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SU

RY

The synthe sis, stereo chemi stry and biolog ical evalu a ion
of simple perhyd roquin azolin e analog ues of tetrod otoxin and
perhyd ropuri ne analog ues of saxito xin, is descri bed.

The

synthe sis of the perhyd ropuri nes was partly direct ed at,
and could contri bute to, a total synthe sis of saxito xin.
In the study of tetrod otoxin analog ues, 1- and 3-me thylcis-pe rhydro quinaz olin-2 -one were prepar ed stereo specif ically
by the cataly tic hydrog enatio n of 1- and 3-met hyl-3, 4,5,6, 7,8hexah ydroqu inazol in-2(1 H)-on e, respec tively .

The stereo -

chemi stry was confirm ed by unamb iguous synthe ses from
cis-2- e-toly lsulph onylam inocyc lohexa necarb oxylic acid.
1-Ben zyl- and 1,3-di methy l-cis-p erhyd roquin azolin -2-one and
1-met hyl-, 3-meth yl- and 1,3-di methy l-cis-p erhyd roquin azol ine
were also synthe sized.
cis-8a -Carba moylm ethyl- and 8a-car boxym ethylp erhydr oquinaz olin-2 -one were prepar ed by acid hydro lysis of the
cyano- group of cis-8a -cyano methy lperhy droqu inazol in-2-o ne.
A genera l method was found for conve rting cis-pe rhydro quinazolin -2-one and its 1,3-di methy l and 8a-cya nomet hyl
der1·va t1·ves i'nto the respec ti've ci·s-2- ami· no-3 '4 '4a' 5' 6' 7' 8' Baoctahy droqui nazoli nium salts.

In this way cis-2- amino -8a-

carbox ymeth yl-3,4 ,4a,5,6 ,7,8,8 a-octa hydro quinaz oline and its
methyl ester were obtain ed.

1- and 3-Met hyl-tra ns-per hyd ro-

quinaz olin-2 -one and 2-thio ne and cis and trans- 2-ami no3,4,4a ,5,6,7 ,8,8a- octahy droqu inazol inium salts were also
prepar ed.

1

H N.m.r. spectr a showed that in soluti on,

ll

1-meth yl-, 1-be nzyl- a nd 1, 3 - dimeth yl - cis - perhyd ro q uin azolin 2-one and 2-am i no-oct ah ydroqu inazol inium cation s exist in a
differ ent and unusu a l c onfo r mation from that of 3 - methy lcis-pe rhydro quinaz olin-2 - o n e , 3 - me thyl - ci s-2- aminoo ctah yd r o quinaz olinium cation and other known h y d roquin a zo lin e s.
For the study of the saxito xin an a l og u e s, c i s-4,6diaza- 5-oxop erhydr oinden e was obtain e d b y th e s te r e os p e cific
cataly tic reduct ion of 4,6-di aza-1 ,2,4,5 -tetra hydro ind en - 5one and was conve rted into cis-4, 6-diaz a-5-im ino p erhydr o indene .

Cataly tic hydrog enatio n of purin- 2,8(1H ,7H)-d i one

gave 5-urei doperh ydrop yrimid in-2,4 -dione which was cycli z ed
to 4-acet oxy-2 ,8-dio xo-cis -perhy dropu rine.

Electro chem ical

reduct ion of uric acid and of purin- 2,8(1H ,7H)-d ione ga ve a
mixtur e of 2,8-di oxo-c is-per hydro purine and 5-urei doper hydrop yrimid in-2,4 -dione which were readil y separa ted.
Simila rly, cataly tic hydrog enatio n of 2,8-di amino purine gave
2-imin o-5-gu anidin iumpe rhydro pyrim idin-4 -one and electr o chemic al reduct ion of 6-hydr oxy-2, 8-diam inopur ine and
2,8-di amino purine gave a mixtur e of 2,8-di imino -cisperhyd ropuri ne and the 5-guan idinium compou nd.
ione in neutra l medium
,7H)-d
Methy lation of purin- 2,8(1H
gave l,3,9-t rimeth ylpuri n-2,8( 1H,7H )-dion e (iodid e) and i n
basic medium gave a separa ble mixtur e of 1,7,9- and 1,3,7trimet hylpur in-2,8 (1H,7 H)-dio ne.

Simila rly, methy lation o f

6-meth ylpuri n-2,8( 1H,7H )-dion e gave the 1,3,9- trimet hyl
deriva tive.

These methy lated purine s were reduce d to th e

cis-2,8 -dioxo perhyd ropuri nes with sodium borohy dride.
2,8-Di amino purine and 6-meth yl-2,8 -diami nopuri ne on th e othe r
hand gave the 1,7,9- trimet hyl comp ounds on meth yl ation in

lll

neutral medium.

These derivatives could also be reduc d

with sodium borohydride to the cis-perhydropu rines and had
identical stereochemistr y to that of saxitoxin .

A sim ilar

methylation of 2-aminopurin-8 (7~)-on e gave the 7-methyl
derivative which was converted to 7-methylpurin- 2,8(1~,7~ )dione.
The 2-iminoperhyd roquinazoline and 2,8-diiminoper hydropurine analogues of tetrodotoxin and saxitoxin possessed som
of the biological properties and toxicity of the natural
toxins, but were much less active.

On the other hand the

synthetic 2-oxoperhydro quinazolines and 2,8-dioxoperhy d ropurines had different biological properties to those of the
toxins.
High levels of tetrodotoxin were found in the Austr alian
toad-fish, Spheroides liosomus, during the spawning seas on .
Attempts to show that this fish actively biosynthesizes th e
toxin from simple precursors were unsuccessful.
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PART I

GENERAL INTRODUCTION
Tetro dotox in and saxit oxin are two of the most poten t
neuro toxic , non-p rotein compo unds known to man.

Their

minim um letha l dose in mice is 8 wg/kg which is very low
Altho ugh chem ically
compa red with cyani de (10 mg/kg ).
1
diffe rent, Kao showe d that they posse ss nearl y ident ica l
biolo gical prop ertie s.

They are uniqu e in their selec tive

block ing actio n of the nerve memb rane to sodiu m condu cta nce

2

which is neces sary for the produ ction of an actio n poten tial
on stimu lation of a nerve fibre .

Thus at conc entra tions

large r than 1-5 µg/kg they cause comp lete neuro musc ular
block and respi rator y failu re in anima ls in a few secon ds.
Tetro dotox in is found in the large st quan tities in
the gonad s of some fish of the subor der Gymn odont es, e. g .
Spher oides rubri pes, and in some newts of the famil y
3 Saxit oxin, on the
Salam andri dae, e.g. Taric ha toros a.
other hand, has been found in vario us types of shell fish and
proba bly origi nates in certa in speci es of a dino flage llate
4
tz.
Schan
by
l
detai
in
ed
tigat
inves
,
aulax
Gony
alga,
Tetro dotox in is a zwitt erion ic polyh ydrox y
2-imi noper hydro quina zolin e with the struc ture shown in (1.1) .
This struc ture was eluci dated by three schoo ls; two in
5 and
,
sei)
Kwan
ya,
(Nago
Nitta
and
a
Hirat
Goto,
by
Japan led
6 and the third in Amer ica led by Woodw ard
Tsuda (Toky o)
7
(Harv ard) .

The comp lete struc ture and absol ute

confi gurat ion was arriv ed at by three dime nsion al X-ray

2

crystallographic analysis of t h e toxin by Woodward and
Gougoutas.

8

Some of the notab le features of the mo l ecul e

are the trans-2-iminoperhydro q u ina zoline ske l eton and th e
side-chain (-CHOH-COO-) subst i tu e nt o n t h e br idge h e a d
The carboxyl g roup o f th i s s i d e -chain f orms a

carbon 8a.

hitherto unknown hemilactal structure wi th the C- 5 and C- 6
hydroxyl groups.
The structure of saxitoxin has eluded workers for
several years and various formulae have been proposed, n otably
by Russell

9

and by Rapoport.

10

X-Ray crystallographic

analysis by Schantz and coworkers,

11 has shown that saxitoxin

is a 3,4,6-trialkyl-2,8-diiminope rhydropurine with the
structure illustrated in (1.2).

This molecule has a

cis-2,8-diiminoperhydropuri ne skeleton, a C-6 side-chain
incorporating a carbamoyloxy group and a three carbon chai n
between N-3 and C-4 containing a hydrated ketone.
Since both tetrodotoxin and saxitoxin contain a
guanidine moiety, it has been suggested

1

that this group ma y

be partly responsible for their physiological actions and
12 , 13
some workers have tested this hypothesis.

In an

extension of this study, the present work was directed at
the synthesis and biological evaluation of various 2-iminoand 2-oxo-perhydroquinazoline analogues of tetrodotoxin.
The synthesis of a zwitterionic 8a-carboxymethyl-2-iminoperhydroquinazoline analogue of tetrodotoxin was also
envisaged in order to test the effectiveness of the sid e - chain
on the biological activity.
An investigation of the syntheses of 2,8-diimino- a nd
2,8-dioxo-perhydropurine analogues of sax i toxin was ini tiated

3

H

H

H '

H
H

''

'OH

Tetrodotoxin (1.1) *

H
H
N

:rNH2

N
H

OH
Saxitoxin (1,2}

*

* For simplicity, guanidinium groups are

drawn in the imino form.

4

also for biolog ical evalua tion, but which could contri but e
to a total synthe sis of saxito xin.

Very little is known

about perhyd ropuri nes and any inform ation in this field
would be a very useful contri bution to the chemi stry of
purine s.

In additi on, it was intend ed that some of th e

analog ues synthe sized would be less toxic and thus more
clinic ally useful compou nds (e.g. antihy perten sive agents ,
local anaes thetic s).
The biogen esis of tetrod otoxin is unknow n.

Woodw ard

8

has surmis ed, howev er, that the molec ule could be constr uct e d
by an unusua l varian t of the famili ar polya cetate scheme .
.
· 14 sugge st th
at t h e precur sor o f tetro d otoxin
Ot h er th eories
is presen t in some form of marine food that the fish ingest s.
Part of the presen t work was undert aken in order to establ ish
whethe r or not the toad-f ish, Sphero ides liosom us, which is
prolif ic on the South Easter n coast of New South Wales,
active ly synthe sizes tetrod otoxin in its liver or ovarie s
from simple precu rsors.

5

PART II

TETRODOTOXIN ANALOGUES
A.

The synthesis and stereoche mistry of N-methylp erhydroquinazolin -2-ones and N-methylp erhydroqu inazolines

(1) Introducti on
To test the hypothesi s

1 that the fused cyclic guanidin e

moiety of tetrodotox in is partly responsib le for some o f its
biologica l activity, it was necessary to synthesiz e
2-iminope rhydroqui nazolines and evaluate their biologica l
activity.

If the hypothesi s is correct, then these

guanidiniu m compounds should possess physiolog ical activity
akin to that of the toxin.

2-0xoperh ydroquina zolines and

simple perhydroq uinazoline s lacking the guanidine moiety
should, on the other hand, have much different , if any,
biologica l propertie s.

Thus these compounds , which are

intermedi ates for 2-iminope rhydroqui nazolines or are
readily obtained from the same source,we re also required
for biologica l evaluatio n, and their synthesis and
chemical propertie s are described in this section.
(2) Perhydroq uinazolin- 2-ones
(a) Stereospe cific, catalytic hydrogena tion of
3,4,5,6,7, 8-hexahyd roquinazo lin-2(1H) -one
and its 1-methyl- , 3-methyl- , and 1-benzylderivativ es
Catalytic hydrogena tion of 3,4,5,6,7, 8-hexahy dro15 with platinum oxide in acetic
quinazolin -2(1H)-on e (2.1)
acid was found to be stereospe cific.

A quantitat ive yield

6

of cis-pe rhydro quinaz olin-2 -one (2.5) was isolat ed and
found to be identi cal with authen tic mater ial prepar ed
. 16
Reduc tion of the N-meth yl
by Armare go an d Ko b ayas h i.
deriva tives

(2.2)

and (2.3) was then examin ed and also

found to procee d with almost compl ete cis-st ereos pecifi c ity .
The prepa ration of 3,4,5, 6,7,8- hexah ydro-3 -meth ylquinaz olin-2 (1H)-o ne

(2.3)

in 40 % yield from 2-hydr oxy-

methy lcyclo hexano ne was report ed previo usly by Zigum er,
Eisenr eich and Imme1.

17

Althou gh the 1-meth yl deriva tive

(2.2) could have concei vably been formed ,

the struct ure of

the produc t was not rigoro usly establ ished by these autho rs.
Spectr oscopi c data were consis tent with a hexahy droquinaz olin-2 -one struct ure but did not differ entiat e
betwee n N-meth yl isome rs.

Cataly tic hydrog enatio n of this

compou nd in acetic acid with platinu m oxide gave a high
yield of what was later shown to be 3-met hyl-ci s-perh ydro1
The H n.m.r. spectr um (Fig. 2.1)
quinaz olin-2 -one (2.7).
showed that it was a cis-pe rhydro quinaz oline in the
confor mation (2.10) becaus e the patter n of signal s was
.15 24
for
'
ashi
Kobay
and
go
Armare
by
ed
observ
simila r to that
other cis-pe rhydro quinaz olines .

Howev er, the spectru m

again gave no inform ation regard ing the positi on of the
methyl group.

In an altern ative synth esis, 2-hydr oxy-

methy lenecy clohex anone was conden sed with N-met hylure a in
acetic acid to give the ureido compou nd (2.11)
The

1

in 59 % yield.

H n.m.r. spectru m of the produc t reveal ed two methy l

signal s (o 2.60 and 2.65) and two olefin ic doubl ets

(8 7.10 and 7.71; ratio 1:2, respe ctivel y), each showin g
coupli ng to NH (J 12).

This sugges ted the presen ce of

7

H
I
I

I

NR

2

3NR 2

6

N,,10
R1

N,lo

7

I

H

R1

( 2. 1) Rl= R2= H

( 2 . 5)

Rl= R2= H

( 2. 2) Rl= Me, R2= H

( 2 . 6)

Rl= Me, R 2 = H

( 2. 3) Rl= H, R2 - Me

( 2 . 7 ) Rl= H' R2 - Me
2
( 2 . 8) Rl= R = Me

( 2. 4)

Rl= CH Ph, R2= H
2

( 2 . 9)

Rl= CH Ph, R2= H
2

0

II

N·C·NHR

2

R1
2

R1N NR

~o
(2.10)

1

2

R = H, R = Me

(2.11)

Rl= H, R2 - Me

(2.12)

1
R = Me, R2 = H

(2.13)

Rl= H, R2= CH Ph
2

0
(2.14)

2
1
R = Me, R = H

2
1
(2.15) R = CH Ph, R = H
2

8

two conformer s and ruled out contamina tion with the is omeric
ureido-com pound (2.12).

The ureidq compound (2.11) wa s

cyclized in high yield to l-methyl- 5,6,7,8-te trahydroquinazolin -2(1H)-on e (2.16) by refluxing in aqueous
N-sodium hydroxide .

Reduction of the latter with sodi um

borohydrid e in water, ethanol, or 1,2-dimeth oxyethane g ave
a mixture of the isomeric hexahydro quinazolin -2-ones (2.2)
and (2.18), which was sometimes contamina ted with the
perhydroq uinazolin- 2-one.

Catalytic hydrogena tion over

platinum oxide in ethanol, on the other hand, gave the
hexahydro quinazolin -2-one (2.2) free from the isomer (2.18)
but always contamina ted with a little perhydro-c ompound.
Catalytic reduction of these mixtures in acetic acid was
complete and gave l-methylp erhydroqu inazolin-2 -one (2.6)
quantitat ively.

The

1 H n.m.r. spectrum (Fig. 2.2) of this

product was different from that of its isomer (2.7) in that
one of the C-4 protons had two large coupling constants an d
that a broad band envelope was observed for protons at
positions 5-8 (Table 2.1).

The position of the N-methyl

(i.e. 1- or 3-) group in this case, again could not be
1
The unusual H n.m.r. spectrum
deduced from the spectrum.
could be due to either a cis-perhyd roquinazo lin-2-one
structure in the conformat ion (2.14) or a trans-perh ydroquinazolin -2-one.
2-N'-Benz ylureidom ethylenecy clohexano ne (2.13) was
prepared in 80 % yield by the reaction of N-benzylu rea with
2-hydroxy methylene cyclohexan one in acetic acid.

It was

also cyclized with aqueous sodium hydroxide to give
l-benzyl-5 ,6,7,8-tetr ahydroqu inazolin-2 (1H)-one (2.17).

9

Figure 2 . 1
1
H . m.r. spec r'-.l.ITl of 3 - me~hylcis-perhydroquinazolin-2-one ir 1_DCl
a

60 :i.ri z.

( 2 . 7)

8aH

5

4aH

4Hax

2

3

4

Figure 2.2
N. m.r. spectrum of l-r.ethylcis -perhydroquinazolin-2-one in

c oc1

at 60 t--ll-iz.

( 2 . 6)

n
8aH

s

4aH

4

3

3

10

catalytic hydrogenation of th e latter in et h anol conta ining
platinum oxide g ave the h e xahyd r oquinazolin - 2(1H )-one ( 2 .

)

and this could be further reduced in ac e t i c a cid wi th
platinum oxide to the cis-perhydr o c ompo und

( 2.9 ) .

This

compound had a similar lH n.m.r.

spectrum to that of t he

l-methylperhyd roquinazolin-2 -one

(2.6)

had the conformation

and probably al so

(2.15).

(b) Unambiguous syntheses
and

The unusual n.m.r. spectrum of the above 1-methyl 1-benzyl perhydroquina zolines required that an authent ic
synthesis of the cis isomer of one of these had to be
undertaken in order to obtain complete confirmation of
their stereochemistr y.

Both 1- and 3-methyl-cis-p erhy d ro -

quinazolin-2(1 H)-one were synthesized unambiguously fr om
cis-hexahydro anthranilic acid

(2.19).

The reaction of hexahydroanth ranilic esters with
. 16 1 8
ammonia or methylamine reported by Armarego and Kobayashi, '
was slow and gave low yields of the required amides.

To

improve the method, the amino group of cis-hexahydroanthranilic acid (2.19) was protected by conversion into
its N-2-tolylsulph onyl derivative

(2.20).

This compound

was formed in good yield (90 %) and was the common intermediate for the following syntheses.

It was treated with

oxalyl chloride followed by methylamine and gave the
methylamide
acid

(2.21)

in 78 % yield.

The p-tolylsulphon yl amino -

(2.20) was also methylated in alkaline medium to

cis-2-N-methy l-p-tolylsulpho nylamino-cyclo hexanecarbox ylic
-The latter was converted into the acid
acid ( 2. 2 6) .
chloride and thence into the amide

(2.27)

(overall yi eld : 84 %)

11

NH

N,10
Me
(2.16)

(2.18)

R - Me

(2.17) R - CH Ph
2

1-;i

ti

0
11

CR

11

1

NR 2
H
I

H

0
CR

•
I

'

1

NMe
R2

I

H

2
(2.19) Rl= OH, R = H

(2.26) Rl= OH, R2 - Ts

(2.20) Rl= OH, R2= Ts

(2.27) Rl= NH , R2= Ts
2
(2.28) Rl= NHMe, R2 = Ts

(2.21) Rl= NHMe, R2= Ts
(2.22) Rl= NHMe, R2= H
2
(2.23) Rl= OH, R =co cH Ph
2 2
(2.24) Rl= NH , R2 =co cH Ph
2 2
2
(2.25) Rl= NHMe, R2= co cH Ph
2 2

(2.29) Rl= NH , R2= H
2
(2.30) Rl= NHMe, R2= H
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and the methylamide (2.28) (overall yield: 80 %) by
ammonia and methylamine treatment, respectively.
Attempted reduction of the amide carbonyl group of (2.27)
combined with its detosylation using sodium dihydrobis(2-methoxyethoxy)alumina te ('vitride') was unsuccessful
and gave a mixture of products.
sulphonamides ((2.21),

However, all three

(2.27) and (2.28)) were successfully

detosylated by sodium in liquid ammonia to the respective
cis-2-aminocyclohexane amides ((2.22),

(2.29) and (2.30))

in very high yields (>80 %).
An attempt to synthesize the amide (2.22) from
19 was unsuccessful.
cis-hexahydrophthalamide (2.31)

The

ring opening of the imide (2.31) with ethanolic methylam ine
proceeded smoothly giving the di-amide (2.32) but the
latter compound did not undergo a Hofmann degradation

20

to give the amide (2.22).
Other attempts from cis-2-benzyloxycarbonylamin ocyclohexanecarboxylic acid (2.23) were abandoned because
the intermediate steps were less satisfactory.

Considerable

debenzylation occurred when the acid (2.23) was converted
into the acid chloride, even when the relatively mild
reagent, oxalyl chloride was used.

However, use of the

21 followed by treatment with methylmixed anhydride method
amine did give the methylamide (2.25) in 71 % yield.
Reduction of this compound (2.25) with lithium aluminium
hydride resulted in reduction of the benzyloxycarbonyl
group with loss of the benzyloxy group and gave
cis-l-methylamino-2-methylam inomethylcyclohexane (2.35),
i.e. the benzyloxycarbonylamino -group was converted into a

13

H

H 0

0

I

NH2

NH
NHMe

••
I

I

0

I

H

I

H

0

(2.32)

(2.31)

~

H

I

H

2
(2.33) Rl= NH , R = Me
2
(2.34) Rl= NHMe, R2= H

II

CR1

NR 2

NR 2
H

0

H

(2.36) Rl= OH, R2 (2.37) Rl= OEt, R2=

H
H

(2.35) Rl= NHMe, R2= Me

H
I

R1
NR

NR 2

2

H H

(2.38) Rl= NH , R2= Me
2
(2.39) Rl= NHMe, R2= H

N~X
H

R1

(2.40) Rl= Me, R2 - H, X=O
(2.41) Rl= H' R2= Me, X=O
(2.42) Rl= Me, R2= H' X=S
(2.43) Rl= H, R2= Me, X=S
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methyl amino- group and benzyl alcoho l.
Reduc tion of all three amides

((2.22 ),

(2.29)

and

(2.30) ) with lithium alumin ium hydrid e gave the corres pondin g cis-am inome thylcy clohex ylamin es ((2.34 ),
and (2.35) )

in high yields .

(2.33)

Exami nation of the produ cts

showed no eviden ce of epime rizatio n, i.e. all compou nds
retain ed the cis-co nfigur ation of the origin al hexahy droanthra nilic acid

(2.21) .

Cycliz ation of the amines

(2. 33)

and (2.35) with phosge ne in the presen ce of alkali gav e
authen tic 1-meth yl- (2.6) and 1,3-di methy l-cis-p erhyd roquinaz olin-2 -one (2.8).

cis-2-M ethyla minom ethylc yclo-

hexyla mine (2.34) on the other hand, gave mainly
intrac table mater ial with phosge ne, but with N,N'-c arbon yl
diimid azole it gave the desire d 3-met hyl-ci s-perh ydroquinaz olin-2 -one (2.7).

The 1-meth yl (2.6)

and 3-meth yl

compou nd (2.7) were identi cal with the produ cts obtain ed
from 2-hydr oxyme thylen ecyclo hexano ne and 2-hydr oxyme thylcycloh exanon e respec tively .
(c) 1- and 3-Met hyl-tra ns-per hydro quinaz olin-2 -one
(and 2-thio ne)
The synthe ses of these compou nds were undert aken
for spectr al compa rison and to confir m the authe nticit y
of the steps involv ed in the above synthe ses.
trans-l -Amin o-2-m ethyla minom ethylc yclohe xane (2.39)
was prepar ed from trans- hexah ydroa nthran ilic acid

(2.36)

by the method descri bed above for the cis-l-a mino- 2methy lamino methy lcyclo hexane (2.34) .

trans- l- Me thyl-

amino -2-ami nomet hylcyc lohexa ne (2.38) was prepar ed from

15

H

NR 2

N)

I
I

R1

H
(2.44)

Rl= Me, R2 - H

(2.45)

Rl= H, R2 - Me

(2.46)

Rl= R2 = Me

RN--y
1

(2.47)

NR

2

(2.48)
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trans-hexahydroanthranilic ethyl ester (2.37) by
oy. 16,18,22
i
Arrnarego, Kobayas h i. an d M'll
Both diamines (2.38) and (2.39) were cyclized with
phosgene and aqueous sodium hydroxide to give satisfacto ry
yields of the trans-1-methyl- and 3-methylperhydroquinazolin-2-ones (2.40) and (2.41), respectively.
Treatment of the diamines (2.38) and (2.39) with
carbon disulphide in the presence of sodium hydroxide
followed by fusion of the intermediate dithiocarboxyaminomethylcyclohexylammonium zwitterions gave the thioureas
(2.42) and (2.43) in 61 % and 70 % yields, respectively.
(3) 1-Methyl-, 3-methyl- and 1,3-dimethylcis-perhydroquinazolines
Armarego and Kobayashi had shown

23

that cis- and trans-

perhydroquinazolines can be prepared in high yield by
cyclization of the corresponding cis- and trans-aminomethylcyclohexylamines with aqueous formaldehyde.

Similarly

1-methyl- (2.44), 3-methyl- (2.45), and 1,3-dimethyl- (2.46)
cis-perhydroquinazolines were prepared in excellent yields
(>80%) from the respective diamines ((2.33),

(2.34) and

(2.35)).
(4)

1

H. N .m.r. spec t ra an d a new con f orma t·ion
for cis-perhydroquinazolines (See Table 2.1).

1
Armarego and Kobayashi reported that the H n.m.r.

h y d ro.
15,16,23 cis-per
.
.
h y d roquinazo
.
1 ines,
spec t ra o f cis-per
.
·
2 -ones, 15,16 a 2 -t h'ione 16 , and 2-aminoquinazo
1 incis-3,4,4a,5,6,7,8,8a-octahy droquinazolines

16 in CDC1 ,
3

0
(CD 3 ) 2 so, or D2 o at 33 showed that these compounds

17

TABLE 2.1
1 tt N.m.r. Spectra of Hydroquinazolines (o, Me si internal standard)a
4

Hydroquinazolin-2-(lH)-one

l-Methyl-5,6,7,8-tetra

8.30s

l-Benzyl-5,6,7 ,8-tetra

8.35s

H-8a

H-4a

H-4

NH

H-5,6,7,8

Solvent

2.63 br.s.,
1.84 br.s.

CDC1

2.57 br.s.,
1.69 br.s.

CDC1

1.50-2.4 br.m.

CDC1

1.4 -2.2 v.br.d.

CDC1

2.86s

1. 75 br.m.

CDC1

2.92s

1.1 -2.0 m.

CDC1

1.0 -2.3 m.

CDC1

N-CH

3

Other H

3.52s

5.30s (cH2Ar),
7.29s (C6H5)

l-Methyl-3,4,5,6,7,8-hexa

3.76s

5.43 br.s.

l-Benzyl-3,4,5,6,7,8-hexa

3.83s

5.60 br.s.

