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Synthetic Approaches to Alkaloid-Skeleton Structures Via

Intramolecular Cycloaddition Reactions

Abstract

A review of the occurrence and chemistry of the
monoterpenoid alkaloids is presented, emphasis being given

to current methods of synthesis.

Two principle areas of intramolecular cycloaddition

reactions involving heterocyclic systems have been explored.

In the first the bimolecular and intramolecular cyclo-
addition reactions of furan are described. The preparation
of various derivatives aimed at extending the scope of the
intramolecular cycloaddition process is described. The

reactivity of these systems has been explored.

The intramolecular cycloaddition reactions of a
series of substituted mono- and dihydroxypyrimidines have
been investigated. By substitution of the appropriate
alkenyl side chains the cycloaddition process, followed by
a retro-Alder elimination of isocyanic acid, yields

structures related to the monoterpenoid alkaloid skeleton.
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Introduction. X

The major objective of the work presented in this
thesis was to develop routes for the synthesis 6f various
alkaloid structures by way of intramolecular cyclo-
additions across suitable heterocyclic systems.

Much of the work was initiated by R.A. Wattl, who
discovered the ability of olefins to react intramolecu-
larly with certain substituted pyrimidines. It was found
that primary cycloadducts could undergo secondary elimi-
nation reactions yielding bicyclic products possessing
structures similar to those of a specific group of
naturally occurring compounds, the monoterpenoid alkaloids.

The occurrence, structure and existing synthesis of
these monoterpenoid alkaloids, together with a brief
account of their biosynthesis and pharmacology, is dis-

cussed in the following literature review.

The Monoterpenoid Alkaloids.

It is now an established principle that both
alkaloids and terpenoids are elaborated by a number of
plant families and that, in many cases, the alkaloids
consist of terpene conjugates. Terpenoid components may be
recognized with varying facility in such alkaloid struc-
tures, and the combination of multiples of isoprene units
with ammonia, simple amines, and amino-acids frequently
occurs in natural products.

Those alkaloids recognized as being conjugates of



modified monoterpenoids (two isoprene units) form the
subject of this review. Two previous reviews have

2
appeared 4 which cover the literature up to the October

1974 issue (No. 15) of Chemical Abstracts.

Herein a critical summary is made of the literature

surveyed up to the July 1977 issue (No. 25) of Chemical
Abstracts.

Occurrence and Structure.

i

Monoterpenoid alkaloids have been found in numerous
botanical families and a comprehensive table listing their

occurrence has been published.3

Table (1) lists the main alkaloids subject to the

present review together with their proposed structures.

The first monoterpenoid alkaloid to be isolated,
gentianine (3:R1=R3=H, R2=CH=CH2), was found more than
thirty years ago.4 Although gentianine is now widely ac-
cepted as being an artifact arising from specific isola-
tion techniques,5 it nevertheless provided a historical
basis for structural, synthetic, and biosynthetic re-
séarch with authentic monoterpenoid alkaloids.

With only a few exceptions, the monoterpenoid

alkaloids may be biogenetically related to the iridoid



ALKALOID

S-(-)—-Actinidine
S-(-)-Valerianine
S-(-)-Tecostidine
(+)-Boschniakines (+)-
Indicaine
Plantagonine

Valeriana alkaloid

Venoterpine = Alkaloid

RW47
Cantleyine
Gentianine
Gentianamine
Gentianadine
Gentianidine
Gentiatibetine
Jagminine
Gentioflavine
Skytanthine
Tecomanine
Arenaine

Bakankoside

TABLE o

STRUCTURE

(1:RY=R%=Me, R3-m)

(1:R1=CH20Me, RZ=Me, RO-H)

1

(1:R"=CH,OH, RZ=Me, Ro=H)

(1:R'=cno, ®r%-H, R%-=Me)

(1:R'=co,H, R%, R®-H, Me)

(1:R1=CH20H, R2=Me, R3=H)
+

NCH,,CH,,CgH , OH-p

(2:R=H)

(2:R=C02Me)

(3:R'-R°-H, R®-CH~CH,)
(3:Rr'=m, R*~CH-CH,, R°= CH,,OH)
(3:R*=r%=R3-p) |

(3:R'=Me, RZ=R%-p)
(4:R=0H)

(5)

(6)

(7)

(8)

(9)

(10)
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Figure 1.
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glycoside monoterpenes6 by the incorporation of ammonia,
or its biochemical equivalent. Recognition of this class
of alkaloid may, in general,be based on the syntﬁetic
structural unit 1,2-dimethyl-3-isopropylcyclopentane
(11), which, by appropriate cleavage, nitrogen incorpor-
ation at certain sites gives rise to the monoterpenoid

family of alkaloids (Figure 1).

Individual Alkaloids

Actinidine and related alkaloids.

A relatively large number of alkaloids possessing

the pyrindane structure have been isolated and character-

2-Me, R%-H), was first ob-

7

ised. S-(-)-Actinidine (1:R1=R

tained from Actinidia polygama; “more recently from

Actinidia argutasand Valeriana officinalis.8 The struc-

ture of actinidine was elucidated on the basis of chemi-
cal and spectral evidence and verified by several syn-
thetic routes.

Treatment of nepetalinic acid imide (12) with
phosphorus pentachloride gave the dichloropyrimidine (13)
which, on reduction in the preseﬁce of palladium on char-

coal, yielded S-(-)-actinidine.’

ME Me Me 'y,
. Me lnh"’i’-‘!&'—.' SN "Me
e e
0 N 0 Cl Cl N

3

(12) (13) (1,R1=r%=Me, R3-m)

ol
ot



? ethyl « - (3-methyl-2-oxocyclo-

In a second synthesis
pentyl)—propionate (14) was transformed to the cyano-
hydrin (15). Dehydration gave a mixtrue of the double
bond cyano-ester isomers (16) and (17) which upon hydro-
lysis led directly to the dihydroxy-pyrimidine (18).

Treatment with phosphorus oxychloride yielded the
dichloropyridine (19) which upon reduction led to the
isolation of racemic actinidine. Resolution of the mono-
dibenzoyl tartrate salt and regeneration of the free
base gave an oil [}ﬂD-B.OO possessing an identical i.r.

spectrum and picrate to that of the natural alkaloid S-

(-=)-actinidine.

CN
(17) (18)
Me
& SN Me | N Me
—P [ o S e
a a N

(19)



The enantiomorph of the naturally occurring com-
pound, R-(+)-actinidine, has also been synthesized.10
Methyl pulegonate (20), derived from R-(+) pulegone (21)}1
was subjected to ozonolysi$ and the resulting cyclopen-
tanone derivative (22) condensed with ethyl cyanoacetate
and then methylated to give (23). Hydrolysis gave a low
yield of an optically active dihydroxy-pyridine (24),
which, by standard transformations (phosphorus oxy-
choride followed by reduction), yielded R-(+)-actinidine
(25).

H., Me

COyMe COgMe
(21) (20) (22)
Me M HG
7 N e Xy
CN COZME HO N OH N
(23) (24) (25)

R-Iridodial (26), prepared from R-(+)-citronellal (27)12,
has provided R-(+)-actinidine by reaction with ferric
ammonium sulphate in the presence of dilute sulphuric

acid.13



Me

CHO
Me
—_—> Me Me
| i — |l
CHO CHO o o

(27) (26) (26)

HO
M Ma .
e MR e R Sl e
- P o
N N

(31 (32)

R-(+)-actinidine has recently been synthesized

by an interesting route involving a vinyl ketene.l4

(30)

(18,5R)-5-Methyl-2-(1l-methylethylidene)-cyclo~
pentane-1l-carboxylic acid, prepared from R-(+)-pulegone,

was converted to the carbonyl chloride (28). Dehydro-

;
ot
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chlorination led to the vinyl ketene (29) which quickly
rearranged by a (1,5)-hydrogen migration, into (R)-5-
methyl-2-(1-methyl-ethenyl)-cyclopent-1l-ene-1-carbox-
aldehyde (30). Treatment of the aldehyde with hydroxyla-

mine led directly to R-(+)-actinidine.

Two interesting hydroxyactinidines have been pre-
pared from R—(+)—actinidine.13 Application of the well-
known acetic anhydride promoted rearrangement of pyridine

N—oxidesl5 followed by hydrolysis gave 5-hydroxyactini-

dine (31).
o wOAc ¥
Me~_ Me, |
2 — )
N f¥
3 C 1
H 0 ?a,%
UH
Me A Me N Mo
l Me I
> ~
N N
(32) (31)

A single stereoisomer was obtained from this
sequence which was assigned the configuration (31), on
the basis of the assumed preference for least hindered
nucleophilic attack of acetate anion in the intermediate.

R-(+)-Actinidine was also converted into optically
inactive 7-hydroxyactinidine (32)™°  in low yield, by

oxidation with cold aqueous potassium permanganate.



S-(-) Methoxyactinidine (1:RI=CH20ME, R%-Me, RO=H),

commonly called valerianine has been isolated from

Valeriana officinalis.16 The proposed structure was

consistent with the observed n.m.r. spectral data and
was confirmed by an interesting synthesis.16
Diels-Alder cycloaddition of 1,3-dimethoxy—propene
to the aldehyde (33) provided the dihydropyranyl ether
(34) as a mixture of three diastereoisomers. The isomer
mixture was converted directly into (i)-valerianine by
successive treatment with acid and hydroxylamine (or
ferric ammonium sulphate). Resolution of (t)—valerianine
was achieved using dibenzoyl tartaric acid and the
absolute configuration of the naturally occurring com-

pound assigned on the basis of comparison of its optical

rotation with that of S-(-)-actinidine.

CH-, OMe
o A CH,0Me Me 2
\’"""
0 0 OMe

OMe

(33) (34)

CHyOMe
Tt Me 5 (] |

CHO CHo

A CHZOMQ
o
N

Valerianine



This synthetic route appears to be general, since
related alkaloids, e.g. actinidine itself, can be pre-

pared by suitable modification.

S-(-)-11-Hydroxyactinidine (1:R'=CH,OH, RZ=Me,

2
R3=H) named tecostidine, was first isolated from Tecoma
18

j i 4
stans and more recently from Pedicularis rhinantoides.

The structure and absolute configuration of tecostidine
have been established by the total synthesis of its
enantiomer.13 R- (+)-Pulegone (21) was transformed into
2-carbomethoxy-3-methyllcyclopentanone (22) by the
previously devised procedure.11 Condensation (of the keto-
ester) with cyanoacetamide in the presence of piperidine
gave the dihydroxypyridine (35) which, by conventional
transformations (phosphorus oxychloride followed by re-
duction) led to the cyano-pyridine (36). The nitrile was
then converted to the ethyl ester, via the amide, and
reduction with lithium aluminium hydride gave R-(+)-

tecostidine (37).

Hu,, = Me
NC
0 i Mo Sl
HO
(21) (22) (35)
NC A z‘% HO HZC X -;-? Me
b/ N
(36) (37)

'



HOHZC

b
T

I\“\\\\\

N

Tecostidine (1:R1=CH20H, R2=Me, R3=H)

Attempts to convert tecostidine to actinidine by re-

duction have so far been unsuccessful because of the

inaccessibility of the requisite tosylate.13

An alkaloid with the structure (1:RY=CHO, R2=H,

R3=Me), named boschniakine, first obtained from Boschniakia

rossica,l9 and more recently found in Tecoma stans,zo is

one of the relatively rare actinidine type alkaloids
which possess the 7R-configuration. Its structure and
absolute stereochemistry were fully established by spec-
tral data and by its synthesis from R-(+)—pulegone.21
The cyano-pyridine derivative (36) was synthesized as in
the case of tecostidine, and was reduced with a large

excess of stannous chloride. The resulting aldimine-

NC

X %:-MpHC R %. Me
[/Fl I/‘H
N
(36) (38)

s%annic chloride complex was submitted to steam distillation
by which hydrolysis was effected together with the iso-

lation of the required product, boschniakine (38)



(1:R*=CHO, R"~H, R°=Ho).

An alkaloid elaborated by Pedicularis olgae22 and

named indicaine, had been earlier isolated by Russian
workers and was assumed to be a stereoisomer of boschnia-
kine. It has however, recently been shown23 to be identi-
cal to boschniakine, the earlier difference being due to
the formation of a diethyl acetal during picrate deri-

vitisation of one of the alkaloids in ethanolic solution.

Plantagonine, a base closely related to indicaine,

was first isolated from Plantago indica?4 more recently

from Pedicularis olgae,25 and was assigned the structure

(1:R1=C02H, R%zﬂ, R3=Me)_possessing the absolute R-con-
figuration e on the basis of spectral data and oxidation
of indicaine2 (1:Rl=cHO, R%=H, R°-Me), which provided-

an identical compound.

HO,C X ;;:"‘"’bOH XN Me
I H H
- 7
N N
Plantagonine Indicaine (39)

In order to complete the logical oxidation sequence
from actinidine (R1=Me) to tecostidine (R1=CH20H1)
boschmakine = indicaine (R1=CHO) and plantagonine (R1=
002H), only the decarboxylated pyrindane (R1=H)(39) is
required.

Such a compound has recently been found in Tecoma

Stanszo and Pedicularis macrochiliaz7 and given the name

4-noractinidine, although the absolute configuration of

,'I_ﬁ'.'J



this alkaloid has yet to be determined.

Direct comparison of the physical and chemical
properties of alkaloid RW47, isolated from Rauwolfia
verticulata and venoterpine (from Alstonia venenata) has

established28 that these two alkaloids are in fact iden-

tical and possess the structure and absolute stereo-

chemistry (2:R=H)

HO_ HO :

w R W

- 0 0Glu
(2) (2,R==C02Me) Loganoside

Although the alkaloid does not contain ten carbon
atoms it appears to be closely related, structurally and
biogenetically, to the other bases discussed in this re-

view.

A related alkaloid, named cantleyine, has been

isolated from Cantleya corniculata.29 It has been assigned

the structure and relative stereochemistry (2:R=CO.Me)

28

2
mainly on the basis of an extensive n.m.r. analysis.

The proposed structure has been confirmed by its low yield
synthesis from loganoside and ammonia. However, further
reports have suggested that it is in fact an artifact

produced during ammonia treatment of the plant material.29

Vgleriana Alkaloid.

A quaternary alkaloid isolated from Valeriana offici-
30

nalis as the chloride has been shown: by chemical and

spectral evidence, to be N>/?—(g—hydroxyphenyl)ethyl



actinidine chloride. ((40), R=CH,)3°

On pyrolysis the alkaloid decomposes into (-)
actinidine and p-hydroxy-styrene, and conversely, the
alkaloid has been synthesized by the condensation of
(=) actinidine with.Ejﬂ—bromoethyl—phenol,30 the picrate
of the product being identical to that of the natural pro-

duct.

~ OH
i~
&\ Br .
Me ]
X" “Me
L, i +
N
(40) OH £

The related N-(p-hydroxyphenethyl) derivative of

tecostidine ((40) R=CH20H) has also been obtained from

Valeriana officinalis.SO

An additional quaternary alkaloid has been obtained

31

from Pedicularis olgae and assigned the structure (41)

OHC Huo ¢
AN
l Me 2 | \ ME‘
_
T N~
£t

(41) (42)

o
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on the basis of spectral data and an unprecedented

selenium dioxide oxidation to plantagonine (42).31

Although there has been a lack of extensive syn-
thetic effort on the actinidine type alkaloids an isomer
(43) of actinidine has been prepared by an unusual
synthetic route.>2 (-)-Citronellonitrile (44) was photo-
oxygenated to give, after reductive work-up, a mixture
of allylic alcohols (45) and (46), which upon acid treat-
ment, yielded the diene (47). Upon pyrolysis, the diene

suffered an intramolecular Diels-Alder cycloaddition

and dehydrogenation, yielding the pyrindane (43).

H*m, Me H'”r;, Me 2o=
—e C
b ven ol
N AN
OH
(44) (46)
(45)

L%



Gentianine and related alkaloids.

Gentianine (3:R1=R%;H, R2=CH=CH2), the first mono-

terpenoid alkaloid isolated, was identified more than
thirty years ag0.44 It is now widely accepted that
gentianine is in many cases an artifact produced during
isolation procedures by the action of ammonia on non-
nitrogenous precursors5 and does not always exist as such
in the plant except occasionally in trace quantities. The

alkaloid has been isolated frequently from the small

family of Gentianaceae,3 as well as numerous other species.

Gluo
(3:R'-R°=H, R°-CH-CH,) (48) (49)

Both swertiamarine (48) a heteroside occurring

in Swertia japanoica,33 and gentiopicroside (49), a

common heteroside of the Gentianaceae, are converted into

gentianine by treatment with ammonia under very mild



- 19 -

conditions, and have been proposed as precursors for

NS e 34
gentianine.

The proposed structure of gentianine has been con-
firmed by a total synthesis.> 5-{2/-Chloroethyl}-4-methyl—
nicotinonitrile (50) was transformed into 4-methyl-5—
vinyl-nicotinonitrile (51) by use of an excess of
diethylamine. Acid hydrolysis then gave the nicotinic
acid derivative (52) and treatment of the sodium salt of

the acid with formaldehyde gave a moderate yield of

gentianine, identical to the naturally occurring compound.

H Me Me CH
el T CN l CN l coH
[ s b b 2
| ACrom P R (T
N ﬁ/ ..... _
H*
(50) (51) (52)
%Qo /
[ ® o
cop | A
5 -
N2 N N
H
Gentianine

Catalytic hydrogenation of gentianine gives a di-
|}

hydro derivative (53) lacking absorption at 1634 cm
identical to the product obtained by the condensation of
formaldehyde with the sodium salt of 5-ethyl-4-methyl

Bicotinte acid (564)."

