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Erratum

ThereadertsattentíonisdrawntothefacÈthatpp.9]-and

g2 have been inadverËently bound before p. 90 and are out of order'

Similarly p. 155 has been bound ín front of p ' L54'

Thach Duong.
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Chapter 6 contains the results of testing of some l.actams

and thiol-actams as t'¡elI as their structure-acti.¡ity rela'bìon-

ships.
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IJÌTRODUCTION

Several- alkaloids contairring a diazaphenanthrene skeleton

have been discovered. in various species of grass. Perloliner

the most abundant rnenber of this famiiy was flirst isoÌated by

Ìiie-l.¡iIÌe and. Grj-mniettf from T,olir¡l pe:i:enne l- (Nevr Zealand rye-

grass) anci becane the target for most structural investigaticlns.

After studying its nltraviolet spectra and the analytical da.ta,

[letca]-fz concl-uded tha.-t, perJ-ol-ine contained a cl-imethoxyphenyl

grouo ancl its structure was subsequently shov¡n to be I by x-ray

analysisT. x

CH,

(r)

Because of the rvidespread use o-fl tr-perenn_c in pastu-res t a

detailed lnvestj.g;ation of perloline has been made4. This alka-

loid has been su.Ì:jected to a nuraber of invesii.gations C.ee.J-ing

wj-ih the extrac-bion of per.'lol-1ne ¿tn'.1 other bases fro;n g".*"5,

its estimation iir g".="6r its charac'terisation and chemisít'y7,

its toxicity and physiotogical effec'bsB'9, iis effect on olant

growthlot, and the effect of genetic differerrces on the perl.o-

l-ine content of rye-grass hc:'btg"f l'.

It was reported12 that the ox1dation of perloline proceedecÌ

easily and afforCed a varlety of prod.ucts all- of 'u-¡hicli coniarned.

nitrog;en. The d e¿:,ril.clatiottIl of perJ-o1ine Eave perloÌ-i c-line (2)

and a colourl-ess non bas:Lc naterial dehydroperJ.o-ì-ine (";) .
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perlolidine was first ísoIated and chara.cteri-sed in }iero¿ Zeal-and

14'15 and it was the base responsible for the bl-ue fl-uorescence

T

H3

of zone 3 on the paper chrona.tograms described by Jeffreys

This a-ì-kal-oid has been synthesì-sed by two different routes

(3)H(r)

16
o

17'18
o

Because of the ph¡rslologi-cal activity of these alkaloids t

intensive studies have been reported. on the extracti.on of perlo-

line from other species of g,"-""4, but no syntheiic vrork has yet

been reportecl on either perl-oline or on dehyciroper:loline (7) ,

Jt was therefore the aim of this v,rork to synthesise the latter.

The methods used are easily adaptable to the synthesis of the

f onner, although -bhis has not been pr.rsued '
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DISCUSSIOII

A suitabl-e starting compound for the proposed synthesis

appeared to .be the f ]uorenones 4 oî 5.

R=CHs

4

5

R=H

t7
Compound 4 had been used by Powers and Ponticel-lo

key interr¿ediate for the synthesis of perloli-d.ine (2)

as the

( s chene 1) .

H
(r)

Scheme I

Two methocìs for the conversi-on of -4- to 2 were consldered.

Conversion of 4 or 5, io a Schiff base 6 by the nrethod of Reodli"nl'9

with 4-arninoveratroLe fol-lorved b)' treatment r'¡ith m-cþl-oroperov'y-
',0 ( --OPBA) rrould give the N-oxide 7 (scheme 2).benzoie acid'

c1Irradia¡iontf, of ? woul-c1 subsequentl-y afford. the requi-red product

2, although other products are possible (see belo,.v).
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CH¡+ CH¡ --> 3

Scheme 2

Alternatively, reaction of ketone 4 v¿ith the Grignard

reagent d.eriveo. frorn 4-bromoveratrole woul d l-ead to the fluoreno]

B which shoul-d undergo the Schmidt reaction to produce ) and/or

10 (Scheme 3).

t

s

__-______€ CH,
H3

5

+

I

o

H

(?)

H

@)

c,

b

H
(s) e) 0o)

S cheme v

Recent reviuvs22'23'24 on the mächanism and roi.qra.tory apti-

tude of the Schäridt reaction have ind.i.cated that i.n the case of

alcohol-s and 9-fluorenols in particularr the riirg ìravi-n¿5 the
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greater el-ectron-release lvitl- inigr:ate predominantl¡¡ and therefore

corrìpound 9 is likely to be the major product. iVith m-CPBA in

chloroforn, 9. should ¡;ive the N-oxide l-1-' irradiatìon of wìrj-ch

v¡ouLd yield 3-.

oJ

þ

3

ftl
A consideration of -bhe synthetic routes to the internecliates

4 and,5 i.s also in order. Al-though 4 had been prepared by

po¡ers and Pon-uicello17, alternative rouies \rrere investigated.

Oonversion of 3-carbox)r-2-ethoxy-4-phenylp¡rridine (12) into

4 by acid cyclisatlor.25 appeared. to be a promising route (Scheroe 4).

CoHs

--> 
4

e*
ú

ftÐ 4)ft 0à

S cherae 4

However, the success of this Scheme depends on ari efficient

synthesis of acici 12. ft was hoped that 5, 4-dehydro-pyridine 1-4
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coul-d be forraed sel-ectively from 4-bromo-2-ethox¡r-nyrid,irr"26 (11)

ancL tkre acld.iiion of phenyl-lithir::n to ]4 would l-ead to the desired.

produc t V.

An alternative route r¡/as al-so investigatecl" Conve::sion of

N-methyl-2-pyricLone-3-carboxylic acid, (15) to 5 by photolys:s?T'28

of -LO or via the ilialli'u¡n (11I) triftuoroacetate (tf¡¡) aaauct2g

appeared to be Ìropeful rouies (Scheme 5) "

*"

o

Scheme ,

Appl-ication of these synthetic routes to an e'¡entual- synthes:i-s

of dehydroperloli:ne 3 aye now discussed in fuJ-l detail.

Ethyl-2 r 4-dihydroxypyriciine-5-ca-rboxylate (17) \¡¡as prer,ared

by conclensation o-f ethyl acetonedicarboxylatc v¡ith ethyl ortho-

formate uno.e:: 'uhe influence of acetic anhyC-r'i<Je and r:oncentrated

ar*ooníu32 (Scheme 6), but a-bteupts to con'¡eri this ester to

2 , 4-r1ihyr1;.'ox;y pyr Ì-cl- j-ne ( i9 ) v/ere onl-y pari;ialIy su-ccessfltl . The

decarboxylation method used rvas that of Erre?J r','fro obtained ]-9, bV

heating the acid &,at I9O-2OOor but in the present study no

d.ecarboxy-lation. ,¡,ras obser:ved. 0n subL.iming a rai-:tture of l-8 and

.ß

q

33c
(1 6)ftÐ



c
?

H

--+
cozc2H H2 ,CrH u

6?)

I
r

coo

(rÐ

4

Scheme 6

copper porvder at 2.;O-5OOo unoer reduced pressure, again only a

small- amourrt of the desired product was col-l-ec-bed. Becau-se of

the above mentioned low-yield step in this route r the 'p-zrooosal-

ou-blined in Scheine 4 has not been pursued ancì otirer methods of

synthesis have been lnvestigated.

Although N-methyt-2-pyrj-done-l-carboxylic aeid 15 had been

prepared by Holrnan arid l,/j.egand3o in l-ow yield frorn nicotinanid.e r

another method. lvas examined in order to obtain a more convenient

suppJ-y. It was hopecl to synthesise acid 15 from quinolinic acid

following the reactions shov'¡n in Scheme 7.

Ho %.

HH

8)0
r

4



ro-

¡-l 3

OzCH3
(rù

OH

OH

NH,

NHz

I
H (rÐ

o
H H

CHvc
(1

3 H
(.2Ð (r4)

Scheme

. Saturatì-ng a nethanolic solution of methyJ-quinol-ate (21) or

quinoJ-1nimicle (22) v,¡ith ammonia at Oo gave quinoli-nami-c1e (23).

Treatment of this arnide with allcaline potassili:1. hypobroniie gave

only a 1or,'r yield. of pyridopyrirnidine (24) together with 2-amino-

nicotinic a.íd34. I,'iore recentlyr Beckrvith anct HiclcnanS5 have

been able to convert quinoli-namide (23) into 4 in high yield by

using lead- tetraacetate in dirnethyl formamide (U'm)" Jt lvas

hoped that the hydroJ-ys1s of quaternary sal-t 25 would. yield the

expected proclurct l-2" Unf ortunately, 24 could. not be converted

to its sal-t 25 by any means tried lncl-uding meth¡rf fluorosulphonate.

In aII cases ¡ it vuas observed that only the 1- and J- positions

v¡ere rnethylalted to give 26 in nioderate ¡rield. This proôuct was

ioentica] lvith an authentic specimen preoared accorcling to the
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H3

CHs

(rÐ

34proced.ure of li'lclean ancl Spri.ng

3

a

.A.s the above method vuas unsuccessful-r acid 12 was finally
prepared fotlowing the method of Hol-man ancl Viegandlo (Scheme E).

oNH2 NH, coNl-l2 f5
H

ic 33

Scher.e I

[he condensatj-on of acid. chlorid"es v¡it]r a variety of aronatic

compounds via an intermolecular I'rj-ed.el--Crafts reaction hâs been

Cescrib"¿36o The acid chl.oride 27 clerived fron 15 rea.c-r,ed. lvith.

benzene in the presence of aluminum chloride io gi-ve 16 ín 45%

yield. Because cf the unsatisfactory yield of this condensationt

the preparation of þ u'as attemptecl fron l-2 or 27 by reaction lvith

tvro equival-ents oï' excess of phenyllitrriu-n 37 but in both solvents
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ether and 'betrahydrofuran over a range of 'betnperature onJ-y very

low yield.s of product u¡ere isol-ated. Thin layer chroraatograohy

examination of the reaction mi-xture shov¿ed that ii did incieed

contain the product ]6 obtained previously by lrriedel-Cra-fts

reaction, Unfortrrnaiel;;', all aiternpts to cycli.se l-6 photo-
D"7

chernically'' b)t using benzene as solvent in tne pre sence of a

small amount of Íodine fail-ed to yield. the expectecl product.

Itepetition of this niethod rvith methanol-28 t" solvent lvas al-so

unsuccessful.

Using a method analogous to that of l,{cKillop et ^I29r the

preparation of 5 by thallation of f6 with thall-iunr (fff) tri--

fl-uoroacetate (ft¡U) in trifl-r.roroacetic acid. (fnA), fol-lor'¡ed by

photoly"i"J8 o:f the interrnediate tha.l-liu-m cornpound 28 in benzene

vfas investigated (Scherne 9) r but this, too r vra.s frui-bl-ess. -A.f ter

reaction of fQ vriih TTI'A/TI''Ar ârr intermediate organo-thal-liurn

compound l.¡as ob-bained r'¡hich is bel-j-eved to have the s-bructr.rre ?-9

since aqueous r,'¡ork ue regenerated the benzoyl pyriCone l-6

\ /,ococF3
TI=OCOC Fs

Vcocr,
CH,

(rÐ
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cF3co
o

---_------------

c

GHt

(16)

3

(s)(rÐ

Scheme g

Àlthough the key intermedi-ate 4 has been pr:epared in l-olv

yietaf?, it was hoped that al-ternative methods for its ,orepal?ation

could be deveJ-oped. lyith N-bronosuccininide (ilgS) in boiling

chl-oroform, cyanoacel;auicle gave a good. yield of bronocyanoaceta-

mide. Using a me-birod, anal-ogous to that of Thesj-nr¿ and lùl-""5f ,

the preparation of 4 frorn pyricì.ine, bromoc¡-anoacetamid,e and

cin.arnald_ehyd.e in the pre,sence of sodium hydroxide lvas a.'ttenpted

but this v¡as unsu-ccessful and. gave a qlrantitatirre Jriel-c. of a

yeliov,r product rdrich was identlfied as 30 bI spectroscopic

a'alysis and by rnixed rneltj-ng point vvith an authentic specimen

preparecr according to the procedu-re of Ourtis et, aL39 
"

5

H
\rc ---cN

--CûNHz

C.sH

I

CH

/
CH

I

c

(30)
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In this Scheme, it vras ho,oed that pyricline lvoul-c1 react rvi-th

bromocyanoacetamide to give pyridiniun salt 51 (Scherne 10) which

formsthe ylicl 32 in tlne presence of base and would add in a 1r4

manner to cj-nnamal-dehycie to give J-cyano-4-phenyl-2-pyricìone (73)

rvhich rvas easily cyclised to 4 by heating with polyphosphoric

fN
Br-CH-COh¡Hz 

->- 
C
l"N

..+
cN

CONH

H
\.

cts ------------r BT

oNH2

6Ð
,FÐ

uHs 5

CN

(æ)

Scherne o

acid ( ppA ) 
17 . Horvever, under the conditlons used , t he internecLiate

pyridiniura salt 3l- did not form and the forma-bion of 5q is

suggested to arise bJ' the foJ-lowing patht'va¡r (Scher're 11) 
"

When 31 l-¡as prepared independently no apparent reaetlon

with cinnamal-dehyd.e oecurred. rrnd.er basic conditions. The

experiences of Ahþtar str ¿ff8 are tirus confirirred.

H

H

6

H

tv

Alternativelyr it v¡as planned to prepare 77 by condensation
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ÆN
cH-coNH2

c
I

uHs

/cN
Br, CH-CO!"|HzUr

ol
//

c
I

fH30

cT

CH Lo

I /

uHu

cln H
HOrCH:C-CNa \oruH,

Schetne l-1

of cirrnamald.ehyde with ethylc¡¡anoacetate in the presence of

ammonia. The expecteci intermediate proouct was 74 but atgain the

pathrvay fo]1ov¡ed v¡as not the lriichael 1,4 addit:lon but Lr2 adclitiou

1'"u
Hs

eHt
CH NH

1'
ct-l

//
t-l

I

c /

r
3

/,C¡Å -/ 'Þ 
C

CH:O CHz--COrCrHu CH:NH

F'"u

+ 33

H

tsÐ

6Ð Scheme T2
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to the einnarnaldehycle to give 12 in quantitative yield (Sche::re LZ).

Because of the lack of success in ihe previously described

reactlons, it lvas decid.eo to prepare 4 by the method of Polvers

and Ponticel-l-o17 from ethylc¡ranoa,cetate and. l-amino- Z-benzoi¡L-

e thylene.

Redcll-ierlf9 Lrd successfuì-ly converted icetones to anils by

heating v¡ith anil-ine in the presence of zinc chl-oricle at 1700.

Thusr l-^eflux:Lng a mixtr-r.'e of 4, {-aärinovera.irole and. zi-:ne

chl-orioe in toluene gave the zinc chl-oride cornplex of the desireC

product v¡hich spectrosconic anal-ysis and microanalysis suggested

had structure 36.

CH¡

nClz

þE

Attempts to remove zinc chloride from the cornpl-ex b;r washing

with cold. r'rater or d.il-ute acid l-ed to the unchangeci cornplex and

with coneenirated acid led to deconposition to the pa.r'ent l<etone.

\Vhen the cornplex was treated. v¡ith m-CPBA in the hope it lvoul-d

forrn an N-oxid-e lL, the reaction lvas unsuccessfu-l-¡ pl:esr-mab1y

the .l-one pair of electr:ons on the nitrogen atom rrere unavail-abl-e

f or reaction with rn-CPtsA because of co-ordination v¡i th zinc
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chloride. In viev¡ of these difficulties' this rou-te rvas not

pursued.

A practical route to dehydroperloline (:) was based on the

reaction of fluorenone 4 v¡ith the G'rignard rea¡lent d.erived from

4-bromoveratrole to give f luorenol B in 631t" yield. It was hoped

that the Sch::ridt reac-bion on this alcohol- r¡¡oul.d p,ive the o.esired

product 8-aza-7 r 8-diliydro-6- (3' t + r-d.imethoxyphen¡rl)-phenanthridine-

?-one (9). 'Ihere are -bhree possible modes of rearrangemen'bs in

this reaction.

(i) Pa a phenyl ri-ng roigrates to give 9

r

2

(r)

( ii) Pat b pyridone ring mì-gra.tes to give l-O

r

+

H

0o)
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thr'¡a.v c aryÌ group migrates, to g:ive 37

2

Ar

t-i

0Ð

For the Sch.inidt reaction l'¡ith ketones, Srni-i;ir and- his co-

r¡¡orkers 4l-, 42, 41 1uuu propose<1, an oxiine-l-ilte interned'.'at'e 39

forned by el-irnination of t'/ater fron the adduct of hydrazot-e

acid a'd the pro-bonatecl ke ione. These auihor:s proposed. that tire

Éiroup having the greater bullc in the neighllou:rhood of *¡u C=N

Ft-c-d
ll
N

-tü ! F{

(ss)

+
group is anii'bo the -t'iiit grou-p, nitrogen separates anci ihj.s

group 1ì nigra'úe s. Sch echter ancl Kirit4'i ha.ve proviC,ecl- fu.rtber

evidence on 2-su-bstituted cyclopentarrones and cycloÌre-":anones

r'¡hicir accorcls r¡iì,h Srniiklr s rtecL:'anism'

a r'\a¿-
According to Àrcus and- Coornbs the rnechanisiri above is

i.napplicabl-e to the reaction wi-bh alcohoLs and olefins because
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the intermediate 38 cannot be forned (Schene 1-3), Ilo',-¡evere ttrey

R_CH ,oH r/ H'
R- cH2

I

R- cH
lt

c
\ ^ 

-

t-P

Ècl-l 2

I

c
\n¡H

Scheme I 3

po|nied out that the ri-rrg having the greater el-ectron-rel-ease

rn¡ill migrate . I,'IcEl'/en and lJenta?1 also f ound the rni-gratory

aptitude to be directly related to the el-ectron-release of the

group. After studying the reaction of fl-uoren-9-o1s lvith hydra-

zoic acid- ancr sutphuric acicl, Arcus ancì Coornb"22 concl-ucÌed 'birat,

for teltiary al-cohols such as 39¡ the rearrangement is ind.epen-

dent of the iì group, and ahvays lead.s to ring expansion to the

phenanthridine system. Aga-j-n the rnost el-ectrort-rich ring niigrated"

N
+
N

0Ð
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The above observations su6rgest that pathwa-y a is most liltel¡r

and pathlvay c lvoulcL be onJ-y ninor. To obtain fu.rther evidence

for this reaction ;:iechanlsmr the Schnid,t reaction oll two nodel-

conpouncls 40 ancl 16 was studied.. Al-coho1 40 rvas prepared. in 70%

c 3 3

(40) (rÐ

yield by the reduction of 16 with sod.ium borohydride in inetha,lo11'/.

Gompor.xrcl 40 gave erclusiveJ-y !-rrrethyl--1-pyridoneearbald-eh¡rde (+27

and anil-ine (43) upon reaction lvith hyd.razoic acicl in polyphos-

phoric acicl (Scherne L4) 
"

-o --------==-

-=z-
c

3 3

(40

3

('t6) (4ù

Nr-l 2

t*ÐSçheme 14

+
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The products are considered- to arise from hyclrolysis o:fl the iltrlne

41. This resul,t confirns that the reaction f oll-o'red pa'bhvra;r a as

expected; ihat is, the phenyl ring has a greater rnigra.-bory apti-

tucte than the pyridone ring anci therefore nigrates -u:ceferentially

to the posì-tive nitro¿¡en in the transition statef7.

There is no evid ence for rnigration of tl:e pyricione ring; thin

layer chromatography of th.e residues shou¡ed. only 42 a.nd. anil-ine.

It rvas thor-r.ght possibl-e that the course of the re¿t.ction niight be

influenced by the nature of the acid used'. To test this poi¡"u

ttre experlnen-b \¡,/aS then carried. out in concentra.ted suJ-phuri-c

acid.-chloroform and- the sanìe results were obtained. as in the

previous reaction.

On the contrar;i, the Schmidt reaction on lcetone l-6 foll-owed

pathway b and gave 44 tn'lQii y:-eLd' (Schen'e ),

Ha

,)

H

CH

T

I

c
@

3

H

o

3

(4Ð

Scheme l-5
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Thin-l.ayer chrotnatography on the ciurcLe product sholed. onl¡r one

spot and. the nuclear nalq¡etj-c resonance spectrum su€'liested the

structu:.re M rather tìnan 45¡ ancl this ivas confirned by an indeoen-

d ent syi:thesis of 45 tvhich lvas shovrn to be totally absen,u. Ä

broad pealc at ÁA.O ppm has been attributed'bo the two,orotons II*

and at 7.5 ppn to the tÌuee protons Hr. This result ca.n be rat:i-<ln-

alised by an oxine*l-ilce intermediate as suggested. by Snitir and. hj.s

corl-eag.,""4f ' 
!'?- 

' 
/+5 

' 
44 .

Tnro intermecliate produ-cts may be represented by 45 a:nd 47.

\tfith the evolution of llrr the group anti to the leaving nitrogen

c

migrates and, thus the isoners'46 and { gi-ve ::ise to 'bhe arnicLes z'14

and. 45. It is suggested that only lntermed-iats 46 is forined. becau.se

of the effecü of hyclrogen bond,ing.

To confinn the j-dentification of -4L1 colÌìDound 45 was orepared

by the reaction of aeid ch-l.oricÌe 2'l ,ttitl¡,.ahil-ine. Its nnr snecr,ra

showed tirat i.t t¡as completef)' di-fferent to þo A broac'l rnultiplet

centred at about 7 ,7O pprn ha-s been aitributed to protons belonging

to the phenyl group. (nig Z)

2

3

6)

3

(4 Ð(4
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TTrese obsez:vatÍons strongly f avour structure 9 as i;he

product f::orn alcohol B. lYith n-CPBA in chf.orofornt 9 gave

N-oxid.e ]-1 in modera,te yield as a hemi-hyd.rate.

In f966, Taylor and Sp"n."u2l described the photoisomerisation

of phenanthridlne l{-oxide 48 to phenanthrici.one 50 formed fron the

intermed j-ate oxaziridine z!? (Scheme 16). A stud'y of the "*tuZf

------=Þ

(48) (*Ð (so)

Seheme l-6

of the prociuct forma-bion shov¡ed that the photolysis was essen-

tially complete vrithin JO s€c. and. that further irradiation

servecl only to effeet .Jecomposition of åq. Irradiation of Il
coul_d lead to at l-east ihree products. Lkamination of the

reaction mlx.ture by ultraviol-et spectroscopy shoived that the

reaction rras cor.rplete ín 30 min. after the exposure to surrlight

(Fig 4). The suggested nechanisn2l fo" this rea.ct1on involves

the oxaziridine !r homolysis of the N-O bond in u¡hich gives

radical 52 (Scheme 17),
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Scheme 17

This dirad.ical then could rearrange by three pathways :

(i) Pathvray a :

52 ..Ar

(li) Pathvray b i

o
il
C-Arv f

(sel

t
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( iii ) Pathvray c :

52---->

H

(5Ð

The reaction rrrixtu:ce by thi n-Layer chromatography shorzed- only

one prcduct r'¡hich ean be either Jr 53' oÏ å1,' Al-1 of the rnajor

ionsofthephotc-p.roc]uctarelisted.inTab]-e].

Table l : iri.ass Si.'ec tra.l- llata of the photo_prod-rrct

t{t/ e

3+9
J-

348 T{T'

747 M-H

713 M-cH3

332 rx-a

7:-7 I\,1- (CHo+2Ì-i)

or l,'i- ItTOIl

195 l\{- (o+ar¡x

f6? I'I- (O+Ar+00)

28' 45As reported

l-oss of (O + Ar) t-n i.

Schene 18 sholvs a mechanis'¡ic re,tionalisation 47 r48 for the

principal pealis to be expected in the spectrum of ';l and 54'

Relative Intensit¡r

20.9

l-00.0

44.8

rg.f
l.b

4.8

58.6

12.4

r the pealc at, Ix/e t95 can be regarcleo' as the

x Ar = AryI grou-.o : CHt



f

-27^-

-CNAr 
-

- COAr

m¡e 185

m/e 34g

m¡e 348

The

that it
product

product

spectra

o
il

-Ar
m¡e 183

Scheme I8

absence of m/e ions at 185 and 185 in Tj-g. 3 indicates

is unlihety the product is 53- or 54 ancl therefore the

from photolysis of l-1 can be regarded as the expected

7. Fr:rthermorer its melting point ancl ultraviolet

rvere identical- r'¡1th that of an authentic sampl-e*.

-* Sample vras kind.ly supplied b;'r Prof . TYil-l-ia,"n I . Taylor
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To date onl-y a srirall mrmber of conpounds have been char¿.tcter-

ised as being transniiters in the ntam¡ral-ian centra.l nervous
1systemr. One of these, [-aninobutyric acid (C¡.¡¡.) (1) tras been

fr¡,¿nd to have a potent inhibitory action against eOilepti-c
_2seìzures-. A consj-derable amount of ivork has been rlubl-ished on

the s¡m-bhesis and. activity of GABA analoguu"3t 4''5'6, yet no satis-

fac'bory struc-bnre-activit¡r rel-atj.onshlp has energed. It would

appear that 'ooth the in'c:camol-ecul-ar di-stance beiween the zt'¡j-tter-

ionic eentres(2) and. the rotaiional freedom of the nol-ecules are

H2

2 c
I

o

o

ooH cH,
./\
2

(z)

NH,

CH,

+

cl-|2- cH 2

(r)
important fa-c-bors governing the s}¡naotic activities of tnese

7
substa.nces .

l,{otecul-ar orbiial- cal-cr.rl-ations suggested tha-i G/''BA can a,s.tTu
U

a zwj-tterionic conforiila'uion. lvlth 'uhe char:ged. centre at least JA
oa

or more lilcely 6A apart". X-ra;r crystall-o€ira.phy indicated that

GliBÄ e>lists j-n a partially folcì.ecl conforrtatj-on in the solicl state9.

A nuilber of ci¡cfic arnides have been shor,'m to be acti.¡e on the

een+;r¿ll- nerl.roils systern, particul.arly the seven-membered l-acta.m.

system. Ìixaüiples incl-u.cled demoxeparn(3) and- i;he related antl-

convulsants and sedatir¡e*lOtfl, ß-aär'energic bloclling agents sueh

as 4., 
L2rr3, analgesics 5r4.,l-5 and hypnotics 6f6.

CH
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A search of the literature for central- nervous s;isten actJ-vity

of sir¡ple l-actans reveals j-solateil J-nsta.nces of ac-bivity, bu-t no

detai]ed exanj-nation aopears to have been made. Thus lien and

co-worke""f7t fB, have shovrn that 1actarns lacking }I*sub-

stituents are C]'tS stirnulants, the most active bein.g 2-azac;¡cl-ono-

naïÌone. The effect of ring size is not strai*ehtforwarcl, hotr'rer/er.

Thus, valero-l.actam aptlears to be CNS inactiver but possesses some

bactericici.al activitYf 9 r2A
a

Although the preii-r,t'rnary study of lienI7'IB suggested that

Iacta.ns containin¡¡ a nine or ten-nenbered- ring exhibited

most centr¿il nervous s;'sien activity, a nur':ber of reoorts in the

Jiterature suggestecl that caprolactam derivatives 7 migh'u raerit

further study.
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Because of i-ts ind.ustrial- irnportance in the s¡mthesis of

nylon, caprola-ctam has been subjected to considerabl-e pharmaco-

logical scru'i;iny" Thus Poluskirr2l h"" shov¡n that caprolactam l-ed

to epileptic spasms in rnice although its t O5O ab )BO mg/kg, is
fairly high. Goldbl-att and his co-rvorkers 22 al-so showed that

acting particularl¡,'caprolactam is an effec'cive convul-slng agent,

on the cortex of tne rhinencephalon,

Caprola.ctan is sufficientJ-y lipid sol-uble to penetr.ate the

central nervous system relativeJ-y rapidly. lactans of 'r,he arnino

acids of longer chain J-ength are more lipid soluble and nore

effective convulsants as are their thio-derivativesl-7t18. Th,ì.s

has prompted a search for more active compouncLs u¡ith better t-lpicl
solubility but based. on caprol-a.ctarn 7. Using convulsant activi-ty

for ¡lrelininary screening¡ the nost actlve comÞorurcls forrnc-l ha.¡e

sul¡sti-tu-ents orr carbons 4 and 6 of the ring. Thus 4r6r6-tri-
nethylcaproÌactan (+0¡ is a potent convul-sani l'¡ith " aO5O of 4 -
6 ng / kg representing some one hundred-fofd improvenent over the

parent lactan. Surprisì-ngl¡r, j-n view of the conmercial- imporbance

of caprolactan' relatively few C-al-kylated derivatives have been
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described and general- methods of s¡mthesi-s are rrot conulone

This thesis v¡il-1 describe synthetic methods for the prepara-

tion of caprola.ctams substi-buted. at I'i-I , C-2, C-'5, C-4, C-5r C-6

and C-7. lfost of the laetams in thj.s study \¡üere obtained froin

the corresponding lçetones b;r the Schmid-'b reaction or Beckmanrt

rearrangenent. the forner reaction \vas used with saturated lletones

while unsa'curated l-aetams were more conveniently prepared by ihe

latter rearuangement. These l-acta.ms together v¡ith the col:lres-

poncling thi-ocaprolactans have been tested for G/iilA-an'bagonisrn in

the Department of l{uman Physiol-o¿¡y arrd Pharmacology of this

Univensity: usi-ng the strio-nigral pathvray in r'¡hich GABA is a

recognised. transmitter readily blocked by picrotoxir-2S.