3-Methyl-1,4,5,6,7,8-hexa

3.68s

4.29 br.s.

cis-1-Methylper-

ax 3.42t
J4 ,4 -11.0,

'v3.lm

2.28m

0

3.06
4.86s (CH Ar),
2
7.29s (C6H5)

b
3

b
3

b
3

b
3

b
3

d,e
3

J4,4a ll.O)

eq 3.08q
J4,4 -11.0,
J4,4a
cis-1-Benzylper-

5.0)

ax 3.48t
J4,4 -11.3,
J4 ,4a

'v2.2m

0

'v3.lm

0

5.14d, 4.00d
(Jgem -16.0,

5.70s

cH2Ar)

11.3)

7.26s (C6H5)

eq 3.08q
J4 ,4 -11. 3,
J4,4a
cis-3-Methylper-

5.6)

eq 3.36q
J4 ,4 -11.8,
J4,4a

d,e,f
3

0

3.60m

2 .94 s

1.1 -2.l m.

CDC1

2.25m

'v2. ~o

2.85s

1.2 -1.9 m.

CDC1

'vl. 9m

d,e,f
3

4.3)

ax 2.97q

J4,4 -11.8,
J4 ,4a
cis-1 , 3-Dimethylper-

3.8)

ax 3.48t
-11. 2,

J4,4

J4,4a

11.2)

eq 3.00q
J4,4 -11. 2 ,
5.1)
J
4,4a

++

p.2

d,e
3
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TABLE (page 2)

H-4a

H-4

H-2

H-8a

Other

NH

H-5,6,7,8

Solvent

1.1-2.0m h

CDCl

1.2-2.2m h

[CD I so d,i

H

Oecahydroquinazoline

Unsubstituted cie-

l. 82s

d,i

2.9lt (J 1.7)

3.02m

4.40s

3.55 br.s.

3.20m

eq

2.81s, 2. 78s

2.20m

2.12s

1.2-2.0m h

CDCl

2.94 br.s.

3.18s

l.3-2.5m

TFA b

2.83s

2.08s

l.2-l.9m h

CDCl

4.00 br.s.

3.91s

l.4-2.4m

TFA

2.20m

2.17s,
2.26s

1.2-2.0rn h

CDCl

4.02 br.s.

3.19s,
3.28s

l.3-2.4m

TFA b

eq 4.02d g,

3

ax 3.66d g
(J gem

dication (as
dipicrate)

cia-1-Methyl-

-12. 5)

3. 7ld g

3 2

d,e
3

ax 2.99d g

(Jgem
dication

cia-3-Methyl-

-11,2)

4.93s

3.79s, 3.91s

eq 3.65d g

eq 2.65q

2.90 br.s.

d,e
3

ax 2.94d g
(J gem

-10. 8)

(J4,4
J4,4a

-11.0,
1.0)

ax 2.20q

(J4,4 -11.0,
J4,4a
dication

cia-1,3-Dimethyl-

3.0)

4.82s

3.65s, 3.75s

eq3. 49d g ,

2.53s, 2.63s

2.75 br.s.

ax 2.60d g

b

d,e
3

(J gem -9. 2)

dication

4.75s, 4.91s

a J values are in Hz and J

equatorial. H-4.

3.75s, 3.88s

2.90 br.s.

values are assumed negative.

gem

obscured by the other signals.
comparison see discussion.

j

d 100 MHz at 44°.

b 60 MHz at 33°.

e Contains a drop of

o2o.

a Approximate because signal is partly
f Values taken from ref.38 for

g Equatorial. proton is broader than axial. proton because o• W plan coupling with
i

h Includes H-4a signal.

signals are very weak but indicate a J

gem

Values taken from ref. 23 for comparison.

value of ~12Hz.

j The "wings" of these
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existed predomina ntly in the cis-confor mation of type
The criteria used for assigning this

(2.10)::(2 .47).

conformat ion were the small values of~ 4,4a (~ 3-SHz)
and the narrow band envelope (W 1 15-20Hz) correspon ding

-~

to the protons at positions 5-8.
perhydroq uinazoline s have one small

In contrast, the trans(3-6Hz) and one large

(10-12Hz) (in addition to the large J-gem ) and
23 24
There
'
H-8 band envelope (W 1 40-70Hz).
a broad H-5 -~

J

4,4a value

is little doubt that the cis-compo unds contain a very
small amount of the other extreme conformer (2.48) because
the quartet of the C-2 protons in cis-decah ydroquina zoline
· d 23
h e temperatu re was raise.
h
. 1 et went
co 11 apse d to a sing
The spectrum of 3-methyl- cis-perhyd roquinazo lin-2-one
(Fig. 2.1) shows that it is in the conformat ion (2.10),
like all the above-men tioned cis-hydro quinazoli nes.
1-Methyl- (Fig. 2.2), 1-benzyl- , and 1,3-dimet hyl-cisperhydroq uinazolin- 2-one, on the other hand, are clearly
cis-fused but in the previousl y unobserve d cis-hydro quinazolin e conformat ion of the type (2.14).
The major conformer of cis-decah ydroquina zoline was
25
but more
also shown to be of the type (2.47)=(2. 10) ,
recently Booth and Griffiths found that some N-ethyl-c isdecahydro quin
type ( 2 . 4 8)

,---...

olines existed in the other conformat ion

=(2 . 14 ) . 2 6

In the quinazolin e series, unlike

the quinoline series, these conformer s can be distinguis hed
clearly by the pattern of the C-4 proton n.m.r. signals
because these protons are deshielde d by N-3 and separated
from H-5 -

H-8 signal envelope.

In the conformer type

(2.14) the torsion angle between the equatoria l C-4 proton

20

and H-4a is ca. 60° which gives the small J value obser ved .
In this conformer 1,4-diaxi al interactio ns between the
protons in the separate rings may be the cause for the
broad H-5 -

H-8 band envelope.

1-methyl compound (2.14)
in coc1

3

The spectrum of the

in (CD 3 ) 2 so was the same as that

(Fig. 2.2), but when the former solution was

heated the triplet from H-4(axial ) gradually disappear ed
and the spectrum at 135° was similar to that of the
3-methyl compound.

Dreiding stereomod els show that the

1-methyl group in 1-methyl- and 1,3-dimet hyl-cis-pe rhydroquinazolin -2-one is very close to H-7(axial ) and
H-8(equat orial) in the conformer type (2.10).

The

resulting repulsive interactio ns are probably responsib le
for the displacem ent of the equilibriu m towards the
conformer type (2.14), where these interactio ns are absent.
The spectrum of 3-methyl- cis-decahy droquinaz oline
(2.45), like that of the oxo-compo und (2.7), showed two
small ~ 4 , 4 a values in addition to the large ~gem' indicating
2
1
The
that the conformer (2.47; R =H, R =Me) predomina ted.
spectra of 1-methyl- (2.44) and 1,3-dimet hyl-cis-pe rhydroquinazolin e (2.46) on the other hand are quite different ,
as in the case of the correspon ding cis-perhy droquinaz olin2-ones (2.6) and (2.8).

In these examples, however, the

differenc e in chemical shifts between the two C-4 protons
is too small to show clearly the coupling with H-4a, but as
in the 2-oxo compounds the signal from H-8a in the 1-methyl
(2.44) and 1,3-dimet hyl compounds (2.46)

is about 0.6 p.p . m.

upfield from that of H-8a in the 3-methyl derivativ e (2.45).

21

By analogy, the former compounds are most probably in the
cis conformat ion of type (2.48) =( 2.14) with the
stabilizin g effect as described above for the 2-oxo
compounds .
The differenc es in chemical shift of H-8a in the two
sets of compounds may be attributed partly to the C(8a)-H
bond being equatoria l with respect to the carbocycl ic ring
in one case (i.e. cis-decah ydroquina zoline (2.47),

o 3.02)

and axial in the other (i.e. trans-deca hydroquin azoline
(2.48), 8 2.20).

23

Other factors which may contribut e to

this differenc e are the presence or absence of a methyl
group on N-1 and the orientatio n of the nitrogen lone
electron pair on N-1.

Evidence for this latter suggest ion

arises from the observatio n that the chemical shift
difference between the C-2 protons of the cis-decah ydroquinazolin e cations is less than 0.16 p.p.m., in contrast
with the trans-cati ons (680.44-0. 58) .
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(5) Experimen tal
Elemental analyses were determine d by the Australia n
National University Analytica l Services Unit.

Melting

points (m.p.) were measured in 'Pyrex' glass capillarie s
1 H n.m.r. spectra were
The 60 MHz.
and were uncorrecte d.
measured with a Varian T-60A spectrome ter

(35°) or a

Perkin-Elm er R-10 spectrome ter and the 100 MHz. spectra
with a Varian HA-100 spectrome ter with tetrameth ylsilane
[or sodium 3-(trimeth ylsilyl)-p ropanesul phonate for aqueous
solution] as internal standard; J values are in Hz.
spectra were measured with an AEI MS 9 spectrome ter.

ass
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The i.r. spectra (KBr discs for solids and films for
liquids ) were measure d with a Pye Unicam SPlOOO or a
Unicam SP.200 spectrop hotome ter and the u.v. spectra
with a Unicam SP1800 or a Unicam SP-800 spectro photom eter.
All extract s were dried with anhydro us sodium sulphat e
and evapora tions were carried out below 30

0

and at ca.

20 rnmHg, unless otherwi se stated.
The names of new compoun ds are underli ned at their
first mention in the experim ental section .

Names of

compoun ds occurri ng in paragra ph heading s are also
underlin ed but this does not necessa rily imply that the
compoun ds are new.

3-Meth yl-3,4,5 ,6,7,8-h exahyd roquina zolin-2 (1H)-on e
27 (25 g; b.p. 93-95 o
(2.3) .-2-Hyd roxyme thylcyc lohexan one
at 6 rnmHg) in xylene (50 ml) was added to a hot solutio n
of N-methy lurea (44 g) in xylene (300 ml) and the mixture
was refluxe d under a Dean-St ark trap until water elimination appeare d complet e.

The solutio n was evapora ted to

a small volume and acetone was added.

The solid was

collect ed, washed with water, and recryst allized from
acetone to give the quinazo lin-2-on e (3.9 g, 11 %),
17 yield 40 %, m.p. 194°).
Attempt s to
m.p. 194° (lit.,
find a more active startin g materia l and improve the
28
H, 8.5;
(Found: C, 64.6;
yield were unsucce ssful.
N, 16.5.
N, 16.8 %).
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2-N'-Methylureidomethylenecy clohexanone (2.11) . 2-Hydroxymethylenecyclohexan one

29

(8.4 g) was added to a

hot solution of N-methylurea (5.42 g, 1.1 mol. equiv.)
acetic acid (20 ml).

in

After 3 days at 25° the solid was

collected and recrystallized from water to give the
ureido-ketone (7.0 g, 59 %), m.p. 196-196.5° (Found, after
drying at 100° for 18 h:

c 9H14 N2 o2
v

max.

requires

C, 59.3;

C, 59.3;

H, 7.7;

H, 7.7;

1720 (CO) and 1663 (urea CO) cm

-1

N, 15.5.

N, 15.4 %);
; o ((CD 3 ) 2 SO)

8.50 (d, NH, J 12), 7.71 (d, C=CH, J 12, major isomer),
7.10 (d, C=CH, J 12, minor isomer), 7.45br (m, NH),
2.65 (d, NCH , J 5, major isomer), 2.60 (d, NCH , J 5,
3
3
minor isomer), 2.0-2.5 (m, 3- and 6-H ), and 1.4-1.9
2
(m, 4- and 5-H 2 ).

2-N'-Benzylureidomethylenec yclohexanone (2.13) . 2-Hydroxymethylenecyclohexan one was treated with
N-benzylurea as for

(2.11) above to give the benzylureido-

ketone (80%), m.p. 206° (from dioxan) (Found:
H, 7.1;

N, 10.9.

H, 7.0;

N, 10.85%),

V

max.

1722 and 1665 cm

C, 69.9;

-1

l-Methyl-5,6,7,8-tetrahydroq uinazolin-2(1H)-one (2.16) . 2-N'-Methylureidomethylenecy clohexanone (1 g) was refluxed
with aqueous N-sodium hydroxide (30 ml)

for 4 min.

The

solution was cooled and extracted with chloroform (4 x 100 ml).
Evaporation of the dried extract gave the quinazolin-2(1H)-one
as a hygroscopic, low melting solid (0.82 g) which could
not be recrystallized; v

max

. 1667 and 1560

(amide) cm

-1
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o (CDC1 3 ) 8. 30 (s, H-4), 3. 52 (s, NCH 3 ), 2. 63 (m, 5- and
The picrate had m.p.

8-H ), and 1.84 (m, 6- and 7-H ).
2
2
180° (decamp.) (from MeOH) (Found:
N,

C, 45.8;

H, 3 .8;

17.6.

N, 17.8 %).

l-Benzyl-5,6,7,8-tetrahydroq uinazolin-2(1H)-one (2.4) . 2-N'-Benzylureidomethylenecy clohexanone was cyclized as
before to give the quinazolinone picrate, m.p. 165° (from
EtOH) (Found:
requires

C, 5 3 . 5 ;

C, 53.5;

H, 4 . 1;

H, 4.5;

N, 15 . 2 .

N, 14.9 %).

l-Methyl-hexahydroquinazoli n-2(1H)-one (2.2) . 2-N'-Methylureidomethylenec yclohexanone (2 g) was refluxed
with N-sodium hydroxide (60 ml) for 4 min.

The mixtur e

was then cooled, sodium borohydride (1.6 g) was added, and
the solution was stirred for 2 h.

The pH was adjusted to

8 and the solution was extracted with chloroform.

Evapor-

ation of the extract gave l-methyl-hexahydroquinazoli n-2-one,
b. p. 174 o at 1. 5 mmHg ( 1. 3 g, 71 %) (Found:
N, 16.4.
v a
m

1

Cale. for c H N 0:
9 14 2

C, 65.0;

C, 6 4 . 8 ;
H, 8.5;

H, 8 . 8 ;
N, 16.8 %);

1.
3200br
(NH),
and
1665
and
1510
(amide)
cmx.

The

H n.m.r. spectrum indicated that it was a ca. 2:1 mixture

of 3,4,4a,5,6,7-:- (2.18)

(o

(CDC1 ; 100 MHz)
3

3.04

(d, 4-H 2 ),

5. 6 9 (d, H-8) , and 2. 8 7 ( s, NCH ) ) and 3 , 4 , 5, 6, 7 , 83
hexahydro- (2. 2)

(o

(CDC1 ; 100 MHz)
3

3. 76br (s, 4-H ) and
2

2.89 (s, NCH 3 )) derivatives; and the mixture prior to
distillation also contained ca. 10 % of l-methylperhydroquinazolin-2-one.

l-Methyl-3,4,5,6,7,8-hexahyd roquinaz olin-

2(1H)-one (2.2), free from its isomer, was obtained by
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hydrogenating the tetrahy dr o - compound (preceding preparation) over 5 % Pd-C in et h anol a nd stopping the reduct io n
after the absorption o f 1 mo l. eq u iv . of hydrogen .

The

product could not be obt ai n e d an alytically pure ; it
always contained a littl e

( <5 %) p erhydroqui naz oline

and/or starting material.

l-Benzyl-3,4,5,6,7,8-hexahyd roquinazol i n-2(1 H)-one (2 . 4) . l-Benzyl-5,6,7,8-tetrahydroq uinazolin-2(1H)-one (212 mg)

in

ethanol (25 ml) containing Pto
2 (50 mg) was hydrogenat ed at
atmospheric pressure (uptake 1 mol. equiv.) to give th e
hexahydroquinazolin-2-one (169 mg, 81 %), m.p. 158.5° ( from
MeOH) (Found:
requires

C, 7 4 . 2;

C, 7 4 . 3;

H, 7 . 4 ;

H, 7 . 5;

N, 11 . 5 .

N, 11. 6 %) , v

max.

3 2 5 0, 3 0 9 0

(NH), 1707 (CO), 1670 (C=C), and 1492 (NH bend) cm-l.

cis-Perhydroquinazolin-2-on e (2.5) .-3,4,5,6,7,8Hexahydroquinazolin-2(1H)-on e15 (0.8 g)

in acetic acid

(50 ml) containing Pto
2 (100 mg) was shaken with hydro ge n
at 5 atm and 20° for 5 h.

Filtration and evaporation g a v e

compound (2. 5) (780 mg, 97 %), m.p. 233-235°, identical wit h
. materia
. l . 16
au th entic
in ethanol as catalyst.
(from Me OH) (Found:

No reduction occurred with 5 % Pd-C
The picrate had m.p. 146-147°

C, 4 4. 1;

H, 4 . 5;

N, 18 . 3.

l-Benzyl-cis-perhydroquinaz olin-2-one (2.9) . -

l-Be nzyl -

3,4,5,6,7,8-hexahydroquinaz olin-2-one was reduced as a bove
to give the perhydroquinazolin-2-one (56 %) after p uri fication
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by chromatog raphy over alumina (B.D.H.) (gradient elution
with 0-10 % ethanol-b enzene), and sublimatio n (160° at
0.5 mmHg) (Found:

N, 11.5.

The
1662(CO), 1517 (C=C), and 1458 (NH bend) cm-l
max.
picrate, m.p. 125-126° (from EtOH), separated (3 days) from
v

C, 53.3;

aqueous picric acid (Found:

c

H N o requires
21 23 5 8

C, 53.3;

H, 4.9;

H, 5.1;

N, 14.8.

N, 14.8 %).

cis-2-Benz yloxycarb onylamino cyclohexa necarboxy lic acid
(2.23) . -To a stirred solution of cis-2-amin ocyclohex anecarboxylic acid
0
(15 ml) at o

,

20 (4.29 g) in aqueous 2N-sodium hydroxide
were added simultane ously 0.46M-ben zyl-

chloroform ate in toluene

30 (15 ml, 2.3 mol. equiv.) and
The

aqueous 4N-sodium hydroxide (8 ml) during 15 min.

mixture was stirred for 2 h, then extracted with ether
0
(discarded ), and the aqueous layer was cooled (to o

acidified to pH 2 with ll.3N-hyd rochloric acid.

)

and

The

carboxylic acid (5.86 g, 74 %) had m.p. 130-131° (from EtOH)
and sublimed at 140-150° and 1 mmHg (Found:
H, 6.9;

N, 5.0.

c 15 H1 ~No 4 requires

C, 65.0;

c, 65.0;

N, 5.05%); v max. 1711 (CO 2 H) and 1672 (CO) cm

H, 6.9;

-1

cis-2-Benz yloxycarb onylamino cyclohexa ne-N-meth ylcarboxami de (2.25) .-To the acid (2.23) (1.4 g) and
triethylam ine (0.7 ml, 1 mol. equiv.) in ethanol-f ree
0
chloroform (25 ml) at -5 , ethyl chloroform ate (0.5 ml,

1 mol. equiv.) was added.

0
After 2 hat -5 , l.lM-meth yl-

amine in chloroform (5 ml, 5.5 mol. equiv.) was added
(CO 2 evolved), and the mixture was set aside for 4 h.
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It was then washed with 2N-sodium hydroxide and
2N-hydrochloric acid, dried, and evaporated to give th e
N-methylamide (1.03 g, 71 %), m.p. 137.5-138
EtOH-H 2O, 4 : 1) (Found:
Cl6 8 22N203 requires
\)

C, 6 5. 7;
C, 66.1;

H, 7 . 4 ;

0

N,

(from
9. 6.

N, 9.6 %),

H, 7 . 6 ;

-1
(NH) , and 1680 and 1650 (amide) cm
3300
max.

cis-2-p-Tolylsulphonylaminocyclohexanecarboxylic acid
(2.20) .-<:is-2-Aminocyclohexanecarboxylic acid (5.8 g)

in

2N-sodium hydroxide (22 ml, 1.02 mol. equiv.) mixed with
toluene-p-sulphonyl chloride (15.2 g, 1 mol. equiv.)
ether (40 ml) was shaken for 1 h.

in

A further three

additions of 2N-sodium hydroxide (20 ml) were made at 1 h
intervals, and the mixture was then shaken for 6 h.

The

ether was separated and the aqueous layer was filtered and
acidified to yield the acid (10.6 g, 90 %), m.p. 172 0
1:1 H2 O-MeOH) (Found:

C, 56.1; H, 6 . 4 ;

Cl4Hl9N04S requires C, 56.1;
-1
\)
1702
(CO)
cm
.
max.

(from

N, 4 . 5 .

H, 6. 4;

N, 4.7 %),

cis-2-p-Tolylsulphonylaminocyclohexane-N-methylcarboxamide
(2.21).-The acid (2.20)(14.8 g)

in oxalyl chloride (60 ml)

was stirred at 25° for 1 h, then at 40-45° for 15 min.

The

solution was evaporated and the residue was treated with
aqueous 40 % methylamine (100 ml) at o0

•

After 15 min, the

excess of methylamine was removed in vacuo and the
precipitate was filtered off, dried, and recrystallized
from benzene to give the methylamide (12 g, 78 %), m.p. 151°
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(Found :
C, 5 8 . 0 ;

C, 57.9;
H, 7 . l ;

H, 7.2;

N, 8.9.

N, 9 . 0 %) , v max. 3 4 0 0 and 3 2 0 0 (NH) ,

1665 (CO), and 1320 and 1160 (S0 2 NH) cm

-1

.

cis-2-( N-Me thyl-p -tolyls ulphon ylamin o)cycl ohexa ne-Nmethyl carbox amide (2.28) .-The acid (2.20) (7.4 g)

in

2N-sod ium hydrox ide (75 ml) and methy l iodide (20 ml) was
heated at 65-88° with vigoro us stirrin g in a sealed bomb
for 40 min.

The mixtur e was cooled , acidif ied (pH 3) with

llN-hy droch loric acid, and extrac ted with chloro form.

The

ino)-c yclothyl-p
cis-2- (N-me
extrac t gave - -tolyls ulpho nylam
hexane carbox ylic acid (7.6 g) as a glassy solid which was
treate d with oxalyl chlori de and then methyl amine as above.
The crude methyl amide was dissol ved in benzen e; the soluti on
was extrac ted with l0N-so dium hydrox ide and the organi c
layer was dried and evapo rated.

Recry stalliz ation of the

residu e from benzen e gave the N-met hylcar boxam ide, m.p.

N, 8. 6 %) , v max. 3 3 6 0 (NH) , and
-1
1648 and 1556 (amide ) cm ; o(CDC1 3 ) 7.57 (q, aroma tic H),

requir es

C, 59.2;

H,

7.5;

6.18br (s, NH), 3.85br (m, H-1), 2.73
2.75 (d, J 5, CO.NH. CH 3 ), 2.43

(s, TsN.CH 3 ),

(s, aroma tic CH 3 ), and

l.80br (m, alicyc lic H).

cis-2- (N-Me thyl-p -tolyls ulphon ylamin o)cycl ohexa necarbox amide (2.27) .-The acid (2.26) above and ammon ia
(d 0.880) gave the amide (84 %) as before ; m.p. 169° (from
benzen e) (sublim ed at 170° and 0.15 mmHg) (Found :

C, 57.7;
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N, 9.0 %), v

max.

3400 (NH), and 1660 and 1400 (amide) and

1330 and 1160 (S0 2 NH) cm

-1

cis-2-Methylam inocyclohexane carboxamide (2.29) . -The
amide (2.27) (1.2 g) was dissolved in liquid ammonia
(25 ml) and sodium was added until the blue colour pers isted
After 20 min., ammonium chlorid e was

for at least 10 min.

added and the ammonia evaporated off.

The residue was

dissolved in 2N-sodium hydroxide (50 ml) and extracted with
chloroform.

The extract gave the carboxamide (590 mg, 92 %),

m.p. 95-96° (from 1:10 benzene-light petroleum (b.p. 40-60°))
(Found:
C , 61 . 5 ;

C, 61.7;
H , 10 . 3 ;

H, 10.3;

N, 18.0.

N , 1 7 . 9 %) , v max. 3 3 7 0 and 3 2 2 0 (NH) ,

2810 (NCH 3 ), and 1670 (CO) cm

-1

, c5 (CDC1 3 ) 9. 08br (s, NH),

6.05br (s, NH 2 ), and 2.42 (s, NCH 3 ).

cis-l-Aminome thyl-2-methylam inocyclohexane (2.33) .-The
amide (2.29) (1.7 g) in benzene (200 ml) was added to
lithium aluminium hydride (5.1 g) in dry ether (70 ml).
The mixture was refluxed with stirring overnight, cooled,
decomposed with saturated aqueous potassium carbonate
(20 ml), and refluxed for 30 min.

The solution was filtered,

and the filtrate evaporated to yield the diamine (1.43 g,
93 %), b.p. 40-42° at 2.5 rnrnHg (Found:

C, 67.6;

H, 12.7;

C, 67.6;

H, 12.8;

N, 19.7 %),

N, 19.9.
v

C8 H N2 requires
18

(NH), 2800 (NCH 3 ).
max. 3300

212.5-213° (from MeOH) (Found:

c 20 H24 N8 o14

requires

C, 40.0;

The dipicrate had m.p.
C, 40.0;
H, 4.0;

H, 4.4;

N, 18.5.

N, 18.7 %).
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cis-l-Amino-2-methylaminome thylcyclohexane (2.34) . (a) From cis-2-p-tolylsulphonylaminoc yclohexane-Nmethylcarboxamide (2.28) .-Detosylation of the amide (2. 28 )
with sodium in liquid ammonia gave cis-1-aminocyclohexan e N-methylcarboxamide (2.22), v max. 3320 (NH), and 1650 and
1570 (amide) cm

-1

, o(CDC1 3 ) 2.77

The

(d, NCH 3 , J 5).

crude amide (5 g) in benzene (300 ml) was reduced with
lithium aluminium hydride (14.6 g) in ether (100 ml) as
before and gave the cis-diamine (3.9 g, 86%), b.p. 58° at
0.7 mmHg (Found:
requires

C, 67.6;

C, 67.7;
H, 12.8;

H, 12.8;

N, 19.7%), v

2800 (NCH 3 ), and 1590 (NH bend) cm
2. 4 0 ( s, NCH 3 ) .
Me OH) (Found:
requires

-1

max.

C H N
8 18 2
3320 (NH),

, o(CDC1 )
3

The dipicrate had m.p. 206-210° (from

C, 4 0. 1;

C, 40.0;

N, 19.8.

H, 4 . 4 ;

H, 4.0;

N, 18 . 3 .

N, 18.7%).

(b) From cis-2-benzyloxycarbonylamin ocyclohexane-Nmethylcarboxamide (2.25) .-The amide (145 mg) was treated
with a saturated (36%) solution of dry hydrogen bromide in
acetic acid (0.5 g), overnight.

The mixture was extracted

with ether and the residual gum dissolved in lN-sodium
hydroxide (5 ml) and extracted with chloroform (3 x 5 ml).
Evaporation of the chloroform extracts left the amide (2.22)
(46 mg, 59%), identical with the sample above.
reduced as before to the diamine (2.34).

This was

An attempt to

prepare the amide (2.22) by a Hofmann degradation of the
di-amide (2.32) (prepared by ethanolic methylamine treatment
of cis-hexahydrophthalamide (2.31)

19

) was unsuccessful.
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cis-l-Me thylami no-2-me thylami nomethy lcyclohe xane (2. 35) . Crude cis-2-m ethylam inocyclo hexane- N-meth ylcarbo xamide
(prepare d from the tosylam ide (2.28) as above; v max. 164 5
and 1565 (amide) cm

-1

, o(CDC1 3 ) 2.77

(d, J 4 CH.NH.CH 3 )

(s, NCH )) was reduced with lithium aluminiu m
3
hydride as above and gave the cis-diam ine (93 %), b.p. 48°

and 2.38

C, 69.1;

at 0.2 mmHg (Found:

N, 17.6.