=10
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H
0
CH,H CHZ
H
v ¥
2! N C0H Bt COH Et CX
N B i
| e l ’ - I
~ ~
N/ N7 N
H+ H
(54)
H
0 OHZC 5 3
N NZ N
(53) (55)

Condensation of (54) with two equivalents of form-
aldehyde produced (55) which was also formed by the action

of formaldehyde on dihydrogentianine (53).9

1

A closely related alkaloid, gentianamine (3:R™=H,
3=CH20H), has been isolated from Gentiana

a8 Catalytic hydro-
36

R®=CH=CH,, R
35 and Gentiana turkestanorum.

olivieri
genation of gentianamine has provided dihydrogentianamine

(56) identical to the product (55) derived from dihydro-

gentianine.
H0H2C H0H2C o
I
Y o ¥ (o
o -~
N N
Gentianamine (56.)

Gentianadine (3:R'=R®-R3-H), an alkaloid lacking the vinyl

moiety of gentianine, has been isolated from several

Gentiana species ¢ and the proposed structure confirmed

s



by two synthesis.

o e

38,39

3-Cyano-4-methyl-pyridine (57) was hydrolysed

and esterified to the 3-carbomethoxy derivative (58).

Transformation to the diester (59) followed and reduction

with lithium aluminium hydride, yielded the dialcohol

(60). Treatment with manganese dioxide then produced

the lactone (61), identical with naturally occurring

gentianadine.

38
Me ~H TOZMe
CHj
‘) COM g}/C\OM@
| -~ N | }; s ’/f AW
N =T " t COoMe
e Sl
N2
(57) (58) H
1 CopMe CO,Me CopMe
5 — N il b
T OH
i — = —_ l .~
N N
(59)
Co,Me OH
¢y 2 Hy 2 0
KOHHfb N COzMe R CHo OH % d
—> // —> { — I
MeOH N\ % Ma0, N2



o e

The second synthesis involved the rearrangement
of the quinuclidine hydrochloride (62).39 Upon thermo-
lysis (62) provided a 70:30 mixture of the tetrahydro-
pyridine derivatives (63) and (64), easily separable by
chromatography. Catalytic dehydrogenation of (63) readily

provided gentianadine, identical to the authentic natural

V

A\ [y
[?j)l\om | 7 OMe j Roves

product.

-
N
+Hé)
(62)
0 0
— i —y
H N
Me
(63)
(64)

The lactam alkaloid jasminine (5) has been ela-

borated by several Jasminium species. 40

(5) (65) (66)

L
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The two alternate structures (5) and (65) were

originally proposed but hydrochloric acid treatment of

jasminine provided the nicotinic acid derivative (66)40

conclusively establishing structure (5).

The unusual dihydropyridine alkaloid gentioflavine

(6) has been found in several species of Gentianaceae4l’42

and its synthesis from gentioflavoside (67), a mono-

terpenoid isolated from Gentiana punctata, by treatment
42

with aqueous ammonia has been accomplished.

Gluo 0 0
OHC Br,
HO (- e T | 0“\I s, 0 X 0
~ o
Me Me H Me N Me N

(67) (6) (68) Gentianidine
Reaction of gentioflavine with cold bromine water afforded
the basic bromogentioflavine (68), which, upon Raney

nickel dehalogenation, afforded a product (69)42 itself

an alkaloid, gentianidine, (3:R'=Me, RZ=R°-H).

2

Gentianidine (3:R'=Me, R%=R°=H), formally related

to gentioflavine by processes of deformylation and dehydro-

genation, was first isolated from Gentiana macrophylla.43

Its structure was confirmed by synthesis from 4,6-dimethyl —

nicotinic acid43 and recent studies have suggested that

the alkaloid is possibly an artifact.33

Gentiatibetine (4:R=0H), elaborated by several

Gentiana species, has been characterized mainly on the basis

44

of an extensive n.m.r. analysis. Synthesis of an oxidation



57 g

product has also been achieved.44

Hantzch reaction

between crotonaldehyde and ethyl/?—aminocrotonate,

followed by oxidation, gave the pyridine derivative (70).

Condensation with formaldehyde produced a mixture of the

lactones (71) and (72) and lactone (71) was shown to be

identical to the oxidation product of gentiatibetine.

| B OH ‘ N OMe
ﬁ/ Me N/' Me
(4,R=0H) (4,R=0Me)
ie Me O
[ N\ CO2E I 2 : l A
~Z Me lf/ Me | ﬁ/
(70) (71) (72)

. The related acetal alkaloid, diveridine (4 :R=0Me)

has been obtained from Gentiana olivier135

It has been noted that certain Gentianaceae plants

elaborate compounds which may possibly be degradation

products of monoterpenoid alkaloids e.g. gentiananaine
(73) and gentiocrucine (74) 45,46
OH
SN CHO
0 X
N
H 0
(73) 2 (74)
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Skytanthine and related alkaloids.

The skytanthine type alkaloids, possessing the
gross structure (7) may be recognized as hydrogenated

actinidine-type alkaloids. They were first isolated from

47

Skytanthus acutus, and structure (7) proposed, almost

47,48

simultaneously by two research groups, on the basis
of spectral and chemical evidence. The structure was
established by catalytic dehydrogenation to a 3,4~

disubstituted pyridine which was shown to be identical

with (X) actinidine. 7
H
Me, Me
H%Me I o Me
-~

N
ME A
(7) (i) Actinidine

Structure (7) contains four asymmetric carbon atoms
and could therefore exist, theoretically, in eight racemic

modifications. Skytanthus acutus was originally thought to

contain three isomeric skytanthines, proposed as (7«), (78),
and (75),49 the # -~isomer predominating. The absolute con-
figuration of each of the naturally occurring stereoiso-

mers was determined by synthesis49 from the nepetalinic
acids (74),+ (75),+ (76) .+ (77) of known absolute configuration.
Each acid was, in turn, reduced, by lithium aluminium hy-
dride, to the diol, thence to the ditosylate, which upon

condensation with methylamine provided each pure isomer.

m
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The synthetic and naturally occurring bases were
compared by gas phase chromatography and by the melting
points of respective picrates. Analysis revealed the
presence of « and 4 , as well as the 3 -isomer, in the
mixture of bases regenerated from naturally occurring

skytanthine picrate.

Recent evidence has suggested that the &« and VA

skytanthines are artifacts, since they are not present

in the original extracts of Skytanthus acutus.50

!
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/3 -Skytanthine-N-oxide (79) has also been obtained

from Skytanthus acutus .51
H
Me N M P2k
H \\““ H M e H llI|Il
N N
Me/»lf Me
0
(79) (80) (81)

Two minor alkaloids, proposed as dehydroskytan-

thines are known: £§7-dehydroskytanthine (80) is elabo-

rated by Skytanthus acutus52 and thezﬁs—dehydroisomer
5

(81) is found in Tecoma stans. 3 Catalytic reduction of

A5~dehydroskytanthine (81) has verified the structure by

providing dJ-skytanthine (75)53 o

Two other alkaloids possessing the actinidine

skeleton, tecomanine (82) and tecostanine (83) have

been isolated from Tecoma stans.54

0 0
e Me
HOHZC Me Me,, oy Me, s
H
N N
Me Me Me

(83) (82) (84)
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The «,/3 -unsaturated cyclopentenone structure of
tecomanine was deduced from its U.V. and i.r. (1700,1620
cm"l) Spectra,55 whilst catalytic hydrogenation of teco-
manine with palladium-charcoal has given predominantly
one dihydro derivative (84), possessing a characteristic
cyclopentanone i.r. (174Ocm—1) Spectrum.54

Catalytic hydrogenation of tecomanine with platinum
oxide in glacial acetic acid has given a mixture of satu-
rated ketones, which, on reduction with hydrazine and
alkali, gave a mixture of deoxygenated bases.54 Dehydro-
genation of the mixture resulted in the isolation of (i)-

actinidine, confirming the proposed structure of teco-

manine.

The absolute stereochemistry of tecomanine has recent-
ly been determined by a three dimensional X-ray studyé'"

and is illustrated in structure (82).

Reduction of pure dihydrotecomanine has given an
optically active oxygen free base, which is one of the
eight possible isomers of skytanthine but which is not

identical to any of the four synthetic isomers.54

The second alkaloid, tecostanine, has the gross
structure (83) but its absolute stereochemistry has yet
to be adequately defined. Its structure has been veri-
fied by conversion into (i) actinidine by hydride reduc-

tion of the tosylate followed by dehydrogenation.54
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Me
H Me 2] Me M
HOH,C Q,  Me e SO ‘{H
N N ﬁ/
Me Me
(83) (85)

The deoxybase (85) from hydride reduction, is a
further stereoisomer of skytanthine, differing from all

those previously observed.

Several hydroxyskytanthines are now known. 4-Hydroxy-
skytanthine (86) (also named Alkaloid D, and hydroxysky-
tanthine I), was isolated as a minor alkaloid from Tecoma
§335§57 and assigned the indicated structure and relative

stereochemistry.

HO Me
; ol
o H
N
Me
(86) (87a) (87b)
o7

An isomeric alkaloid from Skytanthus acutus,

7-hydroxy-skytanthine (87a)(also named hydroxyskytanthine II)
was given the illustrated structure and stereochemistry,

whilst another hydroxy skytanthine, found in Tecoma stans2

has been given the absolute stereochemistry (87b)(named
Alkaloid C) on the basis of an X-ray diffraction study of

its methiodide.56

ﬂ.\’)
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Subsequently another hydroxyskytanthine has been

obtained from Tecoma stans and given the gross structure

Me
H ol
Me H Mo “";Me
H OH
N
R

(88).%8

N
Me

(88) (89)

A further alkaloid, exhibiting no N-methyl ab-
sorption in the n.m.r. spectrum has been isolated from

Tecoma stans and assigned the N-normethyl skytanthine

structure (89, R=H).58 Upon dehydrogenation it provided
(i) actinidine and methylation yielded a "skytanthine",

but the absolute stereochemistry has yet to be determined.

The monoterpenoid alkaloids discussed above all
possess fused pyridine type skeletons and have been formed
by conjugation of ammonia with a variety of monoterpene

units.

Several monoterpenoid alkaloids have been identified

as conjugates of urea with monoterpene units and these

include arenaine and chaksine.
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Arenaine (90) is an unusual monoterpenoid alkaloid

isolated from Plantago arenaria.59'60 It has been assigned

the structure and partial stereochemistry indicated

mainly on the basis of 1H and 13C n.m.r. spectra.

Me

N~
H

" >
COZH

(90) (91)

The alkaloid may be dissected, biogenetically, into
the acid (91) and guanidine.®©
A second 011N3 monoterpenoid alkaloid isola ted

from Cassia absus,sl and named chaksine, is a cyclic

guanido-lactone alkaloid with the structure (92).

(92)



The unique monoterpenoid alkaloid, bakankoside, (93)

was isola ted from Strychnos vacacoua62 and charac-

terised as a /3 -glucoside (93) by hydrolysis with

emulsin to D-glucose.

(93)

Biogenesis and Biosynthesis.

Despite the common biogenetic origin of the mono-
terpenoid alkaloids and detailed studies on the non-
tryptophan portion of complex indole alkaloids,63 very
few studies on the biosynthesis of the monoterpenoid
alkaloids have appeared. Few experiments with radio-
labelled precursors have been carried out and most of
these have shown only that incorporation can or cannot

be achieved without determining the specific sites of

incorporation.

The reasons for this deficiency in the literature
may be the lack of systematic degradation sequences
which may be used in incorporation studies, problems

associated with isolation procedures and the high arti-



fact potential of the alkaloids.

The monoterpenoid alkaloids can be dissected into
two isoprene units for which mevalonic acid or iso—
pentenyl pyrophosphate would seem to be precursors.

The striking structural similarities between the cyclo-
pentanoid monoterpenes and the monoterpenoid alkaloids
suggest that the biosynthesis of both classes of com-
pounds could be similar, involving the intermediacy of

the iridoid glycosides, a group of compounds characterized
by the cyclopentanopyran ring system (94). Introduction

of ammonia (or its biochemical equivalent) at some stage
of the biosynthetic process, would appear to be the only

major difference in their formation.

Me

Me
Me \T:j Me
0 0Glu 0

(48) (49) Gentianine

‘The facile in vitro conversion of swertiamarine
(48) and gentiopicroside (49) to gentianiness, as well as
the occurrence of both metatabilactone (dihydronepetal-
actone) and actinidine in the same plant support this

hypothesis.

=
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Although the biosynthesis of the monoterpenoid
alkaloids seems to correlate directly with that of the
iridoids,64 several questions remain to be answered.

The mechanism of closure of the cyclopentane ring and
the sequence of various oxidation steps are not complete-

ly understood.

In the absence of knowledge regarding the exact
nature of some of the terminal stages of secoiridoid
biosynthesis, only a working hypothesis for the bio-
synthesis of the monoterpenoid alkaloids has been

postulated.3 (Scheme 1.)

Evidence for the isoprenoid origin of actinidine

8,64

has been provided.™’ Good incorporation of [2—14cj

mevalonate and low incorporation of [2-1401 acetate and
[1—14Cf]geranyl pyrophosphate into actinidine in Actinidia

golzgamasand Valeriana officinaliss4 have been observed,

the results being in agreement with those previously
observed in the biosynthesis of the iridoids.

[2-14d] Mevalonate has been incorporated in the

major alkaloid of Valeriana officinalis.®

Mevalonic acid is also an efficient precursor for

the skytanthine type alkaloids in Skytanthus acutus.65

Feeding of [2-1401meva10nate gave radio-labelled f-skytan-
thine, the results indicating two biosynthetic pathways:

one involving randomization of mevalonate (in young plants),
Qnd the second, non-randomisation (in old plants). The

explanation put forward was that various amounts of

enzyme control occurred, dependent upon the age of the
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plant. The former route has been observed for a number

of iridoid monoterpenes.

The timing of the introduction of the nitrogen and
the possible interconversion of the actinidine and

skytanthine type alkaloids remains to be explained.

Although gentianine is in many cases an artifact,
biosynthetic experiments have nevertheless been carried
out on this alkaloid. [2-14Cj]G1ycine has been incorpora-

ted into gentianine in Gentiana asclepiadea,66 and the

results suggested a conversion of glycine into acetate,

thence yvia mevalonate into the iridoid monoterpenes.

Several miscellaneous incorporations have also been
achieved. [140:]Mevalonate has been incorporated into
gentioflavine (6) and gentiatibetine (4, R=0H)67 and ...

[14002]has yielded radio-labelled gentioflavine and

gentianine in Gentiana asclegiadea.ﬁs

In summary, actinidine and related alkaloids have
been considered to arise from the incorporation of
nitrogeneous units in the form of ammonia (or its equi-
valent from the nitrogen pool) and tyrosine into loganin-
type precursors, whilst gentianine and related alkaloids
have also been considered to arise from mevalonate
through the intermediacy of secologanin by incorporation
of ammonia, originating from a nitrogen pool, or in

several instances from the isolation procedure (SCHEME 1),
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Pharmacology.

Interest in the monoterpenoid alkaloids has
stemmed from their diverse pharmacological effects, re-
ported long before structural elucidation and synthetic

work was undertaken.

Injection of crude extracts from Tecoma mollis

have been reported to cause a lowering of blood sugar
levels.69

Gentianine causes a lowering of blood pressure70

and possesses an anti-inflammatory action as powerful as

that of sodium salicylate.71

A mixture of crude skytanthines has a stimulating

effect on adult male cats72 and boschniakine may also

exhibit physiological effects on Felidae animals.73 .

Valerianine has been reported to possess a sedative

action.16

Chaksine shows anti-arthritic activity although

long term administration leads to toxic effects.74

Tecomanine and tecostanine have hypoglycemic

75

effects in the rabbit and gentianine continues to be

subjected to other pharmacological examinations.76



Summary.

A wide range of conjugates between ammonia and
various monoterpene units is found. The example of con-
jugates from urea and ammonia, such as chaksine, highlights
another area of alkaloid chemistry, viz the occurrence
of conjugates between amino-acids and monoterpenes. Whilst
many of these are found containing rearranged terpene
units i.e. loganin-derived systems, relatively few con-

tain unrearranged monoterpene structures.
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RESULTS AND DISCUSSION

The work presented in this thesis is concerned with
the synthesis and attempted intramolecular Diels-Alder
cycloaddition reactions of a variety of heterocyclic
compounds. Much of this work has originated as a develop-
ment of previous studies carried out by R.A. Wattl, who
discovered the intramolecular ability of olefins to react
with substituted pyrimidine systems.

The present study has been restricted to the thermal,
ground state, intramolecular combinations of two components
in 4+ 2T cycloadditions, and attempts have been made
at the incorporation of heterocyclic components into both

ene and diene units.

Cycloaddition Reactions.

Cycloaddition reactions are one of the most important
types of reaction used in organic synthesis, giving
.access to compounds of variovs ring sizes. Several com-

prehensive reviews on cycloaddition reactions have
2,3,4,5

appeared.
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Examples of cycloadditions include carbene and
azene additions (A), dimerizations of alkenes and alkynes
(B), 1,3-dipolar addition reactions (C) and the Diels-
Alder reaction (D). In every case, two new ¢  bond are

e

formed between the reactants at the expense of 7 bonds.
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Diels-Alder Reactions in Organic Synthesis

The general applicability of bimolecular (4 + 2)7
cycloadditions was first recognized by Diels and Alder
almost fifty years ago,6 whose structural elucidations of
the 1:1 cycloadducts of cyclopentadiene with p-benzo-
quinone (1) and diethylazodicarboxylate (2) provided the
initial breakthrough to what has now become a very valuable

and widely used reaction in organic synthesis.

SRR os

(1)

+ J L I
N
- Et0,C ~C0,Et

(23

The great attraction of the Diels-Alder reaction,
which has since been subjected to several literature
reviews,7’8 is its versatility. Heterocyclic components
may be included in either, or both, of the "ene" or
""diene" units, which also may, in turn, be linear or part
of ring systems.