DISCUSS]OI.{
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C}IAPT.ER I SUBSTITUTIO}I OÌ{ N O]ì O

Tn conneetion vith our investi.gation of convul-sant act1vities

of eaprolaciam de:'ivatir.es, the preoarailon of li-all-.yl-a.ted pro-

ducts \,vas necessary. ft v¡as r"ported24 that caprolactarrr can be

al-irylated on nitrogen or oxygen by a1kyl sulphates ín benzene.

The first-forrned. proCuct (major) was O-alllylcanrol-actirn (B) rvhicir

can be easily converted to Ii-alkyJ-cap::olactam (9) by heatin¡; r'iitir

a catalytic amount of al}cyl sulphate (Scheme l-). Direc-b thernal

(a) R - CH3

(o) R - c2Hs

-->

---------t=>o
H (s) (s) R

Scheme l-

interconversion of these isorlers requlres mu.clt hi¡;Ìrer tenperatur-r-e

than the refh.lxing benzene used in this "u.""24. 
The cor.lversion

of O-alkylcaprolactim'i nto ll-a1þlcaprolactam probably r:loceed.s

as shown in Scheine 2.

->
=+

+R
G

Seheme 2
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l7ith an al-kyl- hal-ide or suJ-phate in the presenee of sodium

hydride r l-actalns generally give l{-alhy}ated' p:roducì,s .25 '2'o The

N-alkylated caprolactams prepared. i n thj-s way are shol,'¡n belol

(¡) NaH

(¡¡) RX
R

(g)
H

(a) R

(¡) n

(") n

(d) 1ì

(e) il

(f) R

(Ðn

cH-

c^H-¿)
n-COH,

i-c ¡I{o^tJ

i-c5Hf r
n-C^ÏI, -Õ LI

-cH}-c 6H5

Oiher lT-alkyl deriva.tives have been prepared bl¡ the reactj"on

of caprol-actar¡r rvith epoxi,ies2?, acet;rlen.r27 and b)' iire i',,annich

reaction" It appeared. tha.t an adaptation of the repor''ced photo-

chemical rearrangement of oxaziridirr""28t29 (scherne Ð could. be a

usefuf general- rnethod for the synthesis of \-arylca.prolactarns (to)'
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--==> 
R- -----+

R

(10 )

c¡

ocH3

Scheme 3

lloweverr the methocl gave only poor yield.s of Ä-phenyl and N-p-

chloropheny'lcaprol-¿zctam and fail-ed. to give any $-p-roethoxy-

phenylcaprolactarn (loc). Because of the compléx nature of the

pr:oducts obtained, in tÌ:ese reactions, it lvas fel-t that the method'

was not a suitable general route to these coraporrnds.

Another possibl-e inetii.od for the preparetion of N-aryl-capro-

l_actams migLri be obtained j-n the reaction of ar¡rnes and. LactâÍls o

Arynes have been generated uncler a variety of cond-itions by

fragmentation of su.italrl-e ortÌro-disubstituted b"n.u"rl"=30. I'tost

of the metiro¿s su-ffer from either Lirniied availabiliiy of benzyne

precursor, involved- experinental- technic¿ues and'/or lolv yi-elcì- of

benzene-d erlved products . Orre of the more attractive benz].'ne

precursors is benzerediazonli¡n-2-carboxylate5f obteined from

R

R

R

(a)

(b)

G)



antil.ranil-j.c acid ancl an a1kyl nitrite. It was hooed that the

intermed-iate benz¡rure lvoul-d react with S-capro.l-aciam or O-meihyf-

caprolactin to give the d.esired product l-Oa. Again this nethod

gave only a poor yield of l'T-phenylcaprolactarn (lOa) upon reaction

with O-methylcaprolaciim and fai-led to give any trace of l-0? t¡¡ith

B-caprol-actam. This is probably in part a result of reactions of

benz¡me and. benzenediazoniurm-2-carboxylate rvith each otylsr3z and.

other rr:'oducts32. Since the testing programme has shorun that

ld-alkylation or id-ar.¡¡lation lea-cls to a rnarlied decrease in convul--

sant acti.¡iti'i furiher investlgation of potenti-a1 routes to

Itr-arylderivaii.¡es ïias not made. This f inding is sinilar to that

oþserved in the c?.s€ of cyclic l-actams by Ììlison et t1f8"

Beeause of the reported higher biological a.c-biviiies of thio-

lactarns cornpared. to the correspondlng l-actamsl7tfE¡ it l''¡as cleclded'

to convert all of ihese compouncì-s to their thio-cLerivatives I by

reaction with phosphorus pentasul;ohid.e, The reaction oroceeded

smooihf.r¡ and- gave l-l- in high .'¡j.el-d :

R

(rt)
R

(a)R =

(b) P. =

(c¡R =
(a)n =

i-c4rig

nCOH,

i t 5Htt
n CUI-I'
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CHAPTER 2 : STiBSTITUT IOÌ'T AT C 3

Very fev¡ derivatives of caprolactam substituted at C-5 have

been prepared.. The Schnid-t reaction on 2-allrylcyelohexanones gave

mainly f-alþlcaprolactn )) and. there is no evidence for the

f ormation of 3-al-]rylderivativ ur34 .

Cefelin et ut75 have reported the synthesi.s of J-alirylcapro-

lactam in l-ow yield b¡r more round-about routes such as that for

J-methylcaprolactam (Seh.eme 5) .

H3

------==-
N

o2c2l-15
5 o2c2Hs

1-l 3 H3

é--
zCrHs

H2

Scheme

Fabrictrnyi and his co-worke "176 
also reported. the preparation

of ]-ethyl- anct 3-prot>ylcaproJ-actams in better yielc1 but thei-r

methods g,re difficul-t and. not general. It was thought therefore

r

+

co2c2H5

cHcH3
I

3

H22cco

o
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alternatlve general methods should. be investigated for this

synthesis

Brovm et aL37 fouurd that the 2-bromocyclohexanone reacted

reaclily with organoboranesunder the influence of potassiur':t-t-

butoxide in tetrahydrofrran to produce the corresponding 2-alkyl

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

by Prager and Ru"""58. Ii seened possi-ble that al-kylation of

,Hu

Scheme 6

amides (e.g. 5-bromocaprolactam (12) ) coul-cl similarl-y be

achieved as shol'¡n belot'r :

zHs

The key compound. ]-brornocaprolactam (12) v¡as easily obtair:ed

by the procedure of lrra.ncis et ul47o Yfherr 1? was treated. lvith

tri.ethyl-borane and potassium-t-butoxide in THF at Oor thin la;ye¡

r

r
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chromatography, after cxida-tlon or hyd.rolysisr sholved a mixture

of E-eaprolactam and the starting; material. The formation of

the fornrer is suggested to arise by the foll-olving Oathr,vay:

r r

+
G,HI 3

H H

rÚ otBu

.HJ, ,HJU
+

HGH

'Hù,

An attractive alte:rtative rvas that the ylid-organobora.ne

reactionl9 of sulphonium salt Þ might l-ea.d to the desi-red produ.ct

14b (Seheme'l) but again the rea.ction r¡Ias fruitless and. nmr

spectral e>:a¡nination shor,.¡ed- the product to be a mixtu¡e of ;¡lÍC
and. the el-irnination products 2, 3, 6, 7-tetrahyð'ro-azepin-2-one

(15) and 2, 5, 6r 7-tetrahyd.ro-azepin-2-one (16).
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H

Hr),

H5

J,

(cn J,

+

+

slcH,l\ __l¡1+-

(13)

H

Ë
{

CzH J,
4

H
+ (ts)

H

H

(1E

Scheme 7

Because of the l-ach of suecess j-n the previously described

reactionsr it v¡as decided to prepare l4bby direct alkylation of

8-caprolactam lvith strong base. Àlthough l-actones can be success-

ful1y alkylated c¿- to the carbonyl g"o,lp4o, this method anoears

to have been adapted mainly to acyclic ami-d.es41. Atternpts to

d ireetly alkylate 8-caprolactarn Tvere only moderately su-ccessfu-!-r

the product bei-ng mainly the l-r ]-dialkylcaprolactam. \Tith

butyllithiu¡r in tetrahydrofuran, E-caprola.ctan forns the diliihio

sal_t l_T which r'¡as methylated at roon tempera-bure to afford equal

ano..;¡ts of the dimeth¡rlated, derivatj-ve 18a and lrï-methylcaprol-ac'bam

(9a) and trvo other proci.ucts (Scherne 8).
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2 other prod ucts +

H

Li

+

(1

3

CH,
(1s")

c 3

(eu)

42olo vield

Scheme B

Atternpts to get a better yield of l8a by varying the condi-

tions of the experiment v¡ere only partially successful. In all-

cases, it was observed that the majoi produet vras 9a. The condi-

tions of the experiment anrl products Ísolated are sum¡narised, in

Tabl-e I o

Table 1. All<ylat ion of Caprolactam

temp. oc Yj-eld /"
Product:
.gq

/" of the mixture
1Ba

-70

0

R.T.

RefLun

42

7B

77

32

76

36

74

20

1B
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From this tabl-e, it seems that the best tempera.ture f or this

al_kylation is Oo, T-ncreasing the temperature of the €x-.^€r'iflen'b '

decreased the yietd of the products " This is prrobably cìue to

side reactions such as dj-rect attack of butyllithir¡n on the amide

carbonyl group. However, vrhen the reaction v¡as carried out at

i7gor ro atl<yla'cion lvas observed, and the starting l-actam returned.

This finding suggested that the dianion 17 is not easily forned

uritil- the tenperature is Oo. The formatj-on of 9a and l@ in

Scheme B can be explained as fol-lows (Scheme 9)

BuLi
L¡

BuLi
-----------==æ L¡

Li

Bu Li

c

H

3

CHt
(e") fts")

3

Seheme 9

l, 5-Dilnethylcaprolactam (lga) or in general l-meth;r\-3-

alkylcaprolactam (18) can also be prenared in moderate yield frorn

9a with one equi-valent of butyllithium in tetrahyd.roft;.ra,n at Oo,

foll-ol.¡ed by alkylation cf the interraediate mono1ithio sal-t 19 at

room temperature ( Scherne ga) .
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3

(1e)

-------===>

CHt cc 3

(e") (1s)

(a) R= CH3

(b) R= CzHs

(c¡ R=n-e3H7

(d) R= n- Ca l'l s

Scheme 9a

Beeause of the urrsatisfarctory yield of this rnethod.r and 9a1-

ticularly the constant forma'bion of the tlrtdesirable Ï:T-methylation

prod.ucts, the preparation of lQ vras attempted frorn 3-broiaocaplro-

lactanr or its l{-rnethyl deri.¡ative 20. For this synihesis to be

usefuJ-, a convenient preparation N-methyl-J-brotlocaprolactam (20)

is necessary. Brominatj-on of 9a using cupric brolnide in ethyl

aceta.te-ch1o::ofo "^42 or bromine-phosphorus tribromicl"e in benze n"43

was attenrpted but no bromination at the J- posiiion r'¡as obser.¡ed

by t¡i-n. layer chroma'bogru.phy or Ïìmr analysis, ancl the reacilon

returned starbing l-actam. llecause of ihe l-ack of success in the

preparation of ær it lvas thought l8b could be obtained frcm

3-bromocaprolactarn (12) by 'bhe organoborane reaction fol-lo'¡¡ecï by

rnethylation (Scherne fo) "

When l-? was treated rvith tri-ethylborane and potassiu:'r-t-

butoxide iir TFIF at 0o and th.e reaction lvorked- up by neth;rlation,

thin layer cirromatography after oxicl,ation or hydrolysis shclved a

mixture of tv¡o produ-cts : E-caprol-actam and- Î{-me-bhy-l--f-blono-

caprolactam (ZO) . The latter was identified by its ruflr spectrLtm"
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The sharp peak a"t t3.40 v¡as assigned to the li-CHr.

(¡¡¡) cH3 I

,H,B

(1Ð
CHt
(18b)

H

r

o

CHt

(20)

Scheme 10

Recause of the failure of the above schemes r it tn¡as planned

to prepare J-oxocaprol-a.ctam (21) in the hope that it rvoul.d- act as

a useful intermedia-be to other lactam substitu'bed at C-=). ÀJ-though

this compor:ld had been prepared b¡,r i'1lura.i<anj- et al-45 in l-o,,"¡ )¡ie}d

from N-nitrosocaprolactain (Scherne 11)r another methocl u¡as

examined in order to obtain a more eonvenient su'oply, The Beckr¿an

or Schmld.t rearrangement of cyclohexan-lr 2-dione appears to Ìle a

promisinp; route. Unfortrmatelyr all attempts at the Schnidt

H
(21)

H

o

Scheme 1l
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reaction led to the forination of small- amounts of 5-ci¡anopen-ba'loic

acid together lvith large annowttsof tar. Ätso the Eeclsnan re-

arrerlgemeni of l-, 2-c¡rclohe>lan-Ir2-dione mono-oxime yieldecl onl¡r

tar. It could be conclud.ed, therefore, tirat tar formation is

caused b;,r the deconposi'r,ion of the startin€. ke'co¡e since it was

reported to be ver;\r unstabl- u46 , \Te therefore considered that the

sclrmidt rerc-bion on the monoacetal of cyclohezan-l- rz-e,-ione|7 (22)

rnigìri lead to nore usefur produ-c'bs on ihe grourrcl-s that the inter-

mectiate cour_d ìrave a stru-cture sirnil-ar to 23 and. v'ou-l-d. nre-fer to

migrate the rnore electron-rich 1r6-bond rather than the J'2-bond

which night be pref errecl on steric gror.mcls. fn. the eveni; the

reactÍon proceecìed in only lnod,erate yield to give essentiail¡"

eq*al propor:tions of the four' Possible prod.u-c'bs t'¡hich r''¡e bel-ieve

to be 2l-, 24, 25 a.nd- 26 (Scheme 12). The struciure of -bhese

lactaras was supported. by nmr spectral anal-ysis" lTo pure co:llror:-nde

lcHr-{HroH

-

(22l, (zs)

l-l

(2 5)

H

(21)

+

+ +

H
(26)

H
(24)

Sch eme f-2
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could be lsolated from the nixture even after chrornatogranhy.

The recentl¡r published. procedure for al-Ìry]ation of l-actans

d'escribed by Trost and Kunr|B !lu, been extenderL to the capro-

lactan area and- this method has resultecl in the synthesis of

some J-al¡ylcaprolactams and their corresponding lactim ethers

(Scheme f3). The metallated lactim vras generated by treatrnent of

e-methylcaprolactir:r rn¡ith iithiu¡r cLiisopropylarnide in dry teira-

hydrofuran at Oo. One unresolved feature of this reaciion is the

nature of the product forned. on protonation of the lithio-inter-

mediate !Z ï acidification i¡¡ith the ln¡eak aci d ammonir.m chl.oride

ga\re the laetim ether 29 in high yielcl but ã9 did not give

|-alþylcaprolacta.m (14) r.¡ith mineral acid. Ins-bead a darÌ< poly-

meric matelial y¡as obtained. Direct aciclifj-catíon of the allty-

lation reaction mixture with mineral acid. leads to the l-actam 14'

H3
L¡

CHt

CH, CH,
H L¡

(14) A7)

R_ cH3

R-Q Hu

8e)

(al

(b)

[c) ¡- n-C3Hz

Seheme f3



in poor yielcl. One possible reason for the Ìovr ¡rieÌcl in this

reaction could be that acidification of the reaction rnixture

with lO% HCI lead s to the fornation of 28 anct 29 and the f ormer

polymerised in aci<iic sol-ution v¿hil-e the latter hyd-rolysecì to

the desired. Product 14.

H
CHt

(30)

(2e) \

_ Another possible method for the prepara-bion of 14 lvas based

on the red.uction of 3-alkylr-4--chloro-2 t5 r 6,7-ietrah¡,rd¡o-ezepin-

2-one (ff ¡ with platiniln oxide in ethanol- (Scheme J4). Chloro

compouncl 11 rvas easily obta.i.ned. from 3-chl-oro;-2-aLliyleyclohexen-

I-one (:O¡ by the Scknnid.t reaction. ft has been reported49 that

c

(tz)
+

o
H

(14) (st)

Scheme 14

in the Schmidt rearrangement of 5-chl-oro-2-cyclohexen-1-one wiih



-+tt-

polyphosphoric acid.¡ migra,tion of the a1kyl site and ihe double

bond site are conpetitive and thus near:ly eqr,ral amolurts of 4-

chloro-2 ,5 ,6,7-tetrahydro-azepin-2-one (ll) and 6-chl-oro -2 , 5 , 4 ,5-

tetrahyclro-azepin-2-one ('14) \'rere obtained. However, r,'¡Ìlen the

Schmicj.t reaction lvas performed, on 2-lrretlryI-3-ch.loro-eycl-oirexen-f-

orr€r only one proou-ct rvas isolated in 5O-5r71 yield. It i.s possibì-e

that the oi;her isomer is formed but decomposes in aeidic sol-ution.

Two stru"cture ife- (n=cttr) ai'rd 32a (R=C}I5) are possible for the

product. Tire nuclear magnetic resonence (nmr') spectruro suggests

CH¡

o Cl-t_

H CH 3
ht

c

(stu) (aza)

- the structnre 51a rather than 32a. A broad rnuliipl-et centred. at

about E 3.ZO can be attribuied. to the two protons belongi-ng to

the nethylene gror-ip next to nitrogen. r'urtherinorer stnrctu-re

Jla rvas su,;ported by its h;¡drr-rgenation to give J-nethylca.prola.ctar

(lzfa), ihe structure o.fl l'¿hj-ch rvas confirnecL b;¡ i.-bs nmr spectn-un

and by mixed melting point vrith an authentic speciraen. Tlr.is

scheme appeared io offer a general method for the preoari.:tion

of 3-a1l<yl-caprolaciam (14), Unfortunately' iiris nethod suffe::s

from the difficult prepaï'a-'t,ion of the lrey compor.rnd- 3-chloro-Z-

alkylcyclohexen-l--one. A difficulty that frequently arises in

the all<yÌation o:fl :-.r3-dicarbonyl compounds j-s the concurrent

formation of both O-alkylated a.nd O-al.kylated produc'cs'O'5I''2
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which separa-bed lvith difficufty. The Ç-a]lrylated material is

generally only the mj-nor comoonent. In viet'¡ of these diffj-curtiest

it was fel_t that the method v,¡as not a suitable general route to

these comPorxrds.

since dimedone has been successfuJ-ly con.¡erted' to the corlîes-

ponding caprolactam by Beclsnannrearrarrg"tu"tSS, it seened worth-

white to at-bernpt to explore this reaction for the slrnthesis of

3-substiì;utecl caprolactarn (Scheme 15). The lteto-amj-de 36 i'vas

prepared from oximes 35* according to the procedt-rre of Tanura et

al53 by the BeclsTannrearrangement in polyphosphoric acid' In
H

R

(3Ð

H r-R

Q -<_ +

(so)

H-R

t 
(rz)

(a) R=

(b) R= o2

(c)

ocH3

t
o

H

R

Scheme 15

(d)R=
CH,



-50-

tþis reaction only the saturated Sroup rnigrated and this'

together ivith easy interconversion of syn- and anii-oxirnes j-n

the rea.ction tnedium, led to a high yielcl of 36. llhe 1çeto-a'nicÌe

36 read,iÌy reacted rvith arorlatic ald,ehycles to forn the benz¡rlidene

d.erivatir"S4 7-l . iLed,uctlon of the carbonyl group a-b Ï,he 4-

position of "t7 ts currentl-y being investiga.ted.

Dj_rect alhylation of Ìieto-amide 56 v¡ould. be a useful proceclr-l] e

for tkre preparation of J-substiiuted caprolacto.tn*55. The a1lry-La-

tion of l-r3-dike'r,one has been reported to give C anc'j 9-alìlyla'bed

productsS!r'2, ivith the trroportion of these t¡,.¡o compou-Lrd.s depending

on the nature of an alçylating: agen t56 '57 . Usurally more O--ali::y-

lation is obtained rn¡ith secondary alkyl halides than v¡ith prirnar;"

ha1id,es58r59 . This iaay be explained by the increase in s'r,eric

hindrance at the f ormation of C-alkylated oroducts " Searl-¿s and'

Ress1ur5T sho¡,ved that g-alkylation u¡as favoured rvhen the enter:Lng

group rïas small or activated (as nethyl or benzyl) 2 rvhil e O-al"lly-

la.t1on gra¿ua]Ìy pred.omina.ted rvhen the bu-l-lc of the entering group

increased. The resufts of alkyl-atj-on of 76r summarisecl j.n tabl-e 2'

shov¡ that the proportion of C-al-l<ylation cLecreases as the alkyl

chain changes from $ to cr" Pure sampÌes of the c-- a.ncì. O-alky-

lated products v¡ere easil;r obtained by chrorrrato¡;ra.uliy and their

percentages \'úere cal-cu-lated on the basis of j-sola"ted )¡-ields.

Table 2.
'r)

e r-fo oll i-on of I and

H
_99_R

o

R Tota] Yie.l-d
%

.69

55

60

_3ê

t_00

66

50

34

5b

a

b

c

CH
7

Ç zH,

i-c 
5H7

o
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CHA ?TlrlR 3 SURSTITUTIOI,, AT C-4

Ca'Orol-a.c-bams substituted at C-4 are not g:eneral-ly aecessible.

The Beckmannrearra.ns"tunt6o or Schmidt reaction6f of 1-nethyl--

cycl-ohexa.none gave ürixtures of 4- and. 6-alky1canrol¿rctams r,vhich

are very diff icult to seperrate. lVe have theref ore investi-gated

alterlative ge,-reral methods for their synthesis" T'he 6r6-<lirneth;v'i*

 -keto-caprolactam Se¡ derived from d.j-meci,one55 clid no'c urd-er:go

addi¡ion reactions l',¡ith organo-metallic reagen-bs, and -brea-i;ment

lvith Grignarcì. reagents or orga.nolithiurn conpouncls resul-'becl on1¡r

in an ionisation. llov¡ever, 36 did, rea.ct srnoottrl-;r v¿ith arylainines

to give enamines 1+O (Scherne fB). 'rThen an electron-r,vithd,iavring

group was preseni on the ar¡rf ring of these conpouncis, the;r

showed a considerabl-e sensitivity to moisturre ancl were readil;,r

hydlolysecl to i6. This vrater sensitivi'by lvould clea.rly preclude

their physiological use and as a consequelrce the coruespond-ing

dihydro d.erivaiives rrrl- lvere prepared by ea,talytic recluction

(Scheme 16). 'llhus saturated Iactam 4l.b caused cÌepression in r¡ì.ce

v,¡itlr the close of 60 rng/Kg.

Two other nethods lvere investigated. for the synthesi-s of

 -substj.tutecl caprolactams. The acldition of l-j-thiu¡l dialllyl-

cupra'bes or Grignard reagent in the presence c¡f a ca.talyiic

amount of copper sal.t too<, p-unsaturated l<etones62t63'6'l'65 and

"*t""u66 
Ìras been achieved with high success. The wid'e sco1le

and effectj-veness of su-ch reagents have encollraged us to exarnine

the possibili.ty of conjugated add,ition to the unsaturatecL amicie ]$r

although silnilar reactions do not appear to have been previously

reported.
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The unsaturated caprolactarn !6 had been synthesised by Ðonat

and }ie1"orr67. Reimschussel et a16B have al-so preparecl 16 by

dehydrobronination of ]-broroocaprolactam (12) by treatment of the

latter with bases such as l-utidine or sodiun a].]roxides. Unfortr.:reate-

ly, we y¡ere rrnable to obtaln a pure com;oorrnd. 16 frora the dehyclro-

bromination of 12 under varying condiiions and on e¿¡-ch attempt

only the inixture of 15 and l-6- lvas observed. The worlt of Paquette69

and Vog*t7o suggested that the unconjugated isomer 15 is actualJ-y

the more stabl-e. \Then the mixture of 15 and l-6 was trea-bed with

l-ithium dibutylc.rp".ntu7f , a small yield of conjugated- addition

product 4-butyì-caprolactam (+Z¡ lvas obtained and a large amount

of starting naterial returned.. \'Íith butylnagnesi'¿m brornide in

the presence of cupliotls chl-oride I rlo evidence f or conjugate

addition could- be observed and only startin¿g naterials wele

returned.

Since it appeared. possible that the cuprate and Grignard

addition reaciions \n/ere unsuccessful due to the formation of

insolubl-e metal complexes v¡ith the amide groLrp, another possible

route to the usefu-l- intermediate unsaturated l-acta"ins r'¡as through

the Schmidt or Beclsnannreaction on the conjugated cycJ-oh-exanoneo

Although sorne lnstances of successful reai'ra.ng;ements of such

systerns have been reported.r the reactions d'o not appelrr to be

4-general.o- Thus both isomeric oxines (43) of isophorone can be

successfully rearrangeil to the corresponding anides -44 and þ-72'71

(Schene 17) . The Schmidt reaction on i-sophorone, ho\'/ever, gives

'* only the syn-oxime of cyclohexene-i-one undergoes rearrangement vl
a
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onÌy the conjugated lactan 4474. Each lactam r,'¡as successively

hydrogenated to ihe saturated produ-et 46 and. 47. The above

lactams lvelre then methylatecì. by the method described b¡¡ Jorres26

and were next converted. to their thio conporrn<Ìs by reaction ivi'bh

phosphorus pentasulphid,e (Scheme 18) .

The prelirninary testing of 44 and its dihyrl.roderiva-tive 46

caused stron¡i coirvul-sions in mice and the resul-ts are suluirarised

in Tabl-e 7.

Tabl-e 3 : Convul-sant Á-ctivit of lactans 44 and 6.

The high convulsant activity of the l-acta,tns 44 and 4Q sr-rrq.zes"r,s

that lactams wj-th s j.rnil-ar substitution patterns ( +- a.ncl/or 6-

positì-ons) siroul-d be prepared.

f,actam Dose
mg/ Kg

Observation

Clonic convulsion

Clonic convul-sion
in l- min. after
inj ection

Final Result

44

10

20

Died

Died in 4 min.,
bl-ood ceme through
the nose

46

l_o

20

Cl-onic eonvulslon,
sallvation, urina-
tion

Clonic convul-slon,
straub tai-l

Died

Died in 1 rnin.
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The oxi_nes 52 prepareo. from ketone 54 rvei:e shotur to be a

mixture of syn- anci. anti- isollers by nuclear rnagnetic resonence

spectral analysis. It has been :reported'l,'76 tha"t in the runr

(s¿) (ss)

spectra of tire o1, p -u-nsaturated keto-oximes ihe vinyl proton of

syn-isoiler shifts to lo\n¡er fiel-d than that of the an-ti-isomer.

The mnr of lceto-oxj.;1es 55 sho,,vs tt'/o singlet a.bso-rp-i,ions for: the

viny1 proton at 3 6 "70 ascri'bed to syn-isomer anc1 5l 6 "ÉiO ascribecl'

to anti-isorfr€r¡ tsurther, :irom the inte gra-ted- value o:f -bheir

vinyl protons, it is d-etermj-ned that the ratio of -bkre mixtnres

of anti- and. syn- lsorners is 3:2. Attempts to separate these

tlvo oxiines bJ, repea.ting fraciional- crystaÌIisation froät d'ifferent

solvents or by ct¡l'r-u¡n chromatograph;r Yrere unsuccessful-' Trea'tinp:

these tv¡o isomers rvith p';lyphospkroric aci-d at l-3}-]_="'o causeci

the Beclcman l:ealrrangernent an¿ aff orcled orocluc'Ù in ,21i -vie1d "

Thin Ìayer chromaiography of the residue showed' onJ-y one product

and therefore the product can be regard'ed' as 56 ot: fl-' l'iuclea'-j:

nagnetic resonance spectra-I ana.lysi,s supports stror:r'gì-y struc'r'ure

,6-. A broad n'ltiplet centred. at t 3.28 r,vas assig'ed io tire

roethylene protonSad jacent to the nitrogen' lac-Lann 56 "vas 
then

hydro¿-en¿Ltecl to its' dihydrod.eri-vaii'¡e 58. -ìl'ronl thrs ::esultr

it appears that the anti-isomer easily isoinerises in tire react'ion

H
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H

(s6) (s?) (sB)

med.Íum to give s¡m-isomer lvhlch rrndergoes anti-migration5T to

give 5f-. .A.lternativelyr the absence of l-actart 57 rnay well be

accounted. for by the acid-catalysed pol¡nnerisation of such

systems.

