N-methyl-2-pyridone-3-carboxylic acid (15) to 5 by photolysis27’28
of 16 or via the thallium (111) trifluoroacetate (TTFA) adductzg

appeared to be hopeful routes (Scheme 5).

K
%
X
(X " -
N7 O N
CH; CH, Q

(3 (16)

Scheme 5

Application of these synthetic routes to an eventual synthesis

of dehydroperloline 3 are now discussed in full detail,

Ethyl-2, 4~-dihydroxypyridine-5-carboxylate (17) was prepared
by condensation of ethyl acetonedicarboxylate with ethyl ortho-
formate under the influence of acetic anhydride and concentrated
ammonia32 (Scheme 6), but attempts to convert this ester to
2, 4=dihydroxypyridine (19) were only partially successful. The
decarboxylation method used was that of Erreé? who obtained 19 by
heating the acid 18 at 1.90-200%, but in the present study no

decarboxylation was observed. On subliming a mixture of 18 and



— -
¢ Ch
o, ) 0
0 ece“/ OH qu/y H
—— >
+
COQC2H5_ H2 02C2H5 B OH . H

Br OH OH

—_s — > 4
C\
2
gA
Scheme 6

copper powder at 250-300° under reduced pressure, again only &
small amount of the desired product was collected., Because of
the above mentioned low-yield step in this route, the proposal

outlined in Scheme 4 has not been pursued and other methods of

synthesis have been investigated.

Although N-methyl-2-pyridone-3-carboxylic acid 15 had been
prepared by Holman and WiegandBo in low yield from nicotinamide,
another method was examined in order to obtain a more convenient
supply. It was hoped to synthesise acid 15 from quinolinic acid

following the reactions shown in Scheme 7,
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Scheme 7

Saturating a methanolic solution of methylquinolate (21) or
guinolinimide (22) with ammonia at 0° gave quinolinamide (23).
Treatment of this amide with alkaline potassium hypobromite gave
only a low yield of pyridopyrimidine (24) together with 2-aminoc-

134 35

nicotinic aci . More recently, Beckwith and Hickman have
been able to convert quinolinamide (23) into 24 in high yield by
using lead tetraacetate in dimethyl formamide (DMF)a It was
hoped that the hydrolysis of quaternmary salt 25 would yield the

expected product 15. Unfortunately, 24 could not be converted

to its salt 25 by any means tried including methyl fluorosulphonate.
In all cases, it was observed that only the 1- and 3- positions
were methylated to give 26 in moderate yield. This product was

identical with an authentic specimen prepared according to the



CH,
CH,

(26)

34

procedure of lclhean and Spring” .

As the above method was unsuccessful, acid 15 was finally

prepared following the method of Holman and Wiegandﬁo (Scheme 8).

CONH, B ONH, CONH,
+ - H > ,1_5,
- o}

CH,l | CH, O CH,

Scheme 8

The condensation of acid chlorides with a variety of aromatic
compounds via an intermolecular Friedel-Crafts reaction has been
described36o The acid chloride 27 derived from 15 reacted with
benzene in the presence of aluminum chloride to give 16 in 45%
yield. Because of the unsatisfactory jyield of this condensation,

the preparation of 16 was attempted from 15 or 27 by reaction with

two equivalents or excess of phehyllithium 1 but in both solvents
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ether and tetrahydrofuran over a range of temperature only very
low yields of product were isolated. Thin layer chromatography
examination of the reaction mixture showed that it did indeed
contain the product 16 obtained previously by Friedel-Crafts
reaction. Unfortunately, all attempts to cyclise 16 photo-
chemically27 by using benzene as solvent in the presence of a
small amount of icdine failed to yield the expected product.

28

Repetition of this mesthod with methanol as solvent was also

unsuccessful.

Using a method analogous to that of McKillop et al®?, the
preparation of 5 by thallation of 16 with thallium (111) tri-

fluoroacetate (TTFA) in trifluoroacetic acid (TFA), followed by

38

photolysis of the intermediate thallium compound 28 in benzene
was investigated (Scheme 9), but this, too, was fruitless. After
reaction of 16 with TTIA/TFA, an intermediate organo-thallium

comnpound was obtained which is believed to have the structure 29

since aqueous work up regenerated the benzoyl pyridone 16

(o) //00005

TI-OCOCF;

\ococF
CH,

29
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CFCoO,
N
O——— /T > 0
CECO;
O

CH, CH;, CH3

(16) 28 (5)

Scheme 9

Although the key intermediate 4 has been prepared in low

yield17, it was hoped that alternative methods for its preparation

could be developed. With N-bromosuccinimide (¥BS) in boiling
chloroform, cyanoacetamide gave a good yield of bromocyanoaceta-
mide. Using a method analogous to that of Thesing and Riler-t,
the preparation of 4 from pyridine, bromocyanoacetamide and
cinnamaldehyde in the presence of sodium hydroxide was attempted
but this was unsuccessful and gave a quantitative vield of a
yellow product which was identified as 30 by spectrosconic

analysis and by mixed melting point with an authentic specimen

repared according Lo the procedure of Curtis et 3139;
P I L) as

CT,Hs

CH

/

CH
CH
\ _-CN
"~~CONH,

(30)
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In this Scheme, it was hoped that pyridine would react with
bromocyanoacetamide to give pyridinium salt 31 (Scheme 10) which
formsthe ylid 32 in the presence of base and would add in a 1,4

manner to cinnamaldehyde to give 3-cyano-4-phenyl-2-pyridone (33)

which was easily cyclised to 4 by heating with polyphosvhoric

CN CN
/ . /7,74- - /+
Br—CH—CONH, ____ C{l—h@Br -
2N
CONH, CONH,
' )
?sHs
CH
H
CH
Yo
Scheme 10

acid (PPA)17o However, under the conditions used, the intermediate
pyridinium salt 31 did not form and the formation of 30 is

sugegested to arise by the following pathway (Scheme 11),

When3l was prepared independently mno apparent reaction

with cinnamaldehyde occurred under basic conditions. The

experiences of Ahktar et a118 are thus confirmed,

Alternatively, it was planned to prepare 33 by condensation
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__/\ CN N l
HO Br—CH—CONH, ——> CH—CONH, 7

= .Y
cHLo

(l:sHs
30 < Vah
|y

HC}UCH—C—CN

Scheme 11

of cinnamaldehyde with ethylcyanoacetate in the presence of
ammonia. The expected intermediate product was 34 but again the

pathway followed was not the liichael 1,4 addition but 1,2 addition

C¢H H

K SNH CT-: 5 Jo

CH
C/ s Y. CN

. /cN —7//—’»(:1-! —_— " O——+_3_3:

CH=0 CH,_CO.C,H; CH=NH H

l (34)

lcsHs

CH
Va

(35) Scheme 12
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to the cinnamaldehyde to give 35 in quantitative yield (Scheme 12).

Because of the lack of success in the previously described
reactions, it was decided to prepare 4 by the method of Powers

17

and Ponticello from ethylcyanoacetate and l-amino-2-benzoyl-

ethylene.

Reddlien19 had successfully converted ketones to anils by
heating with aniline in the presence of zinc chloride at 170°,
Thus, refluxing a mixture of 4, 4-aminoveratrole and zinc
chloride in toluene gave the zinc chloride complex of the desired
product which spectroscopic analysis and microanalysis suggested

had structure 36.

R
N\ CH;
/,Zn Cl,

Attempts to remove zinc chloride from the complex by washing
with cold water or dilute acid led to the unchanged complex and
with concentrated acid led to decomposition to the parent ketone.
When the complex was treated with m-CPBA in the hove it would
form an N-oxide 1l, the reaction was unsuccessful; presumably
the lone pair of electrons on the nitrogen atom were unavailable

for reaction with m-CPRA because of co-ordination with zinc
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chloride, In view of these difficulties, this route was not

pursued.

A practical route to dehydroperloline (3) was based on the
reaction of fluorenone 4 with the Grignard reagent derived from

4-bromoveratrole to give fluorenol 8 in 63% yield. It was hoped

that the Schmidt reaction on this alcohol would give the desired
product g-aza~T,8-dihydro=6-(3",4'-dimethoxyphenyl)-phenanthridine-

7-one (9). There are three possible modes of rearrangements in

this reaction.

(i) Pathway a : phenyl ring migrates to give 9

Ar

—
0> o
g,
Y
20

=

@

(i1) Pathway b : pyridone ring migrates to give 10

Ar
%k, — X
O

N
H H O

()
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(1ii) Pathway c : aryl group migrates to give 37

(i,

\%gr —=— N—Ar
NS | |
H

&
67

For the Schmidt reaction with ketones, Smith and his co-

z .

workers4l’42’4) have proposed an oxime-like intermediate 38
formed by elimination of water from the adduct of hydrazoic
acid and the protonated ketone. These authors proposed that the

group having the greater bulk in the neighbourhood of the C=N

L4
R—C—R
N
+ -
N:N
(39)
i +
group is anti to the ~IT:N group, nitrogen senorates and this
group R migrates. ©Sch echter and I<Ii1:‘k4'+ have provided Tfurther
evidence on 2-substituted cyclopentanones and cyclonexanones

which accords with Smith's mechanisn.

. 22 , . .
According to Arcus and Coombs™ , the mechanism above is

inapplicable to the reaction with alcohols and olefins because
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the intermediate 38 cannot be formed (Scheme 13). However, they

cC — CF — C
/\ / N\ 7\
N3H

R—-?Fh
s +
7 \NH—N:N
Scheme 1%

pointed out that the ring having the greater electron-release

23

will migrate. IlcEwen and liehta™” also found the migratory
aptitude to be directly related to the electron-release of the
group. After studying the reaction of fluoren-9-ols with hydra-
zoic acid and sulphuric acid, Arcus and Coombs22 concluded that,

for tertiary alcohols such as 39, the rearrangement is indepen-

dent of the R group, and always leads to ring expansion to the

phenanthridine system. Again the most electron-rich ring migrated. |
|
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The above observations suggest that pathway a is most likely

and pathway c¢ would be only minor. To obtain further evidence

for this reaction mechanism, the Schmidt reaction on two model

compounds 40 and 16 was studied. Alcohol 40 was prepared in 70%

% )

CH3 CH,

@@ (16)

yield by the reduction of 16 with sodium borohydride in methanol 7

Gompound 40 gave exclusively l-methyl-3-pyridonecarbaldehyde (42)

and aniline (43%) upon reaction with hydrazoic acid in polyphos-

phoric acid (Scheme 14).

. s O
[:ij\\,}) N

— — .

% H

N0 S0 SO
CH, CH, CH,

(16) (a0) (a1)

Scheme 14 (42)
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The products are considered to arise from hydrolysis of the inmine

_41. This result confirms that the reaction Tollowed pathway a as
expected; that is, the phenyl ring has a greater migratory apti-
tude than the pyridone ring and therefore migrates preferentially
to the positive nitrogen in the transition statel7.

There is no evidence for migration of the pyridone ring; thin
layer chromatography of the residues showed only 42 and aniline.
It was thought possible that the course of the reaction might be
influenced by the nature of the acid used. To test this point
the experiment was then carried out in concentrated sulvhuric
acid—chloroform and the same results were obtained as in the

previous reaction.

On the contrary, the Schmidt reaction on ketone 16 followed

pathway b and gave 44 in 70% yield (Schemekﬂ?).
~Ha
NH

~0

) Q)

CH,

(4s)

Scheme 15
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PPM (§)
FIG-1 NMR spectrum of 44 in CDCI,
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Thin-layer chromatography on the crude product showed only one

spot and the nuclear magnetic resonance spectrum suggested the
structure 44 rather than 45, and this was confirmed by an indepen-~
dent synthesis of 45 which was shown to be totally absent. A
broad peak at CSS.O ppm has been attributed to the two protons Ha
and at 7.5 ppm to the three protons Hb? This result can be ration-
alised by an oxime--like intermediate as suggested by Smith and his

42,45
colleagues4l’r2’*9’44.

Two intermediate products may be represented by 46 and 47.

With the evolution of N2, the group anti to the leaving nitrogen

X ;-.__:N
!

. \Igl/‘h 4 \-5
4. _H QH i

CH, CH;

(46) )

migrates and thus the isomers 46 and 47 give rise to the amides 44
and 45. It is suggested that only intermediate 46 is formed bzcause

of the effect of hydrogen bonding.

To confirm the identification of 44, compound 45 was prepared
by the reaction of acid chloride 27 with aniline. TIts nnr spectra
showed that it was completely different to 45. A broad multiolet
centred at about 7.70 ppm has been atitributed to protons belonging

to the phenyl group. (Fig 2)
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" 10 9 8 1 6 5 4
L 1 1 1 I 1

b=
b1
b

—0

| |
PPM (6)
FIG.2 NMR spectrum of 45in CDCI;
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These observations strongly favour structure 9 as the

product from alcohol 8. With m-CPBA in chloroform, 9 gave

N-oxide 11 in moderate yield as a hemi-hydrate.

In 1966, Taylor and Spence21 described the photoisomerisation
of phenanthridine N-oxide 48 to phenanthridone 50 formed from the

intermediate oxaziridine 49 (Scheme 16). A study of the ratest

+

o yr |

N )

| R
(48) (49) (50)

C

Scheme 16

of the product formation showed that the photolysis was essen-
tially complete within 30 sec. and that further irradiation
served only to effect decomposition of 30. Irradiation of 11

could lead to at least three products. Ixamination of the

reaction mixture by ultraviolet spectroscopy showed that the

e

reaction was complete in 30 min. after the exposure to sunlight
(Fig 4). The suggested mechanism2l for this reaction involves

the oxaziridine 51, homolysis of the N-O bond in which gives

radical 52 (Scheme 17).
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FIG.4. Ultraviolet spectra of 11(---) and 3 (—).
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~N—-0 -0 )
- / —
Ar \“L- “\q’
O (0]
H H

Scheme 17

This diradical then could rearrange by three pathways :

(i) Pathway a :

- p
52 — Arl . 3
(@)
QO
. H =
(ii) Pathway b :
[ 7
(0] I‘ ]
52 9 Ar| — = ﬂ
2 @ — N—C—Ar N—C—Ar
O i ¢
| H _ H

3
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(iii) Pathway c

|

Ay —mmm= E?_Ar

H
54)

The rTeaction mixture by thin-layer chromatography showed only

one product which can be either 3, 53, or 54. All of the major

ions of the photo-product are listed in Table 1.

Table 1 : Ifass Sweectral Data of the Photo-Product

M/e Relative Intensity
549 20.9
548 W' 100.0
347 M-I 44,3
333 M~CH3 19.1
3%2 M-0 1.6
217 M- (CHO42H)
or M- NOH 2D
195 M- (O+AT)* 38.6
167 M- (0+Ar+CO) 12.4
As reported28’46, the peak at M/e 195 can be regarded as the

loss of (0O + Ar) in 3.

Schere 18 shows a mechanisvtic "ationalisation47’48 for the

principal peaks to be expected in the spectrum of 53 and 54.

* Ar = Aryl group : CH,

Chy

J
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(}\—Ar ' SCEA e mje 185
N 0
mje 348
O\ i
N—(l'.:——Ar =COA —  mje 183
)
H
m/e 348
Scheme 18

The absence of m/e ions at 185 and 183 in Fig. 3 indicates

that it is unlikely the product is 53 or 54 and therefore the

product from photolysis of 11 can be regarded as the expected

product 3. Furthermore, its mélting point and ultraviolet

*
spectra were identical with that of an authentic sample .

* Sample was kindly supplied by Prof, William I. Taylor
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FIG.3. Mass spectrum of dehydroperloline
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IHTRODUCTION

To date only a small number of compounds have been character-
ised as being transmitters in the mammalian central nervous
systeml. One of these, ¥ -aminobutyric acid (GABA) (1) has been

found to have a potent inhibitory action against epileptic

.

. 2 - . .
seizures . considerable amount of work has been published on

the synthesis and activity of CABA analoguesg’4’5’6, yet no satis-

factory structure-activity relationship has emerged. It would

appear that both the intramolecular distance between the zwitter-

ionic centres(2) and the rotational freedom of the molecules are

ﬁNH2
2 \ +
CH;—CH, o CH, \c.:H2
(1) | (2)
important factors governing the synaptic activities of these

substances -

lolecular orbital calculations suggested that GABA can assume
0
a zwitterionic conformation with the charged centre at least 5A
N 8
or more likely 6A apart~. X-ray crystallogravhy indicated that

9
GABA exists in a partially folded conformation in the solid state”.

A number of cyclic amides have been shown to be active on the
central nervous system, particularly the seven-membered lactam

system., EIxamples included demoxepam (3) and the related anti-

convulsants and sedativeslo’ll

12’13, analgesics 214’15

, B-adrenergic bloclting agents such

16

as 4, and hypnotics 6.



A
o

- h
=N~ g b, N—N O
CoHs H

+ X
(3) (4) ( 5) —N—

o

P

Rl H
(6)

A search of the literature for central nervous system activity
of simple lactams reveals isolated instances of activity, but no
detailed examination avpears to have been made., Thus Lien and

175 18, have shown that lactams lacking Ne-sub-

co-workers
stituents are CNS stimulants, the most active being 2-azacyclono-
nanone. The effect of ring size is not straightforward, however.
Thus, valerolactam avnears to be CNS inactive, but possesses some

Q
bactericidal activitle’ZO.

-
17,18 suggested that

Although the preliminary study of Lien
lactoms containing a nine or ten-membered ring exhibited
most central nervous system activity, a number of revorts in tae

literature suggested that caprolactam derivatives 7 might merit

further studye.



H

(46)

Because of its industrial importance in the synthesis of
nylon, caprolactam has been subjected to considerable pharmaco-
logical scrutiny. Thus Poluskinzl has shown that cavrolactam led
to epileptic spasms in mice although its L DBO at 580 mg/kg is
fairly high. Goldblatt and his co-workers®® also showed that
caprolactam is an effective convulsing agent, acting particularly

on the cortex of the rhinencephalon.

Caprolactam is sufficiently lipid soluble to penetrate the
central nervous system relatively rapidly. ZILactans of the amino

acids of longer chain length are more lipid soluble and more
17,18

=

effective convulsants as are their thio-derivatives

w

ni
has prompted & search for more active compounds with better lipid

solubility but based on caprolactam 7. Using convulsant activity

for preliminary screening, the most active compounds found have

substituents on carbons 4 and 6 of the ring. Thus 4,6,6-tri-

methylcaprolactam (46) is a potent convulsant with a CD5O of 4 -
6 mg / kg representing some one hundred-fold improvement over the
parent lactam. Surprisingly, in view of the commercial importance

of caprolactam, relatively few C-~alkylated derivatives have been



described and general methods of synthesis are not common,

This thésis will describe synthetic methods for the prepara-
tion of caprolactams substituted at N-1, C-2, C=3, C-4, C=H, C-6
and C-7. Iost of the lactams in this study were obtained from
the corresponding ketones by the Schmidt reaction or Beckmann
rearrangenent. The former reaction was used with saturated lketones
while unsaturated lactams were more conveniently prepared by the
latter rearrangement. These lactams together with the corres-
ponding thiocaprolactams have been tested for GABA-antagonism in
the Department of Human Physiology and Pharmacology of this
University, using the strio-nigral pathway in which GABA is a

23

recognised transmitter readily blocked by picrotoxin -,



DISCUSSTON
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CHAPTER T SUBSTITUTICH ON N OR O

In connection with our investigation of convulsant activities
of caprolactam derivatives, the preparation of N-alkylated pro-
ducts was necessary. 1t was rex_aortedzt'L that caprolactam can be
alkylated on nitrogen or oxygen by alkyl sulphates in benzene.
The first-formed product (major) was O-alkylcaprolactim (8) which

can be easily converted to l-alkylcaprolactam (9) by heating with

a catalytic amount of alkyl sulphate (Scheme 1). Direct thermal

(@) R=CH,
(b) R=C,H;
(o) O = (0]

I=

(B)Scheme 1 (9) R

interconversion of these isomers requires much higher temperature

than the refluxing bengene used in this case 4. The conversion

of O-alkylcaprolactim into N~alkylcaprolactam probably proceeds

as shown in Scheme 2.

oR T q\ WNORY g T R ’

*R

Scheme 2
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With an alkyl halide or sulphate in the presence of sodium

R o
hydride, lactams generally give i-alkylated products.dB’“o The

N-alkylated caprolactams prepared in this way are shown below :

(i) NaH
0 — 0
N (i) RX
R
(9)
@R = CHg
MR = 02H5
R = n—C4H9
@R = 1-C,Hg
@1 = i-CgHyy
()R = n-CgHy -
@R = ~CHy-Cyllg

Other N-alkyl derivatives have been vnrepared by the reaction

. o = e N2 27
of caprolactan with epoxiaes 7, acetylenes [

and by the Jannich
reaction. It appeared that an adaptation of the reported photo-
chemical rearrangement of oxaziridinesza’29 (Scheme 3) could be a

useful general method for the synthesis of N-arylcaprolactams (10).



Scheme 3%

However, the method gave only poor yields of li-phenyl and N-p-
chlorophenylcaprolactam and failed to give any ll-p-methoxy-
phenylcaprolactam (10c). Because of the compléx nature of the
products obtained in these reactions, it was felt that the method

was not a suitable general route to these compounds.