An inherent advantage of Diels-Alder additions is
the control of stereochemistry which can often be achieved.
This advantage is particularly valuable in the synthesis
éf natural products.

The sterochemical course of single step, concerted

cycloaddition reaction is normally governed by the
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"Woodward-Hof fmann" Rules,9 and the concerted nature of
the simpler Diels-Alder reactions is confirmed by the

observation of the "cis-principle" of product stereochemi-

stry.

Alder and Stein recognized that the steric arrange-
ment of substituents, in both the dienophile and the diene,
is preserved in the 1:1 cycloadduct.10 For example, the
isomeric methyl 2 -cyanoacrylates (3) and (4) cycloadd
with 9,10-dimethyl-anthracene (5) to give the adducts (6)
and (7), in which the stereochemistry of the dienophile

has been retained, even though the cis-adduct (7) must be

thermodynamically less stable than the trans-fused isomer

(6) on steric grounds.ll
Me
Me
NC
(3) \=3\ (5)
COzME

Similarly, the 1:1 adduct from trans, trans-1,4-

diphenylbutadiene (8) and maleic anhydride (9), exhibits

tﬁe stereochemistry in which the phenyl groups are cis

to each other.l2



Ph 0
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Ph

(8) (9)

Observation of the '"cis-principle" of product

stereochemistry is a confirmation of a concerted reaction
because the principle is readily explained by synchronous
formation of the bonds between the two components in a
one-step reaction. Heterodienophiles also tend to obey
the cis-principle.

The course of pericyclic reactions can be determined
by several interacting factors, such as substituent eféects
and secondary orbital interactions. The latter interactions
for example, govern the normal preference for endo-transi-
tion ctates leading to cis-fused products in conventional

Diels—-Alder reactions. This is the Alder Endo Rule and has

been illustrated by the cycloaddition of cyclopentadiene

and maleic anhydride.l3
0
0 v 0
. H H
] |<,=> : |
_ < : H 0
0 0

ENDO EXO
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After a "sandwich-1like" preorientation of the
reactants, the dienophile is added in such a way as to
give a "maximum interaction" of double bonds in the transi-
tion state, including not only the 7l systems directly
involved, but also those of the activating ligands.

In examining endo-exo product ratios it must how-
ever be appreciated that occasfionally a facile mechanism
for subsequent equilibration of the two products may exist
under the reaction conditions.

During the course of preparative experiments, Alder
observed that the rate of reaction was often increased by
electron-donating substituents (e.g., N(CH3)2, OCH3CH3)
in the diene and by electron-attracting substituents (e.g.,
CN, COOCH

3 CHO) in the dienophile.14 This observation was

generalised as the "Alder Rule" and the reaction of electron

rich dienes with electron deficient dienophiles became an
established principle.

It was later observed that reactions formally des-
cribed as Diels-Alder addition did not always obey this
rule. Electron rich dienophiles could add to electron
deficient dienes and this process was referred to as an

"Inverse Electron Demand" Diels—-Alder reaction.15




e e

Intramolecular Diels-Alder Cycloadditions.

The synthetic scope of the Diels-Alder reaction has
been greatly increased in recent years by the principle
16,17

of intramolecularity. Intramolecular Diels-Alder re-

actions result not only in the simultaneous formation of

two rings but also in certain consequences which are

superimposed on those of the classical bimolecular variants.
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Bimolecular " Intramolecular

The first systematic investigation into intramolecu-
lar Diels-Alder reactions was carried out by H.O. House
in 1965.18 i
Upon heating at 1300, the trans-diene unit in the
triene (10) added smoothly to the linked acrylic ester

double bond, yielding the trans-annelated hydrindane

derivative (11)18
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Surprisingly, under similar reactions conditions,
the cis-substituted diene (12) reacted in an analogous
manner, but with the exclusive formation of the cis-anne-
lated product (13). Since cis-substituted open chain 1,3-
dienes usually undergo bimolecular Diels—-Alder reactions
only with difficulty, it was concluded that the reaction
(12) to (13) profits from entropy factors due to the
spatial proximity of the reaction partners, indicating one
advantage imposed by intramolecularity. For the same
reason, non-activated dienophiles smoothly undergo intra-
molecular cycloaddition.

Notable features in these intramolecular cycloaddi-
tions were the lack of formation of bridged adducts e.g.
(15), and the opposite direction of addition compared with
that strongly favoured in the bimolecular addition i.e.

(16) and (17) to (18)19

—_
(14) (15) COyMe
e Me
: yZ 02H COZH
+ ——
\ Me "ﬂ.Me

(16) (17) (18»
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These features were rationalised by a study into
the direction and stereochemistry of addition.l8

From model considerations, during intramolecular
cycloadditions of cis-dienes, the dienophile chain is
forced into the exo-position (22), which in this case, is
the correct transition state for the observed cis-anne-
lated product.

Two alternative transition states are theoretically
possible. The transition state (20) is, however, too
strongly strained, thus preventing formation of the trans-
annelated product (13). Formation of transition state (24)
does not require any deformation of the bond angles and
the absence of the bridged adduct (15) from thermolysis
of (12) was attributed to entropically favoured easier
closure of a 5-membered ring than that of a six membered
ring and entropically favoured bond formation between
nearer ends of the diene and dienophile.

Three feasible transition states also exist for the
thermally more stable trans-diene. However the orientation
(23) is too highly strained and prevents the formation of
a bridge adduct.

The orientations (19) and (21) are both strain free
and have a relatively small energy difference which de-
pends upon the bonding an@ non-bonding interactions, and
on other conformational influences that are sometimes less
clearly predictable.

Thermolysis of the trans-diene (10) led to the
selective formation of the trans-fused product (11) formed
via orientation (21), as opposed to the cis-fused product

(13) from orientation (19). This observation was rationalised

)
m;)'
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by a favoured endo-position, of the ester (7 ) substituent,

as in bimolecular Diels-Alder reactions.18

Intramolecular Diels-Alder reactions take place
under considerably milder conditions than are required

for the analogous bimolecular process.

Ph ,ﬂx\¢;>~ Ph
N
Ph

(25) (26) (27)

The acrylamide((25) R = tert.butyl, R’ = H) undergoes
an intramolecular Diels-Alder reaction with an activation
entropy; zl;$7L , which is considerably less negativékthan
that observed in the corresponding bimolecular process.zo’21
As a consequence, not only unactivated dienophiles (e.g.
isolated olefins), but also unceactive (e.g. cis-substi-
tuted), 1l,3-dienes, have been shown to undergo smooth
intramolecular additions.

An application of this study has led to the direct
synthesis of the physiologically active but almost inaqces-

sible alkaloid pumiliotoxin C (30)22

Ty, /\

(28) = T (29) (30)
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Upon thermolysis at 2150, the dienamide (28)
suffered an efficient intramolecular cycloaddition,
giving a stereoisomeric mixture of the adduct (29). Hydro-
genation and hydrolysis afforded the alkaloid (30) to-
gether with smaller yields of the three alternative

stereoisomers.

Bicyclic systems containing seven or more membered
rings may be constructed by intramolecular cycloaddition
if the distance between the diene and dienophile units is
increased. Lewis-acid catalysed conversion of the triehe
(831) into the annelated cycloheptanone (32) has been

achieved.23

RV g O

(31) (32)

However, it must be appreciated that the longer and
more flexible the linking bridge, the more the conditions
resemble those for bimolecular additions.24 The validity
of this assumption was confirmed by the intramolécular
additions of the benzocyclobuten9524 ((33) a, n =1,

b, n=2. ¢, n= 3).24

k4

1
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\

(33) (34) (35)
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Upon thermolysis, the benzocyclobutenes underwent
a primary reversible opening of the four membered ring
giving the non-aromatic (E) - quinondimethane (34) which
suffered subsequent irreversible cycloaddition with the
linked multiple bond. When n = 1 or 2, the additions
occurred smoothly giving ca. 80% yields of the cycloadduct
((35), n= 1 or 2), presumably because of the entropy
assistance resulting from the proximity of the reaction
partners. The higher homologue ((33) n = 3) however gave
the corresponding cycloadduct in a drastically reduced

yield (ca. 20%), indicating a loss of reactivity.

Intramolecular cycloadditions of 1,3-dienes which
are partly, or wholly, incorporated into a ring may pro-
vide complicated ring systems which are only accessible

by other routes with difficulty.

A simple synthetic route to the Podophyllum lignans

was one of the first applications of an intramolecular

(4 + 2)T cycloaddition to the synthesis of a natural pro-

duct.25’26
0 "_“4
Me
Me O




The naturally occurring lactone (38) was obtained
by the thermolysis of the aryl-propargyl ester (36), in
which the styrene unit acted as a diene and the friple
bond as the dienophile, Aromatization of the intermediate
adduct (37) by a(1,3Fhydrogen shift yielded the natural

product.
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Intramolecular Diels—-Alder Reactions of Furans.

Since the discovery of the Diels-Alder reaction,
various heterocyclic nuclei have been thoroughly investi-
gated with respect to their suitability as diene compo-
nents. Amongst these, the simple heterocycles furan, pyr-
role and thiophenehave all been studied’, although their
individual behaviours differ considerably.

Furan is one of the more widely used heterocyclic
nuclei employed in Diels-Alder reactions, its use dating
back to much of the original work carried out on the Diels-
Alder reaction.

There are numerous examples of bimolecular cyclo-
additions of the furan nucleus8 but, at present, sur-
prisingly few examples of intramolecular cycloadditiogﬁl
involving furans have been reported. Furans are particu-
larly useful as diene components in the Diels-Alder reac-
tion since the primary cycloadducts are normally produced
under mild conditions and possess numerous possibilities
for further modification.

The initial aim of this work was to examine the
possibility of increasing the scope of cycloadditions in-
volving the furan nucleus by introduction of the principle
of intramolecularity, and to further examine useful modi-
fications of the initial cycloadducts.

Furan itself readil& undergoes cycloaddition with
maleic acid derivatives yielding oxabicycloheptene deri-

] 7,28

vatives.z Cycloaddition with maleic anhydride has been

shown to produce both the exo-adduct (40) and the less

stable endo-adduct (39) which quickly interconverts into

the exo—adduct.27

o BN

&
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(41

A possible modification of the initial cycloadduct
was illustrated by treatment with hydrobromic acid to yield
phthalic acid (41).

A notable feature of furan cycloadducts is a ot
pronounced tendency towards redissosciation. Catalytic
reduction of the 1:1 cycloadduct of furan and methyl
acetylene dicarboxylate produces the dihydro derivative
(42), which upon heating undergoes a retro Diels-Alder
reaction yielding 3,4-dicarbomethoxy-furan (43) by elimi-

nation of ethylene.29

EQgme C02M9 COZMem CO,Me
R | ~
: Cogue Coz“@ c02Me

(42) (43)

As well as numerous bimolecular cycloadditions 20,31

a facile intramolecular cycloaddition of furan has also

been reported.32
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Ac OH
CHzBf
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CHzBr
(46) (47)

Upon standing at room temperature the oily N-allyl-
aryl-(2 furfuryl) amines, ((44), Ar = CGHS’ CGH4—0Me and
06H4~Me), spontaneously isomerized into crystalline NQ
aryl epoxylisoindolines (45). The isomerization was rar
tionﬁlised by a mechanism involving an intramolecular
Diels—-Alder reaétion.

The isomerization was found to be completely rever-
sible. An attempt at purification of the isoindoline (45)
by vacuum distillation, resulted in the isolation of only
the starting amine (44), presumably arising via a retro-
Diels-Alder reaction. :

The structure of the cycloadduct (45) was confirmed
by several reactionsj catalytic hydrogenation yielded N-
phenylepoxyperhydroisoindole (47) and hydrobromic acid
treatment of the adduct afforded N-phenyl—isoindoline (46),
identical with an authentic sample prepared from o «/ —
dibromo-o-xylene and aniline.BZ

The generality of this cycloaddition was verified to

a limited extent by the use of the corresponding toluidine.and
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anisidine derivatives (Ar = C H,-Me and C.H —OMe).32

6 4 6 4
Although analogous cycloadditions took place, reaction
times were considerably larger.

No yields or discussion of stereochemistry were gi-

ven in the report of these reactions.

Using this reaction as a precedent therefore, it was
decided to synthesize alternative N-allyl-furfuryl-amine
derivatives, and to investigate their synthetic scope for
the preparation of fused heterocyclic rings.

The synthesis of several furfuryl derivatives had
been previously reported by Kirner.33 The method involved
formation of unstable furfuryl chloride (48), followed by
rapid condensation with amines or alcohols. Adaptation
of this method led to the synthesis of (49). Condensation
of furfuryl chloride with N-allyl-amine gave a low yield
of N—allyl—(?Z—furfuryl)-amine (49), a furan capable,by
analogy to the published results, of an intramolecular

cycloaddition.

WA ;*IOII *;je»H

(48) (49)
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The infrared spectrum of the reaction product
exhibited a broad band centred at 3340 cm © indicative
of a secondary amine (3300-3500 cm_l) and a peak at
1615 cmﬂl which could be assigned to a terminal olefin

(CH=CH,) group (1620-1680 cm ©).

The 1H n.m.r. spectrum obtained was as expected for
the predicted amine, exhibiting a characteristic pattern,
consisting of one proton multiplet at T 3.90-4.40 and
a two proton multiplet at 7 4.70-5.00, for the olefinic
function.

Unlike those previously reported, however, this
allyl—amine proved to be indefinitely stable at room
temperature; after a period of several weeks no trace of
cycloaddition was detected. Consequently, thermolysis of
the amine, both neat and in solution, showed no trace-of

- the anticipated cycloaddition; prolbnged heating resulting

only in the formation of polymerization products.

Following this absence of cycloaddition, the effect
of catalysts was examined. Intramolecular cycloadditions

of the furan nucleus have been shown to be catalysed by

the presence of Lewis acids.34
e 9=
R d 0-MX3
COLEt 0,Et COLEt
L )| e ) 2
OEt
R2 COzEt R2 R2 COzEf
oy
(50) M3
MXa
(especially
BF,, AlCl,)
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Co,Et CO,Et CO,Et
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R? Coxet |R), C0,Et CO,Et
R
OH 0
3 Q\.an =
(51)

Upon addition of Lewis acids, a substantial increase
in the rate of cycloaddition of diethyl acetylenedicarboxy-
late, and substituted furans has been observed, yielding
the bicyclic adducts (50).34

The presence of Lewis acids not only ehhanced reacti-
vity of cycloaddition but also promoted the rearrangement
of the initial cycloadducts, yielding, in this case,
diethyl 3-hydroxyphthalates (51) via the reaction path
indicated.

In the case of N-allyl-(2-furfuryl)amine (49) however,
addition of Lewis acid (boron trifluoride), failed to pro-
mote reaction. Again no trace of cycloaddition was observed,
the amine appearing perfectly stable at room temperature,
even in the presence of catalysts. Thermolysis of the amine
in the presence of catalysts resulted only in the formation

of polymeric material.

After the lack of success in this initial attempt at
cycloaddition, the incorporation of an alternate heteroatom
into the dienophile and diene linking chain was achieved,
the oxygen analogue i.e. (52) being the most readily avail-

able compound.

s
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(52)

Condensation of furfuryl chloride with allyl alcohol
afforded a moderate yield of 0O-allyl-(2-furfuryl)ether
(52).

The infrared spectrum of the product showed a band
at 1645 cm © characterisitc for that predicted for a termi-
nal vinyl function (1620-1680 cm_l).

The lH n.m.r. spectrum confirmed the proposed struc-
ture exhibiting the characteristic one and two proton mul-
tiplets at T 3.80-4.40 and 7 4.55-4.97 for the olefinic
protons.

Upon standing at room temperature, the allyl ether
was observed to be stable, no trace of cycloaddition being
detected. Addition of Lewis-acid catalysts had no apparent

effect as did the addition of traces of strong base535

mercuric salts,36 both of which have been shown to possess

and

some catalytic activity.

Upon thermolysis at 120° in a sealed tube, chromato-
graphy and spectroscopy showed no trace of any reaction,
whilst thermolysis at 195° resulted only in partial de-
composition of the starting material with again no trace

of the predicted cycloaddition.

'\._«



=66 =

The analogous furoyl-allyl-amine (53) and furoyl-al-
lyl-ether (54) were synthesized by a similar route. Re-
fluxing 2-furoic acid (55) with thionyl chloride affor-
ded the stable acid chloride (56)37 exhibiting a peak

at 1780 cm T in the infrared spectrum.

0y O

(55) (56) (53)

€L

1 0
(T ow— D_oe &7
0 0
] [
(54)

Condensation of furoyl chloride with allyl amine
gave N-allyl-(2-furoyl)amide (53) in good yield.

Synthesis of these furoyl derivatives proved to be
more satisfactory than that of the corresponding furfuryl
dgrivatives, mainly because of the extreme instability of
furfuryl chloride, which could not be isolated as 'a pure
compound but necessitated use as an ethereal solution.

Additionally, furoyl derivatives can normally be trans-
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formed into the corresponding furfuryl derivatives by
selective reduction, generally using lithium aluminium
hydride.>®

N-Allyl-(2-furoyl)-amine was isolated as an oil,
exhibiting a sharp peak at 1680 cm_l, characteristic of
an amide carbonyl group (1670-1700 cm_l),a broad band at
3400-3300 cm-1 indicative of the N-H group and a peak at
1645 cm * confirming the presence of a terminal olefinic
group (1620-1680 cm 1).

The 1H n.m.r. spectrum exhibited several interesting
features. The 3-furoyl proton (Ha) existed as a doublet
(J= 1.5 Hz), but was downfield by almost 1 p.p.m. relative
to the furfuryl derivative. This observation was attri-
buted to the deshielding effect of the adjacent carbonyl
group. The chain methylene protons appeared as a triplet
indicating coupling to both the adjacent C-H and N-H
protons. The olefinic protons were again observed as a

one proton multiplet at T 3.75-4.40 and a two proton mul-
tiplet at 7 4.60-4.94.