The Sehnidt reaction on the chl-oro deriva.tive of d.imedone 59

gave the lactams 60 and 6149 which seem capable of offering

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

(sg)

I

+c

H
(ol)

X
Seireme 19

(60
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presence of platlnr-un oxide in ethanol- at room tempera.ture a-nC ¡rt

atmospheric pressure l-ed to red.uction of 'r;he chl_o:r:ine also;

none of the 6-chloro-4¡ -dlrnethylcaprol-a.cia.m (i;2) wa-s j-sol¡.ted.

The follow1ng spectral a.nd chemlcaÌ da-ta support the structu.re

of 4r4-climethyì-caprol-a.ctan (63). The in.ilrared. spectrun sho,,,¡s

the absence of carbon-ca-rbon double bond at l-625 a.nci. the chloro

group at 74O cm-l.. I't,s mttr spectrum ha-s a broaC- peak of tl'¡o

protons at'-t,ZO assigned. to tlte methyl-ene group ariljacen-b'r,o the

ni'brogen. i\Iass spectnrn sho',¡¡s mol-ecuJ-ar ion at I4l. Simila.rl¡r,

60 gave 6,6-dimethylcaprolactam (64) i.t high yield upon reduction
rvith pla.tinuin oxicl-e.

The successful dehalogeneti-on of haio lietonesTT '78t79 by

sil-ver-prom.oted zLnc dust in methanol- or zírtc d.u-s-b a-nCL pote;ssiuur

iodide sugSrests the rea.ction might prove usef'-rl- for the red.uction

of lactans @ and. 61. Unfortunatelyr all attemlrts at these

ntethocls vreie ì¿nsuccessf'ul- and the reac'bi-on reti-r-rnecì. star-bing:

material. In vie',v of our inability to reinove the chl.orine tcl

p:rovide a, direct ::oute to +- or 6- substi'buted- prodrr-ctsr a repJ-ace-

¡nent of chlorine by other groups \¡ras consi-dered. ,Îlh.us t:r::atoent

of 60 with sod.ium rnethoxide in metha.nol. gave 616-clirlethyl-4-

nretlroxy-2 r5 r 6 r 7-tetrahydro-azepin-2-one (6r) in 7 4-'¡/" yiel-d ( Schenle 2i: ,

Its structure vras supported. by analytic¿¡.l antì. spectral da.ta..

A sharp siirglet pealr at á 3.7O ppm was assigned to 'bhe nethory

group. Hyclrol¡rsis of 65 with 10ø HCI- Lga.ve 36 in high yield.
lactam 65 rvas also easi.ly obtained by refluxing a rleth¿nolic

solution of 2Q in benzene.
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Scheme 20

Refl-uxing of 61, rvith phosphorus pentasul-phi-de in toluene

gave a thio deriva.tive Ln 79% yield. T\nro structures þ1 and 67

are possible for the prod.u-cts, but mass spectral ano elernental-

anal-ysis str:ongl-y supported. the structure 67. To expl-ain the

H
(6?)

formation of 6J, it is suggested the interrnediate oroduct is 6Q

which further rearranges to give 67 as shor,lzt beLor¡r (Scherne 21).

BOCamphor, v¡hich has been observed to give no amioe-iype

product rrnder the tsecianan reaction of its oxil-äe¡ has been found

to reamange to an amide in 34% yield rrncLer the Sehmidt rea-ction.

Together ¡¡¡ith the product from this proeedurer a large amount of

the starting material wa,s recovered. Thin layer chronatography

H

H
(66)
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Scheme 2'l

of the residue showed only one product and therefore the produrct

can be regard.ed as 68, 69 or 70. The tlvo methylene protons at

I Z.g5 suggested the product from the rearre"ngernent of camphor

has structure 69 or 70 rather than 68, The l-atter stru.cture is

strongly supported by elemental- analysis and mass spectroscopy

H

HH

H

H

H

(6Ð (os)

H

0a)
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+
(fVf 

' fAZ). To explain the formation of 7O_, it is suggesteci that
the product from the Schmidt reaction',vhich could be 68 or 69,

further rearranges to give Jo. The mechanistÍc scheme for its
formation is bel-ieved. to proceed as shown below :

68

-

70
2

H

The reason for this reaetion pathway is not clear, sinee rnost

amides react rvith hydrazoic acid. to give tetrazol""Bl. rn fac'tr

camphortetrazole is a porverful conrm1santB2.



-O.t-

CI]APTER 4 : SUI?,ST]ITUTI0Ì'I AT C-5 .Itl':D C-7

Derivatives of caprîol-actam substituted at C-5 are rnost easj-l-y

available throug.h rearrangement of 4-substituted c.¡clohexanones

by the Schnridt reaction. Since those derivatives pr:epaleci showed

l-ittle activi-byr the n.r¡nber of such compounds prepared rvas fel.

]-Substituied caproJ-actams rvere al-so obtained from 2-a1þ1-

cyclohexanones throurgh the Schmid.t reaction. fn this rearra.nge*

mentr it v¡as ¡e¡r.¿83'84 tha.t the directiort of rearrangernent is

dependent on the sterlc envi-ronment of the carbonyl group and not on

It;nigratory aptitudefi of groups. In their reactj-on with hydrazoic

acid using polyphosphoric acid as both solvent and catal;rste

cyclohexanones substituted in the 2-position lvi-bh groups relea.sitrg

electrons (e.g. nethyle ethyl o . .) gave the co.r'responding

?-a1Ìr¡'Icaprola.ctarn (74) in high yield; there was no evidence of

the forrnation of the isor,reric l-aÌkylcaprolactams and aga,in these

lactams lvelre converted to their thioderlvatlves 72 in high y-Le.ld

by the rnethod- described earlier.

2-Alkylcyclohexanones (75) in this stud,y lvelre preoared froin

2-carbethoxycycÌohu*"rronu86 by two steps via ihe j-nternediate

2-al-kyl-2-carbethoxycycl-ohexanone (72¡ . Ketones 7J can also br¡

obtained fr.om 2-bromocycloalÌtanones vrith organoboranes under the

influence of potassir-rm-t-butoxide in tetrahyd"of.r"t.r4O bu-b this

method is not particuJ-arly facile for cyclohexanones " F-ecentl;¡

Prager and ti-ppettBT have investigated the reaction of o<,c('-cìi-

bromocyeloallranones with or.ganoboranes and. found that the reactiotr
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yiel-ds monoalkylated ketones faster and in better yield tlian

o(- bromo cy cloalkanone s .

Since preliminar¡' testing of caprolactaln deri.vatives suggests

that optimurn activity is attained with lactams substituted at C-7

and/or Õ-4t the Schmidt reaction on dl-menthone v¡as perforned arrd

gave 4-rnethyl-J-isopropylcaproLactam fie¡ in 98% yield and this

Iactam vras also converted to its thioderivative (77) in the usual

way.

H
(71)

("1 R- cHs

(¡) R- c¿Hs

G) R: i-caH7

R- t,CoHsc)



o

-65-

(z¿)

(") R:CHs

(b) R:CzHs
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SU]-]STI 1.UTION AT C.6

As in the case of  -alkylated d"erivatives of caproJ-actam' no

general method of synthesis appeared to be avail-able in the

Ìiterature. The high activity of the derivatives 4¡], anfl 46

suggested that synthetic efforts to sol-ve this problem \F/ere

merited " As mentioned. in Chapt er 3r the red.uction of 4-chloro-6 t

6-dirnethyl-215 16,?-tetrahydro-azepin-2-one (60) gave Á4 j-. hiE:h

yield. Jts structure \,Iras supported by the nmr spect:rum. A b::oad'

peak centred at 82"6! ppm vras assigned to the methylene protons

adjacent to the carbonyl group. Its mass spectrum sho'¡¡s molec'Lrlar

1on at Ì41. Sllnil,ar to chlorocaprolactam 60r the replacement

of chl-orine by another frmctional group would. be a useful proceclui:

for the preperation of 6-substituted caprolactam. Sui'prising-:1y'

6l- did not give any trace of 4,4-dimethyl-6-methoxy-213r4r5'letra-

hyd.ro-azepin-2-one when heated. with sodiurn methoxide i-n methancf '

(nmr analysis) but yielded 4, 4-dimethyl-6' 6-dimethoxycaprolactam

(Ze¡. The stncture of 78 was assigned b;y elemental anal)rsis and

H

(zs)

spectral_ data. The nucl-ear magnetic resonance spectrum shows

2 nethoxy groups at' E3.rO.'

c
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The simplest active compound rvas obtained fro¡n 76 by reduction

of the carboiryl group at the 4-position. Indeed there are a great

variety of rnethod=83':89'90'9r'92 for -bhis reduction but the

sirrLplest procedure was based on the desulphurisation of the cc)lrres-

ponding thio-ketal 79 vrith lìaney nickel in boiling e'r,hano191'94'9->'

96 (Scherne 22). 'Ihe structure of 64 was confirmecl by comparison

H
H

9-_,
s_l
BFs.O Etz

H H t-l

(so) (7Ð G4)

Scheme 22

of its irr nmr 'rvith that obtained by the hydrogenation of 6Q a.s

mentioned earlier. Hov/ever, this procedure is not general ancl

therefore it is hoped to find a key product ',vhich coulcl a-ct as a

useful- internediate to other l-actams substituted at C-6" A si-rita.bl-e

startì-ng compound for this synthesis appearecì- to be the 6-i<etoai:riCe

BO or BI rn¡hich are corirpletely absent i-n the litera,ture. The

proposed scheme fot the synthesis of 6-aÌkylcaprolactams is or:.i-

cooH
H2

(sÐ (8r) (s2)

lined in Schene 25. The cyclisation of aminoac{d 82 v¡ould be a
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-

Scheme 23

promising ror.rte in obtaining conpor,rnd B!. lartill-ot and Baron97

have reported that 82 can be trreparecì by rorrnd-about route fron

glutaric anhydride a.s sholn in Scheme 24. Hot¡evere attenpts to

cycllse 8? by using dicyclohexylcarbodiimide (DCC ) in chl-orof orrn

or DCC in chloroforin in the presence of triethylamine were unsuccese-

fu1. In al-l- cases¡ unchanged amino-acid 82 v¡as recovered and

further work irr this area is required. An attractlve alterna.',:ir¿'e

was that hydroboration/oxiclation of @ might lead to compormd BL

but again the reaction was fruitl-ess and the startlng chlorcamide

6D was returned even after long reaction tirres.

In vier,v of the fail-ure of ,these sehemes¡ a directed alkyl¡rtion

of l-actam 6Ð vrith trialkylborane was attemrrted. but the reaction

failed to gi-ve any tre-ce of the desired product and the rrnchang-ecl

amide v¡as recovered. It seerns that different methods ilor the

requlreo keto-amicle B0 or gf wil-l- be needed.

H

H

ù

o

o

H
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Scheme 24

co2H ,CrHu

coct zCzH¡

H

zNH.

2

I2c

H2c

(sz)
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CHAPT¡,'R 6 : C0liVTJLS,A,l::1 ÂCTIVIîY 0l¡ SOIiE CÄl¿l¡OLACT,'iÌ',TS

SiIIIUCiDUJìE - ÄCTIV]TY P.E]-,IITIOJ'iS}IIPS.

The substituted. caprol-actarns and thej-r corresponding thio-
derivatives in this stucly v/ere screeneo for convu.lsant activity
on the intact anirnal and any convul-sants lvere then further tested

on isolated preparations.

Caprolactams r,rhich caused convulsion at 2CO ng/Iig or l-ess,

did so lvithln the first l-0 min. The convul-sj.ons persisted for

only 1- 2 min. and were generalÌy followed by a period of decreaseo.

activity. In soine cesesr the cl-onic convul-sions tt/ere follo'¡'ed by

a tonic extensor seizure and occasional-Iy resu'lted in death.

The l-actams rvhich d.icL not cause convulsions at 2OO rng/Y,g or'Ìess,

generally did not have a:ny other effects. Their median convulsant

doses (CDIO) were estlr:ated by the method of T-,,itchfiel-d and
OQrflilcoxcrrtu, a rapld graphi-c nethod y¡ith 95/, confidence l_irits.

Subsequent v¡orh has shor'¡n that the a.ctivity of these compounds is
oo whic'.

anti-GÀBI\)r. Picrotoxinvhad. q CD¡O of 5.40 mg/Kg vtas al-so screenei."

The onset of conr¡ulsions \¡/as longer tha-n with the l-actan and the

convufsions trrersisted for a longer period. In a large proportion

of mice injected. lvith picrotoxinr tonic extensor seizures and. death

also occurred.

STRUCTUììE - /iCTIVITY REIATIOIISHIP

The Hansch approach to correlating chemical structure vrith

biological- activity has been widely accepted and recognised as a
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versatj-Ie way to understand drug action by analysing the strueturt-=-

activity relationship i.n. various biological sys-bemsfcotl01tlo?.

This approach assunes that the ptsrslcochemical factors governj-ng

the transport and drug-receptor lnteraction can be factorecL lnto
electronicr hyorophobíc anC steric comÐonents" The partition

coefficient¡ log Pr âs measured by the octanol--t'','ater partiiion

coefficlent is lvidely regarded as the best neasure of the hydro-

phobic fa.cto:: governing d-rug tre-nsport. ,A.fter: studying tlie hypno-

tie activiiy of groups of barbiturates (81) Hansch and his eo1.lea.g-

,r""foj have shor¡rn that the acute l-ethal toxicity (rog (å) of tlru.r's

o

(8Ð

is highl-y correlated rvith lop; (p)r the correlatì-on having the lc¡r-'2.:

H

H

los (

where:
fit = s K (rog r)2 + Kr (ros P) + Krr (r)

C is the molar concentratlon of applied drug producing a

standard. biological response.

K, Kr and Ktrare constants obtained via the method of least

squares o

Settirrg the derivative of equation (1) equal to ?,ero and

solving the resul-ting equatlon for log Pr yields 1og (Po) vrhieh

Ilansch and. his colleaguesl-OJ cal-led the ideal lipophì-lie character
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for the set of con6enÊrs uncler the specific test condi'b-'rons. The

log Po is a. u.seful pa.ranieter for oesi¿:ning tkre most potent Crug in

a set of congeners as v¡el-l- â.s for il.lustrating the character of

barriers through lvhich drugs have to traveflo4t105.

In this study, 8-caprolacta.n v¡as chosen as the base reference.

In a recent :revielve i{ansch, J.reo and lll-kins106 have estimated iog ?

val-ue of 8-ca.prolactam at - 0.19r and this val-ue has been used

1n sevel'al- repo:.ts12tl8. lÏe have measured the log P of E-capro-

lacta:n¡ a;oparently for -bhe first tine ancl have found, it to be

o.90. This value \¡/as used, in the investigation of convul-sant

activity of substitu-ted caprolactams. The nreasurecl. valtres fo:r

logF= -0.90

E-caurolactam

other cyclic anid-es are likelvise lower than elstil:lated by lienf7.

The additivity of lt constants (T*= Iog Pp¿rent mol_ecul_e -x
rog pp¿rent 

rnorecur-e ) vras f ouncr to be quite good, if the var-ue

of ClI, or CFI' rrvas o.4O instead of o.42lo7, except factarns 4-4.r 45,)¿
48-, Ég, 61, vrhich are a1} unsaturated caprolact¿rms and ha,d- 1og P

values considerabl-y higher than expected. The reasons for this are

not yet rrnderstood, The estinated CD5O val-ues and the ph¡rsico-

chemical- cons-ûants used in the correlation are assenbled in Tabl-e 4.

H
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Our ilttempts to corre-l-ate stmcture with activity' have brought to

light some important facts. Af ter stud;ring a l-imited number of

r.lnsubstituted. lactarns and their thio-derivativesr lien and his
1'7

coJ-Ieagues'' concluded. that these lactans coul-d be correlated by

one equation but our work suggests that thÍs is not so. If all
the lactams are consid.ered r the data is best correlated with

equation (2) Iig 1. No satisf¿rctory correl-ation at all coul-d be

fou-nd if the thiocaprol-actams lvere al-so incl-uded. 
"IIe 

prefer, ât

the moment¡ to considerbhe correlatlon of eqtr.ati-on (2) to be

made up of t'*vo separate cu.rves corresponding to l-actams and, their
thio-derivatives .
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Table 4 : Convul-sive Doses and Fartition Coefficients of

Caprolactams an.d Thiocaprola.cta.ms

St ture CD rng/xg l-osfr mol.,zlrg lon P exp l-oe P cal-ci
5o

7 CaproLactam

9a I-CH=-)
IE12 7-Br -

67 4, 4_ ( Crrs ) 2_

7la 5-CH,-)
71.d. 5-t-Bu-
64 6,6-(cH3) 2_

7 4a 7 -cH=-)
7 4b 7 -C 2H5-

7 4c 7-nCtIT,

7 4ð, 7-nCOHn

580.0

) eoo.o

400 "o

) eoo.o

) 2oo.o

> 200 .0

6.0

> 200.0

74.O

60.0

) zoo.o

2.28

2.67

4.33

3.62

3.41

4 .4r

4.25

4.36

3 "95

3.6r

7.77

+.67

-o.90

-0.40

-o.56

-o "25

-o.46
o.73

-0 "18

-0.46

-o.01
0 .30

o.6+

-0.50

-o.10

-0. 10

-0.50
0.70

-0 .l_o

-0.50

-0 .l-0

0.30

0.70

46

47

60

44

45

48

6l**

4 ,6 ,6- (cH) 3-
4, 4,6-(CH7) -)-

4,6,6-(cH3) 
'"al-4,4,6-(CH3) 
'-no-!,4,6,6-(CHl) o-tl-

4,4-(cH=),-6-cr-Ào-

6,6-(cH¡ ) ,-+-Ct-Ll-

6.O

9.0

6.7

17"o

4l- .0

29.O

4"2

o.45

o.40

T.2I

l_.28

1.31

L.56

0.96

o.30

o.10

0

0

0.4c

0

o
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Tabl-e 4 ! Convulsive Doses and Parbition Coefficients of

Caprolacta.ms and Thioca prolactams ( continueo )

7ç>a

75b

't5c

49

w.

5L

36

78a

Strueture

Thiocaprol-actam

7 -cH3-

7 -C 2H5-

7 -nC 5H7-

4-CTr7-

6-c]F'l-

4,6,6-(cÞ\I")_

4,6 ,6- (crrl) 

'- 
az-

r,4,6,6-(CH¡) o-aZ-

6,6-(cH5) 2-
3r616-(CH3)

4CO-

3-4C0-

tobo ns/Ks loså mol/u,s l-oE P exD log P ca.'l cc

o.72

f .07

1.45

r.76

I7

r "o2 1.12

76.O

33.5

15 .0

) 2oo.o

16.o

7.2

11.5

82.O

84.0

4r.2

3.55

3.63

4 "O2

3.95

4.38

4,L6

3.35

3.27

3.60

r.7 4

r.30

2.O9

-o.83

-o.37

1"1-2

r.i2
r.g2

r.g2

r.63

2.O3

-o.43

r 106
Tot = o .60

* Kar- = o.4o
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Fig i. PIot of logå against 1og P of caprolactams and ttrig-

caprolactams, u'here C is coneentration expresseil in moles per

kitogram mouse and. ? is the partition coeffieient (1-octanol-r,va.ter).
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ros (å) = - 1.02 (tos 1,¡4

37 .28 (ros r) - ro "27 Q)

+ 8.63 (1oS P) 26.80 (1og P)3 2
1-

n

11

s

0 .l-02

r
o.822

rvhei'e :

n is the nurnber of points used j-n the regression

s is the standard d"eviation and

r the correlation coefficient.

Fitting the data of al-l caprolactams in Table 4.to equation (1)

yield equation (3) rvhich is strong sunport for Hanschrs hypotl:.esis

th¿rt¡ biologica-l- response is parabolically dependent on log P108'

For convenience of cornputing, each 1og P in eo,ua.tion (2) ancl (7) has

2"0 added to ii ancl therefore (3) becomes (4).

Ios (å) = - 7,06 (1oe P)2 + l7.o4 (1og P) - I9.o2 (3)

nsr
14. , 0.124 O.9f 4 ,

,It -  . t1 --, 
It

log (Ë) = - 3.06 (l-og P)''+ 4.Bo (1og P) + 2'.82 (4)

and 1og po = O.79 . This value turns out to be quite close to tha.i;

reported by lien anC. his co-worke""f7 (1oS Po= O"B9). Indeed, on

the basj.s only of drawing curves of best fit' it woulcl appear that

there are three d.istinct groups : those caprolactams substituted

at only one carbon a.tom, those substituted at tv¡o carbon atoms and.

thiocaprol-a.ctams. And thereforer three sets of congeners v/ere

consid.ered in this study v¡ith three different values of log Po.
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(i) Caprol-actarn substitubed a+J one c¿rbon a.torn.

Substitution at 4- or ,- positlon of the ring gave inactive

compouncls although they shov¡ nea.r optimum 1og P values (".e.. 414-

d.irnethylcaprolactam ancl þ-alltylcaprolacta.m) (see Table 4). The

reasons for this are not l"¡el-l unclerstood. Ho','{ever¡ the nos't acti.ve

cornpounds were substituted at C-6 or C-7; thus 6r6-cì.irnethylcap::ol-ac*

tam (64) is potent convulsant with a CÐ^^ of 6 nry/Xg (taUle 4).)u
The activity of 7-alkyJ-caprolactam v¿as found to be chiefly d.ependent

on the s j.ze of the substi.tuents. By iircreasing the J-ength of the

side-chainr tre substitution first enhances the convuf-sant activj.ty
(e"g. 7-ethylcaprolactam with aU5O =')4) and then decr:eases the

convplsant activiiy of the compourtd (e.g" 7-n-propylcaproÌacta.¡n v,'ith

aOSO - 60.0) until- finally the compor.urd no longer is a convul-s¿¡nt

(e.g. ?-Butylcaprolacta.m). In factr 7-butylcaprol:rctam, v,¡j-th dose

at 110 mg/Xgr causes paral-ysi-s in the hind l-iinbs and a] so ca'rses

an inc¡ease in niotor activity in the mÍce. Kerr and l)enniu99 r-er;ort

that, in rnarked contrast to the convu-l-sant lactans w'hicir antagorr.:-se

the activity of barbitura.tes, the 7-butyl conpor.rno potentia.tes

barbitu:late-induced anaesthesia very narkedly. Thus in the cEl{i-o ctf

7-alkylcaprcllactam, a. steric factor j-s clearl-y at t'orkr ?rr.c1 a. -îull.

analysós must rvait for the synthesis of a lar¿ier Sroup of such

derivaiives n

(ii) Caprola,-ct¿lrns substi-tutecl at trvo ca.rbon atons.

Using convul-sa.nt activity for prelimina-L:¡i screening, the inost

effectl.ve compouncj.s so far found alîe substituted on carbon 4 ancl. 6

of the ring. ,rittltig the d¿i.ia of caproJ-actams su-bstj-tur-tecl at 1;wo

carbon a.torns in'Iable 4 to equation (1) yi-eld e{uation (5) (fi.g Z")
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From Table 4 the most a.c'blve cornpound is 4-chloro-6,6-clirnethyl-

2 r5 ,6,7-tetra"hyd.ro-azepin-2-one ( 60 ) v¡ith tO5O of t¡.2O nrgrltig

rog (ål= - l-"o74 (1og P)2 + ].20 (Ios P) + 4.1-6 (5)

n

1t

s

o.206

r
0.870

representing some hundred-fol-ci lmprovemen-b over the parent la.ctan
nZ 

o ÏÌeplacing a single bond vrith a doubl-e(cD5o is about 5BO ms/Kl)'

bond resul-ts in a constant chaage in 1og P (Aì-t) of about -0.J0100

which accord,ing to llans"¡.}O9e shouJ-d cause a cLecretr,se in ihe ease

with trhich the colipourrds enter the nervous systent (ct.g. 44 with

tO5O = 6.'10 c.f. 46 vyith tr5' = 6.O0 etc...)o ÏIhen the nj.trogen in

the rlng is alkylated the activity dropped (e.9. ß with ao5o = 4l.eí)

c.f . 44 with cDrC = 6.70). Thj-s finding is in agreement rvith the

observation by Elison et rl-f8 in the sturly of CNS activities of

Iactam derivatives. The reason for this decrease in ac'tivit¡' ¡n*t

be due to interferenee of dipole-dipole intera.ction at the receptor

sj-tes by !-alky} group or tire rectruireilent for hyoÏogerr bond foi'na-

tion.

One possible reason for the difference in log Po requirenent

for mcno- and disubstituted capro-l-¿:.cta.ms may lie in -bhe seconda.r'y

hydrophobic bondingr âS shovrn below which suéigests that the three-

point bind.irrg irr 'bkre case of disubstituted derivatives fa,vottrs

binding of the amide group as shorvnl but morrosurbstj-tu'ted deri'¡atlves

possibly bind a clifferent site '
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Fig23
TPlot of J.og f against 1og P of caprolactarns
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substi-tuted ar, two carbon atoros.
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H
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(iii) Thioca'prolaciam

Substitutirrg the oxygen atori with a suÌphur atom does not

al-lvays increase the potency as thought by lien ancl his collea.guesf 7 
' 
l-3

Although 7-al-kylthlocaprola.ctam f ollorvs this pa-btern r the thio-

¿erivatlves such as 215r6r7-tetrahydro-4r6r6-trimethylazepin-2-'uÌii c¡:e

(fO¡ ancL 4r6r6-trimethylthiocaprolactam (49) were not as potent ers

the oxygen analogue. Fiti;ing the data of al-l thiocaprol-ectams 1n

Table 4 to equr-atj-or (1) yield equation (6) (I¡ig 5.) in-,'¡þich the

o¡.rtimgm 1ipophilic character for ma:<imurn toxici-ty (1og P.) is l-.1¡3.

This value is in agreement ivith the observatj-on b:- lien et t.!I'l '

ros (å) = - 1..609 (los p)2 + 4.607 (los P) + 0.907 (6)

S

o .259

rn

o,976

It seems very likely that it is J-rnprudent to conipare the

rel_ative actj-vities of the thiol-actams rviih tirose of the lacta-rls t

since the activities refer to lvhole-aninal- studies and tlie high

6
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log P val-ues of the thj-oanlides* result in a very rapi-cl and high

concentration cf drug in the brainr resul-bing in rapid onset of

convul-sions. Y/j-'uh caprolactams r the lower 1og P results in c¡ve.ral-l-

l-ov,¡er concentrations in the brain, resuliing in sl-oin¡er onset of

convulsions lasting for Ion6:er periods. Clearl¡/ the relative

actlvitles shoul-d be compared in an isol-ated system l'¡here transpo:'t

is not impoi'tant" As in the case of caprol-actam derivativesr the

gost active conpoun<ls for.rnd in this series have su-bstituents on

carbon 4 and C-' of the ring' Double bond or al-k¡rlation on ií tend to

decrease activity of the compounds (see Tabl-e 4).

The pharnarcofog-y of the caprolacta.m d.erivatives reported in

this the sis have been s tudied irr further detail- by Kerr99 rvllo has

for.md that they inhibit the action of G,¡,BA in the ceniral nervous

system.

l¡inatly, it should be pointed out that these ring structures

with resonaTrt'-ilii-C0.- a,nd -lll{-CS- Sroups ra.ise certain quesiions

concernin¿i tÌre natu:ce of the GAIIÁ. receptor¡ a.ncL of the active con-

formation of the GAEA nolecule ¡ àt a tirne tl'hen an rrextend-ed'r rether'

than ',folcled,' GABA mol-ecule is becoming favoureCllO a' the preferrecì

conf orrnation invol-ved in G;1.84-rnecliated, inhibitions in the CiiS.

{' ltormatly, sulfu-r compouncis are considered to be more lipophilic

than their oxygen anal-ogs.



4.

-83 -

t(

x

4

3.

r

+3.

x

x
3.

3.

2.7

0.6 0.9 1.2 1.5 1.8 2.1

TFig 7 : plot of 1o6 against 1og P of thioeaprolactams.
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GE}IERÀI

(I) l/lelting poJ-nts (rnp) were measu-red using a Kofler hot-stage

apparatus. Llelting points and. boiiingl points (¡p) are uncorrected"

(Z) Infra.red spec-bra (ir) lvere recorded on either a Perkin-E1mer

337, a Unicarn SP 2OO, or a Jasco IBA-1 grating infrfrecl spect:'c-

photometer, usi-ng the it607 "r-I 
bond of polystyrene as a ref ererìce.

3) Nucl-ear magnetic resonance (nmr) spectra uiere recorded on a

Varian T60 spectroneter operating at 60 l"tHze using tetraroeth¡rl-5i-

lane as an internal- refer.'ence. Al-1 spectra yüere d,etermined in
carbon tetrachlorj-d-e unless stated otherrvise. Data are given in

the folì-orvj.ng orcler : solvent; chemlcal- shift (6), mtrltirrlicityr
s (singlet), b (broad), d (cioublet), t (triptet), q (quarbet)e

dd (doublet of doubl-ets), m (mul-tipl-et), renioved. with DrO means

that the signal d j-sappears on sha-king rvith the sample r'¡ith DzO,

conplex rxeans that ihis part of the speetrlun c ould not be inter-
preted; first-ord,er coupl-ing coupling constant (J) is expressed,

in Hu.