Another possible metnod for the preparation of ll-arylcapro-
lactams might be obtained in the reaction of arynes and lactams.
Arynes have been generated under a variety of conditions by
fragmentation of suitable ortho-disubstituted benzenesBO. llost
of the methods suffer from either limited availability of benzyne

precursor, involved experimental techniques and/or low yield of

benzene~derived products. One of the more attractive benzyne

31

precursors 1is benzﬂﬁdiazonium—Z—carboxylate obtained from



anthranilic acid and an alkyl nitrite. It was hoped that the

intermediate benzyne would react with &-caprolactam or O-methyl-

caprolactim to give the desired product 1lOa. Again this method

gave only a poor yield of H-ohenylcaprolactam (10a) upon reaction
with O-methylcaprolactim and failed to give any trace of 10a with

£-caprolactam. This is probably in part a result of reactions of

benzyne and benzenediazonium-2-carboxylate with each other92 and

32

other products”~. Since the testing programme has shown that
N-alkylation or H-arylation leads to a marked decrease in convul-
sant activity; further investigation of potential routes to
N-arylderivatives was not made. This finding is similar to that

observed in the case of cyclic lactams by Blison et a118.

Because of the reported higher biological activities of thio-

. 17,18 | cq s
lactams compared to the corresponding lactams [-S it was decided

to convert all of these compounds to their thio-derivatives 11 by

reaction with phosphorus pentasulphide. The reaction proceeded

save 11 in high yield

2

smoothly and

[

P:Ss

@R = i-C,Hg
MR = nC4H9
©FR = 1 CgHyy
@R = n CH

817
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CHAPTER 2 : SUBSTITUTION AT C ~ 3

Very few derivatives of caprolactam substituted at C~3 have

been prepared. The Schmidt reaction on 2-alkylcyclohexanones gave

33 and there is no evidence for the

54

mainly 7-alkylcaprolactam
formation of 3-alkylderivatives” .

Cefelin et a135 have reported the synthesis of 3-alkylcapro-

lactam in low yield by more round-about routes such as that for

Z-methylcaprolactem (Scheme 5).

Br C02C2H5
H3
CHCH, M,

Br. CO,C,H; Br CO,C,H; N COLaHs

/CHs CH,

-
o CO,C,H;
NH

2

Scheme 5
36

Pabrichnyi and his co-workers also reported the preparation

of 3-ethyl and 3-propylcaprolactams in better yield but their

methods are difficult and not general. It was thought therefore
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alternative general methods should be investigated Tor this

synthesis

4
Browvn et 31)7 found that the 2-bromocyclohexanone reacted
readily with organoboranesunder the influence of potassium-~t-
butoxide in tetrahydrofuran to produce the corresponding 2-alkyl

derivatives (Scheme 6). This reaction has recently been extended

by Prager and Reeceg8. It seemed possible that alkylation of

(o) 0
_Br C.H;

Scheme 6

amides (e.g. 3-bromocaprolactam (12) ) could similarly be

achieved as shown below :

Br ~C,H;

(8] >...—*.0
N
H

The key compound 3-bromocaprolactam (12) was easily obtained

by the procedure of Francis et al43° When 12 was treated with

triethylborane and potassium-t-butoxide in THF at Oo, thin layer



chromatography, after oxidation or hydrolysis, showed a mixture

of BE-caprolactam and the starting material., The formation of

the former is suggested to arise by the following pathway:

Br ' /Br

s B(C,H),

H H +

53r¢75t8u

O/E(CZHE’)S Q\)/E(CZHF’S

\7 H

HL:;H

— ——-5-

K\/B(CZHS)\:, (o]

H H

An attractive alternative was that the ylid-organoborane

reaction39 of sulphonium salt 13 might lead to the desired product

14b (Scheme 7) but again the reaction was fruitless and nnr
spectral exanination showed the product to be a mixture of ylid
and the elimination products 2, 3, 6, 7-tetrahydro-azepin-2~one

(15) and 2, 5, 6, 7-tetrahydro-azepin-2-one (16).
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Scheme 7

Because of the lack of success in the previously described
reactions, it was decided to prepare 1l4bby direct alkylation of
B-caprolactam with strong base. Although lactones can be success-

fully alkylated ot— to the carbonyl group4o, this method appears

to0 have been adapted mainly to acyclic amides41. Attempts to
directly alkylate E-caprolactam were only moderately successful,
the product being mainly the 1, 3-dialkylcaprolactam. Viith
butyllithium in tetrahydrofuran, E-caprolactam forms the dilithio
salt 17 which was methylated at room temperature to afford equal

amounts of the dimethylated derivative 18a and I-methylcaprolactam

(92) and two other products (Scheme 8).



-q]-

Li
O = 0
H Li
a7
H;
2 other products + { o + CE
N
CH3 CH3
(18a) (9a)
~ 4
N
42 yield
Scheme 8

Attempts to get a better yield of 18a by varying the condi-
tions of the experiment were only partially successful. In all
cases, it was observed that the major product was 9a. The condi-

tions of the experiment and products isolated are summarised in

Table 1.
Table 1, Alkylation of Caprolactam
temp. °C Yield % | PT?EECt: % of ig; mixture
~70 a - -
0 42 | 32 34
R.T. 38 36 20

Reflux 37 36 18
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From this table, it seems that the best temperature for this
alkylation is 0°. TIncreasing the temperaturc of the exveriment
decreased the yield of the products. This is probably due to
side reactions such as direct attack of butyllithium on the amide
carbonyl group. However, when the reaction was carried out at
-70°, no alkylation was observed and the starting lactam returned.
This finding suggested that the dianion 17 is not easily formed
until the temperature is 0°, The formation of 9a and 18a in

Scheme 8 can be explained as follows (Scheme 9)

BuLi  Buli

CH,
(9a)

Schemne 9

1, 3-Dimethylcaprolactan (18a) or in general l-methyl-3-
alkylcaprolactam (18) can also be prepared in moderate yield from
9a with one equivalent of butyllithium in tetrahydrofuran at OO,
followed by alkylation of the intermediate monolithio salt 19 at

room temperature (Scheme 9a).



i R
\ ) = o| ——= o)
CH, | CH; | CH,
(9a) (19) (18)
(@ R=CH; ©)R=n_C;H,
(b) R=C,Hs d)R=n-C,Hs
Scheme 9a

Because of the unsatisfactory yield of this method, and par-
ticularly the constant formation of the undesirable M-methylation
products, the preparation of lé was attempted from j-bromocapro-
lactam or its H-methyl derivative 20. TFor this synthesis to be
useful, a convenient preparation N-methyl=3-bromocaprolactam (20)
is necessary. Bromination of Ja using cﬁpric bromide in ethyl
acetate—chloroform42lor bromine-phosphorus tribromide in benzene43
was attempted but no bromination at the 3- position was observed
by thin- layer chrdmatography or nmr analysis, and the reaction
returned starting lactam. Because of the lack of success in the
preparation of 20, it was thought 18b could be obtained from

Z_bromocaprolactam (12) by the organoborane reaction followed by

methylation (Scheme 10).

When 12 was treated with triethylborane and potassiwi-t-
butoxide in THF at 0° and the reaction worked up by methylation,
thin layer chromatography after oxidation or hydrolysis showed a
mixture of two products : E-caprolactam and ﬂ—méthyl-B-bromo—

caprolactam (20). The latter was identified by its nmr spectrum.



The sharp peak at §3.40 was assigned to the E—CHB;

Br (i) OH C
(ii)€,HyB, A~

(o) @Gi)CH,1 7 (

H CH
(12) (18b

Br
O
N
CH;,
(20)

Scheme 10

Because of the failure of the above schemes, it was planned

to prepare 3-oxocaprolactam (21) in the hope that it would act as

a useful intermediate to other lactam substituted at C=%. Although
this compound had been preparéd by Murakani et a145 in low yield
from E-nitrosoéaprolactam (Scheme 11), another method was

examined in order to obtain a more convenient supply. The Beckman
or Schmidt rearrangement of cyclohexan-l, 2-dione appears to be a

promising route. Unfortunately, all attempts at the Schnidt
O
Yoo — (K
N .
NO H

(21)
Scheme 11

I
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reaction led to the formation of small amounte of S-cyanopentanoic
acid together with large amounts of tar. Also the Beckman re-
arrangement of 1, 2-cyclohexan—l,2;dione mono-oxime yielded only
tar. It could be concluded, therefore, that tar formation is
caused by the decomposition of the starting kebtone since it was
reported to be very unstable46. We therefore considered that the
Schmidt recction on the monoacetal of cyclohey.an—l,2-dione47 (22)
night lead to more useful products on the grounds that the inter-
mediate could have a structure similar to 23 and would prefer to
migrate the more electron-rich 1,6=-bond rather than the 1,2-bond
which night be preferred on steric grounds. In the event the
reaction vroceeded in only moderate yield to give essentially
equal proportions of the four possible products which we believe
to be 21, 24, 25 and 26 (Scheme 12)., The structure of these

lactams was supported by nmr spectral analysis. No pure compounde

4
0 Ny CH,—CH,OH 5
: TD*
—_—— ——

(22) (23) 21)

S
£ o
-
H H o H
(26) - LpP @) (24)

Scheme 12
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could be isolated from the mixture even after chromatography.

The recently published procedure for alkylation of lactams
describéd by Trost and Kunz48 has been extended to the capro-
lactam area and this method has resulted in the synthesis of
some 3-alkylcaprolactams and their corresponding lactim ethers
(Scheme 13). The metallated lactim was generated by tfeatment of
Q-methylcaprolactim with 1lithium diisopropylamide in dry tetra-
hydrofuran at 0°, One unresolved feature of this reaction is the
nature of the product formed on protonation of the lithio-inter-
mediate 27; acidification with the weak acid ammonium chloride
gave the lactim ether 28 in high yield but 28 did not give
3.alkylcaprolactan (14) with mineral acid. Instead a dark poly-
meric¢ material was obtained. Direct acidification of the alky-

lation reaction mixture with mineral acid leads to the lactam 14

f:)\o -
N CH, : CH,

Li

R R R
T SIS
(S
“ OCH OCH,
H

o Li *
(14) (27) (28)
@ R=CH,
® R=C,H;

€ R=n-CH;

Scheme 13



in poor yield. One possible reason for the low yield in this
reaction could be that acidification of the reaction mixture
with 10% HCLl leads to the formation of 28 and 29 and the former
polymerised in acidic solution while the latter hydrolysed to

the desired product 1l4.

N" “oCH,
(29) \

Another possible method for the preparation of 14 was based
on the reduction of 3-alkyl-4-chloro-2,5,6,7-tetrahydro-azepin-
o—one (31) with platinum oxide in ethanol (Scheme 14). Chloro
compound 31 was easily obtained from 3-chloro-2-alkylcyclohexen~

l1-one (30) by the Schmidt reaction. It has been reported49 that

R
>— Cl O
|
(30) " e2)
+
@ cl "
N °© = | °
H H

(14) (31)
Scheme 14

in the Schmidt rearrangement of 3-chloro-2-cyclohexen-l-one with
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polyphosphoric acid, migration of the alkyl site and the double
bond site are competitive and thus nearly equal amounts of 4-
chloro-2,5,6,7-tetrahydro-azepin-2-one (33) and 6~chloro=2,3,4,5-
tetrahydro-azepin-2-one (34) were obtained. However, when the
Schmidt reaction was performed on 2-methyl-%-chloro-cyclohexen-l-
one, only one product was isolated in 50-55% yield. It is possible
that the other isomer is formed but decomposes in acidic solution.
Two structure 3la (R:CHB) and 32a (R:CHB) are possible for the

product. The nuclear magnetic resonance (nmr) spectrum suggests

C
CH;
o Cl_
N
H CH{ H
(31a) ' (32a)

™~ the structure 3la rather than 32a. A broad multiplet centred at
about & 3.20 can be attributed to the two protons belonging to
the methylene group next to nitrogen. Furthermore, structure
3la was supported by its hydrogenation to give 3-methylcaprolactan
(14a), the structure of which was confirmed by its nmr spectrum
and by mixed melting point with an authentic specimen. This
scheme apveared to offer a general method for the preparation
of 3-alkylcaprolactamn (14)., Unfortunately, this method suffers
from the difficult preparation of the key compound 3-chloro-2-
alkylcyclohexen-l-one. A difficulty that frequently arises in

the alkylation of 1,3%-dicarbonyl compounds is the concurrent

formation of both C-alkylated and O-alkylated product550’51’52
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which separated with d¢ifficulty. The C-alkylated material is
generally only the minor component. In view of these difficulties,

it was felt that the method was not a suitable general route 1o

these compounds.

Since dimedone has been successfully converted to the corres-—

255

ponding caprolactam by Beckmannrearrangemen y it seemed worth-
while to attempt to explore this reaction for the synthesis of
3.gubstituted caprolactam (Scheme 15). The lketo-amide 36 was

prepared from oximes 35 according to the procedure of Tanura et

153 by the Beckmannrearrangement in polyphosphoric acid. In

Scheme 15
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this reaction only the saturated group migrated and this,

together with easy interconversion of syn- and anti-oximes in
the reaction medium, led to a high yield of 36. The keto-emide

36 readily reacted with aromatic aldehydes to form the benzylidene

54

derivative 37. Reduction of the carbonyl group at the 4-

position of 37 is currently being investigated.

Direct alkylation of keto-amide 36 would be a useful procedure

55

for the preparation of 3-substituted caprolactams”’. The alkyla-

tion of 1,3-diketone has been reported to give C and O-allrylated

51,52
’

roducts with the proportion of these two compounds depending
P ¥ X p g

56,57

on the nature of an alkylating agent Usually more O-allky~

lation is obtained with secondary alkyl halides than with primary

58,59

halides This may be explained by the increase in steric
hindrance at the formation of C-alkylated vroducts. Searles and
Ressler57 showed that C-alkylation was favoured when the entering
group was small or activated (as methyl or benzyl), while O-alky-
lation gradually predominated when the bulk of the entering group
inereased. The results of alkylation of 36, summarised in table 2,
show that the proportion of C-alkylation decreases &s the alkyl

chain changes from G to 03° Pure samples of the C- and O-ally-

lated products were easily obtained by chromatogravhy and their

percentages were calculated on the basis of isolated yields.
Table 2. The Proportion of 23 and %9 R
R Total Yield R 39 ( Q )
% Ly =
‘o

a CH3 69 100 0

b CoHg 53 66 34

¢ i-C,H 60 50 50

57
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CHAPTER 3 ¢ SUBSTITUTLION AT C-4

Caprolactams substituted at C-4 are not generally accessible.
The Beckmannrearrangement6o or Schmidt reaction61 of 3-methyl-

cyclohexanone gave mixtures of 4- and 6-alkylcaprolactams which
are very difficult to separate. We have therefore investigated
alternative general methods for their synthesis. The 6,6-dimethyl-
4-keto-caprolactan (36) derived from dimedone53 did not undergo
addition reactions with organo-metallic reagents, and treatment
with Grignard reagents or orgenolithium compounds resulted only

in an ionisation. However, 36 did react smoothly with arylamines
to give enamines 40 (Scheme 18). When an electron-withdrawing

group was present on the aryl ring of these compounds, they

showed a considerable sensitivity to moisture and were readily
hydrolysed to 36. This water sensitivity would clearly preclude
their physiological use and as a consequence the corresponding

dihydro derivatives 41 were prepared by catalytic reduction

(Scheme 16). Thus saturated lactam 41b caused depression in mice

with the dose of 60 mg/Kg.

Two other methods were investigated for the synthesis of
4—substituted caprolactams. The addition of lithium diallryl-
cuprates or Grignard reagent in the presence of a catalytic

62,63,64,65

amount of copper salt toc, @nunsaturated ketones
esters66 has been achieved with high success. The wide scope

and effectiveness of such reagents have encouraged us to examine
the possibility of conjugated addition to the unsaturated amide 10,

although similar reactions do not appear to have been previously

reported.



— ™

(39 "
NHR NHR
0 > >Q=o
H H
(49 (41)
(a) R=cH, (Q)R=©

Scheme 16
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The unsaturated caprolactam 16 had been synthesised by Donat

and Nelson67. Reimschussel et a168

have also prepared 16 by
dehydrobromination of 3_bromocaprolactam (12) by treatment of the
latter with bases such as lutidine or sodium alkoxides, Unfortunate-
ly, we were unable to obtain a pure compound 16 from the dehydro-

bromination of 12 under varying conditions and on each attempt
only the mixture of 15 and 16 was obsefved. The work of Paquette69
and Vogel70 suggested that the unconjugated isomer 15 is actually
the more stable. When the mixture of 15 and 16 was treated with
1ithium dibutylcuprate71, a small yield of conjugated addition
product 4-butylcaprolactam (42) was obtained and a large amount

of starting material returned. With butylmagnesium bromide in

the presence of cuprous chloride, no evidence for conjugate

addition could be observed and only starting materials were

returned.

Since it appeared possible that the cuprate and Grignard
addition resctions were unsuccessful due to the formation of
insoluble metal complexes with the amide group. another possible
route to the useful intermediate unsaturated lactams was through
the Schmidt or Beckmannreaction on the conjugated cyclohexanone.
Although some instances of successful rearrangements of such

systems have been reported, the reactions do not appecr to be
general.* Thus both isomeric oximes (43) of isophorone can be

, -
successfully rearranged to the corresponding amides 44 and 5272"5

(Scheme 17). The S3chmidt reaction on isophorone, however, gives

-
%* only the syn-oxime of cyclohexene-l-one undergoes rearrangemento7.



‘NeN
vdd

?H
Q NH,OH.HCI d

G kg

(45) (44)

Scheme 17
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1)

(52)

Scheme18

——
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only the conjuzated lactam &i74. Bach lactam was successively

hydrogenated to the saturated product 46 and 47. The above
lactams were then methylated by the method described by Jones26

and were next converted to their thio compounds by reaction with

phosphorus pentasulphide (Scheme 18).

The preliminary testing of 44 and its dihydroderivative 46

caused strong convulsions in mice and the results are summarised

in Table 3.

Table 3 : Convulsant Activity of Tactams 44 and 46.

Tactam Dose Observation Final Result
ng/Kg
10 Clonic convulsion Died
44 . . : .

20 Clonic convulsion | Died in 4 min.,
in 1 min. after blood came through
injection the nose

10 Clonic convulsion, Died

salivation, urina-
tion

20 Clonic convulsion,|Died in 1 min.
straub tail

The high convulsant activity of the lactams 44 and 46 suggests
that lactams with similar substitution patterns (4- and/or 6-

positions) should be prepared.
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The oximes 55 prepared from ketone 54 were shown to be a
mixture of syn- and anti- isomers by nuclear magnetic resonance

E M
spectral analysis. It has been reported7”70 that in the nmr

H
0

(54) (55)

spectra of the &, p -unsaturated keto-oximes the vinyl proton of
syn-isomer shifts to lower field than that of the anti-isomer.
The nmr of keto-oxies 55 shows two singlet absorptions for the
vinyl protonzwt86.70 ascribed to syn-isomer andSEL6O ascribed
+to anti~isomer, Further, from the inte grated value of their
vinyl protons, it is determined that the ratio of the mixtures

of anti~ and syn- isomers is 3:2. Attempts to separate these
two oximes by repeating fractional crystallisation from different

solvents or by column chromatography were unsuccessful. Treating

O

these two isomers with polyphosphoric acid at 130-1%5" caused

(SN

yield.

the Beckman rearrangement and afforded oroduct in 527
Thin layer chromatography of the residue showed only one product
and therefore the product can be regarded as 56 or 57. HNuclesr
magnetic resonance spectral analysis supports strongly structure
56 A broad multiplet centred atIS 3,28 was assigned to the
methylene protonsadjacent to the nitrogen. Lactan 56 was then

hydrogenated to its. dihydroderivative 58. ¥rom this result,

it appears that the anti-isomer easily isomerises in the reaction
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0 O /_0
N
H H H
(56) (57) (58)
medium to give syn-isomer which undergoes anti—-migration53 to

give 56. Alternatively, the absence of lactam 57 may well be

accounted for by the acid-catalysed polymerisation of such

systems.

The Schmidt reaction on the chloro derivative of dimedone 59

gave the lactams 60 and §l49 which seem éapable of offering

analogues of 44 (Scheme 19). Hydrogenation of lactam 61 in the

O O

0 Cl
(59)

H
) 69

Scheme 19
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presence of platinum oxide in ethanol at room temperature and at

atmospheric pressure led to reduction of the chlorine also;
none of the 6-chloro-4,4-dimethylcaprolactom (62) was isolated.
The following spectral and chemical data support the structure
of 4,4~dimethylcaprolactam (63). The infrared spectrum shows
the absence of carbon-carbon double bond at 1625 and the chloro
group at 740 cm~1l. Iis nmr spectrum has a broad peak of two
protons at 3.20 assigned to the methylene group adjacent to the
nitrogen. Iiass spectrum shows molecular jion at 14l. Similarly,

60 gave 6,6~dimethylcaprolactam (64) in high yield upon reduction

with platinum oxide.

The successful dehalogenation of halo Ketones 218979 by

silver-promoted zinc dust in methanol or zinc dust and potassium
iodide suggests the reaction might prove useful for the reduction
of lactams 60 and 61l. Unfortunately, all attempts at these
methods were unsuccessiul and the reaction returned starting
material. In view of our inability to remove the chlorine to
provide a direct route to 4- of 6- substituted products, a replace-
ment of chlorine by other groups was considered. Thus troatment

of 60 with sodium methoxide in methanol gave 6,6-dinmethyl-4-
methoxy-2,5,6, 7-tetrahydro-azepin-2-one (65) in 74% yield (Scheme 2(:.
Its structure was supported by aralytical and spectral data.