The amide (53) was again very reluctant to partici-
pate in an intramolecular cycloaddition reaction, appearing
to be indefinitely stable at room temperature even in the
presence of catalysts. Thermolysis of the compound, even
at relatively low temperatures, resulted only in polymeri-

zation with no indication of any cycloaddition processes.

The analogous furoyl allyl ether (54), was prepared
by a similar route employing allyl alcohol in place of
allyl amine. The compound appeared to be relatively un-

stable. 1H n.m.r. examination of the crude reaction
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mixture indicated the presence of the required product

but all attempts at purification of the crude oil by
vacuum distillation resulted in the formation of a
crystalline material which proved to be identical to an
authentic sample of 2-furoic acid, presumably arising from

base catalysed hydrolysis.

Intramolecular cycloadditions of molecules in which
the diene and dienophile linking bridge is flexible and
contains more than three atoms tend to follow reaction
courses very similar to these observed in the correspon-
ding bimolecular processes.24 Since the furan nucleus is
normally highly reactive towards bimolecular cycloadditions
it was thought feasible that the previously attempted
intramolecular additions had been prevented by failure of
the system in adopting a conformation suitable for k
addition. Certain torsional strains in the linking chain
are possibly eliminated by an increase of chain length.

The synthesis of a furan molecule containing a five-
atom linking chain was achieved.

Pent-1-en—5-0l (57) was prepared from tetrahydro-

furfuryl chloride by the method of Brooks.39’40

Treatment
of the alcohol (5&) with thionyl chloride yielded the
chloride (56a), which, upon treatment with sodium suffered
ring opening to provide pent-l-en—5-0l1 (57). Condensation

of this alcohol with furoyl chloride gave N-pentenyl-

(2-furoyl)ether (58).
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Na
(55a) (56a)
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+
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(57). 0
(58)

The infrared spectrum of the furoyl ether exhibited
a conjugated carbonyl band at 1720 cm_'1 together with a
smaller peak at 1645 cm ® attributed to a terminal olefinic

group.

The 1H n.m.r. spectrum corresponded to that predicted

for the required product.

However, the ether again appeared to be stable at
room temperature, both with and without traces of catalysts.
Upon thermolysis in a sealed tube, at elevated temperature,
only partial decomposition was observed, with no-trace of

the anticipated cycloadduct.

Following the failure of these attempted cyclo-
additions, it was considered that the incorporation of an
electron-rich dienophile into the appropriate furan mole-
cule could perhaps increase the chance of a successful
reaction.

An excellent precedent, utilising the intramolecular
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Diels-Alder addition of a nitrile had been reported

by Oppolzer.41 Although nitriles are normally relatively
‘unreactive Diels-Alder species, thermolysis of the benzo-
cyclobutene derivative (59) gave a high yield of the 1,2-
dihydroiSoquinoline (61). Formation was by way of an intra-
molecular Diels-Alder cycloaddition of the reactive 0-qui-

nonedimethide intermediate (60) and the nitrile component.

0 -1 0
NMe Me
— | "E\ Me o , G
~. g o J i H
I -
N
(59)

(60) 76% (61)

Intramolecular cycloadditions of nitriles have a

-

further advaptage in that the incorporation of nitrogen

into the cycloadduct increases the synthetic potential of

the reaction to an appreciable extent.42‘43
Witn this precedent in mind, thne nitrile (62) was

synthesized by condensation of furoyl chloride with

sarcosine nitrile.

] TR il o g e
0 e 0 N\xf’J_’ NZ
0 0

CH; NHCHZCN
(62)
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The amide was isolated as a crystalline material
m.p. 62-640, and the infrared spectrum showed the presence
of a non-conjugated nitrile (iLax 2260 cm 1) together with

a tertiary amide carbonyl group O)ma 1630 cm_l), (1630-

X
1670 cm ).

The 1H n.m.r. spectrum showed the presence of a
furan nucleus together with the N-Me singlet at T 6.64 and
a methylene singlet at T 5.46.

Again, a reluctance of the system towards intra-
molecular cycloaddition was observed. Thermolysis of the
nitrile indicated the molecule to be stable to addition
at temperatures up to 200°. No trace of cycloaddition was
observed on standing for extended periods at room tempera-
ture and introduction of catalysts had no effect. It is
possible that cycloaddition was prevented by a lack of..

flexibility in the linking chain.

After completion of these attempted reactions, a
report illustrating some interesting examples of intra-
molecular additions across furan, together with the in-
stability of certain cycloadducts, has appeared.44

In an attempt to sYnthesize some 3a-phenylisoindolines
(63) via intramolecular Diels-Alder cycloaddition, the
substrate (65) was prepared readily and in high yield from
o« ~-bromomethylstyrene (64) and N-furfurylamine. The product
however resisted all attempts to effect the cycloaddition
reaction leading to (67). Even heating at 230° showed no
change in the starting material.

Suspecting an extremely facile retro-Diels-Alder

reaction, the temperature was lowered to -600, but again
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no trace of the elusive cycloadduct (67) was observed.

0
/ Ph\/lkNMe
Br 0
(64) B
(68)
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|
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(69) (70) (71)

It was concluded that the phenyl substituent in
(66) would sufficiently destabilize the ¢ bond to be
formed so as to make (67) virtually non—existent.44

This destabilizing effect was overcome by the
introduction of a carbonyl group adjacent to the dieno-
phile, as in (70), thus providing an electron deficient
dienophile capable of undergoing a "normal" Diels-Alder
addition with an electron rich diene.

Quenching the anion of the readily accessible

phenyl acetamide (68) with paraformaldehyde, produced the

alcohol (69, R = H). Acylation, followed by acetic acid
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elimination, led directly to the crystalline cycloadduct
(71), via the intermediacy of (70).

The possibility of the cycloreversion (71) to (70)
was also exemplified. Heating a benzene solution of (71)
at 120° for 15 hours resulted in an equilibrium of 52%
(70) and 48% (71).

Lithium aluminium hydride reduction of the lactam
(71) produced an essentially quantitative yield of the
styryl amine (66); an observation which firmly established

the inherent instability of the intermediate (67).

The extreme susceptibility of some of the Diels-
Alder cycloadducts of furan in undergoing cycloreversion
could be a possible explanation for the lack of observation
of some anticipated cycloadditions proposed in this work.

Monosubstituted furan and furfuryl nuclei are more
susceptible to side reactions than are more highly sub-
stituted furan nuclei, a fact substantiated by the obser-
vation of polymerization in several of the cases studied.
An increase in substitution of the furan nuclei with
appropriately activating substituents might enhance reac-
tions.

Modification of both the diene and dienophile com-
ponents with respect to "ﬁormal" and "inverse demand"
Diels-Alder additions would seem to offer a potential

answer.
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A further complication in the case of the furoyl
systems could be the lack of adoption of the system into
a suitable conformation for reaction. Molecular models
indicated that in order to twist into the required shape,
considerable torsional strain around the ester (or amide)
group was necessary.

Because of this lack of success and the reports of
similar work by others our attention was turned to the

use of other heterocyclic substrates.
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Diels-Alder Cycloaddition Reactions of Mono- and

Dihydroxypyrimidines. .

A number of heterocyclic systems possessing unsa-
turated cyclic amide functions have been shown to behave
as dienes in conventional cycloaddition reactions. Several
2-hydroxy-pyridines, when blocked in the amide form,
undergo this type of reaction. For example, N-methyl-2-
pyridone (72) has been shown to undergo cycloaddition
with the conventional dienophiles benzyne45 and dimethyl

butynedioate (ADE),%® yielding the adducts (73) and (74)

respectively.

o,m
Me R Me

(73) (72, (74)

In a similar manner, 3-hydroxylisoquinoline (75),

which can exist in the amide tautomeric form (75a) has
been shown to participate in cycloaddition reactions across

the 2,5 positions, yielding with N-phenyl maleimide, the

endo-adduct (76).47 o
Ph
S OH 0 'T%O
2 I e NH
(75) (75a) (76)

i
'i\__ 3
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Several intermolecular cycloadditions involving the

2,5-dihydroxy pyrazine nucleus have also been reported.48
2 RZ —N\H 1
i;;IfNjI:ﬂfl H R I N
N =
N R Meog R Me 0. R?
Cone C02Me
1 2 1 2
CT2) R —CHZPh, R FCHB (79) (81) R =CH3, R =CH2Ph
(78) R'=R%=CH,Pn (80) (82) R'=CH,Ph, R2=CH3
(83) R'-r®=ch,Pn
1 2

The pyrazines ((77), R

R1 == R2 = CH2Ph) underwent addition with a solution of

= CH,Ph, R™ = CHS) and ((78),

ADE in DMF at 100°, forming the primary cycloadducts (79)
and (80) respectively. The adducts subsequently underwent
a smooth decomposition via a retro-Diels-Alder reaction
eliminating an isocyanic acid bridge, to yield the pyri-
dones (81), (82) and (83).

The pyrazines were assumed to react in the keto-
hydroxy form rather than in the fully aromatic tautomeric
form, since cycloaddition would then result in the formation
of two stable amide bonds.

This assumption was validated by the preparation
and cycloaddition of the pyrazine (84), blocked in the
amide form.48

This blocked pyrazine showed enhanced reactivity

towards cycloaddition, undergoing rapid reaction even with

poor dienophiles such as cyclopentene, producing in this

case, a mixture of two isomeric primary adducts (85) and

(86). "5
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(84) (85) (86)

Some examples of cycloaddition across the pyrimi-
dine nucleus have also been reported.

A series of carbomethoxy substituted aromatic pyri-
midines have been shown to react with the electron rich
dienophile, N,N-diethylaminomethylacetylene (87).49 Cyclo-
addition gave the two primary adducts (88) and (90),
which were not isclated but led directly by means of a
retro-Diels-Alder reaction to the amino pyridines (89) and

(91).
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A notable feature was that substitution at different
ring positions in the pyrimidine nucleus was shown to
influence the cycloaddition.

Substitution in the 4 or 6 positions resulted in
low yields or non-regioselective addition, whilst intro-
duction of the carbomethoxy function into the 2 or 5 posi-
tion gave excellent yields of a single cycloadduct,
seemingly to effectively control the orientation of the
dienophile approach.

The results were rationalised by electronic inter-
action between the dienophile and the 2,5-carbomethoxy

substituents.49

Several pyrimidine betaines have also been shown to

50,51 Thé inherent

participate in cycloaddition reactions.
fixed dipolar 4 7T electron system of the pyrimidine betaine
nucleus functions as a diene system, and addition across
the 2,5 positions with conventional dienophiles has been
acconplished.

The pyrimidine betaine (929 R3 o . R2 = Ph) yielded
a 1:1 cycloadduct (95) with maleic anhydride S whilst
cycloaddition with ADE gave the primary adduct (93) in
94% yield. Upon further heating the primary cycloadduct

(93) underwent a secondary bridge elimination reaction

yielding the pyridone (94).

NPh (95)
NPh

. '!'l-\}
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It is perhaps worthwhile to note that reaction of

the betaine (92) with olefinic dienophiles (e.g. dimethyl

maleate), as well as ethyl propiolate and N,N/;diethyl—

aminophenylacetylene failed to produce well defined ad-

ducts.50

g s

4,6-Dihydroxy—pyrimidines, e.g. (96), which have

been shown to exist in a dipolar tautomeric form (98)

in polar solvents, and in the keto-enol form (97) in

polar organic soivents,

cipate in cycloaddition reactions.

Ho\jéfoI,OH
dor

(96)

54,53 have also been shown to parti-
48
a
NQ;/NH HN\;ﬁﬂH
(97) (98)

2-Methyl-4,6-dihydroxy—pyrimidine (100) has been re-

ported to undergo cycloaddition with ADE.

a8 Heating a DMF

solution of the pyrimidine and ADE at 60° for 72 hours led

- to the direct isolation of the pyridone (102). Formation

of the pyridone was rationalised by cycloaddition to the
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primary adduct (101) followed by a subsequent bridge

elimination.48
0
HO Z HO N COZMe
N>, _NPh NH e
\]/ N§|/ MeO (&) Me CopMe
Ph UZME’ Me
(99) (100) (101) (102)

The cycloaddition of the dihydroxy-pyrimidine (100)
with ADE proved to be a highly specific reaction.

Further attempts at intermolecular cycloaddition
with the pyrimidine (100) all failed.1 The pyrimidine
was stable in the presence of simple olefins, and even
strained olefins,such as norbornadiene, at temperatures-
up to 200°. Cycloadditions attempts using electron rich
dienophiles, such as ethyl vinyl ether, or to activate
the heterocyclic system with Lewis acid catalysts were
also unsuccessful.1 Examination of the crude reaction mix-
tures by mass spectrometry failed to detect even traces

of the anticipated cycloadducts.l

Reactivity towards cycloaddition can be conveniently
and usefully described in terms of molecular orbital
theory;54 in particular through the use of frontier mole-
cular orbital and perturbation theory approximations.55’56

For a Diels-Alder reaction involving inverse electron
demand, such as the reaction of an olefin with a pyrimidine,
reactivity is mainly determined by the HOMO olefin - LUMO
pyrimidine interaction. Preliminary CNDO/2 calculations on
2-methyl-4,6-dihydroxy—pyrimidine (100) as the keto-hydroxy

T

4
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tautomer ’ .ihdicated that all symmetry, energy levels
and atomic coefficient components were all favourable for
cycloaddition to take place across the 2,5 positions.

It was therefore predicted that cycloaddition was
feasible in terms of electronic energy considerations pro-
vided the reaction was neither hindered by steric effects
nor inhibited by thermodynamic considerations.

The conclusion was reached that intermolecular
cycloaddition processes could well be prevented by a large
negative entropy barrier, and one means of overcoming this
~activation barrier would be to react the diene and dieno-

phile components in an intramolecular sense.

Intramolecular Cycloaddition Reactions of 4,6-Dihydroxy-

pyrimidines. -

The model pyrimidine (103) was s&nthesized and its
activity towards intramolecular cycloaddition examined
by Watt.?

Although the pyrimidine was found to be stable under
conditions in which the unalkylated pyrimidine (100)
could react bimolecularly with ADE, increasing the reaction
temperature from 80° to 200° resulted in efficient intra-

molecular cycloaddition giving the adduct (104) in good

yield. 97
2 ; 0
s 0 77 N K COpH
Me Me

0 Me
(103) (104) (105)



solid, was found to be stable at room temperature, and

was further characterised by efficient acid hydrolysis

into

examined by application to a variety of derivatives. The
homologous hexenyl pyrimidine (106) was synthesized,l and
upon thermolysis produced the cyclohexano-adduct (107)

indicating the possible construction of fused six-membered
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The cycloadduct, easily isolated as an amorphous

the substituted cyclopentane derivative (105).

Ramifications of this cycloaddition process were

rings by this route.

synthesized and reacted upon thermolysis to give the anti-
cipated cycloadduct (109)1 showing that a variety of 2-

substituents could be involved in this cycloaddition pro-

cess.

Xypyrimidines were also examined in order to define more

clearly the synthetic potential of these reactions.

S 0
HO AP T{
Na. NH e NH
i .
Me
(106) (107)

SN )f
HO 0 NH
% T NH
NN _NH

Ph
Ph

(108) (109)

The 2-phenyl substituted pyrimidine (108) was also

Because of these encouraging results other 4,6-dihydro-
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The synthesis of 2-unsubstituted pyrimidines by
base-catalysed condensation of formamidine with /2 -dioxo
compounds is a poorly documented reaction, mainly because
of the occurrence of several side reactions.

In contrast, 4,6-dihydroxypyrimidine (110) was pre-
pared in moderate yields by the method of Kenner,58 which
involved condensation of diethyl malonate and formamidine.
The reactivity of this material towards cycloaddition
reactions was tested by heating it with dimethylbutynedi-
48

oate (ADE) under the same conditions as those reported

for the cycloadditions of 2-methyl-4,6-dihydroxypyrimidine.

0
H 0
NH
N~ _NH AN H -
Y Me O o Co,Me
H COzMe H
(110) (111) (112)

Thermolysis at 80° for a period of three days led
to the isolation of the pyridone (112) produced via bridge
elimination of cyanic acid from the initial cycloaddition
product (111).

Using this precedent, the intramolecular cycloaddition
of the 2-unsubstituted 4,6-dihydroxypyrimidine nucleus
with an unactivated dienophile (i.e. an isolated C-C double
or triple bond) was next investigated.

The model pyrimidine (116) was prepared by the indi-

cated route.
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Pent-4-en-1-0l (113) prepared by the method of Brooks

and Snyder,39’59

was treated with phosphorus tribromide to
give 5-bromo-pent-l-ene (114).

Alkylation of diethyl malonate with this bromide
yielded diethyl 2-(pent-4-enyl)-malonate (115),60 which,
upon condensation with formamidine acetate in ethanolic
sodium ethoxide, gave 4,6-dihydroxy-5-(pent-4-enyl)-pyrimi-
dine (116).

Upon thermolysis at 198° for 18 hours in DMF, the
pyrimidine underwent conversion into a new material. Chroma-
tographic isolation of the reaction product afforded an
oil, the 1H n.m.r. spectra indicating a unique product
which exhibited severai interesting features.

A broad, D20 exchangeable peak integrating to one
proton, appeared atl 1.84, indicative of a nitrogen-bonded
proton. A single proton signal appeared as a double doublet

at T 4.08, which upon D20 treatment, collapsed into a

sharp doublet (J = 7 Hz). This indicated the presence of
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an olefinic proton coupled to both a nitrogen-bonded
proton and a second proton.