(4) Ultraviol-et spectra (uv) were deternined usi.ng a llnicarnS? ,3CC.l-

spectrophotome ter .

(f ) I{ass spectra lvere recorded with a Hitachi Perklri-Eliner Rlï-6Ð

double focu-ssing tnass spectroneter operatlng at ?OeV. The data

are recorded in the fol-lowlng order : operating vol'bage ¡ m/e

value; assÍgnment rvith metastabl-e peali (where obse::ved); rel-ati"'e
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intensiiy to base peak (tOO).

(6) Gas chrornatographic analyses (G.C.) were perforned on Autoprec

700 and 705 mociels or Pye l-04 chronatogr.a-ph using nitrogen carrier
gas. The columnsr constructed of stainless steel or pyrex gl-ass,

were (l) Apiezon ltt 5/o. 6I''l x l-2run, (2) Ca.r'oowax 2Ol,i \A,/", 7.6M x Z.Orir:r,

3) OV l-OI 2OiL 2lli x 6.Omm. 1'he relati.ve areas of peaks ha,ve been

determined by -b::iangulatlon. I)ata are recorded in the orcler :

colur¡n; ternperature ; reiention tille (mins/sec. ) .

(7) I'[ic::oanal.yses t'¡ere perforrned by the Austra,]-iair I{icroanalyì;ical
Service, Llelbourne.

(B) AnaÌytical ancl preparative-thj-n layer ch::orne'bogr.aphy (i]c)
plates ryere p:repared. fron >O% X:3þe1 G and HF 254 appiieC-bo the

glass plates as a suspension in water and activate<1. a'c ]2Oo for
12 hr. Colui.in chro¡ratcgraphy r^ras carrled out on sorbsil sil-ica gel
or s'oence neutral- al-uinlna, r-rsing dry redist j-lleo solvents.

(9) 'Ihe conmonJ-y used anhydrcus sol-vents l¡rere pu::ifi.ed as follol'¡s i

E-bher was dried over calcium chl-orj-de granules for ¿fB hr.r dis'uil-l-ed

from phosphorus perrtoxi-de and stored over sodium wire. i'ithen requ.i,'_'ec

further c.'trying vuas ach'i e.¡e d. by di-stil-lation frcm lithirur ah:miniu¡n

hydride. Iiea€ient grade te'b:ra-Ìr.ydrofuz'an was disti.l-l-ed frotn l.ithiurn

aluminium hydride inruied.j-ately before use. Benzene \¡,/as dried by

reflrrxing over a tn¿ater separator until- no more rvater vras collected,
tlien distill-ed and stored over soditurr w1re. PL.trol-e'urn ether and

hexane of sufficient dryness were obtained by distill-ation, Py::irline
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was heated uncler reflux over potassium hyclro>:ide pellets f or 24 hrs. r

then distilled from fresh potassilm hycì-roxitle a.nd stored over 4Ao

molecutar sieves. Chlorof orm and rinethylene chlo:ricle \¡¡ere distil-l-ed

f:rom phosphorus pentoxlde. Acetie anhydride vras d.istilled fr:om

ca]cium carbide. Dioxan \¡ras pr.rrified and driecl as descri-bed b)t Hess

and. Frahmll-l-.-II?- and stored over sodiurn r¡¡i-re. Dimethyl formanide

(U,nf,) and dinethylsulphoxide (DNIS0) were distil-l-ed urrder reduced

pressure from cal-ciun hYdride.

(IO) In this 'bext¡ petrol-eum ether refers to the fraction of bp

50-650.

(11) All orga.nlc extracts v,rere driecl over anhydrous magnesium

suÌphate, unless stated o-bherwise. Redistilled solvents \'¿ere used

f or al-1 extracti.orrs.

(12) ,4.11_ glass'vyare for reactions involvi-ng organometallics v¡as

fl-ame dried. under vacr-r-uln.

DESCRIRED Il{ C}LA.PTliliì

partition Coefficleryþ : The analyses of the coneentrations of

pa¡titioned substances vÍere made using a Unican SP 800 spectrorneter.

The l-octanol- was purified by washing with dilute sulfuric acid

an¿ then sodiurn hydroxide follovred by distillation. For the p:rrti-

tioningr octanol- saturated with disti]Ìed water and. distj"l-led, '¡rater

saturated v,¡ith octanol \'¿ere used, and therefore no corrections
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for volume change after equilibriurn vrere necessary. Usu,aÌlyt

5O-l5O mI porti-ons of octanol- were used. v¡ith 50-/i00 ml portions of

water. The l.oh¡ne r:atio of the tlvo phases ancl the ¿ncunt of sa,ilpie

\¡,iere chosen so that, in most casesr the absorbance of a sarnp]-e fro:l

the r¡¡ater after partitioning had a val-ue be-btveen 0,20 and 0"90"

Onl¡' the con.centration of the sanple in the rvater }ayer vras deter-

mined., and that in the octanol- was obtained by difference. Eaeh

determination ivas done at least in duplic¿¿-be at tlo d-j-fferen-b

vcllrme ratios ancl the a.ve rage value f or l.og P has been reportecl .

?rel.irninary Test f or CDUO:

l,tice yreighing 2O-42g l?ere injected. intre.peritoneally witì'r a

series of doses (l-0, 20, 40, 60, l-00' 2oo mg/kg body vreight) of

the relevant coilpound.. Signs of CI'IS stimulant act1vity r"rere

observed- continuously for at l-east one hour. Al-1 drugs were

d.issolved in salinc' (9iá l.IaCl) or propylene glyco1* and aclrninisiel-e¿

in a vohrne of 0,25-0.10 ml-.

Estii,ation of CD

For a gi.verr d- ru.{ l.-novrn to cause ccnvulsions at 2OA mg/l<g or

less, a group of five rlj,ce rrelîe injected ini;raperÍtonea-ll-y vrith eec::

approprj-ate dose to be tested. Cloni.c eonr¡lrlsion withiir one hour

* p"opyl-ene gtycol vias used. 1n cases to dissol-ve 'chose drugs rvhicn

were insol-ubl-e in saline. This dicl not affeci the ad.ministraticn

of the d,rug in any signif5-cant rr'ray.
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af ter injection \',/as used. to determine the eff ective conimlsant dose '

The CDr. was estir:ratecl for each l-ectam according to the rnethod of

litchfield anct \Til-"or.on98ó '

Re¡lression Analvsiss The data was anal)¡sed by computer using

the Polyarura Curve-fitting package for optimal- orthogonal poly-

nomial fit.



PART T



-89-

2. 4.- DII{YDIì Ol{YPYiiIDillE ( f q )

Ethyl.-2 , 4-clih]¡clroxypyridine-5-carboxyl o.t"32 (f-7 ) ( 6.OOg) ,

ethanol- (lOmf ) an<i dilu-te sodium Lrydroxide (3Onf ) rnrere refluxed
for J0 min. The sol-ution r'¡¿IS cool-ed and then a cidified slowly rvlth

concentrated Lrydrochl-oric acid. 0n coolingr the product 2r4-oi-

hydroxypyridine-þ-carboxylic acid (18) rvas coliectecl (3.'¡Ogt 7}ii") i

rnp 3OBo Qiúz 51Oo) "

Acid l9 (1,90S) ri'as then heated at l-90-2OOo for I hr'. The

infrared spectr:um indj-catecl that the product wa.s the s'tarting

material. This acid \r./as then nir:ed v¿ith copper polvd-er and subLii::ed

at tenpera.ture 2BO-3OOo for 6 hrs. The decarbcxylated product was

coll-ected as yellour neecll-es (O.1og , ]jLi¿) rp 218-2620 (ri?3ze 5o-267o),

I{OlIlrlll'liIDE

Quinol.iúc acj-d" t2Og), aceti-c anhydrirle (ZOmt), acetanicl.e (2OS)

and. pyrldirre (0.20r0I) rvere refl-uxed for 4 hrs. llhe a,cetie acid

vras rernoved, bJ. distillation. The crude product tvas collecter] ¡,rnd,

subl-irred at l600/O.O5 to give 22 as col-ourl-ess needl-es (16S t 9Oi:í)

mp 24r-z4zo (rit49 243o).

8UIlti0l,Il:lÄirrIDE (23 )

A sol-ution of neihyl quinolinate (21) or qu1nolinimide

methanol (ZOmt) was aclded -bo liquid ar¿nonia (Zont) at Oo,

(2e) j-n

the
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1r (nujol) ¿ 1645 crn-l

nmr (cDCir) : 6 7.9-7.4 (complex' 7H); 6.20 ( t ' JTTrz' lllt
N-cHg-cÌì) i 3 -5o (s , 3rl, N-cH3 ).

I[ass Spectrum (7OeV) : n/e çl.l+2t3, CIJHI]_NOZ reclulres lr,l+2fr)

$Ð, ]85 (1oo), L36 (65), 1o5 (33), 77 (73).

Anal. CaLcd for CrrlllfNO2 : C ' 73,22 i H, 5.2O i lt' 6.57

Found : C, 73.22 i H, 5.32 i Ii' 6.45%

ATTEI{PT llTl -PIìIIPAÌ].AT I Oi'l oF t_6 F110i',f PHEI'lYllITIlIUli.

N-methyl-2-pyridone-5-carboxylic acid3o (o.L578, 1 mmol-) irt

d-ry ether or tetrahyd.rofuran (ZOmt) was acìded. during -l-5 min. to

phenyllithi-u¡r in ether (mf , 2I'1). 'Ihe mixture r',,as stirred. a.t Oo

f or 4 hrs. The reactiofi r,1¡âs poured onto j-ce and then exiracted

v.¡ith ether. The ether extracts $/ere dried and evaporated to yiel-cÌ

a" solid v¡hich rva.s shol'rn to be starting material b¡r its j.nfrared

spectrrun. This reacti-on yùas repeated under varying conditions of

tenperature ancl sol-vent (Table 2).
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the product separated. Recrystallisation of the crud.e pr:oduct

frorn ethanol EÍàve co]-ourl-ess ne etlles (0.:.2g, 5L1/") top l-61.-162o

(fitt4 164.-165o) " 'rhis conpounrì v,ias identified as 29 by spect::al-

analysis.

nmr (clct") : 5 B.5o (zu, Ir-gE-{I-l-);)
7 .72 (s , 1H, co-l'iciI3-c0 ) i i .5o ( s, 3lt

7,2O

, a"Zt

( lH, i{-cH=cri-cti)

c0).
t

I;Tass speetrum (7Oev) : rn/e (lf+191 caHfgN,O, reqrr-ires ],,{+l-91) (¡o)

?; 
-BÐltr Z 0Y L- I - I'il :l TltYl PYF. ID-2-Oi.iE ( l-6 )

N-nnethyl-2-pyridone-5-carboxylic acicL (0.115g; I rornol) was

added in smalÌ porti.ons, over hal-f an hour; at roon tenpera.turel

to ¿-t stirrec-l s;o]ution of oxal-yl chl-oride (1.OZg, B mriol) in dr¡'

benzene (ZOml), The mixture was stj.rred p,t roorn -bemperature for

7 hrs., d-uring which time the a.cid slolly dissolvcd. llhe reaction

lvas completecl b¡r,,,¡arning to 5O-55o for JO min. The mlxture t¡as

cooled. ancl tho sol-vents:re:loveC by rotary evapora-ticn ancl the crucLe

acid chloride ( )rrr* 17BO-cm-1) r,¡/as dissol-.¡ed in benzene (10n1)

at Oo. Ahxli.nr-',-r:n cLrL.oride (0,4g) lva.s added to this sol-u-tion over

l_ .5 t¡rs . , and tìre re âc bion all-o,,ved to warm to roorn ternperatuï'e,

then refluxed fo:: 6 hrs. On coolingr crrshed ice (20S) was ad.ced

fol-Iowed. by hyclrochl-oric acicl (";lJ'i 20mJ-). The aqlteous phase v¡as

v,¡ashed lvi.tir etherr basiflecl ancl extracted r,vith chlo:rofon:t. The

combined cÌll-oroforin extra.cts \'.lerre lva.shed tvj.-i;h rvaterr d.ried., filtere':

and the sol,vent v¡as renor,'ed. Rec:rystal-l-i-sation of the solid pt'oCüc-"

f:'on ethanol- gave 16 as yellow needl-es (O.O9E, +4i'"),

rnp 114-1150



quinolinamide separating a.s needles after being l.eft overnight.

Recrystallisation of the crncle product from hot lvater gave quirio-

l-inani-d.e

zogo ) .

Q3) as col-oul'less neeCl.es (1.2g, 77'/");rrr,o 2O7-2O3o (fit34

ir (nujo]-) 13ro, 3I5O, 1700, l-650 and l-608 cm-I"

PYRIDOPYF' (z+

Pyridopyrirnidine (24) rvas preparecl by the metliod" of Beckwith
=:5

anct Hictcnan in BOÍ3 yield, np ) 35Oo Oit35 7650)

ir (nujol-) ¡feO, 3060, I73O and 1680 cm-I.

L{ass spectrum (7oev) : m/e (if+}61 cTH5NSoe requ.ires tdrcS) (Ioc)

130 (75 ) .

A.TITE1\,I}'TED P.ìEPAïI -:,Tl-Oli Oi¡ PYRIÐOPY]ìIÌ'ÍIDIIì.TE I,ETIIIODIDE (Z>

)

)

Pyridopyrinidine (f .61S), methyl iodide (2.84g) and dimetl:;rJ--

formamide (Z0rn1) v,rere stirred. in the dark at roon tempern.ture for

3 days. H.enLova1 of the solvent gave a solid tvhlch was shounn to L,e

the starting material- by lnfrared spectroscopy.

IíIITHYLATIOi'I OI' PYRIDOPYi"IiilIDillE

A mixture of pyridopyrimidine (0.ZOg) and rnethyl fluorosulpho-

rate (t.5 mt) v.las stirred at room ternperature for I hr. 10rí So-aiu:.

hydroxi-de (1Om1) rvas added to the soluiion anC. then the rnixture

was refl-u-xed fo.r I hr. After cooling and a.djusting the pI'I to 5-6'
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Tabl-e2: A-btenoted,PhenY iation of ll-lÏethf¡l--2-Pyric'ì-on e-3-

.A.cid

15

_4

Soivenlb

Et20

Et20

Et20

TH}'

THF

TIJF

THF

Tine

24 hrs

7 da¡'5

7 d.a.Ys

24 hrs

24 hrs

24 Yrcs

24 hrs

4 days

4 hrs

2 days

Carbo:<Ll-ic Acid..

Ph Li
2 equi'tr.

2 equiv.

4 equiv.

2 equiv.

2 equiv.

4 equ-iv.

4 equiv"

2 equiv.

2 equi-v 
"

2 equiv.

Trol't 0Ìì 1

Concl. of exþ. Procluct

^oU

.Fì. T .

Refl o o

R. T.
Refl.

o
0

OO

THF

nt20

Et2o

T)ml.Lo I o

oo

RefI.

-l,r'a-ee

trace

A Eì..,IPT]ìD TOT-,YSTS

Compound 16 (O,1Og) in nethanol (ZOOmf ) rvas i:rrad-iated using

a l-ow pressure mercur)¡ }arnn in a quartz flaslc a-t roon ienperatu-r:e

for 3 days. Thin layer chromatography of the reaction mixture

showed only lurçha.nged. starting material. This reac-bion v,¡as repeated

r¡¡j.th benzene as sol-ven'b in the pliesence of' a l-ittl-e iodine but

again no reaction occurred'
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ÂTTII;?iL' lrìD ClfClISålIOri O]l 16 BY T-'IjALL,1'TI0ÌI.

A O.BI,,i solution of thallium (11-l-) trittuoroacetate (ff¡.q) it

trifl-uoacetic acid (tl¡.) was p::epar:ed accorciing to the nethod of

irlcKillop el aI29 "

Cornpound lq. (O.Z669) vras adcied to TTI.A in TF.A (-/rnt) and- the

react-ì-on nixture al-l-ovreci to stand- a.t room teinperaiure orreritiS,ht"

The sol-vent tvas renoved under reduced pressllre and" the mixture lvas

then c1il-uted v¡itkr ether aird 1r 2-dichloroe-bhane f o1l-ovred by eÌ-apol'a-.

tion i-xto.er redu-ced pressure to remove sol-vents and excess TFA. The

residual- oil r',¡as suspenclecl in benzene (Z00rn1) in a quartz fl-aslr

under nì-trogen and the su-spension then irradiated for 2 da;.5" The

benzene solui;ion ryas eve"porated io dr¡'¡s5= to give a bro','¡n oil-

which y¡as idenbified as starting. naterial b¡¡ .its in-flrared spectrtln,

ÀTT,EiiPTlÐ P¡ìilP¡''fi;:.TIOli 05' ]-CYAÌIO-4 -PilEHYt-2-PYilIÐOr ii (33 )

(j-) Brornocyan.oacetamicLe (Z.Og) lvas heated wiih pyridine (4.0g¡ for

l- hr.. To ihe coolecl- llix'uure lvas added l- Ìi i'íaOi{ (t5nf ) r ,*nethe.nol-

(5Omf ) and. cinnenal-deh¡¡cle (1.52.g), Afte:: l-0 rlin. acetic acid

(lOrnt) vras added ancL after cooJ-ing.r the reaction irtjr-xture rva.s

extracted lvi.i;h benzene. The solvent l.¡a.s removed fron the dried

extract to yieJ-d a yel.low s'olid rvhich v¡as iclentifi.ect ".s 39,(1.75€:,

Bo%)

np rDSo (rit39 1560)

i:: (nujol) : 740o, izoo' 2220 and l-690 cm-l-
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(iÍ) 0innamaldehyde (6"5g) ancl ethylcyanoace tate (1.0g¡ \Yere

dissolvecl in ebiranol- (lOnf ) ancl various concentra'Lions of annionia

(S.Go O.BEO) added at temoeratures frore Oo to BOo. Worlcj.ng uÞ of

tlie reaction gave a high yield- of the product 55.

rnp 114-l-16o (tlt/to 116o)

ir (nuiol) z 2250, I72O, 1620 anct l59O cm-I ' '

runr (cmrr) : E B.1o (t, J- 6Hz, fH, = cH - cH = cli-)i

Z.BO - 7.3O (coinplexr 7l{)¡ 4.4O (q, J- BTlz, 211, COO-CIJ|-CTI3);

l. 40 ( t , J = 7H z, 7ÍI' COO-CH 2'CH3) '

( iii ) nepe-bition of the experiment ( ii ¡ f rom cin:rar,rald eh¡¡d e' ( 6 .59)

and cyanoacetarnide (2.OOg) gave quantitative yield of a yellow

solid whj.ch v¡as identica] in all respects to-bhe compor..rnd. 3Q obta.i:re'-ì

in the above e:iþerù,ient.

ZIT{C C}I],,ORI DE C Ol,PM;-i OF 6

A mixt're of 2-aza-r-keto-f]uo""'to"u17 (/r) (o"50g) ' 4--arrr:tto*

veratrote(0.45g) and. z:-nc chl-orid.e (O.ZOg) vras reffuxed in tol'.rene

(5Omt) for' '/ d.ays. lhe reacij-on nixtu.re v¡as cooled. and filiratio::

gave an or¡ì.nge solid lvhich was washed s¡i'uh a li-btle cold- v¡e-ter or

dilute acid " The analysis of this solj-d lvas consistent v¡ith the

zínc chlor'-Ld.e comPlex 35.

ir (nujol) : 3100 a.ncL L645 "*-1.
AnaI. Cal-cd. for CaOH'OÌ{ZOrClrZnz C, 51.28; Hr 3'4It' lÍr 6'01-

Fourrd : C ¡ jI.36 i iI, 3.4'2 i l{, 6'42 /'

The complr:x lras rlissolved in concenirated acid ancl the sol-ution

lvas extrac-bed i¡rith chloroform. The solvent \ryes I'ernoved- to give e.

yellour sol-id whicir was identified as the ketone !. by its nr¡.r and

ir spectra"
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FTEACTIOI.I OI¡ ZTI:C CHlOllI.DE C0 lIjlEX ',¡/]TH m-CIIT.,0Ll0Pi1ÌClill-BrìÌ{ZOIC ACTD

m-Chl-oroperox¡'benzoic acid (C"B0g) rvas added. to a sol-utj-cn

of the zittc chloride complex (O.5Og) rn chloroform (30rn1) and the

resulfing nixtule stirred at room temperature f or 3 days " I)urì.ng

this period iÌr.e solution darlcened j-n col-our. The'd,ar-'li solution

was then pour,ed- through a col-urnn of neutral al-umina ancl the el-uiate

evapor,ated to dr¡mess under reduced pressure to yJ-elc1 a" darlc oil-

rvhich polpnerised rapiclly on stancLing.

RF,ACTIOI{ OI' 2-!\ZL-L-KtrTO,TLUO1ìEliOif E \YITI{ 4-BR0l;l0Y, iìÄÎllìOT-,E

It1aggresium tuz"nings (f .2g) rnrere washed lvith a lit-bIe sodium

d,riecl ether to rernove sur:face grease, dried at lOO-I2Oo and al-lo1"¡eô.

to cool in a desiccator. Portion of a solution of redi-otilled

4-bromovera'trole ( I .+Og) in anhydrous tetrahyclrofuran ( 2Od-) vra.s

aclded to the turnings and the rîeaction rvas stirred and heated. u:id,er

nitro¿¡en. To stalt the reaction, a ferv d.rops of redistill-ed, e ',,il;,'l

iodicle \¡,/ere ad<led, and rvhen thp reacltlon had corn-menced, the z'enai.ndel'

of the halicle was add ecl and tire nixture refl-r-rzed overnighi. :'irÎter

coolingr the reactlon y'¡as stirred at room ternperature for a,notiler

day. Addi-bion of dry tetrahydrofuran (ZOOml) i'ras necessar)/ to

keep ¡he Grignard rea.¿lent in solution r¡rhen it v¡as cooled. A scluti c:

of 2-aza-I-ketofluo"".ronuf7 (O.eOg) in dry tetrahyorofuran (iO*i¡

\ryas acrd-ed over 2 hrs . to the stirred Grigno.rd. reagent at Oo. Duru:õ

this addition the coloul changed fron yell-orv to green. The react1c:-

mixture lvas stirre,l for anoiher hour at Oo and then left overnighi
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at roonì tempe-rature l'.¡hen the colour of the.: reaction cha-nged froin

green to bro'¡r'r-r. the reaction was quenched, t''¡j-th cn-rshecl ice anci

saturated anr¡noniun chloride. The organic phase vras separated a.nd

the aqueous phase 'r','as extractecl rvith cirloz'of orn (.3 x 50r,rl-) " The

eonltlncd. extracts r,'üere dried, the sol-vent rernoved., a.ncl the residL:e

recry'statl-1sed frorn etha-nol- to yield 9 as yellorv need.l-es (0.60¿:,

651:',). .4. srnal,l sarirple was recr)¡stal-lised f::om ethanol l:efore a.na.J-¡isi.e,

mp 2250

ir (nujol) : 3250¡ '5l-5o and 1640 cm-I

nmr (ltltso-a.) : E 7.8o-7.2o (complexr 7II)i 6.70 (m, 1H)i

5.60 (b, l-H, oä, rernoved with DzO)', 3. BO (Oli, 4ocnr\).

L{ass spectrurn (7OeV¡ : m/e 0f 3"tr, CZOII*TNO.- reQuires Lr'+3i5) QA'.

.rLnal.. Calcd for CZOHT?NO4 3 Cr 7L.63 't H, 5.fl i Ìir 4.:LB

Found : 0 t 7L.66 i H, 5,33 i iV, 4.06 %

RTìÐI]CTIOI{ LIF 16 BY SO]]IIF,î RO,ìOIiYDi¿IDtat Il,ì. i¡)lTi,\ilOlt

A solution of soitiu*n borohydrlde (0.4Og) in ethanol (lOnrl) vras

adried to 16 (0.64g) itr e-blianol- (ZOmt). The bri-ghb ¡¡e11or.,'colour of

the ketone rvas cì.j-scharged b)' the borohydricle tc yield a cl-ea.r

cof ourl-ess soj-ution. /if ter stirring f or 30-4, mins. r the solut j-on

\l'as poured into i./ater a.nd. the pH adjusted to 4'-5 r",i'bh 1Oi6 HCl."

Extraction v¡ith chlorofornr fol-l-oled by the u.suial- lvor'li-u'o gave the

crude product /r0 v¡hich vsa.s recrystal-lised fron ether as col-ourl-ess

needÌes (O.5OS, 7O'ìi) .

mp lOB - l-O9o

ir (nujol-) z 3260 and 1640 cm-l
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nmr (cmrr) : E 7"4-o (cornplex, 7H), 6"2o

cFl - CH=), 5.Bl (b, lH, -cll--oH), 5.oB (b'

DzO) t 3,60 (s, lri, l[-g!|3) .

Anal-. Cal-cd for CtrHtSlIOZ : C, 72.54 ; I{

l'orxtd : Cr 72.5B; I{

( b, J= 7Hu, lH, -cII-
l-lir CH-OIr rcelnoved. wi-th

r 6.09 ì Nr 6.5!

, 6.I9 i lilr 6.1,9 iL

Ti{E SC}il'iIDT 1ì TIO}I OI,T 16

To a stirrecl suspension of sodiun azið.e (O.AOg) in chloro-Îor'::l

(tOmt), cool-ed. in ice, su-lphuric acj-d (ge:¿) (fOil) rvas slot'rly ad,ued,

and the stirring continued for JO min at Oo. The ice rras replaceo

by a v,¡ater-bath uraintained. at 2O-25o and a sol-ution of Il (O.l-Og)

in chloroform (1Cn1) ad-cled during 20 urin. The reaction :rixture

$/as stirred at lroon ternpera'úure overnight ancl then at 5Oo for

ano-bher hou-r. The mixture vüas cool-ed and poured onto ice (75S).

Extraction with chloroforn and evaporation gave crude product (O.C?t¿.

which lvas recr¡rstal-lised from ether as bright yellolv needles (0.07;=,

7 0?L) .

mp :25-:26o

ir (nujol) : 3320 and 1640 cnr-l-

nmr (Cmfr) : 5 g.5O (b, fH, S), 8.60 (d' d' J ='[Hz, 2llz, L-'

CH-IICH=), B"OO (cornplex, 2Hr CII=CO-CH-Är) , 7.5O (corirplex, =sE,
)

3H (Ar) ), 7.10 (d, d, J - TI1z, 2Hr, il], CH - C-ITII)' 6.3C

(t, J = 7Hz, l-li, lrT - cH = cH - cH = ), 7"60 (s, 7H, lI- C-H3).

Anal. Calcd for CTzFIIZIIZOZ 3 Cr 68.41 i llr 5.3O i lIr 12.27

Found I C, 68.50 i Hr 5.46 ; lr], I2.O2 ',1
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TIJII SCÌlìiIDT .:ìLl1tCllI0N Oir: hlOCIIOI,

(i) \Tith hl'drazoic acid in concentratecl sulfuri c acj-.J.-chlorof onr.

The reaction v'¡as carrieci out simila::Iy to that above using 4Q-

(O.toS): coÌ'lcerÌtra.ied sulfu::ic acid (tOmt), sodirm az'id.e (O.fOg)

ârrd chloroform (t5nt). Subl-1r;:ation of the ci'ucl.e procluct at Il-Oo,/C"4

gave pulre i'I-methyl-2-p¡rriclone-3-carbalctehyde (r,2) as colou:rless

needfes (0.05g t 7Oií).

mp g7-g7 .5o

nnï' (cDC15) 8 to.5o (s, lH, -cHO)l .B.l-B (d, cJ., J = TTT,

J - zflz, lll' -cii-¡I-cI13)\ 7.7o (d-' d' J -- 7Hr, J = 2H* flI,

-cFI - C - CHO); 6.40 (t, T -7Hr, l-H, -cH - cE - cH =)i
3.67 ( s, 3H, lü-cll, ) .

Anal. Cal-ccl f or CrHTltO2 : Cr 61.3I i H' 5,L5 i l{' 10.21

I'ound ! c r 60.67 i H, 5 .I4 i li, IO .2i í'b

(ii) Ïfith I'l:v-clrazoi c acid i n Polvnhosohoríc acid

To a mixture of 40 (o.45s) in polyphosphoric acid Êoe) r sod.iuä

azið.e (O.t-0g) lvas ad.ded in snal-J portions over 40 mins. \'/ith slsv

agitartiorr. The tenperature \¡¡as slor"zly increaseci- to 5O-55o on a

water ba.th, ancl nainiained at this level overnight. The reac-bion

mixture v,¡as cool-ed and their poured onto ice-lvater. Extraction
vrith chloroforn arrcl eveporation gave the crud.e product ¡,zhich, a.fter

recrystal-l-isation from ether, afforded the sarre product 42 (0.269'

5T/") as shov,rn by tl-c and nror spectrum. The acld aqueous sol-ution
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(above) l'ras made all<al-i-ne lvith sodiuu hyrirexlflç solution and

extracteil witrr chl-o:ro-fo¡'rn" Jìr'apora.ti.on of the sol-vent yieldecl a

brorvn liquicl (O,0B5S) which was shown to be anil-ine by its ir a.nd

nmr spectra.

