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Summary 

The chemistry of mono terpene alkaloids is reviewed, and a brief 

review of the chemi stry of 9- azasteroids is gi ven . The attempted 

synthesis of an alkaloid thought to be 6,7-dihydro-7-methyl-5H- 2-

- pyrindine is described. Several methods for t he construction of a 

per hydropyrindine system have been i nvestigated . A synthesis of 

2-benzyl- 1 , 2, 3, 4 ,7 , 7a- hexahydro - 4- methyl - 6H- 2- pyrindin- 6-one is 

described, together with a new synthesis of 1-benzoyl-3-carboethoxy- 4-

- piper idone . 
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Introduction 



Nomenclature 

Wherever possi ble , compounds are named according to "Handbook 

fo r Chemical Authors" , 1961, or lIChemical bs tra cts" . For the 

sake of c lar l t y , Arabi c numerals have been used in the numbering 

of compounds . 



THE CHEMISTRY OF MONOTERPENE ALKALOIDS 

The first mono terpene alkaloid to be discovered Vias chaksine, 
. 1 

which was shovm to have the structure (1) . 
o 

0 - ........ 

(1) 

N 
~NH 
Nl 2 
H 

7 . I 

H*CJN2 
H 4 3 

( 2) (3) 

Since 1959 however , a new class of alkaloids having the cyclopentanoid 

monoterpene skeleton ( 2) have been discovered . 2 These alkaloids can be 

considered as derivatives of 5H- 2-pyrindine (3) . 

The structural unit (2) was first discovered in the 

nepetalaotones (4) and ( 5) extracted from oil of catnip, a constituent 

of the pl ant Nepeta cataria .3 

CH 
3 

cis- trans nepetalactone (4) 

CH 
3 

trans- cis nepetalactone ( 5 

I n the designation of configuration , the relat ionship of the 

substit ents at the ring junction is given first, an that between 
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the methyl g roup on the cyclopentane ring and the adjacent ring 

structure is given second . The nepetalactones have been c onverted into 

four nepetalinic acids (6) - (9) . 
CH CH 
i 3 H ~ 3H 
• , • I 

, , 

~ 

CH
H 
3 

( 6) 

OOH / OOH 

COOH 

CH 
! 3H 

.··-COOH 

OOH 

CH 
t 3H 

~: 

... --C OOH 

, 

'H 
CH 

3 
( 9) 

COOH 

These a cids have been used extensively, as reference compounds , in the 

correlation of the structure and stereochemistry of the cyclopentanoid 

monoterpene ~ ly~loids and other related compounds . The ac ids (6) and 

(7) are nresent in oil of catnip . 

Another class of compounds possessing the cyclopentanoid 

monoterpene structure are the ant lactones and related natural products . 

Compounds (10) - (13) have been extracted from the glands of Ar gentinian 

and Australi an ants . 

CH CH CH CH 
; 3 3H 3~ 

, 3 
; ~ 

I 

, 
CHO CHO 

, 
I , , 

I CHO 
, 

CHO H 
, 

I H , H 
d'HH 

CH CH
2 3 3 

(10) ( 12) ( 13) 
Iridomyrmecin Isoiridomyrmecin Iridodial Dolichodial 

Ref . 2,4 Ref . 2,4,5 Ref . 2 ,6 Ref . 2,6,7 
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Finally , the cyclopentanoid monoterpene structure is apparent 

in several plant glycosides and related products . Some of these are 

shovm in Fig. I . 8 

( 14) 

Geni pic Acid9 

HOCH 
2 OH 

COCH 
2 3 

( 16) 
,.,~ ° 10 u-cnepl.n 

COH 
2 

CH 
3 O-Glu 

COCH 
2 3 

( 19) 

L ° 13 ogan1n 

Fig . I . 

COH 
2 

COCH 
2 3 

( 15) 

Genipinic l\cid9 

HOCH 
2 O-Glu AcOCH 

2 O-Glu 

OH 

( 17) 

A b
o 11 ucu l.n 

CH 3 O-Glu 

COCH 
2 3 

( 20) 
Verbenalin 14 

- 3 -

o 

( 18) 

. 

Asperuloside12 

( 21 

catal poside15 



lhile it is intended to review only the chemistry of the 

cyclopentanoid monoterpene alkaloids, reference will be made wherever 

possible to the connections between the alkaloids and other cyclopentnnoid 

monoterpene structures . The biogenesis of all cyclopentnnoid mono-

terpenes vrill be reviewed . 

The first cyclopentanoid monoterpene alkaloi to be discovered 

was actinidine (22):6 It was isolated together with a second compound 

matatabilactone , from the leaves and gall of Actinidia polygama (Miq . ) , 

a Japanese plant especially liked by the Felidae animals . Actinidine 

o 0/ was shown to have the follovdng properties : B.pt . 100 - 103 9 mm, 

o It formed a picrate, m.pt . 143 . It was 

assumed to be a pyridine base from its colour reactions (violet to 

2 ,4- dinitrochlorobenzene 

infrared spectra . These 

and alkali) , and from its ultraviolet and 

showed A,EtOH 262 mJ,.l E- 2,400 and '" C N 6.30 f.J 
max = 

( liquid film). Comparison of known pyridine carboxylic acids with 

those produced by permanganate oxidation of actinidine , plus the above 

evidence , indicated two possible structt~es (22) and (23) for actinidine . 

( 22) R1 = CH3 ~= H 

( 23) R1 = H ~= CH3 

CH 
3 
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The similarity of structure ( 22) to the nepetalactone skeleton implies 

that it i s the most likely one for actinidine. This theory was supported 

by the discovery that matatabilactone , the compound i solated with 

actinidine, was shown to be a mixture of iridomyrmecin (10) and 

ie~jdomyrmecin (11) . Both these structures for matatabilactone imply 

that (22) is the most likely structure for actinidine. To confirm this, 

actinidine was synthesised from nepetalinic acid imide (24) as shown 

CH 
3 

( 24) 

POC13 
)0 

CH 
: 3 Cl 
I 

CH 
3 

H2·Pd/C/KOAC , 

CH 
J 

CH 
3 

The product was identical with natural actinidine . Two further syntheses 

of actinidine have been published . The first of these is outlined 

in Soheme I . 1 7 

(25) 

( i) 

C OE~ (ii) 
2 

SCHE ,ffi I 

HCN 
~ 

- 5 -

CN 

+ 
COE~ 

2 

OH 

eN 

CO Ef-
2 



The picrate of D,L-actinidine (25) did not depress the melting point 

of natural actinidine picrate . The D,L actinidine was resolved tllrough 

its mono salt of dibenzoyl tartaric acid. The less soluble salt in 

ethanol yielded , on regeneration of the base , a laevorotatory oil 

21 0 [a]n -8.01 (c. 2.1 7 CHC13) . The picrate , m.pt . 146 - 7 , did not 

depress the melting point of natural actinidine picrate . The second 

synthesis started with an opticall y a ctive compound, D pulegone , (26) and 

is outlined in Scheme 11 .18 
se lE: ~ 11 

(26) 

N 

( i) Br!HOAc 
(ii) OH -

(i) POC1
3 

tii) H!PdCl~OAc 
CN 

COMe 
2 

COE~ 
2 

NaOEt 
MeI 

COMe 
2 

COEl-
2 

The act inidine isolat ed from this synthesis was shovm to be optically 

aotive [a]D15 +16 .1 (c. 5 .52 CHC1
3
). It formed a picrate , 

o 
m.pt . 146-7 , and t he free base appeared in all respects identioal 

with natural actinidine , except for the sign of its rotation . Since 

the t ertiary methyl group in D pulegone has been correlated to the D 

series, it follows that natural actinidine has the L configuration. In 
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the elucidation of the chemistry of~dodial (12) , it was found that the 

bis 2,4-dinitrophenylhydrazone of natural , optically active 

(-)iridodial , was converted quantitatively into optically active 

(-) actinidine , by the action of hydrochloric acid in acetic acid 

solution .19 

The seoond cyclopentanoid monoterpene alkaloid to be discovered 

was skytanthine . The chemistry of this alkaloid was studied by 

Djerassi , Eisenbraun et al ., in America , and by Casinovi et al . in 

20 I taly . 

Sky tan th ine can be isola ted from the stems, roots and leaves 

of Skytanthus acutus (Meyen) , a Chilean member of the Apocynaceae . 

At present skytanthine appears to be the only cyclopentanoid monoterpene 

alkaloid i n this family . The crude alkaloid is a liquid , b .pt . 

54°/1.5 mm, [a ]n + 420 
(CHC1

3
), and has the empirical formula C

11
H21N . 

Its struc ture was shown to be ( 27) on the basis of a Hofmann degradation, 

and nuclear magnetic resonance studies on the parent compound and its 

denydrogenation product . Dehydrogenation over platinum black produced 

an optically inaotive pyridine . This was sh~/n to be identical with 

racemic actinidine through a comparison of the melting points and 

infrared spectra of the respective picrates . 

CH 
3 

CH 
3 

- 7 -
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The crude alkaloid mixture has been separated by several ohromatographic 

techniques (vapour phase , thin layer and silica Bel col umn chromatography) , 

into three diastereoisomers of skytanthine . The structures of these 

diastereoisomers have been correlated with the known nepetalinic acids 

( 6) - ( 9) . 21 The acids were reduced by lithium aluminium hydride to 

the diols and the bis- tosylates of the diols heated under pressure with 

methylamine to give the skytanthines . The configuration of the skytanthines 

produced is shown in Figure II , (28) - ( 31). 

a - Skytan thine 
o 

Picrate m.pt . 120 

H 

----'" N-CH 

" H CH 
3 

(30) 

y-Skytanthine 

Picrate m.pt. 1620 

3 

Fig . II 

- 8 -

~H3 
: H 

-- -""\ 
N-CH 

( 29) 

,B-Sqtanthine 

Picrate m.pt . 135
0 

H 

CH H 
3 

(31 ) 

re} -Skytan thine 

Picra t e m.pt. 139
0 

3 



a- Sl<:ytanthine (28) has also been prepared ft-om a nepetalic acid (32) 

and ~ - skytanthine (31) has been prepared from iridomyrmecin (10) and. 

from a nepetalic acid . 22 

CH 
~ 3l-j 
• I 

I 
I COOH 

H " 
CH H 

3 

( 32) 

CHO 

The crude alkaloid mixture was shown to contain approximately 60 - 65% 

of ,B- skytanthine (29) with only trace amounts of a- and -S - skytanthines . 

The remainder of the v i l atile a lkaloid material c onsisted of two 

compounds . Only one of these (approximately 20% of the total crude 

material) f ormed a picrate, m. pt . 127° . 23 The free base was shown t o 

be unsaturated . From a study of its n . m. r . spectrum and by v .p . c . 

comparison of its reduction product with the known skytanthines it is 

presumed. to d eri ve from the S - skytanthine (31) . Thi s implie s that it 

can be formulated as (33) or ( 34) .24 
'CH 

i 3 
, 

CH 
3 

(33) 

- 9 -

CH 
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The non- volatile fraction of the extract from Skytanthus acutus 

yielded a crystalline alkaloid, m.pt . 930
• This compound was shmrn to 

be an alcohol . On dehydration with thionyl chloride it gave an 

unsaturated base , identical with the d.ehydroskytanthine described above . 

This ~es that either (35) or ( 36) are possible structures for this 

alcohol . 24 

CH 
3~ 

H 

N-CH 

CH OH 
3 

( 35) 

3 . 
i 

H \ 
CH H 

3 
(36) 

cyclopentanoid monoterpene alkaloids have also been discovered in the 

plant Tecoma stans (Juss) belonging to the family Bignoniaceae . The 

Tecoma species have for a long time been a subject of botanical , che-:lical 

and pharmacological interest .25- 31 The leaves of Tecoma mollis (Juss) 

are widely used by the natives in exico as an anti-diabetic drug, and 

it is cl~imed they contain alkaloidal material . 32 However , there is 

some doubt as to the validity of this claim .33 Tecoma stans (Juss) 

is a ,~ed standing approximately four feet high , and known to occur in 

South America , the Southern United states, and in Egypt . 

The presence of alkaloids in Tecoma stans (Juss) was first 

noted by Boorsma in 1899 . 34 In 1959 Hammouda and Motawi reported the 

existence of alkaloids and triterpenes in Tecoma stans (Juss) .35 They 

isolated two alkaloids . One of these , which they named "Tecomine" , Vias 

- 10 -



a liquid base , withihe following properties . It formed a methiodide 

m.pt . 265°, which corresponded to a molecular formula C12H200NI • 
.. 

It shovled a carbonyl group at 1670 cm. -I (nujol) and formed a 

2 , 11< initrophenylhydrazone which had a m.pt . 260
0

• The base also formed 

. t t 154°. a p~cra e , m.p • The methiodide had a specific rotation 

[a]D23 = - 20! 2 (in so% alcohol, concn. O.S% ~/V). The second alkaloid 

was a orystalline solid m.pt . 27So, [a]D23 = - S .O! 2 . 

The plant Tecoma stans (Juss) was reinvestigated in 1962 by Jones, 

Fales and 7ildman . They isolated an alkaloid with similar properties to 

the alkaloid tecomine, desoribed above . They named this alkaloid 

Teoomanine, and showed it to have the structure (37).36 

o 

CH 
3 

CH 
3 

(37) 

Tecomanine is a colourless unstable liquid . It forms a picrate , m.pt . 

179.S - 180.S~ and a methiodide , m.pt . 240 - 20 (deo.) . It is optically 

active , [a]D24 = -17S
o 

(c . 1.17 CHC13). The infrared speotrum shows 

-1 -1 peaks at 1700 cm. and 1620 cm. typioal of an a/3 unsaturated 

cyclopentenone . 

(10~0 €. 4 .10). 

It has an ultraviolet absorption with AEtOH 226 m~ max 

, 

Four further alkaloids have been detected in Tecoma stuns (Juss)~7 

Only two of these alkaloids were isolated in sufficient quantity to 
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record their physical properties. One of them was shown to be a 

pyrindine derivative. It formed a picrate , m.pt . 116-117
0 

which 

indica ted an empirical formula of C
9

H11N for the free base . The free 

base, regenerated from the picrate by the action of lithium hydroxide, 

E~H ) showed Amax 259 .5 m~ and 267 m~ (10g10 3.05 . The infrared spectrum 

-1 -1 in the region 900 om. to 650 cm. was similar to that of 

3,4- lutidine . The n . m. r . spectrum of the picrate showed the presence 

of 2 a-pyridine protons, a singlet at 8 .75 p .p . m., overlying one half 

of a doublet centred at 8 .8 p .p .m. (J = 6 c •• s.) . A ~-pyridine proton 

was detected at 8.0 p . p . m. (J = 6 c.p . s . and a 3-proton doublet at 

1 .55 p .p .m. (J = 6 .5 c.p.s. • The compound was optically active 

[a]n24 = +3
0 

(2.34 c in CHC1
3
) . On the basis of the above evidence, 

the alkaloid is thought to have the structure (38) although its 

absolute configuration is not known . 

CH 
3 

( 38) 

, 
.' 

H 
(39) 

H 
C==R 

C==R 
H 

Recently this structure has been syntheSised .38 Cis,cis- 2-formyl- 3-

- methylcyclopentyl acetaldehyde (39a) R = 0 obtained as a degradation 

product from asperuloside (18) was converted into its bis 2 ,4-dinitro 

phenylhydrazone (39(b) R = 2 , 4-(N02)2C6H3 .NH .N=) . This on treatment 

with concentrated hydrochloric acid in glacial acetic acid gave the 
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compound (38), 6, 7-d.ihydro-7- methyl-5H-2-pyrindine. The picrate of this 

l atter compound had m.pt. 115.5 - 60 and did not depress the melting point 

of the picrate of the alkaloid from Tecoma stans . The infrared spectra 

of the two picrates were i denti cal . No figures were supplied for the 

optical rotation of the synthetic compound and thus the configura tion 

of the alkaloid from Tecoma st ans is not known . 

The remaining alkaloid isolated from Tecoma stans (Juss) by 

J ones et al . showed the following properties . It formed a picr ate, 

m.pt . 170-170 .5° analys i s of which indicated C11 H21 NO as the empirical 

formula of the free base . Regenerat ed from the picrate, the base 

sublimed at 11 0% . 25 mm to give a solid m.pt . 91-920
• The n . m. r . 

9 
spectrum of this compound showed tBo C - Y - CH

3 
groups at 0 .9 p . p . m. 

H 
and 1 .15 p .p .m. respectively. An N- CH

3 
group was found at 2 .27 p .p .m. 

The compound was transparent in the ultraviolet above 220 m~, and the 

infrared spectrum showed a band at 3609 cm.-1 indicating the presence 

of a tertiary a lcohol . On the basis of this evidence, the alkaloid is 

thought to have either structure 40( a) or 40(b) • 

4O( n) R1 = H, R2 = OH 

4O(b) R1 = OH , R2 = H 

A short while after its publication, the structure of 

tecomanine was substantiated by the findings of Hammouda and Le ~ en . 39 

Their investigations on the alkaloids of Tecoma stans (Juss) led them 
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to identify three alkaloids present in t he pl ant . The crude alkaloid 

material was separated by thin l ayer cluromatograpby. One of the alkaloids 

they obtained was identical wit h t ecoma.nine. The other alkaloids were 

shown to have the structures (41' and (42) and were named Tecostanine 

and Tecostidine respectively. 

CH 
3 

CHOH 
2 

(41 ) 

CH 
3 

C HOH 
2 

(42) 

Teoostanine was found to have the following properties. o 
M.pt . 82 

20 0 ( ) -1 [a ]D = O! 2 methanol . It had an I.R. absorption at 3180 cm . 

and formed an acetate . It was transparent in the UV above 215 m~. Its 
C; 

n . m.r. speotra indioated an N- Me , H-C-CH
3

, OH and H - C; - CH20H groups . 
C 

The tosylate was r eduoed with LiAlH4 to a skytanthine, which formed a 

piorate , m.pt . 143
0

• This infers it is not one of the known s~tanthine 

diastereoisomers. The above evidenoe, combined with that from the mass 

speotra of the compound, and its degradation products, led to the struoture 

shmvn for tecostanine. 39 

Tecostidine forms a picrate m.pt . 152-30 and the free base is 

optioally acti ve, [a]D
22 

_40 (c. 1.221 CHC1
3
). It has a UV speotrum 

. di t· f . di \EtoH 262 ill ~ 3 27) d 270 (1 c 1.n oa 1. ve 0 a pyr1. ne /\, = mJ,l \ 0 = . an mJ,l Oll.-.c, 
max IV 

= 3 . 21 ), showing a hypsochromic shift and inorease in intensity on 

aoidifioation. Infrared measurements showed bands at 3400 cm. -1 and 

3200 om.-1 , indicating a hydroxyl group . These facts, combined with 
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evidence from the n.m . r . spectra of tecostidine and its deuterated 

derivative suggested structure (42) for tecostidine.40 

The alkaloid structure (43) has been published, although no 

information is available concerning the origin of the compound or i ts 

t . 41 proper J.es. 
CH CH 

I 3 3 

(43) (44) 

HC 
3 

(45) 

CHO CH3 
The c ompound (44) has been :isolated from the dried roots of Valeriana 

officinalis .42 It las isolated as the chloride of a crystalline, 

optically active base . 

The rather unlikely structures (45(a) R = C02H) and (45(b) 

R = CHO ) have been assigned to two alkaloids , named plantagonine and 

indicaine respectively.43 The alkaloids were isol ated from the plant 

Pedicularis olgae. 

Finally, an alka10id given the name Scholarine, has been 

isolated from the mother liquors remaining from the isolation of 

echitamine . Scholarine is thought to have the structure shown (46).43a 

HO 

CH 
3 

(46) 
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It is intended to review the biogenesis of all of the natural 

products possessing the cyclopentanoid monoterpene skeleton, and to 

correlate as much informat ion as is available . Although the experimental 

evidence in this field i s limited, it is even now possible to eroeive a 

biogenetic relationship between such apparently different compounds as 

citral (47) , iridodial (12),plumieride (48), and the indole alkaloids 

vindoline (49) and reserpinine (50) . 

(47) 

MeO N 
M e. OH 

COCH 
2 3 

(49) 

( 12) 

CH 
3 

CHO 

CHO 

MeO 

(so) 

(48) 

COCH 
2 3 

CH 
3 

The first biogenetic experiments in this f ield,as in so many others, 

were performed by Sir Robert Robinson .44 Starting from L( -) citronellal 

(51), he synthesised the naturally occurring L(-) iridodial, as shown in 

Scheme Ill. 
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n(+) Iridodial was also synthesised from D(+) citronellal . These 

compounds, on treatment with warm aqueous (N) sodium hydroxide, gave 

L(-) isoiridomyrmecin and D( +) isoiridomyrmecin respectively. 