A third single proton appeared as a double-doublet
at T 5.15 indicative of a second olefinic proton coupled
to two other dissimilar protons.

The infrared spectrum showed a broad band at 3200-
3400 cm ' together with peaks at 1680 cm - and 1660 cm Y.

On the basis of this spectral evidence, the product
was assigned the dihydropyridone structure (118) of un-
known configuration.

The proposed structure (118) was confirmed by a lH
n.m.r. decoupling experiment. Irradiation of the signal
at T 5.15 caused the doublet at T 4.08 to collapse into a
singlet, whereas irradiation of the signal at T 4.08 caused
the double-doublet at T 5.15 to revert into a broadened .
singlet, thus indicating the mutual coupling of the two
protons.

Mass spectrometry also confirmed the proposed struc-
ture (118). The molecular ion of the dihydropyridone (118)
was observed and an accurate mass measurement substantiated

the molecular formula calculated for structure (118).

Formation of the dihydropyridone (118) was rationali-
sed by the mechanism illustrated, involving bridge elimi-
nation of the primary Diels-Alder cycloadduct (117), which,
in this case could not be isolated. Traces were observed
by examination of the crude reaction mixture with mass
spectrometry. Upon lowering the reaction temperature, either
a decreased yield of the dihydropyridone (118) or no cyclo~

addition at all was  observed.
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The result of this intramolecular cycloaddition,
although performed under identical conditions, contrasts
with those observed for the analogous 2-methyl and 2-phenyl
substituted pyrimidines, which yielded stable primary
cycloadducts as virtually exclusive products.1 A possible
explanation is that 2-substitution increases steric com-
pression in the transition state leading to the dihydro-

pyridones.

The occurrence of facile bridge elimination of the
intermediate bicyclic diamide (117) suggested that the
other bicyclic diamides, such as (104) and (109), should
also be unstable to prolonged thermolysis and this suggestion

was therefore put to experimental test.

0 0
(117) R = H

:;:f (104) R = CH3
NH (109) R = Ph

R
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4,6-Dihydroxy-2-methyl-5- (pent-4-enyl)pyrimidine

(106) was prepared by the method of Watt.1

N e
/\/\/
Br //laﬁto OEt & 0

(114)
(115) Me
(103)
ji(f/’f

0

AN
NH =4 naie

o [iii]i:;/J<;rH HN HN ~
g Me Me
(104) (119) (120)

..Alkylation of diethyl malonate with 5-bromo-pent-1-
ene (114) yielded diethfl 2- (pent-4-enyl)-malonate (115),60 =
whicia upon base catalysed condensation with acetamidine,61
led to the required pyrimidine (103).

Upon repeating the thermolysis of the pyrimidine,
at 200° in DMF, for an elongated period it was observed
that as well as the primary cycloadduct (104) a second
product, which increased in concentration as the thermoly-
sis time was extended, could be detected.

Isolation of this second product afforded an oil,
the 1H n.m.r. spectrum exhibited a broad DZO exchangeable
peak at T 1.60-1.90, characteristic of a nitrogen bonded
proton, broad singlet, integrating to one proton, at T 5.36-

5.44, indicative of an olefinic proton, and a broadened me-

thyl signal at T 8.20 along with several multiplets in the

)
™
o
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7.8-8.6 region.

The infrared spectrum of the material contained a

broad band at 3400 cm * together with bands at 1660 cm *

and 1595 cm -

On the basis of spectral evidence, the dihydro-
pyridone structure (119) was proposed for this product
although the stereochemistry of the compound was not as-
signed.

Mass spectrometry verified the existence of a mole-
cular ion at the predicted mass number for the proposed
~structure (119).

The dihydropyridone (119) was further characterised
by catalytic dehydrogenation, using 5% palladium-on-char-
coal in refluxing xylene, into the fully aromatic pyridone
(120). This crystalline compound possessed a lH n.m.xr .~
spectrum exhibiting a distinct singlet, integrating to
one proton, at T 4.0 and a methyl signal at T 7.70, charac-
teristic values of pyridones; for example, in the 1H n.m.r.
spectrum of 6-methyl-2-pyridone (121), proton (a) occurs
as a doublet at T 4.04, proton (b) as a double doublet at
T 2.72, proton (c) as a doublet at T 3.68 and the methyl

signal is a sharp singlet at T 7.69.

Hc
0 O\ H D
(121
HN g )
Me

The ultraviolet spectrum of the product was also
characteristic of those normally observed in pyridone

systems.
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It was further observed that thermolysis of a DMF
suspension of the primary cycloadduct (104) resulted in
the isolation of a material identical to the dihydropy-
ridone (119) obtained from the thermolysis of the pyrimi-
dine (103). The decomposition of the primary adduct (104)

was however somewhat hindered by its extreme insolubility.

Following the success in bridge elimination of the
methyl substituted bicyclic diamide (104), the phenyl
substituted analogue (108) was subjected to further exa-

mination.

(123)

Condensation of diethyl 2-(pent-4-enyl)malonate
(115) with benzamidine hydrochloride in the presence of
excess base, using the reported method,1 gave a low yield
of 4,6-dihydroxy-5-(pent-4-enyl)-2-phenylpyrimidine (108).
Upon thermolysis the 2-phenylpyrimidine was found to
undergo cycloaddition at a far slower rate than the 2-methyl
and 2-unsubstituted analogues under comparable conditions.

Thermolysis of the pyrimidine (108) at 198° for a prolonged
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period (48 hours) resulted in a moderate yield of the
primary cycloadduct (109). In this case the rate of cyclo-
addition was so slow that bridge elimination of the
intermediate adduct occurred at a comparable rate, giving
rise to a second product which was isolated as a crystal-
line solid and assigned the dihydropyridone structure (122)
on the basis of spectral evidence.

The 1H n.m.r. spectrum of the material contained a
characteristic doublet integrating to one proton at T 4.60
which was assigned to the olefinic proton (a).

The dihydropyridone was further characterised by
catalytic dehydrogenation to the fully aromatic pyridone
(123) in which the corresponding proton (a) appeared as
a distinct singlet at T 3.48 in the 1H n.m.r. spectrum.

The dihydropyridone (122) was obtained in increased
yield by prolonged thermolysis of the precursor pyrimidine
(108) or by thermolysis of the isolated primary cycloadduct
(109) .

The versatility of intramolecular cycloaddition
across the 4,6-dihydroxypyrimidine was further demonstrated
by the incorporation of an acetylenic dienophile in place
of the previously employed olefinic moiety. There are
numerous precedents for the participation of acetylenic

dienophiles in intramolecular cycloadditions.62
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Pent-4-yn-1-o0l (125) was prepared by the method of
Brooks and Snyder, by reactions of sodamide with tetra-
hydrofurfurylchloride (124).63 Treatment of the alcohol

with phosphorus tribromide gave 5-bromopent-1l-yne (126),

<1. 64
( ’%ax 2118 cm ).

The bromination reaction was however unsatisfactory
because of side reactions resulting in the formation of
polymeric material. A possible alternative, which was not
attempted in this instance, is preparation of the acetyle-
nic tosylate in place of the bromide, followed by the
requisite alkylations empioying the tosylate.

5-Bromopent-1l-yne was used to alkylate diethyl malo-
nate and the reaction product, diethyl-2-(pent-4-ynyl)—
malonate (127) condensed with acetamidine hydrochloride in

ethanolic sodium ethoxide, to give 4,6-dihydroxy-2-methyl-
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5- (pent-4-ynyl)pyrimidine (128), ( Y _ 2116 em 1).

Upon thermolysis of (128) at 1980, intramolecular
cycloaddition was observed leading directly to the fully
aromatic pyridone (130), easily distinguishable by its
characteristic 1H n.m.r. spectrum and by comparison to
the material previously obtained by catalytic dehydroge-
nation of the dihydropyridone (119).

As a synthetic route towards monoteﬁ;penoid alkaloid
skeleton structures, cycloaddition of the acetylenic
derivative possessed certain advantages over the corres-
ponding olefinic additions, since a fully aromatic pyri-
done, required as a precursor towards the alkaloids, was
produced directly from the cycloaddition.process.

A further advantage of the acetylenic addition was
that the rate of cycloaddition, relative to that of the
analogous olefinic addition, was appreciably increased.
Thermolysis of (128) at 198° for 4-6 hours resulted in
complete reaction whilst the olefinic derivative (106)
required at least 20 hours for completion.

Unlike the thermolysis of the analogous olefinic
pyrimidine, in which the primary cycloadduct was stable and
readily isolable, in this thermolysis no trace of the
intermediate bicyclic diamide (129) could be observed from

the acetylene (128).

The generality of cycloaddition of an acetylenic
dienophile across the 4,6-dihydroxypyrimidine nucleus was

demonstrated by the behaviour of the 2-phenylpyrimidine (131).
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Condensation of diethyl-2-(pent-4-ynyl)malonate
(127), prepared as previously described, with benzamidine
hydrochloride in the presence of an excess of base, gave
4,6-dihydroxy-5-(pent-4-ynyl)-2-phenylpyrimidine (131) in
low yield.

The pyrimidine was again found to suffer intramole-
cular cycloaddition upon thermolysis at 1980, albeit at
an appreciably slower rate than that observed in the 2-
methyl pyrimidine (128). Thermolysis led directly to the
pyridone (133) identical to the material obtained by the
catalytic dehydrogenation of the dihydropyridone (122) from
thermolysis of the olefinic pyrimidine (108). Again, no

traces of the primary cycloadduct (132) could be detected.

R
H
HO 0 0
/ H
NQI/NH LN
Ph Ph

(108) (122)
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A relatively large number of alkaloids possess the
pyrindane skeletal structure (135). The occurrence and
existing syntheses of these natural products has been pre-
viously discussed. (See review section).

Intramolecular cycloaddition reactions of substituted
pyrimidines offer a novel synthetic approach to this class
of compounds since incorporation of substituents in the
indicated positions (Figure 3) of the pyrimidine precur-
sor should theoretically produce the correspondingly sub-
stituted pyrindane skeletal structure (135), capable of

further modification by substituent transformations.

R4 RS
[ D Rg Figure 3
N
R3
Ry
(135)

The route to the pyrindane structures achieved by
intramolecular cycloadditions of substituted 4,6-dihydroxy-
pyrimidines offers particular promise for the syﬁthesis of
the actinidine-type alkaloids (136), a class of compounds
for which at the present time, there only exists a minimum

of synthetic methods.
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(136) (137) (138) (139)

The fused pyridones produced by the previously des-
cribed cycloaddition process are ideal precursors to the
naturally occurring compounds, as illustrated by existing
syntheses which frequently involve annelated pyridones as
synthetic intermediates.65’66

For example, racemic actinidine (139) has been
synthesized by catalytic reduction of the dichloropyridine
(138), which in turn, was obtained by treatment of phos-
phorus oxychloride upon the dihydroxypyrimidine (137)565

Adaptation of the cycloaddition process could also
lead to alternate classes of monoterpenoid alkaloids.
Suitable modification in the diene and dienophile linking

chain should lead to the gentianine (140)%7 and jasminine

(141)%8 type alkaloids.

l% I Me

e 2
R4\~ N
(140) (141)
The actinidine~type alkaloids all possess a methyl
substituent in the cyclopentene ring (in the "7" position).

Incorporation of a methyl substituent into the appropriate

position (R4) of a dihydroxypyrimidine, followed by intra-
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molecular cycloaddition, should theoretically give rise
to a pyrindane structure with the cyclopentene ring

functionalised in the analogous manner.

Ry
0 1\“
HN_ .~
Me
(142) (143)

The validity of this proposal was demonstrated by
the synthesis and cycloaddition of 4,6-dihydroxy-2-methyl-

5- (-1-methyl-pent-4-enyl) pyrimidine (142, R4 = Me).

Allylacetone (146) was prepared by the method of
La Forge.%? Alkylation of ethylacetoacetate with allyl-
chloride yielded ethyl(allyl)acetoacetate (144) which.
upon hydrolysis using concentrated alkali afforded the
corresponding acid (145).

The acid was subsequently decarboxylated, giving
hex-1-en-5-one (allylacetone) (146).69

Reduction of (146) with lithium aluminium hydride
gave hex-l-en-5-ol (147) in high yield, which upon treat-
ment with phosphorus tribromide yielded 5-bromo-hex-l-ene
(148) .

Alkyla tion of diethyl malonate with this bromide,
followed by condensation of the product (149),with acetami-

dine hydrochloride in ethanolic sodium ethoxide, led to

the formation of the required pyrimidine (150).



- 97 -

¢§¢\x,f’C‘ Me Et Me OH

(144) (145)

(146) (147) (148)

t
EtO 0E HOw N0
0 T RN i = H
0
3 Me
(149) Me
(150) (151)
Me Me Me
H
0 0
H o, <5
Me Me Me
(152) (153) (154)

- Scheme 2 -

h



= O8 —

The 1H n.m.r. spectrum of this compound contained a
characteristic methyl doublet (J = 6Hz) at T 8.65 together
with the other anticipated signals.

Upon thermolysis at 198° for 30 hours, the pyrimi-
dine underwent intramolecular cycloaddition giving a
moderate yield of the stable primary cycloadduct (151)
together with a second product arising from bridge-elimi-
nation, identified as the dihydropyridone (152) of unknown
configuration.

The 1H n.m.r. spectrum of the dihydropyridone exhi-
bited a distinct doublet (J = 6 Hz) at T 9.07 which inte-
grated as three protons and was assigned to the methyl
function substituted on to the cyclopentene ring. The
second methyl function was observed as a broadened singlet
at T’8.26, indicating allylic coupling, whilst the olefinic
proton (Ha) appeared as a multiplet at T 5.48.

By analogy to reported reactions, the dihydropyridone
(152) would appear to be readily amenable to transformation
into the pyrindane (154) without loss of functionalisation
of the cyclopentene ring, thus illustrating the potential
of the cycloaddition process for use in actinidine-type

alkaloid synthesis.
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Incorporation of a substituent (Rz) into the termi-
nal position of the dienophile in the alkylated 4,6-dihy-
roxypyrimidine, should upon cycloaddition, produce a
pyridone substituted in the 7-position (156). Similarly
the substituent in the 2-position of the precursor dihydro-
xypyrimidine should be found in the 3-position of the
derived pyrindane (156).

Products related to the actinidine-type alkaloids,
of structure (136), should be achieved by cycloaddition
of a 2-unsubstituted-4,6-dihydroxypyrimidine with appropri-
ate substituents in the (Rz) and (Rl) positions.

These proposals were put to experimental test by the
synthesis and cycloaddition of an appropriately substi-
tuted pyrimidine, 4,6-dihydroxy-5-(-1-methyl-hex-4-enyl)
pyrimidine (164), prepared by the synthetic route shown in

Scheme 3,

Crotylacetone (hept-2-en-6-one) (160) was prepared
by an adaptation of the method of La Forge.69

Alkylation of ethylacetoacetate with crotylbromide
(157) produced ethyl (crotyl)—acetoacetate (158) which
upon basic hydrolysis was transformed into the acid (159).
Thermal decarboxylation of the acid (159) gave crotyl—
acetone (160).

Reduction of the ketone with lithium aluminium hydride
gave a high yield of hept-2-en-6-o0l (161) which upon
treatment with phosphorus'tribromide afforded 6-bromohept-
2-ene (162).

The 1H n.m.r. spectrum of hept-2-en-6-o0l (161) ex-

hibited several characteristic features. The terminal

aliphatic methyl group (a) appeared as a distinct doublet
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(J = 6 Hz) at T 8.84. A second doublet, (J = 1.5Hz),

which also integrated into three protons, was observed

at T8.36, indicative of a methyl group attached to the
olefinic bond, the vinylic protons of which appeared as

a 2-proton broad multiplet at T 4.48-4.68. A sextet, inte-
grating to one proton, was observed at T 6.22 and assigned
to proton (b). Irradiation of this signal caused the doub-
let at 7 8.84 to collapse into a singlet, indicating
coupling to the terminal methyl group.

The lH n.m.r. spectrum of 6-bromo-hept-2-ene (162)
was less distinct than that of the precursor alcohol.
Introductifon of the bromide resulted in a downfield shift
of the adjacent methyl group signal, thereby causing over-
lap of several signals. The terminal methyl group (c)
appeared as a doublet (J = 6 Hz) at 7 8.38 and the second
methyl group as a doublet (J = 1.5 Hz) at 7°8.35.

An alternative method for the preparation of hept-

2-en-6-0l1 was also attempted.

OH

ST ) (170) (161)
= OH
[MHZ \/\Me] % /\l/\l/
Me Me
(171)

Condensation of crotyl magnesium bromide (170) with
propylene oxide gave a mixture of the anticipated alqohol
(161) ca. 10%, and the rearranged product, 4-methylhex-5-
en-2-0l (171) ca. 80%, resulting from the isomerization

of the crotyl and allyl-methyl anions.
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Alkylation of diethyl malonate with 6-bromohept-2-
ene (162) gave the anticipated product (163) which was
condensed with formamidine acetate in ethanolic sodium
ethoxide to give a low yield of 4,6-dihydroxy-5-(-1-
methyl-hex-4-enyl)-pyrimidine (164).

The 1H n.m.r. spectrum of the pyrimidine exhibited
several characteristic features. The aromatic pyrimidine
proton (a) appeared as a distinct singlet integrating to
one proton at T 0.98, the terminal olefinic methyl func-
tion appeared as a doublet (J = 2Hz) at T 8.38 whilst the
second methyl function (b) appeared as a characteristic
doublet (J = 6Hz) at T 8.65. The two olefinic protons
appeared as a multiplet at T4.56.

Upon prolonged thermolysis at 198° the pyrimidine
underwent an inefficient intramolecular cycloaddition ~--
giving a low yield of the dihydropyridone derivative (166)
of undetermined stereochemistry.