H, 12.7;

c H N2 require s C, 69.2; H, 12.9; N, 17.9 %), V max.
9 20
-1
3360 (NH), 2830 (NCH 3 ) and 1560 (NH bend) cm , o (CDC1 3 )
2.43 (s, NCH 3 ) and 2.40 (s, NCH 3 ). This diamine was also
obtaine d by a similar reducti on of cis-2-be nzyloxy carbony lThe dipicra te had

aminocy clohexa ne-N-me thylcarb oxamide .
m.p. 220.5-2 21.5

0

(from MeOH) (Found:

N, 18.2. c 21 H26 N8 o 14 require s

C, 41.3;

C, 41.0;

H, 4.4;
N, 18.2 %).

H, 4.3;

l-Methy l-cis-pe rhydroq uinazol in-2-on e (2.6) . (a) The mixture of 3,4,4a, 5,6,7- and 3,4,5,6 ,7,8-he xahydro l-methy lquinaz olin-2(1 H)-one was reduced with Pto 2 in
acetic acid as for the unsubs tituted compoun d (2.1) and gave
l-methy l-cis-pe rhydroq uinazol in-2-on e (91 %), b.p. 170° at
H, 9.7;
C, 63.7;
2 mmHg, as a hygrosc opic oil (Found:
1
N, 15.9. c 9H16 N2 o, /8 H2 o require s C, 63.4; H, 9.6;
It was sublime d
N, 16.4%) which crystal lized after 1 week.
at 100° and 3 mmHg; m.p. 76° (Found:

c,

N, 16.6; M+, 168.

C, 64.3;

N, 16.65%; M+

'

C9Hl6N2 0 require s

168) ,

V

max.

64.5;

H, 9.65;
H, 9. 6;

3303, 3205, and 3060 (NH) , 1660

and 1530 (amide) , 1445, 1405, 1290, 1280, and 760 cm

-1

{b) To cis-l-am inometh yl-2-me thylami nocyclo hexane (71 mg)
0
suspend ed in water (0.5 ml) at o were added simulta neously
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with stirring a solution of phosgene in toluene (0.65 ml,
12 %; 2 mol. equiv.) and aqueous 2N-sodium hydroxide
(0.7 ml, 4 mol. equiv.).

The mixture was stoppered and
The

stirred for 2 days, then extracted with chloroform .
extract was dried and evaporate d to yield a thick oil
(40 mg, 48 %), identical with the product from (a).

3-Methyl- cis-perhyd roquinazo lin-2-one (2.7) . (a) 3-Methyl- 3,4,S,6,7, 8-hexahyd roquinazo lin-2(1H)- one was
reduced catalytic ally as above and gave a thick oil, b. p .
T.l.c.

150° at 1.5 mrnHg (80%), which slowly solidified .

showed a small amount of impurity which was not observed in
the u.v.

(~-~- no absorptio n), i.r. and

1

H n.m.r. spectra

but could be removed by formation of the picrate, m.p. 12512 6° ( from MeOH and H2 O) (Found:

c 15 H19 N5 o 8 requires

C, 45.3;

C, 4 5. 5;
H, 4.8;

H, 4. 9;

N, 17.7 %).

N, 1 7. 4.
Decom p -

osition of this with l0N-sodium hydroxide gave pure
3-methyl- cis-perhyd roquinazo lin-2-one, m.p. 122° (from light
petroleum (b.p. 80-100°) followed by sublimatio n at 110° and
1. 5 mrnHg) (Found:
requires

C, 64.1;

C, 6 4. 2 ;
H,

9.9;

H, 9. 7 ;

N,

N, 16.6 %),

16. 6.
\)

max.

C9Hl6N2 0
3320, 3240,

and 3090 (NH), 1665 and 1527 (amide), 1410, 1318, 1294,
1
1090, and 763 (all strong) cm- .
(b) cis-l-Amin o-2-methy laminomet hylcyclohe xane (71 mg) and
N,N'-carb onyldiimi dazole (90 mg, 1 mol. equiv.)

in dry

tetrahydro furan (2.5 ml) were stirred at 20° for 12 hand
then refluxed for 4 h.

The solution was evaporate d and

the residue was dissolved in chloroform which was then
washed with 2N-hydroc hloric acid, dried, and evaporate d
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to give compound (2.7) (17 mg, 20 %), identical with that
When phosgene was used, only a trace of

from (a) .

perhydroquinazolinone was sublimed out of the intractab le
residue.

1,3-Dimethyl-cis-perhydroqu inazolin-2-one (2.8) .-The
diamine (2.35) (156 mg) was treated with phosgene in tolu e n e
as above and gave compound (2.8) as a thick oil which was
distilled onto a cold finger in 65 % yield (Found:
H, 9.9;

C, 65.7;

N, 15.6.

N, 15.4%),

v

max.

and 1046 cm- 1 .

1640 (CO), 1516, 1452, 1402, 1275, 1238,
An attempted preparation of this compound

from diethyl-2-oxo-cis-perhydroq uinazolin-1,3-dicarboxylate
( b. p. 12 0

0

at O. 5 mmHg, (Found:

c 14 H22 N2 o 5 requires

C, 56.4;

C, 5 6. 4 ;
H, 7.4;

H, 7 . 7 ;

N, 9. 7 .

N, 9.4%), vmax.

1787 and 1740 (CONCO), and 1200 (COC) cm-l, prepared by
boiling cis-perhydroquinazolin-2-on e in ethyl chloroformate)
by reduction with lithium aluminium hydride gave cisperhydroquinazolin-2-one.

trans-l-Methylperhydroquina zolin-2-one (2.40) .-To
trans-l-methylamino-2-amino methylcyclohexane

31 (b.p. 41°

at 0.5 mmHg) (426 mg) suspended in water (1.5 ml) was added
simultaneously a 12.5%

solution of phosgene in toleune

(1.95 ml, 2 mol. equiv.) and 2N-aqueous sodium hydroxide
(2.1 ml, 4 mol. equiv.) dropwise.

The mixture was stirred

vigorously for 1 day, and a further quantity of phosgene in
toluene (0 .97 ml, 1 mol. equiv.) was added and stirring
continued for 1 day.

The solution was diluted with
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chloroform (50 ml)

and extracted with 0.lN-aqueous
The chloroform layer was

hydrochloric acid (2 x 10 ml).

dried, and evaporated leaving a glassy solid which was
sublimed at 180° and 0.2 mmHg yielding trans-l-methylper hydroquinazolin-2-one (290 mg, 58 %), m.p. 128° (Found:
H, 9.7;

C, 64.3;
H, 9.6;

N, 16. 6 %), v

(amide) cm
2.88

N, 16.2.

-1

max.

3320 and 3240 (NH), and 1656

, o (CDC1 ) ~ 5.3br (NH), ~ 3.0br (H-8a),
3

(s, NCH ), ~3.0
3

(m, H-4

eq

and H-4

ax

) and 2.0-0.8

(carbocyclic-H, W1 46).
-~

trans-3-Methylperhydroquina zolin-2-one (2.41) . trans-l-Amino-2-methylamino methylcyclohexane (prepared
from trans-hexahydroanthranilic acid as above, b.p. 52° at
1 mmHg) was cyclized with phosgene as above to give the
m.p. 167-168° after

perhydroquinazolin-2-one (47 %)

C, 64.3;

sublimation at 180° and 0.03 mmHg (Found:

H, 9.7;

N, 16.5.
\)

max.

3320 and 3240 (NH) and 1665 (amide) cm

4.58br (NH), ~ 3.0br (H-8a), ~ 3.0
2.97

(s, NCH ), 2.1-0.8
3

(m, H-4

eq

(carbocyclic-H, W1

~

, o (CDC1 )
3

and H-4

ax

),

48).

trans-l-Methylperhydroquina zolin-2-thione
To a 50 %

-1

(2.42) . -

aqueous solution of trans-l-methylamino-2-

aminomethylcyclohexane (256 mg) was added dropwise carbon
disulphide (0.5 ml) and the mixture was refluxed for 1 h
and then set aside for 1 h.

The precipitate (270 mg) wa s

the dithio-zwitterion (v max. 3255, 2970,

2890, 1589, 1474,

1
1451, 1306, 1260, 1220, 959, and 900 cm- ) which on he ating

35

at its melting point for 30 sec (effervescence with
loss of H s) afforded a residue which recrystallized
2
from benzene-light petroleum (b.p. 40-60°) (9:1) to
give the trans-l-methyl-2-thione (122 mg, 70 %)
m. p. 18 2-18 3 o

(Found:

c H

N S requires
9 16 2

C, 58 . 2 ;

C, 58.2;

H, 9 . 1 ;

H, 8.8;

vmax 3255 (NH) and 1089 (CS) cm

-1

'

N, 15 . 0 .

N, 15.2 %),
cS

(CDC1 ) 6. 93br (NH),
3

3.51 (s, NCH ), 3.23 (t, H-4
, J
, 10.4, J
11),
3
eq - 4 , 4
- 4 , 4a
3 . 12 ( q , H- 4 ax , J . , 10 . 4 , J , , a 5 ) , 'v 3 . 0 b r
4 4
4 4
and 2.2-0.9

(carbocyclic-H, W1
4

( H- 8 a)

46).

trans-3-Methylperhydroquina zolin-2-thione (2.43) . As above, trans-l-amino-2-methylaminom ethylcyclohexane
gave a zwitterion (v

2940, 2875, 1606, 1475, 1262,
max.
1212, 1109 and 970 cm- 1 ) which after heating at 200° for
30 sec and recrystallization from benzene gave trans-3-

methylperhydroquinazolin-2- thione (61 %) rn.p. 238.5-239.5°
(Found:

C, 58.5;

C, 58.6;
(CS) cm

H, 8.8;

-1

,

cS

H, 8.9;

N, 15.2.

N, 15.2%), v

max.

(CDC1 3 ) 6.2b:r- (NH), 3.38

c H
9

N S requires
16 2

3265 (NH) and 1082
(s, NCH ), 3.15
3

(two clearly resolved multiplets for H-4,4'), 'v3.0br (H-8a),
2.2-0.9

(carbocyclic H, W1

-72

46).
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1-Met hyl-ci s-perh ydroq uinazo line Dipic rate (2.44) . cis-l-A minom ethyl-2 -methy lamino cycloh exane (142 mg) was
mixed with aqueou s 37 % formal dehyde

(95 mg, 1.2 mol.

equiv. ) and kept at 20° for 2 days.

Satura ted aqueou s

picric acid was added and the dipicr ate separa ted (608 mg ,
99%), m.p. 171-17 3° (from MeOH) (Found :
N, 18.2.

c 21 H24 N8 o 14 requir es

H, 4.3;

C, 41.4;

c, 41.2;

H, 4.0;

The dipicr ate was decomp osed with l0N-so dium

N, 18.3% ).

hydrox ide and gave the free base (122 mg, 86 %), which was
spectr oscop ically pure, v max. 3315 and 1540 cm

-1

.

3-Met hyl-ci s-perh ydroq uinazo line Dipic rate (2.45) . cis-l-A mino-2 -methy larnino methy lcyclo hexane was cycliz ed
with formal dehyde as above to give the perhyd roquin azolin e
dipicr ate (90%), m.p. 173-17 4° (Found :
N, 18.3.

c

requir es
H N o
21 24 8 14

The free base (86%)

C, 41.3;

C, 41.2;

H, 4.0;

H, 4.0;

N, 18.3 %).

was spectr oscop ically pure (n.m. r.).

1,3-D imeth yl-cis- perhy droqu inazol ine Dipic rate (2.46) . This was prepar ed in 90% _yield from cis-l-m ethyla mino- 2methy lamino methy lcyclo hexane , m.p. 186-18 7° (Found :
C, 42.1;
H, 4.2;

H, 4.6;
N, 18.0% ).

scopic ally pure.

N, 17.6.
The free base (65 %) was spectr a-
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PART II

TETRODOTOXIN ANALOGUES
The synthe sis and stereo chemi stry of cis-2- imino -

B.

Ba-ca rboxy methy l-3,4,4 a,5,6,7 ,B,Ba- octahy droqu inazol ine
and N-met hyl-2- amino -3,4,4 a,5,6,7 ,B,Ba- octahy droqu inazoliniu m salts and relate d compo unds.
(1)

Introd uction
Armar ego's succes sful introd uction of an Ba-sid e-chai n

into a hydroq uinazo line by the additi on of the elemen ts of
15
nitrom ethane to 3,4,5, 6,7,B- hexah ydroq uinazo lin-2(1 H)-on e
made cis-Ba -nitrom ethylp erhydr oquina zolin- 2-one (2.50)
readil y availa ble and a conve nient starti ng mater ial for
the synthe sis of cis-2-i mino- Ba-car boxym ethylo ctahyd roquin azolin e (2.49) .

This compou nd has both the zwitte rionic

charac ter and the Ba-sid e-chai n and the 2-imin ooctah ydroquinaz oline skelet on of tetrod otoxin and was theref ore an
ideal analog ue.

Its synthe sis and chemi cal prope rties are

descri bed in this sectio n.
The synthe ses of cis- and trans- (+)- and (-)-2iminoo ctahyd roquin azolin es have been report ed by Armare go
and Kobay ashi.

16

The N-meth yl compo unds, 1-meth yl,

3-meth yl, cis- and trans- , and 1,3-di methy l-cis-2 -imino octahy droqu inazol ine ((2.63 )-(2.6 7)) were also requir ed for
biolog ical evalua tion and their prepa ration is descri bed her e .
(2)

Conve rsion of perhyd roquin azolin -2-one s into
2-imin o-3,4, 4a,5,6 ,7,B,B a-octa hydro quinaz olines .
In the propos ed synthe sis of cis-2- imino -Ba-ca rboxy -

methy loctah ydroqu inazol ine (2.49) (See Part II.B.3 ), i t was
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necessa ry to convert the saturate d urea (2 .53 ) or (2 . 56)
into a cyclic guanidi ne (Scheme 2.1).

There was no

precede nce in the literatu re for this direct convers ion,
althoug h the transfor mation of unsatur ated cyclic ureas
3 3 is well known (e.g. the forma ion
and pyrimid in -2(1H ) -ones
of 2-amino quinazo lines from quinazo lin-2(1H )-ones via
2-chlor oquinaz olines

32 ).

Prelimi nary reactio ns of the

nitrile (2 .53 ) with phospho rus halides followe d by ammonia
(or amines) under a variety of conditi ons were uniform ly
unsucce ssful, and further investi gations were made wi th the
more readily availab le ureas ((2.5)- (2.8)).

Also with these

compoun ds standar d conditi ons using phospho rus halides and
ammonia failed and fusion of cis-perh ydroqu inazolin -2-on e
34 the reagent which normall y
with phenylp hosphor diamida te,
convert s oxo into amino heteroc ycles, was also unsucce ss f u l
and starting materia l was recover ed.

Attempt s to thiat e

the ureas ((2.5) and (2.53)) (as interme diates for guanidi nes)
by treatme nt with phospho rus pentasu lphide in a number of
solvent s were ineffec tive.

An alterna tive route to cis-2-

imino-8 a-carbo xymeth yl-octah ydroqui nazolin e (2 .49 ) from
3,4,5,6, 7,8-hex ahydroq uinazol in-2(1H )-thione was found

o

be unsatis factory , since nitroac etic acid reacted explosively with this hexahyd roquina zoline.
cis-Perh ydroqui nazolin -2-one (2 .5 ) was finally transformed into cis-2-am ino-3,4 ,4a,5,6, 7,8,8a- octahyd roqu inaz olinium chlorid e (2 .62 ) under careful ly control led co ndition s
using one equival ent of phospho rus pentach loride in

hosphor us

oxychlo ride at 130° for three hours; followe d by treat ent of
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(2.57)
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the intermediate chloro-compound with one equivalent of
sodamide in liquid ammonia.

A good yield (83 %) of the

2-imino-octahydroquinazolin e (2.62) (identical with an
authentic sample) was obtained after purification on a
Dowex-1 (OH

form) column.

cis-1,3-Dimethylperhydro-

quinazolin-2-one (2.8) and the nitrile (2.53) were similarly
converted into cis-2-amino-l,3-dimethyl-3 ,4,4a,5,6,7,8, 8aoctahydroquinazolinium chloride (2.65) (49 %) and cis-2amino-Ba-cyanomethyloctahyd roquinazolinium chloride ( 2 .58 )
(64%), respectively (See Parts II.B.4 and II.B.3.,
respectively).
(3) cis-2-Imino-8a-carboxymeth yl-3,4,4a,5,6,7,8,8aoctahydroquinazoline.
As mentioned earlier (Part II.B.l), cis-Ba-nitromethylperhydroquinazolin-2- one (2.50) was readily prepar ed
by the fusion of nitroacetic acid with 3,4,5,6,7,8-hexahydroquinazolin-2(1H)-one (2.1) . 15

This compound was

converted into the bromomethyl derivative (2.52) via the
aminomethyl intermediat~ (2.51) as described by Armarego. 15
The bromomethylquinazolin-2-one (2.52) readily gave the
cyanomethylquinazoline (2.53) in almost quantitative yield
by reaction with potassium cyanide.

This is a rather

surprising result in view of the known sluggish reactivity
of neopentyl halides in nucleophilic displacement reactions
35
described by Ingold.
The enhanced reactivity of th e
halide (2.52) may well be attributed to its more rigid
structure which is less sterically demanding than neo pentyl
halides, and partly by the electron withdrawal of N(l).
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The nitrile (2.53) was successfu lly hydrolyzed to the
amide (2.54) by heating with concentra ted sulphuric ac id
(100°/30 min) or further hydrolyze d to the acid (2.55)
in 87 % yield by refluxing in aqueous sulphuric acid fo
2 hours.

The acid (2.55) was esterified with diazometh a n e

giving the methyl ester (2.56).
By analogy with the nitroacet ic acid reaction ment io n ed
earlier, 3,4,5,6,7, 8-hexahyd roquinazo lin-2(1H) -one and
cyanoacet ic acid were fused with the aim of obtaining the
nitrile (2.53) directly.

Unexpecte dly, the only product

which was isolated (43% yield) was a 1:1 mixture of cisand trans-perh ydroquina zolin-2-on e; there is no obvious
explanatio n for the course of this reaction.

When cyano-

acetic acid was fused with 1-benzyl- and l-methyl3,4,5,6,7, 8-hexahyd roquinazo lin-2(1H) -one, the starting
material was recovered unchanged .

Similarly , there was

no reaction on fusion of oxaloacet ic acid and acetoacet ic
acid with 3,4,5,6,7, 8-hexahyd roquinazo lin-2(1H) -one and
again starting material was recovered .
Attempts to isolate 2-amino-3 ,4,5,6,7,8 -hexahydr oquinazolin e for fusion with nitroacet ic acid (in order to
obtain the nitrometh yl adduct (2.57)) were unsuccess ful.*

38 have investiga ted the fusion of
* Armarego and Milloy
nitroacet ic acid with 2-amino-4 -methoxyc arbonyl-3 ,4,5,6,7,8hexahydro quinazolin e and found that a prototrop ic rearrange ment to the unreactiv e 3,5,6,7,8, Ba-hexah ydroquina zoline
occurred rather than nitrometha ne addition.
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The starting material for these attempts was 2-amino5,6,7,8-tetrahy droquinazolin e
in poor yield

(2.60) which was obtained

(48%) by treatment of 2-hydroxymeth ylene-

. h guani. d.ine. 36
cyclohexanone wit

.
an d cowor k ers 37
Bosin

used tosylguanidine rather than guanidine to prepare
2-tosylaminopy rimidines but attempts to extend the react ion
to the synthesis of 2-tosylamino- 5,6,7,8-tetrahy droquinaz oline were unsuccessful.

The catalytic hydrogenation of

2-amino-5,6,7 ,8-tetrahydroq uinazoline (2.60)

in acetic

acid with platinum oxide and one equivalent of hydrogen
gave a mixture containing mainly 2-amino-3,4,5 ,6,7,8hexahydroquina zolinium acetate

(2.61)

and some cis-

2-amino-3,4,4 a,5,6,7,8,8a-oc tahydroquinaz olinium acetate
(2.62).

When the free base of the hexahydroquin azoline

(2.61) was generated in the above mixture, it was rapidly
oxidized back to the tetrahydroquin azoline starting material
(2.60).

In an effort to trap the N(3)-acetyl derivative of

2-imino-3,4,5, 6,7,8-hexahyd roquinazoline (which would be
resistant to oxidation), the tetrahydroquin azoline was
catalytically reduced in acetic anhydride.

A complex

mixture of N-acetyl products was obtained under these
conditions but could not be separated by chromatography .
The methyl ester (2.56) was successfully converted
into the 2-amino-octahy droquinazoliniu m ester (2.59)

by the

method described in Part II.B.2, but the yield was very
low (<10 %).

However, the cyanomethyl compound (2.53) was

similarly converted to the corresponding 2-imino compound
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NH
N~NH
2
+
OAcH
(2.61)

(2.60)

1
(2.62) R =
1
(2.63) R =
1
(2.64) R =
1
(2.65) R =

R2= H, X=Cl, Acetate
Me, R2= H, X - Picrate
H, R2= Me, X -

Picrate

R2= Me, X - Cl, Picrate

H

H
(2.66) Rl= Me, R2= H, X - Picrate
(2.67) Rl= H, R2= Me,

X

- Picrate
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Figure 2. 3

cH 2co;
(2.49)

HN NH

--\NH2
H-4
H-4

4

1

Carbocyclic-H

ax

~

2

3

1

H N . m.r. spectrum of Ba-carboxymethyl-2-iminoperhydroquinazoline

(2.49)

in o o at 60MHz.
2

s

(2.58) in good yield (64 %).

Hydrolysis of the latter

gave cis-2-imino-8a-carboxymethy loctahydroquinazoline
(2. 49) (97 %).

Esterification of the acid with methanolic

hydrogen chloride gave the methyl ester (2.59) in
quantitative yield and identical with the sample from the
n.m.r. spec trum

2-oxo-methyl ester (2.56) above.

(Fig. 2.3) of the acid (2.49) showed clearly resolved
signals for the C-4 protons and was characteristic of
a cis-8a-substituted hydroquinazoline in the conforma ion
(2.69).

(4) 1- and 3-Methyl-cis- and trans-2-imino3,4,4a,5,6,7,8,8a-octahydro quinazolines.
These compounds ( (2.63),

(2.64),

(2.66) and (2.67) )

were all prepared in high yields by cyclizing the res pect ive diamines ( (2.33),

(2.34),

(2.38) and (2.39)) with

S-methylisothiouronium sulphate.

16

Attempts to prepare

1,3-dimethyl-cis-2-imino-oc tahydroquinazoline (2.65) b y
this method were unsuccessful.

However, the latter was

obtained from 1,3-dimethyl-cis-2-oxo-perh ydroquinazoline
(2.8) using the PC1 5-NaNH method.
2

This latter example

confirms the usefulness of this method for the general
preparation of 2-iminooctahydroquinazoline s.
(5)

1

H N.m.r. spectra and the conformation of cis-2-

imino-3,4,4a,5,6,7,8,8a-octa hydroquinazolines.
Examination of the splitting patterns, coupling

6

H

N\.

+

N~NH2
H
(2.68)

NH
+
HN __ \
~NH2
(2.69)

(2.70)
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of the
1
constants of the two C-4 protons and the W
~
carbocycli c-H band envelope of 1- and 3-methyl- trans2-imino-3 ,4,4a,5,6, 7,8,8a-oc tahydroqu inazoline cations
show that they are similar to those of the unmethyla t ed
imine 16 and are consisten t with the rigid structure
(2.68).

The cis-2-amin ooctahydr oquinazol inium cations

behaved like the cis-perhyd roquinazo linium cations and
2 -ones
·
1 in.
h y d roquinazo
.
the cis-per

in solution.

28

(See Part II.A.4)

The spectra clearly indicate that the

3-methyl derivativ e (2.64) (J 414 a 5.5, J 4 , , 4 a 4.6;
carbocycl ic-H, W1 14) is entirely in the conformat ion
~

(2.69) and the 1-methyl (2.63) (J 414 a 12.2, J 4 , , 4 a 4.5;
carbocycl ic-H, W1

~

22)

and 1,3-dimet hyl derivativ e (2.65)

22) are in
6.0; carbocycl ic-H, W
12.1, J ,
(J
1
~
4
-4 , a
4
-4, a
The last two
the preferred conformat ion (2.70).
compounds are further examples of this unusual conformation in hydroquin azolines (See Part II.A.4).

The

cis-8a-su bstituted hydroquin azolines (described in
Part II.B.3) which gave clearly resolved patterns of
signals for the C-4 protons (i.e. 2.49, 2.54, 2.55, 2.56,
2.58 and 2.59) are almost entirely in the more common
configura tion (2.69) (the values of J 414 a and J 4 , , 4 a
were both small and the W1 for the carbocycl ic-H was
-~
also small).
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(6)

Experimental
For analyses and ge neral instrumentatio n see

pages 21 and 22.

cis-2-Amino-3 ,4,4a,5,6,7,8,8 a-oc tahydroquinaz oli nium
Chloride (2.62) .--cis-Perhydr oquinazol in -2-one (154 mg) and
phosphorus pentachloride (208 mg, 1 mol. equiv.) in
phosphorus oxychloride (10 ml) were heated in a sealed tube
The volatiles were removed and the r esidue

at 130° for 3 h.

dissolved in liquid ammonia (30 ml) containing sodamid e
(39 mg, 1 mol. equiv.).

The ammonia was allowed to

evaporate and the product was dissolved in N-aqueous h ydrochloric acid, evaporated and the residue extracted with
chloroform which was evaporated.
was passed through a Dowex-1 (OH

This residue in eth anol
form) column.

The

ethanolic eluate was acidified with hydrochloric acid and
evaporated to give cis-2-aminooct ahydroquinazo linium
38
% identical with an authentic sample .
chloride (157 mg, 830),

cis-2-Arnino-l ,3-dimethyl-3, 4,4a,5,6,7,8,8a -octahydroquinazolinium Picrate (2.65) .--cis-1,3-Dim ethylperhydro quinazolin-2-o ne was treated as above at 130

o

The

for 1 h.

residue from the chloroform extract was a gum but gave a
crystalline picrate (50 mg, 49 %) m.p. 135.5-137° (from
benzene) (Found:
requires

C, 47.1;

C, 46.8;

H, 5.5;

N, 20.5.

H, 5.4; N, 20.5 %),

V

max.

c 18 H22 N6 o 7
1668 and 1631

1
(guanidino) cm- ; 6((CD 3 ) 2 SO) 8.70 (s, picrate-H), 7.12br
(s, NH 2 ), 3.3br (H-8a), 3.28 (t, H-4ax'

J

414

, 12,

J

414

12 . 1) , 3 . 11 ( q, H-4 eq, J 4 , 4 , 12 , J 4 , , 4 a 6 . 0) , 1 . 1-1. 9
(carbocyclic-H ,~ 22).
2

a
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cis-8a-Cyanomethylperhydroq uinazolin-2-one (2.53) . The bromomethyl compound (2.52)

15

(1.08 g)

in ethanol

(60 ml) was added to a solution of potassium cyanide
(315 mg, 1.1 mol. equiv.) in water (2 ml), refluxed f or
6 hand evaporated.