CHO 

L( - ) I soiJ.'i <iomyrmecin L( - ) Iridodic.l 

SCHEUE III 

) 

/H~05'o 
~AC 

CHO 

CHO 

It seems reasonable to suppose that iridodial could be derived from an 

internal ichael condensation of a partially reduced citral. Alternatively, 

a scheme proposed by Wolinsky considers (-) l imonene (52) as a precursor .~5 

Oxidation of limonene to (53), aldol cyclisation to the unsaturated 

a l dehyde (5~), and enzymatic reducti on could afford the aldehyde (55) . 

This aldehyde has also been obtained from the irradiation of mixed cis and 

trans isomers of citral (47) with a medium pressure mercury vapour lamp . 46 

This aldehyde structure (55) could, on enz~~tic oxidatio~give 

dolichidial (13), which after reduction to iridodial and disproportionation 

would give iridomyrmecin or isoiridomyrme cin . These transformations 

are shown in Sche me IV . 
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CHO 
Oxidation ~ Aldol 

cyclisa tion ~ CHO CH 

/ 
2 

enzymatic 
reduction 

(52) (53) ~ (54) 

h y CHO 
.,. 

CH 
2 

enzyma tic 
(47) (v5) oxidatio n 

CHO CHO 

CH 
J 

Iridomyrmecin or 
Isoiridomyrmecin 

CH 0 r eduction 

CH 
3 

Iridodial 

SCHEME IT 

CH 
2 

( 13) 

All of these schemes involve iridodial as an intermediate in the 

biogenesis . Until more experimental evidence i s available , it seer.~ 

CHO 

reasonable t o assume tha t iridodial is derived fr om the cycli sation of 

t wo isoprene units with oxidation- reduction reactions occurring either 

pri or to or aft er t he cyclisation . 

lridodial may well be a precursor of the nepet alactones and 
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related compounds . In addition to iridomyrmecin (10) and isoiridomyrmecin 

( 11) Sukan and Wo linsky have isolated the compounds shoo n below from 

Actinidia polygama . 

Dihydronepetala ctone Isodihydronepetalactone Neonepetalactone 

.;:' rom the neutral fraction of Nepeta cataria , cultivated in Japan , the two 

dihydronepetalactones shown above '1ere isolated, plus the following COmpounds.3(b) 

CH CH 
3 3 

COCH COCH 
2 3 2 3 

0 CHO 
OH 

CH CH 
3 3 

47 
~akan has also isolated the iridodiols shown below from Actinidia polyguma . 

CH 
3 

CHOH 
2 

CHOH 
2 

CH 

I 

I~ 
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The fact that iridomyrmecin and i sorridomyrmecin occur .vith derivatives 

of the nepetalactones sugeests that both the ant lact mes and 

tile nepetalactones could ori c-inate fro::1 one 0 more closely related 

precursors . 

The biogenesis of the plant glycosice plumieride (48) has recently 

been studied.48 The proposed scheme, which invokes iridodial as an 

intermediary , is sho~n in s cheme V. 

MEVA LONATE 

eOCH 
2 3 

< 
CHCOCHCO.Co A? 

3 2 

fiCHBME V 

~ 
• 

Iridodial 

CHO 

(56) 

A compound of the type (56) could lead directly to several of ~~e 

glycoside structures shown earlier , (P . 8) . 

CHO 

Pyridine alkaloids could urestmmbly ~rise from the reaction 

of an t iridodial t type precursor VI i t.h mnmoni'\ or i ts equivalent . They 

~ight also be pro ced at a later stage in the biogenesis of cyclo-

pentanoid monoterpenes possibly from l actonic or glycosidic compounds . 
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One cannot exclude the pos sibili ty, however, that at least some of the 

known pyridine alkaloids may be artefacts , produced by the use of ammonia 

in the i sola tion of the plant extracts. This has been shown to be t he 

case vdth the compound gentianine (57 .49 This compound was shovm to 

be produced from the glycoside gentiopicroside (58) by the use of 

ammonia in the work-up procedure . The use of bicarbonate in place of 

ammonia,confirmed t hat no alkaloids were in f act present in the plant. 
0 00 

O-Glu O-Glu 

HC==CH 
2 HC==CH 

2 
HC==CH 

2 
(57) (58) ( 59) 

In a similar manner swertiamarin ( 59) was converted to gentianine.50 

The biogenesis of the skytanthine alkaloids has recently been 

investigated.51 ~e (27) is the first monoterpene alkaloid to be 

found in the Apocynaceae, a group of plants which also contains the 

indole alkaloids . Th~ has led to the speculation that both types of 

al kal oid may derive from a common precursor . Recently indolic ba ses 

have been isolated from the plant Skytanthus acutus (Meyen). 20( c) 

The biogenesis of the indole alkaloids is not accurately 

defined .52 If one considers the yohimbane skeleton (60) then the section 

marked (a) is known to derive from a tryptophane moiety, but the 

precise origin of part (b) is still not resolved . 

- 21 -



- ----- - -- -, 

a 

I 
I I 0- _ _ _ _ _ _ _ _-, 

( 60) L _________ -l 

.An initial postulate was that t he yohirnbane nucl eus is formed as shown 

in scheme VI .53 ,54 

COH 
2 

NH 
CHO 2 

Yohimbane 
Alkaloids 

Y;iOH 
OH 

< 

OH 

OH 

OH 

SCllliME VI 

The validity of this scheme has been questioned by Wenkert , Vlho found 

OH 

it di d not adequately expl ain all t he known facts concerning section (b) 

of the yohimbane skeleton .55 Wenkert suggested a shikimic- prephenic 

acid pathway f or the biogenesis of section ( b) . This pathway may be 
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summarised by scheme VII . 
COH o 

2 

+ HC=N-R 

HO 
Pyruvate 

',OH 1 
OH 

Yohimbane 
< 

Alkaloids 

r 

OH 

~~ t-i/ : 

SCI-m Ml!: VII 

COH 
2 H ",' 

HOC 
2 

OH 

---OH 

If one puts R = Methyl , or its biological equivalent in the above 

scheme , then the )roposed intermediate can be rearranged as shown 

in s cheme VIII . 

OH 

COH 
a. 2 ,. 

ib 

COH H 
N-R 

HO 

C~H_R 
HOC CHO 

2 
> Several Stages 

H 
N-R 

CHO 

COH 
2 ____ ~> 

Several stages 

SCHEl1E VIII 

7 U 7 

if 
I 
R 

ex 
\ 
R 

(61 ) 



Route A illustrates a possible route to the skytanthine structure . 

Hovlever , since route B appears equally possible,) one would expeot to 

~ind al kaloids oorresponding to the oarbon skeleton ( 61) . At the pre ent 

t i me no suoh alkaloids have been found . 

Perhaps the simplest the ory concerning the biogenesis of the 

sk,ytanthine and in ole alkaloids is that p oposed by Thomas .56 It is 

essentially an extension of the theories proposed for the origin 0 • the 

cyclopentanoid monoterpene structure . Skytanthine oan be derived fr v.il 

an ' iridodial ' type precursor through reaction 'th the bi ological 

equivalent of methylamine . By a se ies of ring and methyl group 

oxidations, the basic cyclopentanoid monoterpene skeleton could give the 

fragments oorresponding to those found in the (b) section of the 

yohimbane skeleton. These reaot ions are illustr ated in scheme IX. 

I 
N 

/' 

SCHEME IX 
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The r ing fission necessary in this scheme has an analogy in the ring 

opening reactions of thujone (62).57 These are shovm below . 

o 

( 62) 

Feeding experiments on S~tanthus acutus have est ablished the fact t hat 

the incorporation of 2_C14 mevalonate is 80 time s as great as the 

incorporation of l abelled phenylalanine or acetate . Recently it has 

been chown, by two groups of workers, t hat 2-C14-mevalonate is incorporated 

into the indole alkaloid Vindoline (49) and Reserpinine (50) .58 These 

result appear to substantiate the view that fro m si mple monoterp ne~ursors , 

i t is possible to construct the essential fragments of the non tryptophan 

indole alkaloid skeleton . 
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THE CHEMrSTRY OF 9 - AZASTEROIDS 

The 9- azasteroid skeleton is shmvn below . 9 -Azas ter oids 

have not been found in nature, and are thus unrelated to cyclopentano~d 

monoterpene alkaloi ds . However, the CiD ring system in a 9-azasteroid 

is essentially the same as the carbon skeleton of the monoterpene 

alkaloids . Since the work described in t .rl. s thesis is an attempt to 

find synthetic routes to cyclopentanoid Donoterpene alkaloids and the CiD 

ring system of a 9-azasteroid, the chemistry of 9-azasteroids will be 

briefly reviewed . 

The modification of naturally occurring steroids causes enhancement 

or suppression of certain facets of their activity. The activity of 

steroid hormones is, in general, specifically related to their structure, 

and it has been found that only a limited number of structural variations 

are possible ,nth retention of bioloGical activity.59 Replacement of 

trigonal sp2 carbon by triGonal nitroge n, or of tetrahedral sp3 carbon 

by tetrobedral positively charged nitror en ,60 and expansion of one 

of the rings from 6 to 7 membered, 61 produces little change in overall 

size or configuration . Hence synthetic azasteroids may be of therapeutic 

value . 

Although a 9- azasteroid has not yet been prepared, four possible 

routes to their synthesis have been published .62-65 
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The first of these syntheses is outlined below . 62 

1::'0 
OH 

1 Nu.i3H
4 

pH 3- 4 

pH 8-9 
( 

One of the features of the synthesis is that isola tion of the dihydro 

and tetrahydropyridines is unnecessary , suitable conditions f or the 

reducti on and cycl i sat i on stage being achieved simply by dilution with water 

and adjustment of the pH . 

D- homo-9- azast eroids have been synthesised by t wo me thods . The 

compounds (63(a)) and (63(b)) were prepared by condensation of the 

appropriate 3 , 4- dihydro- i soquinoline (64) with 2- acet yl-cyclohexanone in 

ethanol. 63 

R 

~ tOH 
) 

o ( 64) o 
( 63( a ) ) R = O" le 

( 63(b) ) R = H 
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These compounds have also been prepared by a synthesis due to Meyers, 

and outlined below. 64 0 

~rnR er> oryvR hot > 

1 ~ COEf- (CH20H)2 
COEf-

2 2 

R 

HC10
4

/ 0 63(a) R = OMe 

(b) R = H 

o ( 65) 

Mel'g I 
~--

OH 

The compound (63(b)) has been converted into the methylated derivative 

(65) by reacti on of its perchlorate salt with methyl magnesium iodide . 

Fi nally the compound (66) has been prepared as shown. 65 

H 
(J(YCHfN 

"> 

( 66) 
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D I S C U S S ION 



GENERAL SYNTHETIC APPROACH 

(i) Syntheses of pyrindine derivatives from cyclopen tanone precursors. 

Initial experiments in the synthesis of cyclopentanoid 

monoterpene alkaloid structures were directed towards a total synthesis 

of the compound (38), thought to be 6,7-dihydro-7-methyl-5H-2-pyrindine . 

The first synthesis attempted was a modification of that used by Saknn 

in his synthesis of n,L actinidine, shown earlier in Scheme I (p. 5). 

The keto-ester required for this synthesis , ethyl (2-keto-3-methyl 

cyclopentyl )acetate (67) was prepared from the enamine of 2-methyl-

-cyclopentanone and ethyl bromoacetate. 

CH 
3 

( 67) 

COEI-
2 

The reaction of (67) with liquid hydrogen cyanide, and dehydration to 

the unsaturated cyano-esters, could not be performed satisfactorily 

however, and it was decided not to pursue this synthesis. Instead an 

attempt was made to prepare 6,7-dihydro-7-methyl-5H-2-pyrindine by 

another method . A modification of the synthesis used by Sakan to prepare 

optically active n(+)actinidine, (Scheme 11, p . 6), was used . The 

proposed synthesis is outlined in Scheme XII. 
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COCH 
2 3 + 

o 

( 68) 

(38) 

CONH 
I 2 
CH 
I 2 

CN 

piperidine 
) 

H2 oPd/CoNaOAC! CN 

(69(a) 

(69( b) 

< ( i) Hydrolysis 

(ii) D9car'l:laxyla tion 

CHE ,'lE XII 
eN ( 70 ) 

R 

R:=OH) 

R=Cl) 

An advantage of this preparation was that it would lead to a pyrindine 

derivative having an optically active 7-methyl group, whose absolute 

configuration could be used to determine the absolute configuration of 

the compound (38). Furthermore, from the compound (70), it might be 

possible to synthesise tecostidine (41) . 

The keto- ester (68) was produced in two stages from n(+)pulegone 

(26). The Favorskii rearrangement of pulegone dibromide (71) with 

aqueous base gives both isomers of pulegenic acid (72(a) and (b) R = ).66 

Treatment of the dibromide with sodium methoxide in methanol gives a 

mixture of the methyl esters (72( a) and (b) R = CH
3
). Ozonolysis of 

these esters gives the keto-ester (68). 
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Br 

trans isomer cis isomer 

(71 ) (72( a) ) (72(b) ) 

Because pulegenic acid possessesfue cyclopentanoid monoterpene skeleton, 

it has been used as a starting material for the synthesis of several of 

67 these compounds . The mechanism and stereochemistry of the Favorskii 

rearrangement of pulegone dibromide have been recently investirated.68 

fuile our experiments were performed with the sole purpose of obtaining the 

keto-ester (68) it is worth mentioning that the results obtained are in 

complete agreement with t hose of olinSky. 69 It has been found that 

treatment of pulegone dibromide Vii th aqueous potassium hydroxide gave a 

mixture of cis ana trans isomers of pule genic acid in the ratio 60% cis/ 

40% trans . This result was established through vapour phase chromatography 

of the methyl esters, prepared from the acids by the action of diazo-

methane . When pulegone dibromide was treated with a solution of sodium 

in methanol , and the product hydrolysed, almost pure trans pule genic 

acid was produced . The material produced 1:utre methoxide treatment 

of pulegone dibromide,when isolated prior to hydrolysis , was shovm to 

contain both isomers of methyl pulegenate, with a composition of 

approxima tely 3Cf% of the cis isomer and 7rJ% of the trans methyl pul egena te. 

These findings have been confirmed and explained by Wolinsky .69 The 

rearranga~ent with aqueous base is kinetically controlled, giving a 
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slieht preponderance of the cis pulegenic acid . Almost pure trans 

pulegenic acid results from the hydrolys is of the esters (70% trans/ 30% 

cis) produced by methoxide treatment of pulegone dibromide. This has 

been shown to be due t o the faster rate of hydrolysis of the trans ester , 

combined with the fact that the rate of cis ~ trans epimerisation of 

the non-equilibrium cis/trans ester mixture is faster than the rate of 

hydrolysis of the cis methyl pUlegenate . 

Ozonolysis of the trans ester (72(a) R = CH3) in ethyl acetate 

proceeded in 90% yield to give the keto- ester (68) . Acetone was 

detected in the effluent gases through formation of its 2 , 4-dinitrophenyl-

hydrazone derivative . The rate of ozonolysis of the equilibrium mixture 

of cis and trans methyl pulegenate was slovrer than that of the pure trans 

ester , presumably due to the steric hindrance involved in forming the 

ozonide of the cis isomer. The progr ess of the ozonolysis reactions 

could be followed by vapour phase chromatography. 

The critical reaction in the proposed synthetic scheme was the 

Knoevenagel condensation of the keto-ester vdth cyanoacetamide to give 

4- cyano-1 ,3-dihydroxy-6,7-dihydro-7-methyl- 5H- 2-pyrindine ( 69(a) R = OH) . 

There appears to be only one example in the literature of a cyclopentanoid 

P keto- ester reacting vdth cyanoacetamide under the conditions of the 

Knoevenagel reaction. This reaction was done by Prelog and Metzler , who 

condensed ethyl cyclopentanone-2-carboxylate with cyanoacetamide in the 

presence of a catalytic amount of piperidine and obtained a 3~ yield of 

the compound (73) , after heating the reactants in aqueous methanol for 

~~ at 50
0

•
70 
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@H 

(73) eN 

Then this reaction was perrormed with mJthyl 5-methyl-cyclopentanone- 2-

-carb m{ylate , a 36% yield or crude 4-cyano-1,3- dihydroxy-6 ,7-dihydro- 7-

- methyl- 5H- 2- pyrindine was obtained. The product was a yellow- red solid 

which could be recrystallised rrom an ethanol-water mixture , but 

with only a 15% recovery or material . 

In an errort to i mprove the yield of condensation product, several 

other reactions which could yield a nyrindine derivative were performed. 

By allowing equimolar amounts of ethyl acetoacetate, cyanoacetamide and 

piperidine t o react in boiling methanol, Bobbit and Scola obtained a 

66% yield of the piperidinium salt of 3-cyano- 2 , 6- dihydroxy- 4-methyl 

0d O 71 
pyr~ ~ne . The salt , which precipitates out during the reaction, can be 

converted almost quantitatively t o 3 -cyano-2,6-dihydroxy-4-Irethyl pyridine 

on a cidifica tion . Applica.tion of t his nethod to the cyclic keto-ester 

(68), resulted in no visible production or a piperidinium salt after 

24 hrs . boiling in methanol , and work- up of the reaction gave a lower 

yield of the desired compound than that pr oduced by the initial method . 

Sakan reported a 68% yield of the ammonium salt of 
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4-cyano-1 , 3-dihydroxy~6,7-dihydro-5H-2-pyrindine by allowing equimol ar 

amounts of ethyl cyclopentanone-2- carboxyla te and ethyl cyanoacetate to 

react together in 28% ammonium hydroxide for 2 days . 72 Application of 

this me thod to methyl - 5- methyl cyclopentanone -2- carboxylate gave 

mainly recovered starting material and only a very low yield of the 

desired compound . 

Finally an attempt was made to produce ethyl a - cyano-a-( 2-

- carbomethoxy-3-methyl-cyclopent-1-enyl) acetate by reaction of the 

keto- ester (68) with ethyl cyanoacetate. Following the procedure of 

yerst and Schofield , equimolar amounts of the keto-ester and ethyl 

cyanoa cetate were set aside for 48 hrs ., together with a catalytic amount 

of pi peridine . 73 On working up the reaction, only a low yield of a 

compound having nitrile , ester and ketone bands in its infrared spectrum 

was produced . The larger part of the residue was unchanged starting 

materi al . 

With the exception of the method due to Sakan, involving the use 

of a queous ammonia , e thyl cyanoacetate and ethyl cyclopentanone- 2-

- carboxylate , the syntheses of pyrindine derivatives by th~ methodsdo 

not proceed in yields greater than 40%. The low yield obtained in the 

preparation of 4- cyano-1, 3- dihydroxy-6 , 7- dihydro-7-methyl- 5H- 2-

- pyrindine prevented the completion of the synthesis of 6 ,7-dihydro-

- 7-methyl- 5H- 2- pyrindine . The possible reasons for the low yield of 

condensation reactions of this ~e ,rill now be considered. 

The yields of the initial condensa tion product of a cyclopentanoid 

P keto- ester with a nucleophile such as ethyl cyanoacetate are variable, 
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ranging from 20 - 70% f or reactions performed under apparently identical 

conditions. For example, ethyl cyolopentanone-2-oarboxylate has been 

condensed with ethyl cyanoaceta te under vari ous c ondi tions . The 

conditions of the reaotion and yields of ethyl cr-oyano-a-( 2-oarboethoxy­

cyclopent-1-enyl) acetate (74) are shown in Table I. 

COE~ 
2 

CN 

COEt-
2 

TABLE I 

Reaction Conditions 

Approximately equimol ar quantities of 
reactants plus a ca t alytic amount of 
pi peri dine . 2 days at room temperature 
then 4- 5 hrs . on steam bath. 

As above but with no heating . 

As above but no reaction times or 
te . eratures given. 

Reactants plus piperidine heated at 1000 

for 4 hrs . 

Keto- ester slowly added to the potassium 
salt of the cyano ester in ethanoL 2 
days at room temper ature. 