The H n.m.r. spectrum of the dihydropyridone (166)
exhibited a distinct doublet (J = 7Hz) atT 9.02 which
integrated into three protons and was assigned to the
methyl function (a) substituted on to the cyclopentane ring.
The second methyl function (b) appeared as a broadened
singlet at T 8.38 whilst the olefinic proton (c¢) appeared
as a broad signal at 7 4.50.

The dihydropyridone (166) would seem to be an ideal
intermediate towards the synthesis of actinidine (169) by
the proposed scheme involving the transformations (166) —

(169).

)
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The conversion of the annelated pyridone derivatives
formed by means of the intramolecular cycloaddition of
dihydroxypyrimidines, into the corresponding annelated
pyridine derivatives is desirable from the point of view
of the synthesis of the naturally occurring compounds.
There are several precedents for this conversion generally
involving transformation of the pyridone into the corres-
ponding chloropyridine (173) and subsequent catalytic

hydrogenation to give the desired pyridine derivatives

(174) .95,66
R R R
SRR Rl He
- e J
HN_ .~ ¥ £
\7/)\R R R
R R R &
(172) (173) (174)

Since annelated chloropyridines are often utilised

as synthetic intermediates for this group of alkaloids it

appeared of synthetic use to derive them more directly by

the cycloaddition of a suitably substituted pyrimidine.
With this objective,the mono-chlorohydroxypyrimidine

(176) was prepared.

0 Cl
HO -~ Ct e Qa — 0
T I —_
N~ NH N"ﬁ\/ﬂ NQKNH
Me Me Me

(103) (175) (176)
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Treatment of the alkylated dihydroxypyrimidine (103)
with phosphorus oxychloride gave the dichloropyrimidine
(175) which upon reaction with an equivalent of sodium
hydroxide yielded 6-chloro-4-keto-2-methyl-5-(pent-4-enyl)-
1,6-dihydropyrimidine (176).

The chloro-hydroxypyrimidine possessed a further
advantage in that, unlike the extremely insoluble 4,6~
dihydroxypyrimidines whose insolubility hampers reacticon,
the material was both crystalline and soluble in organic
solvents.

Thermolysis of the chloro-hydroxypyrimidine was
predicted to yield the primary cycloadduct (177) capable
of several possible bridge elimination processes, one
possibility leading directly to the chloropyrindane (178).

In the event thermolysis of the material at various
temperatures proceeded in an anomalous manner. No traces
of the anticipated primary cycloadduct or bridge elimina-

tion products being detected by spectroscopic means.

i
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Intramolecular Cycloaddition Reactions of Mono-hydroxy-

pyrimidines.

As an extension of the results achieved in the cyclo-
addition reactions of 4,6-dihydroxypyrimidines, the intra-
molecular cycloaddition reactions of some closely related
mono-hydroxypyrimidines have been examined.

In a similar manner to 4,6-dihydroxypyrimidine,
4-hydroxypyrimidine (179) has been shown to mainly exist

in the keto-tautomeric form (180) in polar solvents.53

H/QQT,OH F;r\ffo MaTﬁgx\f;O
N\;§N NQ;/NH MQ%/NH

Me

(179) (180) (188)

The initial work on attempted cycloaddition reactions
of some mono-hydroxypyrimidines has been previously re-
ported.l 2,4-Dimethyl-6-hydroxypyrimidine (188) was pre-
pared but unlike the analogous dihydroxy derivative , was
found to be inert towards bimolecular cycloaddition. Using
a variety of dienophiles at both moderate and elevated
temperature offered no trace of cycloaddition.l

This observation was perhaps surprising since a re-
lated series of compounds, the 1,3-oxazin-6-ones, had been
shown to be capable of intermolecular cycloaddition. For
example, 2-phenyl-4-methyl-1,3-oxazin-6-one (181) has been
shown to undergo cycloaddition with dimethyl butynedioate
(ADE) yielding the pyridine (183), formed by decarboxy-

lation of the primary cycloadduct (182).70

e
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N@ 0 M COzM@
Nk 5 it |
NQT/D Me O, N i -~

Ph COMe | Fh
(181) (182) (183)

one

However,application of the advantages of intramole-
cularity to the monohydroxypyrimidine system resulted in
cycloaddition. The dimethyl-pyrimidine (184) was prepared
by Watt1 and thermolysis at 198° for 18 hours led directly

to the annelated pyridine (187).

(184) (185) (186) (187)

The formation of the pyridine (187) was rationalised
by a mechanism involving intramolecular cycloaddition to
give the primary bridge adduct (185) followed by elimina-
tion of cyanic acid to give the dihydropyridine (186) which,
after subsequent aerial dehydrogenation, afforded the iso-

lated pyridine (187).

LS i:
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Ph 0 Ph
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N\\\(NH -
Me Me
(188) (189)

In the same report, the 4-phenylpyrimidine (188)
was also prepared and upon thermolysis led to the iso-

lation of the analogous phenyl substituted pyrindane (189).1

The generality and scope of the cycloaddition pro-
cess involving mono-hydroxypyrimidines has been further
examined by application to several other derivatives.

Since intramolecular cycloaddition has been shoﬁg'
to produce annelated pyridines the process again offered
potential for use in the synthesis of certain naturally
occurring compouuads such as the monoterpenoid alkaloids.
It was proposed that incorporation of an extra atom into
the diene and dienophile linking chain of a mono-hydroxy-
pyrimidine should,upon intramolecular cycloaddition,produce
a cyclohexanopyridine structure (191). The synthetic
potential of this proposal is as illustrated by the occur-

rence of a class of alkaloids, the gentianine-type alkaloids,

possessing a related skeletal structure (192).
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As a consequence of this proposal, the hexenyl pyri-

midine (195) was prepared by the indicated route.

T T g P S

—il
(193)
(195)
— Pd?/j__ er
e
A
i A WAL,
MO | 10T
. M@ - MG
(196) (197) (198)

Commercially available 5-hexen-1-ol was treated
with phosphorus tribromide to give 6-bromo-hex-1l-ene (193).71
The bromide was then used to alkylate ethyl acetoacetate,
giving a moderate yield of ethyl (hex-5-enyl)-acetoacetate
(194), which upon condensation with acetamidine hydro-
chloride in ethanolic sodium hydroxide,72 produced 2,4-

dimethyl-6-keto-5- (hex-5-enyl)-1,6-dihydropyrimidine (195).

el
W
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Thermolysis of the pyrimidine at 198° led directly
to the isolation of the annelated pyridine (198) formed
by a mechanism assumed to be identical to that observed
for the analogous pentenyl derivative.

The 1H n.m.r. spectrum of (198) showed a distinct
singlet, integrating to one proton, at ¥ 3.32, charac-
teristic of the aromatic proton (a).

The cycloaddition was however found to progress at
a rate somewhat slower than that observed in the pentenyl
derivative, a result anticipated because of the tendency
of a lengthening of the linking chain to increase the
similarity of the intramolecular process to intermolecular
additions. The possibility of formation of a fused six-
membered ring was nevertheless illustrated.

The versatility of the cycloaddition process was
further demonstrated by incorporation of an acetylenic

dienophile into a mono-hydroxypyrimidine.

N X
BN NF HeY;;UZt\ Me -\ 20
RS 8T S S NY

H
(200)
- Me 0
M
\NJ( 5 =S
— : H L
S >
L Me
Me

(201) (202)
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5-Bromo-pent-1-yne (126) was prepared by the method
previously describede4 (see page —91). The bromide was
used to alkylate ethyl acetoacetate and condensation of
the product , ethyl(pent-4-ynyl)acetoacetate (199), with
acetamidine hydrochloride gave 2,4-dimethyl-6-keto-5-
(pent-4-ynyl)-1,6-dihydropyrimidine (200) (-omax 21200m_1)
in moderate yield.

Thermolysis of the pyrimidine at 198° led to the
facile formation of the annelated pyridine (202), identi-
cal to the product obtained from thermolysis of the
analogous olefinic pyrimidine.l Formation of the pyridine
(202) was rationalised by a mechanism involving cyclo-
addition to the primary adduct (201) and subsequent bridge
elimination, although no traces of the primary cycloadduct
(201) could be detected. o

The rate of cycloaddition was again substantially
increased by the introduction of the acetylene bond in

place of an olefinic dienophile, the reaction going to

completion in 3-4 instead of 15-18 haurs.
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130 n.m.r. spectra.

The 13C n.m.r. spectral assignments for various

derivatives synthesised in the course of the work des-
cribed in this thesis are given in table ( 2 ). The
spectra were all recorded in deuteriochloroform and chemi-
cal shifts are quoted in parts per million from tetra-
methylsilane.

The spectra were recorded on a Jeol FX 60 spectro-
meter in fully decoupled, partial off-resonance and
alternatively pulsed ("Gated") modes; the multiplicities
of the signals in the non-fully decoupled spectra were
in all cases consistent with the assignments made.

The spectral assignments made were compared with

those previously reported for analogous compounds.73'74’75

#
i
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Melting points were determined on a: Kofler hot-
stage apparatus and are uncorrected. All temperatures are
quoted in degrees Centigrade.

Infra-red (i.r.) spectra were recorded on a Perkin-
Elmer 157G spectrometer. Samples were prepared as nujol
mulls or chloroform solutions for solids, and as thin
films for oils, unless otherwise stated.

Ultra-violet (u.v.) spectra were recorded for ethano-
lic solutions in silica cells with a Pye-Unicam SP 800
instrument, unless otherwise stated.

Proton nuclear magnetic resonance (1H n.m.r.) spectra
were recorded on a Jeol MH 100 Spectrometer. Generally,
deuteriochloroform was used as solvent with tetramethyl-
silane (TMS) as internal reference. Trifluoroacetic acid
(TFA) was used alternatively as when stated. Coupling -
constants are quoted as J values in Hz. The abbreviations
$ = singlet, d = doublet, dd =double.doublet, t = triplet,
q = quartet, m = complex multiplet, b = broadened, exch. =
disappears on addition of D,0, are used in connection with
n.m.r. data.

Mass spectra were recorded by the Physical and
Chemical Measurements Unit (P.C.M.U.), Harwell.

Commercial reagent grade solvents were used unless
otherwise stated. Ethanol was dried by distillation
immediately before use. DimethylZformamide was purified by
distillation under reduced pressure from calcium hydride.
Extracts were dried over anhydrous sodium sulphate and
were evaporated under reduced pressure on a Buchi rotary
evaporator. All reactions liable to be susceptible to

water were carried out under an atmosphere of dry nitrogen.
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Analytical chromatography separations were carried
out on 1.0 or 0.2 mm. thin layers of Merck Kieselgel
GF254 silica and were monitored by viewing under U.V.
light or by development in iodine vapour. Large scale
separations were carried out using columns packed with
MFC 60-120 mesh silica, with a silica to compound weight
ratio of 50:1.

The thermolysis of compounds under pressure was
achieved by reaction within sealed tubes. A solution of
the material was placed in the bottom of a thick walled
pyrex tube. The solution was degassed, frozen to liquid
nitrogen temperature, the tube evacuated and the upper
part sealed in a flame. Tubes were heated in an oven set

at the stated temperatures.
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N-allyl-(2-furfuryl)—amine (49).

Thionyl chloride (30.8g, 0.26mole) was added drop-
wise with stirring to an ice cooled solution of furfuryl
alcohol (23.1g, 0.23mole) and dry pyricdine (22.4g, 0.28
mole) in dry ether (50ml). After complete addition the
mixture was stirred for 30 minutes and the ether layer
decanted. The residual brown solid was re-extracted with
ether several times. The combined extracts were washed
with cold 50% potassium hydroxide solution, water, and
dried.

The chloride was not isolated because of its extreme
instability but was used as an ethereal solution.

Dry, powdered potassium hydroxide (1l4g, excess)

was added to the ethereal solution followed by the dropwise

addition of allyl amine (30g, 0.52mole). The mixture was
allowed to stand overnight in a refrigerator, whereupon
the ether was removed and the residual dark coloured oil
heated at 70-80° for thirty minutes. After cooling, water
(100ml) was added and the mixture extracted with ether
(3x30ml). The extracts were combined, dried and the sol-
vent removed leaving a residual oil, distillation under
reduced pressure gave the title compound (49) as a colour-
D22 1.4848

T2.64 (1H,d), 3.67 (1H,dd), 3.79 (1H,d), 3.90-4.40 (1H,m),

less oil b.pt 50-54°/10mm (5g, 47%) ™

4.70-4.94 (2H, m), 6.25(2H,s), 6.73 (2H,d), 8.27 (1H,

broad s, D,0 exch.)

2

-1;ax 3100-3300, 2962, 2850, 1658, 1615, 1518, 1464, 1360,

1157, 1019, 926, 742cm 1

L~
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0-allyl-(2-furfuryl)-ether (52).

Prepared by the method of Kirner.33
Dry powdered potassium hydroxide (l4g, excess) was added
to an ethereal solution of furfuryl chloride, prepared
exactly as in the previous experiment, followed by the
dropwise addition of allyl alcohol (29g, 0.52mole). The
mixture was allowed to stand at 0° overnight, when the
solvent was removed and the residue heated at 75-80° for
thirty minutes. After cooling, water (100ml) was added
and the mixture extracted with ether (3x40ml). The extracts
were combined, dried, and the solvent removed. Distillation
of the residue at atmospheric pressure gave the title
compound (52) as a colourless oil b.pt. 168-169° (lit?3bqoa

33

173-174°), (7.0g, 63%), “DZO 1.4720, (1it." Dzo 1.4718),

T-2.61(1H,d), 3.70(2H,m), 3.90-4.30(1H,m), 4.55-4.97(2H,
m), 5.58(2H,s), 6.00(2H,d),‘\)max 2862, 1645, 1608, 1505,

1362, 1230, 1156, 1018, 930, 744cm

N-allyl(2-furoyl)-amide (58).

Allyl amine (1.20g, 20 mmole) in dry ether (20ml)
was added dropwise with stirring to an ice cold suspension
of furoyl chloride (2.80g, 20mmole) and potassium hydroxide
(2.09, 100% excess) in ether (30ml). The mixture was
stirred overnight at room temperature, water (50ml) added
and the mixture extracted into ether (3x50ml). The com-
bined extracts were washed with water (30 ml), dried and
the solvent removed to leave an oil. Distillation under

reduced pressure gave the title compound (58) as an oil
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bpt. 200-210°/5mm. (1.4g,46%) 7312

2.75(1H,d), 3.42(1H,dd), 3.80-4.42(1H,m), 4.70-5.02(2H,

1.4880. T 2.40(1H,d),

m), 5.64(2H,t), 7.67-8.26(4H,m).

2960, 1720, 1646, 1574, 1456, 1403, 1300, 1184, 1122,
1

max

1019, 920, 768cm
a o .

(Found C, 66.52%, H, 6.68% ClOH1203 requires C, 66.65%

H, 6.71%)

N-methyl- (2-furoyl)aminoCacetonitrile (62).

Sarcosine nitrile (1.40g, 20mmole) in ether (10ml)
was added dropwise with stirring to an ice cold sus-
pension of furoyl chloride (2.80g, 20mmole) and potassium
hydroxide (2.0g, 100% XS) in ether (25ml). The mixture
was stirred overnight at room temperature, water (30ml)
added and the solution extracted with ether (3x30ml). The
extracts were combined, dried, and removal of the solvent
afforded an oil which erystallized on standing. Recrystal-

lization from benzene/petroleum ether gave the title com-

pound, m.pt. 62-64°. (0.85g, 28%) T 2.40(1H,d), 2.76(1H,d),

3.43(1H,dd), 5.46(2H,S), 6.64(3H,s).'%)max 2968, 2260, 1634,

1582, 1487, 1394, 1157, 1075, 892cm

(Found C, 58.47%, H, 4.95%, N, 17.04%, CgHgN,0, requires
C, 58.53% H, 4.91% N, 17.06%)

Pent-1l-en-5-0l1 (113).

Thionyl chloride (134g, l.1lmole) was added dropwise

with stirring to an ice cooled solution of tetrahydrofur-
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furyl alcohol (102g, 1 mole) and pyridine (89g, 1.1 mole).
After complete addition the mixture was stirred at room
temperature for a further four hours and then extracted
into ether (7x125ml). The ether extracts were combined,
evaporated and the residue washed with water (3x25ml),
dried over magnesium sulphate and distilled under reduced

pressure to give tetrahydrofurfuryl chloride (59g, 50%)

b.p. 60-65° (32mm),(1it 41-42°(11mm)).

The chloride (52g, 0.44mole) in dry ether (75ml)
was added dropwise with stirring to a suspension of pow-
dered sodium (21.4g, 0.89 mole) in ether (120ml). After
complete addition the mixture was stirred for three hours
and decomposed with sufficient ice water to give two
liquid layers. The ether layer was separated, dried, and

evaporated. Distillation of the residue at atmospheric-
?

3
pressure gave pent-l-en-5-ol (24g 60%) b.p. 134-139° (1it

n 22
D

(1H,m), 4.80-5.10(2H,b-t), 6.40(2H,t), 6.51(1H,b, D

134-137°) 1.4280 as a colourless oil. T 3.80-4.42

20

exch.), 7.70-8.46(4H,m).

5-Bromopent-l-ene (114).

Phosphorus tribromide (26.1g, 0.09mole) was added
with stirring to a mixture of pent-l-en-5-o0l (19.9g 0.23
mole) and dry pyridine (5.3g 0.06 mole) at -78°. The mix-
ture was allowed tdwarm slowly to room temperature and
extracted into dichloromethane. The extracts were washed
with 2N sodium hydroxide, water, dried and evaporated.

Distillation of the residue gave 5-bromopent-l-ene (114 )

59
(19.0g, 68%) b.p. 126-128°, (lit b.p. 128-130°),7 22 1 4640,

e’
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as a colourless oil. T 3.80-4.46(1H,m), 4.78-5.10(2H,b-t),
6.56(2H,t), 7.70-8.15(4H,m).