The residue was dissolved in 7N-

ammonia saturated with sodium chloride and extracted wit h
The dried extract gave the cyanomethylqui ~-

chloroform.

azolinone (835 mg, 98 %) which had m.p. 226 - 227° after
recrystallization from ethyl acetate (Found:
H,

7.8;

21.6.

N,

N, 21. 7 5 %), v
-1

(amide) cm

C, 62.1;

max.

3260, 3215 (NH) , 22 50 (CN) and 1688

; c5 (100 MHz,

(CD 3 ) 2 so)

6. 36br (s, NH), 6. 25br

( s, NH) , 3 . 3 9 ( q, H-4 eq, J 4 , 4 , 13 , J 4 , 4 a 4) , 2 . 8 0 ( q, H- 4 ax ,
J

4 , 4 , 13, J 4 , , 4 a 2), 2.73

(s, CH 2 CN) and 2.0-1.0 (carbo-

cyclic-H, W1 14).

-~

cis-8a-Carbamoylmethylperhy droquinazolin-2-one (2.54) . The above cyanomethyl compound (2.53) (198 mg)

in concentrat e d

sulphuric acid (10 ml) was heated on a steam-bath for 30 min.
The solution was cooled, diluted with water (20 ml),
neutralized with 4N-aqueous sodium hydroxide, passed through
a Dowex SOW (H+ form) column and washed extensively with
water.

Elution with 6N-aqueous ammonia and evaporation gave

cis-8a-carbamoylmethylperhy droquinazolin-2-one (89 mg, 42 %)
m.p. 259

0

c 10 H17 N3 o2

(from MeOH) (Found:
requires

C, 56.9;

C, 57.1;
H, 8.1;

H, 8.2;

N, 19.9.

N, 19.9 %),

v max. 3297 (NH) and 1680 (amide and urea) cm -1 .
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cis-8a -Carbo xymet hylper hydroq uinazo lin-2-o ne (2.55) . The cyanom ethyl compou nd (2.53) (250 mg) in conce ntrate d
sulphu ric acid (3.5 ml) and water (5 ml) was reflux ed for
The soluti on was cooled , dilute d with water,

2 h.

satura ted with sodium sulpha te and extrac ted with chloro form
(6

100 ml).

X

Evapo ration of the extrac t gave the

carbox ymethy l compou nd (232 mg, 87 %) m.p. 255° (decam p.)
C, 56.7;

(from H2 O) (Found :
requir es

C, 56.6;

H, 7. 6;

1692 (carbo xy and urea) cm

-1

H, 7 . 8 ;

N, 13.1.

N, 13.2 %),

\)

; 8((CD 3 ) 2 so)

max.

ClOH16 N2 03
3305 (NH) ,

6.20hr (s, NH),

5. 9 8br ( s, NH) , 3. 4 4 ( q, H-4 eq, J 4 , 4 , 13, J 4 , 4 a 4) ,
2.78 (q, H-4ax' · J 414 , 12, J 4 , , 4 a 2), 2.42
2.0-1. 0 (carbo cyclic -H, W1 20).

(s, CH 2 co 2 H),

~

cis-8a -Meth oxyca rbonyl methy lperhy droqui nazoli n-2-on e
(2.56) .-The preced ing acid (100 mg)

in methan ol (5 ml) was

treate d dropw ise with a soluti on of diazom ethane in ether
0

at o

until the yellow colour persis ted.

Evapo ration of

the solven t gave the methy l ester (110 mg, 99 %) m.p. 184
(from MeOH-H 2 O, 1:1) (Found :

c 11 H18 N2 o 3

requir es

C, 58.2;

C, 58.4;
H, 8.3;

H, 8.0;

0

N, 12.4.

N, 12.0 %),

1
3240 (NH), 1721 (ester ), 1691 (amide ) cm- ; 8(CDC1 3 )
max.
5.73hr (s, NH), 5.35hr (s, NH), 3.71 (s, CH 3 OCO),

v

12, J 414 a 2.5), 3.02 (q, H-4ax '
414 ,
J 4 , 4 , 12, J 4 , , 4 a 1.0), 2.62 (s, CH 2 CO) and 2.1-1. 2
(carbo cyclic -H, w1 15).
3.64 (q, H-4eq'

J

-72
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Attempted preparatio n of 2-amino-3 ,4,5,6,7,8 -hexahydr o3
quinazolin e (2.61) .-2-Arnin o-5,6,7,8- tetrahydr oquinazol in e G
(149 mg) in glacial acetic acid (25 ml) containing Pto 2
(30 mg) was hydrogena ted at 1 atm and 20° until uptake
(1 mol. equiv.) was complete (2 h).

The u.v. spectrum of

this solution had Amax. 256 nm, suggesting that all the
Evapor starting material (A max. 304 nm) had been reduced.
ation of the solvent left a solid residue (200 mg, quant.)
8(D

2

o)

3.75 (s, H-4,4' of (2.61)), 3.60 (m, H-8a of (2. 62)),

3.24 (t, H-4,4',

J

3.8 (2.62)), 2.00 (s, CH 3co 2 ) , 2.5- 1 . 5

(carbocycl ic-H) (ratio of (2.61) to (2. 62), 2:1).

The

mixture of 2-arnino-3 ,4,5,6,7,8- hexahydro quinazolin ium
acetate (2.61) and 2-amino-3 ,4,4a,5,6, 7,8,8a-oc tahydroquinazolin ium acetate (2.62) was dissolved in 4N-aqueou s
sodium hydroxide (10 ml) and extracted with chloroform .
Evaporatio n of the chloroform extracts left 2-amino5,6,7,8-te trahydroq uinazolin e (74 mg), identical with an
authentic sample.

cis-2-Arn ino-8a-cy anomethy l-3,4,4a,5 ,6,7,8,8a- octahydro quinazolin ium Picrate (2.58) . -The cyanometh yl compound
(2.53) (300 mg) and phosphoru s pentachlo ride (1 mol. equi v .)
in phosphoru s oxychlorid e (15 ml) were heated in a sealed
tube at 130

0

for 2.5 h.

The solution was evaporate d and

the residue was added to liquid ammonia (150 ml) containin g
sodamide (60 mg, 1 mol. equiv.), and the ammonia evapora ted.
The residue was extracted with chloroform and the chloro form
extracted with N-aqueous hydrochlo ric acid and the ac id
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evaporated leaving cis-2-amino-Ba-cyanomethylo cta-

hygroscopic solid, v

3360 (NH), 2260

max.

1666 and 1624 (guanidino) cm
J

-1

, c5(D 2 0)

(CN) and

3.58 (q, H-4eq'

( q, H- 4 ax, J 4 , 4 , 13 ,

, , 13 , J 4 , 4 a 5) , 3 . 31
4 4

, , a 1), 2.92 (s, CH 2 CN), 2.3 -1 .1 (carbocyclic-H,
4 4
W1 20) (HOD signal at c5 5.30 was taken as standard).
J

-~

The picrate had m.p. 180

0

(Found:

C, 45.2;

H, 4.5;

N, 23.5.
N, 23.4 %), v

max.

3455 and 3320 (NH), 2260 (CN), 1672

1
and 1609 (guanidino) cm- .

cis-2-Amino-8a-carboxymet hyl-3,4,4a,5,6,7,8,8aoctahydroquinazoline (2.49) and its methyl ester
hydrochloride and picrate (2.59) .-The preceding
cyanomethyl compound (2.58) (114 mg)

in water (2.4 ml)

and concentrated sulphuric acid (1.7 ml) was refluxed
for 2 h.
evaporated.

The mixture was cooled, neutralized and
The residue was extracted with cold

ethanol and the extracts evaporated to give cis-2amino-Ba-carboxymethyloctah ydroquinazoline as a
hygroscopic solid (120 mg, 97 %), v max. 3260 (NH),
1663 and 1625br (guanidino and carboxy) cm
8(D 0)
2

3.58 (q, H-4

eq

-1

;

4.5), 3.07
, 13, J
, J
- 4 , 4a
- 4,4

( q, H- 4 ax, J 4 , 4 , 13 , J 4 , , 4 a 2) , 2 . 5 6 ( s, CH 2 CO 2 ) ,
2.2-1.1 (carbocyclic-H, W1 18) (HOD at c5 5.30 as standard).

-~

The acid (60 mg) was refluxed overnight in 36 % methanolic
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and evaporated leaving

hydrogen chloride (5 ml)

cis-2-amino-8a-methoxycarbo nylmethyloctahydroquinazo linium
chloride as a hygroscopic solid (64 mg, quant.),
v

max.

cm
J

J

-1

414
4

(NH) , 1728 (ester) , 1663 and 1630 (guanid ino)

3260

, o (CDC1 3 ) 3.73
, 15, J

414

a 4.5), 3 .04

W 15).

(q , H-4eq'

(q, H-4ax' J 414 , 15,

(s, CH 2 co 2 ), 2.2-1.3

, , a 1), 2.62
4

-~1

(s, CH 3 OCO), 3 . 62

(carbocyclic -H,

The picrate had m.p. 157-158° (Found :

c 17 H22 N6 o 9

H,

5.0;

N, 18.5.

H,

4 .9;

N, 18.5 %), v

max.

requires

c,

C, 4 5 . l ;

44.9;

3 4 2 0 and 3 2 3 0 (NH) , 173 0

(ester), 1672 and 1650 (guanidino)

cm

-1

The ester (2.59) was also prepared from 8a-methox y carbonylmethylperhydroquina zolin-2-one (120 mg).
2-oxo compound (2.56)

Th e

and phosphorus pentachloride
in phosphorus oxychloride (1 0 ml)

(110 mg, 1 mol. equiv.)

were heated in sealed tube at 130° for 3 h.

The

solution was evaporated and the residue was added to
liquid ammonia

(50 ml)

containing sodamide

equiv.) and the ammonia evaporated.

(21 mg, 1 mo l .

The residue was

dissolved in methanolic hydrogen chloride (10 ml),
evaporated, and then dissolved in water and extracted
with chloroform.

The aqueous layer was evaporated

leaving the crude ester hydrochloride
converted to the picra te
the sample above.

(30 mg) which was

( 2. 5 9) ( 2 6 mg) , identical with
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cis-2-Amino-3-methyl-3,4,4a ,5, 6 ,7,8,8a-octahydroquinazolinium Picrate (2.64) .--cis-l-Arn ino -2- methyl aminomethylcyclohexane

(See Part II.A.5) (142 mg)

in

water (0.5 ml) was added to S-methylisothiouronium
sulphate (135 mg,

0.5 mol. equiv.)

and refluxed for 1 . 5 h .

Evaporation gave the crude sulphate

(215 mg)

as a

hygroscopic gum which was passed through an Arnberlit e
IR-400

(OH

form)

column in ethanol and the eluates

were acidified with ethanolic hydrogen chloride and
evaporated to give the hydrochloride, also as a gum.
This gave a crystalline picrate (354 mg,
(from Me OH) (Found:
c
v

C, 4 5 . 8 ;

H N o requires
15 20 6 7
max.

H, 4 . 9 ;

C, 45.5;

-1

(s, picrate-H), 7.47hr (s, NH), 6.89
(H-8a), 3.45

(q, H-4

eq

N, 21 . 3 .

H, 5.1;

1662 and 1621 (guanidino) cm

92 %), m.p. 181°

N, 21.2 %),

; o ((co ) so 8.70
3 2
(s, NH ), 3.5br
2

, J
, 11.2, J
5.5),
- 4,4
- 4 , 4a

3.16

(q, H-4ax' J

2.08

(m, H-4a), 1.1-1.8 (carbocyclic-H, W1

414

, 11.2, J , , a 4.6), 3.00
4 4

-~

(s, NCH 3 ),

14).

cis-2-Arnino-l-methyl-3,4,4a ,5,6,7,8,8a-octahydroquinazolinium Picrate (2.63) .-To cis-l-aminomethyl2-methylaminocyclohexane (See Part II.A.5) (142 mg)

in

water (0.5 ml) was added S-methylisothiouronium sulphate
(135 mg,
12 h.

0.5 mol. equiv.)

and the mixture refluxed for

The residue after evaporation gave the picrate

(365 mg,

95 %), m.p. 193° (from MeOH) (Found:

H, 5.3;

N, 20.4.

C, 45.0;

H,

( guani'd'ino )

5.4;

N,

20.1 %),

cm -1 ; o ((CD ) SO)
3 2

\)

max.

8.68

C, 45.0;

1659 and 1632
(s, picrate-H),
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7 . 4 2 br (NH) , 6. 91 ( s, NH ) , 3 . 3 br ( H-8 a) , 3 . 3 7
2
(t, H-4ax' J

, , 12.3, J 4 , 4 a 12.2), 3.14 (q, H-4eq'
4 4
J , , 12.3, J , , a 4.5), 1.8- 1.0 (carbocyclic-H, ~ 22 ) .
4 4
4 4

trans-2-Amino-l-methyl-3,4, 4a,5,6,7,8,8a-octahydroquinazolinium Picrate (2.66) . -trans-l-Aminomethyl-2methylaminocyclohexane (See Part II.A.5) was treated with
S-methylisothiouronium sulphate as above to give a gum
which was converted to the picrate (95 %), m.p. 211° (f rom
Me OH) ( Found :
requires

C, 4 5 . 5;

C, 45.4;

H, 5 . 1;

H, 5.1;

N, 2 0 . 9 .

N, 21.2 %),

1620 (guanidino) cm- 1 , o((CD ) so)
3 2
7.6lbr (NH), 7.02

(s, NH ), 3.93
2

V

max.

1660 and

8.60 (s, picrate-H),

(q, H-4

eq

, J 4 4 , 11.6,
'

, a unclear), 3.23 (q, H-4ax' J 414 , 11.6, J 4 , , 4 a 3.0?),
4 4
~3.2br (H-8a), 2.93 (s, NCH ), 2.3-0.9br (carbocyclic-H,
3
J

W1

-~

48).

trans-2-Amino-3-methyl-3,4 ,4a,5,6,7,8,8a-octahydroquinazolinium Picrate (2.67) .-This compound was prepared
from trans-l-amino-2-methylaminom ethylcyclohexane (See
Part II.A.5) as above i ; 95 % yield; m.p. 218° (from MeOH)
( Found :
C, 45.4;

C, 4 5 . 1;
H, 5.1;

.
)
( guani.d ino

H, 4 . 9 ;

N, 21 . 2 .

N, 21.2 %),

cm -1 ; o ( (CD 3 ) 2 so)

V

max.

8. 60

1661 and 1620
( s, picrate-H) , 7. 54

(s, NH), 6.90br (NH ), ~ 3.2br (H-Ba), 3.18 (q, H-4 eq ,
2
J

, , 11, J , a 5), 3.04
4 4
4 4

(t, H-4 ax , -J 4 , 4 , 11, -J 4 , , 4 a 10.9),

2.96 (s, NCH ), 2.2-0.9 (carbocyclic-H, W½ 48).
3

5

PART III

SAXITOXIN ANALOGUES
A.

The synthesis and stereoche mistry of
cis-2,8-di oxoperhyd ropurines and related compounds .

(1)

Introducti on
Saxitoxin (1.2) has a unique cis-2,8-di iminoperh ydro-

purine skeleton not previousl y observed in any other
natural products.

It has a three carbon chain which l inks

the bridgehead carbon C-4 with N-3 and contains a hydr ated
carbonyl group.

The pyrimidin e and imidazole rings ar e

cis-fused and there is a C-6 carbamoyl oxymethyl group
which is also cis with respect to H-5.
Nomenclat ure permits that oxo- and imino-het erocycl es
such as compound (3.8) and saxitoxin (1.2) be called p erhydropuri nes.

Also, the oxo-purin es discussed below, such

as (3.6) are named purin-2,8( 1H,7H)-di ones rather than
2,3,7,8-te trahydro- 2,8-dioxo purines, by the alternativ e
nomenclat ure.

The reason for this choice is because many o f

the derivative s described are reduced, and a distinctio n
between these compounds and the parent compounds becomes
clearer.
A literature survey showed that there were no recorded
examples of 2,8-diimin operhydro purines, but a few examples of
39 These included
other perhydrop urines have been reported.
2,8-dioxop erhydropu rine and its N-methyl derivativ es which
40-44 from the correspon ding
.
were prepared by Tafel in 1901
uric acids by electroche mical reduction .

The stereoch em-

istry of these products was not defined, and the perhydropurines could have been either cis or trans fused , or a
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mixture of both.

This work was repeated in order to

confirm Tafel's structural assignment by modern methods
and to establish the stereochemistry.

The syntheses of

cis-2,8-dioxoperhydropurine (3.8) and related compounds,
and their reactions, were also investigated and are
reported here.
A variety of approaches were employed for the syn thesis
of cis-2,8-dioxoperhydropurine s and related compounds poss essing some of the structural features of saxitoxin, and are
It was envisaged that these compounds

discussed presently.

would be useful models or intermediates for the synthe sis of
the corresponding cis-2,8-diiminoperhydropuri nes which could
be prepared by analogous reaction sequences or directl y from
the oxo-compounds.

Both groups of compounds were requ ired

for biological evaluation.
(2) cis-4,6-Diaza-5-oxoperhydro indene
cis-Perhydroquinazolin-2(1H )-one (2.5) was readil y
prepared by the stereospecific, catalytic hydrogenation of
3,4,S,6,7,8-hexahydroquinaz olin-2(1H)-one (2.1) (See Part II .A )
A similar reduction of 4-,6-diaza-1,2,4,5-tetrahydro inden-5-on e
(3.3) gave cis-4,6-diaza-5-oxoperhydro indene (3.4) which was
required for conversion into cis-4,6-diaza-5-iminoperhyd roindene hydrochloride (3.44) (See Part III.B) and for its
biological evaluation.

These are useful compounds because

their n.m.r. spectra would contribute to the identification
of the cis-stereochemistry in any cis-2,8-dioxoperhydropurines synthesized.
4,6-Diaza-1,2,4,5-tetrahydro inden-5-one (3.3) was
obtained by a route (Scheme 3.1) similar to that for the
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Scheme 3 . 1
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Figure 3.1
1

H N.m.r. spectrum of cis-4,6-diaza-Soxoperhydroindene (3 .4 ) in

coc1 3

at 60MHz.

5

tetrahydroquin azolinone (2.16)

and

was prepared by

condensation of urea with 2-hydroxymeth ylenecyclopent anone
(3.1) which gave 2-ureidomethyl enecyclopentan one (3.2 ) (in
37 % yield)

and was cyclized by treatment with aqueous

N-sodium hydroxide.

This gave mainly polymeric mater ial

but a small amount of impure 4,6-diaza-1,2 ,4,5-tetrahydr o inden-5-one (3.3) was formed.

The latter was separated fr o m

the polymeric material by extraction into water (See e xper imental).

Attempts to improve the yield by changing the

reaction conditions were unsuccessful and may be attribut e d
to the constraint placed on the system by the five-memb e r e d
ring.

The crude product (3.3) was catalytically redu ced

to cis-4,6-diaza-5 -oxoperhydroi ndene (3.4) (8 % overall yie ld)
by using platinum oxide in acetic acid.

The n.m.r. sp ec trum

(Fig. 3.1) of this product was consistent only with a cisfused system since the C-7, C-7a proton coupling constants
were both small (there are two protons at C-7) and are
comparable in size (J 717 a 4.5, J 7 , , 7 a 5.0).

In contrast,

a trans-fused system requires a large trans-diaxial coupling
constant (J 7 ax., a ~11) and one smaller coupling constant
7

~s) for all possible conformations.
(J
- 7 eq., 7 a
The oxo-compound (3.4) was successfully converted into
cis-4,6-diaza-5 -iminoperhydr oindene hydrochloride

(3.44)

(See Part III.B.2) by the PC1 5 -NaNH 2 method described in
Part II.B.2.
(3) Reduction of purin-2,8(1H,7 H)-dione
.
45 h as reviewed
.
the reduction of purines in a
Lister
comprehensive monograph, and although little work has b ee n
done in this area, most of the standard techniques

(e. g .
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electroc hemica l, chemica l and catalyt ic reductio n)
had been describ ed with varying success .
In an attempt to reduce the c 6 -N 1 bond of purin2,8(1H,7 H)-dion e47 to give l,6-dihy dropuri n-2,8(1 H,7H)dione (3.7) ,

48 the purine was treated with sodium

borohyd ride in water.

No observa ble reductio n occurre d

even on the repeate d additio n of sodium borohyd ride or
lithium borohyd ride to the solutio n over several days.
The u.v. spectrum of this solutio n showed that the purine
was present in an anionic form which was obvious ly
resista nt to hydride attack.

Other methods of reductio n

were therefo re investi gated.
The catalyt ic reducti on of purin-2 ,8(1H,7 H)-dion e (3.6)
was complic ated by the extreme insolub ility of the purinedione in most solvent s (e.g. water, ethanol , methano l,
acetic acid and acetic anhydri de).

Only negligi ble reducti on

occurre d when a suspens ion of the purine in acetic acid was
shaken with platinum oxide and hydroge n (5 atm)

for 24 h.

It was, however , quite soluble in aqueous SN-hyd rochlori c
acid and was reduced (using platinum oxide) with the uptake
of one molecul ar equival ent of hydroge n to give
5-ureid operhyd ropyrim idin-2,4 -dione (3.11).

This compoun d

was identic al with 'tetrahy drouric acid' obtaine d by Tafel
4 43 Its
from the electroc hemica l reductio n of uric acid_ o,
n.m.r. spectrum in

o 2 o clearly showed a doublet (J 516 5.0)

The
for the C-6 protons and a triplet (J 516 5.0) for H-5.
latter proton (H-5) was readily exchang ed on additio n of
NaOD, whereup on the n.m.r. spectrum showed only a singlet
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for the C-6 protons.

The 1.r. spectrum of (3.11) had an

unusual band at 1780 cm-l which was attributed to an
assymetric stretching frequency of the -CO- NH -COfunctionality.
A probable mechanism for the formation of this com pound
from purin-2,8(1H,7H)-dione

(3.6)

is illustrated in Sch eme

3.2 and evidence to support this proposal is discussed
later (See Part III.A.6).

There is an acid catalyzed

addition of water across the

c 4 -c 5

double-bond of the

dihydropurine intermediate (3.7), followed by ring-opening
(C -N bond cleavage) of the hydroxypurine intermediate
4 9
(3.10).
Attempts to recyclize (3.11) under various basic and
acidic conditions or with phosphorus oxychloride or
phosphorus pentachloride were uniformly unsuccessful and
the starting material was recovered.

However, cyclization

was achieved in refluxing acetic anhydride (15 min) to
give cis-4-acetoxy-2,8-dioxoperhy dropurine (3.12) which
precipitated during the course of the reaction.

The cis

stereochemistry was assigned from the relatively small
values of the H-5, H-6 coupling constants (J
J 5 , 6 , 7.5)

516

4.7,

in the n.m.r. spectrum, and from the similarity

of the splitting pattern of the C-6 protons to that of
other cis-perhydropurines (See Part III.A.5) and the C-7
protons of cis-4,6-diaza-5-oxoperhydro indene (3.4).
consistent with the cis-stereochemistry of (3.12)

Also

is its

stability towards sublimation; a trans-fused system would
possess the correct stereochemistry perhaps for a facile
trans elimination of acetic acid on heating to give l,6dihydropurin-2,8(1H,7H)-dion e

(3.7) which was not obse rved .
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The s t ructur e of th e 4- acetoxy compound (3 . 12)
(C H N o ) was di stin guis h ed from that of a possible
7 10 4 4
N-acetyl d e r i vative of (3 . 11) (also c 7 H10 N4 o 4 ) by the
followi ng fe a t ures.

Compo und (3 . 12) did no t

have the L. r .

absorption at 1780 cm-l which would b e o bs e rve d i n a n
N-acetyl compound possessing the -C O- NH-C O- f unctiona li y .
The C-5 proton of (3.12)

in th e n.m.r. s p ectrum was n o

exchanged on NaOD addition, wher e as it is exchang ed i n
the ureido-compound (3.11) as would be in its N-acety l
derivative.

Finally, compound (3.12) readily underwe n t

base hydrolysis to give back the ureido-compound (3.11 ) ,
more drastic conditions would have been required for an
N-acetyl derivative.

The mild conditions required f or

the cyclization of (3.11) to (3.12) and the facile hydrolysis are entirely consistent with the structure propo sed .
Attempts to reduce the acetoxy compound (3.12) to t h e
cis-perhydropurine (3.8) with sodium borohydride were
unsuccessful and a mixture of starting material and th e
ureido compound (3.11) (from hydrolysis) was recovered.
The successful electrochemical reduction of uric aci d
40
(3.5) to 2,8-dioxoperhydropurine has been reported.
Two other products (3.11) and (3.9) were also isolated in
varying proportions depending on the conditions of the
reduction.

The ureido compound (3.11) was identical wi t h

the sample prepared by the catalytic reduction of
purin-2,8(1H,7H)-dione (See Part I II.A.2).

The unsa tur -

ated compound (3.9) could also be pre p ared by the ac id or
. 41 an d was thus formed
b ase t rea t men t o f t h e per h y d ropurine
during the course of the el e ctrochem i c a l r e duction.

It

was found that the stronger the current density used,

he

greater the proportion of perhydropurine formed . 40 On

h

other hand, a lower current density favoured the forma ion
of the ureido compound (3.11).
In view of the mechanism proposed earlier (Scheme 3 . 2)
for the formation of compound (3.11), it appeared that
there were two competing reactions of similar rates
involving the dihydropurine intermediate (3.7) (Scheme 3 . 2)
firstly its hydration and ring-opening to (3.11) and
secondly its further reduction to 2,8-dioxoperhydropur ine
(3.8).

A higher current strength meant that the rate of

reduction of (3.7) was faster than its ring-opening and
so relatively more of the perhydropurine (3.8) was formed.
The reduction of uric acid (3.5) to l,6-dihydropurin-2,8(1H,7H)-dione (Scheme 3.2) probably involves three
steps and some experimental evidence to support this i s
discussed later.

The 6-oxo group is probably first

reduced to an hydroxyl group, followed by the eliminat ion
of water to give purin-2,8(1H,7H)-dione.
of the latter is then reduced (c.f. catalytic reduction)
to give the dihydropurine (3.7).
The electrochemical reduction of uric acid was
repeated in order to obtain the 2,8-dioxoperhydropurine
and hence determine its stereochemistry.

It was also

envisaged as a more convenient route for the preparation
of 5-ureidoperhydropyrimidin-2 ,4-dione (3.11) and from this
cis-4-acetoxy-2,8-dioxoperhy dropurine (3.12) which was
required for other studies.

The apparatus used for the electrochemica l reducti on
is illustrated in Fig. 3.2 and is basically similar t o
that described by Tafel.
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A lead-beaker (cathode) was

essential not only as an electrode, but also for the rapid
he

conduction of heat away from the cathode solution to
surrounding ice-bath.