-Ì,iETilYT-,- 2-iryiìIDOI:E- C.Ai ¡BOXÀi{IlIDll

A solution of anifine (2.0g) in benzene (l-Ornl) 'iras addect to

the crud,e acid cnl-olirle 27 (preparecì. fron lj-rnethyl-2-p¡rlidone-J-

carboxylic acid (O.46gr ]¡mol-) ir, benzene (30rnf ) ancl oxal;rl chl-o::rc,e

(5.OgS) ) itr benzene (rOnf ) urrtil the odour of the a.cj-d- chl-oride

disappeared. The mixtl¡-r'e was then stirred at rooro tenpera'bure for

lO nins. r LO/" TICL added and the mixture then extracted with berlzene.

The cornl¡ined benzene extracts v./ere lva.shed v,riih lvater' (f 5mf ) r cl::ied,

anci the sol-vent l','as rernoved to give a crud-e solid (O'52e) r,vhich

after recrystal-l-isation from benzene-ether afford-ec1 45 a.s col-orrtl-ess

needl-es (0.4,3g t 7oi;) .

mp l-.69 - 17Oo

ir (nujo-ì-) t 3Ct lO ancl l-680 cm-l'

nmr (clclr) : E f z.oo (b, rI1, Ns)., 8.66 (d, d' J= 7Hz"- J=lrrrt

1H, -CII-NCII,); 7'7O (comple>ro 5iI, aroiaatì-c protons); 7.3O, (dÛ:r

l,= 7Ilrr 7Til lIJr CH = C - C = 0)i 6.50 (t, J= 7T!r, lllt

N - CH = CH - CH = )i 1.7O (s, 3H, Ì'f - CH5)

Anal. Cal-cd for C]TLI::2NZOZ ! Cr 68.41- i I{, 5.7O i I'ir 12,27

Founcl 3 Cr 68.46 i 11, 5"42 i l[, LI.95 ?t
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TiiE SCtiirlIDT rìiJiiCTIOli Ot{ r':ì,U ORllii: O1-, B

To a mixture of B (O.O6g) ln polyphosphoric a-cid. (l-.20g) r'ras

adc1ed socliwr azíd.e (O.O5g) in small portions over 2 hrs. with sl-o"'¡

agitatj-on, The tetnlrerature $/as slowly increased to 4's-47o on a

water bath and. thls reac'bion temperatu.re maintainecl at this l-evel-

overnight. The reaction mj-xture \'¿as cool-ecLr Poured. onto cru-sile,1 ieet

an¿ macie allcal-ine with iOrá lilaOll. The solution r"¡as then extracted

y¡ith chloroforiir (-> x 10n1) . 'Ihe conbinecl chloroforn extr:¿"cts ï¡ere

dried and evaporated to give a bro\'trn sol-io. ivhich af-ber recrystalllsa-
tic¡n from etha.no] affordecl 9 as pal-e pink crystals (0.05g, 87",'") s

np 2BO - 2BI

ir (nuiof) :

o

1645 ancl l-628 cm--l-

0iL+332, c¡oHL'rI 20 7I[ass spectrum (?oetl) : m/e

Mr+332) (roo), 7I7 (57).

Uv ß>,q" EtOH) : 24O ny ( B

268 (E 15,600)izeo (E

Ânal Calcd- f or C 1OU16I{ZO3 
:

Found :

requ-ires

27,6oo)i 254 ( E 2l-'600)t

9,960)¡ 526 (E9,600).
C, 72.28 i Ilr 4.8, i lür 8.43

C r 7I. -q6 i H, 4.89 i l,', 8.27 i1

P]ìEPAR ot{ o!' lT

The arnicle 9 (O.O3g) and n-chl-oroperoxybenzoj-c acid (O'045a)

were clissol-ved in clil-oroform (fOnf ) and the nixture \'/as siirred

at room tenperature f or 3 d-a.ys. The yeJ-lovr sol-utio¡:r \¡ras poured

through a colurin of neutral al-umina and the eluate evaooraterl.

Recrystal-l-isation of the crude product from ethanol- ga1¡e yel-lovish
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needl-es of -bÌre pa:rtially hydrated i"Ì-oxide l,l- (O.O1Zg, 4O';',),

mp 273 27 4o

w (gçi," EtoH) 242 ( E 26,800), 2BO ( g g,4OO), 2BB ( g B,OOO),

,:ro ( Ê 4,500), 364 ( E 6,600), 4O4.( E 4,2OO)

L[ass spectrum (7oer¡) : rn/e (l,tn 348 CzoHt.NzoO reeulres tn+544)

(25),332 (2o),33L (2i),33o (1oo), 3r5, =.¡t6,7r7 (l-0), 2e7

(25), rg5 (1.5), r6J (1,5), r+g (15), ro3 (5ci).

Anal- cal-cd fo:: CZOHt.l{ZOO.ànrO : C, 67,26 i lIr +.79 i iI' 7.84

Fourd I Cr 67.23 i H, 4.9ts i lìr 7.26 i1'

DI]HYÐ]ìO P0r,lLCLIi"lE (V )

The iT-oxicle -1..1: (O.OOeg) in etha-nol (4OOnf ) r,vas exposed to

sr-r¡J-ight. .A,fter l- hr. of ir-cad,iation, exami-nation o:î tire solu-bion

by ultraviol-et spec-i;roscopy gave evid.ence that most of tire starting

material had disa.ppeared.. llvaporation of the solvent gave a v,,'hite

soh-d rvhich crys-ball-isecL fi'om ethanol- as fine needfes (C.OO4g, 5016) I
np ZEi ZtJ',',o ( lit 2ge)r5 ' 

4¡

The ultra.',¡iol-et spectn-un v'ras identical with that of an authentic

sanple of deh)¡clrooerl-oline-r

UV (ntou) : 278 ( øze,Boo)i 255 ( Ê 19,000)¡ 275 ( E l],CCC,

74O ( Ð B,OOO); 3',;Ct ( g 4,700)¡ 17O ( Ð 6,000).

I¡iass spectruin (7oe',¡') : m/e (u* 34e Czoït6tlzO4 requires t.i+34e)

(too) 
"

Acculate iÌtass calcd ncl,wt for CZOH'6NZ04 : 348"1-l-09

Found 348 "LO99

ìç The sample rvas suppli-ed by Prof . \Yill-ian I. Taylor (International

Flavor:s and Fragrances )
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CIIAPTI]R } : SUESTITUTIOI] OI.:i i{ OR O

N-liÍethylcaorola.ctam ( Sa¡

N-methyrcaprolactam (ea¡ bp 1oo-1ozo/LB 1rrt24 Do-Dr/ ) .,,vas

prepared acco::d.ing to the procedure of Benson and Cairns24 tn 68/"

yiel-d from t-caprolactrm and dimethyl sulpha.te in d-ry ì:enzenen G.C.

Apiezon i\. (teoo), zA5.

o-E lcaorolactint Bb )

This conpormd bp Bz-g+o/zo (rit}lS 7oo\.i, u-t24 r¡r-820/26) r'¡as

prepared accord.ing to the procedure of Bror,rryr and lenaga1l5 in 6g%

yield from €-caprolactam a.nd ethyl chloroformate.

It-Eth I caÞrolactam (q¡ )

lactim 8b v¡as heated for 2 h at 2OO-25OO in an atmosphere of

nitrogen. Dis'¡il-l-a.tj-on gave ltl-ethylcaorolacta¡n (60%) as a eol-our-

ress oit bp t1o-1:r3o/B (l,it24 97o/0.5).

N-Al.kvlcaprol- acta-m (g )

The general methocl for alkyJ-ation of caprolactam is giverr belot'¿

A mixture of caprol.actam (l-mmole), socU-um hydride (I.2 n¡nol-e)

and. dry xylene (lOrnl-) were stir::ed at room ternperature und-er
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nitrogen overnig,irt. A soluti-on of alkyl halidc (2 nmole) in xylene

(5mf) vras added over 20 mj-ns. The reactiou mlxiure lvas s-iirred at

IOO-l-Oio for another 3 h. The hot rnixtu-re v¡as fil-tered: tjre r:esj-crual-

sodiu-'n halicte v¿as washed lvith beirzene and the solvent evaporated.

Applyi.ng this ¡nethod r the follovrin,r, corapormds \¡/ere preparecl 
"

ld-ts'ttt ''¡l-canrol-ac tarn ( gc

bp

g2/"

BO-82 
o /o.6 1 r:-t25 r,r7-r4.oo /:rl)

)

yield

nnr (ccfO) : E 5.'5o (*, 4II' -ÇJlr-tt-ctt2)i

f .70-1.20 ( coniplcx r l-OH) ; 0.90 (to, SIIt -CHZ

lii-i-But'/1ca'o rol-¿r c.t¡¡.n ( q0

?_.3O (b, zIi, Ë.r-CC);

-ci-I= ) .

)

Àppea.red as col-ourl-ess oil. ,4, snial-I sa.i,role \Þ€.s recl-istil-l-eo

before analysis'

yield z 55i'b

bp : l- +B-I5oo /25

n'rrr (ccr.r) : E 3.ic (ot, -ga-tu-qr-' 4H)¡ 2.io (b, 2!1,r)'ircc)i

l.BO-l-.20 (cornplex, 7iI) ¡ o.84 (d' J=6H2, 6H ' cli (cT\_) ù .

Anal. Cal-ccl for CtOHtgI[O : Cr 70.96 i Hr I)-.52 i Ii, B.2B

Fcr-rnd ! Cr 7I.OB i I1, ff "59 i i{, 7.I2 ';:,

lii-tsenzvlcao rolact.¡-n ( 9,": )

/tppeared ¿t,s col-orriess needl-es frorn penttlne
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5'¡lL

56-D7o ( r:-t29 ,j-57o )

yield

mp

N-Tso'oentvlc aorol-actan ( ge )

.A.ppeared as col-ourl-ess oil-. h srnal-I amount of sanpl-e rvas

red,istil-led in a bul-b to bnlb apparatus bef ore analysi-s.

yield
bp

nmr (ccr+) z 65,':o

2.OO-l-.50 (conplex,

Anal-. calcd- f or CrtH

Found

1{-Oct¡,rl-caprolacta.n ( qf

(or, 4Il ' -Cli2-i'l-Ctrz-) i 2.4O (b ' 2rI, CHrcO ) ;

5rT1"

l-48-f 50o /te

9Il);

tal'rO

0 .85

. vt

. vt

(d, J=6Hrt 6H' -cii
'l2.OB i H, )-:--.55 ;

72,48 i IIr ]-1.06 i

(cH3_) ) "

II' 7 "64
Ì.I, 7 ,9A ,",1"

)

yie1-d

bp

Anal.

Found

calcd for C

6Oil"

r52-r5+o /2.5
lio

r4H z'.1
C, 7 +.6I

Ct 74.52

Il r l-2 .08 ; Ìri,

H, l-2.10 i T,i,

D¡11

a -^ .rl
O. )¿ '/to

N-PhenvL ca orolac taiit (toa )

(i) rrom clohex'u'l- ohe irqir:e : C;rclohexanone (tO.Og) r redistilrec

aniline (fO.O S) and zíne chloride (0.5g) were heated in an oil ba-th

at lr)r)o f or 20 mins. The resu.lting oil was dissol-vect in chlo::of o:::i

and fil-tered. The ch.]oroforÌn\:,rasreüioved to give cyclohexylphenyli-

mine (l-2.0g, 6g%) r"¡hich v¡as used. in tjre next step '¡¡ithout purificat'ic:'
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To the above irnine (f Z.Og) in chl-orof orm (5Omt) , nr-cÌrl-orûpeucr<¡;-¡er.zc: c

aci¿ (f4.OS) in chforoÍjorn (2OOr^ù) rvas added" over e period of iO nin.

The resulting ni;<tu-r'e lvas s'birrecl at Toorû tei:rnera.tu-re for 20 hrs

and 'bhen fil-tered through an al-umina column, washecl with dil-ute acici

and then ri'atel:. The chl-oroforn was removecl and- the resi-clue t¿-]ren

up in cycloh.exane airrl placecL in a silj-ca fla.sk and exposeCr to sìlrì-

light f or 2 days. The cyclohexane was then removed. and the brc¡r,ryi

oil disti.l-l-ecl giving. Il-phenyl.caprolactam as colourless sol-i<i (,i .08,

7Oi/") ,

mp z 75o (ritIl+ 75o).

nmr (cDrJJ.r) : 3 l.z (m, 5H, aronatic protons), 3.-lo (tr' 2\r,,

ÇJ12-lt-1, 2.F:o (b, 2Tr, ÇHnco¡' l-'70 (b' 6H)'

(il) î:com i:ienzr¡ne v¡i -hh l-Íthium sal.'b of 8-canrolacta.m Toa

solution of Ð-cap::o-l.actam (O.34g, J mrnol-e) in -e reshly distill-ed

tetrahydrofuran (2Orn1) r,vas added" butyÌlithium (3tlr l.Ol'f r J m,noì-e)

an¿ to tþe rcsul'¡;aint suspension was aid.ed benzerledi-az,cn-iutt-2-carbo:';'-
<1

l-aie'- (J.Og). The nixture rvas reflu:ied i-or iO nins., methanol

(5rnf ) acicled. and the solvent evaporatecl. The resid-ue r,,vas oai:tition¿-'i

between metir.r,'lene chlorid.e and. tn¡ater and. the organic pTie-se I'las c"::i e;

(iUgSO*) and. soh.ent removed" {lhe residue (0.50S) lvas c}rrornatograul:e -

on a1umina in peti:o1erxo, eacb. fraction beì-ng examinecl by ir snect::c-

scopy. F:r'actionsl-5-17 (O.1Og) ivere the only ones to contaj-n a )-zci¿.:-
¿ttå

carbonyl group, but 'chin layer chrotnatr:graphy on sj-l-icav spectro-

scopic analysis shor-¡ed. ihe prroduct was the starting material-.

( r-r-r- ) from benz .Yng tVi th O-triej;hr¡l.caprol-actirn : A mixtur:e of

g-niethylca.prol-actiln (0.+Og) a.nC benz,ene-diazonium-2-car:bo*yl-tto3l

(3.0g) i¡ e¡nylene chloride (þOnI) lvas brought'to rc'fh¡:c ¿tnd. heaij,r:i
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was continued f or further 1A mi-ns, af ter the mi:rture bece.lte homo-

geneorl-s (i mins.) Äfter removal of solvent, the residue \ïas

cLrroniatographed on alumina in J-ight petrolelnrt, elutinri ri'i-bb light

petroleum-methyl.ene chl-o:ride mixtures and finall-y eth¡¡l acetate.

þ,'ach fraction roras examined. b)t ir and nmr slrrect::oscopy ancì on this

basis fracti.ons l--6 l¡/ere combined and rechromatograohed. -Traction

7-L2 contaj.ned mainl¡r caprolactam; hydrolysis of the capr:olactin

appears to have occurred on the column. Ft'act:î.ons fron the second

cofumn lvere exarnined as above and fractions 1-2 contained Q-mcth;1l-

caprol-actirn n'hile fractions 9-tl-r elutecl lvith ethyl a.cetater hacl

nmr and. ir s.oectra consistent v¡1th ]tj-phenylcaprol-actarn. The¡r \¡,rere

cornbined and- the resu-l'uing: oil (O.15g) was subjected to prepa::a.ti-ve

tl-c to give pure !-phenyì-caprolactarn as colourl-ess needles (0"08,g,

L5%), rlp 7+-75o.

(i.v) fron benzyne and Ð-ca-orol-actarl i A mixture of Ð-caprolactan

(2.OOg) and benzenediazonium-2-carboxylate (3.5Og) itr ethylene

chl-oricle (¡O*f ) rvas broug;ht to the boiling polnt and reflur:ec'l for
20 mins. after a homogeneous sol-ution had formecL (ç niirs.). flLe

sol-vent was renoved a.nd the da-rl< residue was chromatogLrrrphed on

alunina in light petroleurn, el-uting with tight petrol-eum-meth¡¡Ìene

chloride rnixtures and ethyl acetate. Fractions l-trt el-uted r,'rith

ì-i-ght petroler.un - IiL netliyl-ene chlorid.e were shov,rn by ir anrf nmr

spectroscopy to contain sotrle l'i-phen¡¡lcaprola.cian. ll::a.ctÍons 7-I3

vÍere essentialJ-y free of unreacted caprol-actam.

lV-o-Chl-oroph enr.l-caprol-actam : (]ob)

Thís vuas prepared accordi-ng to the above rnethod (i) from c¡,rclo-
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hexanone (:LO.Og ) o p-chloroani-line (10.00E ) , zínc chloride (O .5o¿<) 
'

giving a soli.d procluct which tnras purified by subl-imati.on (0.75€_l , 5:"),

mp 67.^ (ritfl-+ oa-o90)

Attempted pre'oar¿rtion of lf-o-methox..rpheny canr:ol-ac-tarn :

Prepared f::orL cyclohexanone (f0.00S) r !*e-nisi.cl-1ne (fO.OOg)

and zJ.nc chl-oride (O.5Og) by the method. (i) ilescribed fo.r' the

prepara'bion of I,i-plienylcaprolactam. \Iiorlc up of the react:Lon in

the usual- \','ay gave a C.ark oil which polymerisecì rapidly on standín€.

ene::a-l- i'Je od for Pre tion of Thi

A mj-xture of l-actam (lS), phosphorus pentasuJ-phide (Z x Ag) 
'

toluene (a x x) v/as stirred and refltixed for 3-5 ht's" The sol-ven-u

was rernoved by fil-brati-on: the resicÌue acÌde<1 to rvaier and, th.e

mixture was then extracted. lvith chloroform. the ch-ì-orofonn l¡'/as

washeci with r',¡ater, dried ancì. evaporated, to give a brown solid 
"'rni"ci:

was absorbed" on a colur¡n of al-urnina. The eol-umn t'va.s treatcd

successively vrith petroleum ether, benzene, benzen.e-ethyl ace'r,P,te1

ethyl ace'bate.

N-Isobu';vI-bh iocaprola-ctarn ( tl-a ):

Treatment of N-lsobutylcaprolactarrr (S0¡ (O.5Og) with phosphor-us

pentasulphide (1.OOg) in iol_uene (rOmf ) accoroing to il-',e above

generaÌ rnethod gave l-l-4 as pal-e yeltovr liquid (0"40É-:, 72'¡l).
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bp t-18-l2oo /o.or
nmr (cnc;r., ) : E 3.7o (m, 4H, Ë2-tr-ctr) i 3.o4 (b, 2H, -cnr-cs ) ;

z.2o (ro, l-H, cFI2-cI, @H)2 ); l-.BO (b, 6I{, (cTTz)7 ); 0.95

(d, J - 7Hr, 6H, cH (cnr) ) .

Ana,l. Ca1cr1 for C'OI{''NOZ I Cr 64.83 i FIr LO,34 i }ilr 7.56

tr'orrnd ! Cr 6r,47 i H: 10.02 i Ii, 7.r, ft

-Bu lca rolactarn tl_b

Yíeld t 77%

bp : 1l-oo/o.ol-

ir (film) : Il2O and Io?0 cm-l (strong)

nmr (cDcll) , E 3.9O (n, 4lI' -CH2-lrl-CIiZ) i 3.!O (b, 2Í1, QIJt-cs1:

1.90 ].50 (conplex, ]oH); 1.OO (ro, 371, CIl.2-cIlt) 
"

Anal. Calcd for C'OHI'NS i Cr 64.83 i H' IO.34 i N' 7.36

! 0r 64.58 i H, l-0.1'l i ilr 7.79 ';LForrnd

l'I-Isooen ti¡l- thi o caprol-a. ctarn ( Il-c )

Yield z 6O'it

bp : 12oo /o.o'r
ir (t:-tm) : 1l-20 an<L l-070 cm-l- (strong)

nmr (cc14) , E 3"Bo (n, 4H, cH2-ii-cFI2); 3.ro (b, 2Ir' Ï2-at)t
z.2o-I.+o (complexr 9l{); o.9o (d, J = 6Írrt 6H, cH (CH=)ù.

Anal. Cal-cd for CttHzlIlS : Cr 66.29 i H, 10"62 i iJ' 7.O3

Forrnd. ! Cr 66.27 i IIr 10.59 i Ì{, 6.97 f"

N-0ctvl- thi.ocap::olac )

Yield z B5ii

tam ( ]ld
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bp : llo-l-12o /o.o't
Anal. Ca-lcd- f or C1¿H2T}TS : C, 69 .66 ;

FormcL i Cr 69.6t ;

11, Ì1 .28;

H, l_! "35 i

, 5.80

irl, 5 .70 i'"

}I
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cliA-PillEP. 2 : SUPSTITUTT ol,i ÄT 0-?.¡

Rea.ction of Su1 j u-rn Ylicl r,,'¡i th'ilri-etli.t¡ I borane

A mixture of 3-brornocapr.olac'bam ( f z ; 1O . 5OS ) 
45 and. clime 1;Ìry1-

sulphide (1.5tìg) in ethanol- (l-omt) v,'as hea.ted. in a sea-l-ed- iube at

IOOO f or 24 hrs. On cooling.; the sulphoniun sali l-å crys,ca1lised

as e colourlcss deliclr:.esceni scl-id, characterised only b)t its inf,::a-

red spec_brr.m ( ),.o" 1640 cm_l) " The su.lphoniu_m sa.lt lJ (O"5Os)

\¡¡as suspendecì. in freshly distill-ecl THF (forar) anci s-birrecl l'¡ith

sod j_um h)rdrid.e (O.ZOg) at 2Oo untj-I evolution of rritr:o61en ce¿¡.sed

(2 ÌÌrs.)115o fL.o tlie yelloi,'i suspension v¡as ad.deci. trieth;,'l¡otut u

(4.50 mmol-e) in THF ('lr;t.) and the mixture sti-r:red. for 4 hrs" a''ú 2Oo.

The 'eaction 
\yas qu,encÌred by the acloition of Jiì;i soclilm hJ'droxi"cle

(5nrt) followed by ioll ltydrogen peroxide (zÌrn1). Âfter J hrs. stii.r.ii-;=

at 2Oo, ex-bra.ctio;r lvith ether gave à colourl-ess oil (O.7Og) r'rhich

was ch::omato¿:raphed on al-umina. in benzene to rernove the na-rafrÎ-in

oi1. Tire r:aj_n fr¡.ctj-on (o.3oe ) rvas e.ì-uted with roetlr-¡rlene chlo::ide

arrd, a.ppeared frorn its nmr spectrum, to be a rnj-xt'¿,rt-' of the ¡rii-d a'r:ü'

theelimirlationp:rodu-cts,2,3r6t?-tetrahycÌroar'epin-2-one(lt)

and Zr5 16 r?-tetrahyaro azepin-2-one (16) . l'leither e;arlier or' l-a.ter

fractions inäicatecl the presence of a.ny a1'lcyl-aied- naterial.

l. 3-i) i nc thr'l- catl:oiactan (]Ee) frorn E-cani'olectan.

A suspension of E-caprol'ctaril (1".L38, 10 nrrrole) in freshly

dj-stilied tetra.hydrofura.n (2Orirl) unde:: nitrogen at Oo rvas trea'teð'

during 1O mins. r¡¿ith butyllithj-um in hexane (tOmt 1 ?-.Oli:, 20 m:iole) '
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The firs b eq.uival-ent of the reagent produced a volu-minous v¡hite

precipj-tate lvhich d-ssol-vcd on adding the seconci eqniv¿rlent of

butyllithiu.rn to afford a yellot'¡ sol,.ution. The mj->:ture was stirrec

at Oo under nitrogen for 50 mins. A soLu-tion of methyl- j-odicle

(2.B4re) in tetrah¡/drofuran (14 mf ) \¡ras added. o\rer Io mins. Ihrring

the add-itj-on of tiris reagent, a white precipitate formed. The

reac'bion mixture was stirred at rooln temperature for another hor,:rr

then hyd.rol.ysed b¡rthe add,ition of Jlil IICI-" The organj-c 1-a¡¡er wa,s

separateci ancì the aqueous layer was extracted rvith eihel (= x 20¡lr ) .

The combined extra,.cts were dri.ed. (NgSO*) and the solvent t'¿as

removed- to afford a yellow orange liqu.id in !r27/, yieId. G.f .c.

ana1ysis of this J-iquid- shor¡,¡ed 4 productsr the najo:: conponent

being identified^ as l-, J-climethylcaprolactam (tSa) . The p:rodu"c'ts

were separated by preparative glc ancl pure l-r5-dilnethyl-caprolactan

vüas obtai.ned as colourlei;s liquid-,

bp g6-g7o/L3

ir (ritn) : 1660 cm-l

run-r (clc:-r) rS5.4o (*, 2ir, Tþ-tlt 3.oo

2.60 (b, tH, cll-co) i 2.oo-L.3o (cornple;:,

(d, J - 7Irz, -)H, -CI]-CHj).

I\,Tass spectrum (7OeV) : rt/e 141 (I'1+' C-H..I{O requires i'C'l+f )ö _L)

(s'

6TI,

l-0.71 ;

l-0,51- i

3Tr,, U-CH-, ) ;

-)(cir2)j)i 1.1-5

Anal. Cal-cd. for CrI{I5lilO 3 Cr 68'04 i H'

Fowrd ! Cr 68.00 i lI'

G.c" Apiezon ìri (ttloo), r/5I

ld, 9.92

Iil, 9.87 1L

1.3-Ðitne th-¡l_ caprol-a-c-ba.n ( l8a ) froil l--iíeth:¡lcarrL:olactan (ga )

The reaction of l--methylcaprol-actam lvj-th butyllithj-urn is
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described. as a.y\ exarÍple of the procedure used. The rnethocL acla.pted

was sj-r1j-l-ar to'uhe above bu-i; in this case only one equivalent of

but¡¡J-lithiu:ir ¡,vas used" '';'/orking up the reaction nlxture j-n the

usual way gave a colourl-ess oil in J{"¡L yi-elcl r,vhich 'lvas identical

iir all- respects to the caprola-ctam l-Ba obtained in the above

experintent.

In a silnllar mannerr the follorvirrg conpounds Y'/ere p:repared.

1-l',tethvf -3-ethvl-canro-l-a ctam (re¡ )

Yiel-d z 74/,

bp : lIo-ILLo /28

ir (fifrn) : l-650 cm-l-

nmr (CDC1r) : E7.4o (m, 2H, E2-i'l cHì\

2.40 (m, 1I.I' CH-CO); 2.OO-1.20 (cornplex,

('tH, -cH2-cl{l ) .

Anal. Ca-1cd for C9lIl7]i0 ! C, 69.6": i H,

Found ! C, 69.65 ; FI,

7.OO

ô77
Or-1 ¡

(s, 5tI, t-1b)
(cH2)4)i r-.oc

l-L.04 i itì r 9.Q2

IO .92 i iT, 8.89 /"

l-Met vl-5-nropvl-ca prolactam ( l8c )

Yiel-o :

bp:
ir (filn) :

nmr lclcrr)
2.4O (b, lH,

(m' 3H, -Cl{

7oi/"

r:-.6-rL}o /23

1650 cnr-l

r E 3.4O (m, 2r1, ClI2-l'I CL\)i

cH-co) ; 2"oo-l-.10 (complex,

,-cr13),

( s, 3Tr, -Ì\'-OHz ) ;j. o0

l_oli, (c:nz) 
5 

); o.90



-114-

t\.nal. Calccl for CloillglüO

For.md

-l--l'le tþv1--3--butv] cgpro]4 tan ( f Bd )

C , -lO 
"9'o i H, l.I.3?- ;

C, 70.98 i il, ll-.28 ;

lr - ^rlIj: Õo1O

I'I, B.4tl f,

bp

YieId

Lz/ft23

35%

ir (f:-frn) : 1650 cm-I

nnr (clor-): E3.4-o

2.3O (b, lH, cllco);

(,n, 2Il.' ClI2..NCIil ) ;

2.OO-I'OO (cornplex,

2 "98
1 OT.T
J LL:. 

'

(s,

(cri
2 6

'H
, rT c1r3)¡

); o ,82)

(m, 3H, -CH2-CFi.,) .

Anal" Calcd for CtlHZl_ilO

I¡orìnd

H, 1]..55 ; Nr J,61¡

H r l-l- .28 i II , 7 ."ti i/"

C , 72.08 i

C, 72.33 i

Âttempte d. Prcpara tion of l,-f ie +
t 1-3-brono.ca rol:lc-ba.:,,. ( 2A) r'r:oia

1-liethy l- caprolac tant.

(i) 1-l,iethylcaprolacta:ir (0,38g) in ch-ì-or:oforn (25n1) rnras added to

a refÌuxinp, suspensi-on of cupric brornicle(O.6Og) jrr ebhlvl- ¿'"ceta'l;e

(25mf ). The resulting reactj-on mixture was refl-urccÌ vri-th vigorou-s

s.birring for 7 da;'s. The black colour of copper II brol:icle was

,nchanged, ilvapora.tion of the solvent after filterin¿: gâ.ve li-qui-rì

identical- in al-l- rosl:ects to t he star-bing ma-berial ( 1'r. , li ¡lil¡T " ) '

I,To trace of p coul-d be detected by eramj-nation o'f the runr s'pectl:u:rl.