A sharp singlet peak at § %.70 ppm was assigned to the methoxy
group. Hydrolysis of 65 with 10% HC1l gave 36 in high yield.
Lactam 65 was also easily obtained by refluxing a methanolic

solution of %6 in benzene.
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[ | CHy

o= o —— ﬂl
N N
H H H

6 (65) (30
Scheme 20

Refluxing of 61 with phosphorus pentasulphide in toluene
gave a thio derivative in 79% yield. Two structures 66 and 67
are possible for the produvcts, but mass spectral and elemental

analysis strongly supported the structure 67. To explain the

Cl SH
N N
H H

(66) (67)

formation of 67, it is suggested the intermediate product is 66

which further rearranges to give 67 as shown below (Scheme 21).

80

Camphor, which has been observed to give no amide-~type

product under the Beckman reaction of its oxime, has been found
to rearrange to an amide in 34% yield under the Schmidt reaction.
Together with the product from this procedure, a large amount of

the starting material was recovered. Thin layer chromatogravhy
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S
, cl
O —— L
H H
R
61 ——— R S

Scheme 21

of the residue showed only one product and therefore the product

can be regarded as 68, 69 or 70 The two methylene protons at

<S2.95 suggested the product from the rearrangement of camphor

has structure 69 or 70 rather than 68. The latter structure is

strongly supported by elemental analysis and mass spectroscopy

0 H NH
H N-\<
O H O

(68) 69) )
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+ .
(M 182), To explain the formation of 70, it is suggested that
the product from the Schmidt reaction which could be 68 or 69,

further rearranges to give 70. The mechanistic scheme for its

formation is believed to proceed as shown below :

i 1
-
68 _
—_— — ] /NH'(;ﬁz —_— 70
L 7=

The reason for this reaction pathway is not clear, since most

amides react with hydrazoic acid to give tetrézolesSl. In fact,

camphortetrazole is a powerful convulsant82.



CHAPTER 4 : SUBSTITUTION AT C-5 ANMD C-7

Derivatives of caprolactam substituted at C-5 are most easily
available through rearrangement of 4-substituted cyclohexanones

by the Schmidt reaction. Since those derivatives prepared showed

little activity, the number of such compounds prepared was few.

T-Substituted capcrolactams were also obtained from 2-alkyl-

cyclohexanones through the Schmidt reaction. In this rearrange-

4
ment, it was founda)’SAr that the direction of rearrangement is

dependent on the steric environment of the carbonyl group and not on
"migratory aptitude" of groups. In their reaction with hydrazoic
acid using polyphosphoric acid as both solvent and catalyst,
cyclohexanones substituted in the 2-position with groups releasing
electrons (e.g. methyl, ethyl . . .) gave the corresponding
T-alkylcaprolactam (74) in high yield; there was no evidence of

the formation of the isomeric 3-alkylcaprolactams and again these

lactams were converted to their thioderivatives 75 in high yield

by the method described earlier.

2-Alkylcyclohexanones (73%) in this study were prepared from
2—carbethoxycyclohexanone86 by two steps via the intermediate
2-alkyl-2-carbethoxycyclohexanone (72). Ketones 73 can also be
obtained from 2-bromocycloalkanones with organoboranes under the
influence of potassium-t-butoxide in tetrahydrofuran4o but this
method is not particularly facile for cyclohexanones. Pecently
Prager and Tippett87 have investigated the reaction ofcx,éc—di-

bromocycloalkanones with organoboranes and found that the reaction
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yields monoalkylated ketones faster and in better yield than

o{~bromocycloalkanones.,

Since preliminary testing of caprolactam derivatives suggests
that optimum activity is attained with lactams substituted at C-7
and/or C-4, the Schmidt reaction on dl-menthone was performed and
gave 4-methyl-T7-isopropylcaprolactam (76) in 98% yield and this
lactam was also converted to its thioderivative (77) in the usual

way .

0
P
— (0]
¥
§ 1)
@ R= CH,
(b) R= C,H,
€) R= i.CiH,

(d) R= t-C4H9



(73)

-6H -

(a) R=CH,
(b) R=CzH5
(c) R=“-03H7_

( d) R=n_C,H,
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CHAPTER 5 ¢ SUBSTITUTION AT C-6

As in the case of 4-alkylated derivatives of caprolactam, no
general method of synthesis appeared to be available in the
literature. The high activity of the derivatives 44 and 46
suggested that synthetic efforts to solve this problem were
merited. As mentioned in Chapter 3, the reduction of 4-chloro-6,
6-dimethyl-2,5,6,7-tetrahydro-azepin-~2-one (60) gave 64 in high
yield., Its structure was supported by the nmr spectrum. A broad
peak centred at §2.65 ppm was assigned to the methylene protons
adjacent to the carbonyl groupe. Its mass spectrum shows molecular
ion at 141. Similar to chlorocaprolactam 60, the replacement
of chlorine by another functional group would be a useful procedurs
for the preparation of 6-substituted caprolactam. Surprisingly,

61 did not give any trace of 4,4-dimethyl-6-methoxy—2,3,4,5-tetra~
hydro—azepin—2-one when heated with sodium methoxide in methancl,
(nnr analysis) but yielded 4,4-dimethyl-6,6-dimethoxycaprolactam

(78). The structure of 78 was assigned by elemental analysis anc

spectral data. The nuclear magnetic resonance spectrum shows

2 methoxy groups at £ 3.50.
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The simplest active compound was obtained from 36 by reduction
of the carbonyl group at the 4-position. Indeed there are a great

g 91.9
88,89,90,91,92 £ .. 41yis reduction but the

variety of methods
simplest procedure was based on the desulphurisation of the corres-
ponding thio-ketal 79 with Raney nickel in boiling ethan0193’94’95’

96 (Scheme 22). The structure of 64 was confirmed by comparison

[]

S

HS—
Hs—) ><>
o —_—
/N\_n/  BF.OFt, N ?
H H

H
(36) (79) 64)

Scheme 22
of its ir, nmr with that obtained by the'hydrogenation of 60 as
mentioned earlier. However, this procedure is not general and
therefore it is hoped to find a key product which could act as a
useful intermediate to other lactams substituted at C-6. A suitable
starting compound for this synthesis appeared to be the 6-ketoamide
80 or 81 which are completely absent in the literature. The

proposed scheme for the synthesis of 6-alkylcaprolactams is out-

\/
1\/_0 o 6] (o) COOH
N — NH,
(80) (81) ©2)

lined in Scheme 23. The cyclisation of aminoacid 82 would be a
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e 574

Scheme 23

promising route in obtaining compound 80. Lartillot and Baron97

have reported that 82 can be prepared by‘round—about route from
glutaric anhydride as shown in Scheme 24. However, attempts to
cyclise 82 by using dicyclohexylcarbodiimide (DAC) in chloroforn

or DCC in chloroform in the presence of triethylamine were unsuccess-
ful., In all cases, unchanged amino-acid 82 was recovered and
further work in this area is required. An attractive alternative
was that hydroboration/oxidation of 6D might lead to compound 81

but again the reaction was fruitless and the starting chloroamide

6D was returned even after long reaction times,

In view of the failure of these schemes, a directed alkylation
of lactam 6D with trialkylborane was attempted but the reaction
failed to give any trace of the desired product and the unchanged
amide was recovered. It seems that different methods for the

required keto-amide 80 or 81 will be needed.
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. ’/\|
p 7 02C:Hs coc C0:C2Hs

CHN,

)\C €O, C,H, — Qoon
C H,CI 0" CH,NH,
82)

Scheme 24
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CHAPTER 6 ¢ CONVULSANT ACTIVITY OR SOWE CAPLOLACTANS,

STRUCTURE — ACTIVITY RELATIONSHIPS.

The substituted caprolactams and their corresponding thio-
derivatives in this study were screened for convulsant activity
on the intact animal and any convulsants were then further tested

on isolated preparations.

Caprolactams which caused convulsion at 200 mg/Kg or less,
did so within the first 10 min. The convulsions persisted for
only 1 - 2 min. and were generally followed by a period of decreased
activity. In some cases, the clonic convulsions were followed by
a tonic extensor seizure and occasionally resulted in death.
The lactams which did not cause convulsions at 200 mg/Kg or less,
generally did not have any other effects. Their median convulsant
doses (CDSO) were estimated by the method of Litchfield and
98

Wilcoxon” , & rapid graphic method with 95% confidence linits.

Subsequent work has shown that the activity of these compounds is

wlﬂ\'c\'\.
99. Picrotoxinvhad a CDSO of 5.40 mg/Xg was also screened,

anti-GABA
The onset of convulsions was longer than with the lactam and the
convulsions persisted for a longer period. In a large proportion
of mice injected with picrotoxin, tonic extensor seizures and death

also occurred.

STRUCTURE = ACTIVITY RELATIONSHIP

The Hansch approach to correlating chemical structure with

biological activity has been widely accepted and recognised as a
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versatile way to understand drug action by analysing the structure-
activity relationship in varicus biological systemsloo’lOl’log.
This approach assumes that the physicochemical factors governing

the transport and drug-receptor interaction can be factored into
electronic, hydrophobic and steric components. The partition
coefficient, log P, as measured by the octanol-water partition
coefficient is widely regarded as the best measure of the hydro-
phobic factor governing drug transport. After studying the hypno-
tiec activity of groups of barbiturates (81) Hensch and his colleag-

ueslo3 have shown that the acute lethal toxicity (log (%) of drugs

®3)

is highly correlated with log (P), the correlation having the form :

log (%) = -« K (log P)2 + K' (log P) + K" (1)
where:
¢ is the molar concentration of applied drug producing a

standard biological response.

K, K' and K" are constants obtained via the method of least

squares.

Setting the derivative of equation (1) equal to zero and

solving the resulting equation for log P, yields log (PO) which

Hansch and his colleaguesloj called the ideal lipophilic character
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for the set of congeners under the specific test ccnditions. The
log PO is a useful parameter for designing the most potent drug in

a set of congeners as well as for illustrating the character of

barriers through which drugs have to trave1104’1o5.

In this study, E-caprolactam was chosen as the base reference,

In a recent review, Hansch, Leo and Elkinle6 have estimated log P

value of &-caprolactam at - 0,19, and this value has been used

in several reportslg’18.

We have measured the log P of E-capro-
lactam, apparently for the first time and have found it to be
- 0,90, This value was used in the investigation of convulsant

activity of substituted cavrolactams. The measured values for

O |OgP: -0.90
H

E~cavrolactam

—~

other cyclic amides are likewise lower than estimated by Lienl(.

The additivity of T constants (T = log Prorons molecule —x

log P ) was found to be quite good, if the wvalue

parent molecule
3 OT CH, was 0.40 instead of 0.42107, except lactams 44, 45,

48, 60, 61, which are all unsaturated caprolactams and had log P

of CH

values considerably higher than expected. The reasons for this are
not yet understood., The estimated CDBO values and the physico-

chemical constants used in the correlation are assembled in Table 4.
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Our attempts to correlate structure with activity have brought to
light some important facts. After studying a limited number of
unsubstituted lactams and their thio-derivatives, Lien and his

colleagues17

concluded that these lactams could be correlated.by
one equation but our work suggests that this is not so. If all
the lactams are considered, the data is best correlated with
equation (2) TFig 1. No satisfactory correlation at all could be
found if the thiocaprolactams were also included., We prefer, at
the moment, to consider the correlation of equation (2) to be

made up of itwo separate curves corresponding to lactams and their

thio~-derivatives.



Table 4

Structure

7 Caprolactam

2a
12
63

* %

Convulsive Doses and Partition Coefficients of

Caprolactams and Thiocavrolactams

CDg ng/Kg log% mol /Kg log P exp log

580.0
1-CH,~ > 200.0
3_Br - 400.0
4, 4-(CHy) 5= > 200.0
5-CHz > 200.0
5~t-Bu-~ =200.0
6,6—(CH3)2_ 6.0
7-CHz- > 200.0
7-CoHg 34,0
7-nC 4Hg > 200.0
43436"(CH3)3"‘ 9.0
4,6,6—(CH3)3~A3— 6.7
44,6-(CHz)5=06- 17.0
1,4,6,6—(CH3)4—A3— 41-0
4,4-(CH3)2—6—61—A6— 29.0

6,6—(CH3)2—4—01—A3— 4.2

2.28

2.67

4.33

3.62
3.41

4.41
4.25
4,36
3,95
3.61
3.77
4.61

P calct
-0.90 -
-0.40 -0.50
-0.56 -0.30
-0,.25 -0,10
-0.46 -0.50
0.73 0.70
-0.18 -0.10
-0.46 -0.50
-0.01 -0.10
0.30 0.%0
0.64 0.70
0.45 0.30
0.40 0.30
g2l 0
1.28 0
1l =5l 0.40
1.36 0
0.96 0
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Table 4 Convulsive Doses and Partition Coefficients of

Caprolactams and Thiocaprolactams (continued)

Structure CDSO mg/Kg log% mol/Kg log P exp log P calcd
Thiocaprolactam %6.0 %55 0.7217 -
753 7—CH3— 33!5 3063 1.07 1012
75b 7—02H5— 15.0 4,02 .45 1.52
15¢  T-nCyH,- = 200.0 = 1.76 1.92
4—CH3-
16.0 3.95 1,02 1l.12
6—CH3-
49 4,6,6-(CH3)3~ 7.2 4,38 1.74 1.92
50 4,6,6—(CH3)3—A3— 11.5 4,16 1.30 1.63%
51 1,4,6,6—(CH3)'4-A3— 82.0 3435 2,09 2.03
36 6,6—(CH3)2—4CO— 84.0 3.27 -0.83 -
38a 3,6,6—(CH3)3—4CO- 41.2 3460 ~0.33% -0.43

. 106

nﬁr = 0,60
*

M1 = 0.40
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4.4,

4.0}

3.6,

3.21

2.8,

24!
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%
%
12 16 20 24 28 32
Fig 1. Plot of log% against log P of caprolactams and thio-

caprolactams, where C is concentration expressed in moles per

kilogram mouse and P is the partition coefficient (1-octanol-water).
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log (§) = - 1.02 (log 2)* + 8.63 (log P)> - 26.80 (log P)2 +
37.28 (log P) - 16.27 (2)

n S r

13 0.102 0.822

where

n is the number of points used in the regression
s is the standard deviation and

r the correlation coefficient.

Fitting the data of all caprolactams in Table 4 to equation (1)
yield equation (3) which is strong support for Hansch's hypothesis
that, biological response is parabolically dependent on log PlOB.
For convenience of computing, each log P in equation (2) and (3) has

2.0 added to it and therefore (3) becomes (4).

log (2) = - 3.06 (log P)° + 17.04 (log P) - 19.02 (3)
n N S T
14 L 0.124 0.914 ,

log (§) = - 3.06 (log P)2 "+ 4.80 (log P) + 2.82  (4)
and log Po — 0.79. This value turns out to be quite close to that
reported by Lien and his co—workers17 (log P= 0.89). Indeed, on
the basis only of drawing curves of best fit, it would appear that
there are three distinct groups : those caprolactams substituted
at only one carbon atom, those substituted at two carbon atoms and

thiocaprolactams. And therefore, three sets of congeners were

considered in this study with three different values of log PO.

-
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(i) Caprolactam substituted at ore carbon atom.

Substitution at 4~ or 5- position of the ring gave inactive
compounds although they show near optimum log P values (eege 4,4~
dimethylcaprolactam and 5~alkylcaprolactam) (see Table 4), The
reasons for this are not well understood. However, the most active
compounds were substituted at C-6 or C-7; thus 6,6-dimethylcaprolac~
tam (64) is potent convulsant with a CDg, of 6 mg/Kg (Table 4).

The activity of 7-alkylcaprolactam was found to be chiefly dependent
on the size of the substituents. By increasing the length of the
gide~chain, tie substitution first enhances the convulsant activity
(e.g. T-ethyleaprolactam with CDg, = 34) and then decreases the
convulsant activity of the compound (e.g. T~ne.propylcaprolactam with

CD = 60.,0) until finally the compound no longer is a convulsant

50
(e.g. 7-Butylcaprolactam). In fact, 7-butylcaprolactam, with dose
at 110 mg/Kg, causes paralysis in the hind limbs and also causes

an increase in motor activity in the mice. KXerr and Denni599

report
that, in marked contrast to the convulsant lactams which antagonise
the activity of barbiturates, the 7-butyl compound potentiates
barbiturate-induced ansesthesia very markedly. Thus in the case of
7-alkylcaprolactam, 2 steric factor is clearly at work, and a full

analysés must wait for the synthesis of a larger group of such

derivatives.

ii Caprolectams substituted a2t two carbon atons,
D

Using convulsant activity for preliminary screening, the most
effective compounds so far found are substituted on carbon 4 and ©
of the ring. Fitting the data of caprolactams substituted at two

carbon atoms in Table 4 to equation (1) yield equation (5) (Fig 2.)
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From Table 4 the most active compound is 4-chloro-6,6-dimethyl-

2,5,6,7-tetrahydro-azepin-2-one (60) with CDgqy of 4.20 mg/Kg

. |
log (§)= - 1.074 (log P)% + 1.20 (log B) + 4.18 (5)
n S T

11 0.206 0.870

representing some hundred-fold improvément over the parent lactanm
I}
(CD50 is about 580 mg/Kg)Q‘° Replacing a single bond with a double

bond results in a constant change in log P (ATY) of about —0.3010O

. . 10 .
which according to Hansch 9, should cause a decrease in the ease
with which the compounds enter the nervous system (e.g. 44 with

CcD = 6.70 c.T. 46 with CDBO = 6,00 etc...)e VWhen the nitrogen in

50
the ring is alkylated the activity dropped (e.g. 48 with CDBO = 41.00
c.f. 44 with CDgq = 6.70). This finding is in agreement with the
observation by Elison et a118 in the study of CNS activities of
lactam derivatives. The reason for this decrease in activity may

be due to interference of dipole-dipole interaction at the receptor

sites by N-alkyl group or the requirement for hydrogen bond Torma-

tion.

One possible reason for the difference in log Po.requirement
for mono- and disubstituted caprolectams may lie in the secondary
hydrophobic bonding, as shown below which suggests that the three-
point binding in the case of disubstituted derivatives favours

binding of the amide group as shown, but monosubstituted derivatives

possibly bind a different site.



4.8,
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4.0}

3.6|

3.2
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X
~0.3 0.0 0.3 0.6 0.9 1.2
Fig 2 : Plot of log%— against log P of caprolactams

substituted at two carbon atons.
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(iii) Thiocaprolactanm

Substituting the oxygen atom with a sulphur atom does not

always increase the potency as thoughtby Lien and his colleaguesl7’13
Although 7-alkylthiocaprolactam follows this pattern, the thio-
derivatives such zs 2,5,6,7-tetrahydro-4,6,6-trimethylazepin-2-thicne
(50) and 4,6,6-trimethylthiocaprolactam (49) were not as potent as
the oxygen analogue. Fitting the data of all thiocaprolsctams in
Pable 4 to eguatior (1) yield equation (6) (Fig 3.) in which the
optimum lipophilic character for maximum toxicity (log PO) is 1.4%.

) . X ' . . 17
This value is in agreement with the observation by Lien et al -

log (&) = - 1.609 (log P2 4+ 4.607 (log P) +(0.907 (&)

n S r

0.259 0.976

It seems very likely that it is imprudent to compare the
relative activities of the thiolactams with those of the lactans,

since the activities refer to whole-animal studies and the high
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*
log P values of the thioamides result in a very rapid and high

concentration of drug in the brain, resulting in rapid onset of
convulsions. With caprolactams, the lower log P results in overall
lower concentrations in the brain, resulting in slower onset of
convulsions lasting for longer periods. Clearly the relative
activities should be compared in an isolated system where transport
is not important. As in the case of caprolactam derivatives, the
most active compounds found in this series have substituents on
carbon 4 and 6 of the ring. Double bond or alkylation on N tend to

decrease activity of the compounds (see Table 4). -

The pharmacology of the caprolactam derivatives reported in

99

this thesis have been studied in further detail by Kerr~”~ who has
found that they inhibit the action of GABA in the central nervous

system.

Pinally, it should be pointed out that these ring structures
with resonant--lE-C0-~ and ~-IH-CS- groups raise certain questions
concerning the nature of the GABA receptor, and of the active con-
formation of the GARPA molecule, at a time when an "extended" rather

110

than "folded" GARBA molecule 1s becoming favoured as the vreferred

conformnation involved in GABA-mediated inhibitions in the CIiS.

Normally, sulfur compounds are considered to be more lipophilic

than their oxygen analogs.
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Fig 3

0.6 0.9 12 15 1.8

Plot of log% against log P of thiocaprolactams.

21
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GENERAL

(1) Melting points (mp) were measured using a Kofler hot-stage

apparatus. Melting points and boiling points (bp) are uncorrected.

(2) 1Infrared spectra (ir) were recorded on either a Perkin-Elmer
337, a Unicam SP 200, or a Jasco IRA-1l grating infra red spectro-

photometer, using the 1603 cm_l bond of polystyrene as a reference.

(3) Nuclear magnetic resonance (nmr) spectra were recorded on a

Varian T60 spectrometer operating at 60 MH,, using tetramethylsi-

lane as an internal reference. All spectra were determined in

carbon ‘tetrachloride unless stated otherwise. Data are given in

the following order : solvent; chemical shift (&), multinlicity,
s (singlet), b (broad), 4 (doublet), t (triplet), 9 (quartet),

dd (doublet of doublets), m (multiplet), removed with D20 means
that the signal d isappears on shaking with the sample with D20,
complex means that this part of the spectrum could not be inter-

preted; first-order coupling coupling constant (J) is expressed

in HZ-

(4) Ultraviolet spectra (uv) were determined using a Unicam S? 8CC:

spectrophctometer.