React ants plus ammonium acetate in acetic 
acid . Boiled i n ben~ene foll owing the 
c onditions of Cope . 76 
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Yield and Reference 

50% 
20 . 8% 
72!fo 
7Z}'c 

68% 

33% 

57% 

59% 

21 .5% 
62% 

74 
73 
75 
70 

73 

77 

77 

74 

73 
75 



While there is some variation in the yields produced by the initial 

condensa tion, there i s little variation in t he yields of the cycl ised 

product , 1,3-dihydroxy-6,7-dihydro-5H-2-pyrindine. The cyclisation 

of the initial condensation product is performed with acid or alkali . 

In this and related cyclisations the yields of pure material are low, 

of the order of 10 - 20%. Both acid and alkaline cyclisations are 

complicated by hydrolysis of the condensation product to a cyclopentane-

- dicarboxylic acid . An additional complication may be present in cyclic 

structures such as (74). One cannot discount the possibility that the 

double bond may be exocyclic to the cyclopentane ring, especially if it 

is still conjugated with electron withdrawing groups . The position of 

the double bond in structures such as ( 74) has not been d~termined . 

However , there is evidence that in the condensation of 2-indanone wi th 

ethyl cyanoacetate the double bond in the product (75) i s entirely 

exocyclic . 78 

( 75) 

CN 
/ 

C 
\ 
COEr-

2 

There is physical evidence to suggest that an exocyclic double bond may 

be more stable in ethyl cyclopentanone-2-carboxyl ate .79 This compound 

is almost entirely ketonic in ethanol and carbon tetrachloride . An 

explanation of this could be the ring strain introduced in the formation 

of the enol . 
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If the double bond is exocyclic to the ring system then two 

struotures (76) and ( 77) are possible for the oondensation product 

be~veen the keto- ester (68) and cyanoacetamide . Under the conditions 

used in this reaction only compound (77) would be expeoted to cyclise 

readily . 

CO NH 
2 

( 76) 

eN 

( 77) 

CONH 
2 

The next stage in the preparation of 6 , 7- dihydro- 7- methyl-5H- 2- pyrindine 

was the chlorination of crude 4- cyano- 1 , 3-dihydroxy-6 , 7- dihydro-7- methyl-

- 5H- 2-pyrindine with phosphorus oxychloride . The reaotants were heated 

in a sealed tube at 1800 for 6 hrs . , and gave a 31 % yield of 4- cyano-

-1 ,3- diohloro-6 ,7-dihydro-7-methyl- 5H- 2-pyrindine ( 69(b) R = Cl). So ofield 

r eport s only a 14~ yield of product on chlorination of crude 1 ,3-dihydroxy­

- 6 ,7-dihydro- 5H- 2- pyrindine, while pure starting material gave a 76% 
73 

yield of the desired chloro-compound . The purification of orude 

4- cyano- 1 , 3- dihydroxy- 6 , 7- dihydro-7-methyl- 5H- 2- pyrindine was found to 

be time- consuming and to give such a low recovery of material that all 

ohl orinations were performed on the orude compound . Reduction of the 

chloro- pyrindine derivative with hydrogen and a 5% pall adium on oharooal 

oatalyst in the presence of sodium acetate gave 4- cyano-6 , 7- dihydro- 7-

- methyl- 5H- 2- pyrindine , ( 70), together with a small quantity of a compound 

thought to be a mono- chloro-pyrindine derivative . 
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The l ast stage in the synthesis was the removal of the nitrile 

group. Hydrolysis of thi s group to a c arboxylic a cid was attempted, 

following the procedure used by cEl vain f or the hydrolysis of 

4-methyl-nicotinitrile~ This involved heating 4-cyano-6,7-dihydro-7-

- methyl-5H- 2- pyrindine with a s olution of sodium hydroxide in 70% alcohol , 

until the smell of ammonia was no longer apparent . A carboxylic acid 

was isolated from this reaction and the sodium salt of the acid mixed with 

soda lime , was pyrolysed in vacuo . Although a pungent pyridine-like 

odour was apparent it was not possible to isolate any organic material 

from this reaction . Low yields encountered in the early stages of the 

pr eparation of 4-cyano-6 ,7-dihydro-7-methyl-SH-2-pyrindine indicated that 

the production of a reasonable amount of this intermedia.te would be a 

very lengthy process . 

The partia l synthesis of 6,7-dihydr o-7-methyl-5H-2-pyrindine, 

from a degradati on product of asperuloside , was published during our 

experiments .3B Tl~ough the courtesy of Profess or L. H. Briggs we were 

able to compare the picrate of his materi al with the picrate of compound 

(38). The melting points and infrared spectra of the t wo picr ates 

were identical. This confirmed the structure (38) for the alkaloid 

from Tecoma stans . 

I t VIas then decided to investigate synthetic routes to the 

Tecama alkal oids from 4-piperidone precursors. It was hoped that a 

method could be found for the synthes i s of alkaloids such as Teccmanine 

(37) and also for the constructi on of a CiD 9- azasteroid ring system. 
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(ii) Syntheses of pyrindine Derivatives ram 4-piperidone 

precursors . 

The synthetic problem Vias the efficient fusion of a 

5- membered ring across the 3 and 4 positions of a 4 iperidone ring, 

to give bicyclic structures which could be converted into a perhydro-

pyrindine structure, such a s (78), rela.ted to the cyclopentanoid mono-

terpene alkaloids . and to the CiD ring system of a 9-azasteroid. 

I t nas hoped that intermediates in the synthesis of ( 78) could be 

converted into c ompounds related totecolll..'l.nine ( 37). 

The construction of the 5- membered ring system can in theory 

be performed in several ways . The ring could be constructed by 

additi on of a three or four carbon chain at position 3 of the 

4-piperidon~ and subsequent cyclisation of an activated carbon in the 

chain onto the 4- carbonyl group in the piperidone ring. Typical 

i ntermediates in this type of synthesis would be compounds ( 79 ) and ( 80). 

X is a protecting group attached to nitrogen , e . g . benzoyl . 
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COR 
2 

( 80) 

A second solution to this problem could be the synthesis of an 

intermediate such as (81), which could. then undergo a Dieckmann ring 

closure . 

CHCOR 
2 2 

CHCOR 
2 2 

o 

~CHCOR 
l.) 2 2 

~ 
X 

(82 ) 

o 

This diester could result from the application of the Reformatsky 

reaction to a compound such as (82) . The intermediate (81) might also 

arise from the application of standard ring contraction techniques to 

a compound such as ( 83) • 

While t hese two general methods of solving the problem are not 

the only ones , th~ appeared at first sight to be the most promising . 

Syntheses based on both methods of approach have been u8e~and it is 

intended to discuss each a ttempted synthesis individually, and to 

compare them with standard synthetic. routes wherever possible . 
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a) Syntheses of 1-benzoyl-3- curboc thoxy-4-piperidone 

Initially, synthetic work was centred around the keto- ester 

1- benzoyl- 3- carboe thoxy- 4-piperidone ( 84(a) R = C2H
5
) . 

( 8~~ a) R = C
2
H

5
) 

(84(b) R = CH
3
) 

In this compound the nitrogen is relatively inert to~ards all~l~ting 

agents, lhile the 3- carboethoxy group will allow the introduction of a 

carbon c l~in at the 3- position, thus producing intermediates of the 

type (79) , ( 80) , ( 82) and (83) . A sample of' compound (84( a)) was 

obtained through the courtesy of Smith, Kline and French Laboratories . 

Further mater ial was synthesised by the method of McElvain , outlined 

in Scheme ,. Ill. McElvain obtained a 30/0 yield of compound (84(a)) f rom 

ethyl acrylate , ( 85) . 81 

l.HH3 + CH2=CH-C02 t 

( 85) 

utoclave ., 

o 

LYC02EI-

N 

1 alV ~hH 
"< 

I 
Ph- C=O 

SCHEME XIII 

- 41 -

I-m( CH2CH2C0;tt) 2 + N( CH2CR~CO~3 

(86) (87) 

I I I PhCOCI 

cCJc~u 
N 
I 

Ph-C=O 

( 86( a) ) 



This synthesis is extremely tediou~ and in our hands gave a yield of 

approximately 15% from ethyl acrylate . A similar yield has been obtained 
82 

by other workers . The methyl keto-ester (84(b) R = CH
3
) was al so 

requir ed as a starting material . The ad ition of ammonia to unsaturated 
83 

esters has been investigated by .iorsch. F'ollovr.i..ng a modification of 

his technique,liquid ammonia and methyl acrylate were condensed a t 0°. 

Good yields of the methyl ester corresponding to (86) were obtained, 

but it was found that the tertiary ester corresponding to (87) was 

unstable , undergoing partial decomposition on distillation. This 

dec omposition was most marked in the benzoylation reaction,when no appreci-

able yield of N, -di-(~-carbomethoxyethyl) benzamide \ms produc ed from the 

tri-ester . The reaction conditions, which involve boiling the tri- ester 

in xylene , apparently lead to extensive decomposition at this temperature . 

Subsequently , other workers reported the synthesis of (84(b) ),and they 

were also unable to benzqylate tri-(P-carbomethoxyethyl)-amine~2 

In 1964 Carelli and Morlacchi published a different synthesis 
84 

of compound (84(a ). This synthesis is outlined in Scheme XIV. 

PhCONHCH2CH2C02Et PhH ~ 
+ NaH ----,.. PhCONCH2CH2C02Et 

(88) 1 CH2 = CH-C0 2Et 

0 

CrC~E C (seC~EC 
N (' N 

I 
( 84(a) ) 

I 
Ph-C= O Ph - c==o ( 90) 

SCREEE XIV 
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The addition of the sodium salt of et~l~-benzoyl-alanine (88) to 

a molecule of ethyl acrylate is f ollovred by spontaneous cyclisation of 

the intermediate ( 90) to the desired keto- ester (84(a)) . The yield 

is reported to be 95%. Since the preparation of compound ( 88) is 
85 

rather a tedious process, it was decided to attempt a synthesis of this 

compound by addition of the sodium salt of benzamide to ethyl acrylate . 

The ester was added to an equimolar quantity of the sodium salt of 

benzamide,prepared from benzamide and sodium hydride in benzene. fter 

boiling for one hour and working up the reaction, the product was a 

mixture of the keto-ester ( 84(a) ) and unchanged benzamide . Further 

experiments showed that if a one to three molar ratio of benzamide 

to acrylate was used, the keto-esters (84(a) ) and (84(b) ) could be 

prepared in yields of 55 - 65% based on benzamide . The reaction 

was compl ete in three hours , compared vJith the minimum time of two days 

required to complete the synthesis due to McElvain .81 Both the ethyl and 

methyl esters were isolated as yellow- red oils, which could be crystallised 

from 40/60 petroleum ether . Both keto- esters appeared to crystallise 

in a mixture of the keto and enol forms . The infrared spectrum of the 

crystalline material showed a band of medium intensity at 1720 co.-1 

with a stronger band at 1670 cm. - 1 due to the unsaturated ester carbonyl 

in the enol form . The amide band appears at 1650 cm.-1 and there is 

-1 a weak band at 1625 cm. , possibly due to the carbon-carbon double bond 

79(0.) .. . 
in the enol form . Ki'ter stand~ng ~n carbon tetrachlor~de, the band at 

-1 1720 cm. becomes extremely weak . Corelli and iorlacchi observed 

-1 -1 -1 
frequencies of 1730 cm. ,1 670 cm. and 1620 cm. in the infrared 
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84 - 1 
speotrum of (84(a) ). They assign the 1620 om . band to the amide 

oarbonyl oup . This assignment would appear to be inoorreot . 

1-Benzoyl-4-piperidone shaNS two strong bands in the carbonyl stretchine 

region at 1725 cm .-1 and 1650 om.-1
• These bands must be due to 

the oarbonyl group in the ring and to t he amide carbonyl group . Neither 

the methyl nor ethyl keto- ester ( 84) showed an enolic OH band in their 

infrared spectrum, in solution, or as a mull . This absence of this 

band has , h~vever, been observed in other cyclic keto- esters, structurally 

rela ted to 4- piperidone . 86 

Both cElvain and Corelli had Great difficulty in removing the 

ester group from 1-benzoyl- 3- carboethoxy- 4-piperidone, due 
81 (b) , 84-

to concomitant hydrolysis of the amide linkage . In this laboratory 

1- benzoyl- 4- piperidone has been produced in 5 /,0 yield from Ms keto­

- ester , by boiling this compound with 100% glacial acetic acid until the 

solution gives no oolouration with ferrio chloride solution . Hydrolysis 

of the amide linkage doe S oc cur , however , and prol onged b oiling reduces 

the yield of 1-benzoyl- 4-piperidone . 

The reaction of the sodium salt of benzamide with ethyl or 

methyl acrylate must presumably follow the path shown in Scheme XV . 

G:> 
PhCONH Na'f:> + 

SCHEME XV 
- 44 -
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PhCONH2 -CH

2 
-CHCO 2Et 

1 
E:> 

PhCONH-CH2CH2C02~t 

( 89) 



The reaction of the intermediate ( 89) vdth a second molecUle o~ ethyl 

aorylate must be ~aster than the initial addition reaction o~ the sodium 

salt o~ benzamide, since it was not possible to isolate ethyl~-benzqrl-

- alanine . No reaction occurred between the sodium salt of benzamide and 

ethyl acryl ate in the cold, while ~ter heatinc the reactants, only 

the keto- ester ( 84( a) ) was isolated . The reaction also works with 

acetamide and methyl acrylate, a1 thouCh the yields o~ 1- acetyl-3-

- carbome thoxy-4-piperidone are much lower than those ~or the 1- benz oyl 

compound . ttempts to react the sodium sal t of benzamide vd th ethyl 

crotona-be and methyl methacrylate both failed to give the corresponding 

keto- esters (91) and (92) . 

0 0 

COEf- HC COMe. 
2 3 2 

CH 
3 

HC N CH N 
3 I 3 I 

Ph-C==O Ph- C=O 

(91 ) ( 92) 

This is perhaps understandable in the case of methyl 

methacrylate , where polymerisation of the monomer under the i~luence 

o~ base is well lmovm . In addition , the steric crowding in an 

intermediate such as (93) would not favour cyclisation. 

COMe. 

HC'l rCOMe. 3 e 2 
CH 

3 
N 

I 
( 93) Ph-· C=O 
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The failure of ethyl crotonate to react is rather more difficult to 

explain . One reason may be that proton transfer of the type shovm 

below occurs . 

eE> 
PhCONH Na + 

E£)e 
CH- CH=: CH- COEt ~ PhCONH + _ a CH-CH=: CH-COEt 

3 2 2 2 2 

It has recently been shovm that under the influence of basic catalysts 

sel f condensation between two molecules of ethyl crotonate occur~ to 

give structures such as (94)~7 
H C COEr 

3 '" / 2 
C===C 

H/ "'CHCHCOEI-
1 22 

CH 
3 

There may also be a steric effect operating in the condensation between 

the benzami de sal t and etilyl crotonate, especially in the reaction 

required to f orm the intermediate iester (95). 

(COEI-

~. 2(C02EI-

HC Ne 
3 I CH 

Ph-C=O 3 

( 95) 
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These theories do not fully account for t he failure of benzamide and ethyl 

crotonate to react, however , since it i s knovm that the sodium salts of 

se condary amides, such as ( 96) ,vnll underf,o addition and cyclisation v~th 

unsaturated esters, including ethyl crotonate , to give high yields of the 

pyrrolidone keto- esters , (97) and (98) .88 
COEf- 0 

HXCOE~COE f- iCq.Ef- 1:) 
2 I 2 ) CSEf-

+HN ;> ---7R 
R H "-C OE f- R N NI 

2 I 
(96) COE f- COEf-

2 2 
R = H, CRy (97) 

C6H5' C02t.:t 

+ 

o 

DCOEf-
R N 2 

I 
CO Ef-

2 
( 98) 

The addition of a primary amide salt to unsaturated esters is , 

however , a new reaction . Benzamide will add to two molecules of 

acrylonitrile in the pr esence of Triton B to give N ,N-di-(~-cyanoethyl) 
89 

benzamide in good yield . This compound is unstable t o the action 

of alkoxide anion however , and undergoes a retro Hichael reaction to give 

the mono- adduct , N-~-cyanoethyl-benzamide:O The reaction of benzami de with 

two moles of ethyl acrylate in the presence of Triton B gave an almost 

complete recovery of unchanged starting material after 60 hrs . refluxing 

in dimethoxyethane . 

(b) Alkylat ion reactions of 1-benzoyl- 3- carboethoxy- 4- piperidone 

The first synthesis of the perhydropyrindine system from 

1-benzoyl- 3-carboethoxy-4-piperidone (84(a) ) involved the preparation 

of intermediate s related to c ompounds (79) :l.nd (81) . The se were 

prepared by alkylation of the keto ester (84(a)) . This compound has 
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been alkylated with several alkyl halides . McElvain obtained good 

yields of the 3- ethyl and 3- benzyl co~pounds from the corresponding 

halides, but found that reaction of the keto-ester with 

~ and y phenoxyethyl iodide or bromide did not eive C- alkylated products.81 

The products obtained would not form semicarbazone derivatives and 

did not yield 4- piperi done derivatives on decarbethoxylation, as did t he 

ethyl and benzyl compounds . Doerine; and Rhoads report that reaction 

of the sodium salt of the keto- ester (84( ~ ) ) in toluene with 

~-dimethylamino ethyl chloride givos the O- alkylated product , (99) .91 

6;~;c~2 
N 
I 

Ph-C==O 

( 99) ( 100) 

Recently, Spickett and Ganellin have successfully alkylated the keto- ester 

(84( a) ) d th ethyl iodide and isobutyl iodide . 82 

To obtain experience in the preparation of the alkylated 

derivatives of 1-benzoyl- 3-carboethoxy-4- piperidone, its reaction 

with methyl iodide under various conditions was studied. Foll~{ing 

81 
the procedure of . cElvain, the sodium salt of the keto-ester , 

produced by the action of sodium hydride in toluene, was treated with a 

sli ght molar excess of methyl iodide . Boiling the mixture for 48 hrs. 

under reflux gave a 70% yield of 1-benzoyl- 3-carboethoxy-3-methyl- 4-

- piperidone (100) as a pale yellow oil. Column and vapour phase chroma-

tography indicated that the product was a single compound. The method 
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of Ritchie and Taylor,92 involving the use of a dimethyl formami de- benzene 

solvent system to dissolve the sodium enolate , did not improve this 

yield . The best reaction medium fo r the alkylations of the keto- ester 

( 84-( a ) ) 'was f ound to be dr y dimethoxyethane . hen the alkylation was 

performed in this solvent, an 84% yield of pure methyla ted keto - es t er 

(1 00) was obtained . The direct alkylation of the sodium enolate of the 

keto-ester formed in the Dieckmann reaction is a well-knovm reaction . 93 

This reaction was attempted , usi ng methyl iodide , on the product resul ting 

from t r eatment of N ,N -di-(~-carboethoxyethyl) benzamide ( 86(a)) with 

sodium hydride in toluene . The yield of methylated keto ester was l ow, 

and there was evidence that a retro Michael reaction had occurr ed , since 

ethyl N- benzoyl alanine and unchanged di- ester "ere also isolated . In 

addition to these products , the r eaction mixture also yielded material 
C 

I 

whose n . m. r . spectra showed a H - 9 - CH
3 

group, a s well as a sharp 
C 

methyl singlet , and the methyl triplet f rom the carboethoxy group . This 

product was t entatively assigned the structure (101) . Another product 

o CH 
HC~COE~ 

3 l.) 2 

N 
I 

Ph-C=O 

( 101) 

HCyCOE~ 

3 ~ . 2 

NH 
I 

Ph- C==O 

(102) 

was thought to be the co mp ound ( 102) . These compounds we r e obtained in 

low yield, after chroma togr aphy on a l umi na . Their str uctures a r e assigned 

on the basis of their n. m. r . and infrared spectra . 
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complete explanation f'or the production f the se compounds Vlould r e quire 

a thorough investigation of this r eaction. Thi s wa s not undertaken, but 

the Vlork of' Hauser94, on the dianions derived fro m acyclic ;3- ke to- es t ers, 

and of Pincock and Rolston,95 on alkylat i on at the a carbon of esters, l ends 

support to the structures propos ed for compounds (101) and (102) . 

Having shown that the keto-ester ( 84{a» can be efficiently 

alkylated under controlled conditions, the f irst synt hesis of the 

perhydropyrindine system was atte~pted . It is outline d in Scheme XVI . 

o 
CO E ~ 

COE I-
2 

N (103) 

I 
AI-C==O 

(i) NaH/PhH 

( ii) !:J. 