Similarly, a hollow lead anod e was

used through which a cold stream of brine (-5°) was p assed .
The anode solution (generally aqueous 21.lN-sulphuri c acid)
was separated from the cathode solution (10 % w/w solu tion
of uric acid in aqueous 25.8N-sulphuri c acid) by a po rous
clay pot.

The latter was made from brick-clay fired at

800°c for 48 h.

Pots made from other finer clays su ch as

terracotta were not sufficiently porous and the resi stance
to the current flow was too great.

Similarly, the u se of

more viscous, concentrated sulphuric acid

(e.g. >30N) also

increased the resistance of the circuit because of the
collection of gas-bubbles on the surface of the electr ode s.
The current was supplied by a variable voltage batterycharger.
Thus the electrochemica l reduction of uric acid in
aqueous 25.8N-sulphuri c acid with a current of 1.2 amp. p er
gram of compound for 4.25 hat 5-8°c gave a mixture of the
ureido-compoun d (3.11) (25 %) and the cis-2,8-dioxop erhydropurine ( 3 . 8) ( 7 5 %) .

The ureido compound was much less

soluble in water than the perhydropurine and was almost
completely removed by crystallizatio n from water.

Th e

perhydropurine (3.8) clearly had the cis-stereochem is ry
since its H-5, H-6 coupling constants (J 516 2.8, J 516 , 2 . 8)
and the H-4, H-5 coupling constant (J 415 8.9) in the n . m.r.
spectrum (Table 3.1) were all small.

---
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The ureido-compound (3.11) was more satisfactoril y
prepared by the electrochemical reduction of uric acid

1n

0

aqueous 29.4N-sulphuric acid with 0.3 amp/g at 20-24 C
for 8 h.

It was identical in all respects with a sampl

obtained from the catalytic reduction of purin-2,8(1H, 7~ ) d ione ( 3 . 6) .

Although it was the main product under t h ese

conditions it was isolated in poor yield (12 %).

Also,

j

t

was often contaminated with small amounts of purin2,8(1H,7H)-dione confirming the earlier suggestion that
the latter is an intermediate in the reduction of uric
acid (See p. 6 4 ).

An electrochemical reduction of

purin-2,8(1H,7H)-dione in aqueous 25.8N-sulphuric acid
0
with 2 amp/g at <10 C for 2 h also gave a mixture of

(3.8),

(3.11) and small amounts of (3.9) (ratio 6:3:1).

The cis-perhydropurine (3.8) was isolated from this mi x tu re
in 40 % yield by recrystallization.
It is recognized that the electrochemical reduction of
purines may not only afford a good general route to other
perhydropurines but may also be an excellent method for t he
removal of the 6-oxo function from purines.

A further

example of this deoxygenation is discussed in Part III.B.4.
The electrochemical reduction of theobromine to
3,7-dimethyl-l,6-dihydropur in-2(1H)-one was also reported
. h ter an d Kern 52 had performed the same
b y Ta f e1, 42 an d Fie
reduction using zinc and hydrochloric acid.

Present

attempts to extend this latter reduction method to uric
o ne
acid, 1,3,7-trimethyl uric acid and purin-2,8(1H,7H)-di
were unsuccessful and starting material was recovered i n
each case.
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(4)

N-Meth ylation of purin-2 ,8(1H,7 H)-dion e.
(a) l,3,9-Tr imethyl purin-2 ,8(1H,7 H)-dion e iodide.

A literatu re study showed that there are a small
number of reporte d example s 481491 50 of the sodium (and
potassiu m) borohyd ride reductio n of cationi c forms of som
N-methy lated oxopuri nes to dihydro derivat ives (e.g. 1, 3dimethy l-8-phen ylhypox antheniu m iodide to the 2,3-dih yd o
analogu e 48 ) . This approac h appeare d to have the poten tial
for the synthes is of hydropu rin-2,8( 1H,7H) -diones (par ticularly N-meth ylated-l ,6-dihy dropuri n-2,8(1 H,7H)-d iones.
Thus purin-2 ,8(1H,7 H)-dion e (3.6) was exhaust ively
methyla ted with methyl iodide in neutral medium (dimeth yl
formami de) with the aim of obtaini ng a purine iodide which
could then be reduced to dihydro or perhydr opurine derivatives.

The product obtaine d from the methyla tion was a

trimeth ylpurin -2,8(1H ,7H)-di one iodide (80 % yield) with an
unknown methyla tion pattern .

In an attempt to isolate its

anhydro -pseudo base or free-ba se, the purine iodide was
treated with one molecul ar equival ent of base at 20°c.
A

new product precipi tated (57% yield) (A

max. 208, 277)

which was later confirm ed to be 1,3-dim ethyl-S -N'-met hylureidop yrimidi n-2,4(1 H,3H)-d ione (3.17).

Its n.m.r.

spectrum showed a singlet (o 8.17) for H-6 and a doublet
(~e,NH 4.0) for one of the methyl signals which collaps ed
to a singlet on additio n of

o2o

to the sample.

This

suggest ed that one of the methyl groups was on the term inal
nitroge n (N') of the ureido side-ch ain and therefo re at N-9
in the purine iodide (3.13).

Thus the pattern of methyla tion
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in the latter was deduced to be 1,3,9- since it did no
form a free base on treatment with alkali.

Confirmati on

of this methylation pattern and the structure of the
uracil (3.17) was provided by the authentic synthesis of
(3.17) from 5-amino-l,3-dimethylpyrimid in-2,4(1H,3H)dione51 and N,N'-dimethylurea.
Clearly, compound (3.17) has resulted from a very
facile c - N bond cleavage, similar to that discussed in
4 9
Part III.A.3.

The more electropositive centre of the

iodide (3.13)

is probably at C-6 and hydroxide ion may
However, the urac il

attack (reversibly) this position.

obtained has resulted from attack at C-4 followed by r ingopening of the hydroxypurine intermediate (See Scheme 3 . 3) ,
which is most probably irreversible.

In fact, attempt s

o

recyclize the uracil (3.17) with hydroiodic acid and
concentrated sulphuric acid have been unsuccessful.
An obvious disadvantage in the preparation of 2,8-dio x operhydropurines from N-methylated cationic purines was the
presence of the N-methyl groups in the product.

To overcome

this, attempts were made. to synthesize l,3,9-tribenzylpurin2,8(1H,7H)-dione iodide by the method described above for
the trimethyl derivative (3.13).

It was envisaged that the

benzyl groups could be then removed from the perhydropurine
by standard methods.

However, only dibenzylation of

purin-2,8(1H,7H)-dione occurred and all attempts to alkylate
this product further with methyl iodide in neutral med ium
were unsuccessful.
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Scheme 3 . 3
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(b) l,3,6,9-T etramethylpuri n -2, 8(1H ,7 H)-dione iodide .
Saxitoxin (1.2) possesses a C-6 side-chain (-CH 2 -o-co H 2 )
and so attempts were also made to synt h esize cis-6 - alkyl A suitable

2,8-dioxo- and 2,8-diiminoper hydropurines .

starting material for these investigations was found to be
53
6-methylpurin- 2,8(1H,7H)-dio ne (3.20) prepared by Johns
from 4,5-diamino-6- methylpyrimid in-2(1H)-one.

Although

this purine was resistant to catalytic reduction, it was
methylated with methyl iodide in dimethyl fonnamide to give
a trimethylpurin e iodide (3.21) (quant) (A max. 226, 338)
possessing similar properties to those of
l,3,9-trimethy lpurin-2,8(1H ,7H)-dione iodide (3.13).
Other work (Seep. 77) showed that the iodide (3.13)
could be reduced to the cis-perhydropu rine (3.30) with
sodium borohydride.

A similar reduction of the 6-methyl

iodide (3.21) gave the corresponding perhydropurine (3.35),
the n.m.r. spectrum of which showed H-5, N7 -H coupling
which was only consistent with a 1,3,9- pattern of methylation.

Thus both purin-2,8(1H,7 H)-dione (3.6) and its

6-methyl derivative (3.20) are methylated in neutral
medium to give the respective 1,3,9-trimethy l iodide
derivatives ((3.13) and (3.21)).
(c) 1,3,7- and 1,7,9-Trimeth yl- and l,3,7,9tetramethylpur in-2,8(1H,7H) -dione

(iodide)

Johns reported that the methylation of l-methylpurin2,8(1H,7H)-dio nJ4(3.22) with dimethyl sulphate in basic
medium gave l,7,9-trimethy lpurin-2,8(1 H,7H)-dione (3.23). S 4 a
This compound was required for the determination o f the
rnethylation pattern of 2,8-diaminopu rin e

(See Part III . B . 5).
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When this methylation was r epe at ed , a mi x ture of t wo
trimethylpurin-2,8(1H,7 H)-d i ones (1 : 1) was r ecove r ed in
95 % yield as free bases.

Clearly, the on ly t wo p oss ible

purine products (free bases) f rom th i s methylation a re
l,7,9-trimethylpurin-2,8(1H, 7H)-dione (3.23) and
l,3,7-trimethylpurin-2,8(1H, 7H)-dione (3.24).

Surpri singly,

basic methylation of purin-2,8(1H,7H)-dione also gave the
same mixture of trimethylpurin-2,8(1H,7H)-d iones suggest ing that methylation first occurs on N-1.

Attempted

separation of these compounds by t.l.c. was unsuccess ful ,
however, four recrystallizations of the mixture from
acetone gave a pure sample of one of the isomers.

Th e

mother liquors were evaporated and recrystallized fro m
ethanol (3X) to give the other isomer.
The mixture of trimethyl-2,8(1H,7H)-diones above was
further methylated in neutral medium to give a single
product, l,3,7,9-tetramethylpurin-2,8 (1H,7H)-dione iodide
(3.14) (>- max. 229, 343) in 61 % yield.

Treatment of th e

latter with aqueous alkali gave 1,3-dimethyl-5-N,N'dimethylureidopyrimidin:-2, 4 ( lH, 3H) -dione ( 3 .18) ( >max.
206, 275) (c.f. (3.17)).
The n.m.r. spectrum of this
compound also showed a doublet ( o 2.86, ~e,NH 5.0) for
the N'-methyl on the ureido side-chain, and thus
distinguished this terminal methyl group from the others
which were sharp singlets in the spectrum.
To identify each of the trimethylpurines (3.23) and
(3.24), one of them ((3.24), obtained by recrystalliz ation
from ethanol) was treated with CDjI in dimethyl forma mide
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to give the 9- trideutero methyl-tr imethylpu rine iodide
(3 . 15) .

Treatment of the latter with aqueous alkali ~a e

the ureido-ur acil

(3 . 19) which did not have the double t

(o 2.86, ~e , H 5 . 0) in the n . m. r . s pectrum for the
This resul

'-methyl group of the ureido side - chain .

clearly showed that trideutero methylati on had occurred on
(3 .24 ) .

-9 of l,3,7-trim ethylpurin -2,8(1H,7 H ) -dione

Thus the purine obtained by recrystal lization of the a o e
mixture from acetone was the 1 , 7,9-trime thyl isomer and
the one from ethanol, the 1,3,7-trimethyl isomer.
(5)

Reduction of

-methylate d purin-2,8( 1H,7H)-di ones

(a) Catalytic
(3.30),

In an attempt to obtain the cis-perhyd ropurine

l,3,9-trim ethylpurin -2,8(1H,7 H)-dione iodide (3 .13 ) was
catalytic ally reduced with platinum oxide in water at
1 atm.

Only one molecular equivalen t of hydrogen was

consumed and the resulting aqueous solution was acidi c .
The onl

product isolated was 1 , 3 - dimethyl -5-

spectr

of

( 3.27 ) in o 2 o again showed a doublet
4. 0)
(J ,
5 6

for the C- 6 protons and a triplet

. r.

The n.

(3 .2 7) .

reidoperh dropyrimi din -2,4-dion e

'-methy l-

(J

5 16

. 0)

for H- 5 .

This spectrum became more co plicated (i . e. multiplet s cor
-5 and H- 6) on lo ering t

e pH o:: c e solution with DCl .

hi s pro c es s was re er s i b 1 e , an a in
spectr
AB

i

i e \•: o = its n .
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Scheme 3.4
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The ureido compound (3.27) could also be cyclized with
acetic anhydride to give the cis-4-acetoxy compound (3. 29) .
The cis stereochemistry was again assigned from the sma ll
values of the H-5 , H-6 coupling constants (See Table 3. 1) .
Similarly, l ,3,7,9-tetramethylpurin-2,8( 1H,7H)-dione iodide
(3.14) was catalytically reduced to l,3-dimethyl-5-N,N'dimethylureidoperhydropyrim idin-2,4-dione (3.28) (70 % yi ld ).
This compound exhibited almost identical properties to
those of the trimethyl compound (3.27).
The probable mechanism involved in the formation of
the ureido compounds ((3.27) and (3.28)) is shown in Scheme
3•4•

There is an acid catalyzed addition of water to the

respective dihydropurine intermediates ((3.25) and (3.26))
followed by a c 4 -N bond cleavage and ring-opening.
9

As

before, various attempts to recyclize these compounds with
strong base and acid were unsuccessful.
If the catalytic hydrogenation of the iodide (3.13)
was carried out under 5 atm of hydrogen, small amounts of
the cis-perhydropurine (3.30) were also formed in addition
to the ureido compound (3.27).
In contrast with the above results, the catalytic
hydrogenation of l,3,6,9-tetramethylpurin-2,8 (1H,7H)-dione
iodide (3.21) gave a mixture of products which could not
be separated by chromatography.

However, none of the

products was the cis-perhydropurine or a ureido compound.
This suggested that a different mechanism of hydrogenation
was occurring in this system and later work added weight
to this theory (See Parts (b),

(c) below).

7

(b) Electrochemical
The electrochemical reduction of l , 3 ,9-trimethylpurin-2,8(1H,7H)-dione iodide (3.13)

in aqueous 18N-

o
sulphuric acid with 6.0 amp/g for 1.5 hat <10 C, gave

a mixture of the ureido compound (3.27) (60 %) and the
cis-perhydropurine (3.30) (40 %).

Attempts to increase

the proportion of the perhydropurine by increasing th
The

current during the reduction were unsuccessful.

mechanism of this reduction appears to be the same as that
for the electrochemical reduction of purin-2,8(1H,7H)-dione.
Electrochemical reduction of 6-methylpurin2,8(1H,7H)-dione (3.20) gave a mixture of the cis-perhydropurines (3.34) and (3.36) (1:1) in 70 % yield.

However,

the sodium borohydride reduction of l,3,6,9-tetramethylpurin-2,8(1H,7H)-dione iodide (3.21) (See below) was foun d
to be completely stereospecific.

The electrochemical

reduction of the latter gave a mixture of products, non e
of which were either of the cis-perhydropurines ((3.35)
or (3.37)).

The n.m.r. spectrum of this mixture showed

that it was similar to that obtained from the catalytic
hydrogenation of the iodide (3.21) and probably resulted
from the acid catalyzed degradation of the dihydropurine
intermediate (3.38) (also isolated from the sodium borohydride reduction of the iodide - See Part (c) below).
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(c) Sodium borohydride
(i) 1,3,9-, 1,3,7- and 1,7,9-trimethyl-, and
1,3,7,9-tetramethyl-2,8-diox o-cis-perhydrop u r ine
In view of the results obtained above and the reported
examples of sodium borohydride reductions of purine
cations, 48149150 the latter approach appeared to be the
most promising for the synthesis of dioxohydropurines.
The sodium borohydride reduction of l,3,9-trimethy lpurin-2,8(1H,7H)-dione iodide (3.13)

in water rapidly

(<l min) gave the dihydropurine intermediate (3.25) which
was then slowly reduced (>5 h)
(3.30)

in 92% yield.

to the cis-perhydropurine

The n.m.r. spectrum of the latter was

consistent only with a cis-fused system since the H-4, H-6
and H-4, H-5 coupling constants were all small (J
J

516 , 2.0, J 415 9.5) (See Table 3.1).

2.5,
516
Dreiding stereomodels

showed that a trans-fused perhydropurine requires a large
H-5, H-6 and H-4, H-5 coupling constant (J

, J ,
>10).
4 5
516
The above reduction was stereospecific and none of the
trans isomer was observed.
The n.m.r. spectrum .of the dihydropurine (3.25) had
a singlet at 04 .27 for the allylic C-6 protons, which was
consistent with its proposed structure.

It was better

prepared by the addition of sodium borohydride to a
methanolic solution of the iodide (3.13); any excess borohydride was rapidly destroyed by reaction with the methanol
thus avoiding further reduction to the perhydropurine (3.30).
Attempts to isolate the dihydropurine (3.25) were all
unsuccessful and the only product recovered was the ureidocompound (3.27), which was also rapidly formed

(5-10 min)
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TABLE 3 .1

1 H N.m.r. Spectra of cis-perhydropurines (O; Me si internal standard) a
4

2,8-Diuxoperhydropurine 5.28(d,
J4,5 8.9)

H-6'

H-6

H-5

H-4

2,8-Dioxoperhydropurine

Other H

NH

D O b

3.37(m)

4.40(d oft,

Solvent

2

J4,5 8.9
J5,6 2.8)

4.30
(d of d,
4. 7,
J5,6

4-Acetoxy-

J5,6' 7.5)

1,3,9-Trimethyl-

4.93(d,
J4,5 9.5)

4.21
(d of q,
J4,5 9.5,
J5,6
J5,6'

1,3,9-Trimethyl4-acetoxy-

2. 5,

3. 72
(d of d,
7.5,
J5,6'

J6,6'13.5)

J6,6'

3.44
(d of d,
J5,6 2.5,

3.04
(d of d,
2.0,
J5,6'
13.0)
J6,6'

J6,6'

13.0)

2.06
(CH CO)
3

11. 72hr (s)
ll.49br(s)
8.84br(s)
7.68br(s)

0 -oMSO

6

13.5)

3.05(s)
6.46br(s)

2.89(s)e

CDC1

b
3

2 .0)

4.68
(d of d,
J5,6 ' 5.0,
J5,6

1,3,7-Trimethyl-

d

3.40
(d of d,
J5,6 4.7,

5.5)

4.10
(d of d,
J5,6 5. 5,

J

6,6'

14.1)

3.06(2xs),
3.07(2xs),
2.56(5)

3.77
(d of d,
5.0,
J5,6'
14.1)
J6,6'

5.10
(d of d,
J 4,NHl. 4 '

3.98
(d of q,
J4,5 9. 2,

3.47
(d of d,
J5,6 2.8,

3.18
(d of d,
2. 5,
J5,6'

J4,5 9.2)

J5,6 2. 8,

J6,6'17.0)

J6,6'17.0)

3.47
(d of d,
J5,6 3.0,

3. 22
(d of d,
3. 0,
J5,6'

J4,5 9.2)

3.85
(d of d,
9. 2,
J
4,5
J5,6 3.0)

J6,6'13.5)

J6,6'13.5)

4.81 (d,

3.90

3.34

3.06
(d of d,

6.85br(d,
JNH,4 1.4)

2. 93 (s)
2. 79 (s)
2. 72 (s)

6.72br(d,
2.3)

2.94(5)

2.02 ( s /
and
2.12(s)
(CH CO)
3

CDC1

CDC1

b
3

b
3

J5,6'2.5)

1,7,9-Trimethyl-

1,3,7,9-Trimethyl-

4.88
(d of d,
2. 3,
J4,NH

J4,5 9.5)

(d of q,

(d of d,

J4,5 9.5,

J5,6 2.8,

J5,6' 2.3,

J5,6 2.8,

J6,6'13.8)

J6,6' 13.8)

JNH,4

2.80(s)e

CDC1

b
3

2.97(s)
2.86(s)e
2.75(s)

J5,6'2.3)

1,3,6,9-Tetramethyl-

4.90(d,
J4,5 9.8)

4.08
(d of q,

JNH,5 l.O,

a J Values are in Hz and J

gem

J4,5

9.8,

J5,6

2.7)

3.47
(d of q,
J5,6 2.7,

5.88br(d,

3 .07 (s)

JNH,5 1. OJ

2.92(5)
2.89(5)

J6 C 7.0)
, H3

values are assumed negative.

eTwo signals superimposed.

b 60 MHz at 35°.

f Two conformers.

c 100 MHz at 35°.
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on acidification (pH 6-7) of an aqueous solution of th
dihydropurine in the n.m.r. tube (the singlet at

o 4.2 7

(H-6) of the dihydropurine (3.25) was replaced by the
triplet at

o

4.55 (H-5) and the doublet at

of the ureido-compound (3.27).

o

3.84 (H-6 )

This suggests that ther e

is an acid catalyzed addition of water to the c -N double4 5
bond of the dihydropurine (3.25) followed by ring-opening
(C -N cleavage) of the resulting hydroxypurine intermed i at e
4 9
(See Scheme 3.4).

An identical mechanism can also be

proposed (See earlier Parts) for the formation of the
ureido-compounds ((3.11) and (3.28))

from the electrochemical

and catalytic reductions of the respective purines ((3.6)
and ( 3 . 14 ) ) .
If the sodium borohydride reduction of the purine iodide
(3.13) was carried out in D o rather than water, deuterium
2
was incorporated at C-5 of the cis-perhydropurine produc t
(3.39).

(The n.m.r. spectrum of this product was identical

to that obtained in a decoupling experiment where H-5 of
the cis-perhydropurine (3.30) was irradiated.)

Clearly, the

hydride ion (of sodium borohydride) attacks the C-4 end of
the double-bond of the dihydropurine (3.25) and a proton

+ from the solvent attacks C-5.
(or D)
double-bond is therefore polarized as shown in (3.41).
Since only the cis-perhydropurine isomer (3.30) was
obtained from the borohydride reduction of the iodide (3.13),
it appeared that this isomer was the thermodynamic product.
Dreiding stereomodels showed that there was less strain in
the cis-fused system (3.30) than in the corresponding trans
system, and therefore supported this proposal.

Also, cis-

bicyclo[3.3.0]octane was found to be 25.2 KJmol-l more

NCH 3

I I
Figure 3 . 3
1

11 N. m . r. spectrum of l , 7,9-trimethyl-

2 ,8-dioxo- cis-perhydropurine (3.32)
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stable than the corresponding trans isomer,
hydrindane was 4.2 KJmol
isomer. 56

-1

55

although c is-

less stable than the trans

However, the cis-perhydropurine (3.30) differ s

notably from the latter examples because of the planar, cycli
urea moieties which greatly affect the conformation of th

S-

and 6-mernbered rings, thus resulting in additional ring-s r ain .
As expected, the sodium borohydride reduction of l,3,7,9tetrarnethylpurin-2,8(1H,7H) -dione iodide (3.14) also gave t h e
cis-perhydropurine (3.31) (80%).
Table 3.1).

(For the n.m.r. spectrum s ee

Once again, a dihydropurine intermediate (3.26)

was observed by n.m.r. spectroscopy but could not be isolated.
Not surprisingly, 1,7,9- and l,3,7-trimethylpurin2,8(1H,7H)-dione ((3.23) and (3.24)) were also reduced by
sodium borohydride in aqueous solution to give the correspond-·
ing cis-perhydropurines ((3.32) and (3.33)).

In this cas e th e

purines are unable to form sodium borohydride resistant anions
in solution.

The 1,3,7-trimethyl isomer (3.24) was completely

reduced in 4 min. whereas the 1,7,9-isomer (3.23) required 4-5
h.

In neither case was a dihydropurine intermediate observed
The n.m.r. spectra of (3.32) (Fig.3.3)

by n.m.r. spectroscopy.

and (3.33) (Table 3.1) were entirely consistent with each having
the cis stereochemistry.
(ii)

4(R*) ,S(S*) ,6(S*)-1,3,6,9-Tetramethyl- 2,8-dioxo-cisperhydropurine
The complete sodium borohydride reduction of l,3,6,9-

tetrarnethylpurin-2,8(1H,7H )-dione iodide (3.21) was slow but
gave a cis-perhydropurine (3.35) (79 %) with the n.m.r. spectrum
shown in Table 3.1.

Of the two possible stereoisomers

((3.35) and (3.37)), only one was obtained in this reduction.

83
Reduction of the iodide (3.21) with sodium borohydri
in an n . m.r. tube (spectra periodically run)

showed that

i

was rapidly reduced (< 1 min) to a dihydropurine (3.38)
which was then very slowly reduced (24 h) to the perhydroThe dihydropurine could be isolated (> 70 ~'

purine (3.35).

yield) although it decomposed on standing overnight.

Its

n . m. r . spectrum showed a homoallylic coupling (J 1.8) of th
C-4 proton (o 5.07) to the c 6 -Me protons (o 1.80) which was
consistent with the presence of a

c 5 -c 6

double-bond.

In

addition, the borohydride reduction of the iodide (3.21) in

n2 o

gave the cis-perhydropurine (3.40) with deuterium at

This suggests that the hydride ion first attacks at C-4

c-s.
o

give the intermediate (3.38), followed by attack at C-6 and
finally the addition of a proton (or
at C- 5 .

+

D)

from the solvent

This is in contrast with the mechanism of the

sodium borohydride reduction of the purine iodides ((3.13)
and (3 . 14)) (Part (i) above) which lack the 6-methyl
substituent .

This substituent probably sterically hinders

attack of borohydride at C-6 of the iodide (3.21).
A careful study of Dreiding stereomodels showed that the
hydride ion should preferentially attack the
bond of (3 . 38) as shown in Fig . 3 . 4 .

c 6 -c 5

double-

This mode of attack

would give a cis-perhydropurine with the stereochemistry
shown in (3 . 35) and consistent with the values of the coupling
constants observed in its n.m.r. spectrum.

This molecule

therefore possesses identical stereochemistry to that of
saxitoxin (1. 2 ) .
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(6) A facile c -N bond cleavage in
4 9
purin-2,8(1H,7H)-diones
Among the few known reactions i n which the c -N
4 9
bond of purines is cleaved without degradation are th e
oxidative cleavage (Cl /AcOH) of uric acid and its N-m e hyl
2
derivatives which gave 5-chloro-5-ureidoperhydropy rimidin 2,4,6-triones,57 and the electrochemical reduction of uric
acid to 5-ureidoperhydropyrimidin-2 ,4-dione (3.11) 4 o, 4 3
(See Part III.A.3).
However, the catalytic hydrogenation of the purin e s
((3.6),

(3.13) and (3.14)) also gave the ureido compound

(3.11) and its N-methylated derivatives (3.27) and (3.28),
respectively.

This reaction involved the acid catalyzed

addition of water to the intermediate dihydropurines,
followed by a c -N bond cleavage and ring-opening of the
4 9
hydroxypurine intermediates (Scheme 3.2 and 3.4), and
appeared to be a general reaction of 1,6-dihydropurin2,8(1H,7H)-diones.

This was also found to be true for

the dihydro-2,8-diaminopurines (See Part III.B).

Not

surprisingly, l,3,6,9-tetramethyl-3,4-dihy dropurin2,8(1H,7H)-dione (3.38) did not undergo this cleavage since
it did not have a

c 4 -c 5

double-bond.

A similar c -N bond cleavage was observed on treatment
4 9
of the purine iodides ((3.13) and (3.14)) with a base and
gave the ureido-uracils ((3.17) and (3.18)), respectively.
The mechanism in this case (Scheme 3.3) again involved the
attack of hydroxide at C-4, followed by a c -N bond4 9
cleavage and ring-opening of the hydroxypurine intermed i at e .
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(7) Attempted syntheses of 2,8-dioxo -cis-perhy dropurin es
with C-6 and C-4 side-chain s.
Saxitoxin (1.2) has a C-6 (-CH 2 -O-CONH 2 ) and a C-4
(-CO-CH 2 -cH 2 -) side-chain , both of which are probably
important for its biologica l activity.