(5) Mass spectra were recorded with a Hitachi Perkin-FElmer RITU-6D

double focussing mass spectrometer operating at 70eV. The data

are recorded in the following order : cperating voltage; mn/e

value; assignment with metastable peak (where observed); relative
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intensity to base peak (100).

(6) Gas chromatographic analyses (G.C.) were performed on Autopren
700 and 705 models or Pye 104 chromatograph using nitrogen carrier
gas. The columns, constructed of stainless steel or pyrex glass,
were (1) Apiezon M 5%, 6 x 1l2mm, (2) Carbowax 20M 10%, 3.6M x 2.0mmn,
(3) OV 101 20% 2If x 6.0mm. The relative areas of peaks have been
determined by triangulation. Data are recorded in the order :

column; temperature; retention time (mins/sec.).

(7) DMicroanalyses were performed by the Australian Microanalytical

Service, llelbourne.

(8) Analytical and preparative-thin layer chromztograchy (tlc)
plates were prepared from 50% Ki@%el G and HF 254 applied to the
glass plates as a suspension in water and activated at 120° for

12 hr. Column chromatography was carried out on sorbsil silica gel

or Spence neutral alumina, using dry redistilled solvents.

(9) The commonly used anhydrcus solvents were purified as follows :
Ether was dried over calcium chloride granules for 48 hr., distilled
from phosphorus pentoxide and stored over sodium wire., ‘hen required
further drying was achieved by distillation from lithium aluminium
hydride. ZXeagent grade tetrahydrofuran was distilled from lithium
aluninium hydride immediately before use. Benzene was dried by
refluxing over a water separator until no more water was collected,
then distilled and stored over sodium wire., Petroleum ether and

hexane of sufficient dryness were obtained by distillation. Pyridine
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was heated under reflux over potassium hydroxide pellets for 24 hrs.,

then distilled from fresh potassium hydroxide and stored over 4Ao
molecular sieves. Chloroform and methylene chloride were distilled
from phosphorus pentoxide. Acetic anhydride was distilled from

calcium carbide., Dioxan was purified and dried as described by Hess

111,112

and Frahm and stored over sodium wire. Dimethyl formamide

(DMF) and dimethylsulphoxide (DMSO) were distilled under reduced

pressure from calcium hydride.

(10) In this text, petroleum ether refers to the fraction of bp
50654

(11) All orgenic extracts were dried over anhydrous magnesium

sulphate, unless stated otherwise. Redistilled solvents were used

for all extractions.

(12) A1l glassware for reactions involving organometallics was

flame dried under vacuu.

WORK DESCRIBED IN CHAPTER 6

Partition Coefficients : The analyses of the concentrations of

partitioned substances were made using a Unicam SP 800 spectrometer.
The l-octanol was purified by washing with dilute sulfuric acid

and then sodium hydroxide followed by distillation. For the parti-
tioning, octanol saturated with distilled water and distilled water

gsaturated with octanol were used, and therefore no corrections
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for volume change after equilibrium were necessary. Usuvally,
50-150 ml portions of octanol were used with 50-400 ml portions of

water. The volume ratio of the two phases and the emount of sample

were chosen so that, in most cases, the absorbance of a sample from
the water after partitioning had a value between 0.20 and 0.90.
Only the concentration of the sample in the water layer was deter-
mined, and that in the octanol was obtained by difference. Each
determination was done at least in duplicate at two different

volume ratios and the average value for log P has been reported.

Preliminary Test for CD5O:

Mice weighing 20-42g were injected intraperitoneally with a
series of doses (10, 20, 40, 60, 100, 200 mg/kg body weight) of
the relevant compound. Signs of CKNS stimulant activity were
observed continuously for at least one hour. All drugs were
dissolved in saline (9% NaCl) or propylene glycol* and administered

in a volume of 0.25-0,50 ml.

Estiiation of CDGO:

For a given drug known to cause convulsions at 200 mg/keg or
less, a group of five mice were injected intraperitoneally with eac:

appronriate dose to be tested. Clonic convulsion within one hour
pPprop

Propylene glycol was used in cases to dissolve those drugs which
" were insoluble in saline. This did not affect the administration

of the drug in any significant way.
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after injection was used to determine the effective convulsant dose.
The CD50 was estimated for each lactam according to the method of

Litchfield and Wilcoxon O,

Rerression Analysis: The data was analysed by computer using

the Polyamna Curve-fitting package for optimal orthogonal poly-

nomial fit.
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2, A— DIHYDROXYPYRIDINE (19)

Ethyl—Z,4~dihydroxypyridine—5—carboxylate32 (17) (6.00g),
ethanol (30ml) and dilute sodium hydroxide (%0ml) were refluxed
for 30 min. The solution was cooled and then ecidified slowly with
concentrated hydrochloric acid. On cooling, the product 2,4-di-
hydroxypyridine-5~carboxylic acid (18) was collected (3.50g, 70%);
mp 308° (1it32 310°) .

Acid 18 (1.90g) was then heated at 190-200° for 1 hr. The
infrared spectrumn indicated that the product was the starting
material. This acid was thein mixed with copper powder and sublimed
at temperature 280-300° for 6 hrs. The decarboxylated product was

_ 33 |
collected as yellow needles (0.10g, 11%) mp 258-262° (1i% 265°-2677).

QUINOLINIMIDE (22)

Quinolinic acid (20g), acetic anhydride (20ml), acetamide (20g)
and pyridine (0.20ml) were refluxed for 4 hrs. The acetic acid

was removed by distillation. The crude product was collected and

sublimed at 1600/0.05 to give 22 as colourless needles (l6g, 90%)
mp 241-242° (11%%7 243°),

QUINOLINALIDE (23)

A solution of methyl quinolinate (21) or quinolinimide (2g) in

methanol (20ml) was added to liquid ammonia (20ml) at 0%, the
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ir (nujol) : 1645 cm-1
nmr (CDClB) : 8§ 7.9-7.4 (complex, TH); 6.20 ( t, J7Hz, 1H,
N-CH=CH-CH); 3.50 (s, 3H, N-CHgz).
Mass Spectrum (70eV) : m/e (M+zi§:—013HllN02 requires WM'213%)
(55), 185 (100), 136 (65), 105 (33), 77 (73).

Anal. Calcd for 013H11N02 : C, 73.22 3 Hy, 5.20 5 N, 6.57

Found : C, T73%.22 3 Hy, 5.32 3 N, 6.45%

ATTEMPTED PREPARATION OF 16 FROM PHENYLLITHIUM.

E—methyl—2—pyridone—B—carboxylic acid30 (0.153g, 1 mmol) in
dry ether or tetrahydrofuran (20ml) was added during 15 min. to
phenyllithium in ether (lml, 2M). The mixture was stirred at Oo
for 4 hrs. The reaction was poured onto ice and then extracted
with ether. The ether extracts were dried and evaporated to yield
o so0lid which was shown to be starting material by its inTrared
spectrum. This reaction was repeated under varying conditions of

temperature and solvent (Table 2).
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the product separated. Recrystallisation of the crude product
from ethanol gave colourless needles (0.12g, 51%) mp 161-162°
(lit34 164-—1650)o This compound was identified as 26 by spectral
analysis.

nmr (CD015) : & 8,50 (2H, N-CH=CH-); 7.20 (1lH, H-CH=CH~CH);

3.72 (s, 3H, CO-NCH,-CO); 3.50 (s, 3H, CH.N CO),

3 __a

Mass spectrum (70eV) : m/e (M'191 CgHqgl50, Tequires Mt191) (30)

3. BENZ0YL~1-L11IHYLPYRID-2-0LE (16)

N-methyl-2~pyridone-3-carboxylic acid (0.153g; 1 mmol) was
added in small portions, over half an hour., at room temperature,
to a stirred solution of oxalyl chloride (1.02g, 8 mmol) in dry
benzene (20ml). The mixture was stirred at room temperature for
3 hrs.,, during which time the acid slowly dissolved. The reaction
wags completed by warming to 50-550 for 30 min. The mixture was
cooled and the solvents removed by rotary evaporaticn and the cruce
acid chloride ())max 1780-cm-1) was dissolved in benzene (10ml)
at 0°. Aluminium chloride (0.4g) was added to this solution over
1.5 hrs.; and the reaction allowed to warm to room temperature,
then refluxed for 6 hrs. On cooling, crushed ice (20g) was added
followed by hydrochloric acid (313 20ml). The agueous phase was
washed with ether, bagified and extracted with chloroform. The
combined chloroformn extracts were washed with water, dried, filtersc
and the solvent was removed. Recrystallisation of the solid product

from e thanol gave 16 as yellow needles (0.09g, 44%),

mp 114-115°



quinolinamide separating as needles after being left overnight.
Recrystallisation of the crude product from hot water gave quino-
linamide (23) as colourless needles (1.2g, 77%);mp 207-208° (1it34
209°).

ir (nujol) 3350, 3150, 1700, 1650 and 1608 cm-1.

PYRIDOPYRIMIDILE (24)

Pyridopyrimidine (24) was prepared by the method of Beckwith
' 52 ; 2cn0 35 o}
and Hicxman  in 80% yield, mp > %50 (1lit”” 365")
ir (nujol) 3180, 3060, 1730 and 1680 cm-1.

Mass spectrum (70eV) : m/e (163 C7H5N302 requires M¥163%) (100C)

130 (75).

ATTEMPTED PREPARATION O0F PYRIDOPYRIMIDINE IETHIODIDE (25)

Pyridopyrimidine (1.63g), methyl iodide (2.84g) and dimethyl-
formamide (20ml) were stirred in the dark at room temperature for
3 days. Removal of the solvent gave a solid which was shown to be

the starting material by infrared spectroscopy.

METHYLATION OF PYRIDOPYRIMIDINE

A mixture of pyridopyrimidine (0.20g) and methyl fluorosulpho-
nate (1.5 ml) was stirred at room temperature for 1 hr. 107 Sodiuz
hydroxide (10ml) was added to the solution and then the mixture

was refluxed for 1 hr. After cooling and adjusting the pH %o 5-06,
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Table 2 : Attemnnted Pheny lation of N-ilethyl-2-Pyridone-3-—

Carboxyvlic Acid.

Acid Pn Li Soivent Time Cond. of exp. Product
2 equive. Et20 24 hrs 0° .
2 equiv. Et20 ' days B, M -
4 equiv. Et,0 7 days Refl, -
15 2 equiv.  THP 24 hrs 0° -
2 equiv. THRF 24 hrs 0® -
4 equiv. THE 24 hrs R.T. -
4 equiv. THF 24 hrs Refl, -
2 equiv. THE 4 days R.T. -
21 2 equiva. Et20 4 hrs 0° trace
2 equiv. Bt,0 2 days Refl. trace

ATPENPTED CYCLISATION OF 16 BY PHOTOLYSIS

Compound 16 (0.10g) in methanol (200ml) was irradiated using
a low pressure mercury lamp in a quartz flask at room temperature
for 3 days. Thin layer chromatography of the reaction mixture
showed only unchanged starting material., This reaction was repeéted
with benzene as solvent in the presence of a little iodine but

again no reaction occurred.



ATTELZTED CYCLISATION OF }E BY THALLATIOLN.

A 0.8M solution of thallium (111) trifluoroacetate (TTFA) in
trifluoacetic acid (TFA) was prepared according to the method of

McKillop et al“”.

Compound 16 (0.266g) was added to TTRA in TFA (7ml) and the
reaction mixture allowed to stand at room temperature overnight.
The solvent was removed under reduced pressure and the mixture was
then diluted with ether and 1,2-dichloroethane followed by evapora-
tion under reduced pressure to remove solvents and excess TFA. The
residual oil was suspended in benzene (200ml) in a quartz flask
under nitrogen and the suspension then irradiated for 2 days. The
benzene solution was evaporated to dryness to give a brown oil

which was identified as starting material by its infrared spectrum.

MPTED PREPARATION OF 3-CYARQ-4-PHENYL-2-PY2IDOUE (33)

(i) Bromocyanoacetamide (2.0g) was heated with pyridine (4.0g) for
1 hr. To the cooled mixture was added ¥ WaOH (15ml), methanol
(30ml) and cirnamaldehyde (1.32g). After 10 min. acetic acid
(30ml) was added and after cooling, the reaction mixture was
extracted with benzene. The solvent was removed from the dried
extract to yield a yellow solid which was identified as 30 (1.75g,
80%)

mp 155° (1it°° 156°)

ir (nujol) : 3400, 3200, 2220 and 1690 cm-1
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(ii) Cinnamaldehyde (6.5g) and ethylcyanoacetate (5.6g) were
dissolved in ethanol (50ml) and various concentrations of ammonia
(5.G. 0.880) added at temperatures fron 0° 40 80°, Working up of
the reaction gave a high yield of the product 35.

mp 114-116° (11440 116°)

ir (nujol) : 2250, 1720, 1620 and 1590 cm~1.

nmr (CDClg) @ 8 8.10 (%, J= 6l , 1H, = CH ~ CH = CH~-)3

7.80 - T7.30 (complex, TH)s 4.40 (Q, J= 8HZ, 24, COO‘QEZ'CH3)5

1.40 (t, J= TH_, 3H, COO-CHQ—QES).

(1ii) Repetition of the experiment (ii) from cinnamaldehyde (6.5g)
and cyanoacetamide (2.00g) gave quantitative yield of a yellow
solid which was identical in all respects to the compound 30 obtained

in the above experiment.

7ZINC CHLORIDE COLPLEX OF 6

A mixture of 2~aza—l—keto—fluorenonel7 (4) (0.3%30g), 4-aminoe
veratrole (0.45g) and zinc chloride (0.20g) was refluxed in toluene
(50ml) for 7 days. The reacition mixture was cooled and filtration
gave an orange solid which was washed with a little cold water or
dilute acid. The analysis of this solid was consistent with the
zinc chloride complex 35.

ir (nujol) : 3100 and 1645 cm-l.

Anal, Calcd for C20’16N203C122n:

Pound : C, 51.36 3 H, 3.42 ; N, 6.42 %

C, 51.28; H, 3.41; T, 6.01

The complex was dissolved in concentrated acid and the solution
. was extracted with chloroform., The solvent was removed to give &
yellow solid which was identified as the ketone 4 by its nmr and

ir spectra.
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REACTION OF ZINC CHELORIDE COPLEX WITH m-CHLOROREROXYBENZOIC ACID

m—Chloréperoxybenzoic acid (0.80g) was added to a solution
of the zinc chloride complex (0.50g) in chloroform (30ml) and the
resulting mixture stirred at room temperature for 3 days. During
this period the solution darkened in colour. The dark solution
was then poured through a column of neutral alumina and the eluate
evaporated to dryness under reduced pressure to yleld a dark oil

which polymerised rapidly on standing.

REACTION OF 2-AZA-1-KETOFLUORENOHE WITH 4-BROMOVERATROLE

Magnesium turnings (1.2g) were washed with a little sodium

joN

dried ether to remove surface grease, dried at 100-1200 and allowed
to cool in a desiccator. Portion of a solution of redistilled
4~bromoveratrole (5.40g) in anhydrous tetrahydrofuran (20ml) was
added to the turnings and the reaction was stirred and heated under

nitrogen. To start the reaction, a few drops of radistilled ethyl

)

iodide were added, and when the reaction had commenced, the remaind

b e

U

of the halide was added and the mixture refluxed overnight. After
cooling, the reaction was stirred at room temperature for another
day. Addition of dry tetrahydrofuran (200ml) was necessary 1o

keep the Grignard reagent in solution when it was cooled., A solutiocr
of 2-aza-1-ketofluorenonel7 (0.60g) in dry tetrahydrofursn (3Cml)

was added over 2 hrs. to the stirred Grignard reagent at 0°. Durirg
this addition the colour changed from yellow to green. The reacticn

. . . 0 .
mixture was stirred for another hour at 0 and then left overnight



at room temperature when the colour of the reaction changed from
green to browvn. The reaction was quenched with crushed ice and
saturated ammonium chloride. The organic phase was separated and
the agueous phase was extracted with chloroform (3 x 50ml), The
combined extracts were dried, the solvent removéd, and the residue
recrystallised from ethanol to yield 8 as yellow needles (0.60g,
63%). A small sample was recrystallised from ethanol before analysis,
mp 225°
ir (nujol) : 3250, 3150 and 1640 cm-1
nmr (DMSO-dg) : 8 7.80-7.20 (complex, TH)3 6.70 (m, 3H);
5.60 (b, 1H, OH, removed with D,0); 3. 80 (61, 2@0H§D.
Mass spectrum (70eV) : m/e (11" 335, CQOH17NO4 requires 173%5) (20
Anal, Calcd for C2OH17NO4 : C, 71.63 3 H, 5,11 ; N, 4.18
Found : C, 71.66 3 H, 5.33 ;3 N, 4.06 %

REDUCTION OF 16 BY SODTUIL BOROHYDRIDE IN HITHANOL

A solution of sodium borohydride (0.40g) in ethanol (10ml) was
added to 16 (0.64g) in ethanol (20ml). The bright yellow colour of
the ketone was discharged by the borohydride tec yield a clear
colourless solution. After stirring for %0-45 mins., the solution
was poured into water and the pH adjusted to 4-5 with 10% HC1.
Extraction with chloroform, followed by the usual work-up gave the
crude product 40 which was recrystallised from ether as colourless
needles (0.50g, 70%).

mp 108 ~ 109°

ir (nujol) : %260 and 1640 cm-1
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nmr (CD015) : 8 7.40 (complex, TH), 6.20 (%, J= 7H,, 1H,  =Cl=
CH - CH=), 5.81 (b, 1H, -CH-OH), 5.08 (b, 1H, CH-OH, removed with
D,0), 3.60 (s; 3H, N-CHz) .

Anal. Calcd for CpgHy5l0, : C, 72.54 5 H, 6.09 ; M, 6.51

Found : C, 72.58 3 Hy, 6.19 ;3 N, 6.49 %

THE SCHMIDT REACTION O 16

To a stirred suspension of sodium azide (0.80g) in chloroform
(10ml), cooled in ice, sulphuric acid (98%) (10ml) was slowly added
and the stirring continued for 30 min at 0°. The ice was replaced
by & water-bath maintained at 20-25° and a solution of 16 (0.10g)
in chloroform (1Cml) added during 20 min. The reaction mixture
was stirred at room temperature overnight and then at 500 for
another hour. The mixture was cooled and poured onto ice (75g).
Extraction with chloroform and evaporation gave crude product (0.0%5%]
which was recrystallised from ether as bright yellow needles (0.0752s |
T0%) «

mp 125-126°

ir (nujol) : %320 and 1640 cm-1

nmr (CDClB) : S 9.3%0 (b, 1H, NH), 8.60 (d, d, J = 7HZ, ZHZ, 1%,

CE'NCH3)’ 8,00 (complex, 2H, CH=CO-CH-Ar), 7.50 (complex, 3,

38 (Ar) ), 7.10 (&, 4, J = TH,, 2H_, 1H, CH = C=NH), 6.3%C

(t, J = TH,» 1H, ¥ = CH =CH - CH = ), 3.60 (s, 3H, I~ gﬁs).

Anal. Calcd for 013}1121‘]202 : C, 68-41 H H’ 5030 H N, 12.27

Found : C, 68.50 3 Hy, 5.46 3 ¥, 12,02 %
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THE SCHMIDT “ERACTION 0F ATLCOHOL 40

(1) With hydrazoic acid in concentrated sulfuric acid-chloroform.

The reaction was carried out similarly to that above using 40
(0.10g), concentrated sulfuric acid (10ml), sodium azide (0.10g)
and chloroform (15ml)., Subliration of the crude product at llOO/Osi
gave pure N-methyl-2-pyridone-3-carbaldehyde (42) as colourless
needles (0.05g, T70%).

mp 97-97.5°

amr (CDC1;) & 10.50 (s, 1H, -CHO)s 8.18 (d, &, J = TH,
J = 2H,, I, -0}_1-1\3.-01{3); 7.70 (d, 4, J = TH_ , J = 2H,, 1H,
—CH = C ~ CHO)y 6.40 (%, JT="7TH,» 1H, -CH = CH - CH =)}

3,67 (s, 3H, N—CES).

Anal. Celcd for C H,MO0p : C, 61.31 ;5 H, 5.15 ; W, 10.21

Found : G, 60.67 3 H, 5.14 3 ¥, 10.25 %

(ii) With Uydreazoic acid in Polyphosvhoric acid

To a mixture of 40 (0.45g) in polyphosphoric acid @O0g), sodium
azide (0.16g) was added in small portions over 40 mins. with slow
agitation. The temperature was slowly increased to 50—550 on &
water bath, and maintained at this level overnight. The reaction

mixture was cooled and then poured onto ice-water. Exitraction

with chloroform and evaporation gave the crude product which, after
recrystallisation from ether, afforded the same product 42 (0.26g,

57%) as shown by tlc and nmr spectrum. The acid agueous solution
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(above) was made alkaline with sodium hydroxide solution and
extracted with chloroform. Evaporation of the solvent yielded a

brown liguid (0.085g) which was shown to be aniline by its ir and

nmr spectra.