(ii) A solution of ll-meth.]'fcaprolactan (1"70g) in d.ry benzene

(Ì.Ornl) was aclcled to a ¡nixtu::e of bromine (4.AOg;) and phosphorus

triblomicle (B.lCig) in bcnzene (11m1). 'Ihe add.i'uj-on ivas cal'r'ied

out v¡hile stirrirrg a.rcL cooJ-in.11 'bo rna.intaÍn ihe tenpera'i;ure at l-O-l-5o.
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Tl-ie reactj-on ;,rj-xture rvas i.il-u-ted. "vith 
benzene (ZOlnt) ernc1 h,:atrcl

e-t t+5-1-7o ovcrnight. llhe lor.rer J-ayer r.ras ad-decl to chippecì ice.

Äfter rvai:nì-ng 'r,o rocrr te;rlera-tu.r'e¡ the h¡rcirol¡rsecJ, solntj.oii \Ía.:j

e>lbra.cted r-¡ith chloro-l-'Orrr. The Sol-vent i¡,r[ìs renovec]. to p;ive â. bï"c';,-i

Ii.quid r,',¡hich was shol','iì to be starting:na'ueria.l onl¡r b;rr its i.r.

s;pectrut:l"

-A.t bernrrte<1 -Pr:coa::a.iion of ii-r'iet I*5-eth-rrl-canrolactarii (lg¡) fron

5-.lirontocap r:o-l-:,rci¡-Ll wi-th'iri-ethl¡lborane i-n the plresence o-î no-r¿r.ss:i-.;.:::*

t-butoxicle.

The rnethoC for -bhe preparation of J-bror:rocap::o1.a.ctaiit was

si¡ilaybo tl:e abcl¡e ( j-j.) frorn 8-caplol-ac-ba¡r (e.5Oi), b:rci:lj-ne

(24,OOA), phos,ohorlrs iribronicle (4O.5og) an<l benzene (2Ornl)" Th.e

solvent r-ras re:noved. to give a br:o,'¿n scl-id t'¿hich was recr,-vrstal-l-i¡ed.

froln benzene-Ìrexane at -7Oo afjlor:ding 1? a.s col-ou¡l-ess sol:-d- (9.C5,

6iíi) )

rïrp t-t-co-lILo (tit+l 1l-l-o)

nmr (cDClr) : E 7.oo (lr, l.H, l',tt)i 4.7o (b, liI, c-H-Br); 3"'\Q

(b, 2F,, CI2Ì,{II); 2.'lo-f-.JO (cornplex, óIl).

A su.spension of j-bronocaprolacta¡i (0.119S) j-n anh;'6irous -betre.-

hyclrofr-rran (fir¿) '.rncler nitrogen at 6o i','as treated rvith trietil;,'t--

bora.ne (2,zmL, O"9li) in tetrah;rcìrofuran :fol-Io',i'ecÌ bit sl-o,.'¡ ai.ditj-cn

Of potassir.;rn-t-br:--bo:ri cl-e ("2nL, O "2)t,'¡) in cì r:y tc'cran.'','d-:îofurarit. llce

reaction mj.xture tl'as siir::ed at roon teltperature for I hr. A

solutlon of methyl iod.icle (,O .213p:, f .5 ecluiv, ) j-n clry tetr"a.h¡riroj'tÍ?,::

(5rnt) wa"s aclcìed ovcr ]-0 nins.r tire reactÍon inixtu::e r"as s-;j-r:i'ed a.i

room terirperature overnighi, adc'led to water (15nf ) and then e:rt:ra.c-u'ed

rvith chlorofo:r:m. Iìvaporation of 1;he solvent ge.\¡e a miz'ctlre of
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'5 prodLrc-l,s (0.OBg) rvhich \¡/ere separared by means oi- preoe-ra-bive ti:::.
la¡'s¡ chroraatography. 1-lrietì:yl-l-bronlocaprolactarn (ZO) rvas icient:-i-::-

by its ruût: *spectnrm. nrnr (Cmf r) :84.70 (b, l-I:1, Clt-tìr); 3.l:C

(rn, 2H, CHr-liCH5)i 3.AO (s, 3H, N-CH1); 2.4O-I.rO (compfex, 6H,

(Cnr)3). 5-broiüocaproJ-actarr ancl Ð-ca.prol-actan \'¡ere i-denti-fied b:i

comparlson rn¡1tir authentj-c speciiaen.

Schmiclt Rearr:an,,{etnent of 2-Oxoc;yc lohexane-l-spiro-Zt ,It ,i |-dioxol a::

Tæ)

2-Oxoc;'clohexane-l--siriro-2t r:-.t r')t -dioxolan (22) was prelerred

from cycl.ohexa.ne 1r2-dione and eth;rlene g1.ycoì- in cl:r¡r bunr"r,"

according to l1'bere.ture procedu 
""47 

bp l-o'j-to7o/10 (lir47 Lri-rrlo /??- 
'

To a stj.rred mixtnre of 22 (I.1269) in polyphoslrhor-i.c acid

(45.OOg) was acded in poriions sodiun azide (O.6ag) o\¡er a. perloct

of 40 mins. The nixiu-re rvas heated at 5}-5ro overnight wiì;h

occasional- shaklng. It \-,/as then cooled a.nd pourecl in'úo a lrri;<ture

of crushed ice and r'¡ater' (50n1)' and extr¡¿cted l'¡ith chloroforrn"

Th.e extr¡.ct v¿a.s driecl ancl concentra.ted in vacuo ¿.iving a é_ilr-ru-ny

resid.ue (0.30S), The crude product was chronatogra.phed on aluni-na

(25.00g¡. the coh;mn t'¡a.s trea'bed su-ccessiveJ-¡r tn¡j-th petrol er"un ethel

(3Oml-) , benzene (50;rt) r eth¡r] a.cetate-benzene (1:9) (frOnl) , ethyl

acetate (aOmf ¡, ethyl ace-La'te-raethanol (9:f ) (B0rn1) r ethyl- aceta.te-

methanol- (Ì:1) ancl methanol.

(i) Elution lvith benzene-etnyl aceiate (9:f ) gavrt 2! (O.Oig, 2.2i;);

nmr lcmfr) : $ 6.60 (b, l-i{, liH); 2,60-I.60 (comp}ex, BII' 4(CIrp) ).
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(ii) Etution v¿j-th ethyl- acetate gave 25

5 6.go (b, tjl, tttt); 4.)o (2II)\ 3.BO (2n,

(complex ' 8Il) .

-Al_ l-- me l-caprolac'cirt 2B and

( 0 .Oig, i . 6,ti) ; nrïr (cr,)C1l I

-0-CII2-CIIr-0-) ; 2.60-1.80

(iii) Elution w-Lth ethyl acetate-methanol (9:f) gerve 26 (0.05"e,

t,6ï4) ; nmr (cDC15 ) E 7 .2a (b, lH, lE) ; 4.3o (2n, -0-ctl2-clr2-a-) ;

3.7O (2Tr, -O-CH2-CH'-O-); 3.3O (b, zIt, -!Ji2-1ru¡; 2.60-l-.60 (connl=:i,

6H).

( iv) Elution rvith ethyl acetate-metnanol- (1: l-) gave 2l- (0.028'

2.oy'); nmr (cDcll) t E 6.BO (b, fH, im); 3.ro (b' zri, cll^-lli) i

2.80-f .BO (coniplex, 6H).

fca rolacta.n r_4 )

The general method for the alkylation of O-meth.ylca.prolactin

is shotn¡n below z

Anhydrous tetrahydrofuran' (ZOrnl-) and di-isopropylaraine (2.0Cr6;

O.O2 nole) vrere a"o-ced to a dry flaslt pu-rged l'¡ith nitrogen and nai::-

tained u¡der a nitrogen atmosphere. After cooling the mixtlre to

-5o, butyllithj-um in hexane sol-ution (l-omr ¡ 2.o\il¡ 0.02 rnol-e) was

added in a controlled nanner to prevent the teinoeratu"r'e fron

exceecling Oo. Q-Itethyì-caprol-actin (t.BOgr O.ol-5 nnole) v;as adrlecl

droplvise lvhile maintaini-ng the temperature of reaction bel-ow Oo.

The reaction lvas stirred at Oo for another 3 hrs. Alliyì- hal-ide

(2.O-2., equ-iv.) I'ras ad-d-ed either neat or i-n TIü¡ solution. llhe

reaction lvas completed by stirring at room temperature for 5 hrs.
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Isolation o:[ i-,\l-k¡¡].-O-lne thvlca-nrola c tirn (za ) . l{alf of the

volume o-fl the reaction rnixture wes neutralised i'¡ith saturated

arruuonium chl-orid.e, and- then extracted with 3 portions of ether.

.Ihe eombined organi-c J-ayers l,Tere vrashed v¡ith \Tatr:r, dried a"nd

evaporiated to give J-a11iy1-Q-rnei;hylcaprolerciim (28) in hig;h yi-eid.

solation of -.t1 lca rol-actam I ) . The rernaining sol-u-t1on

rnixture ¡,,¡as neuträlised v,¡itn ice-cold 107á HC1 and then extracied

r,¡itkr t¡ree po::tions of ethor. 'Ihe conrbined crganic l-ayers ì/Yere

dried ancl the sol-vent lvas removed to afford. J-alkylcaprolacta-rn (11)

in nodera-be .1¡ield.

Applica.tion of the above rnethod prepared- the follovring

coi;rpou.nds :

-líe ¡ret a rol-actinI 2Ba )

.A.ppearecl as cololrless oj-l-.

Yie1rl t 68%

bp 60-620 /r2

ir (film): 1670 crn-I

mrr (cäcrr): 5' 3.5o (s, 3H, ocHr)i 3.+o (b,

2.7 (tr, l-I{' CH-CIIi); 1.80-l-.20 (conplex' 6H

(d, J -' 7rrz, 3H' cLi-cil,).

2TI, CLI 2-trc);

); 1.lct 3Qr12)

Anal. Calcd for CUHISItIO i Cr 68.04 ï H, l-C'71 ;

f¡ourd ! Cr 67.71 i Hr 10.91- i

G.C. Ovior (ttoo), 4/4r.

i'.T, 9.92

i'I, ro .29 r,
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1-Et l-*O-meÌ;h:r'1 can¡:ol-actir,r (ZgV )

Yiel-d :

bp:
ir (rirm):

nrnr ( CDC13 )

2.4-O (m, l-H'

65';/"

7o-720 /rr
1670 cm-f

E r.6o (s, 5TI, oCHj)i 3,rso (b,

-Ë-CHz-)i z.oo-1.20 (cor:iPle:c,

2H, þ-trc)r
BH, 4(cri2) )i

0..95 (rn, ')H, -cflr-clJ3) t

Anal.. Carl-cd for C9FIf71'TO

l'oi.md"

G.C. OVICI- (va o 4h5.

! Cr 69.63 i Hr 11,04 ;

3 Cr 69.45 i llr :l-l-.01 ;

I'i, 9 .O2

i{, 9,tl3 1L

)

3-Pronr']. -6-me thr¡l-caprolactir.". (ZBc

Yield . r6';/"

92-g3o

)

Yiel-d z 7Ol5

bp : Bg-goo/ro

ir (film) : 1670 cm-l-

nmr (C:r-rOlr) : E 3.60 (s, 111, ottrr)\';,5O (b, 2T-1,

z.40 (b, lH, cH--cll2-); 1.9o-l-.1-0 (comple:lr 10H,

0.90 (*, 3H, -CIIZ^CLL'))

Anal-. Ca1cd- for Ca'i{lglio : C, 70.96 i H.r I)..32 ;

Found. I cr -&.06 i il, rr.26 ì

c.c. ovrot- (r5oo), 6/?.O

3-Lte thvl-carr rol-acta.r:l ( t4a

rtlT

) );
¿

5 (cH
2

Il r B.2B

lirr B.OA îi

mp (]ir35 94o)
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ir (nujol-) ; 72OOr i05O and 166, cm-I

nmr (cct,) : 5 6..+0 (¡, ItI, Ì,9)t 3.2o (b, zli, curlTÏl); 2.5o

(b, l-H, cH-cH1) i 1.90-1.30 (o, 6H, l(cII2) ); l.rB (d, J - 'l?2,

-cH-cH=).

3-]lthvlcapro]-actan (f4b )

Yiel-d :

nrp

rrÍi

9}-9go (Ai{s6 99-l-ooo)

j-r (nujol-) : ll-80, TO1O and 156, cm-l

runr (r:clr,) :6 6.3o (b, lH, lrE); 3,25

2.40-I"20 (conplex, BH) .

(b, zrl, -cHr-lTI)i

-Prcr 1c rol actail

Yiel-d :

mp:
ir (nuj o1)

nlrrr (oor4)

15,Í"

7g-BOo (ritl6 8o-sto)

: 32OO, 3O5O P,nd l-6ú5 cn-l

: E 6"50 (b, fH, nIl); 3.2O (b, 2H, -Ci{r-lrTFI).

6. 6-Di-nle thvl-- 4-l<e t o canr o'l actam (76 )

6r6-Dimethyl-4-Ìietoca.prolactam 3A¡ was prepared in two

stets fron dirnecLone by the method of Tamura et aL53t1:l-6. The

preparation is summarised below :

(t-, )(:L) 3-l',1e thc;<J{-5 ,5 -dirne thyl-.2- cvc l- ohe:ten-l- on e or{i,-ne
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A solution o:fl <limedone (42.00S) and hyclrox¡rfa¡11tte hydro-

chloride (20.80¿l) in methanol- (25)rl) vras hea'ueC at lOOo for 5 hrs"

The rneth¿rnol- r,','as rernoved to ¿lrve the crud"e hyclrocillorid-e e,s blîo',','tt

syrup, The syrup !'¡as tal;en up in rnethylene chl-oricle, shallen with

IO/, It2COl ancL extracted lvith methylene chloride. The co¡rb'ìned

extracts lvere dríed and concentrated- in vacuo -bo give the cr:ude

product ('j5.oog) .,"rhich ';as absorbed. cn a cohrmn of a1u¡nina (Z'soi:) 
"

ilhe column r'¡as treated successively with benzene, benzene-eth;i]--

acetate (ltf ¡ ¡ ethyl acetate and rnetiranol. Elution t''¡iih benzene

(3OOmf) srave mixture of syn- a.nd, a.nti-isomelîs j-n the ratj-o 6:1.

TLre pure s¡r1-oxirrre (3.00g, 7.Ii") was obtainecl by recrysiallising

a fern¡ tir¡ies from petroleum etherr ãS col-ourless needles,

mp : 106-1070

ir (n.ujo1") : 3r2OO, 3O'¡O' l-ti40 a-nd l-520 crn-l

rulÌ' (CCI4) : $ 8"67 (b, lH, OE, removed. wiih DZO)i 6,05

(s, l-il, -CH=c)i 7.7o (s, 1iI, OCi{l); 2.OB (4i:' 2(CIJù )i 1'01

( s 6H, gern-d j- CH3) .

Änal. Cal-cd for CnI{r5i{02 : Cr 6+'l--l i !i, 9'Of ! iil , B'16

Found : Cr 67.88 i H, 8.94 ; liT, 8.24 i/"

Elution with benzene-ethyl acetate (9tf ) gave rli>:ture of e<lua'l

arnowrt of oximes a.s brorvn oil- (23"OO5, 55l") bp 9O-IOOo/0.05

eië7 r-o4-ttoo /o.o7) "

(ii¡ The above sim- a.nd anti-oxines \rere treated r,vi'¡h po-ì-¡rphos-

phoric acid accorcli nt to i;he procedure of Tamu-ra et ul53 to aff oz'd

fr. ín 75í1" yield t Tre r46-L47o (r:-t53 :r4''5-146 '51 '
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General i\Tethod. fol the oreoarati on of Benzyl ic'ì.enelacta.lns (17 )

rLldehyde (1.OOg) rvas added, to the keto-ainid.e 36 (2.00g) in

co¡centra.ted- hydrochloric acicl (6Orat). The reaction üix-bure rn'as

stirrecl at roonr tempera.tlre f or 36 hl:s. The yellov'r sol-utio11 lvas

extracted v,¡ith chloroform tvhich t'¡as washed. wi-th a l-ittle v¡ater"

The extract rvas dried a¡d concentrated in vacuo to give a sol-i.d.

lç'hich can be recrystal-l-ised- fro:n ethanol. Äpplying this method'

the foll-or,ving cornpor.:ncls ¡,¡/ere preparecl.

3-Ren zvlid ene-6 .6-d e thr¡l- - 4- ox o-hexalrr¡c1 roazeoi-n-2-one ( 37aim )

Appeared as colourless prisrns from ethanol.

Yield ? gSit,

mp z 2t'l-218o

ir (nujot) : 325), 51s), 1690' 1650 and t6]0 cm-l-

nmr (ClCfr) tS7.gO-7.3O (eompl-ex ¡ 7Hr l{iIr aro¡latic protons);

,.18 (d, J = 7Trr,, 2H, cHr-ì${); 2 .60 ( s , zLI, -C]I^-CO ) ; l- .l 0
¿

(s, 6H, g;era-diOH3)r

ti,tass speetrurn (7Oer¡) : m/e (l',1-F2+3 C15Hl,flîO reouj-res t,'l+243).

Ana.l. Cal-cd. for Cr6HlTlüo : Cr 74.oi i II' 7.o+ i ld' 5.76

Forrnd i C¡ 74,23 i II, 7.O4' i ld, 5.5I /"

Appeared. as pale yellolv needles"

Yietd : : 52fr

mp : 1g3-:rg+o
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ir (nuj ol ) z 'tZOO ' l-700 ' l-6ó0 ' Ì608, and 1590 cm-l-

nnrr (cmfr) : E g.lo (ctr J = )Tr^t 2Ír, aroma-bic protons)¡

7.BO (3IL, aromatic protons, methine protcn) i 7 .1O (b, IH,

uH) i 3.r, (d, J = 'lrrrt 2H, -Qllr-lil); 2.60 (s, 2H, -cl12c (c["r) Z),
l-.lO (sr 6H, ¡ienr-diCIiS).

Anal-. Calcd f or C

Found

r C, 62.49 ) H, 5.59

3 Cr 62,49 i FI, 5.60

15H t{ o16 2 AT
ItT r 9 ,72

li, g .Bo /"

d-ro azepin-2-one

(l'r c)

.A.ppeared as yeLlorv prisrns from ethanol.

Yield z 5tr,a"

mp : 189-I9Oo

i-r (nujol-) : 3]80 ' 3O5O' 1700 , f.66O' l-608 and L5B5 cn-I

nrnr (CDCli) : â 7.Bo-7.3o (6H, aromatic protonsr l-;H and.

methineproton)i 3.Io (d' J = 7Hr, 217, cHr-ItH); 2.60 (", 2ir,

(crrv)2 c cii2-), 3.L2 (s, 6li, gern-c1icli3).
)L__2

Anal-. Calcd Í'or Cl5IIf6li02Cl- ! C, 64.87 i H, 5.3f ; T:i¡ 5.0's

I'olmd ! Cr 6+.90 i i{, 5.Bi i il, 4.'l3i'.

3- (7t, 4 | -Dinethox..'i¡enz:¡1iC-ene ) -6 t 6 - d in e thvl - r-1. - ox o-h e x ah.¡ ð,r ona.z e o i : --

2- ne d

Yiel-d :

mþ:
ir (nuj o1)

nm.r (cllcl, )

)

6Li/"

187-1BBo

5180, 3Q5O ' l-690 L62C ancì LrgO cm-l-

: E 7.80 (s, ItI, methj.ne proton), ?.40-6,80
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( complex r rl-FI, aroinatic protons :Lncl NIì ) ï

3.06 (d, J = 7H¿ 2Tr, CIl2-l{H) i 2.ro (s,

1.OO (s, 6ll' gern-cì.iCH3).

-A.rral-. Calcd for CttHZflVO4 3 C r 6'l .3I i

llor.rld i Cr 67.4L ;

's ,9A ( 611,

2ä (,CTr7) 
2

' 6.98 i
, 6.86 ;

2 (OcÌr

c ci}l
2

Il , ,4,,62

II, 4.60 i/"

ì );

H

T1

General 1)rocedu-re for Al-llyl-ation of 6, 6-dime tirr¡l-- ¿l--ke t o canrolacta.::

@)

To a mixture of lteto-amide 36 (0.1O mole), sod-ium (0.}O g-atn)

and methanol (2Our1) was aclded allryI halide (0.20 mole) itt por-bì.ons

with stirl:ing at roorït ternnera-bure. The reaction nj-,-ctur¡: l'¡as h:¿rte i

at BO-B2o for. 10 hrs. and concentrated in vecuo. Chloroform was

added tc¡ the resioue ancl the precipita"ted, sodiun ha.l-id.e','¡as reno'¡ed

to yield a crud.e product r,'¿hich was recr¡rstal-l-ised fron petroleutt

ether. In the case of ethyl- and isopropyl- ha.l-icl-es, C-a.1Ìry1a'F"ion

Í¡as accornpanied b;r abor-rt l-B and 3oii yield respectlvel¡r o'i the 4-q-

alilylated proc'l.uct. rl'he q- atid O-alLrylcaprol-actetrs \:/elîe ore-la:red

ancl their spectral- air.d analyticaÌ da.-ba are shol',rn belo¡.

6 6-Dirire 1- e'bo- üre rol-ac*'.;am rf^
t)ð.ca )

6 r 6-Dimethyl-4-iceto-5-methyl-caprolactarn (}ga) vias preparec'ì iiL

6g% yiel.d accor:clin¿:, io ihe above procedure. äo trr-ce o:Î the O-ai.:.'-

Iated procluct could be d-etected by exarnination of the nlnr spec-bi'i.i*:

or the rap 1-24-l-25o )

ir (n',-rjol) : 52c=), f70S and 1670 cn-l.

nmr (clcrr) : 6 7.oO (b, lH, IiH)i 3.50.(rn, 21'I, cHzllI-I) i
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ll-:, cti-cl{z)¡ 2.}O)9.oo(,J-3\rrt
(d, J =BTr"r 3II,

A.nal.. Ca-Lcd, r:or 0

F or.urcL

2ï!, T2ro) ,

2(Crf,5) Z) .

8.94 i iil,

8.90 i iTt

1.l'0

9.28

B.2B /"

etho:<''¡-6,6-

oli-cÏ{, ) ,

gHtilÌoz

l_,02-1.00

: Cr 63"tJB

! C r 63.98

(s,

( 6H,

.ij
t !',

i Ii,

6, 6-Dirnet hr¡f - 1- e th.',/l-- 4-lre tocapr ol-acta_n (¡e¡) ancl 4._

dj.ne-bir.¡l-2 ,5 r6, te trahy d-:: o azeuin-Z-one (ZgA )

These \¡úere prepared. in 60;í yield. The 1¡'-,'o l-a-cta.ms 1''rere

separated by ,orep¿ì-rative thin layer: chronatogrl.:r.lhy using chl-orofor:n-

ethanol- (95:5).

( i ) 6, 6-Din e;\yl-=2-ethyl- -ketocaprol-¡.ctan (¡g¡ ) rvas iso.l-a''cecl in

3j% y¡.e¡ð. f::on the crude product as r'¡hite sol-id.. The analyticaÌ

sampl-e r,,ras prepared- as col-ourless need.l'es by recrys-i;allisation fron

e ther-b errT'erre .

r32-r35omp:
ir (nr-rjol):

ruff (cDC13 )

5 "CO (rit, lli'
J = 7flz, 2Hu

(31t, c[2-crr',,

-¿1.na]..

Found

52OO ' 3O8O r 1708 and L675 cn-l-

: E 7.2O (b, l-li, ÌIFì), 3.4O (m, 2Tr, CH2-l'l.H)'

-ct]-cH2-) r 2.47 (s, 2!r, -CH2-C0) ' l-.84-

, -cFI-CH2 -CHl) , 1.02-1.00 ( 6i'I, tem-di0H,

).

(.1 r o_¡

), 0.90

Oar ccr f'or cr_oil19ji02 3 c r 65 .54 t

I Cr 6r.76 t

Ii, 9.3, i l[r 7.64

Hr 9.'s3 i II, 7.53',1

(ii) 4-E-bhox 6,6-ciiretÌryf- -tetrahydroaze'cin-Z-one ( ¡q¡2,5 r6 t7 )

lvas also isolate¿ in 181í yield,. -.\ srual1 sa'iple v.ras recrys'[a]-iised.

from petroleum ether before analysis.
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mp : I l-2-I1,.1o

ir (nujol) : 3180, 1650 e,nd l-61-0 cm-l-

nmr (CCf4) : E 8.53 (b, lI{, t'ltt) ¡ 4..87 (d' J = zLlzr a,ll;rfls

proton¡ C = CH-)i J.BO (q, J = 7Hr,, 2V', -O-C%-CII5)i 3.84'

(d, J = Trlz, -þ-t*), 2,L8 (s, 2rr, -cH2-c(cr\)z ); )-.35

(t, J - TIu, 3II, -O-CiI2-att5) t l-.OO (s, 6111 grern-diCIJr).

Anal. C¿rl-cd for C'OU171{OZ 3 Cr 65.54 i li' 9.35 i Ii' 7.64

Fourrd ! Cr 65.46 j H, 9.OB i l{r 7.60 i!"

6,6-Dimeth.¡J-5-1so ¡roD.,'l-4-he toca prola cta.n ( rgc ) and 6, 6-d.i.ne th¡¡1-

4.-iso'Orop o1r,:l-2 r5 ,6 , 7-tetrahY'dr o a ae'oin-2-oi: e ( 59c) .

These were obiained i-n 7Oì/, yie]-d. Their se,oaration \,vas

similar to the above nethoti.

( i ) 6, 6-Dirnet,-¡-1-3*isopropyl--.4-i.retocaprolactarn ( 54" ) v,'as obta.j.neci

in 7A/" yie11 from ''che crude product. ltn ana.lytical samole, colou.::'-'

less neecllesr \'l¿r-s obtained- b)' olle noro recr;ista]-l-isa'ii orL fron

petroleu:n ethe:..,

mp : 15C-151o

j-r (nujol) '. 32ao, io8or l-/08 ancl 1660 cm-].

runr (cDC]]) : 6 6.70 (b, lH' l'tr); 3.34 (rn, 2r!' -þ-tlil);
2.g5 (*, l-H' -CIi-cH(CL\)ù;2.4, (s, 2H, -r:cil2-CO)t I.65

(b, flÌ, -ci{ (crir))i l-.oo-0.90 (coraple:c, l-2}i).

Anaf . Calcd' -Îor CttlTfgliO2 i Cr 66'97 i H' 9'7L i 1{, 7'10

tr'otmd : Cr 56"72 i H, 9.64 i 1I, 7,O2 f"
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(ii) 6r6-Dilretn;,rlr--.i.-isopropox¡t-Zr5r617-ietrahycl:ro-¿zepin-Z-ore (;9")

y¡as al-so isolatecl in 3O'¡\ yieId. ¿- srrtal-l- aÌ¡loLtn't, oflthe p.i:or-1uc.b t"¡as

recrystall-isecì- from peiroÌerxr ether before analysis.

12+-t_25 o
mp

ir (nujof) : 3l-BO, 1650 an.d t61O crn-l

nü1r (clcrr) : E 6.BO (b, 1II, IIH)' 5.oo

4.'5o (q, J - 6I-iz' l-I1, -o-clI @H3)2 ) '

-_cT2-ilrl) , 2.2O (s, 2H, -CI'I2C (CIil)2 ),

cË (clt,, ), ) , l-.oo ( s, 6H, ¡rern-d'icl{, ) .
.)L

Anal. Calcd. for CtrHlgIíO2 '. C, 66.97 ;

F<¡urrd i Cr 67.3Q;

(.,-, J - 2

2.r)o ( d-, J

r.3o (d,

-Cll = C-),

= toTI 

,,, 2H,

J - 7Í1.2, 6H,

Hz

Ht 9.7L

Ht 9.65

Iti r 7 .10

I'T, 7 .2I i|'

SchnicLt rea.r ra-nqenent of 7-¡ ÌrIo::o- 2-ne thr'l cyc I ohe:len-1- on e (30).