Severa l 

Stages 

SCllliME XVI 

N 

I 
Ph- C= O 1 

(~OL:_) 

OR 

( 105) 

The ring closure necessary to accoQplish the conversion of (104) to (105) 

has analogies in the field of steroid reacti ons?6 although it could also 

produce compounds such as (106) . 
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o 

(106) 

CH 
3 

COEI-
2 

( 107) 

CH 
3 

However , aDore fundarrental obstacle in this synthesis was discovered in 

the initial alkylat ion step . It was found that ethyl y-bromo valerate 

(103) formed almost exclusively y-valerolactone (107 ) under the conditions 

of the reaction . Use of two equivalents of bromo-ester in the reaction, 

and the use of a lower react ion temperature and longer reaction time,still 

gave mainly the lactone (107) . 

A synthesis of the diester (108) was then attempted . From 

this compound it was intended to apply a synthesis related to that used 

97 
by Bachmann for the construction of ring D in steroid systems . The 

attempted synthesis is outlined in Scheme XVII . 

Several 
( 

t age s 

(i !InI! 

o 

cj<CHCOEf-
2 2 

COEf-
2 

N 

I l BrCH2C02Bt/zn 
Ph-C=O 

( 
Reformatsky 

108) 

o<CHF~~:COEr HOLYCHCO E f-
2 2 2 2 

COEf- C~CClEf-
2 COEf-

NI ./ i) - H20 ~ 2 

Ph- c=O (ii) H2 Ph- C=O (109) 

SCHEME XVII 
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The i nitial alkylation of 1-benzoyl-3- carboethoxy- 4-piperidone with 

ethyl broraoacetate in dimethoxyeth;:me gave a 60;' yield of 1-benzoyl-3-

-carboethoxy- 3- c.:trboethoxymethyl-4-piperidone (108) . This compound showed 

carbonyl stretching at 1740 cm .-1 assigned to the ketone group and two 

- 1 - 1 
peaks at 1730 cm. and 1 725 cm. for the ester carbonyls . A similar 

alkylatioh was also performed. wi th ethyl a - bromo propionate to give 

1 - benzoyl- 3- carboethoxy- 3- (1 '-carboethoxyethyl) - 4- piperidone in a yield 

lower than that obtained from the straight chain halo- ester . 

A Reformatsky reaction was performed on compound (108) using 

ethyl bromoacetate in benzene solution. The crude product was isolnted 

by addition of water and extraction of the organic material . Unreacted 

ethyl bromoacetate v~s removed by briefly 1eating the crude product 

o 
at 100 and. 15 mm pressure . The material vro.s then chromatographed on 

Spence alumina grade ~ and the product obtained was a solid,m . pt . 95- 97° . 

It showed a medium intensity band at 1785 cm.-1 in the carbonyl region 

- 1 - 1 
of the infrD.red. , and also a broad band at 1720 cm . - 1710 cm . . This 

corn ound was thought to be a l actone, and was given the structure 010) . 

E ~ OCH C 
2 2 

( 110) 

o 0
8 

Zt-Br 

E~OCHC& KA 2 2 CHCOE~ 
2 2 

COE~ 
2 

N 
I 

Ph-C=O 

(111) 

The lactone ring may have been formed by attack of the negatively charged ' . 

oxygen present in the intermediate, on t he ester group marked A in 
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figure 011). Alternatively and perhaps more likely, the l actone ring 

could be produced by the thermal eliminQtion of ethanol from the 

compound 009 ), the expected product of the Reformatsky reaction . 

The lactone structure (110) might undergo the Dieckmann 

reaction, althoufh it is likely that a stronr ly basic cyclising agent 

would be required . In his synthesis of caryophyllene, Corey found tha t 

only the methyl sulfinyl carbanion woul d roduce the cyclisa tion of t~e 

lactone (112) to the tricyclic structure (1 13).98 

( 11 2) 

C~ 
COMe 

2 

o 
Ji -

CH - S-CH 
3 2 

( 113) 

This was found to be due to the high a cidity of the a-carbon of the l actone, 

which ;Leads to proton transfer reactions, rather than cyclisation, with 

bases such as methoxide or tertiary butoxide . 

The cyclisation reaction was not a ttempted on the lactone (110) 

however, since it was felt the presence of' another a ctive methylene 

group mieht complica te the reaction. I n addition, a more promising 

method for the construction of the cyclopentnne ring was being developed. 

This method was based on the synthesis of intermediates related 

to the compound (80) • 

It seemed likely that a 1,4-diketone such as (114) would undergo 

a cyclisation reaction to give the bicyclic compound (115) , 2- benzoyl-
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1,2,3,4,7,7a-hexahydro- 6H-2- pyrindin- 6- one . 
o 

( 114) ( 115) 

o 

N 
I 

Ph-C===O 

The cyc lisation of dike t ones of thID type to cyclopentenone systems is 

a well known reaction, and has been used as a method for the attachment 

of ring D onto an ABC ring steroid precursor .99 

Raphael and Islam have synthesised 2, 4 ,5,6,7,8-hexahydroindene­

- 2- one (11 8) by the method shown in Scheme XVIII .100 

o 

CrC02E~ _______ __ (i) OE t 
> 

( ii) BrCH
2

C=CH 

o 
(11 6) 1 H 2+ ~ OH g , m y e 

di l. aq . OH 

( 118) ( 117) 

SCI1.BUt: XVIII 

The sodium salt of ethyl cyclohexanone- 2-carboxylate is condensed in 

ethanol wi th propargyl bromide . The acetylene is then hydrated by the 
101 

method of Jones et al . to the diketone (117 ) . The direct alkylation of 
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ethyl cycl ohexanone- 2- carboxyl '1.te with chloro or bromo- acetone gave low 

yields of impure material . The diketone ( 117) was cyclised to 

2 ,4,5,6,7,8- hexahydroindene- 2- one with dilute potassium hydroxide solution , 

with concomitant hydrolysis and decarbo:xy~q, tion of the ester group . This 

102 synthesis ha s recently been repeated by Dauben . Vfi th sodium ethoxide 

in ethanol, ethyl cyclohexanone- 2-carboxylnte and propargyl bromide \vere 

found to give approximately equal amounts of ethyl 2-( prop- 2-ynyl) ­

- cyclohexane-1-one- 2-carboxylnte (116), and diethyl a prop- 2-ynyl pimelate 

(119) • 

( 119) 

It was found thnt this reverse Dieckmnnn l~nction could be eliminated 

if the alkylation was conducted in the pre sence of potassium in tertiary 

butanol . The yield on the hydration of the e thyl 2-( prop- 2- ynyl)-

-cyclohexane-1-one- 2-carboxylate was also improved by the incorporation 

of the mer curic ion catalyst into a Dowex- 50 resin , following the method 

103 of Newman. The attempted cyclisation 0 t he diketone (1 17) to ethyl 

2, 4, 5 , 6 , 7, 8- hexahydroindene- 2- one-8-carboxylate (120) wi th sodi um 

ethoxide in ethanol yi el ded exclusively the product of a reverse nieckmann 

reaction , diethyl a-acetonyl pimelate ( 121) . 
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o 

. (120) (121 ) 

This cyclisation was finally accomplished in 3~ yield using potassium 

in tertiary butanol , but some 2 , 4., 5 , 6 , 7,8-hexahydroindene- 2-one ~18') 

was al vlays produced . 
100 

It ,vas decided to follow the procedure of Raphael and I slam, in an 

attempt to synthesise the compound ( 115), as shovm in Scheme XIX . 

o Crcqn 
~ 

(ii) BrCH
2

C::CH 

(i) I aH/D w: 

Ph- C=O 

o 

? 

( 115) 
SCHEME XIX. 

,. 

o 

Q<CH
2
C=CH 

C OE f-
N 2 

I 
Ph-C= O 

( 122) Hi+, BF 3' MeOH 

( 123) 

The all~lation of 1-benzoyl-3-carboethoxy-4.- piperidone with propargyl 

bromide in dimethoxyethane gave a 72% yield of 1-be nzoyl-3-carboethoxy-

-3-( prop- 2- ynyl) -4.-piperidone (1 22) . This compound was difficult to purify, 

distillation l eading to decomposition, and chromatography on Spence 
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grade H alumina resulting in extensive hydrolysis o~ the amide linkage . 

V{oelm alumina grade V proved satisfactory for the purification of the 

compound . The in~rared spectrum of the compound (122) in carbon tetra-

chloride indicated that C-alkylation had occurred . The hydrogen attached 

- 1 
to the triple bond was shown as a sharp peak at 3300 cm . , while the 

ester and ketone carbonyl groups appeared in a band at 1725 
- 1 cm . 

- 1 wi th a shoulder at 1 730 cm . • The n .m. r . spe ctrurn in carbon tetrachloride 

co~irmed the presence o~ the propynyl group . The acetylenic hydro[en 

was ~ound as a triplet centred a t 1 .9 p .p . m. (J = 2 c . p . s . ) . The 

methylene group adjacent to the triple bond was shown as a doublet 

centred at 2. 55 p . p . m. (J = 2 c .P. s . ) . No evidence of any ring opened 

102 
structt~e such as (124) analogous to the one found by Dauben was 

obtained. 

( 124) 

The next stage in the synthesis \7aS the conversion o~ 

1- benzoyl- 3-carboethoxy- 3-( prop- 2- ynyl) - 4- piperidone (122) into 

3- acetonyl-1-benzoyl- 3-carboethoxy-4- piperldone, (123) . This reaction was 

per~ormed in methanol,using a catalyst pre ared ~rom boron tri~luoride 

etherate , mercuric oxide a nd tri- chloroacetic acid . The diketone was 

isolated by pouring the reaction mixture into dilute sulphuric a cid, 

followed by ether extraction of the acid oolution . Application of this 
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procedure to the compound (122) , and purification of the produots by 

chromatography, yielded t wo compounds . One, a pale yell ow oil comprising 

approximatel y 70% of the product , was the required di ketone (123) . Its 

infrared spectrum indicated t he disa pearance of the acetylene band. The 

carbonyl region was not resolved , however , and showed only one peak at 

- 1 -1 1730 cm., with a pronounced shoulder ut 1720 cm. • 'rhe n .m. r . spectrum 

confirmed the presence of an acetonyl group, since it showed a three 

proton singlet at 2.05 p .p . m. 

The second compound was a crystalline solid , m.pt . 770
• 

Its infrared spectrum showed no acetylene band, and the carbonyl region 

closely resembled that of the diketone , (123) . The n . m. r . spectrum 

indicated a three proton singlet at 1 .48 p .p .m. and t wo 3- proton sin""lets 

at 3 . 2 vnd 3. 3 p .p .m. respectively . This information enabled the 

compound to be identified as the methyl keta l (125). 

o 

( 125) 

OCH 
3 

OCH 
3 

COEr 
2 

This compound was stable to t r eatment with cold dilute sulphuric a cid . 

Cleavage of the ketal group was broudht about by boiling a carbon 

tetrachloride solution of the ketal wi th dilute sulphuric a cid on a 

water bath for approxim tely twenty minutes . The n . m. r . spectrum of 

the carbon tetrachloride solution then indicated the resence of the 
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dike tone (1 23 ) . 

The surprising stability of the ketal 025) can be explained in 

two vrays. Firstly, it is possible that the alkylation of 1-benzoyl- 3-

- carboethoxy- 4-piperidone with propargyl bromide may give two epimers, 

(1220.) and ~22b) , although the infrared and n.m . r . spectra showed no 

evidence of epimeric products . 

o 

(122(a)) 

C OEI-
2 

(1 22(b)) 

o 
11 

N---C- Ph 

If two epimers were produced , then this Vlould infer that two methyl keto.ls 

should then be produced and only one of these may be readily converted to 

the diketone (1 23 ) • 

An alternative possibility is that the reaction product is a 

mixture of the ketal (125) and the enol ether (126). 

CH3 OCH
3 

( 126) 

The reaction of acetylenes with alcohols in the presence of mercuric ion 

or boron trifluoride is known to give a ketal , and this reaction presumably 

proceeds through the enol ether~O+A mercuric complex is an intermediate 

in these reacti ons , alihough the mechanism is not completely understood . 
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If the enol ether were present at the end of the reaction it would be 

readily hydrolysed to the diketone (123) by cold dilute acid. 

Raphael reported only the diketone (117) as the hydration product of the 

acetylene (116) . 

The last stage of the synthesis involved ring closure . Raphael 

and Islam had used a queous base for the cyclisa tion of the diketone (117),100 

while Dauben had used potassium in tertiary butanol in an attempt t o 

cyclise the salOO diketone wit h retention of the carboethoxy group. 102 

Vi th hot dilute aqueous sodium hydrax:ide solution the diketono ~ 23 ) 

was attacked initially at the amide linkage, producing benzoic a cid a n d 

a black intractable t ar . It was thoueht that tertiary butoxidc would be 

a sufficiently l ar ge anion for the hydrolysis of the a~ide linkaee to 

be sterically hindered . Brief treatment of the diketone (H23) with 

potassium in tertiary butanol a t r oom temnerature gave mainly unchanged 

starting naterial . Boiline the solution under reflux for thirty minutes 

produced a dnrkeninr, of the rea ction mixture, and a black residue was 

produced. Th is crude material showed no vinyl hydrogen i n its n .m. r . 

spectrum, and extraction of t his material with sodium bicarbonate and 

re-acidifi~~tion,produ ced benzoic a cid. Sodium methoxide in methanol 

also resLuted in cleavage of the amide linkage . Reaction of the dil~tone 

(1 23) vTith a c atalytic amount of Triton B in methanol resulted in trans­

-esterifica tion,and no further reaction occurred. The hydrolYSis of 

the amide linkage complicates any cyclisation that may occur. A cyclised 

compound such as ~15 ), i f hydrolysed at the amide linkage will give a 

compound structurally re l a ted to tecomanine (37) . It is known that 

t .. t bl 105 ecomamne lS very uns a e to aqua ous base . 
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Attempts at acid c ".talysed cyclisntion, involvinG the boiling 

of the dDcetone (123) in gl acial a cetic a cid containing varying percentages 

of hydrogen chloride were unsuccessflu , resulting in cleavage of t he ~ mide 

groupin~ , or l a ck of reaction . 'fuile the ease of cleavRge of the 

benzamide link..'l.ge may be the princi pal reason f or the failure of the 

cyclisation rea ction, there i s a possibili~ of a different type of 

cleavage occurring in the diketone (123), especially on trea tment vd th 

basic reagents . A ba se catalysed retr !!ichael reaction could occur if 

the carbonyl e;r'oup of the ring were to enolise a t a r ate comparable with 

the rate of enolisa tion of th e ca rbonyl c;rouo of the a cetenyl substituent . 

This could f ive rise to structures such as (127) . 

o 0 

eN 
( 127) I 

Ph-C==O 

I t is conceivable that structures such as (127) could"be in tautomeric 

equilibrium with the corresponding cyclic structures , especially when 

one considers the facile addition of t he anions derived from benzamide to 

unsatl~ated esters . 
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c) Alkylation reactions of 1- benzyl- 4- piperidones 

One of the major obstacles to thG completion of the synthesis 

of 2- benzoyl- 1 , 2 , 3, 4,7 ,7a- hexahydro- 6H- 2-pyrindin- 6- one (115) was the 

hydrolysis of the amide group which occurred lhen attempts \ere made 

t o cyclise the diketone ( 123) . Since the yields in all stages of' the 

synthesis of' this diketone were good, it vias felt that study of t lis 

synthetic route should be continued. It 'las decided to attempt an 

application of this synthesis to a b~sic 4-piperidone deriv~tive . 

The C-a lkylation of basic keto-~sters by means of enolate 

anions is not a sa tisfuctory reaction. U~lva:i-n found that the reac tion 

of the sodium salt of 1- me thyl- 3- ca rboethoxy- 4- piperidone with methyl 

iodide gave N rath~r than C- alkylated pr oducts . 106 A 48% yield of 

1-(2 '-phenyl ethyl) - 3- allyl-3-carboethoxy- 4- piperidone ( 129(a)) was 

obtained f'rom the sodium salt of the keto- ester (128) and allyl dimethyl 

b.nilinium bromide , after boiling in benzene . 

o (reop .. 

N 
I 

PhCHCH 
2 2 

CH 
I 3 

Ph- N-CH 
- 1+ 3 

X R 

( 128) (129(a)) R = allyl 

(129(b)) R = benzyl 
1ith benzyl dimethyl anilinium chloride a 7~o yield of (129( b)) was 

obtai ned. 

Clemo has alkyl~ted the basic keto-ester (130) with methyl 

iodide in the presence of 1" otassium dhoxide and obtained a 3 8/~ yield 
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of the methyl ketone (131). 

o 

( 130) 

COEI-
2 

o 
CH 

3 

The lOYT yields encountered in this t ype of 'Oreparation prompted a 

study of other methods of alkylating a basic ketone in the position 

udjacent to the carbonyl group . The successful use of enamines as 

intermediates in the alkylation of ketones~08 suggested thnt they might 

be useful in a synthesis of the 1,2,3,4,7,7a- hexahydro- 6H- 2- pyrindin-6- one 

system . It was de cided to attempt an enfuuine alkylation of 1-benzyl-

- 3-methyl-4-piperidone (132) with propargyl bromide in the hope of 

obtaining 1-benzyl-3- methyl- 5- ( prop- 2-ynyl) - 4- piperidone (133) . The 

methyl piperidone was chosen since this grou~ i s present in tecomanine 

(37) . Hydration of the acetylene (133) and cyclisation of the diketone 

(134) would give 2- benzyl-1,2 , 3 ,4,7 , 7a-hexahydro-4- methyl- 6H- 2- pyrind:in-6- one 

( 13.5) us shown in Scheme XX . 
o SCHEME XX 

H3
C'Y) 

N 

I 
Ph-.CH2 

( 132) 
HC 

3 

( i) Pyrrolidine 
(ii) BrCH

2
C::CH 

o 

HC 
3 

? 
( 

) 

I 

o 
HC~CHC=CH 
3 l"j 2 

N 

I 
o Ph-CH 

2 ( 133) 

( 134) H 2+ g , BF , MeOH 
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No enamines of basic ketones have been alkylated with reactive halides . 

\Vhile aware that alkylation on the nitrogen in the piperidone ring 

would be a competing reaction, it was thought that under the correct 

conditions , the markedly nucleophilic character of the enamine would 

alloVl reaction with propargyl branide to proceed at the desired position 

a to the carb onyl group. 

The structure of the enamine from ~substituted cyclohexanones 

l~s been extensively studied.109 Experi~ental results indicated tilat 

all<ylation of the enamine derived f'rom a 2- substituted ketone occurred at 

the 6- posi t ion, implying the.. t the direction of enamine formation was 

towards this unsubstituted position in the ketone . A large proportion 

of these enamine reactions use pyrrolidine as the basic co- reactant \11th 

the ketone . It has been shoym that the pyrrolidine enamine of 2- methyl 

cyclohexanone is composed of 90% of the compound (136), and 10% of its 

i somer (137).109( a) 

He 
3 

Q 

( 136) 

H He 
3 

( 137) 

However , with di ethylamine as the base, the proportions of the isomer 

correspondin to (136) is only 25%, while 75% of the enamine exists in 

the more highly substituted form .109(a) 

Since it was essential to aL>;yle..te 1- benzyl-3-methyl-4-piperidone 
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in the 5- position,pyrrolidine was chosen as the base for the reaction. 

1-Benzyl- 3-methyl-4- piperidone was chosen for the synthesi s because 

its prepc.>.ration was straightfor ward, ancl because t he i-benzyl group 

provided tvro sets of characteri stic hydrogen a toms , which might be 

useful in n .m. r . analyses of the r eacti on products . The benzyl group 

could possibly be converte(4 at a l ater stage , into a N-CH
3 

group , by 

hydrogenolysis and methylation . 1-Benzyl- 3-methyl- 4-piperidone was 

synthesised by the method of Carabateasand ~rumbach110 outlined in 

Scheme XXI. 

o HflJ 
N 
I 

Ph-CH 
2 

HC 
3 

o 

MeOH, D. 
\!O 

COMe. 
2 3 ?,C O~e 

HcyCOMe 

( I' aH/.2hH N/ 

SCHEME X1..1 

I 
Ph-CH 

2 

The yield on the initial addition reaction nas improved by allowinG the 

reactants t o stand at room temperature for a week or longer. Carabatcas 

and ~rumbach were able to dissolve the sodium enolate of the keto-ester 

(1 40) by adding \-'1ater to the benzene suspension of the enolate , followed 

by concentrated hydrochloric acid , giving an overall acid strength of 
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approximately 45%. On following their pro cedure, the hydrochloride of 

the keto- ester was precipitated by the addition of concentrated 

hydrochloric acid to the aqueous benzene solution. This hydrochloride was 

found to be fairly insoluble in cold 45% hydrochloric acid and b oiling 

of t he solution was required to dissolve the hydrochloride a nd promote 

the decarbomethoxylation reaction . I solation of the free base gave 

1-benzyl-3-~ethyl-4-piperidone in approxi~tely 40% overall yield from 

-1 benzylamine . It showed a rather brood carbonyl band at 1715 cm . 