1 ~HETHYL—2-PYRIDOLE=3-CARBOXANILIDE (45)

A solution of aniline (2.0g) in benzene (10ml) was added to

the crude acid chloride 27 (prepared from N-methyl-2-pyridone-3-

S o
o

carboxylic acid (0.46g, 3mmol) in benzene (30ml) and oxalyl chlorid
(3.06g) ) in benzere (30ml) until the odour of the acid chloride
disappeared. The mixture was ther stirred at room temperature for
10 mins., 10% HCl added and the mixture then extracted with benzene.
The combined benzene extracts were washed with water (15ml), dried,
and the solvent was removed to give a crude solid (0.52g) which
after recrystallisation from benzene-ether afforded 45 as colourless
needles (0.48g, 70%).

mp 169 -~ 170°

ir (nujol) : 3050 and 1680 cm-l.

nmr (CDC15) : § 12.00 (b, 1H, NH); 8.66 (4, 4, J= TH, - J=2H,,

1H, —CE-NCHB); 7.70 (complex, 5H, aromatic protons); 7.30, (Ao

d= 7HZ, ZHZ, 1H, CHE =C -~ C = 0)y 6.50 (t, J= THZ, 1u,

N - CH =CH - CH = )3 3.70 (s, 3H, N - ggg)
Anal, Calcd for 013H12N202 : C, 68.41 5 H, 5.30 ; K, 12.27

Found : C, 68,46 ;3 H, 5.42 3 N, 11.95 %

St
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THE SCHMIDT REACTION ON FLUORTHOL 8

To a mixture of 8 (0.06g) in polyphosvhoric acid (1.20g) was
added sodium azide (0.05g) in small portions over 2 hrs., with slow
agitation. The temperature was slowly increased to 45-47° on a
water bath and this reaction temperature maintained &t this level
overnight. The reaction mixture was cooled, poured onto crushed ice,
and made alkaline with 50% NaOH. The solution was then extractead
with chloroforn (5 x 10ml). The combined chloroform extracts were
dried and evaporated to give a brown solid which after recrystallisa-
tion from ethanol afforded 9 as pale pink crystals (0.05g, 87%),

np 280 - 281°

ir (nujol) : 1645 and 1628 cm-1

Mass spectrum (70eV) : m/e (1t332, C'20H161\I2O3 requires

wT3%2) (100), 317 (57).

Uv (95% EtOH) : 240 mp (& 27,600); 254 ( E 21,600);

268 ( B 15,600); 280 ( E 9,960); 326 ( E 9,600).

Anal Calecd for 020H16N203 : C, 72.28 3 H, 4.85 5 N, 8.43

—_— : Cy, 71.96 ; H, 4.89 ; ¥, 8.27 %

PREPARATION OF N-OXTIDH 1.1

The amide 9 (0.03g) and m-chloroperoxybenzoic acid (0.045¢)
were dissolved in chloroform (10ml) and the mixture was stirred
at room temperature for 3 days. The yellow solution was poured
through a column of neutral alumina and the eluate evaporated.

Recrystallisation of the crude product from ethanol gave yellowish
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needles of the partially hydrated N-oxide 11 (0.012g, 40%),
mp 273 ~ 274"
uv (95%.EtOH) 242 ( E 26,800), 280 ( E 9,400), 288 ( & 8,000),
310 ( B 4,500), %64 ( E 6,600), 404 ( B 4,200)
Mass spectrum (70eV) : m/e (M 348 Cooli6l00, Tequires M348)
(25), 332 (20), 331 (25), 330 (1l00), 315, 316, 317 (10), 287

(25), 195 (15), 165 (15), 149 (15), 103 (50).

Anal caled for 020H16N204.%H20 : C, 67.26 3 Hy 4,79 3 ¥, T7.84
Fehus : Gy 67.23 5 H, 4.95 3 N, 7.26 %

DEHYDROPEILCLINE (3)

The H-oxide 11 (0.008g) in ethanol (400ml) was exposed to
sunlight. After 1 hr. of irradiation, examination of the solution
by ultraviolet speciroscopy gave evidence that most of the starting
material had diseappeared. Lvaporation of the solvent gave a white
solid which crystallised from ethanol as fine needles (0.004g, 50';75)j
mp 285 - 287°  (1it 2887%)
The ultraviolet spectrum was identical with that of an authentic
sample of dehydroperloline*
UV (EtoH) : 238 ( £ 28,800); 255 ( E 19,000)s 275 ( & 11,0CC,
340 ( B 8,000); 350 ( & 8,700); 370 ( £ 6,000).

NMass spectrum (70eV) : m/e (mt 348 CZOH16H204 requires 177348)

(100).
Accurate mass calcd mol.wt for 020H16N204 ¢ 348,1109
Pound 348,1099

The sample was supplied by Prof. William I. Taylor (International

Flavors and Fragrances)
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CHAPTIR 1 = SUBSTITUTION O N OR O

N-Kethylcavrolactam (9a)

N-methylcaprolactam (9a) bp 100-102°/18 (lit24 50-51/4) was

28 in 68%

prepared according to the procedure of Benson and Cairns
yield from €-caprolactem and dimethyl sﬁlphate in dry benzene. G.C.

Apiezon M (180°), 2/15.

0-Ethylcavrolactim (8b) :
24 81-82°/26) was

prepared according to the procedure of Brown and Ienagall3 in 68%

This compound bp 82-84°/20 (1it™17 70°/15, 1i%
yield from €--caprolactam and ethyl chloroformate.

N-Ethylcaprolactam (9b)

Lactim 8b was heated for 2 h at 200-250° in an atmosphere of
nitrogen. Distillation gave N-ethylcaprolactam (60%) as a colour-

less oil bp 110-113°/8 (1it°% 979/5.5).

N-Alkylcaprolactam (9)

The general method for alkylation of caprolactam is given below

A mixture of caprolactam (lmmole), sodium hydride (1.2 mmole)

and dry xylene (1Oul) were stirred at room temperature under
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nitrogen overnight. A solution of alkyl halide (2 mmole) in xylene
(5ml) was added over 20 mins. The reaction mixture was stirred at

o) . . .-
for another 3 h, The hot mixture was filtered, the residuzl

100-105
sodium halide was washed with benzene and the solvent evaporated,

Applying this method, the following compounds were prepared.

N-RButylecaprclactam (9c)

yield 2 92%
bp : 80-82°/0.6 (1it°> 137-140°/17)
mmr (CCl,) : & 3.30 (m, 4, -CH,-N-Cll,~); 2.30 (b, 2H, CE,~CO);

1.70-1.20 (complex, 10H); 0.90 (m, 3H, -CH —uip).

N-i-Butylcaprolactam (94)

Appeared as colourless oil. A small sample was redistilled

before analysis.
yield - 555
bp : 148-150°/25

nmr (0014) : S 3.30 (m, —CH =1 ~Cl 5~ 4HY; 2.30 (b, 21, O, HOE

1.80-1.20 (complex, 7H); 0.84 (&, J=6H_, 6H, CI (CHB)Q).

Anal. Caled for CpoHygNO : G, 70.96 ; H, 11.32 ; N, 8.28
Pound : C, 71.08 ; H, 11.59 ; N, 7.12 %

N-Benzvlcaprolactan (9g)

Appeared as colourless needles from pentane
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yield : 557

mp ; 56-57° (11427 55-57°)

N-Isopentylcaprolactam (9e)

Appeared as colourless oil. A small amount of sample was
redistilled in a bulb to bulb apparatus before analysis,

yield 3 55

bp : 148-150°/18

nmr (CClg) : § 330 (m, 4H, —CH2-N—CE2—); 2.40 (b, 2H, CHZCO);

2,00-1.30 (complex, 9H); 0.85 (d, J=6H, 3 6H, —CH (CHy),).

Anal. calcd for CllH21EO : C, 72.08 3 H, 11.55 ; H, 7.64
Found : C, 72.48 3 H, 11,06 ; W, 7.98 %

N—-Octylcaoprolactam (9F)

yield i : 605%
bp : 152-154°/2.5

Anal. caled for C H27N0 + C, 7T4.61 3 H, 12,08 ; ¥, 6.22

y L

14
Found : C, 74.52 3 H, 12,10 ;3 N, 6.32 %

N-Phenylcaprolactam (10a):

(i) from cyclohexylohenylimine : Cyclohexanone (10.0g), redistilled

aniline (10.0 g) and zinc chloride (0.5g) were heated in an oil bath
at 1550 for 20 mins. The resulting oil was dissolved in chloroforz
and filtered. The chloroform wes removed to give cyclohexylphenyli-

mine (12.0g, 68%) which was used in the next step without purificaticr
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To the above imine (12.0g) in chloroform (50ml), m-chloroperoxybenzcic
acid (14.0g) in chloroform (200ml) was added over a period of 30 min.
The resulting mixture was stirred at room temperature for 20 hrs
and then filtered through an alumina column, washed with dilute acid
and then water. The chloroform was removed and the residue taken
up in cyclohexane and placed in a silica flask and exposed to sun-
light for 2 days. The cycldhexane was then removed and the browm
0il distilled giving l-phenylcaprolactam as colourless solid {4.0g,
30%) o

mp ¢ 75° (1itttt 75°).

nmr (CD013) . §72 (m, 5H, aromatic orotons), 3.70 (b, 2H,

CH,-N-), 2.50 (b, 2H, CH,

5 ,C0), 1.70 (b, 6H).

(ii) from Zenzyne with lithium salt of E-caprolactam : To a

solution of E-caprolactam (0.34g, 3 mmole) in freshly distilled
tetrahydrofuran (20ml) was added butyllithium (3ml, 1.0M, 3 mmole)
and to the resultant suspension was added benzenediazonium-2-carkoxy-
1ate31 (B.Og). The mixture was refluxed for %0 mins., methanol

(5m1) added and the solvent evaporated. The residue was partitioned
between methylene chloride and water and the orgenic phase was driedl
(MgSO4) and solveut removed. The residue (0.50g) was chromatographel
on alumina in petroleum, each fraction being examined by ir spectro-
scopy. Fractionsl5-17 (0.10g) were the only ones to contain a lacten
carbonyl group, but thin layer chromatography on silimasﬁ;mctrou

scopic analysis showed the product was the starting material.

(iii) from benzyne dltﬂ O-Methylcaprolactim ¢ A mixture of

1
O-methylecaprolactim (0.40g) and benzene~diazonium-2-carboxylate

(3.0g) in ethylene chloride (50ml) was brought to reflux and heating
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was continued for further %0 mins, after the mixture became homo-
geneous (5 mins.) After removal of solvent, the residue was
chromatographed on alumina in light petroleuwm, eluting with light
petroleun-methylene chloride mixtures and finally ethyl acetate,
Each fraction was examined by ir and nmr spectroscopy and on this
basis fractions 1«6 were combined and rechromatogravhed. Fraction
7-12 contained mainly caprolactam; hydrolysis of the caprolactim
appears to have occurred on the column., ¥ractions from the second
column were examined as above and fractions 1-2 contained QO-methyl-
caprolactim while fractions 9-~11l, eluted with ethyl acetate, had
nmr and ir soectra consistent with N-phenylcaprolactam. They were
combined and the resulting oil (0.15g) was subjected to preparative
tlc to give pure N-phenylcaprolactam as colourless needles (0.08g,

15%), mp 74-75°.

(iv) from bengyne and E-caprolactam : A mixture of E-caprolactanm

(2.,00g) and benzenediazonium-2-carboxylate (3%.,50g) in ethylene
chloride (30ml) was brought to the boiling point and refluxed for
20 mins. after a homogeneous solution had formed (5 mins.). The
solvent was removed and the dark residue was chromatographed on
alumina in light petroleum, eluting with lizht petroleum-methylene
chloride mixtures and ethyl acetate. Fractions 1-4, eluted with
light petroleun -~ 1% methylene chloride were shown by ir and nmr
spectroscopy to contain some H-phenylcaprolactam. Fractions 7-13

were essentially free of unreacted caprolactam.,

N-p-Chlorophenylcaprolactam : (10b) :

This was prepared according to the above method (i) from cyclo-
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hexanone (10.0g), p-chloroaniline (10.00g), zinc chloride (0.50g),
giving a solid product which was purified by sublimation (0.75g, 37)

mp 670 (11‘t1]4 68-690)

Attempted preparation of lM-v-methoxyphenylcaprolactamn

Prepared from cyclohexanone (10.00g), p-anisidine (10.00g)
and zinc chloride (0.50g) by the method (i) described for the
preparation of l-phenylcaprolactam. Work up of the reaction in

the usval way gave a dark oil which polymerised rapidly on standing.

General llethod for Preparation of Thiolactams.

A mixture of lactam (Ag), phosphorus pentasulphide (2 x Ag),
toluene (a x x) was stirred and refluxed for 3-5 hrs. The solvent
was removed by filtration, the residue added to water and the
mixture was then extracted with chloroform., The chloroform was
washed with water, dried and evaporated to give a brown solid which
was absorbed on a column of alumina. The column was treated
successively with petroleum ether, benzene, benzene-ethyl acetate,

ethyl acetate.

N-Isobutylthiocaprolactam (1la):

Treatment of N-isobutylcaprolactam (9d) (0.50g) with phosphorus
pentasulphide (1.00g) in toluene (30ml) according to the above

general method gave lla as pale yellow liquid (0.40g, T2%).
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bp 118—1200/0.01

nmr (CDCLz) § 3.70 (m, 4H, CH,-N-CH,); 3.04 (b, 2}, -CH,-CS);

3)
2.20 (m, 1H, CH,-CH (CH), )3 1.80 (b, 6H, (CHy)z ); 0.95
(d, J = TH,, 6H, CH (CHz)p)-

Anal. Caled for C,,H, N0, & C, 64.83 3 H, 10.34 3 W, 7.56

Found : C, 65.47 3 Hy, 10.02 5 N, 7.55 %

N~-Butylcaprolactam (11b)

Yield 73%
bp : 110°/0.01

ir (£ilm) : 1120 and 1070 cm-1 (strong)

nmr (CDClB) : 8 3.90 (m; 4H, -CH,-N-Cl,)3 3.10 (b, 2H, CH,-CS) 3

1.90 - 1.50 (complex, 10H); 1.00 (m, 3H, CHZ—CHB).

——

Anal, Calcd for ClOHl9N : C, 64,83 3 H, 10.34 3 N, T7.3%6

Found : C, 64,58 ; H, 10,17 ; W, 7.79 %

N-Isoventylthiocaprolactam (1lc)

Yield : 605

bp : 120°/0.01

ir (£ilm) : 1120 and 1070 cm-1 (strong)

5=C5)3
2,20~1.40 (complex, 9H)3 0.90 (d, J = 6H_ , 6H, CH (CE)5)
Anal. Calcd for CqqH, NS : C, 66.29 ; H, 10,62 ; N, 7.03

nmr (CCLl,) : & 3.80 (m, 4H, CH,=N-CH, ); %.10 (b, 21, CH

N-Octylthiocaprolactam (114)

Yield : 85%
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op : 110-112°/0.01
Anal. Ca_lod for 014H27NS : C, 69.66 ; H, 11.283 N, 5.80

Found : C, 69.6% ;3 H, 11.35 ; N, 5.70 %
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CHAPTER 2 SURSTITUTICH AT C-%

Reaction of Sulphonium Y1id with Triethylborane

A mixture of 3-bromocaprolactam (12) (O.BOg)43 and dimethyl-
sulphide (1.50g) in ethanol (10ml) was heated in a sealed tube at
100° for 24 nhrs. On cooling, the sulphonium salt 13 crystallised
as a colourless deliquescent solid, characterised only by its infra-
red spectrum ( ))max 1640 em-1). The sulphonium salt 13 (0.50g)

was suspended in freshly distilled THF (10ml) end stirred with
sodium hydride (0.20g) at 20° until evolution of nitrogen ceased

[~
(2 hrs.)lljo

To the yellow suspension was added triethylborane
(4.50 mmole) in THF (Zml) and the mixture stirred for 4 hrs. at 20°,
The reaction was quenched by the addition of 3il sodium hydroxide
(5ml1) followed by 30% hydrogen peroxide (2ml). After 3 hrs, stirring
at 20°, extraction with ether gave a colourless oil (0.70z) which
was chromatographed on alumina in benzene to remove ‘the parafiin
0il. The main fraction (0.,%0¢) was eluted with methylene chloride
and appeared from its nmr spectirum, to be a mixture of the ylid and
the elimination products, 2, 3, 6, T-tetrahydroazepin-2-one (15)
and 2,5,6,7—tetrahy61w>azepin—Z—one (16). Neither earlier or later

fractions indicated the presence of any alkylated material.

1, 3-Dimethylcaprolactan (18a) from E-caprolactan.

A suspension of BE-caprolactam (1.13g, 10 mmole) in Ffreshly

distilled tetrehydrdfuran (20ml) under nitrogen at 0° was treated

during 10 mins. with butyllithium in hexane (10ml, 2.0M, 20 mnole).
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The first equivalent of the reagent produced a veluminous vwhite
vprecipitate which dssolved on adding the second eguivalent of
butyllithium to afford a yellow solution. The mixture was stirrec
at 0° under nitrogen for 30 mins. A solution of methyl iodide
(2.84g) in tetrahydrofuran (1C ml) was added over 10 mins. During
the addition of this reagent, a white precipitate formed. The
reaction mixture was stirred at room temperature for another hour,
then hydrolysed by the addition of 3N HCl. The organic layer was
separated'and the aqueous layer was extracted with ether (3 x 20ml1).
The combined extracts were dried (NgSO4) and the solvent was
removed to afford a yellow orange liquid in 42% yield. G.l.c.
analysis of this liquid showed 4 products, the major component
being identified as 1,%-dimethylcaprolactam (18a). The products
were separated by preparative glc and pure 1,3-dimethylcaprolactan
was obtained as colourless liquid,

bp 96-97°/13

ir (film) : 1660 cm-1

nmr (CD013) :$%.40 (m, 2H, Eﬁg—N); %.00 (s, 3H, Nfggs);

2,60 (b, 1H, CH-CO); 2.,00-1.30 (complex, 6H, (CII )3); 1.15

(a4, J = ™, 3H, —CHfgﬁé)-

Mass spectrum (70eV) : m/e 141 (i, 08H15NO requires M 141)

Anal. Calcd for C8H15NO : C, 68.04 ; H, 10,71 ; W, 9.92

Found : C, 68.00 ; H, 10,51 ; ¥, 9.87 %

¢.C. Apiezon i (180°%), 1/51

1,3%-Dimethvlcaprolactan (18a) from l-lethylcaprolactan (92)

The reaction of l-methylcaprolactam with butyllithium is
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described as an example of the procedure used. The method adapted
was siwilar to the above but in this case only one equivalent of
butyllithium was used. ¥Working up the reaction mixture in the
usual way gave a colourless oil in 34% yield which was identical
in all respects to the caprolactam 18a obtained in the above

experiment.

In a similar manner, the following compounds were prepared.

1-Methyl-3-ethylcaprolectam (18b)

Yield J 34%
bp : 110-111°/28
ir (film) : 1650 cm-1
nmr (CDCly) : §3.40 (m, 2H, CH,-N CHg)3 3.00 (s, 3H, N-CH;)

4

—e

2.40 (m, 1H, CH-CO)j 2.,00-1.20 (complex, 8H, (CH2)4); 1..00
(3H, 5CH2-CH3).

——

Anal., Celcd for 09H17N : C, 69.63 ; H, 11.04 ;3 ¥, 9,02

Found : C, 69.65 ; H, 10.92 ; 1T, 8,89 %

1-Methyl-3-propylcaprolactan (18c)

Yield : 30%
bp : 116-118°/23

ir (film) : 1650 cm-1

nmr (CDC1s) § 3.40 (m, 2H, CH,-N CHz)3 3.00 (s, 3H, -N-CH);

N

J

\,

2.40 (b, 1H, CH-CO)3; 2.00-1,10 (complex, 1OH, (CH2)5);O.9O
(m, 3H, ~CHy—CHz),
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Anal, Caled Tor C : C, 70,96 ; H, 11.%2 ; 1T, 8.28

101 g0
Found : C, 70.98 ; H, 11.28 ; K, 8.44 %

1-Methyl-3-butylcaprolactan (18d)
bp . 124123

Yield : 35%

ir (film) : 1650 cm-1

e (CDCLy) $ 3.40 (m, 2H, EngNCHB); 2.98 (s, 3H, ¥ CHg);
2.30 (b, 1H, CHCO)j; 2.00-1,00 (complex, 12H, (CH2)6); OTEE
(m, 3H, ~CH273§§).

Anal, Calcd for 011H21N0 : C, T72.08 3 H, 11.55 3 N, 7.64
Found £ G, 72.33 3 H, 11,28 ; W, 7.35 %

(9]

Attempted Preparation of l-liethyl-3-bromocanrolactan (20) fromn

1-lfethylcaprolactamn,

(1) 1l-lethylcaprolactam (0.38g) in chloroform.(QBml) was added to
a refluxing suspension of cupric bromide(0.60z) in ethyl acetate
(25m1). The resulting reaction mixture was refluwxced with vigorous
stirring for 7 days. The black colour of copper II bromide was
unchanged. JBvaporation of the solvent after filtering gave liquid
identical in all resvects to the starting material (1eTey NeToTo)s

No trace of 20 could be detected by examination of the nmr spectrum.

(ii) A solution of N-methylcaprolactam (1,70g) in dry benzene
(10ml) was added to a mixture of bromine (4.80g) and phosphorus

tribromide (8.1Cg) in benzene (15ml). The additior was carried

out while stirring arnd cooling to maintain the temperature at 10-150.
i S I
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The reaction nixturc was diluted with benzene (20ml) and heated
at 45-57° overnight. The lower layer was added to chipvped ice,

After warming Lo room temperature, the hydrolysed solution wa

42}

extracted with chloroiform. The solvent was removed to give a brovm

liguid which was showr to be starting materisl onlv bv its i.r.
Q g Y obr

spectrui.

3--Bromocaprolactan with Triethylborane in the presence o

e

t=butoxide.