The syntheses of

2,8-dioxo -cis-perhy dropurine s with C-4 and C-6 substitue nts
were therefore attempted .

For example, 6-methyl- 2,8-dioxo -

cis-perhyd ropurine (3.35) was obtained by the stereospe cific
reduction of the iodide (3.21) with sodium borohydri de (See
Part (6) above) and it had identical stereoche mistry to that
of saxitoxin (1.2).

Clearly, the introducti on of a C-4

side-chain into a cis-perhyd ropurine such as (3.35) should
afford intermedi ates having the potential for the synthesis
of saxitoxin .
Another approach to the synthesis of perhydrop urines
with a C-6 substitue nt was the addition of a nucleophi lic
species (e.g. CN

or

CH(CO 2 Et) 2 ) across the c 6 -N 1 bond of

the purine iodides ((3.13) and (3.14)).

The hydride ion of

sodium borohydrid e was found (See Part III.A.5) to attack at
C-6 of the latter, and Albert and Pendergas t have also shown
that nucleophi les will add across the c 6 -N 1 bond of some
58
.
However, attempts to add dimedone, cyanide,
purines.
diethyl malonate and malononi trile were unsuccess ful and in
all cases (except cyanide) starting material was recovered .
The product obtained from the cyanide treatment of the
iodide (3.13) was the ureido-ur acil (3.17) which was formed
by the attack of hydroxide ion (aqueous cyanide has pH ~ 10)
at the C-4 position of (3.13).
The purine iodides ((3.13) and (3.14)) were also fused
with nitroacet ic acid with the aim of obtaining the
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corresponding C-4 or C-6 nitromethyl adducts.

However,

only starting material was recovered in each case.
Similarly, fusions with cis-4-acetoxy- 2,8-dioxoperhydropurine (3.12) and the ureido compound (3.27) did not gi ve
4-nitromethyl adducts and starting material was again
recovered.
The 4-acetoxy compound (3.12) was treated with potass ium
cyanide in refluxing methanol in order to effect a nucl eop hilic displacement of the acetoxy group and give 4-cyano- 2 ,8dioxo-cis-perh ydropurine.

This approach was also unsuc ce ssful

and the ureido compound (3.11) (resulting from the base hydrolysis of the ester (3.12)) was the only product isolated.
Previous work (See earlier)

suggested that the enaminic

double-bond of l,6-dihydropur in-2,8(1H,7H) -dione was polarized as shown in (3.41) and therefore nucleophiles such as
the 'nitromethyl' of nitroacetic acid should attack at C-4
by a mechanism identical with that involved in the synthe s· s
of Ba-substituted perhydroquina zolines from hexahydroquina zolines (See Part II.B).

This appeared to be an excellent

route to C-4 substituted perhydropurine s.

However, the free

dihydropurine (3.25) was extremely unstable and could not be
isolated, although it did have some stability in slightly
alkaline methanol.

Therefore a concentrated methanolic

solution of l,3,9-trimethy l-l,6-dihydrop urin-2,8(1H,7 H)-dione
(3.25) was prepared by sodium borohydride reduction of the
iodide (3.13)

in a large excess of methanol, followed by

partial evaporation. *

*

Complete evaporation and extraction with chloroform
gave only the ureido compound (3.27).
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This residue was fused with an excess of nitroacetic a cid
to give a mixture of the ureido-compound (3.27) and a ne w
product (23%) which was purified by t.l.c.

The produc

had

a molecular ion in the mass-spectrum and an analysis conIts n.m.r.
spectrum (Fig. 3.5) and i.r. spectrum were consistent with
the 5 -methoxy-2,8-dioxoperhydrop urine structure (3 .42 ).
However, no information regarding the stereochemistry o f the
ring-junction was available from the n.m.r. spectrum.

In

order to see the signals for the C-6 protons of (3.42)
(obscured by the NMe and OMe signals) more clearly, the
trideuteromethylpurine iodide (3.16) was synthesized and
treated with borohydride, followed by nitroacetic acid as
above.

The trideuteromethyl compound (3.43) was thus prepared

and its n.m.r. spectrum clearly showed the OMe signal and the
C- 6 protons ( cS 3. 4 7 ( d, H- 6, J 6 , 6 , 12. 5) , 3 . O2 ( d, H- 6 ' ,
J

12.5)).
,
6 16

Surprisingly, this compound ((3.42) or

(3.43)) was probably formed by the addition of methanol
(nucleophile?) at C-5 rather than at C-4 as expected.
However, a new mechanism of addition could well operate under
the highly acidic conditions caused by the nitroacetic acid.
Attempted additions of other nucleophiles (e.g. cyanide,
malononitrile and diethyl malonate)

to a methanolic solution

of the dihydropurine (3.25) were also unsuccessful and the
ureido compound (3.27) was isolated in each case.

However,

by further modifying the reaction conditions, this approach
may well afford a C-4 substituted perhydropurine which
could be further elaborated to a saxitoxin-like structure.
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( 8)

Experimen tal
For analyses and ge ner al informatio n , see

pages 21 and 22.

2-Ureidom ethylenecy clopentano ne ( 3.2 ) . - 2- Hydroxy27 was added to a solu tion
methylene cyclopenta none (22.4 g)
of urea (14.4 g, 1.1 mol. equiv.) in hot acetic ac i d
and the mixture set aside for 2 days.

(30 ml)

The precipita ted

solid was collected and recrystal lized from water to g ive
pure 2-ureidom ethylenecy clopentano ne (11.5 g, 37 %), m. p .
C, 5 4 . 4 ;

2 6 4 o (Found:
requires

C, 54.5;

H,

H, 6 . 7 ;
6.5;

N, 18 . 1 .

N , 18 . 2 %) ; v max. 3 2 8 0 ( NH

stretch) , 1 7 1 7 (CO) , 16 9 0 (urea CO) , 1 5 9 0 ( C=C ) , 1 5 2 0
(NH bend) cm

-1

; 8((CD 3 ) 2 so)

8.82 (d, NH, J 12.0), 7.57

(d, C=CH, J 12.0), 4.40br (m, NH 2 ), 1.7 - 2.3 (m, 3,4 and 5- H2 ) .

4,6-Diaza -5-oxo-cis -perhydro indene (3.4) .-2-Ureid omethylene cyclopenta none (3.2) (3.08 g) in N-sodium hydro xid e
(60 ml) was refluxed for 4 min.

The mixture was cooled a nd

neutralize d with cone. hydrochlo ric acid and evaporate d.
Extraction of the residue with boiling ethanol, followed by
evaporatio n of the extracts gave crude 4,6-diaza -1,2,4,5tetrahydro inden-5-o ne (3.3).

This oily solid was dissolved

in water and extracted with chloroform .

The aqueous laye r

was evaporate d, dissolved in acetic acid (100 ml) conta i ning
sulphuric acid (d 1.81, 3 drops), platinum oxide (750 mg)
was added and the mixture hydrogena ted at 4.4 atm and 20°
for 3 h.

Filtration and evaporat i on gave a residue which
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Evaporation of the

was extracted with boiling chloroform.

chloroform extracts gave 4,6-diaza-5-oxo-cis-perhydr oindene
(3.4) (215 mg, 8 %) m.p. 195-196.5° (from c H ) (Found:
6 6
C, 59.6;
H, 8.6;

H, 8.4;

N, 19.5.

N, 19.9%); v
max. 3300 (NH stretch), 1675 (CO),

15 3 0, 14 3 0 , 12 8 7 , 118 0 cm

-1

, o ( CDC 1 ) 5 . 9 8 ( s , NH) , 5 . 7 6
3

(s, NH), 3.73br (m, H-4), 3.40 (d of d, H-6eq' J

616

, 11.0,

J
4 . 5) , 3 . O7 ( d of d, H- 6 ax, J 6 , 6 , 11 . 0 , J , ax 5 . 0) ,
5 6
-5,6eq
2.24

(m, H-5), 1.6-2.l (m, carbocyclic-H).

had m.p. 156° (from c H ) (Found:
6 6
C, 42.3;

C, 42.5;
H,4.1;

The picrate
H, 4.2;

N, 19.0 %);

N, 18.7.
\)

max.

3435, 3270 (NH stretch), 1690 (CO) cm- 1 .

5-Ureidoperhydropyrimidin-2 ,4-dione (3.11) . 47

(a) From purin-2,8(1H,7H)-dione.-Th e purine (500 mg)

in

aqueous SN-hydrochloric acid (100 ml) containing platinum
oxide (100 mg) was hydrogenated at 1 atm. until one mol.
equiv. of hydrogen was consumed (3-4 h) (no further uptake
occurred) .

Filtration and evaporation, followed by

recrystallization of the·residue from water gave compound
(3.11) (340 mg, 60%) m.p. 215° (Found:

C, 34.8;

H, 4.9;

N, 32.3.
m/ e 1 7 2 ( M+ ) , 15 5 , 12 9 , 112 , 1 0 0 , 8 5 , 7 3 , 6 0 , 4 4 , and 3 0 ;
v

max.

3 4 4 0 , 3 3 6 0 and 3 3 2 0 (NH) , 1 7 8 0 and 1713 (CO) , 15 7 5 ,

1430, 1345, 1238, 1208, 1119 cm
6.02

-1

; o((CD ) SO) 7.76
3 2

( t' NH, -J 7. 0) , 5.59 ( s' NH 2 ) , 4.05

3.30 ( t' H-6, JS,6 5. 0) ; o (D 0)
2

( t ' H-5, J5,6 5. 0) ,

4.30 ( t' H-5, J5,6 5. 0) ,

3.53 (d' H-6, J5,6 5. 0) ; o(2N-NaOD)
4.37

(s, NH),

3.42 ( s ' H-6) ; o(lN-DCl)

(d of d, JS,6 5. 5, JS,6' 7 . 0) , 3.5 (m' H-6, AB of

ABX) •
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(b) From uric acid.-Uric acid (15 g) was electrochemic ally
reduced (For apparatus, See Fig. 3.2) in aqueous 29.4 sulphuric acid (150 ml) using 4.5 amp for 20-24°c for 8 h .
The acid mixture was diluted with ice and water (370 ml)
and treated with barium carbonate (750 g)

in portions and

then stirred until effervescence was complete.

The still

acidic mixture was filtered and the filtrate neutralized
with aqueous barium hydroxide and filtered.

The filtrate

was evaporated to 10 ml to allow crystallizatio n of the
ureido-perhydr opyrimidine (3.11) (1.8 g, 11 %) , identical
with the above sample.

4-Acetoxy-2,8 -dioxo-cis-perh ydropurine (3.12) .-The
ureido-perhydr opyrimidine (3.11) (1.1 g) in acetic anhydride
(20 ml) was refluxed for 20 min., cooled and the crystalline
solid filtered off and dried at 110° giving the acetoxyperhydropurine (645 mg, 48%) m.p. 295° (sublimed at
2 8 o0 / 0. 0 3 mmHg) (Found:
requires

C, 39.3;

C, 3 9. 0;

H, 4. 9.

H, 4. 7%); m/e 214

(M+), 185, 171, 142,

129, 112, 103, 100, 85, 72, 50, 43, 28; v
1670 (CO), 1540, 1290, 1239, 1132 cm-l;

cS (

max.

1730 (ester CO),

(CD ) so) 11. 72
3 2

( s , NH) , 11 . 4 9 ( s , NH) , 8 . 8 4 (d , NH , J 6 . 0 ) , 7 . 6 8 ( s , NH) ,
4.30 (d of d

(after D 0 add. ) , H-5, J5,6 4. 7 ,
JS,6' 7 . 5) ,
2

3.72 (d of d, H-6, JS,6 4. 7 ,
J6,6' 13 . 5) , 3.40 (d of d, H-6' ,
JS,6' 7 . 5 , J6,6' 13. 5) , 2.06 ( s' Me) ; o(lN-DCl) 4.22 (m'

H -5 ) ,

3.53 (m' H-6) , 1.93 ( s ' Me) .
This compound (43 mg) in 2N-sodium hydroxide (2 ml) under
reflux for 1 h gave the ureido-pyr imidine ( 3. 11) ( quant.) .
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2,8-Dioxo-cis-perhydropurin e (3.8) . (a) From purin-2,8(1H,7H)-dione.-Th e purine (1 g)

in

25.8N-sulphuric acid (15 ml) was reduced electrochemically
with 2 amp (8 volt) at <10° for 2 h (reduction complete by
u.v.).

The mixture was diluted with ice and water (45 g)

and treated with barium carbonate (45 g) with stirring.
This mixture was then worked up as before to give a residue
which was recrystallized from water (2.5 ml) and gave
5-ureidoperhydropyrimidin-2 ,4-dione (3.11).

The moth er

liquors were triturated with methanol to give 2,8-dioxo- cis perhydropurine (3.8) (401 mg, 40%), identical with 'purone'
prepared by Tafel.

40

(b) From uric acid.-Uric acid (2.5 g)

in aqueous 25.8N-

sulphuric acid (25 ml) was electrochemically reduced with
3 amp (8 volt) at 5-8° for 4.25 h (reduction complete by
u.v.).

The mixture was worked up as above to give the

cis-perhydropurine (3.8) (800 mg, 34%), identical with the
above sample.

l,3,9-Trimethylpuri~-2,8(1H ,7H)-dione iodide (3.13) . Purin-2,8(1H,7H)-dione (3.6) (1 g) was finely ground and
suspended in dimethyl formamide

(100 ml) containing methyl

iodide (3 ml) and the mixture heated on a steam-bath for 6 h.
The solvent was evaporated and the residue triturated with
acetone to give the iodide (3.13) (1.7 g, 80 %) m.p. >360°
(from Me OH) (Found:

c 8 H11 N4 o 2 r requires

H, 3. 6;

C, 3 0. 0;
C, 29.8;

H, 3.4;

N, 1 7 . 0.
N, 17.4 %); vmax.

1
226
1770, 1710, 1696, 1626, 1552, 1352, 1044 cm- ; A
max.
(22,800), 340 (10,800) nm;

cS

(D 2 0) 8.20 (s, H-6),
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3.93

(s, NMe), 3.72

had m. p. > 3 0 0 0

c 15 H15 N7 o 9

(s, NMe), 3.64

(Found:

requires

c,

C, 3 9 . 6;
39.7;

Purin-2,8(1H,7H)-dione

(s, NMe).
H,

3.4;

H, 3.1;

The picrate

N, 2 2 . 8 .

N, 23.1 %).

(200 mg) was similarly treated

with trideuteromethyl iodide to give l,3,9-trideuteromethyl2,8-(1H,7H)-dione iodide (3.16)(310 mg, 69 %) ; o (o o)
2
8.18

(H-6).

l,3-Dimethyl-~N~methylureid opyrimidin-2,4(1H,3H)-dione
(3.17) .-The iodide (3.13) above

(220 mg)

in water

was treated with aqueous 2N-sodium hydroxide
mol. equiv.).

Fine needles of the uracil

(5 ml)

(0.5 ml, 1.5

(3.17) (81 mg, 57 %)

precipitated and these were collected and washed with water.
It had m.p.
H, 6.0;

235° and 332° (from EtOH) (Found:

N, 26.2.

c 8 H12 N4 o 3

requires

C, 45.3;

C, 45.3;

H, 5.7;

N , 2 6 . 4 %) ; m/ e 21 2 ( M+ ) , 1 9 4 , 181 , 15 5 , 114 , 7 0 , 4 2 , 2 8 ;
A

max.

2 0 8 ( 9 , 4 0 0) , 2 7 7

( 6 , 4 0 0) nm;

v

max.

3 4 3 0 and 3 3 2 0 (NH) ,

1705 (CO), 1670 (urea CO), 1627, 1567, 1470, 1380, 1235,
1095 cm

-1

;

o ( (CD 3 ) 2 so)

8.17

(s, H-6), 7. 78

(s, NH), 6.65br

(m, NH) , 3. 3 3 ( s, NMe) , · 3. 2 4 ( s, NMe) , 2. 6 3 ( d, Me NH,
~e,NH 4 .0).
An authentic sample of the uracil

(3.17) was prepared

by fusion of 5-amino-1,3-dimethyluracil (155 mg) 51 with
~-dimethylurea (348 mg, 4 mol. equiv.) at 200° for 1 h.
The residue was dissolved in boiling water and cooled to
give compound (3.17), identical with the material above.
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urin-2,8(1H,7H)-dione.-The purine (3 . 6)

Benz lation of

in dimethyl formamide (50 ml) containing benzyl

(500 mg)

The solvent

bromide (5 ml) was heated under reflux for 12 h.

was evaporated and the residue triturated with acetone to
give a dibenzylpurin-2,8(1H,7H)-di one (452 mg, 41 %) ,
m.p. 340 0

(Found:

requires

C, 68.3;

C, 68.1;
H,

5.4;

H, 5.1;

N, 17.1.

c 19 H18 N4o 2

N, 16.8 %) ; 6(( CD 3 ) 2 SO) 7.91

(s, H-6), 7.39br (s, benzyl arornatic-H), 5.12 (s, benzyl-CH 2 ),
4.93 (s, benzyl-CH 2 ).

This compound could not be methyl ated

with methyl iodide in dimethyl formamide but could be
methylated with dimethyl sulphate and aqueous lN-sodium
hydroxide to give a dibenzyl-monomethylpurin-2, 8(1H,7H)-dion e
(77 %); 6(CDC1 3 ) 7.33

(s, benzyl aromatic-H), 5.12

(s, benzyl-CH 2 ), 4.98 (s, benzyl-CH 2 ), 3.15 (s, NMe).

1,7,9- and l,3,7-Trimethylpurin-2,8(1H ,7H)-dione (3.23)
and (3.24) respectively.-l-Methylpurin -2,8(1H,7H)-dione
(3.22) 54 (1 g) in aqueous N-sodium hydroxide (12.1 ml, 2.05
mol. equiv.) was stirred with dimethyl sulphate (1.54 g, 2.1
mol. equiv.) until the mixture became acidic.

The solution

was basified with aqueous ammonia, evaporated and extracted
with boiling chloroform.

Evaporation of the chloroform

extracts gave a 1:1 mixture of 1,7,9-trimethyl- and l,3,7trimethylpurin-2,8(1H,7H)-d ione (1.11 g, 95 %) (Found;
C, 49.1;
H, 5.2;
t.l.c.

H, 5.2;
N, 28.9 %).

N, 29.1.

c 8H10 N4 o 2

requires

C, 49.5;

This mixture could not be separated by

However, four recrystallizations from acetone gave

yellow crystals of the 1, 7, 9-trimethyl isomer ( 3. 2 3) ( 101 mg)
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m. p .

241- 24 2 0 ;

\)

max . 1740 , 1692 , 1638 , 1599 , 1511 , 1442 ,

1081 cm -1 ,. 6( CDC1 ) 7.17 ( s, H-6 ) , 3 . 56 ( s , Me) ,
3
3 . 33 ( s '
Me) , 3 . 31 ( s'
Me) .
The mother liquors were
combined and evaporated and recrystallized from ethanol

(3X)

to give the 1 , 3 ,7- trimethyl isomer (3 .2 4) (57 mg) m. p . 235 1678, 1580, 1517 , 1448 , 1046 cm- 1 ; A
max .
max .
2 2 3 ( 13 , 4 0 0 ) , 2 5 7 ( 4 , 0 0 0 ) , 3 21 ( 8 , 8 0 0 ) nm ; o (CDC 1 )
3
6 . 6 3 ( s , H- 6 ) , 3 . 6 4 ( s , NMe) , 3 . 5 3 ( s , NMe) , 3 . 2 5 ( s , NMe) .
2380 ; v

Similarly, methylation of purin-2,8(1H,7H)-dione (1 g)
with dimethyl sulphate (4.4 g, 5.3 mol . equiv.) and aqueous
-sodium hydroxide (21 ml., 2.1 mol. equiv.) gave a mixture
of 1,7,9-trimethyl- and l,3,7-trimethyl-purin-2,8(1H ,7H)dione (1:1, 1.25 g, quant.)

identical with the above sample.

l ,3,7,9-Tetramethylpurin-2,8( 1H,7H)-dione iodide (3.14) . The mixture of trimethylpurines above ((3.23) and (3.24))
(388 mg)

in dimethyl formamide

(50 ml) containing methyl

iodide (5 ml) was heated under reflux on a steam-bath for 1 h .
The solvent was removed and the residue triturated with
acetone as before to give the iodide (410 mg, 61 %) m.p. 217°

requires

C, 32.2;

H,

3.9;

N, 16.6 %); v

3460 (NH
max.
stretch), 1763 and 1705 (CO), 1620, 1549 , 1451 , 1343, 1053,
748 cm - 1 , A
max. 2 2 9 ( 2 3 , 4 0 0 ) , 3 4 3 ( 11 , 4 0 0 ) nm ;

o (D

0 ) 8 . 26
2
( s , H- 6) , 3 . 8 6 ( s , NMe) , 3 . 7 5 ( s , NMe) , 3 . 6 6 ( s , NMe) ,

3. 3 5

( Me) .

Treatment of the trimethylpurine-dione (3 .24) with
trideuteromethyl iodide in dimethyl formamide as above gave
l,3,7-tr imet' yl-9-trideuteromethylpur in -2,8(1 H,7H)-d ione
iodide ( 3 . 15 ) ,

o (D2 0 ) 8 . 3 '1 ( s , H- 6 ) , 3. 9 l ( s ,

( s , N e ) , 3 . 3 2 ( s , NMe) .

Me ) , 3 . 6 6
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l,3-Dimethyl-5-N,N'-d imethylureidopyrimidin -2,4(1H, 3H)dione (3.18) .-The tetramethyl iodide (3.14) above (336 mg)
in water (2 ml) was treated with sodium hydroxide (45 mg.,
1.1 mol. equiv.) and the solution evaporated.

The residu

was extracted with chloroform and the ectracts evaporated
to give ureido-compound (3.18) (212 mg, 94 %) m.p. 198-200°
(from benzene-methanol, 5:1) (Found:

C, 47.7;

H, 6.2;

N, 24.8.
\)

max.

1704 and 1658 (CO), 1640, 1536, 1488, 1466, 1383, 788

-1

; Amax. 2 0 6 (8,000) , 2 7 5 (5,800) nm; o ( CDCl 3 ) 7 . 4 8
( s , H- 6 ) , 3 . 4 3 ( s , NMe) , 3 . 3 7 ( s , NMe) , 3 . 19 ( s , NMe) ,

cm

2.86

(d, MeNH, ~e,NH 5.0).
Similarly, the 9-trideuteromethyl iodide (3.15) (27 mg)

gave l,3-dimethyl-5-N'-trideutero methyl-N-methylureidopyrimidin-2,4(1H,3H)-dione (3.19) (18 mg, 97 %), o(CDC1 3 )
7 . 4 5 ( s, H- 6) , 3 . 4 2 ( s, NMe) , 3 . 3 5 ( s , NMe) , 3 . 1 7 ( s , NMe) .

l,3-Dimethyl-5-N'-methylure idoperhydropyrimidin-2,4dione (3.27) .-l,3,9-Trimethylpurin-2,8(1 H,7H)-dione iodide
(3.13) (200 mg)

in water C25 ml) containing platinum oxide

0
(100 mg) was hydrogenated at 1 atm. and 20 for 1 h.

The

solution was filtered, neutralized with aqueous sodium
hydroxide, evaporated and thoroughly dried.

This residue

was extracted with ethanol and the extracts concentrated
whereupon the ureido-compound (3.27) (87 mg, 65 %) crystall ized
from solution.
N, 25.4.

0
It had m.p. 218

c 8 H4N4 o3 .0.15mol.H 2 o

N , 2 5 . 7 %) m/ e 214

(Found:

requires

C, 44.3;
C, 44.1;

H, 6.8;
H, 6.6;

(M+) , 18 4 , 15 6 , 141 , 12 7 , 114 , 101 , 5 8 ,
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44, 30, 28; v max. 1761 and 1720 (CO) , 1635, 1558, 1483 cm
cS (CDC1 ) 6.90br (s, NH), 4. 75br (m, MeNH), 4.23 (m, H- 5 ,
3
X of ABX), 3. 75 (m, H-6, AB of ABX), 3.00 (s, NMe), 2. 90

( s, NMe) , 2 . 8 0 ( d, Me NH, J 4 . 5) ;

-1

;

o(D2 0) 4 . 5 5 ( t , H- 5 ,

4 . 0) , 3 . 8 4 ( d, H- 6 , J 5 , 6 4 . 0) , 3 . 10 ( s , NMe) , 3 . 0 4
,
5 6
( s , NMe ) , 2 . 8 2 ( s , NMe) .

J

Cycliz ation of the ureido compou nd (3.27) (20 mg)

in

reflux ing acetic anhyd ride (2 ml) gave 1,3,9- trimet hyl-4acetox y-2,8- dioxo -cis-p erhyd ropuri ne (3.29) (22 mg) as a
glassy solid which could not be sublim ed or recry stalliz ed .
m/ e 2 41
v

max.

+
(M - Me ) , 19 8 , 18 4 , 15 6 , 14 3 , 114 , 8 6 , 5 8 , 4 4 , 2 8 ;

172 0 (CO) , 16 4 5, 14 5 5, 13 81, 12 81 cm

(d of d, H-5, J
J

516

J

616

5.5, J

616

516

5.0, J

516

, 14.1), 3.77

, 5.5), 4.10

-1

;

o (CDC 1 3 ) 4 . 6 8

(d of d, H-6,

(d of d, H-6', J 516 , 5.0,

, 14.1), 3.06 (4 x s, 2 x NMe, 2 confor mers), 2.56

(s, NMe), 2.02 and 2.12

(2 x s, CH 3 co, 2 confor mers).

l,3-Di methy l-5-N, N'-dim ethylu reidop erhydr opyrim idin2,4-di one (3.28) .-l,3,7 ,9-Tet ramet hylpu rin-2, 8(1H, 7H)dione (3.14) (168 mg)

in water (20 ml) contai ning platinu m

oxide (100 mg) was hydrog enated at 1 atm and 20° for 45 min.
the soluti on was filter ed, neutra lized, evapo rated and the
residu e extrac ted with chloro form.

Evapo ration of the

extrac ts gave the ureido compou nd (3.28) (80 mg, 70 %)
m.p. 122-12 4° (sublim ed at 160°/0 .07 mmHg) (Found :
H, 7 . 2 ;

N, 24 . 4 .

C g H N4 0 3 re qu ires
16

C , 47 . 4 ;

C, 47.0;
H, 7 . 1 ;

N, 24.6 %); v max. 3405 (NH stretc h), 1767, 1709, 1635, 1488,
-1
1287, 1046, 762 cm ; o(CDC1 3 ) 4.66br (m, NHMe), 3.78 (m, H-5
and H- 6 ) , 2 . 9 9 ( s , NMe) , 2 . 9 5 ( s , NMe) , 2 . 8 6 ( s , NMe) , 2 . 7 5
(d, NHMe, ~e,NH 3.0).
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1,3,9-Trimethyl-2,8-dioxo-c is-perhydropurine (3.30) . l,3,9-Trimethylpurin-2,8(1H, 7H)-dione iodide (3.13) (200 mg)
in water (10 ml) was treated with sodium borohydride
(284 mg, 13 mol. equiv.) and the mixture allowed to sta nd
overnight.