To a stirred mixture of 3-chl-oro-2-methylcyclohexen-l--one

(l.OOg) a¡¿ polyphos,ohoric acid ( 40.00g) was ad,oed. in small portions,

sodium azide (0.?Og), over a period of 40 m1ns. The nixture was

tben heated. at 12Co for 2 hrs. rvj-th occasional shalling. I'b lvas

cool-ed. ancl por.rred j-nto a nixture of c::ushecl ice and t'¡ater and

extracted. .rrvith chlor.oform. The extract rvas 'clried F¿nd concentratecl

in vacuo to give ¿r v¿hite sol-id lvhich v¡as recrystal.-l-ised from

petroleum ether affording 4-chtoro-5-methyl-Z,5, 61 7-tetrahydro-

azepln^2-one (lta¡ as colourless needles (O.609, 5+i'5). ldo trace

of tlre isomeric 6-cirl-oro-7-metlryI-2 ,3 , 4r 5-tetrah;r Cr o azeorrt-2-one

(1Za) could be detected by examination of the nmr spectrum or tIc,

mp : l-05-LO6o

nmr (ccl-4) :Sa.7o (b, 1I{, tE); 5,2o (b' 2H, -ctlrlnr); 2'63

(m, ZI1, -CH2-CCl); 2.OO (comp1ex, 5H, CI13 and methylene protonsi



Anal. Calcd. for CrHlONOCl : C¡ 52.6I í IIr 6.51 i lilr

Fonnd f, C, 53.OO i Ht 6,20 i I{t

8.77

8.43 ft"

3-hiethvl-ca þrolactarn from ihe reduction of VLa

Chl-oro-amide 5fa (O.t0g) in ethanol (tOmf ) vuas hydrogenated

over platinum oxide at room temperature'and at atmospheric 'Oressure

overnight. The filtrater after removal- of catalyst by filtrationt

\^'as removed urrd,er vacuum to give a r,'¡hite sol-id r¡¡hich 'lvas recrystall-i-

sed from petrol-eum ether affording 5-methylcaprolactaro as col-ourless

nee¿les (0.065g, Bl.íi). Its spectral data were identical- in all

respects to the previous experiment.
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C}L\PTþ':R 3 : SU]JST]IITITIOIi ¡.T C-4

'Ihe Schrni.dt rea.ction on 5-l,te th''¡j-c-¡clohe)la.none. The methocl vuas

adapted. frorn 'r,hat u.sed b). Coirle;r =s3
a

To a mixùure of J-nethylcycJ-okrexanoÌre (t9.6Og) in pcly'oh,os-

phoric acid, (3e0e) ' sod-iu¡n azide (ti"60g) rvas added in smatl

portions over one hoirL: lvith sl-ov,r agltati.on. ll'he temoeratw'e llas

slolvly incrersed to 5Oo ancl rnaj.ntained fo:n t hrs" It v,ras tiren

poured into crushed ice ancl t¡a'berr then ma.de al-ka.l-ine v¡ith co-Ld

50% sodirm h¡rdro:ride and the resulti-ng solution ex'úrac'i;ed, t'¡ith

chlorof orm. The chl.oroforrir extr:acts '¡¡ere colnbined r cÌriecì a.nd

evaporated to give a gu¡my residue (t].OOg¡ r"¡hose mnr Signa.ls at

E 3.47 ancl '5.O4 \¡./ere assigned to tire lne-ihr/.r ene nrotons acija.cent

to tLre l.iH. Integ::ation of these signal-s inclicated an approxi:'La'te1;r

2..I ra.tlo of the two products : 6- and 4-nethyca-orol-actâIilso

.{ttempts to seoara-te these tr"¡o lactams b}' fraction recrys'ballisaticr:',r

tlc or Ðrepa:latir¡e g1.c n'ere unsllccessfu-l.

The Grignard- :reaction on 6, 6*Dj-rne th..,'l--4-lte t o caorol-a-c tann (ie )

E¡¡yl maEnesiu:q bromicle r-¡as prepared from nagìncsiu-m (l-.20¿l) aild

etnyl brornicle (6.Oog) in dr;' tetrahydrofu::a.n (30n1-) itt the rr-sual

vrayfJ'7. The Gri¡:na.rd reagent yie"s cooled to Oo a.nc1 keto-ar,j-cÌe 36

(2.COS) in tetrahycirofuran (ZOnf ) was aCd,ed dropvrise t'¡ith stirring.

The mixture tvas kept a.t Oo under nitrogen f or 4 hrs. and then at

room tenLperatu::e overnight. Sa'uuratecl aqlr.eous annotiiun chlori.de

vfas added anct the org:ani-e layer sepa-rated. The aqueous layer tras
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extracied vrith ether and. the cotnbined extract was lvashed. rvith ''i'ater',

dried and evapora,ted.. The crud.e solid, (Z.tOg) shor,,recl ))t"u:" (nujoI)

1710 indica-ting the presence only of starting ]reto-amicle 36.

The mixtr;re lves trea.ted twice more vrith e thyl ma.gnesiurn bronicìe

at Oo, using the 'orocedure described aborre. Upon v,rorking-up the

reaction product gave staz'ting material- 36.

General metnod for the paration of f,ac'Larn 40

The metirod was adapted from th.at used by Crabbd "t "l-l-l-8"

The amine (1 ec1ui.v.) r,vas dissol-ved in an anhydrous organic

solvent (cirl-orofoïnr benzene) and keto-amide 5Q (f .1 ecluiv.) was

added. This solution was al-lowed to refl*ux for 24 hrs. using a

Dean-Sta.rlc separator. After cooJ-ing, ihe precipiiate was fil-tered

off and. washed r,vith chl-oroforrn. The crude produ-ct \¡¡as recr¡rstallisen

from ethyl acetate or nethanof.

4- (Benzvl-arlino ) -6 r 6-d.ime thyl-2' , 6, 7-tetrahl¡clroa.zenin-2-one ( 4Oa )

Benzylanine (O.tOg) and ]reto-arnicte 36 (0.15g) r,,rere d-1ssol.¡ed

in chl-oroform and thr.e solution lvas left at roorn tenperatrre for
3 d.ays. After removal- of the solvent in vacuor the residue was

recrystaff ised frorn riethylene chloride-hexane yieldin€ì 40a (O.22AE;t

93%) as col-ourl-esss neodles " An analytical sample was obtained. by

one more recrystalÌisation,
mp z 206-2070
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ir (nujo]) : 5l-80, 1605' Ì5BO a.nd I57O crn-l

nmr (clcl-r) : E 7,76 (s, 5H, a.romatic protons)i 5.85 (b, lîi,
N4, removed with DZO)\ 4.7O (d' J = 2TIzr al-l)¡lic couplingrlH,

-Cll2-C = Cll)', 4.2O (s' 2H, Ì[H-çË2-C6H5); 2.9O (s, 2Í1, -C]I2C

(cts..,)ùi 1.oo (s, 6111 gen-dicH5).

Anal. Calcd for CarHZOl[2O : C, 73.73 i ]1, 8.25 i ]tr, l-l..+7

Foirnd : C r 7'5 .49 i TI, 8.07 i li , l.l "l-2 f"

4-Phenvl a.mi-no-6, 6-d"ineth¡¡l-*2, 5, 6 , 7.:tetrahydroazepin-Z-one ( ¡ O¡ )

The p:rocedure clescribed for tÏre p:reparation of _4-Oa 'i'as einplied,

to aniline ( 0.15g) an<l ]ceto-anide 5Q ( 0 " zog) to aff orc, af 'uer

recrysta.llisatlon frorr ethyl acetate-neth¡rler. chlorider the'pu.re

sarnpJ-e 4Ob (O,ZZ5g, 76'/"),

mp z 2320

ir (nujo1) 2 32OO, 1610, 1580 and I53O cm-l-

Anal-. Cal-cd for CrOI{tgNZO: C, 73.OI i llr 7.EB i ld, I2.rT
Found : C, '73.33 i Il, 7.84 i lI, l-2.28 T/"

+-õ-ror L.arrrino-6 6-cline t I-2 6 +^+- ^- Ut; t I ú" drcaze in-2- o¡re 4cc )

6-tol...idine (O.eOg) and keto-amide 36 (1.10g) vrere 't::eated i.n

chlorc¡folrm solution accoroing to the above general. method-. ììecrysta-

Iisation of the cruoe product frorn methanol gave pure sarnple ,lOc

as col-ourless needles (I.OOg' BOi.á),

mp z 227-228o

ir (nujo].) ¿ 325A; 3Ic)Ct, L62O and I59O cm-I.

Anal-. Ca1cd for CaTHZONZO : C, 73.75 i I'I' 8.25 i il, 1.I.47

Found : C, 73.88 i llr 8.2.9 i N, l-l-.58Y"
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4-Fiornoveratrvlarlino-6 ' 6:dinethvl--2 ,5,6 ' 7.-tetra.hvcl-roa.z eoin- 2.- oire ( 40c

The procedure describes for the preparation of 4Cc v,¡as aoplied

to Ìromoveratrylarnine ( 0.15g) and keto-aniide 56 (0.30S) r to aff ord r

a.fter recrystallisation fron methyJ-ene chl-oride-hexaner the samol-e

4Od. An anal)rtical sanple, colourless needlesr \ors obtained b¡' one

more recrJ¡stalllsation (O.358, 60';1") t

mp : l-74-L7ro

ir (nujol-) z 32EO¡ "sI5O, 1608 and' 1590 cm-1

runr (ClCfr) : E 6.80 (*, 3H, aromatic protons)i 5.82 (b' IiH'

lFI)i 4.7o, (d, J = ZHu, allylic coupling, fH, -CH2-C = cH-);

3.go (s, 611, 2(ocIl5) ) i 3.3o (*, 2H, -cHr-Ar); 2.9o (do J - -(f1r,

4H, -Tþ-tr-Ër)t 2.1-o (s, ztr, -gþ-c(cut)r); 1.00 (s, 6H,

gern-diCli, ) .

Anal. Calcd for C

Found

, 67.9O i H' 8.23 i Nr 8.BO

, 67.9-( i Hr 8.24 i l{, 8"64 ,q"

teïzlo:Nz : c

:C

4- ( m-l{itro nhent¡Jarnino )-6, tj-d irnet hvl--2 ,5,6,7 - t e trahr¡droa.z e'oi u- 2- one

l-4,0" )

Prepared according to the general method '

Yield z 58%

mp z 228-23Oo

Anal-. Calcd for CtOHlT\13O3

Foured

: Cr 6I.OB i Iir 6.22 ; I'I

: Cr 61.07 i Ilr 6.21 ; I'T

15 ,26

t5.4r f;

4- ( p-Nitr:o - t e trahvdroa.z e pin-2- one

(+or¡

phenylalnino ) -6 , 6-d irne thvl--2 ,5,6,7
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prepared- acco.'riding io the general methocl.

yield z 55i/"

mp z 242 2+1o

Ca,lccL f or CrOlll'lfS0lAnal.

tr'orrnd.

4- ( n-Chl-orooheiry

C' 6l-.08 i Il,

C, 60.83 i H,

6.22 ; IT, I5 "26

6 
" 
l-o i lI, 15 . t+Ii/"

larnino )-5 , 6-dimethyl- 2,5 "6, 7- t e trahvci roaz euin-2-
on.e ( 4clg )

Prepared accord,ing to t he genera.l method .

Yield : BEi/"

mp z J'--6 1?Bo

xAnal-. Calcd for C'OI{IZIT2OCI- : C, 63.5I i II, 6.4.'7 ;

Fourrd : C , 62.7, i Fi, -/ .Oj i

Ì,I, l_0 . 50

Iii, 9 .).8,2'"

Rec'luction of J,actatn 4Ob

lactarn .40Þ (0.2209) in ethanol- (20n1) ivas hyd.-roge¡-rated over

plati-nwn oxide at roorn temperatu:'e and at atmospheric pressll-r.e

overnight. The flltrate, tr-u" renoval of cater-ì-yst by filtri.ticn,
r'/a.s remor-ed. under vacuu.rn to gir.e a v¡hite sol-id" R.ecr;-stal-lisation

of the crude product from ethyl aceia+;e afforcìed- the satur.atecl arnj-ne

4l.b as col-ourl-css needl-es (0.195g, 88íi') ,

r+ It appearer). that the nroduct is decornposing C.ur-ing crystal-tisati on

to give a rnj-:c'bui'e of the chl-o::o cornpound a.nd the siarting na.teria.l-.

This v¡as verified by tJ-c exaroination.



mp ? 2Ì.i-2l'¡o
ir (nujo]-) . 3350' 5240, 1660 and, 1605

Anal. Cal.cd for Cl4il2ot\i20 : C ¡ 72.38 ;

Forrnd : Cr 72.5L ;

cm-1

H , 9,66 .,

, gr53 
;

j'i r L2 "06

ll, I!.94í,!.FI

Reducti-on of l,,actara 40c

The preparation rvas sirnilar to that of {O! from /lOc (0.504)

gave v¡hite solid of sa.turated anine 4l-c. Jìecrystall-j-sation of

the crud.e procluc-b frorn eth.yl acetate afford.ecl JIg as col-oLrirl-ess

needl-es (O.25g, 83i1") t

ir (nujol) : 32AO, SO1O' 1660 and 1606 cnr-I

-trna1. Calcd. for C lrIlZZlIZO : C, 73,13 i li' 9.OO i I'Ir l-:-..=¡7

Forrncl : Ct 72.82 i H, 8.89 ; ìiì¡ 11.60i'

6 . 6-Dirne t -4.-meth oxv-Z, 5, 6, 7-tetrah vdroazeoi-n-2-one ( I I TrÔTJ6

I(eÍo-ami"c1e 5-6

i(eto-amide 36 (0. 5Og), r,rethanol (10rn} ) a,rcl p-toluonesulphonic

acid (0.05S) lvere heated together uncLer nitrogen in re-fl-u:<iirA

benzene (ZOrni.) using a l)earr-Starli apparatus, hfter 12 hr"s.r t}:e

reaction mixture lvas r¡asirecl with waterr dried and evaÌrorated..

Recrystatlisation of the crude product frorn petrolerun ether gave

65 as colourless needl-es (O.2i8t 56iL) c

mp : 14e-1490

ir (nujol) ¿ 5I5O' 1660 and 1602 cm-l-

nmr (cÐcrl) rE7,5Q (b, l-ll' NH); 5.o2

coupl1ng, fll, CH50-C=C-H-); 1.O7 (s' 7TI,

(.1, J - 7Tlz, 2H, -CH2-llH); 2.23 (s' 2Tr,

(d, J=ZH-, allyli.cz'
-0.%-) ; 2.97

(cH= ) ^c cu.- ) ; l- .oo
)a-¿



( 
", 6H, gem-diCH-.{ ) .

Analn Calcd for C9H15ITOZ

Founcl

-1JÐ_

C, 65"88 i llr

0 , 6'J .88 i lI,

8.94 i
onÃJ.v/ )

lT , B.2B

i'i, 7 .7 4i/"

6,6-Dimeth.:r f-4-nethoxy-z r5 r6 17- tetrahvrl-r oa z, eti-n-z-one ( 65 ) fron

4-Chloro-6 , 6-cLine thl¡l--2 ,5 ,6 
' 
7-tetrahr.cLroazepin-2-one ( 6O )

So¿irrn (O.O5S), methanol- (ZOrnt) and 60 (O.33g) rvere ]reated

at 55-600 f or 48 hrs. The rnethanol \vas rernoved anrl chl-orof or¡n

adiled to the residue and the precipita-be socliwc chloride ivas

fil_terecL. The chJoroform sol-ution rvas evapora.ted in vacuo to girre

quantitative yield of cruc'le product 65. Recr¡'stal.li.sation of tiris

white sotid. from petr:oleruo ether gave 65 as coiourl-ess needl-es

(O.zig, 74i,i)" This compound was iclentlcal to the prerrlous saraple

obtainecl by :refh-ixing keto-an1de 36 and rnethanol in benzene.

I sis of 6 to I{eto-anid-e 6

Compourrd,65 (O.O5g) in LO% ficL (10m1) was stii:recl at roorll

temperatrrre overnig;ht ancL then at 600 f or iO n'rins. The Isp'ç{i-on

mixture \¡/¿ìs neutr¡rlisecl rvith 107å aqueous Ile.rCOt and. extra.cted 
"'¡j-tir

chJorofo::rn. The extrac-b was dried and concent::ated in tr'acuo.

Recrystallisation of the resiclue from benzene-ether gave 76 es

colourless needles (O.Ol5g, 73lL). This cornpou.::rcl tras ici.eniical iu

all respects to the previous sample obtained by the Becl';nÐ'n re-

arrangement of oxines 35.
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6 , 6-Dinethvl-4-ethoxv-2 ,5 ,6, 7-te trahyciroa.zenin-2-one (æb) froil

Keto-amid.e 16

The preparetion r'¡as sinil-ar to that of q2. I(etone 3J (O.ZO.e;),

ethanc¡l- ( 5nf ) , p-toluenesulphonic acid (O.Olg) in clry benzen.e (20:n1)

gave a white sol-i-d. Iìecrysta-l-l-isation of the cru-de procìuct from

petroleura ether gave 65 as col-ourl-ess needles (O.f'/5g, B9/') 
7

mp : 1l.2-II3o

ir (nujol) : 5l-BO' l-650 and, 1.605 cm-l-

This corlpound" lvas j-dentical" to the previous sample obtaj-necl

by allqylatj-on of 76 (Chapler 2).

l_ 6 ¡Ìr ^ d.ro-2lI-aze in-2-one l6 aird. 1 6 -tetr clro-

Zlí-azepin-2- one (t-= )

These rvere p:repared j-n one step frorn J-broino^caprolactam (12)

accordi-n.g to the literature proceclu""68. The crude product v'ras

vacuum distilLecl givirlg a co.l-ourless liqui-c bp 55o/o.2 (fit68 650/ç,=-'

lrlmr spectroscopy shor''¡ed- the mixture to consist of þ a.nd 15 in the

ratio of J:2 " Attenpis to seoarate these tv¡o j-sor;:.ers \ïe-re uJrsLr.ccess-

ful.

4--Butvl.caprola,ctarn ( t 2 )

To a stirred mixturre of cuprous chloride (2.50S) in clry tetra-
hydrofuran (l5rnt) at Oo (r.trder nitrogen) was added bu-t¡rl1ithiu-':r

(2"Olu'Ie 1Om1). The ilj->lture v¡a-s then stirred an acldlti.onal- l-5 in'iäs.

at Ooo .A solutj-on of l5- and, 16 in dr¡' tetrahydroflttran (l-Onl) ,vas
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then adcLed. over 20 niiirs. /lf te:: stirring at Oo f or 5 h::s. , -bhe

reaction mix'bu:'e r,vas poured into 1.21,i HCI- (30nl-) vrith vigorous

stirrì-n¿ç. ConcentratecL amlonium hydroxide vra,s slowly add.ed until-

the solution becanie bl-ue p¡nd cl-ear. The layers \''¡ere sepa:rated ancL

the aqueor-ts oortion was extrac'bed r'¡ith ether. l.'ìenovaf of the

solvent gave an oily material- (O.22g) r'¡hich still- con-baj-necl sta.r:'u-Lng

rnateria.l, as shoiwr by t-l-c. The crnde prodr-rct l''ras separa.tecl by

preparative ttc gir,'in6l 4-butylcaprola.ctarn as coJourless oil- (0.158,

W") based on the total rnixture of f2 ancl l-6.

bp : lre-l.rgo/B

ir (til-m) = T'sOO and- 1660 cm-l-

nmr (ccl-..) : 7.gl (b, III' ÌrH); 3.I'3 (b' 2H, clTt-lrTll );

2,2'2 (b, zli, -îþ-ao)r :1.90-1.1-o (corirplex' 12lT)i 0'90

(m, 3H, -CI-r2-c% ) .

ùlass spectrur:r (7Oer¡) : m/e 169 (f.,f*CtOHtgl{O requi.::es lfrfOg)

(ls) , rt.z (i:i-c +r19) 
(1oo ) ' 84 (l't-coHn+co) (Zo¡ .

The oil was reclistj-l1-ed uncLer reduced .oÌresst¡-ne (ff5-fZOo/O.9)

in a bulb to bul-b aopalatus but failecl to give a.n anal-,-iical-ly

pure sanple.

l-ca. r:o-l-ac-ba¡r fron I ancì 16 r'vith -yu-t I es--ì-rxi br:onicle ancl

Cuprou-s ch-l-or.i-d.e

Butylna¿inesiun br:oir.,icle \'/as prepared. fron nagnesiun (1.20g) ano.

butyl brornid-e (6,75Ð in d.ry tetrahyclrofuran (lOOnt) ltt the u-sua1

.rny65. The Gr"ignard reagent was cool-ed to Oo and- the cu-i?:cous

chl_o¡ioe l.¡as added to 'produce a bl.uistt-green col-olr-:r. After the

mixture 15 and l-6 (Z.5Clg) \Ã/as addeclr ilo visibl-e r:eaction scelied to
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ota.ke place. The reaction tva's lef t at 0 under ni-blo¿,.en for 5 hr"s.

and then at roor:Ì 't,emoerature for 48 h:rs. Upon luorlcing u.p the

Tea.ction procluct ge.ve an oil (Z.2Og) , the ir arid- nrn:: s oect::¡- of

which indicated- only the presence of starting: iLeterial 1¡ and i6.

SO oTone ol{l-lie s

These \ielre -or:eparecl acco.rding to the procedure of i(och et aJ-

f rom freshJ.y ciis-i;ill-ed isoohorone (69.00S), h,)rcl.ro>ly1-anine h;rcìro-

clrloricle (3+"oog¡, 2o',1 sodium hyd::oxide, v¡ate:r a.nd ethanol-.

!a-

4,6.6-ilrinethvl-2 ,5 ,6 
"1

-'be trerhydroaz e pin-2-oire ( ,i4 )

4r6 r6-T:rirneiYryI-2 r5 r6,7-tetrahycìroazepin-2-o.r'l,e (4tr) \/as ore ia:::

by the Beclrnan rearrangemen',; of the syn-oxine of isoohorone t','ith

poJ-yphos;ohoric acicL accorcÌing to the procedure repoi:'ced b;r iia.zr-rru72,

The cru-d.e procluct was recrlr'sta.l-]ised frorn lig:ht pet:coleu:t givin¡;

colourless ne edies ijlp tll--112o (ltt72'74 rLZ-I]Iio, Ii'c73 lOB-iC90).

4,4 ,6-T.ri¡ne thv -f_-2 ,'5 , 4 ,5-te irahlrcJ-roaze ,oin-2- one (¿:5).

/¡, r\ r 6-Trine thyl -2 11 t 4 ,5-tetrahycrroazeoin-2-one ( 45 ) was

obtainecL by the JJecl.-rnan re¿ìrra.Lgernen-b of the antj--oxir e of ìso-

phorone i+ith pol-yphosohot'ic aclcl according to the i.rethocl of 'Iazr==T2.

The crude product tvas recrystall-ised from aoaueous metha.nol- )rieldinã

45 as smalr colourl-ess needles mp gL^g2o çl:it72 92-9';0, Lir73
o

go .l_-go . 7) .

)
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4,6 r6-Trineth-r¡-l-caprolactam ( +O¡ .

lactan 44 (O.6tZg ; 4 mmole) in ethanol (¡Cn) i'ras hydrogenateel

over platinun oxj-cle at roon temperature and, at atmospheri c ;oressure

for J hrs. lllhe fil-trate' after removal- of catal¡rs¡ by filtrationr
was evapora-bed r;nder vacuu¡r to give a lvhite so.l-icÌ. iìècr:ystall-isatlon

of the crude produ-ct from light petroleum gave the saturated lactan

46 as colourl-ess needl-es (O.5"tg, 84",i) ¡

mp : to9-ftoo Qit72 lto-lu-o)
ir (nuj o1) :

nmr (cmr" )

2.OB (b, 2Tr,

4, 4,6*TrimethYl-caprolactan ( 47

,IBO, 3O2O and 1670 cm-l

: 6 B.0o (b, l-iI, NH)t 7.Io

-c-HrCO) ; l-.OB-1.00 ( compl-ex,

(b, 2H, c%xn) ;

l-2II).

a

)

The preparation lvas siniilar to tha.t above.

Yiel-d 2 gZri

rop :

ir (nuiol)
los-ro8 .5o ( r:-t72 }Og-rtro )

51SO, 3O2O and. 1660 cm-l

1. 4. 6, 6-Tetrametiry]-2 15, 6 17-tetrah.''¡d.roazeoin-2-one ( +g )

I, 4 16, 6-Te-bramethy]- -2 15, 6 r7 -tetrahyd.ro ezepj.n-Z-one ( +S¡ \ras

prepared fron 44 (o.l-535), sodium hydride (0.024g), metir¡rI j-oclide

(O.274g) and xylene (10rn1) Uy tfre genera.l method clescribed eaL:Iier

for N-allcylation of caprolactams (Cha,oter 1) gir,"ing product as a

colorrrless liqr-rid (0.12g t 727i). A smalÌ sarnple rvas distil-l-ed uncler

reduced pressure in a bul-b to bul-b anoaratus before analysls.



bp:
ir ( rirm)

nmr (ccl, )

CH--C= Cll-)'t)
2 .00 - l- .98

6IT, gern-díCH3).

AnaI. Calcd for C'OI{ITI'TO
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l-oo-102o /2.3
1660 and 1620 cm-l

: E 5.7o (d' J -- ZH* all¡rlls coupling, fH,

3.O2 (s, 3ÍI, }I-CI{,)¡ 3.Oo (s, zEI, C}ir-I!-);

( 5H, nethylene and meth¡rl protons ) ï 1.OO (",

C' 7l-.Bl- i II,

Cr 7I.+6 i Ii'
IO "2J ;

10.79 i

Ì,tr r B.3B

lI, 8.";9/,Found

G . C. Carboltt¡ax

6-

(r9oo) , 4/zo.

-te TOAZe in-2-one )

L, 4 14, 6-TetramethyÌ-2, 3 14, 5-tetrahyd'roazepin-2'one (':3) t¡as

prepared. frorn {2 (0.153s) , sodium hydride (0.024g) r me-bhy} iodide

(O.274g), an¿ X)'fene (lOinl) by tl" general method descrÍbed earLier.

Distil-l-ation of the crucle procluct gave 53- as a colourl-ess oil

(O.14g, B4%). An anal-ytical sample vras redj.stil-led Ì¡efore ana-Lysis'

bp z 5oo/o.+

ir' (fif:r) : l-ó60 and I6's5 crn-l-

nmr (ccro) : E 5.80 (d, J - zH* lH¡ a1lylic proton);

2.gO (s, 3TI, ll-CH5)i ?-.2O (s, ZIt, -ËrcO¡; 1.90-1.85 (.'>H,

methylene and methyl protons ); l.O5 ( o, 6H, gerc-d.iOH, ) .

Anal. Calcd for CtOHlZl'IO ¡ Cr 7l.Bl- i Hr IO.25 ; lTr B.3B

Foi,md : C¡71.72 lH, l-O.4OilI,B'I7l'

G. c . carbowax 2ol\i (l-9Oo ) , l/4-5 .

4.,6.6-. thvl.-2,5 16 r'f-tetrahvdroazep in-2-thi one (lO )

4 r 6,6-TrirnetlryI-2 r5,61 7-tetrahydroazepin-2-thione ( ro¡ \i'as
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obtainecÌ from 44 (O.5Og) , phosphorus pentasulphicle (f .0g) and dry

tol_uene (:Omf ) accordi-ng to the general proced"ure described earl-ie:r

for -bhe pr:eparation of li-al]iy1-thioca,prolactans (Cha:oter l-).

Iìecrystal-lisation of the brov,n soli.d from petrolewn ether gave ÞQ

as yellol"r needl-es (O,1OS, 54%). An analytieal sample r brig¡t

yellor,v need.]-es1 .\ÍfâS obtained b}' one more recrysta]-lisation frorir

the same solvent.

mp : l- 7I-L32o

(nujol) | 7I5O' 1620, 1140 and 1120 cn-l (strong)

(ccro) : S 6.+0 (d, J = zTz, lH, allylÍc proton)', 7.oo

ir
nmr

(d, J - 6H^r

Anal-. Cal-cd

trtourrd

ITass spec'crum (7Oev) :

2H, CH.-llH).
-¿for C9Hf5ÌlS .(1. v!

. l'l. vt

n/e 169

6'5.88 i lI' 8"94 ; Irir B.2B

63.98 ï Hr 8,72 i N: B.O4'/'

(tC, CrHrrlrIS requires I',[+169 ) .