The method for the preparation of 3-bromocaprolactam was
similar to the above (ii) from E-caprolactam (8.50g), bromine
(24.,00g), phosphorus tribromide (4C.50g) and benzene (20ml). The
solvent was removed to give a brown solid which was recrystallise
from benzene-hexane at -70O affording 12 as colourless solid (9.C

65%) s
' mp 110°-111° (11t%% 111°)

nmr (CDC15) : S 7.00 (b, 1H, FH)3 4.70 (b, 1H, CH-Br); 3.40

(b, 2H, CHQEH); 2,70-1.50 (complex, 0H).
A suspension of J-bromocaprolactam (0.119¢g) in anhydrous tetre-
hydrofuran (15ml) under nitrogen at 0° was treated with triethyl-
borane (2.2ml, 0.011) in tetrahydrofuran followed by slow addition
of potassium-t-butoxide (3%ml, 0.25i) in dry tetrahydrofuren. The
reaction mixture was stirred at room temperature for 1 hr, A
solution of methyl iodide (0.213g, 1.5 equiv.) in dry tebtrahydro
(5ml) was added over 10 mins., the reaction mixture was stirred a

room temperature overnight, added to water (15m1) and then extrac

with chloroform. Hvaporation of the solvent geve a mixturs of

a

m

4
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3 products (0.08g) which were separated by means of prepsrative trnin
layer chromatography. l-liethyl-3-bromocaprolactan (20) was identiziz!
by its nmr spectrum. nmr (CD013) :84.70 (b, 1H, Cl-Br); 3.40

(m, 2H, Eﬁg—NCHB)s 3.00 (s, 3H, N-CHB); 2.40-1.,50 (complex, 6H,

(CHZ) ). 3-bromocaprolactam and E:;;prolactam were identified by

comparison with authentic specimen.

Schmidt Rearrangement of 2-Oxocyclohexane-l-spiro-2',1',3'~dioxolexr

(22)

2-Oxocyclohexane-l-gpiro-2',1',%'~dioxolan (22) was prepared
from cyclohexane 1,2-dione and ethylene glycol in dry benzene

) il
according to literature procedure47 bp 105-107°/10 (1it77 115-116%/27"

To a stirred mixture of 22 (l.56g) in polyphosphoric acid
(4%.00g) was added in portions sodium azide (0.68g) over a period
of 40 mins. "he mixiture was heated at 50-55° overnight with |
occasional shaking. It was then cooled and poured into a mixture
of crushed ice and water (50ml) and extracted with chloroform.

The extract was dried and concentrated in vacuo giving a gummy
residue (0.30g). The crude product was chromatographed on alumina
(25.00g). The column was treated successively with petroleum ether
(30ml), benzene (50ml), ethyl acetate-benzenc (1:9) (60ml), ethyl
acetate (80ml), ethyl acetate-methanol (9:1) (80ml), ethyl acetate-
methanol (1:1) and methanol.

(i) PBlution with benzene-ethyl acetate (9:1) gave 24 (0.0%g, 2.2%);

nmr (CDC1;) 3 § 6.60 (b, 1, ¥H); 2.60-1.60 (complex, 8H, 4(CH,) ).
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N

(ii) FElution with ethyl acetate gave 25 (0.03g, 1.6%); nmr (CDCl3
§6.80 (b, 1H, NH); 4.30 (2H)3 3.80 (2H, -0-CH,~CH,-0-); 2.60~1.80

(complex, SH).

(1ii) Elution with ethyl acetate-methanol (9:1) gave 26 (0.03g,

1.6%); mar (CDClz) & 7.20 (b, 1H, WH); 4.30 (2H, -0-Ci,~CH,~0-);

2
5,70 (2H, =0-CH,~CH,=0-); 3.30 (b, 2H, -CH,-NH); 2.60-1.60 (complex,

61‘1 ) 3
(iv) Elution with ethyl acetate-methanol (1:1) gave 21 (0.028,
2.,0%)3 nmr (CD013) : % 6.80 (b, 1H, NH); 3.50 (b, 2H, CH,-FH);3

2.80-1.80 (complex, 6H).

3-A1kyl-O-methylcavrolactin (28) and 3-Alkylcaprolactam (14)

The general method for the alkylation of O-methylca.prolactin

is shown below :

Anhydrous tetrahydrofuran’ (20ml) and diisopropylamine (2.0Cg;

tained under a nitrogen atmosphere. After cooling the mixture to
_50, butyllithium in hexane solution (10ml, 2.0, 0.02 mole) was
added in a controlled manner to prevent the temperature from
exceeding 0°. 0O-Methylecaprolactim (1.80g, 0.015 mmole) was added
dropwise while maintaining the temperature of reaction below 0°,
The reaction was stirred at 0° for another 3 hrs. Alkyl halide
(2.0-2.5 equiv.) was added either neat or in THF solution, The

reaction was completed by stirring at room temperature for 5 hrs.
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Isolation of 3-Alkyl-O-methylcaprolactim (28). Half of the

volume of the reaction mixture was neutralised with saturated

ammonium chloride, and then extracted with 3 portions of ether.
The combined organic layers were washed with water, dried and

evaporated to give 3-alkyl-O-methylcaprolactim (28) in high yield.

Isolation of 3-Allylcaprolactam (14). The remaining solution
mixture was neutralised with ice-cold 10% HC1l and then extracted
with three portions of ether. The combined crganic layers were
dried and the solvent was removed to afford 3-alkylcaprolactam (14)

in moderate yield.

Application of the above method prepared the following

coripounds

%_liethyl-O-methyleavrolactin (28a)

Appeared as colourless oil.,

Yield : 68%
bp : 60-62°/12
ir (film): 1670 cm~1

nmr (CDClB): S 3.50 (s, 3H, 0953); 3,40 (b, 2H, CH2—NC);

2.7 (b, 1H, -CH-CHz)3 1.80-1.20 (complex, 6H, 3(CHy) )3 1.1¢

(dy J = TH,» 3H, CH—CHB).

Anal. Calcd for 08H15NO : ¢, 68.04 3 H, 10,71 5 MW, 9.92
Found : C, 67.71 3 H, 10.91 ; ¥, 10.29 %
c.c. oviol (110°%), 4/45.
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3-Ethyl-O-methylcaprolactim (28b)

Yield : 65%
bp : 70-72°/11
ir (film): 1670 cm~1

nmr (CDC1y) : § 3.60 (s, 3H, OCHz); 3.50 (by 2H, CH,-C)

2.40 (m, 1H, "SE—CH2~)3'2.OO—1.2O (complex, &H, 4(CH2) )3
Q.95 (m, 3H, -CH,~CHz)>

Anal. Calcd for CgH i HO : C, 69.63 ; H, 11.04 ; T, 9.02

Found :+ C, 69,45 3 H, 11.01 ; W, 9.4% %

G.C. OV101 (130°), 4/15.

Z_Propyl-Q-methvlcaprolactin (28c)

Yield i 70%

bp : 89-90°/10

ir (film) = 1670 cm-1

nmr (CDC1s) : & 3.60 (s, 3ZH, OCH4)5 3.50 (b, 2H, -CH,-IC);

il

2.40 (b, 1, -CH-CHy~); 1.90-1.10 (complex, 10H, 5(CH,) )3
0.90 (m, 3H, —CH2—CH5))

Anal. Caled for Cjgi, N0 : C, 70.96 ; H, 11..32 ; ¥, 8.28
Found : ¢, .06 ; I, 11.26 ; ¥, 8.00 %

G.C. OV1Gcl (130°), 6/20

3-Methylcaprolactan (14a):

Yield : . 16%

35

mp : 92-93° (111”7 94°).
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ir (nujol) : 3200, 3050 and 1665 cm-1

nor (CCl,) : § 6.40 (b, 1H, FH)s 3.20 (b, 2H, CH,NH); 2.50

(b, 1M, QE«CH5)3 1.90-1.30 (r, 6H, 3(CH,) ); 1.18 (4, J =7

~CH-CH;) .

3--Kthylcaprolactam (14b)

Yield : 15%

mp : 98-99° (11420 99-100°)

ir (nujol) : 3180, 3050 and 1565 cm-1

nur (€C),) ¢ § 6.30 (b, 1H, WH); 3.25 (b, 20, -CH,-FH);
2,40-1,20 (complex, 8H). o

3-Propylcaprolactam (lic) :

Yield i 15%
mp : 79-80° (1it°° 80-81°)
ir (nujol) : %200, 3050 and 1605 cm-1

nnr (CC1,

) 8 6.50 (b, 1H, NH); 3.20 (b, 2H, -CI,-NH).

6,6-Dinethyl-4-ketocaprolactam (36)

6,6-Dimethyl-4-ketocaprolactam (36) was prepared in two

116

z
stevs from dimedone by the method of Tamura et a15)’ The

preparation is summarised below :

(i) 3-lethoxy-5,5~dimethyl-2~cyclohexen-1-one oxime (35)




-121-

A solution of dimedone (42.00g) and hydroxylamine hydro-
chloride (20.80g) in methanol (250ml) was heated at 100° for 3 hrs.
The methanol was removed to give the crude hydrochloride as brovm
syrup. The syrup was talzen up in methylene chloride, shaken with
10% K2CO3 and extracted with methylene chloride. The combined
extracts were dried and concentrated in vacuo to give the crude
product (%3%.00g) which was absorbed on a column of alumina (250¢) .
The column was treated successively with benzene, benzene-ethyl-
acetate (9:1), ethyl acetate and methenol. Elution with benzene
(300ml) gave mixture of syn- and anti-isomers in the ratio 6:1.
The pure syn-oxime (3.00g, 7.1%) was obtained by recrystallising
o few times from petroleum ether, as colourless needles,

mp : 106-1.07°

ir (nujol) : 3,200, 3050, 1640 and 1620 cm-1

nmr (0014) : § 8.67 (b, 1H, OH, removed with DQO); 6.05

(s, 1H, -CH=C)3; 3.70 (s, 3I, OCHB); 2.08 (4H, 2(CH,) ); 1.01

(s 6H, gem—di CH3)'

Anal, Calcd for C9H15N02 : ¢, 64,17 3 H, 9.01 3 I, 8,16

Found : C, 63,88 3 H, 8,94 ; ¥, 8.24 %
Elution with benzene-ethyl acetate (9:1) gave nmixture of equal
amount of oximes as brown oil (23.00g, 55%) bp 90-200°/0,05
(144”2 104-110°/0.07)

(ii) The above syn- and anti-oximes were treated with polyphos-
phoric acid according to the procedure of Tamura et 3153 to afford

36 in 75% yield, mp 146-147" (11470 145.5-146 .5).
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General Method for the vrevaration of Benzyvlidenelactams (37)

Aldehyde (1.00g) was added to the keto-amide 36 (2.00g) in
concentrated hydrochloric acid (6Cml). The reaction mixture was
stirred at room temperature for 36 hrs. The yellow solution was
extracted with chloroform which was washed with a little water.
The extract was dried and concentrated in vacuo to give a solid
which can be recrystallised from ethanol. Applying this method,

the following compounds were prepared.

3.-Benzvlidene=6,6-dimethyl-4-oxo-hexahydroazenin-2-one (37a)

Appeared as colourless prisms from ethanol.

QS

Yield :

\O

o7
P : 217-218°

ir (nujol) : 325), 318), 1690, 1650 and 1610 cm-1

nmr (CDClB) :$7.90-7.30 (complex, TH, NH, aromatic protons);
3.18 (4, J = TH,, 2H, CH,-TH); 2.60 (s, 2H, -CH,-CO); 1.10
(s, 6H, gem_diCH3)’ T =

Mass spectrum (70eV) : m/e (117243 C,5H, 7O requires w043y,
Anal, Calcd for 015H17NO : C, 74,05 ; H, 7.04 ; M, 5.76

Tound : G, T74.23 3 H, T7.04 5 ¥, 5,51 %

% (p-llitrobenzylidene)-6,6-dimethyl-4—oxo~hexahyd roa zepin-2-one(37%’

Appeared as pale yellow needles,
Yield H - 52%
mp ; 193-194°
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ir (nujol) ¢ 3200, 1700, 1660, 1608, and 1590 cm-1
nnr (CDClB) : £ 8.30 (4, J = 9H,, 2H, aromatic protons);

7.80 (31, aromatic protons, methine vroton); 7.30
Nﬂ)? 3,15 (4, J = 7Hz, 2H, —QEQ—NH); 2.60 (s, 2H,

1.10 (s, 6H, gem—diCHB).

-

Anal, Calcd for C15H16N2O4 : C, 62.,49 3 H, 5.59

Found : C, 62.49 3 H,

(b,

—CHZC(CHB)Q)’

HE

5.60 3 W,

1,

9.72

9.80 %

%—( p=-Chlorobenzvlidene)=6,6-dinethyl-4~oxo-hexehydro azepin-2-one

(37c)

Appeared as yellow prisms from ethanol.

Yield 545

mp 189-190°

ir (nujol) 3180, %050, 1700, 1660, 1608 and 1585 cm-~1
nmr (CDClB) : § 7.80-7.30 (6H, aromatic protoms, IH and
methineproton); 3%.10 (d, J = 7Hz, 2H, CEQ—NH); 2.60 (s, 2H,
(CH3)2 C EEE~)5 5.12 (s, 6H, gem-diCliz).

Anal. Caled fox C15H16N0201 : C, 64.87 5 H, 5,31 ; 1, 5,05
Found : C, 64.90 3 H, 5,85 3 i, 4.78 %

3.(3',4'-Dinethoxybenzylidene)=6,6-dinethyl-4-oxo-hexahvdro azenir-

2-one (%74)

Yield 61%
mp 187-188°
ir (nujol) 3180, 3050, 1690 1620 and 1590 cm-1

nmr (CD013) : § 7.80 (s, 1lH, methine proton), 7.40-6,80
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(complex, 4H, aromatic protons and NH)j; 3.90 (6&H, 2(OCH3) )%

3,06 (d, J = TH,, 2H, CH,-NH); 2.50 (s, 2H (CHy), C CHp=)s

1.00 (s,‘6H, gem-diCHg).
Arnal ., Calcd for G17H21NO4 : C, 67.31 3 Hy 6.98 5 N, 4,62
Found : C, 67.41 3 H, 6.86 5 W, 4,60 %

General Procedure for Alkylation of 6,6-dimethyl-4-ketocanrolactan

(36)

To a mixture of keto-amide 36 (0.10 mole), sodium (0.10 g-atn)
and methanol (20ml) was added alkyl halide (0,20 mole) in portions
with stirring at room temperature. The reaction mixture was heatec
at 80-82° for 10 hrs. and concentrated in vacuo., Chloroform was
added to the residue and the precipitated sodium halide was removec
to yield a crude product which was recrystallised from petroleun
ether. In the case of ethyl- and isopropyl helides, C-alkylation
was accompanied by about 18 and 3o0% yield respectively of the 4-0-
alkylated product. The C- and O-alkylcaprolactams were onrenared

and their spectral and analytical data are shown below.

6,6-Dinethyl—-4-keto-3-methylcaprolactam (33a)

6,6-Dimethyl-4-keto-3-methylcaprolactan (38a) was vrepared in

o

69% yield according to the above procedure. Io troce of the O-ali-
lated product could be detected by examination of the nmr spectrun
or the mp 124—12SO>

ir (nujol) ¢ 328), 1708 and 1670 cm-1,

nmr (CDCLy) § 7.00 (b, 1H, NH); 3.50 (m, 2, CH,NH);
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3,00 (5, J = 8 H, CH—CHB), 2.50 (s, 2¥, CH,00), 1.30

A =

(a, J = BHZ, 3H, CHfQﬂB), 1,02-1.00 (6H, 2(CP3)2).
Anal,., Calcd for CQH15N02 : C, 63.88 3 ¥, 8,94 3 ¥, 8.28

Found : G, 63,98 3 H, 8,90 ; I, 8,28 %

6,6-Dimethyl-3-ethvl-4i-ketocaprolactam (38b) and 4-ethoxy—6,06—=

dimethvl-2,5,6,7-tctrahydroazenin-2-one (39b)

These were prepared in 60% yield. The two lactams were
separated by preparative thin layer chromatography using chloroform-

ethanol (95:5).

(i) 6,6-Dimethyl-3—ethyl-4-ketocaprolactan (38b) was isolated in
%5% yield from the crude product as white solid. The analytical
sample was prepared as colourless necedles by recrystallisation from
ether-benzene.

mp : 132-13%%°

ir (nujol) : %200, 3080, 1708 and 1675 cm-1

nmr (CDC1g) 8 7.20 (b, 1H, WH), 3.40 (m, 2H, CH,-NH),

5.00 (m, 1H, -CH-OH,-), 2.47 (s, 2H, -CH,-CO), 1.84 (d, g,

J = TH,, OH,, =CH-CH,~CHj), 1.02-1.00 (6il, gem-diCH,), 0,90
(3H, CH,~CHz).
Anel. Caled for CygHy N0, t ©, 65.54 5 H, 9435 5 ¥, 7.64

(ii) 4-Tthoxy=6,6=dimethyl-2,5,6,7-tetrahydroazesnin-2-one (%9%b)

was 2lso isolated in 18% yield. A small sample was recrystallised

from petroleum ether before analysis.
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mp : 112-113°

ir (nujol) : %180, 1650 and 1010 cm-1

nmr (CClg) : & 8.53 (b, 1H, NH); 4.87 (4, J = 2H_, allylic
proton, C = CH-)3 3.80 (g, J = TH,_, 2, -0-CH,~CHz); 3.84
(4, J = TH,, -CH,~1H); 2.18 (s, 2H, ~CH,=C(CHz), )3 1435

(t, J = TH,, 3H, ~0-Cil,-Cl5); 1.00 (s, 6H, gem-diCH;).
Anal. Calecd for ClOHl7NO2 : C, 65,54 3 H, 9.%5 ;3 M, T7.64

Found $C, 65.46 3 H, 9.08 ; 1, 7.60 %

6,6-Dimethyl-3-isovropyl-4~-ketocaprolactan (38¢c) and 6,6-dimethyl-—

4-iS0pronoxy=2,5,6,7=tetrahydroa sepin-2-one (39¢c).

These were obtained in T70% yield. Their separation was

similar to the above method.

(1) 6,6-Dimetiyl-3-isopropyl-4-ketocaprolactan (38¢) was obtained
in %0% yield from the crude product. An analytical sample, colour-
less needles, was obtained by one more recrystallisation from
petroleum etheiq

mp : 150-151°

ir (nujol) : 3200, 3080, 1708 and 1660 cm-1

nmr (CD013) : § 6.70 (b, 1E, VH); 3.34 (m, 2H, —CHZ—HH);

—

Lo
(b, 1H, -CH (CH3)2); 1.00-0.90 (complex, 12H).

2.95 (m, 1H, —CH—CH(CHB)Z); 2,45 (s, 2H, =CH. -CO0)5 1.65

Anal, Caled Tor C11H19N02 : C, 66.97 3 H, 9.71 5 ¥, 7.10

Found : C, 66,72 3 H, 9.64 ; 1, 7,02 %
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(ii) 6,6-Dimethyl-d--is0propoxy-2,5,6,7-tetrahydro~azepin-2-one (3%¢
was also isolated in 307 yield. A small amount of the product was
recrystallised from petroleum ether before analysis.
mp : 124-1.25°
ir (nujol) : 3180, 1650 and 1610 cm-1
nmr (CDClB) : § 6.80 (b, 1H, NH), 5.00 (d, J = 2H, » -CH = C-)»
4.30 (q, J = 6H,, 1H, -0-CH (CH3)2l), 2.90 (d, J = 6H_, 2H,
—CHZ—HH), 2.20 (s, 2H, -CH,C (CH3)2 )s 1.30 (d, J = TH,, s 6H,

CH (CH5)2 )y 1.00 (s, 6H, gemrdiCHB).
Anal., Calcd Tor 011H19N02 : C, 66.97 3 H, 9.71 3 1, 7.10

Found : G, 67.30 3 H, 9.65 3 N, 7.21 %

Sehmidt rearrangenent of 3-chloro-2-methylcyclohexen—-l-one (30).

To a stirred mixture of 3-chloro-2-methylcyclohexen-l-one
(1.00g) and polyphosphoric acid (40.00g) was added in small portions.
sodium azide (0.70g), over a period of 40 mins. The mixture was
then heated at 120° for 2 hrs. with occasional shalking. It was
cooled and poured into a mixture of crushed ice and water and
extracted with chloroform. The extract was dried and concentrated
in vacuo to give a white solid which was recrystallised from
petroleum ether affording A—chloro-3-methyl-2,5,6,7-tetrahydro-
azepin-2-one (3la) as colourless needles (0.60g, 54%). No trace
of the isomeric 6-chloro-T7-methyl-2,3,4,5-tetrahydroazepin-2-one
(32a) could be detected by examination of the nmr spectrum or tlc,

mp : 105-106°

nnr (€C1,) :§8.70 (b, 1H, NH); 3.20 (b, 2H, —CH,NH); 2.63

——m——

(m, 2H, -CH2-001); 2.00 (complex, 5H, CH and methylene protons;

e
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Anal. Caled for C HlONOCl s C; 52,61 3 Hy, 6.3 5 Iy 8,77

7
Found . E C, 53.00 ; Hy, 6.20 3 N, 8.43 %

3-lethvlcaprolactam from the reduction of 3la

Chloro-amide 3la (0.10g) in ethanol (10ml) was hydrogenated
over platinum oxide at room temperature and at atmospheric pressure
overnight. The filtrate, after removal of catalyst by filtration,
was removed under vacuum to give a white solid which was recrystalli-
sed from petroleum ether affording 3-methylcaprolactam as colourless
needles (0.065g, 81%). Its spectral data were identical in all

respects to the previous experiment,
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CHAPTER 35 3 SURSTITUTION AT C-4

The Schmidt reaction on 3-=liethylcyclohexanone. The method was

adapted Trom that used by ConleyBB.