The aqueous solution was evaporated to dryn ess

and the residue extracted with hot chloroform (100 ml).
Evaporation of the extracts gave the hygroscopic perhyd ro urine (3.30) (113 mg, 92 %) m.p. 138° (from benzene) (Found:
C, 47.0;

H, 7.4;

N, 27.4.

C, 47.0;

H, 7.2;

N, 27.4%);

c 8 H14 N4 o .l/3 mol.H 20 requ ires
2

max. 3250 (NH stretch), 1673
and 1663 (CO), 1519, 1419, 1272 cm- 1 .
\J

When an aqueous or methanolic solution of the trimet hyl
iodide (3.13) was treated with sodium borohydride (2 mol.
equiv.), and the n.m.r. spectrum immediately determined, the
spectrum of l,6-dihydro-l,3,9-trimethylp urin-2,8(1H,7H)dione (3.25) was observed: o(D o) 4.27
2
3 . 2 6 (NMe ) , 2 . 9 4 ( s , NMe) .

(s, H-6), 3.34 (s, NMe),

This intermediate was rapidly

(5-10 min) converted to l,3-dimethyl-5-N'-methylure idoperhydropyrimidin-2,4-dione (3.17) on adjustment of the pH
of the solution to 6-7 o~ on attempted isolation.
The sodium borohydride reduction of the purine iodide
(3.13) in D2 o gave the 5-deuteroperhydropurine (3.39),

o (D 20) 4.90 (s, H-4), 3.37 (d, H-6,
3.00 (d, H-6',

J

616

J

616

, 13.0),

, 13.0).

1,3,7,9-Tetramethyl-2,8-dio xo-cis-perhydropurine (3.31) . l,3,7,9-Tetramethylpurin-2,8 (1H,7H)-dione iodide (168 mg)
was reduced as above to give the perhydropurine (3.31)

100

(85 mg, 80%) m.p. 159-161
H, 7.2;

max.

(from c 6 H6 ) (Found:

c 9 H16 N 4 o 2 requires

N, 26.7.

N, 26.4 %); v

0

C,

C, 51.1;

50.9;

H, 7. 6 ;

1700 and 1656 (CO), 1509, 1411, 1245 c m-

1

.

When a methanolic solution of l,3,7,9-tetramethylpuri n 2,8(1H,7H)-dione iodide (3 . 14) was treated with sodium
borohydride, the n.m.r. spectrum of l,6-dihydro-l,3,7,9tetramethylpurin-2,8(1H,7H) -dione was observed: 8 (0 2 0)
4 . 64

( s , H- 6) , 3 . 4 0 ( s ,

3 • 00

( s , NMe) .

e) ,

Me) , 3 . 3 3 ( s , N e) , 3 . 2 0 ( s ,

Again this intermediate readily gave

l,3-dimethyl-5-N,N'-dimethy lureidoperhydropyrimidin-2, 4dione (3.28) but could not be isolated.

1,7,9-Trimethyl-2,8-dioxo-c is-perhydropurine (3.32) . l,7,9-Trimethylpurin-2,8(1H ,7H)-dione (3 .23 )(30 mg) in water
(1 ml) was treated with sodium borohydride (38 mg) and
allowed to stand overnight.

Treatment as before gave the

perhydropurine (35 mg, quant.) m.p. 125-126
(Found:
C,

C, 48.6;

48.5;

H, 7.1;

N, 28.0.

H, 7.1;
N,

c 8 H14

28.3%); v max . 3242

0

(from c H6 )
6
4 o 2 requires

( H stretch), 1715

and 16 9 0 (CO) , 16 5 3 , 15 3-2 , 1314 , 12 7 0 , 10 4 6 , 1016 , 7 8 7 c m- l .

1,3,7-Trimethyl-2,8-dioxo-c is-perhydropurine (3.33) . l,3,7-Trimethylpurin-2,8(1H ,7H)-dione (3.24) (30 mg) was
treated as above to give the perhydropurine (23 mg, 75 %)
m.p. 183-184 0

c 8 H14
3303

4 o2

(from c 6 H ) (Found:
6

requires

C, 48.5;

C,

H, 7.1;

48.4; H, 6.8;

, 28. 1.

, 28.3 %); v max.

( H stretch), 1716 and 1690 (CO), 1657, 1515, 1417,

1308, 1287, 1049, 786 cm

-1

.
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1,3,9-Trimethy l-5-methoxy-2, 8-d ioxoperhydropu rine

(3 . 42) .

A concentrated solution of l,3,9-trimethy l-l,6-dihydrop urin2,8(1H,7H)-dio ne (3.26)

in methanol was prepared by th

addition of sodium borohydride
purin-2,8(1H,7 H)-dione iodide

(300 mg)

to 1,3,9-trime hyl-

(3.13) (322 mg)

in methanol

(100 ml), followed by evaporation to ~ 2 ml.
treated with nitroacetic acid

(1 g)

This was then

and heated at 50-70°

until effervescence was complete.

The mixture was evapora ed

and the residue extracted with chloroform.

Evaporation of

the chloroform extracts left an oil which was a mixtur e of
the methoxy compound (3.42)

and 1,3-dimethyl-5 -N'-methyl -

ureidoperhydro pyrimidin-2,4- dione

(3.27).

This was

chromatographe d on preparative alumina thin layer plat es
using CHC1 3 containing MeOH(2 %) and the major band with
Rf 0.4 removed and extracted with boiling CHC1 -MeOH (1:1 )
3
leaving the 5-methoxy compound

(52 mg,

(sublimed 170°/0.l mmHg) (Found:

c 9 H16 N4 o3

requires

C,

47.4;

196, 158, 128, 113, 42; v
1715 and 1659
821 cm
3.47

-1

max.

C,

23 %) m.p. 122°

47.5;

H, 7.1.

H, 7.1 %) m/e 228
3485 and 3300

(M+), 213,

(NH stretch),

(CO), 1516, 1458, 1412, 1254, 1086, 850,

; cS (CDC1 3 ) 6.67

(d, H-6, J

( s , NMe) , 2 . 9 3

616

(s, NH),

, 12.5), 3.02

( s, NMe) ,

4.63

(s, H-4), 3.27

(d, H-6', J

2 . 9 0 (s ,

616

(s, OMe) ,

, 12.5), 3. 0 7

Me) .

Similarly, l,3,9-trideuter omethylpurin- 2,8(1H,7H)dione

(3.16)

gave 1,3,9-trideuter omethyl-5-me thoxy-2,8-

dioxoperhydrop urine

(3 .43 ); cS(CDC1 ) 5.90br
3

4.57

(d, H-6, J

J

(s, H-4), 3.45

6 16

(s ,

, 12.5), 3.00

H),
(d , H-6',

616 , 12.5) and in addition there were two small signals at

cS 3.50 and 3 .4 0 of a minor impurity.
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Attempted reactions of nitroacetic acid with the purine
iodides (3.13) and (3.14) and with cis-4-acetoxy-2,8-d io xoperhydropurine (3.12) and the ureido compound (3.27) were
unsuccessful and starting material was recovered in ea ch case.
The attempted addition of cyanide, malononitrile an d
diethyl malonate to the concentrated solution of the
dihydropurine (3.25) did not precipitate an addition pr oduct
and the ureido compound (3.27) was isolated in each cas e by
evaporation and extraction with chloroform.

Attempted preparation of C-4 and C-6 substituted
perhydropurines.-An aqueous solution of l,3,9-trimethylpurin-2,8(1H,7H)-dione iodide (3.13) and dimedone (1 mol.
equiv.) was allowed to slowly evaporate at room temperature.
The various crystalline fractions collected consisted of
only dimedone and the purine iodide starting material.

A

similar result was obtained in the attempted addition of
diethyl malonate and malononitrile.

Refluxing a solution

of the purine iodide (3.13) and sodium cyanide (1 mol.
equiv.) in methanol, followed by evaporation and extraction
of the residue with chloroform gave l,3-dimethyl-5-N'methylureidopyrimidin-2,4(1H ,3H)-dione (3.17).

4(R*) ,S(S*) ,6(S*)-l,3,6,9-Tetramethyl- 2,8-dioxo-cis-perhydropurine (3.35) .-6-Methylpurin-2,8(1H,7H)- dione 53 (3.20)
(1 g) was methylated with methyl iodide in dimethyl formam ide
as for purin-2,8(1H,7H)-dione (3.6) to give the trimethylpurine iodide (3.21) (1.7 g, 85 %) containing small amounts of
a dimethyl impurity which was removed by recrystallizat ion
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from ethanol;

o (D 2 o)

3.93

(s, NMe) , 3 . 7 0 (s , NMe) , 3 . 60

(s ,

2 . 5 7 ( s , C - Me) ; A
2 2 6 ( 2 4 , 0 0 0 ) , 3 3 8 ( 1 0 , 7 0 0 ) nm .
6
ma x.

NMe) ,

The purine iodide (3. 21) (2 00 mg)
treated with sodium boro h ydr i d e
allowed to stand for 24 h.

in water

(300 mg , 13 mol . equ i v. ) and

Ev a pora ti on an d e xt ra ct i o n with

chloroform gave the cis-p e rhydropur i n e
m.p. 178° (from c H6 ) (Found:
6

C, 50.7;

C9Hl6N402 requires

H, 7. 6;

C, 50.9;

(5 ml) was

( 3.3 5 ) (99 mg , 7 9 %)
H, 7. 5 0 ;

N,

N , 26.4 %);

\)

26 . 1 .

max .

32 4 5

(NH stretch) , 1694, 1668, 1509, 1420, 1270, 1066, 1016 cm -1

The reduction of the iodide (3.21)

in deuterium oxide with

sodium borohydride gave the 5-deutero compound

o (D 2 O)
3 . 01

5.11 (s, H-4), "-' 3.5 (q, H-6, J

( s, NMe) , 2 . 9 7

6

(3.40),

,Me 7.0), 3.25 ( s , NMe ),

( s, NMe) , 1 . 3 0 ( d, C -Me, ~e,
6 7 . 0) .
6

The sodium borohydride reduction of the iodide (3. 21 )
(45 mg)

in methanol occurred rapidly

(by n.m.r. spectra ) and

evaporation and extraction gave l,3,6,9-tetramethyl-3,4dihydropurin-2,8(1H,7H)-dion e: (3.38) (28 mg, 78 %)
5. 7 5br ( s, NH) , 4. 9 3 ( q, H-4, J

4

cS

(CDC1 3 )

, Me 1. 8) , 3. 0 7 ( s , NMe) ,

2 . 9 8 ( s , NMe) , 2 . 9 7 ( s , NMe) , 1 . 8 7

(d , C - Me , ~e ,
1 . 8) ,
6
4

which decomposed on standing (24 h).
The electrochemical reduction of the iodide
(500 mg)

in aqueous 18N-sulphuric acid

(3.21)

(10 ml) with 5 amp

(10 volt) at <10° for 4 h gave a mixture of chloroform
soluble compounds that were inseparable by t.l.c.

Howeve r ,

electrochemical reduction of 6-methylpurin-2,8(1H,7H)-dio ne
(3.20)

in 25 N-sulphuric acid gave a mixture of the c is -

perhydropurines

(3.34)

and (3.3 6 ), o (D O) the only cle ar
2

signals in the mixture were H-4, "-' 5.2
each isomer) and C-Me, "-' l.2
isomer) .

(2 x doublet, J 8 . 0 for

(2 x doublet, J 6. 5 for e a ch
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PART III

B.

The synthesis and stereochemistr y of
cis-2,8-diimin operhydropuri nes and related compounds

(1) Introduction
The synthesis of several new cis-2,8-dioxop erhydropurine analogues of saxitoxin (1.2) was discussed in
Part III.A.

These compounds had the same cis stereoch em·-

istry as the toxin and one of them (i.e. 1,3,6,9-tetram ethyl2,8-dioxo-cis- perhydropur ine (3.35)) also had identical
stereochemistr y at C-6.

Therefore many of the reactions

described in Part III.A were adapted to the synthesis of the
corresponding cis-2,8-diimin operhydropuri nes, although
notable differences in the results were often observed
between the two series.

Attempts were also made to convert

a cis-2,8-dioxop erhydropurine into a cis-2,8-diimin operhydropurine, directly.
(2) cis-4,6-Diaza- 5-iminoperhyd roindene
cis-4,6-Diaza-5 -oxoperhydroin dene (3.4) (See Part III.
A.2) was treated with phosphorus pentachloride, followed by
sodamide in ammonia (See Part II.B.2) and gave the corresponding cis-2-imino compound (3.44) in 50 % yield.

There was

no evidence of epimerization in this reaction and the n.m.r.
spectrum (Fig. 3.6) was entirely consistent with the cis
stereochemistr y.
(3) Synthesis of 2,8-diaminopu rines
(a) 2,8-Diaminopu rine
59 reported the synthesis of
Robins and coworkers
2,8-diaminopur ine (3.45) from 6-hydroxy-2,8- diaminopurine

10 5

Figure 3 .6
1

H N.rn.r. spectrum of cis-4,6-diaza-5-irnino(3.44)

perhydroindene hydrochloride

in o o at 60 Hz .
2

H

sNH

7a.

_
___. . . .3a..

4

A

H

NH+
2

Cl

(3.44)

Carbocyclic-H
H-7

H-7'

H-7a
H-3a

I

4

3

2

1

l
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(3.46) by conve rsion of the latte r to 6-thi o -2,8- d iamin opurin e (3.47 ), follow ed by dethi ation with Raney nicke l.
Sever al attem pts to repea t this seque nce of react ions gav e
low yield s of 2,8-d iamin opuri ne which was often conta minat ed
with an impu rity that was diffi cult to remov e.
47
the synth esis of 8-ami noAlbe rt and Brown repor ted
purin e from 8-me thylth iopur ine by heati ng the latte r wit h
aqueo us ammo nia.

Thus 2-am ino-8 -meth ylthio purin e (3.50 ) was

59 an d simi
. . 1 ar 1 y treat e d
.
. o- 8 -t h.iopur ine
prepa re d f rom 2 -amin
with ammo nia to give 2,8-d iamin opuri ne in 40 % yield .

How ever ,

this react ion was also unsa tisfac tory since the produ ct was
gene rally conta minat ed with start ing mate rial and in
addit ion, large amou nts of methy lmerc aptan were forme d.
There were very few exam ples of the cyano gen bromi de
cycli zatio n of 4,5-d iamin opyri midin es and the yield s were
60 ) .
·d·
·
·
d.
s
4
ine
f
mi
·
opyr1
·
iam1n
,
rom
ne
opuri
(
8
-amin
e.g.
o f ten 1 ow
Rapop ort and cowo rkers

61 have repor ted the synth esis of

6-hyd roxym ethyl -2,8-d iamin opuri ne (3.49 )

from 6-hyd roxym ethyl -

2,4,5 -triam inopy rimid ine (3.54 ) using cyano gen bromi de (See
Part (b) below ), altho ugh the yield s and exper imen tal proce dures were not publi shed.

·rt was prese ntly found that the

cycli zatio n of 2,4,5 -triam inopy rimid ine (3.52 ) with cyano gen
bromi de in reflu xing metha nol gave a 47% yield of 2,8-d iamin opurin e.

This route to the diam inopu rine was conve nient

becau se it invol ved a one-s tep react ion from the readi ly
59
avail able triam inopy rimid ine (3.52 ) .
(b) 6-Me thyl-2 ,8-dia mino purin e
This diami nopur ine (3.48 ) was simil arly prepa red in 30 %
yield by cyano gen bromi de cycli zatio n of 6-me thyl- 2,4,5 62 Howe ver, a much longe r react ion
triam inopy rimid ine (3.53 ) .
time (12 h in reflu xing metha nol) was requi red in this case.
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R

R

HN

H

2

=

(3.45)

R

=

H

(3. 52)

R

(3.46)

R

=

OH

(3.53)

R =

Me

(3.47)

R

= SH

(3.54)

R =

(3.48)

R

=

(3.55)

R

CH 0H
2
co 2 Et

(3.49)

R

= CH 2 0H

Me

=

H

OH

Mes-<

N

N

<
N
H

N
H
(3. 50)

(3.51)

1ns

(c) 6-Hydro xymethy l-2,8-di aminopu rine
As mention ed earlier (Part (a) above), the cycliza t ion
of 6-hydro xymeth yl-2,4,5 -triamin opyrimi dine (3.54) to t h
diamino purine (3.49) with cyanoge n bromide , had been
. enta 1 d etai·1 s. 61
.
Thus 6-ethox y experim
reporte d without
carbony l-2,4,5- triamin opyrim idine (3.55) was prepare d by a
63 and was reduced with sodium boroliteratu re procedu re
hydride 64 in methano l to 6-hydro xymeth yl-2,4,5 -triamin opyrimid ine (3.54) in 85% yield.

This compoun d was cyclize d

with cyanoge n bromide to give 6-hydro xymeth yl-2,8-d iaminopurine (3.49) (46% yield) which had identic al spectro scopic
61
Attempt s to
propert ies to those describ ed by Rapopo rt.
methyla te this compoun d to a purine iodide or to reduce it
catalyt ically, were unsucce ssful.

(4) Reducti on of 2,8-diam inopurin e
(a) Catalyt ic
2,8-Dia minopu rine (3.45) was very slowly reduced in
aqueous hydroch loric acid with platinum oxide catalys t and
require d 4 hand 5 atm of hydroge n for complet e reducti on.
The corresp onding dioxopu rine (3.6) (See Part III.A), on the
other hand, require d only 1 hat 1 atm.

This differe nce is

probabl y due to the more aromati c charact er of 2,8-diam inopurine compare d with that of purin-2 ,8(1H,7 H)-dion e which is
a dioxo rather than a dihydro xy-puri ne and therefo re less
aromati c.

It is not surpris ing therefo re, that 2,8-diam ino-

purine was also resista nt to sodium borohyd ride reducti on.
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The product isolated from the reductio n of 2,8-diam ino purine (3.45) was the ring-op ened compoun d, 2-imino -5guanidi niumper hydropy rimidin- 4-one dihydro chlorid e (3.5 6)
(quanti tative yield).

The C-5 proton of this compoun d was

again readily exchang ed in deuteriu m oxide solutio n, wh r e upon the n.m.r. spectrum showed simply a singlet for th e
C-6 protons .

Clearly , this product was formed in the same
Th a t

way as the ureido compoun d (3.11) (See Part III.A.) .

is, the acid-ca talyzed additio n of water to a 1 ,6-d ihydropurine interme diate (3.59), followe d by the ring-op ening

(c 4 -N 9 cleavag e) of the resulta nt hydroxy purine.

All

attempt s to recycli ze compoun d (3.56) with acid or base were
unsucce ssful, and with refluxin g acetic anhydri de, a compl e x
mixture of N-acety l compoun ds was formed.
(b) Electro chemica l
2,8-Dia minopu rine (3.45) was reduced electroc hemica lly
(Seep. 63 for method) in lOM-aqu eous sulphur ic acid with a
current of 4 amp./g for 2 h.
((3.62) ,

A mixture of three product s

(3.56) and (3.61)) was obtaine d in the ratio of

ca. 3:2:1 and in a total yield of 75%.

The guanidin ium

disulph ate (3.56) was relativ ely insolub le in water and was
easily removed from the mixture by recryst allizati on.
However , the cis-perh ydropur ine (3.62) and the unsatur ated
compoun d (3.61) could not be separat ed by recryst allizati on
and the mixture itself was studied further .

The C-4 proton

of the perhydr opurine (3.62) was readily assigne d in the
n.m.r. spectrum as a doublet and had a H-4, H-5 couplin g
constan t of 8.5 Hz, clearly suggest ing that the perhydr opurine had the cis stereoc hemistr y.

The n.m.r. spectrum was

also very similar to that of cis-2,8- dioxope rhydrop urine (3.8).
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By analogy with the electrochemical reduction of ur ic
acid to purin-2,8(1H,7H)-dione (See Part III.A), it was
envisaged that the electrochemical reduction of 6-hydrox y 2,8-diaminopurine (3.46) should give 2,8-diaminopurine
which would be further reduced, as above.

This route to

the cis-perhydropurine (3.62) has the advantage that
6-hydroxy-2,8-diaminopurine is readily synthesized by a
one-step reaction from the commercially available guanine
(3.51) . 62165

Indeed, the electrochemical reduction of this

compound (3.46) in 13M-sulphuric acid with 5 amp./g for 4 h
gave the same mixture as in the reduction of 2,8-diaminopurine (3.45).

If a lower current strength was used, the

mixture contained a higher proportion of the guanidinium
compound (3.56), and in addition, a small amount of
2,8-diaminopurine.

Thus the mechanism of the electrochemical

reduction of diarninopurines ((3.45) and (3.46)) appeared to
be identical with that of the reduction of uric acid and
purin-2,8(1H,7H)-dione, except that a relatively larger
proportion of the perhydropurine was formed in the latter case.

(5) 1,7,9-Trimethyl and 1,6,7,9-tetramethyl2,8-diarninopurine diiodide
(a) Synthesis
Methylation of 2,8-diarninopurine (3.45) (pKa 1.52, 6.05)
in dimethyl formamide with excess methyl iodide occurred
rapidly at 100° (2 h) and gave a 1,7,9-trimethylpurine
diiodide (3.65) (\

max.

230, 321) in 60% yield.

The pattern

of methylation in this compound was deduced from the various
spectroscopic features of its reduction products (see b e low).

111

Extranuclear methylation of the amino groups of
2,8-diaminopurine was unlikely because the n.m.r. spectrum
of the trimethyl diiodide (3.65) (in D -DMSO) did not show
6
any NH,NMe couplings characteristic of a methylamino group
Attempts to convert the diiodide (3.65) to
l,7,9-trimethylpurin-2,8(1H, 7H)-dione

(2.23) with nitrou s

acid or base were unsuccessful and although there were
complex reactions with each of these reagents, a
purin-2,8(1H,7H)-dione was not formed in either case.
Base treatment of the diiodide (3.65) did not give a ura cil
product (cf. dioxo case, Part III.A) and only a bathochrorn ic
shift of the A
(321 nm) of the diiodide was observed
max.
by u.v. spectrophotometry, which was followed by slow
decomposition.
Various attempts to introduce a C-4 or C-6 side-chain
into the diaminopurine diiodide (3.65) were unsuccessful.
Thus, fusion of the diiodide or 2,8-diaminopurine (3.45)
with nitroacetic acid did not give a nitromethyl adduct
and starting material was recovered in each case.
Similarly, no reaction between potassium cyanide or dimedone
with the diiodide or 2,8-diaminopurine was observed even
when the conditions of slow evaporation of solvent and long
reaction times were used.
Methylation of 6-methyl-2,8-diaminopurine (3.48) in
dimethyl formamide gave 1,6,7,9-tetramethyl-2,8-diam inopurine diiodide (3.66) in low yield (34 %).

The pattern

of methylation was again deduced from the n.m.r. spectrum
of its reduced products (See Part (c) below), but could not
be unambiguously assigned.
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A complex mixture of products was obtained in the
benzylation of 2,8-diaminopur ine (3.45) with benzyl
bromide in dimethyl formamide.
(b) Catalytic reduction
The purine diiodide (3.65) was catalytically reduced in
water with platinum oxide and the uptake of one molecular
equivalent of hydrogen to give the ring-opened compound
(3.57) in quantitative yield.

This product was probably

formed by a mechanism identical with that for the formation
of the unmethylated compound (3.56).

The n.m.r. spectr um

of the dipicrate of (3.57) (in n 6 -DMSO) showed two NH signal
and two NH 2 signals which were consistent with the 1,7,9methylation pattern in the purine diiodide starting mat erial
(3.65).

The mass spectrum of (3.57) showed an initial loss

of NHMe as did that of the dioxo compound (3.26) and th is was
attributed to the loss of the terminal NHMe group of th e
5-guanidinium side-chain.
(c) Sodium borohydride reduction
1,7,9-Trimethyl-2,8-diamino purine diiodide (3.65) was
rapidly reduced with sodiµm borohydride in water or methanol
to the corresponding cis-perhydropurine (3.63).

In this

case, even careful reduction of (3.65) with one equivalent
of sodium borohydride in methanol in the n.m.r. tube did not
show a 1,6-dihydropurine intermediate (3.60).
that the

c 4 -c 5

It appeared

bond was reduced much faster in the diamino

case above, than in the corresponding dihydropurin-2,8(1H,7H)dione (3.25) (See Part III.A).

As expected, deuterium was

incorporated at the C-5 position of the perhydropurine (3.63)
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1
2
3
(3.56) R = R = R = H, X=Cl,Picrate

(3 . 58) X=Cl , I' ic.

2
1
3
(3.57) R = R = R = Me,X=Cl,Picrate

-1

R3
+N

+

H2N/N

NR 1

H/J-< N

NH 2

NJ._NH 2

R2

H
NH

N_.LNH2
H

3

(3.59) Rl= R2= R = H

so-4

(3.61)

(3.60) Rl= R2= R3= Me

x-

R3
N

R4

HH

- I Me

I
I

NR

Hl~=< N

R2

R

/

I

~
H

N

+

1

+

H2N-<

x-

N

H2

(3 . 62) Rl= R2= R3= R4= H, X=SO

,-

Me

4

.
(3.63) Rl= R2= R3= Me, R4 =H,X=C 1 ,Picrate
(3. 64) Rl= R2= R3= R4= Me, X=Cl, Picrate

NJ_NH 2
(3 .65 ) R -

H

(3.66) R = Me
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if the sodium borohydride reduction was carried out in
deuterium oxide and is analogous with the results obtained
for the dioxo compounds

(See Part III.A.4).

The n.m.r. spectrum of the cis-perhydropurine (3.63)
had H-4, H-5 and H-5, H-6 coupling constants consistent with
the cis stereochemistry (J

415

9.8, J

516

2.3, J

516

, 2.3 ) .

The spectrum also showed an NH, H-4 coupling (J ~l) wh ich
This

suggested that either N-3 or N-9 was unmethylated.

fact combined with the observation that there was a massspectral loss of NHMe from the guanidinium side-chain of
compound (3.57) and the n.m.r. spectrum of

(3.57)

showed

two NH and two NH 2 (rather than one NH and three NH 2 )
suggested that the purine iodide (3.65)

had 1,7,9- rather

than 1,3,7-methylation.
Similarly, the sodium borohydride reduction of 1,6,7,9tetramethyl-2,8-diaminopuri ne diiodide (3.66) gave the
cis-perhydropurine (3.64) (76%), as the only product.

The

n.m.r. spectrum (Fig. 3.7) of this compound clearly showed
that it was cis-fused and had an NH-H4 coupling,

(consist e nt

with 1,7,9-methylation) but gave no information regarding
the stereochemistry of the methyl group at C-6.