6 m trame r-2 6 -te TOAZe in-2-thiorre

I t lv t6 I 6-Te tra-rireth:il-z,i ,6 t7-tetrahydroazepin-2-thj-one ( f f ¡

was pr.eÌrared- as C.escribed earl-ier fron 48 (1.0g), ohosphorus

pentasulphide (Z.Og) and toluene (lOml). Recrysta1lisation of the

crude product from petroleum ether gave 5l- as bright orange neeCles

(O.SOg, 73,)tr). Ä srnal-l- sanple vras recrystal-lised before analysis.

ilrp ; 13J-I32o

ir (nujol) l L62o' 1l-20 and. l-1I0 cm-l- ( s trong )

H' 9.35 ; I'T

Hr 9.fl ; l'I

c ' 65.54 ;

c, 65.53 i

7 ,64

7 "37/"

Anal-. Cal-cd for ClOIIfTl'[S

Forrnd

-Trimethr¡f thiocaorolact am (+q )4,6,6

416r$-Trimethylthiocaprolactam (49) was prepared fron 46
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(O.5og), phosphorus pentasuJ-phicle (f .og) arid toluene (7Onil-) by

general- method described earlier. Lì.ecrystallisation of the crude

prod.uct fron pet::olelun ether gave 49 as colourless needles (0.509t

Bgi/"), mp z L3'5.5 I-54o

ir (nu-joI) : Jl-80 ¡ 3O5O' l-160 and 111-5 cm-l

¿Ln¿rl. Cal-cd for CanHtri'ìS : C, 63.I3 i H, l-0.00 ï l'T' B.l-B

For.ind : Cr 6r.:l-8 i Hr 9.65 i Ii, B"IO/"

4,4,6-Trineth r'lthi ocaor:olactan (fZ )

4r4r6-Trimethylthiocaprolactam (lZ¡ was prepared, from 4"1 (0.25e) 
'

p¡oslrhorus pentasulphicl.e (O,5crf) ancl dry toluene (20m1) b:r the genera.-

rnethod described. earl-ier. Recrystal-Iis¿ltion of the cru<le procluct

fron petroleu:n e1;her gave 52 a.s cof ourless neeclles (Q.2";8, B3i") ;

np : l- 2J-J.2t .5o

ir (nujo]) : ll-80, 3O2Q, 1l-50 and- l-1f5 cn-l- (sirong)

Anaf . Cal-ccl for C,H',NS : C, 63.13 i Hr l-0.O0 i IT' B.1B

For-rnd : C, 63,7Q i lI, 9.66 i lT, 7.E3ii

Be clsnann rea.rl-ll .ttn;:errent of iieione 54

Redj-stltled k"tonefl9 Z-+ (4.Oeg¡, l.¡as ad.ded to a mix'bure of

hydrox¡rlarnine h¡¡droch]-oride (Z . Og), zof, sodium hydroxid.e (6. i1r..1)

and water (l-j.Ornl). Ethanol (i0m1) rvas add.ed to rnahre a hoiirogeneous

soluti-on r',rhich was 'bherl refl-uxed f or 5 hrs. ä.nd al-l-ov¡ed to stand

over:nlght. ÎÌre etha.nol- was evaporated a.ncì the r:esidue was then

extracted lviih ethe:: (l x 20ml- ) and the colrtbinecl extrac-b lvas dried..

The sol-vent r,.¡as rerno-.red uncler- vacuum to gi-ve a gtunny prodr-rct ("t.5g,
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B+/;)n The nrilr speciTum inclicated the proclu-c'u y/as a nix'bure of s.-)m-

and anti-oximes. ;"ttempted. separations of these tvo oxi¡¡¡ss b;y

recr.ystallj-sation rvere urrsuccessful. nnlr (cCfO) 6 9.oO (b, N-OH

r:enrovecl lvith DZO), 6"7O (b, l-IIr s¡m-oxirne), 5.95 (b, lli, a-nti-o:iir"e).

The crude oxirne (O.3OS) vihich. is l¡el-ieved to be a mi::'bure of tr'¡o

possible stereoisonelrs r,vas heated r,vith nianr-ral s'birring j-n poly-

phosphoric acid (St"l) for 20 mins . at I3o-L35o . The rnixture \yas

cool-ed and pou.r:ecl into',vater'(lOOmf) ancl then extracted lvith" chl-oro-

for:m (4 x 20rll). îhe conbined extra.ct t'u'as drj-ed over KZCOS and

evaporated to give a broi'rn sol-iC. lvhich r¡as recrystaflised frort

petroleum ether to yiel-d l-actan 56 as colourl-ess p:risrns (O.f5g,

,O%). /r stnal-l- a:nourrt o-i sanple \¡/es recrystal-lised from ihe sarne

sol-vent before analysis.

mp : 12O-J:2Io

j-r (nujo]) : 3l-BO' 3I2Or 1660 and 161-0 cm-J

runr (ccrn) : E BJo (b, l-I{' ttn); 5.7o (tlt, -cl{=c-); 3.3o

(*, 2II, CHr-tnt¡ 
"

Anal. Calcd for C9H'11'I0 : C, 7I.59 i II, 8.67 i I'i' 9.27

Found : Ct 7I.39 i i{r B,i'\ i N, 8,991"

TTvdrop:enatlon of l-,a.cr;an 56

lactam 56 (O.O5g) in ethanol- (tOmf ) rvas hyclrog:enated over plati-

num oxide at roorl terqÐerature and at atmospheric presslu'e for 4 h;'s.

iforllìng up the reaction a.s described earlier €;a.ve 29 as snta]-l- co-l-oül-

less prisms after recryst¿rll-isation from petrolewn ether.

mp : 95-9r.5o

runr (ccro) : E B"L3 (b, lFI, Nu); 3.LB (b, 2Írr gllriur¡.

Anal. Calcr1 for CrHtrlrIO : Cr 7O.55, Hr 9.87 i I'J, 9.I4

Found 3 Cr 7O.2O i Ht 9.65 i lI, 8.89í1



444-

4-Chloro-6 , 6--cline th¡,'1-2 J '6 r 7-tetr a,ze'¡>j¡-Z-one ( 60) ancl 6-

Chl-or:o-4 .  *rlirqe tìrvI-2 . ).Lta ) - t e t¡'ahr¡ ci r oa z e n i-n - 2 - on e (6r )

These l-actalls \yere prepared accord"ing to the proceclure of

Tarnura and tcita49 from 5-chl-oro-5, 5-Ai-rnetli¡rl-2-cycì-ohexen-l-one

(¡p B1-goo/i2 lit120 109-l-1oo,14) r'¡ith PPA b¡r the sctrrnid,t reac¡ion'

The crude produc'b vias absorbed. on a col-rmn of al-umina.

(i) El_ution lviilr goft C6fI6-1:O'iL EtOAc gave 6l- a"s col-orir"l.ess need-fes"

np g4-g5o (1it49 9r-96"-)

ir' (nuio]) : 72OO, SIBA and 1660 crn-l

nrìr (CCl4) : E l-0.20 (b, fH, t'tH); 6.2O (d, J : 4llz, fll, -C=,CII)i

Z"4O (s, 4ll¡ CI,;2-CO and CH'-C=); i,O5 (s, 6H, gere-d.iCIi5).

(if) El_ution rvith ethyl acetate gave 60 as colou.rl-ess need.-l-es a.fter

recrys'ualh-sa-tj-on froln petroleua ether'

mp B4-Bbo (rít4'9'5's ¡,4.r-85.5\

nmr (CCfO) : E B.7O (b, 1Ii, t'lH); 6.O2 (,1, J - 2TI%' l-Iï, -C=CH-)i

2.g2 (d, J = 7Hr, Zir, CII2-HII); 2.46 (s, 2Ír, CII2C(Cl\)ùi r"cz

(s, 6i.1, gerrr-oi0i{3 ) .

4. -Dine thr'1cap-rola ctarn (6i)

lactarn ÉI (O.1Og) in ethanol (t5mf ) vras hydrogenated- over

platinum o:<ic]e at room tenper:atur:e and a'v atmospheric pressu-r:e for

4 hrs" Upon lvorking uo the l-eaction in the usual v,'ay, 61 vras

obtained as a colour'l-ess sc¡lid. The analyti-cal satirple lvas -oreoared

as col_ourless needl-es by recrystall-j-sation :eroür petroleum ether

(o.o75g , 9o)L) t

mp lo3-104c

ir (nuiol-) : 7lBO, J0B0 and. l'660 cm-l-
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nmr (ccrO) : 5 6.90 (b, }H, ltH); 3.2o (b, 2i7, ÇJirtw¡t ?-.t¡2

(b, 21r, -Þao) t f .67 (rn, 4li); !.02 (s, 6II' gen-d.icHr) .

Anal. Calcd for CUH.5NO : Cr 68.04 i Ht 10.71- i lI, 9.92

Formd, : C, 68.l-5 i lI, l-O.7+ i iI, 9.96/"

Reaction of 60 v'¡:i-'ch Phosnhorns Ð entasnl-nhicie

4-Chlor 0-6 r6-dinethyl-2,5, 6,7 -tetrahyd-roa'zepin-2-one ( 60 )

(0.?Og) I pl1osphorus pentasulphide (Z.Og) and to-l-uene (Z1n]-) vrere

refluxed overnight. \Yorll u-o of the reaction nixir;re as descri'oei

earlier, gave a broynn sol,j-d. The anaì-ytical satnpl-er oran€re yel.J-o','i

needl-es, \¡/as obiaiirecl by one norÌe recrystaf l-j sation froro ethyl.

acetate (0.60, 79iL).

mp 187-l-BBo

ir (nujol) l 3I7o, I)85 ancl l-120 cm-l-

Ir{ass spectrurn (7Oer¡) : m/e tS? (i,{*, CBHISNS2 recluires i'C l-87).

Anal. Calcd fo:: CUHI_'i"ÌS2 | Cr 51"37 i II' 6.95 i ldr

Found. ! Cr 5l-.40 i IIr 6.66 i ilt
I c*o

7.69Á

Ithe Schmi-c1t reaction on Canohor

To a mixture of carnphor' ('7.609¡, in polynhosnho:ric acicl (i6C.l¡

soditrm aziÌe (4.0g) rvas acld.ecl in srnall- portions over 90 mins. wit?.l

slow agitation. The rnixture \,¡as then ke,¡t at 60-640 for 4-g Ìtrs.

\,Iork up of the z'eaction r,ri:rture as described earlier æ"ve a cru-oe

product t¡hich was recrystatlised. fro¡¡r petrolelun etl:er as col-curl-es-=

prisms (Z.9Cgr 3,lç,;). ¡. small- sanple t-ras recrystall-ised before

analysis.

mp 180-l}2o '

ir (nujol-) ¡ ?¡iOO, 1170 and 1660 cm-l
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L[as s spe ctrur'r ( Toev ) : m/e LBz

Anal-. Calcd f or CtOI{telÌZO : C ,

Ioi.m.d 3 C r

Cloilf.lI2O requ-ires i,i+l-82) .
.L(t,l' ,

65 "89

65 "gg

T:l O oÁ,!rt ) ô -)v )

lT o or1rL, J o Jv ,

lI, L5 ,17

jii, 15 "721i

Attemnted Dechl-orination of 4-Chloro-6 ' 6-r,lirneth:tL-2 ,5 ,6, 7-tetra-

hvdro azevin-2-one (60 )

(i) by Zn-I{I in e-b}ranol-.

Zinc d.usi; (Z.Og) v,ras sti¡¡ecL for 4 mÍns. vith 10i¿ HCl'(10n1-).

The supe rnatant li-quid vras d ecantecL and the zinc rvas washed v¡ith

acetone (2 x 2Orirl) and ether (tOmt). lactan 6Q (0.30A) i-n netnanol

(f5rtrf ) a.nd potassiu-ra iodide (O.Z5g) in rnethanol- (10rnl) rvere adcled

and the nj-x'bure was then stirred. overnight. The reaction was the;l

f il-tered a-nd the fil-trate evaporated. The residue r'¡as shalien

vigorously (tiff it d-issolvecl) v¡ith a mj-x'r,ure of tr2il HCl- (20n1) anC.

ether (r2Orn1). The ether }ayer was dried and renovecl- to girre i'/hite

sol_id (O.2Bg) identical- in al-l- respects to the starting rir¿l'ueriaf.

No trace of the cLesired product could be detec''uecl b;r exa:alnation

of the nmr s;oectruni or tlc.

Repe -bitio:r of the above exileririrent bi' reflu>iing ihe reacti oll

mixture for 2 cla;rs eìe-\¡e llone of the ex,oected p::ocl'.ictr ailrl orrly

startlng chloro-amide vras recovered.

(ii) by Tri-n-but;¡Itin hYcÌride.

To a. sol-utiori o-t 60 (O.t7Og, 1 :rurole) :n dry benzene (20:'11)

Ìvas acLd.ed droprvise tri-n-but¡,'ftin h¡¡di:icì-e (0.10t:,, I n::lrole) r-*ith

stirrlng txrder nitrogen during 10 mins. The tenperatu-r'e \Yas irain-

tained bel-olv 4Oo by external cooling. After -che acìdj.tion ha.d bee-

completed ¡ the rnixture v¡as stirred at room tern;oeratr.rÏe overnight.
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\¡lorking u-ir the ::eactiorr in tÌre usual ',';a¡i fa.ileô to give ¿\n:J ti'::ce

of the expectecl procìnct a.nd nost of' tlie starting tnaierialL t¡¡"s

recovered.
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SURSÎITUTIOÌi AT C-5 JrllD c-7

-lle lca rol-actam

T¡ft l-ca rol-actam

Yield :

mp:
ir (nuiol-)

n:rrr (cc14)

B5/"

B4-gro (ritr2r B4o)

z 32OO' 5OB0 and 1660 cm-I

: 5 B.oo (b, ul, ltg); 3.2.o (m' 2H, C%IIH); 2"4O

o. go ( d, J-TI7z, 6H,

1a )

The methocl v¡as-ad-apted from that used' b)' c onf'uytl frc;trr 4-lnethlvl-

cyclohexanone (tO.Og;) in polyphosphoric acid (20Cg) and socli.u-m azið-=

(6.8g)" Worhing up the reaction mixture in the usual tiaJ¡ gave 7I?

as colourl-ess needl-es (10g, 9'Jf").t

mp 4o-41o (rit6o 4-r-42o).

ir (nujol) : 52Oo, 3OB0 and 1660 cm-f

runï (ccro) :6 6.84 (b, 1H, IIti).' 3.2O (m, 2H, CH2liH)',2.42

(m, 2H, CH2C0) "

In a si,rrilar mannerr the follot"'ing compouncls \'/ere prepared

and their spectral data are shovrn belolv :

Ib )

Yield z 9V/'

mp z 55-560 (ritfzl 56-570)

ir (nu-jol) : 72CO, 3O9O and l-660 cm-l-

nrü (CCfO) : 5 6.90 (b, 1I{, }lH)i 3.3O (m, Zfr, CH2l'ì11) t 2.5O

(no, 2H, CH2CO).

5. Isopropylcaprolactjìrn (7fc)

(m, 2H, CHrCO ) i 2 .OO-l-.10 ( compJ-ex' 6H ) ;

cH(crr5)2).
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5 - t-But yl c a ¿t$q c t "'Lg.tÈ )

s7i'i'

r5zÅ-54o I rit121 r56-:r-b7o)

ir (nujol-) z 3.200' 5oB0 and l-660 cm-l

ruïr (ccro) : s 6.io (b' l-H' NrÌ); 3-2O (tr, 2H, C]{.}TH); 2.1i4

(m, 2H, Cil2co)', o.84 (s, 9H, cCHr).

Yi.eId

mp

2-Car-bethox..¡-2-eth:¡ l-cl¡clohexanone (7za )

The methoil was ad'apted' fron that used b:' Jikelc anc' Pro bira

and is sr:lura.rised below :

1B

A solution of sodir-uc reethoxicìe lvas prenared by ad-dition of

sodium (L.Z-Zg, 0.o53 rnole) in si'ral-l portions to absolu-te nethanol

(tbnt) " \Then the sorLiuln had compl-etely dissol-ved ' 
2-carbethox¡rc;rclc-

hexanone (9.Cg) rvas intro¿u.ced over 15 mins. ancl stirring began

v¿hile -bhe flask l'¡as broug;ht to reflux. r;ìthyl iodid'e (9.69) rvas

added slor'¿ly to the refl-ux1ng mixture over JO roins. The refluring

ancl stirring \¡r'ere continued. for )-2-L5 hrs. the sol-vent r'"¡as rero'¡ecì-r

the residue aciciecl to v¡ater (5Ornf) ancl'the mj.liiure was 'úhcn ex-bracted

with ether (rl x SOinl) anC. the conbined. extract lva.s dried-. Distil-la-

tionoftheliqu.id-ga1,re2-carbethoxy-2-ethyl^c¡'clohexanone(6.08r6C';'"¡,

bp rSlo/4s 1rit86 lzz-,+o/g)

ir (film) : l-748 a.nd L724 cnr-I

2-E vl-cvclohexan one (lza

A mixture of 2-carbeth,oty-2-ethylcyclohexanone(72a) (4.Oeg¡ t

potassium hydro;<ide (4.Oeg¡, rnethanol (4Onf ) and rvater (¿¡Oml) r','as

refiuxed for ]-5-l-7 kÌr.S. Äfter cooling, concentrated hydrochl-o:ric

acid (lfml) lvas aclclecl. 'Ihe mixture r'¿as then ref-l-uxed for another

)
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2 hrs. On cooling v¡ater (lOml) r'ras added ancl tire ni:cture \?e-s then

extracted with petroleum ether (+ x 2Om1) and tl:.e combined. extrect

was dried. Evapora-bion of the sol-vent gave an oil- (2.109, 7511").

bp 7Bo/16 1rit86 9o-94o/4o)

ir (filn) : L724 cm-l-

In a simil-ar manner the fo1-lolving compouncls were preparecl.

2-n-Pro'ovlci¡ cl-ohcxa.none (llø )

Yield

7-Ethv1caÐro l-actam (l +v

bp ez-a4o /r2 (Liú4 ,u-97o /25)
74%

2-n-Butvl-cvc1ohe>:anon e (7';c )

Yie1d. z 7Of'

bp 9z-940 /r, lri-tI24 go-g2o /ú)
ir (ri.rm) z l-724 cn-L

-If et lca rol-a.ctam 7

The nethocl v¡as aclapied. froin that usecl by C onIuyST flore Z-neti:,---

eyclohexanone (4,95Ð ¡ pol¡rphosphoric acid. (9rg,) ancl sodir.un azið'e

(1"zIOg), giving '/-neth;ilcaprolac bam (7tçu) .s colourless neeclles

(4.7je, 96%) t

mp BB-Bgo Qir77 9o-9ro )

ir (nuiol-) z 32oo' 5OB0 and 1670 cm-l-

nmr (CCfO) rã7.9O (b, 1Il, IË)i 3.5O (U,. tg, CH-IIH) i 2.38

(*, 2H, %aO) t 2.OO-l-.40 (complex' 6H); L.zo (drJ=BT*3ts't

-cH-cH-) .)'

)

This was prepared a"ccording to the procedure above.
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np 9J-g2o

ir (nuio1)

9i')L

(:::i-b34

3IB0,
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g]..5-92o
)

5060 and 1û60 cn-l

7-n.-?ro nvl-ca'orol-a cta.n (7 4e )

Yiel-d z 95,a1

mp 97 -9Bo Qit33 9 7- 9 B 
o 

)

ir (nujol) : 3180, 3O5O and l-660 cm-]-

nmr (CCto) : E 7.eO (b, fH, ltH).' 3.23 (b' lH, Cti-lrITI)i

(ro, 2H, l2aO)t 2.2O-!.3O (complex, 1OI-I) and- l-.00 (m'

c:Hz-c:F.3) ,

2.3Q

5H,

? -n-Butyf c anr o f ac !.An -94È )

Yiel-d z 94%

mp 7t-73o, (rit124 7oo)

ir (nujol) : 32OO, 3O5O and 1660 cm-l-

nmr (ccro) t E 7.7O (b, fH, NH); 3.2O (b, l-Il, cH-l'IH); 2.3O (b'

2H, 92-aO) t 
2.OO-I.2O ( coranlex , L2H') and O.95 (m, 3H,

-cll2-cHj ) .

4-I'tethvl-7-iso oroovfcaorol-ac tam (76 )

Yiel-d : gB'/"

mp t2o-l-2t-o (titrzz 119-1200)

ir (nujo1) z 32OA, 3O5O and l-660 cm-l

7-trÍe vl-thj.ocaoroiactan (zaa )

T-lJethylthioca.prol-actarn (lla) vras prepared according to ihe

general method described earl-ier for l{-a.lkylthiocaprole.ctan (Oha-pier

1) frorn J-methylcaprolactan (l.Og), phosphorus pentasulphide (4.Cg)
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and toluene (2oml.). The resj-due v¿as ehroma-bograpirecl on alu:rina (40.¡.

El-ution r,,,ith ethyl acetate gave -75a as r''¡hite solicl (O.758, 67ïi) '

The analytical sample was prey-iared as col-orrrl-ess needles by recrys-

tallisatj-on fron petroleum ether'

mp 87 ,tt BBo

ir (nuiol) : 3l-BO and 1060 cn-I (strong)

nür (cclr) : E B.20 (b, lH, l'tU); 3.8O (b, fH, !-ll-i,lg)i 5.o0 (b'

ZH, CHrcsi)¡ !.65 (m, 6H, (CII))i 1.30 (d, J=7YIz, 3H' CH-CH,).

Anal. Cal_ccl for c'Ilrrlls : cr ,8.72 i I{, 9.I5 i ld' 9.78

Forund 3 Cr 58.77 i lI, 8.96 ! I"l, 9'O7',/"

fn a similar manner, the follorvin¿¡ thiocaprol-actams '''¡ere pre-

pa.red a.cL their anal;rtical a.nd spectral data are obtainecl as belo',v.

-11-
+tìUII oca ro actam )

Yiel-d e9?1"

mp B3-a3,5o

ir (nui o1) : 51BO and- 1O7O cm-I (strong)

nmr (ccro.) : E B'83 (b, lllr Njl)¡ 3'40 (b' l]i' cE-l'TH); 2'80 (b'

2H, CIITCS ); 2.OO-!.3O (conplex, l-OH) ! I.OO (=;11, CIf2-C-!3) ,

A.naI. Cal-cd for CgFifTl{S : c , 65.I7 i lI, l-0.00 i ìit 8.1-B

: C, 61 ,35 i lI, 9.87 i l{, 8.O3ii

4 -l'ie vl-7-isopro pvltlr aocapro lactam (ll )

l'otxrd

Yietd z 82f,

mp l-06-fO7o

ir (nujol) : 5l-BO' l-l08 and 1l-00 cm-l-

Ana.l. Ca.lcd for CtOHtgNS ! Cr 64'83 i

Forrnd : C, 65'2I i

H, IO.1A- i Er 7.56

H' 10.44 i if , 7.56/.
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C}IAPT]IR SUSST] TLIfrOii A,I C-6

6.6-Di-me thvl-ca'oroIact¿'¡lt fron 6 
' 
6-Dine iìryl--4-chloro-2, 5, 6, 7-tetra-

hvdroa zeoin-2-one (60 )

The preparation rvas sinilar to that of 4r4-dimethyl-caprol-acian

(Cfrapter 4) frorn 60 (O.2Og¡ , platinum oxide (O.OZg) ancl ethanol

( ZOrnl) " Disti-r.l a'bion (ffOo, 0.OTmmr cold f inger) gave analyiicall Y

prll.e 6r6-di¡iethylcaprolactan (64) as colourl-ess needl-es (0.1558' 95',1) t

mp l-OO-lolo

ir (nuiof ) : 1130 ancl f66O cn-l

nmr (CCfO) : E B.OO (b, fH, liH)i 2.95 (b, 2H, Cli2-Ìft{) i 2.3O (b'

gen-clii,'I5 ) .

i id, 9 .92

i ij , 9.rof

2H, -ï2.0); l-.óo (m, 4H, (ctrùz)i 1.oo (s' 6lI'

Anal- " Cal-cd f or CAH'SNO : C , 68. 04 ¡ H, 10.'/l-

Found : C, 68.24 i Ht .ì0.82

6,6-Dine tirvlcaorolactam (64) fron I(eto-amicle ìo

The roeihocl v¡as adaptecl fron that used bi' Fiese 
"94 " 

A mixture

of keto-amid.e 36 (O.7Og;) arrcl ethane-l,2-dithiol (O.5rnl) in a test-

tube at Oo rvas treated, ivith boron fl-uoricle etherate (0.5n1-) and ihe

mixture homogenised. '¡¡ith a stirring rod. The mixtnre beeane ¡,¡/a'rn

and. soon set to a rvhite sol-id. After lO nins., meihanof (lOnf) r'vas

add.ed., the nixture was stirred v¡el-l and. cool-ed- ancl the solid- collecte:.

and. vgashed vrith a l-ittle col-d methanol giving a. lvhite solid. ,!-ecrl,'s-

taLl-isation of the crude product from eth¡rl a-cetate afford-ed thi-o-

ketal- 79 as colourless needles (O.BOgr 77?t")¡

mp 229-230

ir (nuioI)

nÍrr (cDctr)

(sr 2H, CIIZ

o

z 32OOr 3080 and 1670 cm-l

:5 6.7o (b, fH, Nn); 1.4o (s, 4H, s(cn2)zs); 3.ro

co); 5.06 (d, J=7H2, 2H' cH2ìrH); 2.3o (s, 2'Å,
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To a sol-ution of l-actam 6l (O.I72g, J- nmole) in -îresÌrl-y Cistill-er

te trahydrofuran ( 20m1) vras ad,ded but¡r]]i¡hj-u¡n ( 2m1' I "0H, 2 mmole )

at 0o under nitrogen and to the resultant susÐension r,¡es ad.ri-ed tri-

ethyÌbouane (2m1, l.Oiii, 2 mmole)" The mi>lture ri./as stirred at Oo for

I hr.' then at room temoerature for 2 hrs. and then refluxed for

t hro i'/ater (lOrn1) lvas acldedr fol-l-or'¡ed. by IOÎi sodir¡n hi'droxide

(10¡rt) and 7O",/" ]nydrogerl peroxide (7mt¡. The aqueous mixture t'¡as

extracted with ether (2 x 20m1)r and t"he extr¿rct'rvas washed, rvith

water, dried and evaÞoratecì, affording sol-id (0.165S) lvhich v¡as

id-entical- u¿ith the startlng rnaterial l-actam 6l_. Iio tra,ce of the

desired product could be d-etectecl by examination of the nmr spectru::r

or tlc.

Atternoted prenaration of 4r4-Di-methvl--6-]cetocanrol-a.cta.n ( gl ) fron

61 with Diborane

Diborane (4 rrnrol-e) generated in the usual wa)¡ in digl¡'me (ZOmf)

was carried by a sl-ow stream of nitr:ogen intc à chilledr sti-rred
o+

sol-utioni'chforo-a¡rid.e 6l (O.344g, 2 nnol-e) in clry tetra.ir¡rctrofuran

(lOmt). 'Ihe solution was stirred unc.er nitrogen at roon ternoerature

overnlght. ',7orking uo the reacti,on rrLixtu-re in the usual- yray gave a

guruny residue (0.50g) whose infrared spectrum l.ras al-rnost identical-

with that of the starting material- 6l-, Work on this reaction i'¡as

not pursued.

6-Amino-5-ke to-hexanoic acid lÕ¿ )

This aminoacid ,,vas prepared accord.ing to the procedure of

lartil-lot and E^ron97 from glutari-c anhydride mp I5o-L52o (fit97

)L52-L57 o
a
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cn2c (cHìùi f .04 (s, 6ii' gern-dicHr) a

Anal.

Forrnd

cal-cd for ClOIlfTl{OS2 : C , 5l-.94 i i{, 7.zi-l i rI, 6.06

: Cr 52.IO i II: 7.!,5 i ll, ).glii

Thioireta.I 79 (0.ì-Og) l'*as refluxed. rvith Raney nicl',el in etl-ranol

overnight. The solution r',ras fil-tered a.nd the nicltel v¡ashed thorcu¡h-;

with etha:rol a1c1 then v¡j-th ether. Evapora-tion of the sol-vents ga1¡e

a lvhite soti-c1. Recrystallisation of the crude product f::orn light

petroleun gave 64 aS col-ourless needles (O.Cl5Og, BziL), InÐ loo-l-01o"

This material- rvas identical v¡ith the authentic sanole obiained fro=

the reduciiori of 60 in al-l respects.

4, 4-Dirrre-!-hvl- 6, 6 - c1 j-ne tÌr or''¡c a pr o f a. c t arn ( 7 B )

Sodium (O.O69) v¡as dissoh'ed. in methanol (10rn1) , 4r 4-dimetÌr.r'1-5-

chloro-2,3 r 1+, 5-tetraÌrydroazeoin-}-one (61) (0.Ì72g) 1ìI3.s acì-dec1 and

the nixtu:ce he¿,.ted- at lOO-lO2o overnight. The me'uÌra.nol 'uvas reno'/ec1

and chloroforn added to the residue and filtered. The chlorofor:¡

sol_ut1on rvas evapora"ied in vacuo to give a r,vhite sol-id. Ihe a-naì;i'-

tieal sanple 1.,'as prepared as colourless needles by -recrJ/sta'llisatlo::

fron n-hexane at -70o.

mp : 7Oo

ir (nui o1)

nmr (cCI*)

2(ocrrt) );
gem-diCHr)

ì l{r 6.96

i 1I, 6 ,B2f'

z 3L6O, 3O4O and 1660 cm-I

: E 6.50 (b, IH, nH); 4.o3 (zä, cHr-l'rH);

l-.95 (s, 2H, CIITCO); l-.40 (,n, ZitFf.OO
3.35 (s' 6

(s, 6Ii,

t

AnaI. Calccì f or CtOHtgi{Ol

Found-

c , 59.67

C ' 59.59

î Ilt 9.r2

i Ht 9.60

tion of 4, 4-Dirnethyl-6 -ethvlcanrol ac tail frornAtterooted. Ðre Dara

Dime 1-6-chloro-2 r3 , 11,

and tvllithium
-tetrah¡¡d roazepi.n-2 -one r,vith Trieth.'¡fbore::e
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At ted lisation of 2

Dicyclohexylcarbodiimide (lCC) (0.26g¡ L.5 nmole), 82 (0.I1g'

1 mmole) in chloroforn (15mf ) was stirred at foom tem.oerature

overnight. lIorking up the reaction mj-xture in the usual way

failed to give any trace of the desired product and on1y starting

material was returnedo
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