To a mixture of 3-methylcyclohexanone (19.60g) in polyphos-—
phoric acid (380g), sodium azide (13.60g) was added in small
portions over one hour with slow agitation. The temperature was
slowly incres-sed to 50° and maintained for 9 hrs. It was then
poured into crushed ice and water, then made alkaline with cold
50% sodium hydroxide and the resulting solution extracted with
chloroform. The chloroform extracts were combined, dried and
evaporated to give a gummy residue (17.00g) whose nmr Signals at

S 3.47 and 3.04 were assigned to the methylene protons adjacent
to the NH. Integration of these signals indicated an approximately

2:1 ratio of the two products : 6- and 4-methycavrolactanms.

Attempts to separate these two lactams by fraction recrystallisation,

tle or nrevarative glc were unsuccessful.
x - e}

The Grignard recaction on 6,6-Dimethvl-4-ketocanrolactan (36)

BEthyl magnesium bromide was prepared from magnesiunm {1.20g) and
ethyl bromide (6.00g) in dry tetrahydrofuran (3Cml) in the usual
Way117. The Grignard reagent was cooled to 0° and keto-amide 36
(2.00g) in tetrahydrofuran (20ml) was added dropwise with stirring.
The mixture was kept at 0° under nitrogen for 4 hrs. and then at

room temperature overnight. Saturated agueous ammonium chloride

was added and the organic layer separated. The agueous layer was
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extracted with ether and the combined extract was washed with water.
dried and evaporated. The crude solid (2.10g) showed ) max (nujol)

1710 indicating the presence only of starting keto-amide 36.
The mixture wes treated twice more with e thyl magnesium bromice
at OO, using the procedure described above., Upon working-up the

reaction product gave starting material 36.

General method for the prepnaration of Ilactam 40

The method was adapted from that used by Crabbe et alll®,

The amine (1 equiv.) was dissolved in an anhydrous organic
solvent (chloroform, benzene) and keto-amide 36 (1.1 equiv.) was
added. This solution was allowed to reflux for 24 hrs. using a
Dean-Stark separator. After cooliﬁg, the precipitate was filtered
off and washed with chloroform. The crude product was recrystallised

from ethyl acetate or methanol.

4—(Benzylamino)=6,6-3dimethyl-2,5,6,7-tetrahvdroazepin-2-one {(40a)

Benzylamine (0.10g) and keto-amide 36 (0.15g) were dissolved
in chloroform and the solution was left at room temperature for
%3 days. After removal of the solvent in vacuo, the residue was
recrystallised from methylene chloride-hexane yielding 40a (0.220g,
93%) as colourless needles, An analytical sample was obtained by
one more recrystalliéation,

mp : 206-207°
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ir (nujol) : 3180, 1605, 1580 and 1530 cm-1
nmr (CDQlB) : & 7.%6 (s, 5H, aromatic protons), 5.85 (b, 1H,
NH, removed with D,0)3 4.70 (dy J = 2H,s allylic coupling,lH,

-CH,~-C = CH); 4.20 (s, 2H, NH—QH2—C6H5); 2.90 (s, 2H, =CH,C

2 2

(CHB)Q); 1.00 (s, 6H, gem—diCHB).
Anal. Caled for ClSHQONZO : C, T73.73 ;3 H, 8.25 ; W, 11.47

Fobs : C, 73.49 3 H, 8.07 ; ¥, 11.12 %

4=Phenylamino-6,6-dinethyl-2,5,6,7-tetrahydroazecoin-2~one (4CDb)

The procedure described for the preparation of 40a was applied
to aniline (0.1%g) and keto-amide 36 (0.,20g) to afford, after
recrystallisation from ethyl acetate-methylene chloride, the pure
sample 40b (0.225g, 76%),

np : 232°

ir (nujol) : 3200, 1630, 1580 and 1530 cm-1
N,O0: C, 752.01 3 H, 7.88 3 N, 12,17

141 8%
Found : C, 7%3.3% 5 H, 7.84 3 N, 12.28 %

Anal. Calcd for C

4D=Tolylamino-6,6-dimethyl-2,5,6,7-tetrahydroazenin-2—one (40¢)

Q—Toluidine (0.80g) and keto-amide 36 (1.10g) were treated in
chloroform solution according to the above general method. Recrysta-
lisation of the crude product from methanol gave pure sample 40c
as colourless needles (1.00g, 80%) .,

mp : 227-228°

ir (nujol) : 3250, 3150, 1620 and 1590 cm-1.

Anal, Calcd for C15H N, O : C, T3.73 ; H, 8.25 I, 11.47

2072
Found : C, 73.88 ;3 H, 8.29 ; M, 11.58%
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4-Homoveratrylanino-6,6-dimethyl-2,5,6,7-tetrahydroazenin-2~one(40¢}

The procedure describes for the preparation of 40c was applied
to homoveratrylamine (0.15g) and keto-amide 36 (0.30g), to afford,
after recrystallisation from methylene chloride-~hexane, the samvole
40d. An analytical sample, colourless needles, ws obtained by one
more recrystallisation (0.35g, 60%),

mp : 174-175°

ir (nujol) : 3280, 3150, 1608 and 1590 cm-1

nmr (CDClB) : § 6.80 (m, 3H, aromatic protons); 5.82 (b, NH,
1H)3 4.70, (d, J = 2H , allylic coupling, 1H, -CH,-C = CH-)3
5.90 (s, 6H, 2(0CHy) )3 3.30 (m, 2H, ~CHy=Ar); 2.90 (d, J = 7H_,

zZ

2

gem-diCHB).
Anal, Calcd for 018H2603N2 : C, 67.90 3 H, 8.23 5 N, £.80

Found : C, 67.97 3 Hy 8.24 3 N, 8.64 %

4—(m—Nitronhenylamino)—6,6—dimethyl—2,5,6,7-tetrahydroazepin—2-one

(40e)

Prepared according to the general method.

Yield ] 58%
mp : 228-230°

Anal. Calcd for Cl4H17N303 : G, 61.08 3 H, 6.22 3 M, 15.26

Found : C, 61.07 ; H, 6.21 ;5 W, 15.41 &

A-(p~Nitrophenylamino)-6,6-dimethyl-2,5,6,7T-tetrahydroazepin-2-one

(40f)
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prepared according to the general method.

yield : 55%

mp : 242 - 243°

Anal. Calcd for Cl4H17N303 Cy, 61,08 5 H, 6.22 3 N, 15.26
Found : C, 60.83 ; H, 6,10 ; ¥, 15.41%

4-(p-Chlorovhenylamino)=5,6~dimethyl-2,5,6, 7-tetrahvdroazenin-2-

one (40g)

Prepared according to the general method.
Yield : 88%
mp : 176 - 178°

*¥Anal, Calcd for C14H17N2001 : C, 63,51 H, 6.47 3 W, 10.5C

-

Found s C, 062,35

.o

Hy, 7.03 5 N, 9.18%

leduction of Lactam 40h

Lactam 40b (O.?QOg) in ethanol (20ml) was hydrogenated over
platinum oxide at room temperature and at atmospheric pressure
fovernight. The filtrate, after removal of catalyst by filtretion,
was removed under vacuum to give a white solid. Recrystallisation
of the crude product from ethyl acetate afforded the saturated amine

A1lb as colourless needles (0,195g, 88%),

* It appeared that the product is decomposing during crystallisation
to give a mixture of the chloro compound and the starting material,

This was verified by tlc examination.
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mp : 014 - 215°
ir (nujol) : 3350, 3240, 1660 and 1605 cm~1
Anal, Caled for Cl4H20N2O : C, 72.%8 3 H, 8.66 3 N, 12,06

Found : G, 72.31 3 H, 8,53 ;3 M, 11.94%

Reduction of Lactam 40c¢

The preparation was similar to that of 40b from 40c¢ (0.30g)
gave white solid of saturated amine 4lc. Recrystallisation of
the crude product from ethyl acetate afforded 4lc as colourless
needles (0.25g, 83%),

ir (nujol) : 3200, 3050, 1660 and 1606 cm-1

Anal,. Calcd for 015H22N20 : C, 73.13 5 H, 9.00 3 M, 11.37

Found : C, 72.82 ;3 H, 8,89 ; ¥, 11.60%

6,6~Dimethyl-4-methoxy-2,5,6,7-tetrahydroazenin-2-one (65) from

Keto-amide 36

Keto-amide 36 (0.50g), methanol (10ml) and p-toluenesulphonic
" acid (0.05g) were heated together under nitrogen in refluxing
benzene (20ml) using & Dean-Stark apparatus, After 12 hrs., the
reaction mixture was washed with water, dried and evaporated.
Recrystallisation of the crude product from petroleum ether gave
65 as colourless needles (0.25g, 56%),

mp : 148 ~ 149°

ir (nujol) : 3150, 1660 and 1602 cm-1

nmr (CD013) :87.50 (b, 1, NH); 5.02 (d, J = 2H,, allylic

coupling, 1H, CHBO-C;gﬁn); 5.07 (s, 3H, -OCHz-); 2,97

—_—

(a, J = 7Hz, 2H, -CHQ—HH); 2.2% (s, 2H, (CH5)20 CHZ—); 1.00

—
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(s, 6H, gem—diCHE).

Anal. Calcd for 09H15NO2 : C, 6%.,88 ; H, 8.94 ; N, 8.28

Found : C, 63.88 ; H, 9.05 ; I, 7.74%

H

6,6-Dimethyl-4-mnethoxy~2,5,6,7=tetrahydroa z enin-2~one (65) from

4-Chloro-6,6-dimethyl-2,5,6, 7-tetrahydroazepin-2-one (60)

Sodium (0.05g), methanol (20ml) and 60 (0.33g) were heated
at 55-60O for 48 hrs. The methanol was removed and chloroform
added to the residue and the precipitate sodium chloride was
filtered. The chloroform solution was evaporated in vacuo to give
guantitative yield of crude product 65. Recrystallisation of this
white solid from petroleum ether gave 65 as colourless needles
(0.25g, 74%). This compound was identical to the previous sample

obtained by refluxing keto-amide 36 and methanol in benzene.

T

Hydrolysis of 6°F

to Keto—-amide 36

Compound 65 (0.05g) in 10% HC1 (10ml) was stirred at room
temperature overnight and then at 60° for 30 mins. The reaction
mixture was neutralised with 10% aqueous Na2003 and extracted with
chloroform. The extract was dried and concentrated in vacuo.
Recrystallisation of the residue from benzene-cther gave 36 as
colourless needles (0.03%5g, 73%). This compound was identical in
all respects to the previous sample obtained by the Beckmen re-

arrangement of oximes 35.
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6,6=-Dimethyl-4-cthoxy-2,5,06,7=tctrahydroazenin~2-one (39b) from

Keto-amide %6

The preparation was similar to that of 65. Ketone 36 (0.20g),
ethanol (5ml), p-toluenesulphonic acid (0.0lg) in dry benzene (20nl)
gave a white solid. Lecrystallisation of the crude product from
petroleun ether gave 65 as colourless needles (0.175g, 89;’-13)7

mp : 112-113%°

ir (nujol) : 3180, 1650 and 1605 cm-1

This compound was identical to the previous sample obtained

by alkylation of 36 (Chapter 2).

1,5,6,7-Tetrahydro-2H-azenin-2-one (16) and 1,3%,6,7=-tetrahydro-

PH-azepin-2-one (15)

These were prepared in one step from 3-bromo~caprolactam (12)
according to the literature procedure68. The crude product was

68 550 /5.,

1

vacuum distilled giving & colourless liquid bp 55°/0.2 (1it

AN

Nmr spectroscopy showed the mixture to consist of 16 and 15 in the
ratio of 3:2. Attempts to separate these two isomers were unsuccess-

ful.

4-PButylcaprolactam (42)

To a stirred mixture of cuprous chloride (2.50g) in dry tetra-
hydrofuran (15ml) at 0° (under nitrogen) was added butyllithium
(2,0M, 10ml). The mixture was then stirred an additional 15 mins.

at 0°. A solution of 15 and 16 in dry tetrahydrofuran (10ml) was



A437-

then added over 20 ming. After stirring at 0° for 5 hrs., the
reaction mixture was poured into 1,2I1 HC1l (30ml) with vigorous
stirring. Concentrated ammonium hydroxide was slowly added until
the solution became blue and clear. The layers were separated and
the agueous vortion was extracted with ether., XRemoval of the
solvent gave an oily material (0.22g) which still contained starting
material, as shown by tlc. The crude product was separated by
preparative tlc giving 4-butylcaprolactam as colourless oil (0.15g,
15%) based on the total mixture of 15 and 16.

bp : 116-119°/8

ir (film) : 3300 and 1660 cm-1

nme (CCL,) o+ 7.91 (b, 1H, WH); 3,13 (b, 2H, CH,-ITH);

A

2.2% (b, 2H, -CH,~C0); 1.90-1,10 (complex, 12H); 0,90

2

(m, 3H, NCHQ—CHB).

Mass spectrum (70eV) : m/e 169 (M+CloH19NO requires M*169)
1=C  H 4 (M- e :

(18), 112 (B-C,Hg) (100), 84 (M-C,Hy+CO) (70).

The oil was redistilled under reduced pressure (115—1200/0.9)

in a bulb to bulb apvaratus but failed to give an analytically

pure sanple.

A-Butylcaprolactom from 15 and 16 with Butylmernesium bromide and

Cuprous chloride

Butylmagnesium bromide was prepared from magnesium (1.20g) and
butyl bromide (6.75g) in dry tetrahydrofuran (100ml) in the usual
way65. The Crignard reagent was cooled to 0° and the CuPITous

chloride was added to produce a bluish-green colour. After the

mixture 15 and 16 (2.50g) was added, no visible reaction scemed to
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: . 0 . -
take place. The reaction was left at 07 under nitrogen for 5 hrs.

and then at room temnerature for 48 hrs. Upon working un the
reaction product gave an oil (2.20g), the ir and nmr spectra of
which indicated only the presence of starting material 15 and 16.

Isophorone oxines (43%)

from freshly distilled isophorone (69.00g), hydroxylamine hydro-

chloride (34.,00g), 20y sodium hydroxide, water and ethanol.

4,6,6-Trinethyl-2,5,0, 7-tetrahydroazenin-2-~one (44)

4,6,6~Trinethyl~2,5,6,7-tetrahydroazepin-2-one (44) was prever

by the Beckman rearrangement of the syn-oxime of isophorone with

. ) . o 7
polyphosphoric acid accordirg to the procedure reported by iazure

The crude product was recrystallised from light petroleum giving

colourless needles mp 111-112° (1it722 7% 112-113°, 1it7° 108-103°)

4,4,6-Trinethyl-2,%,4,5~tetrahydroazepin-2-one (45).

4y4,6-Trinethyl-2,3%,4,5-tetrahydroazepin-2-one (45) was

obtained by the DBeckman rearrangement of the anti-ozime of iso-

phorone with polyphosphoric acid according to the method of azure

The crude product was recrystallised from agqueous methanol yieldinz

45 as small colourless needles mp 91-92° (1it72 92—930, 1it73

90.1-90.77 «

A

: - T4
These were prepared according to the procedure of Koch et al’

L4

)]

S
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4,6,6-Trimethylcaprolactam (46).

Lactam 44 (0.612g ; 4 mmole) in ethanol (30ml) was hydrogenated
over platinum oxide at room temperature and at atmospheric pressure
for 3 hrs. The filtrate, after removal of catalyst by filtration,
was evaporated under vacuum to give a white solid., Ilecrystallisation
of the crude product from light petroleum gave the saturated lactam
46 as colourless needles (0.53g, 84%),

mp : 109-110° (1it'? 110-111°)

ir (nujol) : 3180, 3020 and 1670 cm-~1

nmr (CDCL;) : & 8,00 (b, 1H, NH); 3.10 (b, 2H, CH,NH);

2.08 (b, 2H, —CHZCO); 1.08-1.00 (complex, 12H). o

4,4,6-Trimethylcaprolectam (47)

The preparation was similar to that above.
Yield - 92%
1p : 108-108.5°(1it ° 109-111°)
ir (nujol) : 3180, 3020 and 1660 cm-1

1,4,6,6-Tetramethyl-2,5,6,7-tetrahydroazevin-2-one (48)

1,4,6,6-Tetramethyl-2,5,6,7-tetrahydroazepin~2-one (48) was
prepared from 44 (0.153g), sodium hydride (0.024g), methyl iodide
(0.274g) and xylene (1Oml) by the general method described earlier
for N-alkylation of caprolactams (Chapter 1) giving product as a
colourless liquid (0.12g, 72%). A small sample was distilled under

reduced pressure in a bulb to bulb apparatus before analysis.
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bp : 100-102°/2.3
ir (film) : 1660 and 1620 cm-1
nmr (CCl,) : S 5.70 (d, J = 2H_, allylic coupling, 1H,
CHB—C= gﬂ-); 3,02 (s, 3, N—CH3)§ 3,00 (s, 2H, CHZ—E—);
2,00 — 1.98 (5H, methylene and methyl protons); 1.00 (s,
6H, gem—diCHB).

Anal. Caled for CyH -0 : C, 71.81 ; H, 10.25 ; H, 8.38
Found : C, 71.46 ; H, 10.39 ; N, 8.39%
¢.Cc. Carbowax (190°), 4/20.

1,4,4,6-Tetramcthyl-2,3,4,5~tetrahydroazepin-2-one (57%)

1,4,4,6-Tetramethyl-2,3,4,5-tetrahydroazepin-2<one (53) was
prepared from 45 (0.153¢), sodium hydride (0.024g), methyl iodide
(O.274g), and xylene (10nl) by tpe general method described earlier.
Distillation of the crude product gave 53 as a colourless oil
(0.14g, 84%)., An analytical sample was redistilled before analysis.
bp : 50°/0.4
ir (film) : 1660 and 15635 cm-1
nmr (CC1,) : § 5.80 (4, J = 2H, 1H, allylic proton);
2,90 (s, 3H, N—CH3)3 2.20 (s, 2H, -QEQCO); 1.90-1.85 (5H,
methylene and methyl protons); 1.05 (s, 6H, gem—diCHB).
Anal, Calcd for ClOHl7NO : C, 71.81 ; H, 10.25 ; NI, 8.3%8
Found s+ ¢, 71.72 3 H, 10.40 ; ¥, 8.17%.
G.C. Carbowax 20H (190°), 1/45. |

4,6,6-Trimethyl-2,5,6,7-tetrahydroazepin-2-thione (50)

4,6,6=Trinethyl-2,5,6,7-tetrahydroazepin~-2-thione (50) was
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obtained from 44 (0.50g), phosphorus pentasulphide (L.0g) and dry

toluene (30ml) according to the general procedure described earlier

for the preparation of l-alkyl-thiocaprolactams (Chapter 1).

Recrystallisation of the brown solid from petroleum ether gave 50

as yellow needles (0,30g, 54%). An analytical sample, bright
yellow needles, was obtained by one more recrystallisation Irom

the same solvent.
mp : 131-132°
ir (nujol) : 3150, 1620, 1140 and 1120 cm-1 (strong)
nmr (CC1,) § 6.40 (a4, J = 2H,, 1H, allylic proton); 3.00
(4, J = 6H,, 2H, CH,-NH). |
Anal, Calcd for 09H15NS : C, 6%.88 ; H, 8,94 3 N, 8.28
Found : O, 63%,98 ;3 H, 8.72 ; N, 8.04%

Mass spectrum (70eV) : m/e 169 (xr*, 09H15NS requires ut169).

1,4,6,6-Tetramethyl-2,5,6,7-tetrahydroazepin-2-thione (51)

1,4,6,6-Tetranethyl-2,5,6,7-tetrahydroazepin~-2-thicne (51)

was prepared as described earlier from 48 (1.0g), phosphorus

pentasulphide (2.0g) and toluene (30ml). Recrystallisation of the

crude product from petroleum ether gave 51 as bright orange needles

(0.80g, 73%). A small sample was recrystallised before analysis.
mp ; 131-132°
ir (nujol) : 1620, 1120 and 1110 cm-1 (strong)
Anal. Caled for ClOHIVNS : C, 65.54 3 Hy, 9.35 ; N, 7.64

Found H C, 65-53 H H’ 9011 5 M, 7037%

4,6,6-Trimethylthi%aprolactam (49)

4,6,6-Trimethylthiocaprolactam (49) was prepared from 46
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(0.50g), phosphorus pentasulphide (1.0g) and toluene (30ml) by
general method described earlier. Recrystallisation of the crude
product from betroleum ether gave 49 as colourless needles (0.50g,
89%) , mp : 1%3.5 = 13%4°
ir (nujol) : 3180, 3050, 1160 and 1115 cm-1
Anal, Calcd for 019H17NS ¢+ C, 63,13 3 H, 10,00 ; N, 8,18

Found : C, 63,18 53 H, 9.65 ; N, 8.10%

4,4,6-Trimethylthiocavrolactam (52)

4,4,6-Trimethylthiocaprolactam (52) was prepared from 47 (0.25g),
phosphorus pentasulphide (0.50g) and dry toluene (20ml) by the genersa!l
method described earlier. Recrystallisation of the crude product
from petroleum ether gave 52 as colourless needles (0.23g, 83%),

mp : 121-121,5°

ir (nujol) : 3180, 3020, 1150 and 1115 cm-l (strong)

Anal, Calcd for C9H17NS :+ C, 63.1% ; H, 10,00 ; I, 8.18

Found C, 63.30 3 H, 9.66 ; 11, 7.83%

Beckmanhrearrancement of Ketone 54

RBedistilled ketonell9

54 (4.08g), was added to a mixture of
hydroxylamine hydrochloride (2.0g), 20% sodium hydroxide (6.5m1)
and water (1%.0ml). Bthanol (30ml) was added to male a homogeneous
solution which was then refluxed for 3 hrs. and allowed to stand
overnight. The ethanol was evaporated and the residue was then

extracted with ether (3 x 20ml) and the combined extract was dried.