(liquid f ilm) and strong bands at 2780 cm.-1 and 2800 cm.-1 These latter 

bands nre presumably Bohlmann bands ,111 due to the interaction of the 

trans-2,6-diaxial hydrogens with the ni troeen l one pair as shown i n 

fig . (1 41). 

H 

(141 ) 

The n.m. r . spectrum of the ketone in carbon tetrachloride solution 

showed a slLarp 2- proton peak at 3.65 p .p .m. due to the benzyl group , 

and a three proton doublet centred at 0 .91 p .p . m. (J = 6 o.P.s.) due 

to the methyl gr oup . Each peak of thi s double t had a sllltlll ill 

resolved shoulder on it . Since the ketone has been boiled with o.ci 

the methyl oup would be expe cted to have the more s table equatorial 
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position. The shoulders on the n . m.r. signal due to this group mny 

be due to t he presence of a srmll per centage of the epimer with the 

methyl group in the axial position. 

The enamine of 1-benzyl- 3- methyl- 4-pipcridone (142) was prep<1.red 

in 85% yield by standard procedures .1 08 

The use of para- toluene sulphonic acid reduced the time required for 

complete reaction to three hours. The enamine Vias distilled, and its 

n . m. r . spe ctrum performed immediately , on a s ample of the distilla te . 

It shovled a single vinyl hydrogen as a triplet centred at 4 . 05 p .p . ra . 

(J = 2 c . p . s . • The signal due to the methyl resonance appeared as a 

doublet centred at 1.16 p . p . m., the shift to a lower field being due 

to the effect of the allylic double bond. The signal due to the benzylic 

methylene oup was composed of two peal;:s , sennrated by 0 .04 p . p .m. This 

rather unusual effect, which is not present in the enamine of 1-benzyl-LI--

- piperidone, must be due to the confor~~tion of the enamine , causing the 

~70 hydrogens of the benzyl group to become non- equivalent . Comparison 

of the integrated proton signals of the vinyl and benzyl hydrogens con-

firmed that the enamine had formed exclusively in the required direction, 

th.'\ t is , away from the 3-methyl group . 
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The reaction of the enamine (142) 'l7ith propargyl bromide was 

initially performed in acetonitrile solution . Tnis solvent system had 

been used for the reaction of propargyl bromide with the enamine of 

the ethylene glycol monoketal of 1 ,4- cyclohexnnedione .112 The freshly 

distilled en.:lmine , a pale yellow oil, was dissolved in acetonitrile 

and an equimolar amount of propargyl bromide was added at room 

temperature . A mildly exothermic reaction occurred, and the solution 

becar:le dark red in colour . The reaction mixture was boiled for one 

hour then the bulk of the acetonitrile was removed under vacuo . The 

enamine was de composed by Vlarming YTi th vlllter . Extraction of the product , 

and chrorr.n.tography on Woelm alumina gave a 47% yield of 1-benzyl- 3- methyl- 5 -

-( prop- 2- ynyl) -4-piperidone (133) as a pale yellow oil . The infrared 

spectrum in c ~rbon tetrachloride solution showed a band at 3308 cm.-1 

with a slight shoulder at 3300 cm. - 1 • Bohlmann bands appeared at 

- 1 -1 2780 cm. and 2800 cm. • The n .m. r . spectrum showed the acetylenic 

hydrogen as a poorly defined triplet at 1 . 8 p .p .m. The methylene group 

adjacent to the triple bond was not clearly resolved . The doublet due 

to the methyl group was centred at 0 .9 p .p .m. 

Two other compounds were also obtained fran this alkylation 

reaction . One was an extremely hygrosoopio soli d , which for med a tar on 

brief exposure to the atmosphere . An analytical sample oould not be 

obtained~but the infrared spectrum showed ~~e nresence of an acetylene 

group .:lnd a carbonyl group . In addi tion , weak bands in the region 2700 cm .-1 

- 24-00 cm:-1 i ndicated that the compound was a quat ernary salt . The 

compound is probably produced by the N- alkyl'1tion of the piperidone ring 
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wi th propar{;yl bromide . 

The first compound to be isolnted f r om the chromatography 

of the crude product was a colourless liquid. Its infrared spectrum 

- 1 
showed an acetylene hydrogen at 3300 cn. • No carbonyl grou") appea.red 

to be present in t he molecule . The n . m. r . spectrum showed only four 

peaks . A 5- proton aromatic signal occurred at 7.38 p .p .m., and a 

benzylic r.tethylene eroup was shoVTn at 3.75 p . T) .m. A sharp 4-proton 

do blet centred at 3 .47 p .p . m. (J ~ 2 c . P . s . ) , and a sharp two proton 

triplet at 2 . 25 p .p . n . (J ~ 2 c . P . s.), were the only remaining peaks . 

This informc..tion led t o the structure (143) for this compound. Thio 

was confirmed by analysis . 

( 143) 

T'ne production of n ,N-di(prop-2-ynyl) benzylrunine (143) from the 

enamine reaction can be explained if ini ti..1.l reaction of the enamine (142) 

with propargyl bromide occurs at the nitrogen in the 4-piperidone rine. 

This will produce the intermediate (144) . 

Q 
HC~ e 3 c..;. Br 

+{" 
N--CHC==CH 

(1 44) I 2 
Ph-CH

2 
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e 
Br 

U-CHC:=CH .., 
I 2 

Ph- CH
2 

( 1 ~-5) 0 

H 
Ph CH N C H C == C H 

2 2 

( 14-1) 

Q l N "0 CHC=C-H--~') ~ e ( ) 
~~ j I Br --'> 14-3 
~N . / I '-...C~C=CH 

Ph- C~. CHC=CH 
I 2 

Ph- CH
2 

(148) 
2 

This intermediate can ring open as indicated in fig . (144), to fi ve a 

structure nuch as ( 145) . Several reactions of this intermediate could 

lead to U,H-di(prop- 2-ynyl) benzylamine . Two possible patbsare shovm in 

the above sequence . 

TIle intermedia te (145) could be converted by a proton transf er 

reaction , into the e~~mine (146) . The influence of the positive char ge 

on the nitrogen adjacent to the benzyl group could then cause a second 

r i ng opening reaction , to give the compound (147). This amine would 

then react with any unreacted propar gyl bromide to give N,N-di-(prop- 2-

-ynyl) benzylami ne . An alternative react i on of intermediate (145) is 

a proton transfer to another basic molecule and reaction of the unchar ged 

enamine ( 148) .. with another molecule of propargyl bromide . This would 

again produce a positive nitrogen at the 1- position and ring opening 

would lead ton ,N - di-( prop- 2-ynyl) benzylamine . This compound only 

comprised approximn. tely 15% of the isoln. ted ID3. terial . The reaction of 
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the emmine of 1 -benzyl- 4.- piperidone with propargyl bromide gave 

appro~:ima.tely 4.a;" of this nnterial !10> ever, <'r:(1 [> (I'c"I ter proportion 

of quaterIk'U'Y compound . The increased yield of N,N-di-( prop- 2-ynyl)­

benzylaminc in this reaction, can be accounted for if the rate determininG 

step in the rine opening sequence is t.l1e form''l.tion of the interrnedie.te 

(14.6) . In the case of the 3- methyl compound, the direction of fO!m."I.tion 

of the enamine (14.6) must be towo.rds the methyl substituent . As w, s 

mentioned earlier , this is known to be t .. le least favoured direction I'or 

pyrrolidine enamines of ketones with 2- ulkyl substituents . It would 

then be exnected th1. t the rate of formc.tion of the enamine (14.6) would 

be slower than the rate of formation of the unsubsti tuted enamine clerived 

from 1 - benzyl- 4.- piperidone. 

In an attem')t to reduce the qm.ntity of quaternary material 

and N,N- di- ( prop- 2- yny1)-benzy1amine, different reaction conditions 

were studied . It was felt that a polar solvent , such as acetonitrile, 

mic,ht not be the b est solvent for the enamine alkyl tion, since it 

would dissolve any quaternary material produced in the reaction, and 

stabilise any ionic intermediates present in solution . The effect 

of heat on the reaction VIas also considered. It was felt that the 

reactive enamine group would sti:il1 undergo alkyl ation at a low temuerature, 

while heating tile reaction mixture , although it would enhance the rate 

of this reaction , miCht also uromote N- a1ky1ation to an even 

greater extent . Accordinrly , the enrunine of 1 - benzyl- 3- methyl- 4.- piperidone 

was dissolved in benzene and reacted .. ri. th propargyl bromide for forty 

hours at room temperature . An orange oil precipitated f r om the reaction 

mixture after tlu'ee to four hours stirrinG' A. sa!!!,le of this oil was 
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warmed vii th water and extracted t o obtain the organic materi 9.1 . Thi9 ' 

VIas found to be 1- benzyl- 3- methyl - 5- (prop- 2- ynyl) - 4- pi peridone . fter 

allowinp' the rea ction mixture to stand f or f orty hours, a 63", yield of 

this c ompound could be obtained . The amounts of N,N- di- (prop- 2- ynyl) -

b enzylnmine and intractable quaternary n~terial produced by this 

technique , v/ere greatly reduced . The soli d separating out from the 

reaction must presumably be the hydrobromide of the a lkylated enaminc 

( 150) 

HC 
3 

o 
N+ e Br 

CHC=CH 
2 

( 149) 

HC 
3 

CHC=CH 
2 

The yield in t his alkylation reaction is hi eh , compared vd. th the yield 

usually obtained by enamine alkylat ion o£ 2- substituted ketones . This 

is presumably due to the precipi tation of the intermediate ( 1l@) or 

(1 50) as it is f ormed . 

The hydration of this compound "laS performed with the boron 

trifluoride - mercuri c oxide catalyst in metlk~nol . The methanol 

solution was concentrated, filtered f rom the inorganic material and 

heated for t wenty minutes a t approximately 50
0 

with a 101- aqueous solution 

of dilute sulphuric acid . Basification with sodium carbonate , and 

ether extraction gave 3- a cetonyl- 1 - benzyl- 5 - methyl- 4- piperidone (134) 

i n 7010 yield. This compound , like the a c etylene precursor , wa.s unstable 

to distillation, and was purif ied by chromatography on a lumina . 
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Cyclisa tion of the diketone ( 134) was accomplished by treatment with 

potassium in tertiary butanol a t room temper a ture for thirty minutes . 

The product , after chromn.tography on nlumina., yielded a compound shovm 

to be 2- benzyl- 1 , 2 , 3 , 4 , 7 ,7a - hexahydro-4- methyl-6H- 2- pyrindin- 2- one (135) . 

The n .m. r . spe ctrum indicated a vinyl hydrogen at 5 .76 p .p . m. The centre 

of the methyl signal was shifted d ovmfield to 1 .1 p . p .m. The infrared 

spectrum of (135) showed c arbonyl stretching a t 1705 cm.-1 and 1620 cm .-1 , 

both of comparable i ntensity . Tecomanine (37) has carbonyl stretohing 

bands at 1 700 cm.-1 and 1620 cm .-1 • 

This reaction sequence fron the enamine of 1- benyl-3- methyl- Lfo-

piperidone , provides a method for the efficient construction of the basic 

ring system of the cyclopentanoid monoterpene alkaloids . In addition it 

proves a methoa for the synthesis of the D ring system 01' a 9- azasteroid 

from a precursor such as ( 66/ . 
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d) Syntheses of 3- bromo- 4- pip-.;ridone derive.. tives . 

The r eaction of an a- bromo ketone vnth the sodium salt of a 

~-keto -e s te r has been used to produce 1 , 4-diketones. For example, 

2 - bromo- 1- te tralone (1 :;'1 ) will re<- ct with ethyl a cetoacetate to 

give the compound (1,2) . This compound can be cycliscd with dilute 

,- queous base to the cyclopentenone derivative (153) as shown below . 113 

o 
Br 

( 151) o 

( 153) 

( 152) 

dil. aq. 

OH 

CO EI-
2 

This type of r eaction has been app.Lied to the synthesis of 

steroid analogues, such as (1 54) , from t he tricyclic bromo-k<.:!tone (155) . 114 

o 

( 155) ( 154) 
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As a preliminary step in the application of this type of 

synthesis to the production of a 1,2,3,4,7,7a-hexa hydro-6H-2-

pyrindin-6- one system , the bromination r eactions of 1-benzoyl-4-

piperidone derivatives were studied. 

The bromination of 1-benzoyl-3-carboethoxy-3-methyl-4-pip~ridone 

(100) was performe d in chloroform , a t room temperature, and the solution 

was allowed to stand overnight before isolation of the product . An 

85,10 yield of a pleasant smelling yellow oil was obt ained . The 

infrar ed spectrum,ns a liquid fil showed a broad band from 1740 cm . - 1 

- 1 to 1725 cm. The n. m. r . spectrum indicated tha t the product was a 

mixture . The methylene protons of the ester group f ormed a qua rtet, 

with each peak a double t . The methyl group of the ester was correspondingly 

split and there appeared to be t wo peaks for the tertiary methyl group . 

On dissolving the oil in hot carbon tetrachloride or ether , and cooling 

the solution, a crystalline material could be obta ined . This wa s a 

white solid m. pt . 980 
- 990

, and comprised the bul k of the product . This 

, compound was also produced when the bromination wa s performed in an ether-

acetic acid so l ution , and the product isolated after allowing the solution 

to stand fo r 1/2 hr . Under both types of reaction conditions, a small 

amount of material, (approximately 10% of the product), was obtained 

which could not be induced to crystallise . ttempts to purify this 

compound by chroma tography were unsuccessful . ' 
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The crystalline material analysed as a mono-bromo compound, and 

was given the structure (156) . 

o CH 
Br~COEr 

l . .J 2 
N 

I 
Ph-C==O 

( 156) 

The stereochemistry of this compound proved of some interest. Its 

infrared spectrum, in cyclohexane solution, showed carbonyl stretching 

- 1 -1 at 1725 cm. and 1720 cm . , both of co mparable intensity , and an amide 

carbonyl group at 1660 - 1 cm. The n .m. r . spectrum of the compound in 

deuterochlorofo rm solution showed the tertiary methyl group as a sharp 

singlet at 1 . 37 p . p . m., a downfield shift of 0. 16 p . p . m. rela tive to the 

unbrominated comp ound. The protonjn the 3 position and the methylene 

group in the 2 position had also been shifted downfield , and appeared as 

a complex multiplet around 5. 0 p . p . m. 

The carbonyl stretching frequency of the a- bromoketone showed 

no change from that of the starting material , 1-benzoyl-3-carboethoxy-

115 116 3-methyl- 4-piperidone . The work of Jones et al., and Corey, on the 

carbonyl frequencies of a-bromoketones , suggests that in the compound 

(156) the bromine occupies an axial position. In general, the presence 

of bromine in an equatorial position a to the carbonyl group ( as in fig . 

(1 57)) , leads to an increase of around 10 cm.-1 - 20 cm.-1 in the carbonyl 
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stretching frequency . 

o 

H Br 

( 157) ( 158) 

An axial a- bromoketone , such as (158), in which the reduction of dipole 

repulsion effects compensates for any storic interaction, shows 

essentially no change in its carbonyl stretching frequency. 

The downfield shift of the methyl group in (1 56) is presumably 

due to the steric effect of the bromine , since it would a lter the 

environment of the methyl group~whether the methyl group was in an 

axial or an equatorial position . 

The unusual feature of this reaction hOiever, is the fact that 

the major product is the epimer with the bromine in the axial position. 

The r eaction in chlorofo r m shows an induction period , but then proceeds 

r apidly , and the resulting solution must presumably contain hydrobromic 

acid. Leaving this chlorofo r m solution overnight might be expe cted to 

cause equilibration of the axial bromine, (the product of kinetically 

controlled bromination») into a conformation 7ith the br omi ne equatorial . 

Corey showed that the equilibrium constant for the reaction axial br omine ~ .. 
equatorial bromine was approximately 2. 5 , for 2-br omo- 6, 6- dimethyl-

cyclohexanone in chair conformations . The corresponding equilibrium 

constant fo r 2-bromo-cyclohexanone is more than 50 .117 
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The mechanism of the bromination of ketones has been 

investigated by several workers . 118 Bromination of ketones is thought 

to proceed through the enol form, the bromine attac.d.ng the €".nol 

predominantly f rom the direction which affords maximum overlap of the 

brominating agent with the 1f orbital of the enolic double bond . Valls 

and Toromanoff have pointed out that this type of "perpendicular" 

a ttack on the enol may involve either par allel attack , in which the 

bromine approaches the double bond from the same side us the 

pseudoaxial bond (see fig . (159)) ,or anti-paral~el a ttack (see fig . (1 60) / ) 

~lhi ch results when the bromine approaches from the opposite side: 19 

Br 0- 0 

, ~-----8 Q 

H 0 9-- --~ e./ 

--+ ~ 

" , 

0/ 0 
( 159) ( 162) ( 163) 

Br 
G> 

( 160) Br ( 161 ) 

The product in the latter case is an axlal a-bromoketone (161), and in 

the absence of opposing steric effects this is the usual mode of attack . 
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steric hindrance can cause parallel addition however, to give the 

initial boat conformation (162) . In general this boat conformation 

undergoes a ring flip to the chair confor~~tion (1 63). 

The application of this theory to the bromination of 

1-benzoyl- 3-carboethoxy- 3- methyl-4-pi peridone suggests that either 

an axial conformation such as (1 64) is produced , in which the epimer 

\uth the axial bromine atom is the predominant product, or alternatively 

that the a-bromoketone is in a boat form such as (1 65) . 

CH 
Br 3 

( 164) ( 165) 

o 
11 

N-C-Ph 

Although the minor , non-crystalline product of this bromination 

reaction could not be thoroughly purified, its infrared spectrum 

- 1 - 1 showed a peak at 1725 cm . , with a pronounced shoulder at 1740 cm . 

The n . m. r . spectrum of thi s mate r ial resembled that of the crystc.ll ine 

a-b romolce tone , and it is possible that one constituent of this 

mixtur e could be an a- bromo- ketone uith an equatorial bromine . 

The bromination products of 1- benzoyl-3-methyl- 4- piperidone 

were then investigated. Under the same conditions as those used for 
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the bromination of 1 -benzoyl-3-carboethoxy-3-methyl-4-pip~one , a 

yellow oil was obtained, which resisted attempts at crystallisation. 

The oil was purii'ied by chromatography , al though it was impossible to 

obtain consistent analyses on this compound or any of its derivatives . 

Analytical figures did indicate that the compound contained only one 

bromine atom . The infrared spectrum of the compound, in carbon 

- 1 tetrachloride solution, showed a strong band at 1740 cm . The parent 

k", tone showed a carbonyl absorption at 1125 cm . - 1 in the same solvent . 

The n. m. r . spectrum indicated tha t bromination had occurred at the 

ca rbon carrying the methyl 6rouP , since a sharp 3 proton singlet 

appeared at 1 . 75 p . p . m. The methylene ~rotons at the 2-position were 

found as an AB pattern of four ) eaks centred at 5 . 6 p. p . m. (JAB = 12 c . p . s . ) . 

The 1 -benzoyl-3-methyl-4-pi~one used for this reaction was 

produced by decarboxylation of 1 -benzoyl-3-car~ ethoxy-3-methyl-4-

piperidone , by boiling this compound ID. th 5~" hydrochloric acid . This 

causes epimerisation of the methyl group , since the n. m. r . spectrum of 

the hydrochloride of 3- methyl- 4-piperidone showed four peaks in the 

methyl region. Benzoylation of this hydrochloride in the presence of 

potassium car bonate gave after distillation an oil , which solidified 

to a pale yellow solid , m. pt . 57
0 

- 580
• The n. m. r . spectrum of this 

compound showed only a doublet for the methyl group . It is most likely 

that the more stable conformation of this methyl group would be the one 

in which it is equatoria l to the 1-benzoyl- 4-- piperidone ring as in fig . (166) . 
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( 166) 

This would favour axial attack of the bromine , to give initially the 

epimer with the bromine axial . However, the bromo-ketone isolated 

from the rea ction is the equatorial epimer , judging by the marked 

increase in the ca rbonyl stretching frequency . This sU"gests that the 

conditi ons of this reaction are equilibrating , and consequently the 

bromination of 1-benzoyl-3-carboethoxy- 3- methyl-4-piperido ~~hich was 

perfor med under the same co nditions~gives rise to the equilibrium 

controlled product . The conformation of this bromo- ketone must thus 

lie somewhere between the extremes of a conformation such as (1~~ ) and 

a boat conformation such as (1 65 ), as mentioned earlier . model of a 

twist-boat conformation (1 67) f or this compound allows both 5 substituents 

to be the maximum distance away from the 3-bromo substi tuent . 'fhe 1-

benzoyl group is still quasi equatorial, uhile the bromo substituent can 

occupy a position whereby the dihedral angle between it and the plane of 

the ca rbonyl group is large enough for the bromine sustituent not to 

have an apprecl able effect on the carbonyl group . 
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El- QC 
2 

CH Br 
3 

( 167) 

Only one a ttempt was made to alkylate the bromoketone (156) . 