Diethyl-2- (pent-4-enyl)malonate (115).

Diethyl malonate (5.4g, 0.034mole) was added drop-
wise to a solution of sodium (770mg, 0.034 mole ) in etha-
nol (15ml). 5-Bromopent-l-ene (5g, 0.034 mole) was then
further added and the mixture boiled under reflux with
stirring for four hours. The mixture was cooled, evapo-
rated, saturated calcium chloride solution (20m1) added
and the product extracted into ether (3x50ml). Evaporation

followed by distillation gave diethyl 2- (pent-4-enyl)

malonate (5.3g, 70%) as a colourless oil b.p. 85-87° (1.5mm)
A 60 o {)
(1it.b.p. 126-127 (10mm)),

1378, 1160, 1038, and 920cm

L

nax. 1750, 1615, 1469, 1451,
1 7z 4.02-4.7118,m), 4.95-
5.40(2H,m), 6.05(4H,q, J=7Hz), 6.88(1H,t, J=6.5Hz), 7.82-

8.95(6H,m), and 8.97(6H,t, J=7Hz).

4—Hydroxy—2-methy1-6—oxo-5—(pent—4-eny1)-1,Gﬂdihydropyrimi—

dine (103).

Diethyl-2-(pent-4-enyl)malonate (2.85g, 12 .5mmoles)
and acetamidine hydrochloride (1.18g, 1 equivalent) were
added to a solution of sodium (864mg, 3 equivalents) in
ethanol (50ml). The mixture was stirred and boiled under
reflux for six hours. After evaporation of excess ethanol,
water (50ml) was added, the liquid neutralised with concen-
trated hydrochloric acid and buffered to pH 7. On cooling

to 0° a white precipitate formed which was filtered off and
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dried to give the title compound (2.0g, 83%) as a colour-

less solid subliming above 200°, ])max 2600, 1670, 1577,
1446, 1340, 1309, 1155, 1049, 906, 810 and 780cm ©,
T (TFA) 4.00-4.95(1H,m), 5.06-5.49(2H,m), 7.51(3H,s), and
7.30-8.92(6H,m), (2H obscured). Identical to the material

previously described.l

Thermolysis of the Pyrimidine (103).

The pyrimidine (4.0g) was taken up with dry, distil-
led dimethyllformamide (1Oml) and heated in a sealed tube
at 200° for 72h. On trituration with ether (10ml), the

primary cycloadduct, 8,11-diaza-9,10-dioxo~7-methyltri-

cyclo-[5.2.2.01’5]"undecane (104) (440mg, 11%) was iso-

lated as a colourless solid, identical to the material.
1
previously described. 3170, 1707, 1663, 1399, 1320,

max
1280, 1190, 1182, 1118, 782 and 720cm_1, T(TFA) 1.72-2.00
(2H,b-s), 7.40-8.52(9H,m) and 8.57(3H,s).

On removing the solvent from the filtrate, followed

by charcoal treatment and chromatography,a second product

was obtained 6-methyl-3,4-dihydro-3,4-trimethylene-2(1H)

pyridone (119) ( 820mg, 21%) as a crystalline solid m.p.

137-139° (from EtOAc).\)max 3505, 3405, 2920, 2860, 1660,
1595, 1405cm ' 7-1.40(1H, b-s), 5.38(1H, b-d), 7.15-7.40
(2H,m), 8.20(3H,s) and 7.80-8.80(6H,m). CgH13N0 requires

molecular mass 151.0997, Measured Mass, 151.0996

Upon thermolysis of the cycloadduct (104) at 200°
for 72 h. the dihydropyridone (119) could be isolated in

increased yield (30-40%).
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Dehydrogenation of (119) to 6-methyl-3,4-trimethylene-2-—

(1H)pyridone (120).

The dihydropyridone (119)(200mg) was dissolved in
freshly distilled xylene (30ml) and refluxed for 48h.
5% Palladiumtharcoal (400mg) was added in aliquots at
six-hourly intervals. Removal of the solvent afforded

6-methyl —3,4-trimethylene-2-~(1H)pyridone (120) (120mg,

60%) m.p. 180-181°(from EtOAc).
1

nax 3380, 2940, 2860, 1650, 1565, 1458, 1125cm

T2.48(1H,b-s), 4.0(1H,s), 7.0-7.40(4H,m), 7.64(3H,s),
7.98(2H,m).

(Found: C, 72.0; B, 7.5: N, 9.4. CQH11N0 requires C, 72.5;
H, 7.4; N, 9.4). Molecular ion, mass 149.0837, calculated

for CQHllNO' 149.0841.

Preparation of 4-Hydroxy-6-oxo-5-(pent-4-enyl)-2-phenyl-

1,6-dihydropyrimidine (108).

Sodium (230mg, lOmmoles) was dissolved in ethanol
(25m1) and benzamidine hydrochloride (786mg, 5mmoles) added.
Diethyl 2-(pent-4-enyl)malonate (1l.14g, 5mmoles) was then
added dropwise to the solution and the mixture boiled under
reflux for six hours. The mixture was cooled, evaporated,
water (25ml) added to the residue and the solution neutra-
lised with concentrated hydrochloric acid and buffered to
pH 7. On cooling to 0° a colourless solid precipitated
which was collected, washed, and dried to give the title
compound (108) identical to the material previously des-
cribedl(sgsmg, 31%) m.p. 279-281° (1it'm.p. 280-282°) from

ethyl acetat-.e.'W)ma_X 3320, 1610, 1580, 1512, 1351, 1290,
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1118, 918, 779 and 70lcm », T2.10-2.90(5H,m), 4.22-4.95
(1H,m), 5.05-5.55(2H,m), 7.50-8.76(6H,m), (2H, obscured).

A .. 232(25,000), 306(9,800).

Thermolysis of the Pyrimidine (108).

The pyrimidine (200mg) was taken up in dry distilled
dimethyl formamide and heated at 200° in a sealed tube
for 72 hours. The solvent was removed and the crystalline
residue, containing two products, was purified by prepa-
rative layer chromatography.

The first product isolated was 8,12-diaza-9,11-dioxo~

7—phenyltricyclo-[5.2.2.01’53-undecane (109) identical to

the material previously describedf (44mg, 22%), m.p. 120-
1210, Qmax 3350, 1721, 1659, 1279, 1178, 1031, 917, 754
and 6930m_1,“r(TFA) 2.32-2.84(5H,m), 6.78-8.56(6H,m),

(2H obscured).

The second product isolated as a crystalline solid

was 6-phenyl-3,4-trimethylene-3,4-dihydro-2(1H)pyridone

max

and E-)lOc:m"1

(122) (23mg, 12%), m.p. 155-156° (from ethylacetate,)
3490, 3385, 2930, 2860, 1680, 1585, 1450, 1375,
T 2.20(1H, b-s), 2.40-2.84(5H,m), 4.42(1H,d,

2

J=2Hz), 7.10-7.45(2H,m), 7.60-8.0(4H,m), 8.10-8.20(2H,m).

Dehydrogenation of (122) to 6-phenyl-3,4-trimethylene-2-

(1H)pyridone (123).

The dihydropyridone (122)(110mg), was dissolved in

freshly distilled xylene (25ml), and refluxed for 48 hours,
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5% Palladiumkharcoal (250mg) was added in aliquots at six-
hourly intervals. Removal of the solvent afforded 6-phenyl-

3,4-trimethylene-2(1H)pyridone (123) (74mg, 67%) m.p. 210-

211° (from ethylacetatey;Lax 2960, 1642, 1612, 1596, 1495,
1378, 1156, and 1074cm ', T 2.40-2.66(5H,m), 3.48(1H,s),

7.00-7.40(2H,m), 7.98(2H,m).

Preparation of 4-Hydroxy-6-oxo-5-(pent-4-enyl)-1,6-dihydro-

pyrimidine (116).

Formamidine acetate (3.12g, 30mmole) and diethyl 2-
(pent-4-enyl)malonate (7.05g, 30mmole) were added success-
ively to a solution of sodium (2.07g, 3 equivalents) in
ethanol (100ml). The mixture was boiled under reflux for
six hours, cooled and the solvent evaporated. The residue
was dissolved in water (100ml) and the solution neutralised
with concentrated hydrochloric acid and buffered to pH 7.
On cooling to 0° a precipitate formed which was collected,

washed, and dried to give 4-hydroxy-6-oxo-5-(pent-4-enyl)

-=1,6-dihydropyrimidine (116)(2.3g, 74%) as a colourless

solid subliming without melting at 1900.“Dmak 2920, 2850,

2630, 1632, 1575, 1455, 1312, 1244, 1138, 913, and 894cm *

T (TFA) 0.97(1H,s), 4.00-4.36(1H,m), 4.84-5.04(2H,m), 7.32

(2H,t), 7.82(2H,t), 8.29(2H,m), (2H obscured). >\max 249

(4,000), 262(5,200), Calculated for C,H,,NO; C,60.00,

912
H, 6.67, Found C, 60.06, H, 6.88%.
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Thermolysis of the Pyrimidine (116).

The pyrimidine (200mg) was taken up in dry, distilled
dimethylformamide (10ml) and heated at 200° in a sealed
tube for 18 hours. The solvent was removed and the crystal-
line residue purified by preparative layer chromatography,

using ethylacetate as eluent,to give 3,4-trimethylene-3,64~

dihydro-2(1H)pyridone (118) as a crystallizing oil, (63mg,
31%), V

T 1.84(1H, b-s, D,0 exch.), 4.08(1H,dd), 5.15(1H,m), 7.08-
7.40(2H,m), 7.68-8.44(6H,m). Molecularfion 137.0842,

Calculated for C8H11N0, 137.0841.

Pent-4-yn-1-o0l (125).

Tetrahydrofurfurylchloride (50g, 0.42mole), prepéred
by the method of Brooks and Snyder?gwas added dropwise
during 30 mins. to a stirred suspension of sodamide, made
from sodium (33.25g, 1.44mole), in liquid ammonia (750ml).
After a further 16 hours stirring, dry ammonium chloride
(72g, 1.34 mole) was slowly added and most of the ammonia
allowed to evaporate. The product was extracted into ether

and distillation under reduced pressure gave pent-4-yn-1l-ol

: o .. 63 o
(32g, 64%), b.p. 60-66° (15mm)(1lit.b.p. 64-65°(16mm)),
‘Omax 3540-3340, 2965, 2878, 2118, 1432, 1348, 1160, 1055,
944 and 903cm ' T 6.04(1H,b-s, D,0 exch.), 6.30(2H,t,

J=5Hz), 7.72(2H,t, J=6Hz), 8.0(1H,s), 828(2H,dd).

max. 3210, 2945, 1680, 1660, 1405, 1376, and 1290cm
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5-Bromopent-1-yne (126).

Phosphorus tribromide (60.5g, 0.22mole) was added
dropwise to a mixture of pent-4-yn-1l-ol (46.5g,_0.55m01e)
and dry pyridine (11.2g, O.1l4mole) at -70°. After complete
addition, the mixture was allowed to reach room temperature,
poured into ice/water, and extracted into ether (3x100ml).
The extracts were combined, washed with 2N-sodium hydroxide,
water, and evaporated. Distillation of the residue under

reduced pressure gave 5-bromopent-l-yne (26.5g, 33%), b.p.

o 64 o 1)
78-84" (100mm) (lit. b.p. 80-827(110mm)), ) .\ 2960, 2840,
-1
2118, 1430, 1272 and 1245cm , T 6.48(2H,t, J=6Hz), 7.60-
8.08(5H,m) .

Diethyl 2-(pent-4-ynyl)malonate (127).

-Diethjl malonate (5.4g, 0.033mole) and 5-bromopent-
l1-yne (4.85g, 0.033mole) were added successively to a
solution of sodium (770mg, 1 equivalent) in absolute etha-
nol (50ml). The mixture was boiled under reflux for one
hour and allowed to stir at room temperature for 18 hours.
Ethanol was evaporated, water (30ml) added to the residue
and the product extracted into ether (3x25ml). The extracts
were combined, dried over magnesium sulphate and evapo-

rated to yield diethyl 2-(pent-4-ynyl)malonate (3.9g, 53%)

used without further purification.i)ma; 2930, 2878, 2118,
1720, 1626, 1440, 1364, 1092, 1024, and Sszcmﬁl, T 5.83(4H,
q, J=7Hz), 6.66(1H,t, J=6.5Hz), 7.40-8.52(7H,m), 8.76(6H,

t, J=7Hz).

2
o
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4-Hydroxy-2-methyl-6-oxo-5- (pent-4-ynyl)-1,6-dihydropyri-

midine (128).

Acetamidine hydrochloride (1.18g, 12mmole) and die-
thyl 2-(pent-4-ynyl)malonate (2.85g, 12mmole) were added
successively to a solution of sodium (864mg, 3 equivalents)
in absolute ethanol (50ml). The mixture was boiled under
reflux for 18 hours, cooled, evaporated, and the residue
taken up in water (50ml). The solution was neutralised
with concentrated hydrochloric acid and buffered to pH 7.
Upon cooling to 00, a white precipitate formed which was

collected, washed and dried to give the title compound

(0.80g, 35%), as an amorphous solid after sublimation at

200°. V . 2610, 2115, 1628, 1560, 1238, 1208 and 1153cm

ma ?

T 7.14(3H,s), 7.60-8.20(7H,m), (2H, obscured) (TFA)

Aﬁax' 248(4,600), 263(6,550)

Thermolysis of the Pyrimidine (128).

The pyrimidine (150mg) in dimethylformamide was
sealed in'a tube and heated at 200° for six hours. Re-
moval of the solvent left a crystalline mass which after
treatment with charcoal and chromatographic purification

afforded 6-methyl-3,4-trimethylene-2(1H)pyridone (120)

(72mg, 46%) identical to the material previously obtained

by dehydrogenation of the dihydropyridone (119).
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4-Hydroxy-2-phenyl-6-oxo-5-(pent-4-ynyl)-1,6-dihydro-

pyrimidine (131).

Benzamidine hydrochloride (2.77g, 18mmole) and
diethyl 2-(pent-4-ynyl)malonate (4.0g, 18mmole) were
successivley added to a solution of sodium (820mg, 2
equivalents) in absolute ethanol (30ml). The mixture was
boiled under reflux for six hours, cooled and the ethanol
evaporated. The residue was dissolved in water (50ml) and
the solution neutralised with concentrated hydrochloric
acid and buffered to pH 7. The precipated solid formed on
cooling to 0° was collected, washed and dried to give the

title compound, (1.6g, 33%), as a pale yellow solid sub-

liming at 220°. T (TFA), 2.08-2.85(5H,m), 7.50-8.90(6H,
m), (2H, obscured). ﬁDmaﬁ 2640, 2116, 1612, 1582, 1374,

1176, and 1110cm T, )\max 232(25,000) and 306(9,800)%

Thermolysis of the Pyrimidine (131).

The pyrimidine (110Omg) in dimethyl formamide (5ml)
was sealed in a tube and heated at 200° for 18 hours. Re-
moval of the solvent afforded a crystalline mass, puri-
fied by preparative layer chromatography on silica with

ethyl acetate eluent to give 6-phenyl-3,4-trimethylene~-

2(1H)pyridone (123) (42mg, 40%) identical to the material

previously obtained by dehydrogenation of the dihydro-

pyridone (122).



- 133 -

5-Hexen—2-one (Allylacetone) (146).

Ethylacetoacetate (186g, 1.43mole) and allyl chlo-
ride (99.4g, 1.30mole) were successively added to a
solution of sodium (30g, 1.30mole) in absolute ethanol
(500ml). The mixture was stirred at room temperature for
18 hours and boiled under reflux for a further one hour.
Removal of the solvent and distillation of the residue
under reduced pressure gave ethyl «-allylacetoacetate,
b.p. 90-105°(15mm), (166g, 75%), which was then added to
a solution of potassium hydroxide (61.6g 1 equivalent) in
water (550ml) at 0°. The suspension was stirred at room
temperature for 48 hours, concentrated sulphuric acid
(33ml, 1 equivalent) in water (50ml) added and the mixture
heated until no more carbon dioxide was evolved. The
cooled solution was extracted with petroleum ether (40-600)
(5x100ml) and the extracts combined and washed with 2N
sodium hydroxide. After evaporation of the solvent, the

residue was distilled to produce 5-hexen—2-one, (34g,
69

35%), b.p. 127-132°, (1it°° b.p. 128-132°). T 3.94-4.36

(1H,m), 4.82-5.08(2H,m), 7.58(2H,t), 7.82(2H,m), 7.96(3H,s).

Hex-1l-en—5-0l1 (147).

A solution of 5-hexen —2-one (28.0g, 0.28mole) in
dry ether (60ml) was slowly added to a suspension of 1li-
thium aluminium hydride (2.9g, 0.075mole) in dry ether
(300ml). After complete addition, the mixture was refluxed
for two hours, cooled, and excess hydride destroyed with

ethanol (5ml) and water (1Oml). 15% Sodium hydroxide
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solution (30ml) was added and the mixture filtered. Extrac-

tion of the filtrate with ether afforded hex-1l-en —5-o0l

69
(20.2g, 89%), b.p. 136-139° (760mm), (lit.b.p. 138-139°

(760mm) ), ‘Dmax 3320, 3080 1645, 1110, 990 and 910cm” *

T 6.25(1H,m), 6.35(1H, b-s, D,0 exch.), 7.90(2H,m), 8.38

2
(2H,m), 8.72(3H,d, J=7.5Hz), 4.10-4.40(1H,m), 4.82-5.12

(2H,m) .

5-Bromo-hex—-1-ene (148).