The solvent was removed under vacuum to give a gummy product (3.5g,



—140 -

84%)« The nmnr spectrum indicated the product was a nmixture of SyT—
and anti-oximes. Attempted separations of these two oximes by
recrystallisation were unsuccessful. nmr (CC14) ©9.00 (b, W-0OH
removed with D2O), 6.70 (b, 1H, syn-oxime), 5.95 (b, 1H, anti-oxire).
The crude oxime (0.30g) which is believed to be a mixture of two
possible stereoisomers was heated with  manuval stirring in poly-
phosphoric acid (3ml) for 20 mins. at 130-13%5°. The mixture was
cooled and poured into water (100ml) and then extracted with chloro-
form (4 x 20ml). <“he combined extract was dried over K2003 and
evaporated to give a brown solid which was recrystallised from
petroleum ether to yield lactam 56 as colourless prisms (0.15g,
5Q%). A small amount of sample was recrystallised from the same
solvent before analysis,

mp : 120-121°

ir (nujol) : 3180, 3120, 1660 and 1610 cm-1

mmr (CC1,) S 8.30 (b, 1H, NH); 5.70 (1H, —CH=C-); 3.30

(m, 2H, ggz-NH)o

Anal, Calcd for 09H13HO : C, 71.59 ; H, 8.67 3 N, 9.27

Found : C, 71.39 ; H, 8,53 ; N, 8,99%

Hvdrosenation of Lactamn 56

Lactam 56 (0.05g) in ethanol (10ml) was hydrogenated over plati-
num oxide at room temperature and at atmospheric pressure for 4 hrs,
Workring up the reaction as described earlier gave 58 as small colour-
less prisms after recrystallisation from petroleum ether.

mp : 95-95.5°

nmr (CC1l,) : § 8,13 (b, 1H, NH); 3.18 (b, 2, CH,NI).

Anal. Calcd for C9H15NO : C, 70.55, H, 9.87 ; N, 9.14

Found | : G, 70.20 ; H, 9.65 ; N, 8.89%
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4-Chloro—b6,6-dimethyl-2,5,6,7-tetrahydroazenin-2-one (60) and 6=

Chloro—4, 4~dimethyl=-2,3,4,5~-tetrahydroazepin-2-one (61)

These lactams were vrepared according‘to the vprocedure of
Tamura and Kita49 from 3-chloro~5,5-dimethyl-2-cyclohexen-l-one
(bp 88-90°/12 1it72° 109-110°/14) with PPA by the Schmidt reaction.
The crude product was absorbed on a column of alumina.
(1) FElution with 90% C/H,-10% EtOA, gave 61 as colourless needles.
49 95.96°
ir (nujol) : 3200, 3180 and 1660 cm-1

mp 94-95° (1it

nmr (cc14) : § 10.20 (b, 1H, WH); 6.20 (4, J = 4H , 1, ~C=CH) 3

2,40 (s, 4H, CH,-CO and CHQ-C:); 1.05 (s, 6H, gem—diCHS).

(ii) Elution with ethyl acetate gave 60 as colourless needles after
recrystallisation from petroleum ether.
mp 84-85° (11449277 84.5-85.5)
imr (0014) : § 8,70 (b, 1H, WH); 6.02 (d, J = QHZ, 1H, —-C=CH=-);
2.92 (d, J = 7HZ, 2i, CHZ—NH); 2.46 (s, 2H, CH2C(CH3)2)3 1.02

(s, 6H, gem-diCis).

4 ,4-Dimethylcaprolactam (63)

Lactam 61 (0.10g) in ethanol (15ml) was hydrogenated over
platinum oxide at room temperature and at atmospheric pressure for
4 hrs. Upon working up the reaction in the usual way, 63 was
obtained as a colourless solid. The analytical sample was orevared
as colourless needles by recrystallisation from petroleum ether
(0.075g, 90%),

mp 10%-104°

ir (nujol) : 3180, 3080 and 1660 cm-1
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nmr (CCL,) : §6.90 (b, 1H, NH)3 3.20 (b, 2, ggznﬁ); 2,42

(b, 2H, -CH,

COY; 1.67 (m, 4H); 1.02 (s, 6H, gem-diCHy).
Anal. Calcd for CSHlBNO : C, 68.04 3 H, 10,71 ; I, 9.92
Found : C, 68.15 3 H, 10,74 5 M, 9.96%

Reaction of 60 with Phosphorus pentasulphide

4-Chloro-6,6-dinethyl-2,5,6,7-tetrahydroazepin-2-one (60)
(0.70g), phosphorus pentasulphide (2.0g) and toluene (25ml) were
refluxed overnight. Work up of the reaction mixture as described
earlier gave a browvn solid. The analytical sample, orange yellow
needles, was obtained by one more recrystallisation from ethyl
acetate (0.60, 79%).

mp 187-188°

ir (nujol) : 3170, 1585 and 1120 cm-1

Mass spectrum (70e7) : m/e 187 (mt, CgHy 28, requires wt 187).

3

2
Anal, Calcd for CgH,zNS, : C, 51.37 ;3 Hy, 6,95 3 N, T.48

8713
Found : G, 51.40 5 H, 6.66 ; N, 7.68%

The Schnidt reaction on Camphor

To a mixture of camphor (7.60g), in polyphosphoric acid (160.7z
sodium azide (4.0g) was added in small portions over 90 mins. witn
slow agitation. The mixture was then kent at 60-64° for 48 hrs.
Work up of the reaction mixture as described earlier gave a crude
product which was recrystallised from petrolewn ether as colcuriess
prisms (2.90g, 34%). A small samnple was recrystallised before
analysis.

mp 180-182°

ir (nujol) : 3300, 3170 and 1660 cm-1



-146 -

Mass spectrum (70eV) : m/e 182 (t, CioHyalls0 requires M'182).
Anal. Calcd for C10H18N20 : Cy 65.89 3 H, 9.96 5 N, 15.37

Foynd : Cy 65.99 3 H, 9.96 ; W, 15.72%

Attempted Dechlorination of 4-~Chloro-6,6-dimethyl-2,5,6,7-tetra-

hydroazenin-2-one (60)

(i) Dby Zn-KI in ethanol.,

Zine dust (2.0g) was stirred for 4 mins. with 10% HC1 (10ml).
The supernatant liguid was decanted and the zinc was washed with
acetone (2 x 20ml) and ether (10ml). Lactam 60 (0.30g) in methanol
(15ml) and potassiuim iodide (0.25g) in methanol (1Oml) were added
and the mixture was then stirred overnight. The reaction was then
filtered and the filtrate evaporated. The residue was shaken
vigorously (till it dissolved) with a mixture of 5% HCL (20ml) and
ether (50ml). The ether layer was dried and removed to give white
solid (0.28g) identical in all respects to the starting material.
No trace of the desired product could be detected by examination

of the nmr spectrum or tlc.

Repetition of the above experiment by refluxing the reaction
mixture for 2 days gave none of the expected product, and only

starting chloro-amide was recovered.

(ii) by Tri-n-butyltin hydride.

To a solution of 60 (0.170g, 1 rmole) in dry benzene (2021)
was added dropwise tri-n-butyltin hydride (0.30g, 1 mmole) with
stirring under nitrogen during 30 mins. The temperature was main-
tained below 400 by ‘external cooling. After the addition had been.

completed, the mixture was stirred at room temperature overnight.
p . 4 o
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Working up the reaction in the usual way failed to give any truce
of the expected product and most of the starting material was

recovered,
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CHAPTER 4 ¢ SUBSTITUTION AT C-5 AND C-7

5-Methylcaprolactan (71a)

The method was.adapted Trom that used by Conley>> from 4-methyl-
cyclohexanone (10.0g) in polyphosphoric acid (20Cg) and sodium azide
(6.,8g). Working up the reaction mixture in the usual way gave 7la
as colourless needles (10g, 90%),

60 41.429),

mp 40-41° (1it
ir (nujol) : 3200, 3080 and 1660 cm-1

nmr (cc14) : § 6.84 (b, 1H, NH); 3.20 (m, 2H, CH,NH), 2.42
(m, 2H, CH,CO).

In a sinilar manner, the following compounds were prepared

and their spectral data are shown below :

5-Ethylcaprolactam (71b)

Yield - 90%

mp g 55-56° (1it121

56-57°)

ir (nujol) : 3200, 3090 and 1660 cm-1

nmr (0014) ) 6.90 (b, 1H, NH); 3.30 (m, 2H, CH,NH); 2.50
(m, 2H, CHQCO).

5. Isopropylcaprolactam (7lc)

Yield 85%

mp : 84-85° (1it7°% 84°)

ir (nujol) : 3200, 3080 and 1660 cm-1

nmr (0014) : § 8,00 (b, 1H, NH); 3.20 (m, 2H, CH2NH); 2.40

(m, 2H, CH2CO); 2,00-1.10 (complex, 6H); 0.90 (d, J=TH,» 6H,
CH(CH3)2).
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5-~t-Butylcaprolactan (71d) :

Yield : 87%

mp 2 152-154° (litl2l

156-157°)
ir (nujol) : 3.200, 3080 and 1660 cm-1
nmr (0014) : § 6.50 (b, 1H, NH); 3.20 (m, 2H, CH,NH); 2.44

(m, 2H, CH,C0)3 0.84 (s, 9H, CCHz).

uJ,‘L2
i

o..Carbethoxy-2-ethylevelohexanone (72a)

The method was adapted from that used by Jikek and ProtiralB

and is summarised below :

A solution of sodium methoxide was prepared by addition of
sodium (1.22g, 0.053 mole) in small portions to absolute methanol
(15m1). When the sodium had completely dissolved, 2-carbethoxycyclo~
hexanone (9.0g) was introduced over 15 mins. and stirring began
while the flask was brought to reflux. HNthyl iodide (9.6g) was
added slowly to the refluxing mixture over 30 mins. The refluxing
and stirring were continued for 12-15 hrs. The solvent was remnoved,
the residue added to water (50ml) and -the mixture was then extracted
with ether (4 x 30ml) and the combined extrect was dried. Distilla-
tion of the ligquid gave 2-carbethoxy-2-ethyl cyclohexanone (6.0g,6C5)
6 122-4°/9)
ir (film) : 1748 and 1724 cm-1

bp 158°/48 (1it°

o_Rthylcyclohexanone (73%a)

A mixture of 2-carbethoxy-2-ethylcyclohexanone(72a) (4.08g),
potassium hydroxide (4.08g), methanol (40ml) and water (40ml) was
refiuxed for 15-17 hrs. After cooling, concentrated hydrochloric

acid (1lml) was added. The mixture was then refluxed for another
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2 hrs. On cooling water (5C0ml) was added and the mixture was then
extracted with petroleum ether (4 x 20ml) and the combined extract
was dried. Evaporation of the solvent gave an oil (2.10g, 75%).
bp  78°/16 (11t°° 90-94°/40)
ir (f£ilm) : 1724 cm-1

In a similar manner the following compounds were prepared.

2-n-Propylcyclohexanone (73b)

Yield : T4%
bp 82-84°/12 (1it°% 96-97°/25)

2_n-Butylcyclohexanone (73c)

Yield : T0%
0 . 124 0
bp 92-94 /15 (lit™ """ 90~927/13)

ir (film) : 1724 cm-1

7-lethylcavrolactam (742)

The method was adapted from that used by Conley33 from 2-nmetiy -
cyclohexanone (4.95g), polyphosphoric acid (95g2) and sodium azide
(%.40g), giving T-methylcaprolactem (74a) as colourless needles
(4.75g, 96%),

mp 88-89° (1it>° 90-91°)

ir (nujol) : 3200, 3080 and 1670 cm-1

nmr (0014) :97.90 (b, 1H, Nﬂ)} %.50 (b,. 1H, CE-NH); 2.38

(m, 2H, CH,C0); 2.00-1.40 (complex, 6H); 1.20 (d,J=8H,,3H,

——————

-CH-CH,) .
CH CIB)

—

7-Ethylcaprolactam (74b)

This was prepared according to the procedure above.
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Yield H 95%
mp  91-92° (1it>F 91.5-92°)
ir (nujol) : 3180, 3060 and 1660 cm-1

7-n-Propylcaprolactan (74c)

Yield 2 g5%

mp 97-98° (1it°> 97-98°)

ir (nujol) : 3180, 3050 and 1660 cm-1

nmr (cc14) : §7.80 (b, 1H, NH)3; 3.23 (b, 1H, CH-NI)5 2.3
(m, 2H, CHZCO); 2,20-1.30 (complex, 10H) and 1.00 (m, 3H,

CHQ-CHB).

—

7-n-Butvlcaprolactam (744)

Yield : 94%

mp  73-73% (11tT2% 70°)

ir (nujol) : 3200, 3050 and 1660 cm-1

nmr (CC1,) : S 7.7 (b, 1H, K¥H); 3%.20 (b, 1H, CH-FH); 2.30 (b,
2H, CHZ—CO); 2.,00-1.20 (complex, 12H) and 0,95 (m, 3,

P

-CHZ-CHB)'

A-Methyl-7-isoprovylcaprolactan (76)

Yield  : 98
mp 120-121° (11122 119-120°)

ir (nujol) : 3200, 3050 and 1660 cm-1

7-Methylthiocaorolactam (75a)

7-lMethylthiocaprolactam (75a) was prepared according to the
general method described earlier for N-alkylthiocaprolectan (Chavter

1) from 7-methylcaprolactam (1.0g), phosphorus pentasulphide (4.0g)
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and toluene (20ml). The residue was chromatographed on alumina (40z2).
Elution with ethyl acetate gave 75a as white solid (0.75g, 67%) .
The analyticai sample was prepared as colourless needles by recrys-
tallisation from petroleum ether.
mp 87.5 - 88°
ir (nujol) : 3180 and 1060 cm-1 (strong)
nmr (€C1,) : S 8.20 (b, 1H, EH); 3.80 (b, 1H, CH-NH); 3.00 (b,
°H, CH2CS); 1,65 (m, 6H, (CH2)3); 1,30 (4, J=TH,_, 3H, CH_CHE).
Anal. Caled for C.H NS : G, 58.72 3 M, 9.15 5 W, 9.78

Found : G, 58.77 3 H, 8.96 ; N, 9.07%

In a similar manner, the following thiocaprolactams were pre-

pared and their analytical and spectral data are obtained as below.

7-n-Propylthiocaprolactam (75¢)

Yield 89%

mp 83-83.5°

ir (nujol) : 3180 and 1070 cm-1 (strong)

nmr (0C1,) @ 8 8.85 (b, 1H, NH); 3.40 (b, 1H, CH-NH); 2.80 (b,

—

2H, CHQCS); 2.00-1.30 (complex, 1OH)j; 1.C0 (3H, CHQ—CHB).

Anal. Celed for CgHyqNS . C, 63,1% ; H, 10.C0 ; ¥, 8.18
Found : C, 63.35 5 H, 9.87 ; K, 8,035

4-Methyl-T—-isopropylthiocaprolactam (77)

Yield : 82%

mp 106-107°
ir (nujol) : 3180, 1108 and 1100 cm-1

Anal, Calcd for 010H19NS : G, 64.83 3 I, 10.34 5 ¥, T7.56
Found : C, 65.21 ; H, 10.44 3 N, 7.56%

Y1)
t
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CHAPTER 5 ¢ SUBSTITUTION AT C-6

6,6-Dimethylcaprolactam from 6,6-Dimethyl-4~chloro-2,5,6,7-tetra-

hydroazenin-2-one (60)

The preparation was similar to that of 4,4-dimethyl-caoprolacten
(Chapter 4) from 60 (0.20g), platinum oxide (0.02g) and ethanol
(20ml), Distillation (110°, 0.07mm, cold Tinger) gave analytically
pure 6,6-dimethylcaprolactam (64) as colourless needles (0.155g, 955 )

mp 100-101°

ir (nujol) : 3130 and 1660 cm-1
nmr (CC1,) : 8 8.00 (b, 1, FH); 2.95 (b, 2H, CHy-N); 2.30 (b,

—

oH, 5CH2CO); 1.60 (m, 4H, (CHZ)Z); 1.00 (s, 6H, gemrdiCHB).

——————

Anal, Calcd for 08H15NO : ¢, 68,043 H, 10.71 ; ¥, 9.92

Tound : C, 68.24 3 H, 10.82 ; ¥, 9.50%

6,6-Dime thylcaprolactam (64) from Keto-amide 36

94

The method was adapted from that used by Fieser” . A mixture
of keto-amide 36 (0.70g) and ethane-l,2-dithiol (0.5ml) in a test-
tube at 0° was treated with boron fluoride etherate (0,5ml) and the
mixture homogenised with a stirring rod. The mixture became warm
and soon set to a white solid. After 10 mins., methanol (10ml) was
added, the mixture was stirred well and cooled and the solid collected
and washed with a little cold methanol giving a white solid. Recrys-
tallisation of the crude product from ethyl acetate afforded thio-
ketal 79 as colourless needles (0.80g, TT5),

mp 229-230°

ir (nujol) : 3200, 3080 and 1670 cm~1

nmr (CD013) : § 6,70 (b, 1H, NH); 3.40 (s, 4H, S(CH,),S8); 3.10

(s, 2H, CHéCO); 3.06 (d, J=TH,, 2H, CHQNH); 2.30 (s, 2H,

—
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To a solution of lactam 61 (0.172g, 1 mmole) in Freshly distille:
tetrahydrofuran (20ml) was added butyllithium (2ml, 1.0M, 2 mmole)
at 0° under nitrogen and to the resultant susvension was added tri-
ethylborane (2ml, 1,01, 2 _mmole)° The mixture was stirred at 0° for
1 hr., then at room temperature for 2 hrs. and then refluxed for
1 hr. Water (10ml) was added, followed by 10% sodium hydroxide
(10ml) and 30% hydroger peroxide (7ml). The aqueous mixture was
extracted with ether (2 x 20ml), and the extract was washed with
water, dried and evaporated, affording solid (0.165g) which was
identical with the starting material lactam 61, No trace of the
desired product could be detected by examination of the nmr spectrum

or tlc.

Attempted preparation of 4,4-Dimethyl-6-ketocaprolactam (81) from

61 with Diborane

Diborane (4 mmole) generated in the usual way in diglyme (20ml)
was carried by a slow stream of nitrogen into a chilled, stirred
solutiongkhloro—amide 61 (0.344g, 2 mmole) in dry tetrshydrofuran
(%30ml1). The solution was stirred under nitrogen at room temperature
overnight. ‘“orking up the reaction mixture in the usual way gave a
gummy residue (0.30g) whose infrared spectrum was almost identical
with that of the starting material 61l. Work on this reaction was

not pursued.

6-Amino-5-keto-hexanoic acid (82)

This aminoacid was prepared according to the procedure of

: o) 97 o LN | C '4.97
Lartillot and Baron from glutaric anhydride mp 150-152~ (1lit

152-153°).
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Eﬁgc(CHB)Z); 1.04 (s, 6H, gem—diCHS).

Anal. calcd Tor ClOH17EOS2 : C, 51.94 3 H, T7.41 3 1, 6.06
Found : G, 52.10 5 H, T.45 3 ¥, 5,91%
Thioketal 79 (0.10g) was refluxed with Raney nickel in ethanol
overnight. The solution was filtered end the nickel washed thoroushl;
with ethsnol and then with ether. Evaporation of the solvents gave

a white solid. Recrystallisation of the crude product from light
petroleum gave 64 as colourless needles (0.050g, 82%), mp 100-101°.

This material was identical with the authentic sample obtained fron

the reduction of 60 in all respects.

4, A-Dimethyl-6,6-dinethoxycaprolactam (78)

Sodium (0.06g) was dissolved in methanol (10ml), 4,4-dinethyl-56-
chloro=2,3,4,5~tetrahydroazepin-2~one (61) (0.172g) was added and
the mixture heated at 100-1020 overnight.. The methanol was renoved
and chloroform added to the residue and filtered. The chloroforn
solution was evaporated in vacuo to give a white solid. The araly-
tical sample was vrepared as colourless needles by recrystallisation
from n~hexane at -70°.
mp : 70°
ir (nujol) : 3160, 3040 and 1660 cm-1
nmr (CC1,) : § 6.50 (b, 1H, NH); 4.03 (2H, CH,-NH); 3.35 (s, 6,

——

2(OCH3) )3 1.95 (s, 2H, CH,C0); 1.40 (m, 2H); 1.00 (s, 6H,

gem—diCHB).

Anal. Calcd for ClOH19N03 : C, 59.67 3 H, 9.52 ; H, 6.90

FPound I Cy' 59059 ’ H, 9.60 ; I\T, 6.82%

Attempted prenaration of. 4,4-Dimethvl-6-ethylcaprolactamn from 4,4-

Dimethyl-6—chloro—2,3,4,5—tetrahydroazepin—2-one with Triethyvlborane

and Butyllithium
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Attemoted cyeclisation of 82

Dicyclohexylcarbodiimide (DCC) (0.26g, 1.5 mmole), 82 (0.13g,
1 mmole) in chloroform (15ml) was stirred at poom temperature
overnight. Working up the reaction mixture in the usual way
failed to give any trace of the desired product and only starting

material was returned,
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