It was reacted with the sodium salt of ethyl- 1- methyl- a ce toacetate 

(168) prepared from the {3 keto- ester by r eaction vi th sodium hydride . 

The majo r product of the reaction was 1- oenzoyl-3-carboethoxy-3-methyl-

4- piperidone (100) . This must have resul ted f r om attack by hydride 

ion on the bromo- ketone . The conversion of (168) to the sodium enolate must 

have been incomplete , under the conditions used . A small amount of the 

r equired compound 1- benzoyl- 3(1 ' -carboethoxy-2'-keto-1'-methylpropyl) -

5- carboethoxy- 5- methyl- 4- piperidone (169) was isolated. 

{) 
Br H'r;;P 

I~CH + CQEf- 3 
2 

168) 

Ell- QC 
2 

HC 
3 

( 169) 

o 

CH 
COEf- 3 

2 

This type of reaction was not repeated however, since, at this 
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t ime , all attempts to cyclis e the related 1 , 4 diketone (1 23) were 

proving unsuccessful . 
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EXPERI [ENTAL 



Preliminary Notes 

&elting points were determined on a Kofler block and 

are uncorrected . 

Infrared absorption spectra were measured with Perkin 

Elmer Infracord, 221 and 257 spectrometers . The spectra of solids 

were determined as Nujol mull s , indicated by (Nujol) or in solution 

(e. g. CC14). The spectra of liquids were determined as liquid 

films (film) or in solution (e.g. CC14 . 

Ultraviolet absorption spectra ¥ere measured on a Unicam 

SP 700 instrument . 

Nuclear magnetic resonance (n. m.r.) spectra were recorded 

on a Perkin El mer 60 megacycle instrument and are quoted in parts 

ner million ( p .p . m.) from an internal tetramethyl silane standard 

(O .p.p.m.). 

Analytical gas liquid partitionchrornatography (v.P.c.) was 

performed on a 10ft. spiral glass co wnn packed with Gaschrom P 

coated with 1% SE-30 silioone grease . 

All reactions involving dry solvents were carried out in 

an inert atmosphere . 

Sodium hydride was used as a 50% by weight dispersion in 

liquid paraffin . 
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. icroanal yses were carried out by Drs. 'e iler and 

strauss of Oxford and by r . John Boul ton of Keel e University . 
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2- ethyl-Cyclopentanone 

This was prepared from diethyl adipate and methyl iodide 

. ( 93) by the method of N1cole and Berlinguet, 

N-(5-methyl-cyclopentenyl)pyrroli ine 

Freshly distilled 2-methyl-cyclopent anone [40 gms ,(O.41 mole)] 

and freshly distilled pyrrolidine [60 gms , CO.84 mole)] were added to 

300 mls of dry benzene and the solution boiled under reflux for 16 hrs . 

A water se arating device was used to remove the water formed in the 

reaction. The solvent was removed and t he pyrDolidine enamine 

distilled under an inert atmosphere . B.pt . 110°/20 mm . Yield 85%. 

It was found that t he reaction time could be reduced to 

2 - 3 hrs by t he addition of a trace of para-toluene suI honic acid 

before heating the solution. 

The infrared spectrum showed the absence of a carbonyl group 
-1 

and the formation of a band at 1640 cm. 

group _ 

indicating an 

Ethyl aC 2- keto-3-methyl-cyclopen tyl) aceta te (67) 

" N - C = C 
/ 

The pyrrolidine enamine of 2- methyl-cyclopentanone [48 gms , 

(0.32 mole)] was dissolved in 200 mls of dry benzene _ Ethyl 

a-bromoaoetate [53.5 gms , (O .32 mole) ] was added, dropwise during one 

hour, to the stirred solution of the enamine, whioh was then boiled 

under reflux for 3 hrs. After oooling the flask , a solution of 50 rols 
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of methanol and 150 mls of water was added, and the solution boiled 

under reflux for 1 hr. The benzene layer was then separated , dried 

and distilled to give 23 gms ( 3~o of ethyl a(2- keto- 3-methyl-cyclopentyl) ­

acetate . B. pt . 134°/25 mm. 

~ (film) 1730 cm . - 1 - 1740 cm. - 1 (broad) 
max 

Found C, 64.73; H, 8 . 94% 

C10H1603 r eq. C, 65 . 18; H, 8. 75/s 

The 2, 4-dinitrophenylhydrazone was prepared in ethanol and was 

crystallised f rom absolute ethanol . o 
M. pt . 135 • 

Found C, 52, 90 ; H, 5. 47; N, 15 . 23% 

trans -Pulegenic acid and trans - methyl pUlegenate (72) 

trans -Pulegenic acid was prepared from D- pulegone by the method 

of volinSky . 68(a) It distilled as a yellow oil , b . pt . 106-8% . 3 mm. The 

method of Cavill gave an inferior yield. 68(b) 

trans-Methyl pulegenate was l repar ed in 90% yield by the 

addition of an ethereal solution of diazomethane to an ethereal solution 

of the acid . The ester distilled as a colourless liquid, B. pt . 112- 115°/ 

12 mm. 

:J C=O( film) 1735 
-1 cm. 

The n. m. r . spectrum showed peaks a t 1 . 05 p . p .m. (centre of the 

H - C - CH
3 

doublet) and a t 1.65 and 1 . 55 p . p . m. ( (CH3)2C= ) . 
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cia and trans-Pulegenic acid 
6e(a) 

Prepared by t he method of {olinsky, cis and trans pulegenic 

acid distilled as a yellow-green oil, b.pt. 108
0

-118
0
/0.2 mm. V.p.c. 

analysis o~ the methyl esters indicated a percentage composition of 

approximately 60% cis and 40% trans. 

cis and trans-Methyl pulegenate 

Freshly distilled ~~u1egone (50 gros, 0.35 mole) was mixed 

with 75 rols. of glacial acetic acid. Bromine (49 gros, 0.33 mole) 

was added dropwise to the cooled solution over 1~ hrs, keeping the 

temperature o~ the reaction mixture below 50. The solution was then 

stirred ~or 1 hr. The oily dibromide solution was poured onto 50 gros 

of crushed ice and the aqueous layer separated. After extraction o~ 

layer with 40/60 petroleum ether, the petrol extracts were combined 

with the dibranide , and shaken with a saturated solution of sodium 

bicarbonate . The colour of the petrol l ayer changed from red to pale 

yellow. After drying over Na2S04 the petrol layer was added dropVlise, 

over 1 t hrs, to a solution of 23 gIlS (1 mole) o~ s odium in 300 mls of 

dry methanol . After re~luxing for 2 hrs, this solution was cooled and 

poured into excess o~ 10% sulphuric acid. The s olution was extracted 

with ether (4 x 200 rols) and the ether l ayer shaken with bicarbonate 

solution and then dried over Na2S04 • Distillation gave 43 gms of an 

oil boiling over a range 103 - 120
%

. 3 mm . V.p . c. analysis of this 

oil showed it to be mainly a mixture of pulegone and the cis and trans 

esters o~ methyl pulegenate. Approximately 7ctfo of the material was a 
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mixture of the esters . The esters could be separated from pulegone 

by careful fractional distillation under reduced pressure . The last 

traces of pulegone were removed by treat ment of the mixture with 

G-irard T. The mixture of cis and trans metlvl pulegena te had the 

approximate composition YQ% cis/70% trans . 

Methyl - 5-methyl-oyclopentanone -2-carboxylate (68) 

A solution of trans met~l pulegenate [9 gms (0.049 mole)] 

in 100 mls of ethyl aoetate was coole<'\, in an ice-salt bath and a 

steady flow of ozonized oxygen was bubbled through the solution . The 

progress of the reaction was followed by regular extraction of samples 

of the s olution and v . p .c. analysis of their composition. The 

reaction was oomplete in approximately 4 hr s . The solution was then 

warmed wit h 100 mls of water to decompose the ozonide. Work-up of 

the organic layer gave methyl-5-methyl-oyclopentanone -2-oarboxylate 

in 9 0 yield and essentially 100% puri ty. Aoetone was deteoted as a 

product of the reaction by the formation of its 2,4-dinitrophe~1-

hydrazone . The initial sample of keto- ester was distilled, b .pt . 

94 - 96°/1aambut in subsequent reaotions the crude product from the 

ozonolysis was found to be satisfactory . 

~ C=O ( ketone) 1755 
::.) C=O ( eater) 1728 

om. 

om . 

-1 

-1 ( l i q . film) 

Found C, 61 .68; H, 8.17% 

C, 61 .52; H, 7.75% 
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4-Cyano-1,3-dihydr03l-6,7-dihydro-7-methyl-SH-2-pyrindine 69( a) 

"a) This was prepared by a method similar to that used by Prelog and 

Metzler in their preparation of 4-cyano-1,3-dihydroxy-6,7-dihydro- SH-2-

. d . 70 
-pyr~n me . 

Methyl- 5-methyl-cyclopentanone -2-carboxylate [1 5 grDS (0 .096 mole)] 

s mixed with cyanoacetamide [8 .1 gms (0.096 mole) ]. A 50% solution 

of water in methanol was added dropwise , until a homogeneous solution 

was obtained when warm. Redistilled piperidine [3 .0 gms (0 .036 mole)] 

was then added, and the solution stirred for 3 days, while the temperature 

of the solution was kept at 500
• The solution was then cooled and made 

acid to Congo Red with 25% hydrochloric acid. A brown oil formed, which 

on scratching solidified to give 6.5 gms of crude yellow-red material . 

A further 0 .5 gms was obtained by con centra tion of the f il tra te • Total 

yield 36%. The compound was extremely difficult to recrystallise 

from any of the standard solvents . From an ethanol-water mixture a very 

l ow recovery (15%) of mat erial was ob tained. This could be purified 

by repeated SUblimation in vacuo. The compound thus obtained was in 

Cl 0c 0 0 the form of pale yellow plates , m.pt . 217-219 sublimes 179 -1 81 on 

slow heating) • 

~ (CEN) 2225 cm. -1 (Nuj ol) 

Amax~H) 263 mJ.l 0.0 810£ 3.45) and 333 mJ.l (log10 £ 3.80) 

Found c, 63.57; H, 5.76; N, 14 .43% 

C16H1ON202 req. C, 63.15; H, 5.3; N, 14.73% 
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b) Methyl-5-methyl- cyclopentanone- 2- oarboxylate [12 gms, 

(0 . 076 mole) ], cyanoacetamide [6 . 35 gms , (O .076 mole)] and piperidine 

[5 .5 gms , (0 .076 mole)] were a llowed to react under the conditions of 

Bobbit and Scola . 71 After boiling f or 24 hrs in methanol no crystals of 

the piperidinium salt of 4- cyano- 1 , 3- dihydroxy- 6 , 7- dihydro- 7-methyl-

- 5H- 2- pyrindine had formed . Worldng up the r eaction as in preparation 

a) gave only 0 .5 gms of material , plus a l arge quantity of intractable 

material . 

c) Equmolar quantities of methyl 5-methyl cyclouentanone- 2-

- carboxylate and ethyl cyanoacetate were stirred at room temperature with 

28% NH
4

0H for 2 days , following the method of Sakan?2 No pyrindine 

derivative could be isolated and the larger part of the reaction mixture 

was unchanged starting material . 

Attempted preparation of ethyl a - cyano-a-( 2- carbomethoxy- 5-

- methylcyclopent-1- enyl)acetate 

Following the procedure of Ayerst a nd Schofield73 an equimolar 

mixture of met hyl 5- methyl-cyclopentanone- 2- carboxylate , ethyl cyano-

acetate and a catalytic amount of piperidine was set aside for 48 hrs . 

Ether was then added and the mixture washed wi th dilute hydrochloric 

acid. Dist illation of the dri ed ethereal l ayer gave only a low 

yield of a compound showing a nitrile , ester and ke tone bands in its 

infrared spectrum . The bulk of the residue was unchanged starting material. 

Since only a low yield of condensation product was produced, the r eaction 

was not pursued . 

- 91 -



Attempted preparation of 1,3-dihydr0xy-6,7-dihydro-7-methyl-

-5H-2-pyrindine 

Following the procedure of Prelog and etzler 4-oyano-1,3-

-dihydroxy-6,7-dihydro-7-methyl-SH-2-pyrindine (S gIns ) was heated 
70 

with 4{) mls of 48% constant boiling hydrobromic acid for 7 hrs. On 

cooling no solid separated out and evaporation of the solution to dryness 

in vacuo gave only an intractable black tar . 

4-Cyano-1 ,3-dichloro-6,7-dihYdr0-7-methyl-5R-2-pyrindine 69(b) 

Crude 4-cyano-1,3-dihydroxy-6,7-dihydro-7-methyl-5H-2-pyrindine 

[6 . 2 gms (0.033 mole)] vms heated with 16 mls (excess) phosphorus 

oxychloride for 6 hrs at 1800 in a sealed tube . After cooling, the 

contents of the tube were poured onto cruShed ice, and the black solid 

which formed was dissolved in chloroform. The aqueous layer was 

basified with carbonate and extracted with chloroform (3 x 30 mls). 

The chloroform extracts were combined and dried (Na2So
4
). Removal 

of solvent and distillation of the residue in vacuo gave 2.5 gros 0 the 

desired product, b.pt . 1200/ 2 .3 x 10-3 mm . Yield 31 %. 

2220 cm.-1 
..) C~N 

Found: C, S3.10; H, 3.66; N, 11 .9% 

C, 52.88 ; H, 3.52; N, 12.3% 

4-Cyano-6,Z-dihyaro-7-metgyl-5H-2-pyrindine-i]Q) 

4-Cyano-1,3-dichloro-6,7-dihydro-7-methyl-5H-2-pyrindine 

(2 .5 gros (0.011 mol e)] was dissolved in 40 mls of methanol and sodium 
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acetate [1 .75 gms (0.025 mole) ] and 0 .5 gms of a 5~:; palla.dium on 

charcoal catalyst were added . The solution was then hydrogenated at 

23° and one atmosphere until uptake of hydrogen had ceased ( approximately 

12 hrs). The solution was fi ltered and made alkaline with sodium 

carbonate . It was then concentrated , and aft er adding water the 

solution was extracted with chloroform . The chlorofornl extracts wer e 

dried and after removal of solvent the residue was distilled in vacuo 

to give 1.0 grm.of 4-cyano-6,7-dihydro-7-methyl-5H-2- pyrindine , b.pt . 

120°10.1 mm. Yield 57%. A small amount of a higher boiling compound 

b .pt . 130
0
/0.1 mm was also produced. 

-1 The lower boiling corn ound shcr.ved infrared bands at 2240 cm. 

-1 
(C=N) and 1580 cm. ( C=N . 

Its n .m. r . showed two aromatic protons at 8 .45 p .p .m. and 

8 . 52 p .p .m. with no visible splitting . 

Consistent carbon analyses could not be obtained on this 

reduction product although hydrogen and nitrogen analyses were correct. 

This co ld be due to the presence of a trace of the higher boiling 

material . 

This higher boiling material als o appeared to be a pyrindine 

derivative , a lthough i t differed from the f irst fraction in the f inger-

print region of its infrared spectra . It showed a strong absorption 

at 687 cm.-1 in its infrared spectrum and was probably a partially 

reduced dichloro pyrindine derivative . 
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Attempted preparation of 6,7-dihydro-7-methyl-5H-2-pyrindine(38) 

The hydrolysis of the nitrile group was att empted by following 

80 
a method due to McElvain. 

4-Cyano-6,7-dihydro-7-methyl-5H-2-pyrindine [0 .55 gms (0 .0035 mole)] 

was added to a solution of sodium hydroxide [0.857 gros (0.021 mole)] in 

50 mls of 70% alcohol. The solution was then refluxed until the smell 

of ammonia was no longer evident (approximately 6 hrs). The solution \ms 

then evaporated to dryness under reduced pressure and 5 mls of water were 

aclded, followed by enough dilute hydrochloric acid to make the solution 

just acid to litmus . After drying and removal of the solvent,a 

residue of 0.22 gros was left. This showed a carboxylic acid peak 

-1 in the infrared, at 1685 cm. • The material was taken up in sodium 

carb onate solution,and this solut ion evaporated to dryness under reduced 

pressure. Pyrolysi s of this material, which presumably ,contained the 

sodium salt of the acid, was attempted. The material was heated in 

vacuo, but although a pungent odour was observed in the flask after the 

reaction, no organic material could be isolated. 
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1-Benzoyl- 3-carb 0 me thoxy-4-piperidone (84(b» 

This was prepared ~ollowing a modi~ication o~ the method of 

Morsch . 83 

To a mixture of app roximately 1 1. of liquid ammonia and 

1 1 . of absolute ethanol , cooled in a methanol- "Drikold" bath , 

methyl ~late , ( 690 gms , 8 moles), at _60 0
, was added in one 

portion . The solution was then le~t 24 hrs . The ammonia , ethanol and 

methyl alanate were removed on a steam bath unde r reduced pressure . 

The residue v.a.s distilled under nitrogen , to give two main fractions . 

The initial distillate was N ,N -di-( ~-carbom~thoxyethyl)amine, b . pt . 

00 / 96 - 98 0 . 075 mm . Yield 45 gms . The second f raction boiled 

over the range 1000 
- 1200 

/ 0 · 1 mm. and was a mixture of N ,N -di( ~­

carhomethoxyethyl) amine and tri-( ~-carbomethyoxyet yl)ami ne . Yield 

40 gms . This fraction could not be separated by fractional distillation, 

since decomposition occurred on prolonged heating . {ethyl acrylate 

was detected in the pumpi ng system. The residue (approximately 250 gms . ) 

~rom the distillation was shown to be essentially pure tri-(P­

carbomethoxyethyl) amine . The secondary amino- ester (47 gms , 0 . 246 mole) , 

and benzoyl chloride (38 gms , 0 . 27 mole) , were heated in dry benzene 

~or 16 hrs . The N ,N -di(~-carbomethoxyethyl)benzamide produced was 

isola ted as an oil , b . pt . 1960 
/ 0. 6 mm . Yield 48 gms , 6~~ . ttempts 

to benzoylate the tri-(~-carbomethoxyethyl)amine were unsuccessful, 

decomposition occurring and only very low yields of the desired 
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compound being produced. 

The I ,N- di-( /1-carbomethoxyethyl)benzamide was cyclised with 

sodium hydride i n benzene , following the procedure of fcElvain .81 (b) 

Yield 7% . 

The crude product was an oil . This could be crystallised 

from 40/60 petroleum ether a s white needle s , m. pt . 73
0 

- 75
0 

(Ganellin and Spickett subsequently reported the prepa r ation of this 

compound . 82 Their product had m. pt . 500 
- 600 f r om 40/ 60 petr ol) . 

-Ymax (CCI
4

) = 

) 6 -1 
C=O , 1 50 cm. 