Phosphorus tribromide (18.5g, 0.068mole) was slowly
added to a mixture of hex-l-en—5-o0l (20.2g, 0.20mole) and
pyridine (1.07g, 0.013mole) at -70°. The mixture was
allowed to reach room temperature, warmed briefly, and
poured onto crushed ice. The solution was extracted with
dichloromethane, (3x50ml), and the extracts combined, washed
with sodium bicarbonate solution, water and dried. Re-
moval of the solvent followed by distillation at atmos-

pheric pressure gave 5-bromo-hex-l-ene (14.1g, 58%), b.p.

69
136-1440, {11t.b.p. 138—1440), as a colourless oil.

)

5% 2960, 2918, 1638, 1438, 1374, 1233, 990 and 910(‘:1:1_1

T 4.08-4.40(1H,m), 4.84-5.02(2H,m), 5.88(1H,m), 7.60-7.84

(2H,m), 8.0-8.18(2H,m), 8.28(3H,d, J=7.5Hz).

Diethyl 2-(-1-methyl-pent-4-enyl)malonate (149).

Diethyl malonate (5.4g 0.033mole) and 5-bromo-hex-
l1-ene (5.4g, 0.033mole) were successively added to a so-
lution of sodium (770mg, 1 equivalent), in absolute

ethanol (25ml). The mixture was boiled under reflux for six
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hours, cooled, ethanol evaporated, and the residue taken
up in water (25ml). Ether extraction afforded the title
compound, (2.8g, 35%), as an oil used without further
purification."omax. 2970, 2924, 1730, 1636, 1460, 1366,
1142, 1030 and 910cm ¥, 7 4.08-4.46(1H,m), 4.96-5.14
(2H,m), 5.85(4H,q, J=7Hz), 6.78(1H,d, J=7.5Hz), 7.60-8.12

(2H,m), 8.80(6H,t, J=7Hz), 9.02(3H,d, J=7.5Hz).

4-Hydroxy-2-methyl-6-oxo-5-(-1-methyl-pent-4-enyl)-1,6-

dihydropyrimidine (150).

Acetamidine hydrochloride (800mg, 8.5mmole) and
diethyl 2-(-1-methyl-pent-4-enyl)malonate (2.0g, 8.5-
mmole) were added to a solution of sodium (580mg, 3 equi-
valents), in absolute ethanol (30ml). The mixture was boiled
under reflux for six hours, cooled, ethanol evaporated,
and the residue taken up in water (30ml). The solution was
neutralised with concentrated hydrochloric acid and
buffered to pH 7. On cooling to Oo, a precipitate formed
which was collected, washed, and dried to give the title
compound (1.03g, 56%), as a colourless solid subliming
withoug melting above 200°. ‘Dmax. 2600, 1628, 1547, 1438,
1344, 1042, 912 and 782Cm_1, T (TFA), 4.04-4.40(1H,m), 4.94~
5.10(2H,m), 7.17(3H,s), 7.80-8.34(5H,m) 8.65(3H,d, J=THz),
(2H obscured). knmx. 248(3,380), 264(5150).
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Thermolysis of the Pyrimidine (150).

The pyrimidine (200mg) was taken up in dry distil-
led dimethylformamide (2ml) and heated in a sealed tube
at 200° for 48 hours. On trituration with ether a colour-
less solid formed which was collected, washed and dried to

give 2-Methyl-8,11-diaza-9,10-dioxo-7-methyltricyclo-[5,2,

2.0 Nundecane! (151), (62mg, 31%), as a colourless solid

subliming without melting at 200°. T (TFA) 1.68-2.03(2H,
b-s), 8.64(3H,s), 8.96(3H,d, J=7Hz), 7.30-8.75(9H,m).
1

Qmax 3170, 1702, 1658, 1304, 1180, 1144 and 775cm

On removal of the solvent from the filtrate a
crystalline residue was obtained, which upon purification

by preparative layer chromatography on silica afforded

3aza—4,9—dimethy1—2—0x0—bicyclo-[4,2,01’6]-nona—4—ene
(152) (44mg, 28%) as an oil. T 5.44(1H,m), 8.26(3H,d,
J=1.5Hz), 9.02(3H,d, J=7Hz), 7.05-8.60(7H,m), (1H, obscured).

\)mx 3330-3100, 2940, 1664, 1438, 1378, 1308, 1114, 905cm ©.

5-Hepten —2-one(crotyl acetone)(160).

Ethyl acetoacetate (87g, 0.68mole) was added to a
cooled solution of sodium (7.7g, 0.34mole) in dried metha-
nol (200ml). The solution was stirred at room temperature
for thirty minutes and crotyl bromide (46g, 0.34mole) was
added dropwise. The mixture was boiled under reflux for
one hour, methanol evaporated and excess ethyl acetoacetate
removed by distillation under reduced pressure. The residue,
ethyl &-crotyl-acetoacetate (53g, 84%, 0.28mole) was not
purified further but was suspended in hot water (800ml).

A solution of sodium hydroxide (70g, 1.75 mole) in water
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(500ml) was added in three aliquots, over a period of
two hours, with heating and stirring. The mixture was
cooled and extracted with petroleum ether (40-60°)
(5%x100ml). The extracts were combined, dried and evapo-

rated, distillation of the residue giving 5-hepten —2-one

69
(27.8g, 73%7), b.p. 151-155°(760mm), (lit.b.p. 151-154°

(750mm)).“Dméx 2918, 2870, 1711, 1430, 1359, 1162 and

1

967cm -, T 4.48-4.68(2H,m), 7.96(3H,s), 8.40(3H,d, J=2Hz).

Hept-5-en-—2-0l (161).

A solution of crotyl-acetone (10.0g, 0.089mole) in
dry ether (20ml) was slowly added to a stirred suspension
of lithium aluminium hydride (1.0g, 0.026mole) in dry
ether (100ml). After complete addition the mixture was’
refluxed for a further two hours, cooled, and excess hy-
dride carefully decomposed by addition of water (5ml); 15%
sodium hydroxide solution (10ml) was added and the mixture
filtered. Ether extraction of the filtrate gave hept-5-
en—2-0l (8.0g, 80%) as a colourless oil b.p. 161-162°
(760mm) and 40°(2mm), (1ih.p. 62-64°(12mm)).

‘Q '_ 3440, 2956, 2920, 1638, 1452, 1378, 1112, 1016

max

and 916cm ©, T 4.48-4.68(2H,m), 6.22(1H,m, J=6Hz), 7.60
(1H,b-s, D,0 exch.), 7.80-7.98(2H,m), 8.36(3H,d, J=1.5Hz),

8.84(3H,d, J=6Hz), 8.40-8.64(2H,m).

6-Bromohept-2-ene (162).

Phosphorus tribromide (5.4g, 20mmole) was slowly

added to a mixture of hept-5-ene-2-0l1l(5.7g, 5Ommole) and
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pyridine (1l.1g, l4mmole) at -30°. After complete addition
the mixture was allowed to reach room temperature,

poured onto crushed ice, and extracted into ether. Removal
of the solvent and distillation of the residue gave 6-
bromohept-2-ene (4.0g, 44%) as a colourless oil b.p. 150-
n 26 1.4502. {%ax; 2956,
2910. 1584, 1486, 1442, 1378, 1242, 970 and 7420m-1,

152° (760mm) and 66-67°(22mm),

T4.52-4.68(2H,m), 5.92(1H,m ), 7.88(2H,m), 8.35(3H,d,
J=2Hz), 8.38(3H,d, J=6Hz), 8.08-8.42(2H,m).

Diethyl 2-(-1-methyl-hex-4-enyl)malonate (163).

Diethyl malonate (10.5g, 65mmole) and 6-bromohept-
2-ene (11.6g, 65mmole) were successively added to a solu-
tion of sodium (1.50g, 1 equivalent) in absolute ethanol
(35m1). The mixture was boiled under reflux for 18 hours,
cooled, ethanol evaporated and the residue taken up in

water (35ml). Ether extraction afforded the title compound

(10.5g, 63%), as a colourless oil b.p. 90-92° (0.5mm).

n 27
D

1300, 1235, 1153, 1095, 1034 and 965cm

1.4350. “Oﬁax 2978, 2930, 1754, 1732, 1448, 1367,
1 7T 4.58-4.72(2H,
m), 5.84(4H,q, J=7Hz), 6.80(1H,d, J=7.5Hz), 7.64-8.12(4H,

m), 8.36(3H,d, J=2Hz), 8.78(6H,t, J=7Hz), 9.04(3H,d, J=7.5Hz).

4-Hydroxy-6-o0xo-5- (- 1-methyl-hex-4-enyl)-1,6-dihydropyrimi-

dine (164)

Formamidine acetate (3.5g, 33mmole) and diethyl 2-(-1-
methyl-hex-4-enyl)malonate (8.5g, 33mmole) were added to

a solution of sodium (2.3g, 100mmole) in absolute ethanol
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(50ml). The mixture was stirred for 18 hours at room
temperature and boiled under reflux for a further one

hour. Ethanol was evaporated and the residue taken up in
water (30ml). The solution was neutralised with concen-
trated hydrochloric acid and buffered to pH 7. The precipi-
tated solid was collected, washed and dried to give the

title compound (3.0g, 44%), as an amorphous solid subliming

without melting above 230".‘\)max 2615, 1626, 1580, 1304,
1240, 1148, 104 and 962cm ©; 7 (TFA), 0.98(1H,s), 4.56(2H,
m), 8.0(2H,m), 8.38(3H,d, J=2Hz), 8.65(3H,d, J=6Hz), 8.24-

8.88(3H,m); \ 248(3,220), 262(3850).

max.
Molecular mass 208.1210. Calculated for 011H16N202 208.1211.
Thermolysis of the Pyrimidine (164). o

The pyrimidine (200mg) was taken up in dry dimethyl
formamide (2m1) and heated in a sealed tube at 200° for
18 hours. Upon cooling, the solvent was removed in vacuo
to leave a crystallising residue. Treatment with charcoal
followed by chromatographic separation using ethyl acetate

as eluent gave 3~aza—5,9—dimethy1—2~oxo—bicyclo—[4,2,0ua

nona-4-ene (166) (49mg, 31%) as an oil, T 4.50(1H,m), 8.38

(3H,d, J=1.5Hz), 9.02(3H,d, J=7Hz), 7.40-8.93(7H,m), (1H

obscured);‘o

ax. 3400, 2938, 1655, 1452, 1394, 1142, 964 .cm -

Mt = 165.

2-Methyl-4-chloro-5-(pent-4-enyl)-6-oxo—1,6-dihydropyrimi-

dine (176).

4,6-Dihydroxy-2-methyl-5-(pent-4-enyl)-1,6-dihydro~

pyrimidine (103)(4.0g, 20mmoles) was dissolved in phospho-
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rus oxychloride (160ml) and the mixture boiled under re-
flux for one hour. On cooling, excess phosphorus oxychlo-
ride was removed in vacuo and the residue poured onto
crushed ice. Ether extraction afforded crude 4,6-dichloro-
2-methyl-5-(pent-4-enyl)-1,6~-dihydropyrimidine (175) which
was added to 2N-sodium hydroxide solution (200ml). The
mixture was refluxed for three hours, cooled, acidified
with concentrated hydrochloric acid and the precipitate

was collected, washed and dried to give the title compound

(2.6g, 59%) as a crystalline solid m.p. 148-149° (from

benzene) . Qnax 3380-2980, 2920, 2870, 1658, 1598, 1433,

1382, 1320, 1138, 1107, 914 and 886cm *, T 3.95-4.30(1H,
m), 4.82-5.10(2H,m), 7.28(2H,m), 7.47(3H,s), 7.82(2H,m),

8.16(2H,m). [Molecular mass 212.0718, Calculated for

C. H..N.0°°

1ol N0y, 212.0717)

6-Bromohex-1-ene (193).

Phosphorus tribromide (19.96g, 0.07mole) was added
dropwise with stirring to a mixture of hex-l-en-6-o0l
(10.0g, O0.1lmole) and dry pyridine (4.2ml, 0.05mole) at
-78°. After complete addition the mixture was allowed to
reach room temperature, poured onto crushed ice, and ex-
tracted into dichloromethane. The extracts were combined,
washed with 2N sodium hydroxide solution, water and dried.

Evaporation of the solvent afforded 6-bromo-hex-1l-ene

(10.0g, 61%), as a colourless oil b.p. 156-170° (760mm)

1 _
(1it" b.p. 115-122 (2.75mm)).‘Qma£ 3074, 2930, 2855, 1640,
3

1437, 1374, 1282, 1250, 1200, 1098, 990, 965 and 912cm
T 4.05-4.40(1H,m), 4.84-5.16/2H,m), 6.60(2H,t, J=6Hz),

7.80-8.60(6H,m).
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Ethyl 2-acetyloct-7-enocate (194).

Ethyl acetoacetate (6.94g, 0.05mole) and 6-bromo-
hex-1-ene (8.7g, 0.05mole) were added dropwise to a
solution of sodium (1.23g, 0.05mole) in dry ethanol (30ml).
The mixture was boiled under reflux for 18 hours, cooled,
ethanol evaporated and the residue taken up in water (30ml).

Extraction into ether afforded ethyl 2-acetyloct-7-enoate

(8.0g, 74%) as a colourless oil used without further puri-
fication. {Lax: 3060, 2915, 2844, 1740, 1714, 1638, 1444,
1368, 1240, 1198, 1026, 995 and 856cm ~, T 4.10-4.30(1H,
m), 4.90-5.12(2H,m), 5.72(2H,q, J=-8Hz), 7.82(3H,s), 8.72

(3H,t, J=8Hz), 7.75-8.80(8H,m).

2,4-Dimethyl-5- (hex-5-enyl)-6-oxo-1,6-dihydropyrimidine
(195).

Acetamidine hydrochloride (945mg, 1Ommole) and ethyl
2-acetyloct-7-enoate (2.10g, lOmmole) were added to a
solution of sodium hydroxide (800mg, 2 equivalents) in
ethanol (20ml). The mixture was stirred at room temperature
for 18 hours, ethanol evaporated and a sodium bicarbonate
(400mg) sodium carbonate (400mg) mixture added to the
residue. The mixture was taken up in water (15ml) and ether

extraction afforded the title compound (1.2g, 549) as

white needles m.p. 89-91° from petroleum ether.
~Dmax 2926, 2856, 1650, 1612, 1440, 1382, 1314, 1216,
‘1160, and 914cm ¥, T 4.1-4.4(1H,m), 4.9-5.1(2H,m), 7.58

(34,s), 7.68(3H,s), 7.40~8.64(8H,m),1A 230(5,240) and

max.
274(5,010). (Found: C, 69.80; H, 8.79; N, 13.50;

C12H18N20 requires C, 69.90;: B, 8.:74; N, 13:89.)
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Thermolysis of the Pyrimidine (195).

The pyrimidine (200mg) was sealed in a tube and
heated at 180° for 24 hours. On cooling ,the residue was
purified by preparative layer chromatography on silica

to give 3-aza-2,4-dimethyl-bicyclo-[4.4.0]-deca-1,3,5~

triene (198) (88mg, 56%), as a pale yellow oil.

1

‘Omai 1608, 1594, 1448, 1395, 1322, 910 and 854cm
T 3.32(1H,s), 7.35(4H,b~-t), 7.57(3H,s), 7.61(3H,s), 8.08-

8.34(4H,m).

Ethyl 2-acetylhept-6-ynoate (199).

Ethyl acetoacetate (4.36g, 0.33mole) and 5-bromopent-
l-yne(5.0g, 0.033mole) were added to a solution of sodium
(770mg, 1 equivalent) in absolute ethanol (30ml). The“
mixture was boiled under reflux for four hours, cooled,
ethanol evaporated, and the residue dissolved in water

(25ml1). Ether extraction afforded the title compound {(2.7g,

42%) as a colourless oil used without further purification;

Qmax 2936, 2116, 1735, 1712, 1630, 1533, 1430, 1365,
1

’

1252, 1150, 1060, 968 and 892 cm
T 5.84(2H,q, J=6Hz), 6.60(1H,b-t), 7.78(3H,s), 8.66(3H,
t, J=6Hz), 7.42-8.10(7H,m).

2,4-Dimethyl-5-(pent-4-ynyl)-6-oxo-1,6-dihydropyrimidine

(200).
Acetamidine hydrochloride (945mg, 1Ommole) and ethyl

2-acetylhept-6-ynoate (1.95g, 1lOmmole) were added to a
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solution of sodium hydroxide (800mg, 2 equivalents) in
ethanol (20ml). The mixture was stirred at room tempera-
ture for 18 hours, ethanol evaporated in vacuo and a
mixture of sodium bicarbonate (400mg) and sodium carbonate
(400mg) in water (15ml) added to the residue. Ether

extraction gave the title compound (800mg, 42%) as white

needles m.p. 107-108° from petroleum ether.

Qnmé' 2930, 2120, 1650, 1611, 1432, 1384, 1313, 1217,
1,

1160, 887cm ! 7T 7.60(3H,s), 7.64(3H,s), 7.25-7.84(5H,m),

8.24(2H,b-t). %ma 231(5,500), 277(5,250).

X.

Thermolysis of the Pyrimidine (200).

The pyrimidine (53mg) was sealed in a tube and heated
at 180° for four hours. The residue was purified by prepa-

rative layer chromatography on silica to give 3-aza-2,4-

dimethylbicyclo [4,3,0]—nona-1,3,5-triene (202, (34mg, 64%),

as a pale yellow oil, identical to material previously
reported?‘?ma;. 1608, 1580, 1462, 1389, 1221, 1149, 1030,
939, 865 and 764cm T, T 3.13(1H,s), 7.16(4H, b-t), 7.32
(3H,s), 7.58(3H,s), and 7.98(2H,t, J=7Hz). )ha#._267

(2,700). (Molecular mass 147.1035, Calculated for

C7H1503 147.1048).
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