Found 

- 1 ketone -1 1720 cm. (te C=O) , 1670 cm. (unsaturated ester es r 
-1 ) ( amide C=O) and 1625 cm. (enol C=C • 

C, 64. 03; H, 6.00; N, 5 . 5~ 

C, 64.36; H, 5. 79 ; N, 503Wo 

1-Benzoyl- 3-carboethoxY- 4- piperidone ( 84(a)2 

a) This compound was prepared initially by t he method of 

McElvain .81 The overall yield f r om ethyl acrylate was 1,5%. 

b) Benzamide (121 gms ., 1 mole) was added to 2 1. of dry 

toluene . Sodium hydride (24 gms , 1 mole) was added , and the solution 

Doiled under reflux for 1 hr. o Aft er cooling this solution to 0 , ethyl 

a crylate (300 gms , 3 moles) was added in one portion. The solut l on 

was gradually heated to boiling , and the ethanol formed in the reaction 

was disti lled out through a 20 cm. Vigr eux column, fi t te d with a take-

off hea d. After all the ethanol was removed, ( approximately 2 to 3 hrs . ) , 
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the solution was cooled to 00
, and 250 mls of an ice- water solution 

were added . fter filtering off any unrcacted benzamide , the aqueous 

solution was separated , lashed once with toluene ( 50 mls ) , then 

acidified with 25% hydro chloric acid to pH 3. The solution was t hen 

extra cted with chloroform (3 x 100 mls) . The combined chloroform 

extracts were washed with salt water , dried, and evaporated to leave 

substantially pure 1-benzoyl- 3- ca rboethoxy- 4- piperidone as a red 

syrup . Yield 155 gms , 60.10 . The syrup could be crystalli ed from 

40/ 60 petroleum ether to give white needles , m.pt . 650 
- 700

• This 

compound wa s identical with an authentic sample kindly supplie d by 

Smith , Kli ne and French Laboratories , and ,iith the ma. t erial made by 
81 

the pro cedure of 1,lcElvain. 

Under the same conditions , methyl acrylate a.nd benzamide 

gave a 5~ yield of 1-benzoyl- 3-carbomethoxy- 4- pi peridone (84 ( b)) . 

This compound v~s identical viith the compound produced by the earlier 

synthesis . 

Preparation of 1-benzoyl- 4-piperidone from 1-benzoyl- 3-

carboethoxy- 4- piperidone ( 84(a)) . 

The crude keto - ester , (27 . 5 gros , 0 . 1 mole) , was boiled 

vigorously in a solution of 10Q% glacial acetic a cid . ~xtracts from 

the solution were tes ted regularly with aqueous ferric chloride 

so l uti on , and heating was stopped \1hen the solution no longer gave a 

purple coloura t i on. The solution was boiled. to dryness on the steam bath 
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under reduced pressure , and water was then added. After extr action 

wi th ether , (to remove the benzoic acid) , the solution was extracted 

wi th chloroform . The chloroform l ayer" o.fter '-lashi ng with salt water 

and drying , gave 10 gms of 1-benzoyl- 4- piperidone as a red- brown oil. 

Yield 507~ . The compound was shown to be identical with an authentic 

sample, pr epared f rom the ke to - estE.r (84(a)) by the method of cBlvain81 (b) • 

1-Acet yl-3-carbomethoeY- 4- piperidone 

Under the conditions described for the preparation of 1-benzoyl-

3- carboethoxy-4- piperidone ( 84( a)) , acetami de and methyl acrylate gave 

a 15.% yield of 1-acetyl- 3-carbomethoxy-4- piperidone as an oi l , which 

solidif ied on standing , m. pt . 510 
- 550

• 

vc=o = 1740 cm.-1 - 1720 cm.-1 (liq. f ilm) and 1710 cm.-1 - 1680 

Found C, 53 . 9; H, 6. 20 ; N, 6. 85,% 

ttempted prepar ation of 1-benzoyl- 3-carboethoxy- 2, 6-

dimethyl- 4-piperidone ( 91) 

cm. - 1 

Under the conditions used fo r the preparation of (84(a)) , ethyl 

crotonate and benzamide gave mainly unchanged starting mat er ial . Some 

polymeric mat erial was obtained, but it was not investigated. 
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Attempted preparation of 1 -benzoyl-3-carbometh~xy-3,5-

dimethyl- 4- piperidone (92) 

Under the conditions used for the prepar ation of ( 84(a)) 

methyl methacrylate and benzamide pr oduced only a polymeric glass and 

unchanged benzamide . The glass appeared to have an a romatic group 

present in the moecule , but its structure was not further investigated. 

Attempted preparation of ethyl-N-benzoyl-alanine ( 88) 

n equimolar mixture of the sodium salt of benzamide, (from 

benzamide and sodium hydride in benzene), and ethyl a cryla te was 

a llowed to st~nd a t r oom temper&t ure fo r 3 hrs. On acidification 

of the reacti on mi xture , almost all of the benzamide was recovered 

unchanged. The same result was produced after 12 hrs . standing a t 

room temperat ure . Heating the r eacti on mixture before isolation of the 

products, gave mainly unchanged benzamice , and a small amount of the 

keto -ester ( 84(a)) . 

1-Benzoyl-3-carboethoxy- 3- methyl- 4- piperi done (1 00) 

a) 1-Benzoyl- 3-carboethoxy- 4- _iperidone , (13 . 75 gms, 0 . 05 mOle) , 

was dissolved in 70 mls of dry toluene , under nitrogen. Sodiw1 hydride, 

(1. 2 gms , 0 . 05 mole) was then added and the so lution boiled under reflux 

for 2 hrs ., with vigorous s t irri ng . The sodium enolate separated a s 

a yellow precipitate . The solution was cooled, and dr y me thyl iodi de 
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( 21 . 3 gms , 0 . 15 mole) added . 'l'he mixture was boiled under reflux for 

40 hrs . It 'ITaS then cooled, and 50 mls of an ice-water solution ,ere 

added. The toluene layer Ylas separated and o.shed ith ~ sodium 

hydroxide , 5/0 hydrochloric acid and finally bicarbonate solution. 

Dryin and evaporatl.on of the solvent gave 11 . 2 gms of a yellow oil. 

Yield 70,(0 . Chromatogr~phy in benzene on Spence alumina grade H shoYled 

the material to be substantially pure . 

» = 1 -1 1725 cm.- (ketone and c~ter C=O), 1660 cm. (amide C=O) . 
max (CC 14-) 

The n . m. r . spectrum showed a methyl sinelet at 1 . 24- p . p . m., superimposed 

on the methyl triplet of the carboethoxy group . 

0; - 4-Although the compound could be distilled, b . pt . 110 5 . 9 x 10 mm., 

consistent analyses could not be obtained on the resultant oil. It was 

analysed as its 2 ,4-dinitrophenylhyorazone , .r~pared in ethanol and 

o r ecrystallised from absolute ethanol , as yellow pl ates , m. pt . 175. 5 • 

Found C, 55 . 9; H, 4. 94; N, 15 . ~; 

C22H2:F5(7 req. C, 56 .28;H , 4. 9 · N, 14. 9qJ 

The senicaruazone was prepared in aqueous alcohol and recrystallised from 

06 0 
absolute alcohol , m. pt . 195 - 19 . 5 • 

I!'ound c, 58. 9; H, 6. 4; n, 16 .~ 

C17H22H404 req. C, 58 . 94; H, 6. 57; N, 16 .1 ~ 

b) This preparation followed the pro cedure of Ritchie and Taylor . 92 

Sodium hydride , ( 2 . 4 gms , 0 . 1 mole) was addt:!d to a mixture of 100 mls . of 

dry benzene and 70 mls . of dimethylformamide . 1-benzoyl-3-carboethoxy-lt-­

piperidone (27 . 5 gms , 0 . 1 mole) in 40 ml of dry benzene was added , 
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and the solu.tion boiled under reflux for 1 hr. Arhydrous sodium iodide 

( 15 gms , 0 . 1 mole) was then added , folloTIed by methyl iodide (1 6 gms , 

0 . 11 mole) . Precipitation of sodium iodide occurred immediately . The 

sol ution was then boil ed for 24 hrs . , then ~oured into ice water . 

Isolation uf the material by the technique used in prepar a tion a) gave , 

after chromatography on a l umina , 8 gms of the desired methylated 

keto- ester . Yield 28,10 . This low yield may be due in pa rt to the 

dimethylformamide being incompletely dried , as some effervescence was 

observed 011 addition of the sodium hydride . 

c) yield of 8lff~ of 1-benzoyl- 3-carboethoxy- 3- methyl- l\-- piperidone Has 

obtained by the use of dry dimethoxyethane as the reacti on solvent . 

The experimental technique was the same as that used in experiment a) , 

except that to isolate the product , the dimethoxyethane solution was 

concentrated to a small volume , and the r0sidue poured into water . The 

a~ueous solution ~ exhaustively extracted with chloroform. The 

chloroform extracts 'ere washed with 5;0 sodium hydroxide solution, 5~LI 

hydro chloric a cid solution and finally rith a bicarbonate solution . 

Drying , and evaporati on of t he solvent gave 1- benzoyl- 3-carboethoxy- 3-

methyl- 4- piperidone . 

This procedure for the alkylation of 1- benzoyl- 3- carboe thoxy-4-

piperidone was subsequently used TIith several r eactive halides and vdll 

be frequently referred to . 
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Attempted alkzlation of the enolate formed bZ czclisation 

of N ,N - di- ( ,e- carboethoxyethyl) benzami de ( 86) . 

N ,N-di-(~-carboethoxyethyl)benzamide , (75 .7 gms , 0 . 236 mole) , 

was cyclised in dry benzene , using sodium hydride , (5 .7 gm , 0 . 236 mole) , 

and 2 mls of absolute ethanol. After 3 hrs . boiling , the suspension of 

the enolate was cool ed and methyl iodide , (36 gms , 0 . 25 mole) was added. 

The solution was then refluxed for 48 hrs . lorking up the reaction, by 

the procedure used in prepar ation a) of 1-beu,wyl- 3-carboethoxy- 3- methyl-

4-piperidone , (P . 99) , gave 67 gms of a yelloi oil. 

Chromatog~ of a sample of this oil on Spence grade H 

alumina gave five compounds . 1-Benzoyl-3-carboethoxy-3- methyl- 4-

piperidone was eluted in benzene, to gethe r TIith a second compound. The 

infrared spectrum of this latter compound as almost identical to t he 

monomethylated product, but its n . m. r . spectrum indicated 9 protons , as 

a complex multi plet around 1. 1 p . p . m •• Peaks due to a tertiary methyl 

group and the methyl of the ester group could be identified, while the 

remaining peak appeared as a doublet . The compound was thol1ght to be 

1-benzoyl- 3- carboethoxy- 3, 5- dimeth;y1- 4-1)iperidone ( 101) . El ution with a 

benzene- ether solvent produced unchanged N ,N -di-( ~-carboethoxyethyl) 

benzamide as the principal constituent ~ f the mixture . Ethyl-N- benzoyl 

alanine ( 88) was eluted in ether, together with a compound thought to be 

~-carboethoxypropyl-benzamide (1 02) . As the principal product of this 

reaction appeared to be the unchanged diester (86) , the technique of 

direct alkylation was not further investigated. 
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Attempted preparation of 1- benzoyl-3-carboethoxy - 3- (3 '-cnrgoethoxy-

- 1 '-methylpropyl)-~-piperidone (10~) 

Following the alkylation technique outlined in prepuration c), 

P . (101) , 1-benzoyl-3-carboethoxy-~-piperidone , (20.2 gms , 0 . 0735 mole) , 

was treated with sodium hydride (1 . 76 gms , 0 . 0735 mole) . Ethyl 

o - bromovalerate ( 31 gms , 0 . 1~7 mo le) was then added dropwise over 20 

mins and the solution boiled for 2~ hrs . Working up the reaction gave 

unchanged keto-ester , ethyl 0 - bromovalerate and a -valerolactone (detected 

by a strong C=O band at 1785 cm.-1 in the infrared spe ctrum) . No 

material corresponding to the desired pr oduct was obtained. tllowing the 

sodium enolate to stand with ethyl r - bromovaler ate at room temperature 

for 2~ hrs . did not resul t in alkylation. 

1 -Benzoyl-3-carboethoxY-3-carboethoxymethyl-~-piperidone (108) 

Using the alkylation technique described in preparation c), 

(P . 101) 1-benzoyl-3-carooethoxy-~-piperidone (27 . 5 gms, 0 . 1 mole), 

sodium hydri de (2 . ~ gms , 0 . 1 mole) , and ethybromoacetate (1 8. 5 gms , 

0 . 11 mole) gave 21 . 6 gms of 1-benzoyl-3-carboethoxy-3-carboethoxymethyl-

~-piperidone , as an orange oil. It was distilled for anaifsis , b . pt . 

190°/ 5 x 10- 3 mm . 

Found C, 63 . 71 ; H, 6. 75 f N, 3. 6CY}6 

The 2,~-dinitrophenylhydrazone was prepared in ethanol , and recrystallised 

from abs ~ lute ethanol , m. pt . 167°. 

Found 
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Under the same reaction conditions , ethyl a-bromopropionate gave a 38}t 

yi el d of 1-benzoyl-3-car boethoxy- 3- ( l ' carboethoxyethyl) - J-I-- piperidone . 

This was dis tilled for analysis b . pt . 183°/ 5. 9 x 10- 3 mm. 

Found C, 63 . 42 ; H, 6. 50 ; N, 3 . 3~ 

C
20

H
2
.?06 req. C, 63 . 98; H, 6.71; N, 3. 73% 

Attempted preparati on of 1-benzoyl- 3-carboethoxy- 3 ,4-di ­

carboethoxymethyl- 4-piperidinol ( 109) 

1-Benzoyl- 3-ca r boethcocy- 3-carboethoxymethyl- 4-piperidone 

(2 . 8 gms , 0 . 0078 mole) was dissolved i n benzene ( 25 mls) . Ethyl 

bromoacetate (3 . 0 gms , 0 .018 mole) , 3 gms of zinc dust and a cryutal 

of iodine wer e then added. The solution was boiled for 4 hrs . The 

product was isolated by addition of water , and separation of the 

benzene layer. After drying and evaporation of the solvent , t he 

r esidue was heated at 100
0 

under reduced pressure , in order to remove 

unreacted ethyl bromoacetate . The crude material (3 . 6 gms) showed a 

lactone peak in its inf rared spectrum a t 1785 cm.-1 
fter chromatogaphy 

in benzene on Spence grade H alumi na , 0 . 8 gms of the lactone ( 110) 

were isolated, as the only identifiable product . 

Found C, 61 .7; H, 6. 5; N, 3.7 '7fo 

C, 62 . 5; H, 6· 25; N, 3. 47% 

o 0 
M. pt . 95 - 97 

1-Benzoyl- 3-carboethoxy- 3- (prop- 2- ynyl) - 4- piperidone (122) 

Following the alkylation technique used in preparation c), 
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(P . 101) 1-benzoyl - 3-carboethoxy- 4- piperidone , (55 gms , 0 . 2 mole) , 

sodium hydride , (4. 8 gms , 0 . 2 mole) and propargyl bromide" (35 .7 gms , 

0 . 3 mole) were boiled under r eflux for ~.8 hrs . I solation of the product 

gave crude 1- benzoyl- 3-car boethoxy- 3- (prop- 2-ynyl) - 4- piperidone as a 

r ed oil. Yield 4) grns , 7';$ . The compound \ as unstable to distillation 

and was purified by percolation through /Ioelm alumina gr ade V in ether . 

~ 3300 cm.-1 (H - C~C), 2125 cm.-1 (C~C), 1725 cm.-1 and 
max(CCl ) -

4 

1730 cm.-1 (shoulder)(C=O ketone and ester) . 

The 2, 4- dinitrophenylhydrazone was prepared in ethanol and 

crystallised from absolute ethanol, m. pt . 170° . 

Found C, 57 . 89; H, 4. 35; N, 14. 59/" 

C24H2307N5 r eq. C, 58 . 42; H, 4 . 70 ; N, 14. 19% 

The semicarbazone was prepa r ed in aqueous ethanol and recrystalli sed 

o from absolute ethanol , m. pt . 185 • 

Found C,61.3; H, 6. 37; N, '14. 7% 
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3- cetonyl-1 -benzoyl- 3- carboethoxY-4- piperidone (123) 

1-Benzoyl- 3- carboethoxy- 3- (prop-2 -ynyl) - 4- piJeridone (9 . 6 gms , 

0 . 031 mOle) dissolved in 20 mls of dry methanol , was added to a catalyst 

solution prepared from 2. 5 gms of r ed mercuri c oxide , 1 ml of boron 

trifluoride etherate , 50 mg . of tri chloracetic acid and 5 mls of methanol. 

n orange- ye llow precipitate formed, and a mildly exothermic rea ction 

ensued. The solution was stirred at room temper. ture for 2 hrs ., during 

which time the solution cooled and assumed a dark brown colour . The 

reaction mixture was t hen poured into 250 nls of 10% sulphuric acid 

solutio n. brown oil separated , and the solution was extracted ,'Iith 

chloroform ( 6 x 50 mls) . The chlorofor m layer was washed with 

saturated salt solution and dried over sodium sulphate . Evaporation of' 

the solvent gave a residUe of 8 gms . Yield 78%. This material was a 

red-brown oil . On trituration of this oil with ca rbon tetrachloride 

solution , 2 . 5 gms of a white soli d, m. pt . 770 Tere obtained. The 

remaining material was chromatographed in benzene on oelm aluminn grade 

IV. The initia l benzene fractions produced a further 0 . 2 gm~ of the 

crystalline material . A 25,10 ether- benzene solution then eluted 5 .0 gms 

of a yellow oil , which appeal'ed to be t he desired dike tone ( 123). 

The solid material wa s thought to b3 the methyl ketal ( 125) . 

Consistent ca rbon analyses could not be obtained on this compound, 

although the hydrogen and nitrogen f i gures were correct for structure (125) , 

Ketal 

y max(CC14) = 1735 cm. -1 (C=O ketone and ester) . 

12 6 



Dike tone 

v CC1
4

) = 1730 max 
- 1 cm . dth shoWder a t 1720 - 1 cm. 

The diketone (123) was unstable to distillation, and was analysed 

as its disemicarbazone . derivative, prepared in aqueous methanol and 

r ecr ystallised from met~, m. pt . 212° - 215° . 

Found C, 53 . 57; H, 6. 0; 11 , 21 .7io 

Attempted preparation of 2-benzoyl-1 , 2 , 3,4, 7 , 7a-hexahydro­

-6H- 2- pyrindin- 6- one l112) 
a) 3-Acetonyl-1 -benzoyl- 3- carboethoxy- 4- piperidone (8 . 3 gms, 0 . 025 

mole) was mixed with 255 mls of boiled water under nitrogen. The 

solution ",as boiled under reflux and vigourously stirred, while 45 mla of 

2'j:' sodium hydroxide were added over 15 mins . The diketone dissolved 

to give a yellow solution. This TIas boiled for six hrs . After cooling, 

it was extracted with benzene . The benzene extract~ howeven co htained 

no appreciable amount of material . The aqueous layer vias then made 

acid, and a black gum was precipitated. This gum r3sisted al l attempts 

at p ification , and diel not give a vlell defined infr red or n . m. r . 

spectrum. Extraction of the gum with ether produced a small amount 

of crystalline material , shown to be benzoic acid. 

b) The diketone ( 2 gms , 0 . 061 mole) .. JaS dissolved in 15 mls of dry 

t ertiary butanol , and added at room temperature to a solution of 
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potassium ( 0. 25 gms , 0 . 064 mole) in 15 mls of dry tertiary butanol . 

The solution was left for 20 mins . , then poured into an ice-water solution. 

Thi s solution was extra cted wi th chloroform, then made acid and extracted 

once more vnth chloroform. Both chloroform extr a cts had very similar 

n. m. r . spectra . The acetyl group and the carboethoxy group were present 

in both extr a c ts and there was no sign of a vinyl hydrogen . The extracts 

contained 1 . 8 gms of material , which was presumably unchanged diketone . 

This materi al was redi ssolved: ~_n tertiary butanol and added to 

a second solution of 0 . 2 gm of potassium in tertiary butanol . The solution 

was boiled under reflux for twenty minutes and the produce i solated as in 

the initial experiment . The chloroform extract , on shaking with sodium 

bicarbonate solution , produced a vigourous effervescence . Benzoic a cid 

(0 . 3 gm) was obtained, v/hi le the residue f r om the chloroform extracts \las 

a black intractable gum. 

c) Benzoic a cid was also produced when the dike tone (123) was dissolved 

in dry methanol and heated with a solution 0 sodium in methanol . The non­

acidic extr a ct could not be puri fied . No reaction occurred at room 

temperature . 

d) The diketone (1 gm , 0 . 031 mole) \as disso lved in methanol and 2 mls 

of Tri ton B were added. The solution was boiled under r eflux for G hrs . 

'l'he product was isolated by pouring the reaction mi xture into 10r 

hydro chloric acid, and extr acting this aci d solution with benzene . 1 gm 

of materi al was obtained, the n. m. r . spectrum of which showed the a cetyl 

group still present , but the absence of the ethyl group , and the 

appear ance of a singlet at 3.85 p . p . m. The compound appeared t o be the 

..................... '.ss .... ---------------------



methyl ester of the diketone (1 23) . 

This methyl ester was then boiled for 24 hrs . in methanol vn.th 

2 mls of Tri ton B, but vias recovered unchaneed. 

e) The diketone (5 gms , 0 . 155 mole) was dissolved in a. solution .) f 

50 mls of concentrated hydrochloric acid , 100 mls of glacial acetic 

acid and. 4 m1s of water . This solution .Tas then refluxed for 36 hrs . The 

product was isolatvd by evaporation of the solution to drynes s . This 

produced a mixture of benzoic acid (0 . 7 gros) and an extremely 

hygroscopic hydrochloride, as a glass , which could not be crystallised. 

Basi f ication of this material and extra ction with chloroform produced 

2 . 0 gms of a dark-red gum , which decomposed r~pidly into a black tar. 

f) The diketone (3 . 9 gms , 0 .018 mole) vms boiled in 100,% glacial 

acetic acid fo r 36 hrs . , in an attempt to remove the 3- carboethoxy group 

prior to cyclisation. I. orking up the reaction indicated that no 

decarboxylation had occurred. 

1- Benzyl - 3- roethyl- 4-piperidone (132) 

110 This was prepared by the method of Curabateas and Grumbach. 

The overall yield from benzylamine was 37';0 . Yields on the initial addition 

reaction were improved by allowing the re.s.ctants to stand for a week or 

longer, following the initial boiling . It was neccessary to isolate and 

dry the hydrochloride of 1- benzyl- 3- carbomethoxy-5- methyl- 4- piperidone 

before proceeding with the decarboxylation reaction. 

y. (film) = max 
- 1 - 1 - 1 - 1 

1710 cm. - 1720 cm. (C=O) and 2780 cm. - 2800 cm . 

( Bohlmann bands) . 
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Enamine of 1-benzyl-3-methyl-lrpiperidone 

A solution of 1-benzyl- 3-methyl- 4- piperidone (12.34 gms , 0 . 061 mole) 

and pyrrolidine (5 . 2 gms, 0 . 073 mole) in 50 mls of dry benzene, containing 

a catalytic amount of para-toluene sulphonic aci~ was boiled under a 

wa ter separating device, until the calculated amount of water had been 

formed. The benzene and excess pyrrolidine were then removed on a 

water bath under reduced pressure, and the residual liquid distilled under 

nitrogen. The enamine distilled as a yellow -green oil, b . pt . 1580/0.02 mm. 

Yield 13 . 2 gms , 8%. The n . m. r . spectrwn indicated a vinyl hydrogen at 

4 . 05 p . p . m. 

1-benzyl- 3- methyl- 5-( prop- 2- ynyl) -4- piperidone (133) 

a) The enamine of 1-benzyl- 3- methyl- 4-piperidone , (13.0 gms , 0 . 051 mole) 

was dissolved in 100 mls of dry acetonitrile at room temperature . 

Propargyl bromide (6 . 0 gms , 0 . 051 mOle) was then added dropwise over 

20 mins . The solution became dark red and an exothermic r eaction occurred. 

The solution was then boiled under reflux for 1 hr . The bulk of the 

acetoni t rile was removed, and 100 mls of water were then added . This 

solution was then war med on a steam bath fo r 30 mins ., to decompose the 

enamine , and then extracted, first with ether, and then chloroform. After 

drying and evaporation of the ether extract , 6. 9 gms of material were 

obtained as a red mobile oil . Chromatography on \voelm alumina grade IV 

gave two main fractlons . Vii th 5% benzene - 95% petrol, 1 . 0 gm of a 
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colourless oil were obtained. 

0 . 1 mm, indicated an empiri cal foroula 

The n. m. r . spectrum showed the methylene group of the propenyl 

substituent at 3.47 p .p . m. , with the acetylene hydrogens at 2. 25 p . p . m. 

This confirms that the compound was N,N- di- (prop-2 -ynyl)benzylamine . 

i th ether a s the eluent, 5. 7 gms of 1-benzyl- 3- methyl- 5- (prop­

-~ynyl) -4-piperidone were produced. Yield 47% 

-1 -1 ( ) -1 V max (CCIJ = 3308 cm. , 3300 cm. shoulder, 1710 cm. - 1720 cm. 

The compound could not be distilicd without decomposition. A picrate 

was prepared in an ethanol- ether solution, and was recrystaliised f rom 

9~~ ethanol , m. pt . 1370 -1380
• 

Found C, 56 . 4; H, 4 . 31; N, 11 . 6~o 

-1 

b) The enamine of 1-benzyl- 3- methyl - 4-piperidone (20. 92 gms , 0 . 082 mole) 

was stirred in dry benzene with propargyl bromide ( 9 . 1 gms , 0 . 077 mO le) 

for 40 hrs . at room temperature. A yellow-red oil formed as the reaction 

pr oceeded. The enamine was decomposed and the product isolated by the 

technique used in experiment a) , to give 12 . 4 gms of the acetylene 

compound (133) . Yield 6~. Approximately 3 gms of quaternary ~aterial 

were obtained, plus 1 .1 gms of N,N- di- (prop- 2- ynyl)benzylamine . 

Enamine of 1- benzyl- 4- pi oeridone 

This was prepared in benzene from 1-benzyl- 4- piperidone (20 gms , 

0 . 106 mole) and pyrrolidine (1 0 . 8 gms , 0 . 15 mole). The solution was 
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boiled for 8 hrs . under a water separating device . The enamine distilled 

0/ 6 -3 as a yellow oil , b . pt . 138,2 . 3 x 10 mm. Yield 22 . 2 gms . 87%. 

The n. m. r . spectrum showed a vinyl hydrogen as a triplet centred 

at 4 . 05 p . p . m. The benzylic methylene group was a singlet at 3 . 5 p .p . m. 

1 -benz~1-3-(prop-2-ynyl) -4-piperidone 

a) The enamine of 1- benzyl-4-piperidone ( 20 gms , 0 .083 mole) was 

r eacted in a cetonitrile with propurgyl bromide ( 9 . 5 gms , 0 . 083 mole) 

under the conditions described in pr eparation a) of 1- benzyl- 3- methyl­

-5-( prop- 2-ynyl) - 4- piperidone . The solutlon became appreciably warm , 

and assumed a dark red colour . After refluxing f or 1 hr . , it was 

wo r ked up to give a l arge quantity (approximately 7 gms) of intractable 

quaternary materi al, and 11 gms of ether soluble material . This was 

chromatographed on Woelm gr ade IV alumina to give 4 . 5 gms of 

N,N- di -(prop- 2- ynyl)benzylamine and 5 . 1 gms of 1-benzyl- 3-( prop- 2- ynyl) -

-4-pi peridone as a yellow oil . Yield 21r . 

v (film) = 3295 cm. -1 (ll - C;C), 1715 cm.-1 - 1720 cm. -1 (C= O) . 
max 

The compound formed a picrate f r om an ethanol-ether solution. This was 

initially an oi~which solidified on trituration with ether . The solid 

o 0 was recrystallised from methanol , m. pt . 141 - 142 • 

Found C, 54. 81; H, 4 . 11 ; N, 11 . 9.5jv 

b) 1- benzyl- 4- piperidone (7. 42 gms , 0 . 039 mo l e) was dissolved in 

120 mls of dry dimethoxyethane . 30dium hydride , (0 . 94 gms , 0 . 039 mole) 
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was added and the solution was boiled under ref'lux f'or 1/2 hr . It 

wa s then cooled to room temperature , and propa rgyl bromide (4 .7 gms, 

0 . 039 mole) \ms added in one portion. The solution was then boiled f'or 

24 hrs . The initial ye l low solut ion of the enola te a ssumed a deep red 

colour , and sodium bromide formed in the bottom of the f'lask . The 

bulk of' the dimethoxyethane solution wa s removed, and the resi due was 

poured into water . Extraction with chlorof'orm (6 x 50 mls) , drying 

and removal of' solvent gave 5 gms of' crude mat erial . On triturati on vdth 

ether , approximately 2 gms of' pr es umably quat er na ry materia l were produced. 

The ether extract, af'ter evapora tio~ appeared to contain approxi mately 

equimolar amounts of' N,N- di-( prop- 2-ynyl )benzylamine and the desired 

compound. This was ascertained by compar i son of' the integr ated peak~s 

in the n . m. r . spectrum correspondinG to the t erminal acetylene 

hydrogen(s) , and the me thyl ene grou~ of t he propenyl substituent. The 

mixture wa s not f urther i nvestigated. 

3- cetonyl-1 -benzyl-5-methyl-4-pi~eridone (134) 

1- Benzyl- 3- methyl- 5-( prop- 2-ynyl ) - 4- piperidone (13 . 0 gms, 0 . 054 

mole) in 20 mls of' dr y methanol \ i <l.S added dropvlise over 10 mins to a 

ca t a lyst solution prepared from 2 . 0 gms of red mercuric oxide , 1 . 5 mls 

of boron- trif'luoride ether ate , 10 mgs of trichlora cetic ac i d and 5 mls 

of methanol . No change in tempera t ure was detected, and the solution 

was stirred a t room tempera ture for 3 hrs . 
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The solution was then filtered f rom the grey inorganic salts, and 

concentrated on the steam ba th . It TIas t hen added to 100 mls of 

101" dilute sulphuric acid and stirred f'or 20 mins at approximately 50 0 
• 

The solution was cooled and made alkaline TIith solid sodium carbonate . 

The solution ,..,as sa tura ted ID th salt and extracted wi th ether (6 x 50 ml s) . 

After drying and evaporation of solvent , a residue of 9. 9 gms was obtained. 

This compound Vias a yellow-red oil, unstable t o distillation. 

Chromatography on . oelm alumina grade TV in 20% benzene - 80?~ ether gave 

9. 5 gms of a pale yellow oil . Yield 68%. -\) (film) 
max = 

- 1 1710 cm. 

The n.m. r . spectrum in car bon tetrachloride solutlon showed a CH
3 

- CO 

group a t 2. 1 p . p . m. It was found impossible to obtain satisfactory 

analyses on this compound. Attempts to produc e a picrate gave an oil 

which could not be induced to crystallise . disemicarbazone derivative 

Vias obtained, but melted f rom 1800 
- 189

0 
and did not give satisfactory 

analytical f i gures . 

2-Benzyl- 1 , 2 , 3, 4 ,7 ,7a- hexahydro- 4- methyl- 6H- 2- pyrindin-2-one (122) 

3- cetonyl-1 -benzyl-5-methyl-4~piperidone (5 gms, 0 . 0194 mole) 

in 10 mls of dry tertiary butano l VIas added dropwise over 10 mins to a 

solution of potassi um (0 . 76 gms , 0 .0194 mole) in 30 mls of dry tertiary 

butanol , at room temperature A mild exothcrmic reaction occurred and the 

solution became a dark red colour . fter stirring a t room temper ature 

for 30 mins , approximately 20 mls of tertiary butanol were r emoved by 

heat ing the solution i n an isomantle under reduced pressure . The 
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residual solution was poured into 150 mls of ~ hydrochloric a cid 

solution. A bl a ck gum formed. The solution was extracted with 

chloroform ( 6 x 50 mls) and washed with sodium bicarbonate solution. 

Drying and evaporation of the solv0nt gave a residue of 4. 1 gms , as a 

dark red gum. This was extracted with petroleum ether and the petrol 

extracts dried . On evaporation they yielded 2. 5 gms of a dark red oil . 

V. p . c . analysis of this oil showed it to consist of one main fraction . 

It was chromatqgraphed in 1~ benzene - 9~u petroleum ethvr on roelm 

alumina grade V, and yielded 2. 2 gms of a deep red oil , shown to be 

appr oximately 90,% pure by v. p . c . analysis . This compouno,which 

dnrkened on exposure to air, and Tlas thus stored under nitrogen , appeared 

to ve 2- benzyl- 1 , 2 , 3,4, 7 ,7a - hexahydro- 4- methyl- 6H- 2- pyrindin- 2- one (135) . 

Yi eld 53'~ . V ( film) 
max 

:: 
-1 -1 1705 cm . and. 1620 cm •• The n. m. r . 

spectrum indicated a vinyl hydrogen at 5 . 76 p . p . m. and a methyl group 

doubl e t at 1 . 1 p . p . m. 

The compound was analysed as its picrate , prepared in an ethanol-

ether solution. This picrate was initially an oil, which on trituration 

with ether gave a solid . This could be recrystallised from absolute 

ethanol , m. pt . 164° - 166° . 

J!' ound C, 55 . 9; H, 4 . 5; N, 11 .72 ; 

The remainder of t he crude ma t eria1after extraction of the desired 

produc~ was a black gum , from which no identifiable product could be 

isolated. 



1-Benzoyl- 3-bromo- , -carboethoxy- 5- methyl-4-piperidone 

a) 1-Benzoyl- 3-carboethoxy-3- methyl- L,.- piperidone , (10 gms , 0 . 0334 mole) 

vras dissolved in 50 mls of' chloroform, and bromine (5 . 5 gms , 0 . 0334 mole) 

was a dded dropwise over 2 hrs . at room temperature . A deep red solution 

formed , Ylhich deposited a yello,1 solid on the sides of the fla.sk as the 

reaction proceeded. The solution 'la s left s t irring at room tempe rature 

for 12 hrs . The solution vias then a yellow colour. It was poured 

into ice-water , whereupon the yellow solid dissolved . The chloroform 

layer was separated, and the aqueous layer then extracted with fresh 

chloro form, (4 x 50 mls . The chloroform extracts we r e shaken Vii th 

bicarbonate, dried , and the solvent removed t o give 11 gms of a 

yellow, ple~ sant smelling oil . This 7as dissolved in ohloroform and 

percolated through alumina , to give 10. 8 gms of 1-benzoyl-3-bromo-5-

-carboethoxy- 5- methyl- 4-piperidone . Yield 83,%. 

The n . m. r . spectrum indicated that the compound was presumably a 

mixture of epimers, since two peaks appeared for the tertiary methyl 

group and the methyl quartet of the carboethoxy group was also subsplit . 

On dissolving the oil in hot carbon tetrachloride, and cooling the 

solution, the bulk of the product could be obtained in crystalline form . 

residue of 1. 3 gms could not be induced to crystallise from this 

solvent . Recrystalli sation of the major product produced white needles , 

m. pt . 980 _990
, f rom ca rbon tetrachloride. 

y 1725 - 1 and 1720 - 1 (both sharp) . max(cyclohexane) = cm . cm. 

Found C, 52 . 01 ; H, 4 . 80; N, 3 . 7% 

C16H180d\fB r req. C, 52 . 20 . H, 4 . 93; N, 3 . 81 5~ · 



b) 1-Benzoyl- 3- carboethoxy- 3- methyl-4- pipc ridone (9 . 6 gms . 0 . 0332 mole) 

was dissolved in 60 mls of dry ether . A solution of bromine (5 . 31 (§llS , 

0 . 033 mole) in 30 mls of glacial acetic acid was added dropwise over 

45 mins . The solution was then stirred at room temperature for 30 mins . 

The ether was evaporated in vacuo, and the r esidue was poured into 20v mls 

of an ice-wa ter solution. It was extracted with chloro f orm (6 x 50 mls ) . 

The chloroform extr acts were washed with ,mter, bicarbonate and finally 

VTc t er . Drying and evaporation of the solvent gave 10 gms of crude 

bromo-ketone . Yield 84%. This could be crys t allised from hot carbon 

t etrachloride solution by seeding with crys tals of the correct mb.terial. 

8. 6 gms . of the bromo- ketone , m. pt . 980 _990
, were produced . 

1-Benzoyl- 3-me thyl- 4-piperidone (1 66) 

1-Benzoyl- 3- carboethoxy- 3- methyl- 4-piperidone , (10 gms, 0 .0334 mole) 

was boiled with 25 mls of concentrated hydrochloric acid and 25 mls of water 

for 7 hrs . Aft er cooling the solution, the benzoic acid was fi ltered off, 

and the solution evaporat ed to dryness in vacuo . To remove the last 

traces of hydrochloric acid , ethanol (20 mls) was added , and the 

sol ution again boiled to dryness in vacuo . The hydrochloride of 

3- me thyl-4- piperidone formed a s a glass . Yield 2 . 5 gms , ~1. 

The above hydrochloride ( 2. 5 gms, 0 . 01 6 mole ) was dissolved in the 

minimum amount of water (1/2 ml) , and potassium carbonate ( 1 . 75 gms , 

0 . 009 mole) was added , fo llowed by 20 mls of chloroform. The solution was 

stirred while benzoyl chloride, (2 . 5 gms , 0 . 0184 mole) was added 

dropwise , a t a r ate sufficient to oointain gentle boiling . The solution 



was boiled under reflux for 4 hrs . Ethanol ( 5 mls) vias then added 

and boiling continued f or 30 mins . The solution was cooled and 

wa t er ( 100 mls) was added to dissolve the ~recipitated salts . The 

chJ.oroform layer was separ ..... ted , washed Hith % potassium carbonate 

solution (2 x 50 ~ls) , water , 5~ hydrochloric acid ( 2 x 50 mls) and 

finally Ylith water . I rying and evaporation of the solvent gave a pale 

bro\in oil. This was distilled under nitrogen, b . pt . 1540/0 . 5 mm . and 

on standing formed a pule yellow solid, m. pt . 570 - 580 
( Lit . 120 560 - 580

) 

Yield 2. ~- gms , 6~ from the hydrochloride . y 
max (CCI

4
) = 7 - 1 1 25 CI!l . • 

Found C, 71 . 49 ; H, 6. 55; N, 6. 21% 

c 13H1502r req. C, 71 · 86; H, 6. 96; I~ , 6. 4;ff" . 

1-benzoyl- 3-bromo-3-methyl-4- piperidone 

1-Benzoyl- 3-methyl- 4- piperidone ( 2. 17 gms , 0 . 01 mole) was dissolved 

in 30 mls of dry ethe:r·. A sol ution oi bromine (1 . 6 gms , 0 . 01 mole) 

in 20 mls acetic acic was added over 45 rons , and the solutJ.on "as left 

30 mins . after the addition was complete . lorking up the reaction as 

for the bromination of 1-benzoyl- 3-bromo-5-carboethoxy- 5- methyl- 4-

-piperidone, (P. 117), gave 2,8 gms crude material . This was purified 

by chromatography on 70elm alumina grade IV . Elution with ether gave 

1. 9 gms of a yellow oil . Yield 6~~ . ..) 
max (CC1

4
) = 

-1 1740 om. 

The bromo ketone darkened on prolonged standing , and all attempts to 

obtain analyti cal samples were unsuccessful . nalysis of achroma tography 

fraction indicated that only one bromine a~ 11eared to be .resent in the 

:12 



molecule . 

1 -Benzoyl-3(1 '-c~rboethoxY-2 '-keto-1'-methylpropyl) -5-

-carboethoxy- 5- me thyl- 4- piperidone (169) 

thyl- 1- methyl ace toacetate (1 .~4 gms , 0 . 01 mole) was dissolved 

in 30 mls of dry thiophen- free benzene and sodium hydri de (0 . 24 gm , 

0 . 01 mole) was added. After boiling t he solution f or 15 mins . , it was 

o cooled to o . A soluti on of 1-benzoyl-3-mcthyl-5-carboethoxy- 5-methyl- 4-

- pi peridone in 4D mls of benzene vIas then added . The soluti on was 

boiled for 3 hrs., during which time t he colour of the solution changed 

f r om yellow to deep red . 'rhe solution \,as cooled and poured into an 

ice- wo. t er mixture . The benzene layer, after separation, nas washed Ili th 

2 . ~: potassiuo hydroxide s olution ( 2 x 50 mls) , dilute hydrochlol~c acid 

( 2 x 50 mls) , bicarbonate , and finally ' ater . Drying and evaporation 

of the solvent gave 2 . 25 gms of crude product . Chromatogr aphy on 

Voelm alumi na grade V i n benzene gave 1. 6 BIDS of a compound,whose infrared 

and n. m. r . spectra were identical with those of 1-benzoyl- 3- car boethoxy­

- 3- methyl- 4- piperidone . Elutlon Vl_t h 20;0 benzene - 80}s eth\.., r gave 0 . 3 

gms of a single compound. 

= 1725 cm.-1 - 1710 -1 cm. 1660 cm . -1 ( ami de) 

The n. m. r . spectrum showed an acetonyl group a t 2 . 15 p . p . m., and a broad 

12 proton peak centred at 1 . 3 p. p . m. 

ttempts to characteri~ e the comp ound as a 2 , 4- dinitrophenyl-

- hydrazone or semicarbazone derivative nere unsucce ssful and an analysis 

could not be obta ined on the compound. 
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