By analogy

with the argument used to deduce the stereochemistry of the
1,3,6,9-tetramethyl-2,8-diox o-cis-perhydropurine (3.35),
the diiminoperhydropurine (3.64)
stereochemistry shown.

could be assigned the

However, a 3,4-dihydro-diiminopurine

intermediate was not observed in this case as it was in the
dioxo case (i.e. compound (3.38)).
Attempts to convert the 1,3,9-trimethyl-dioxo-cis-p erhydropurine (3.30)

to the corresponding 1,3,9-trimethyldiimino-

perhydropurine using the PC1 5 -

NaNH 2 method (See Part II . B)

115

;Figure 3 . 7

1 H N. m.r. spectrum of 4(R * ) ,S (S * ) ,6 (S * )-1,6,7,9tetramethyl-2,8-diimino-cis- perhydropurine dipi crate
in

n -DMSO at 60MHz.
6

H Me
Me

H +N
2

H

17
s

9

H
(3 .64)

NMe
6-Me

H-6
H-5

H-4

OMSO
,-------

5

4

3

2

1
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were unsucce ssful.

N.m.r. spectra of the dioxo-p erhyd ro -

purine (3.30) in phospho rus oxychlo ride at 35°, showed
that it rapidly gave a complic ated mixture of product s,
rather than the desired 2,8-dic hloro compoun d.

Likewi se ,

attempt s to convert 1,7,9-tr imethy l-2,8-d iimino- cisperhydr opurine (3.63) to the dioxope rhydrop urine (3.32)
with nitrous acid were also unsucce ssful, and in this c ase
starting materia l was recover ed.

(6)

2-Amino purin-8( 7H)-one
This compoun d (3.67) 66 was prepare d with the aim of

reducin g it to a cis-2-am ino-8-o xoperhy dropuri ne and henc e
investig ating its convers ion to the corresp onding
cis-2,8- diimino perhydr opurine .
Catalyt ic hydroge nation of the amino-o xopurin e (3.67)
in acid gave the ureido compoun d (3.58) in 98% yield, but
gave none of the perhydr opurine .

Exhaust ive methyla tion of

the purine (3.67) in neutral medium (dimeth yl formami de)
gave a monome thylpuri ne iodide (79%) from which the free-ba se
(3.68) could be obtaine d, · but which was not reduced by sodium
borohyd ride.
The amino-o xo compoun d (3.68) was readily convert ed
into the dioxopu rine (3.70) (71%) by nitrous acid treatme nt
(2-amin opurin-8 (7H)-on e was also convert ed into purin2,8(1H, 7H)-dio ne with nitrous acid).

Compari son of the

monome thyl-pur ine (3.70) with authent ic samples of
l-methy l- 66 and 9~meth ylpurin- 2,8(1H, 7H)-dio ne, 66 showed

* Sample

kindly donated by Dr D.J. Brown.
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R

I

o=<

H2

H
(3.67)

R

=

H

(3.68)

R

=

Me

(3.69)

R

=

CD

3

R

I

o={
H
(3.70)

R

= Me

(3.71)

R

= CD 3

~

+I
NMe

R1

~o

2
· 1
(3.72) R = Me, R - CD

3

2
1
(3.73) R = CD , R = Me
3
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that it was neither of these purines.

However, furth r

methylation of (3.70) with dimethyl sulphate and a base
gave a mixture of 1,7,9- (90%) and l,3,7-trimethy lpurin2,8(1H,7H)-dio ne (10%)
(See Part III.A.4).

((3 .2 3) and (3.24), respectively)
Thus the position of monomethyla ion

of 2-aminopurin-8 (7H)-one (3.67) was shown to be N-7 .
This was indirectly confirmed by the synthesis of
7-trideuterome thylpurin-2,8(1 H,7H)-dione (3 .71 ) (from
2-aminopurin-8 (7H)-one and CD 3 r, followed by nitrous
acid treatment), which was methylated first with dimethy l
sulphate and a base, and then with methyl iodide in
dimethyl formamide to give 7-trideuterom ethyl-l,3,9trimethylpurin -2,8(1H,7H)-d ione iodide (3.72).

Comparison

of the n.m.r. spectrum of this compound with that of a
mixture of the 3- and 9-trideuterome thyltrimethylp urin2,8(1H,7H)-dio ne iodides ((3.73) and (3.14), respectively)
clearly showed that the trideuterometh yl group of (3.72)
was at N-7 rather than at N-3 or N-9.
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(7)

Experimen tal
For analyses and general informatio n, see
pages 21 and 22.

cis-4,6-Di aza-5-imin operhydro indene picrate (3.44) . cis-4,6-Di aza-5-oxo perhydroi ndene (3.4) (215 mg) in phosphoru s
oxychlorid e (15 ml) containing phosphoru s pentachlo rid
(320 mg, 1 mol. equiv.) was heated at 130°c for 2.5 h in a
sealed tube.

The volatiles were removed and the residu e

treated with liquid ammonia (50 ml) containing sodamide
(62 mg, 1 mol. equiv.) and allowed to stand overnight .

The

residue was dissolved in water (20 ml), acidified (pH 6.0),
and the aqueous solution extracted with chloroform (3 x 20 ml).
The aqueous layer was evaporate d and dried leaving the crude
hydrochlo ride (3.44) (134 mg, 50%) as a hygroscop ic solid;
\)

max. 3330 (NH stretch), 1665 and 1635 (guanidino ), 1473,

1452, 13 8 3 , 13 1 7 , 119 4 cm -1 ;

o (D2O) 3 . 7 2 (m , H- 3 a ) , 3 . 4 0

(d of d, H-7, J

, 13.0), 3.08 (d of d, H-7',

717

a 4.5, J

717

The
7 ,, 7 a 5.0, J 717 , 13.0), 1.2-2.7 (carbocyc lic-H).
picrate had m.p. 155-156~ (from water) (Found:
C, 42.8;
J

H, 4.5;

N, 22.7.

N, 22.8%);

v

max. 3425 (NH stretch), 1665 and 1634
(guanidino ), 1570, 1370, 1340, 1278 cm- 1 .

2,8-Diami nopurine (3.45).
(a) From 2,4,5-tria minopyri midine.-T he triaminopyrimidin e (12.5 g) and cyanogen bromide (26 g, 2.5 mol.
equiv.) in methanol (1 1) was refluxed for 4 h .

The
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solvent was evaporated and the r esidue in hot water (5 0 ml)
was basifi e d with aqueou s ammo nia , treated with charco al
Refrigera ti on o f the filt r ate precipit a t e d

and filtered.

the d i aminopurine (3.45) (7 . 1 g , 47 %) , m. p . 2 9 6° (l it .
m.p. 296°); pK

a

62

1.52 and 6.05.

(b) From 2-amino-8-me thy l thiopur i ne. - The me thylth i opurine (3.50) (3.6 g) in 14N-arnmonia (8.6 ml) and water
(8.6 ml) containing traces of copper-bronze and copper
acetate was heated in a sealed tube at 170° for 48 h.

The

solution was then boiled with charcoal, filtered and e vaporated and the residue extracted with boiling methanol
(50 ml) leaving 2,8-diaminopurine (3.45) (1.25 g, 39 %),
m.p. 296

0

.

(lit.

62

0

m.p. 296).

6-Methyl-2,8-diaminopurine sulphate (3.48) .-6-Meth y l2,4,5-triaminopyrimidine (1.39 g), cyanogen bromide (2. 6 g ,
2.5 mol. equiv.) and methanol (100 ml) was refluxed for 12 h .
The product was passed through an Amberlite IR-400 (OH-)
column in water.

The eluates were evaporated to 10 ml,

treated with charcoal, boiled, filtered and cooled giving
the diaminopurine (460 mg, 30 %) m.p. 320° (from water);
o (D2O) 2.38 (s, Me); o ((CD) SO) 7.53br (2 x NH ), 2.40
3
2
( s, Me) .
A sample was converted to the sulphate by recrystallization from aqueous 2N-sulphuric acid; m.p. 270°
(Found:
C, 27.5;

C, 27.4;
H,

3.8;

H, 4.1;

N, 31.8.

N, 32.0 %); I\ max. 231 (19,600), 263
(7,900), 309 (8,100) nm.
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6-Hydroxymethyl-2,4,5-triam inopyrimidine (3.54) . 6-Ethoxycarbonyl-2,4,5-triam inopyrimidine63

(30 g)

in

methanol (1 1) was treated with sodium borohydride (74.5 g ,
13 mol. equiv.)

in portions and the mixture allowed to stand
The solution was

for 5 hand then refluxed for 1 h.

neutralized with methanolic hydrogen chloride and filtered.
The filtrate was passed through an Amberlite IR-400
column (4 x 50 cm) in methanol.

(OH)

Evaporation of part of the

methanol crystallized the triaminopyrimidine (3.54) (20.1 g,

+
85% ) m.p. 183-185 0 decamp., m/e 155 (M), 137, 126, 109, 96,
82, 68, 55, 43; o((CD3)2SO)

6.01 (s, NH2), 5.18

4. 2 7 ( s, CH 2 OH) , 3. 6 9 ( s, NH 2 ) .

(s, NH2),

Recrystallization from

SN-aqueous sulphuric acid gave the sulphate, decamp. >200°
(Found:
requires

H, 4.5;

C, 22.8;
C, 22.9;

H, 4.6;

N, 27.0.

c 5 H9 N5 0.H 2 so 4 .½H 2 0

N, 26.7 %).

6-Hydroxymethyl-2,8-diamino purine (3.49) .-The triaminopyrimidine (3.54) (15.5 g) and cyanogen bromide (26.0 g,
2.5 mol. equiv.)

in methanol

(1 1) was refluxed for 4 h.

The methanol was evaporat~d and the residue dissolved in hot
water (50 ml), basified with 14N-ammonia, treated with
charcoal and filtered.

The precipitated solid was dried

in vacuo to give crude 6-hydroxymethyl-2,8-diamino purine
6
( 3 . 4 9 ) ( 8 . 3 g , 4 6 %) ; o ( D2 0 ) 4 . 9 0 ( s , CH 0 H) ( 1 it . l o .( D2 0 )
2
4 . 9 0 ( s , CH OH) .

2
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2-Imino-5-guanidiniumperhydropyrimidin-4-one dipicra e
(3. 56) .-2, 8- Diaminopurine (3 . 45) (400 mg)

in aqueous

5 -hydrochloric acid (25 ml) containing platinum oxide
0

(100 mg) was hydrogenated at 4.6 atm . and 20 C for 4 h .
Filtration and evaporation gave the guanidiniurn dihydrochloride (3 .5 6) (630 mg, quant . ) as a hygroscopic gum;

o (0 2 0) 4.69 (t, H-5,

J

516

5.0), 3 . 96

The dipicrate had m.p. 227.5-228
C, 32.3;

H, 3.0;

, 26 . 3 .

C, 32.5;

H, 2.7;

, 26.7 %);

V

0

(d, H- 6, J

516

5 . 0) .

(from water) (Found :

max . 1780, 1711, 1680,

1635, 1569, 1338, 1280 cm- 1 .

Electrochemical reduction of 2,8-diaminopurine.2,8-Diaminopurine (3.45) (1 g) in l0M-sulphuric acid (15 ml)
was electrochemically reduced with 4.0 amp.
0

(8 volt)

for

The mixture was worked up as before (See

1.5 hat 5-8 C.

Part III.A) to give 800 mg of residue containing the cisperhydropurine (3.62), the guanidiniumperhydropyrimidine
(3.56) and the unsaturated compound (3 .61 ) (3 :2: 1) .

The

sulphate of (3.56) was ~asily removed by recrystallization from water and had spectral properties identical to
those described before.

The perhydropurine (3 . 62) could

not be separated from compound (3 . 61) by recrystallization
or by preparation of the mixture of dipicrates and recrystallization.
(J

415

Only H-4 of the perhydropurine (3 .62 )

8.5) could be clearly seen.

The same mixture of products was obtained from the
electrochemical reduction of 6- hydroxy-2,8 - diaminopurine
(3.46) 62165 (1 g)
5 a1~p.

(9 volt)

in l0M-sulphuric acid (10 ml) with

for 4 h .
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1,7,9-Trimethyl-2,8-diamino purine diiodide (3 .65 ) . 2,8-Diaminopurine (3 .45 ) (1 g)

in dimethyl formamide

(100 ml)

containing methyl iodide (5 ml) was heated under reflux on a
steam-bath for 2.5 h.

The solvent was removed and the

residue triturated with acetone to give the diiodide (3.65)
(1.66 g, 60%) m.p. >200° decamp.
N, 18.9.

(Found:

C, 21.4;

C8 H14 N6 I 2 requires

C, 21.7;

H, 3.4;

N, 18.7 %);

H, 3.1;

o (D 2 0) 8.48 (s, H-6),

230 (58,000), 321 (9,200) nm;
A
max.

3 . 9 0 ( s , NMe) , 3 . 6 5 ( s , NMe) , 3 . 6 3 ( s , NMe) .

l-Methyl-2-imino-5-N,N'-dim ethylguanidiniurnperhydropyrimidin-4-one dipicrate (3.57) . -The diiodide (3.65) above
(500 mg) in water (20 ml) containing platinum oxide (200 mg)
was hydrogenated at 1 atm. and 20° for 2 h.

Filtration and

evaporation gave the guanidinium diiodide (3 .57) (497 mg, quant)
as a hygroscopic solid; m/e 254

(M+ - NHMe), 139, 128, 55, 30,

2 8 ; Amax. 1 7 7 1 , 1 6 8 2 , 1 6 4 6 , 1 6 11 cm
J

-1

;

o (D2 0 ) 4 . 7 4 ( t , H- 5 ,

6 . 0 ) , 3 . 2 8 ( s , 2 x NMe ) ,
,
5 , 6 6 . 0 ) , 3 . 9 4 (d , H- 6 , J 5 6

3.15 (s, NMe).
(Found:
C, 35.8;

The dipicrate had m.p. 190° (from methanol)

C, 36.2;
H, 3.3;

H, 3.4;

N, 25.0.

N, 25.1%);

c 20 H22 N12 H

15

requires

o ( (CD 3 ) 2 so) 9.60br (s, NH),

8 . 6 7 ( s , pi crate - H) , 8 . 0 7 ( d , NH , J 2 . 0 ) , 7 . 4 3 ( s , 2 x NH 2 ) ,
4 . 63

(m, H- 5) , 3 . 8 0 (m, H- 6) , 3 . 10 ( s , 2 x NMe) , 3 . 0 5 ( s , NMe) .

1,7,9-Trimethyl-2,8-diimino -cis-perhydropurine dipicrate
(3.63) .-The diiodide (3.65) (200 mg)

in water (1 ml) was

treated with sodium borohydride (51 mg, 3 mol. equiv.) and
allowed to stand for 15 min.

The solution was brought to
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pH 6 with hydrochloric acid and treated with excess picric
acid to give 1,7,9-trimethyl-2,8-diimino -cis-perhydropurine
dipicrate (3.63) (370 mg, quant.) m.p. 223-224° (from
Me OH-H 0, 9 : l) (Found:
2

c

requires
H N o
20 22 12 14

cS ( (CD

) so)
3 2

36 . 9 ;

H, 3 . 3 ;

N, 2 5 . 8 .

C, 36.7;

H, 3.4;

N, 25.7 %);

C,

8.63 (s, picrate-H), 8.30 (s, NH 2 ), 7. 71 (s, NH 2 ),

5. 2 2 ( d of d, H- 4 , J 4 , 5 l O • 0 , J 4 , NH 1. 8) , 4 . 4 8 ( d of t, H- 5 ,
2 . 3) , 3 . 0 0 ( s , NMe) ,
2 . 3) , 3 . 5 9 ( d, H- 6 , J ,
10 . 0 , J ,
,
5 6
5 6
4 5

J

2 . 9 2 ( s , NMe ) , 2 . 8 7 ( s , NMe ) .
The dipicrate was passed through an Amberlite IR-400
(OH-) column (2 x 20 cm) in ethanol.

The eluates were

acidified with methanolic hydrogen chloride and evaporated
to give the dihydrochloride (3.63) (100 mg, 90%) as a
hygroscopic solid; v max. 1675, 1640, 1607, 1569, 1438,
1280, 1143, l O 3 8 cm
4.57
J

-1

(d oft, H-5, J

;

415

o (D 2 0 )

5 . 6 3 ( d , H- 4 , J

9.8, J

516

9 . 8) ,
,
4 5

2.3), 3.71 (d, H-6,

2 . 3 ) , 3 . 15 ( s , NMe ) , 3 . 0 2 ( s , 2 x NMe ) .
,
5 6
Reduction of the iodide (3.65) in D2 0 with sodium

borohydride as above gave 5-deutero-1,7,9-trimethyl-2 ,8diimino-cis-perhydropurin~ dipicrate; m.p. 225° (from MeOH)
(Found:

C, 3 6. 3; DH, 3. 6;

requires

C, 36.6; DH, 3.5;

N, 2 5. 2.
N, 25.6%); v max 3400 and 3200

1
(NH stretch), 1664, 1630, 1610, 1569, 1551, 1343, 1272 cm- ;

o ( (CD 3 ) 2 so

8.63 (s, picrate-H), 5.31 (s, H-4), 3.68br (s,

H- 6 ) , 3 . 0 9 ( s , NMe) , 2 . 9 8 ( s , 2 x NMe) .

1,6,7,9-Tetramethyl-2,8-diam inopurine diiodide (3.66) . 6-Methyl-2,8-diaminopurine (3.48) (328 mg)
formamide

in dimethyl

(50 ml) containing excess methyl iodide was heated
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on a steam-b ath under reflux for 4 h.

The solvent was

evapora ted and the residue triturat ed with acetone to give
the diiodid e (3.66) (310 mg, 34 %) , m.p . 306° decamp .
(from methano l) (Found:
C9Hl6N6 I2 require s

C, 23.l;

C, 23.4;

H, 3 .7;

H, 3.5;

N, 17 . 8.

N, 18 .2 %) ; o (D2O)

3 . 7 2 ( s , NMe) , 3 . 7 0 ( s , NMe) , 3 . 4 0 ( s , NMe) , 2 . 8 3 ( s , CMe) .

4( R*) ,S(S*) ,6(S*)- l,6,7,9- T etramet hyl-2 ,8-diim ino- cisperhydr opurine dipicra te (3.64) .-The diiodid e (3.66) above
(100 mg) in water (1 ml) was treated with sodium borohyd ride
(100 mg, 12.4 mol. equiv.) and allowed to stand overnig ht.
The solutio n was neutral ized with hydroch loric acid and
treated with excess picric acid.
had m.p. 270° decamp.
N, 25.0.

c 21 H

The picrate (110 mg, 76 %)

(from water) (Found:

N
24 12 o 14 require s

C, 38.2;

N, 25 .1 %); o ( (CD ) so) 8. 70br (m, NH), 8. 67
3 2
8.50br (s, NH ), 7.85br (s, NH ), 5.32
2
2

C, 38.2;

H, 4.0;

H, 3.6;
(s, picrate- H) ,

(d of d, H-4,

JNH, 4 3.5, J
8.5), 4.40 (d of d, H-5, J
8.5, J
4.7),
415
415
516
4. l 0 ( d of q, H-6, JS,
6 4. 7 , J 6 , Me 6. 8) , 3. 0 7 ( s, NMe) ,
3 . 0 0 ( s , NMe ) , 2 . 9 0 ( s , NMe ) , 1 . 2 0 (d , CMe , J Me ,
6. 8) .
6

2-Imino -5-ureid operhyd ropyrim idin-4-o ne picrate (3.58) . 2-Amino purin-8( 7H)-one (3.67) 66 (655 mg) in aqueous
SN-hyd rochlori c acid

(50 ml) contain ing platinum oxide was

hydroge nated at 4.6 atm. and 20 0 C for 24 h.

Filtrati on and

evapora tion gave the perhydr opyrimi dine hydroch loride (3.58)
(734 mg, 98 %) as a hygrosc opic gum; o(D O) 4.16 (t, H-5,
2
J
5.0), 3.35 (d, H-6, J
5.0), 3.02 (d, H-6 ', J
, 5.0).
516
516
516

126

The picrate (3.58) had m.p. 221

0

(from methanol ; another

form of picrate of (3.58) was discarded) (Found :
H,

3.1;

C, 33.l;

, 27. 8.

N, 28. 0 %) ; \)

3465, 3410, 338 0 and 3210 (NH stretch),

max.

1737, 1694, 1642 cm

-1

; o((CD ) 2 so)
3

(s, picrate-H),

8.58

7 . 5 4 ( s , NH 2 ) , 6 . 4 3 (d , NH , J 7 . 5 ) , 5 . 8 3 ( s , NH 2 ) ,
4.56

(d of d, H-6, J

(m, H-5), 3.66

3.34 (t, H-6', J
(d of d, J

516

516

, 12.5, J

7.5, J

516

616

516

7.5, J

616

, 12.5),

, 12.5); H-5 became

, 12.5) on D2 0 addition.

7-Methyl-2-arninopurin-8(7H) -one (3.68) .-2-Amino(151 mg) in dimethyl formamide conta ining

purin-8(7H)-one66

excess methyl iodide was heated on a steam-bath under reflux
for 2 h.

The solvent was removed and the residue triturated

with acetone to give 7-methyl-2-aminopurin-8(7H) -one iodide
(230 mg, 79%) m.p. 289° (from water) (Found:

C, 24.0;

H,

3.4;

N, 22.9.
N,

2 3 • 2 %) ;

o (D 2 O)

7 •98

( s , H- 6) ,

3 • 82

( s , NMe) .

The iodide above in water (0.5 ml) was brought to pH 7
with aqueous sodium hydroxide to give the free base (3.68)
C, 3 9 . 6 ;

m. p. 3 0 0 o

(Found:

requires

C, 39.3;

(NH stretch),

H,

5.0;

H,

5. 2;

N,

N, 38.2 %) ; \)

38 . 2 .
max.

3340 and 3165

1678, 1645, 1583, 1550, 14 7 2, 1330, 1210,

1083, 919, 792 cm

-1

; o((CD3)2SO) 7.07

(s, H-6), 7.02br

( s , NH 2 ) , 3 • 4 5 ( s , NMe) .

Similarly, 7-trideuteromethyl-2-aminop urin-8(7H)-one
(3.69) (76 %) was prepared using trideuteromethyl iodide.
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7-Methylpurin-2,8(1H,7H)-di one (3.70) . 7-Methyl-2-aminopurin-8 (7H) -one (3. 68) (500 mg) in
aqueous 2N-hydrochloric acid (25 ml) was treated
in portions with sodium nitrite (750 mg) over 4 h
at 20°c.

The solution was then neutralized with

aqueous ammonia and evaporated to 5 ml whereupon the
dioxopurine (3.70) precipitated (350 mg, 71 %) m.p.
350° (from water) (Found:

C, 38.8;

H, 4.0;

N, 30.1.

C H N o .H 0 requires C, 39.1; H, 4.4; N, 30.4 %);
6 6 4 2 2
3480 and 3260 (NH stretch), 1665, 1536, 1500,
v
max.
1471, 1432, 1324, 1097, 788 cm-l; o(2N-DC1) 8.27
( s , H- 6 ) , 4 . 18 ( s , NMe ) .

The 7-trideuteromethyl

compound (3.71) was similarly prepared using
trideuteromethyl iodide.

Methylation of (3.71)

(100 mg) in aqueous sodium hydroxide (1.2 ml, 2 mol.
equiv.) with dimethyl sulphate (154 mg, 2.1 mol. equiv.)
gave a mixture of trialkyl purines (3.72) and (3.73),
with spectral properties identical to those of 1,3,7and l,7,9-trimethylpurin-2,8(1H ,7H)-dione (3.23) and
(3.24), except for the absence of the 7-methyl signal.
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PART IV

PRELIMINARY BIOLOGICAL EVALUATION OF TETRODOTOXIN
AND SAXITOXIN ANALOGUES
A.

Introduction
Studies of the structure-activity relationship of

tetrodotoxin and saxitoxin can potentially yield important
information on the sodium channels of excitable membranes
and could lead to potent new drugs.

However, as Kao has

noted , 31 a direct approach by modifying the structure of
the toxins and observing the biological activities of the
modified compounds appears to be futile, because even
relatively minor modifications of the tetrodotoxin molecule
1
lead to almost complete loss of biological activity.

Thus

an alternative approach to this study was the synthesis and
evaluation of cyclic guanidinium and urea analogues of the
toxins (See Parts II , III).

These compounds were chosen

because both toxins have cyclic guanidinium moieties, although
they are otherwise structurally different.

Also common to

both molecules, however, is a readily ionizable hydroxyl
group with a pK a of 8 . 5 in tetrodotoxin and 8.24 in saxitoxin.
7
Tetrodotoxin therefore exists as a zwitterion in solution and

saxitoxin may well behave similarly although no evidence for
this proposal has yet been reported.

The zwitterionic charac-

ter of tetrodotoxin is probably important for its activity and
so the zwitterionic compound 8a-carboxymethyl-2-iminoper hydroquinazoline (2 . 49) was synthesized (See Part II.B) for
determination of its biological activity.
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The most suitable means for making an initial asse ss ment of the activity of the analogues synthesized was t o
determine their toxicity to mice.

This was a simple p rocess

involving intraperitoneal injection of the compound in 0 . 9
Useful information abo ut

sterile saline (0.5 ml) into mice.

the injected compounds could be gained from the mode of d ea th,
the death-time and other physiological effects they caused
in the animals.

It was envisaged that the most toxic of

the compounds tested would be further studied for their
nerve-blocking activity.

B.

Tetrodotoxin Analogues
The minimum lethal doses of several of the compounds

synthesized (See Part II) are listed in Table 4.1.

Although

most of the 2-iminoperhydroquinazolines were much less toxic
than tetrodotoxin, nevertheless, they were of comparable
. .
. h t h e most active
.
toxicity
wit
eye 1·ic guani'd'ines k nown. 12,31
Death occurred within 15 minutes of injection with apparent
paralysis of the limbs and inhibition of respiration.
that survived this period recovered completely.

Mice

This

response is similar to that observed for tetrodotoxin in
this and other work, 31 and suggests that the compounds are
mimicking the toxin in some respects.

Interestingly the

zwitterionic compound (2.49) and the tetrahydroquinazoline
(2.60) had virtually no toxicity.

The oxo-compounds (2.6)

and (2.7) were the most toxic compounds tested but killed
the animals by affecting the central nervous system causing
severe convulsions and pain .
compounds is in progress.

Further evaluation of these
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Table 4.1
Tetrodotoxin Analogues
Minimum lethal doses for male mice (intraper itoneally)
2-Imino-3,4,4a,5,6,7,8,8a-oc tahydroquinazoline

Approximat
M.L.D. (mg/Kg)

cis- (hydrochloride)

100

trans-

110

( 2. 6 2)
16
(hydrochloride)

cis-1-Methyl- (sulphate)

( 2. 63)

100

cis-3-Methyl-

(2.64)

90

(sulphate)

trans-1-Methyl-

(sulphate)

(2.66)

110

trans-3-Methyl-

(sulphate)

( 2. 67)

150
>500

cis-8a-Carboxymethyl- (2.49)
cis-8a-Methoxycarbonylmethy l-(hydrochloride) (2.59)
cis-8a-Cyanomethyl- (hydrochloride)
trans-(4aR, 8aS)- (sulphate)
trans-(4aS, 8aR)- (sulphate)

210
100-500

( 2. 58)

67

115

67

110

67
cis-(4aS, 8aS)- (sulphate) ·

100

cis-l-Methylperhydroquinazo lin-2-one (2.6)

75

cis-3-Methylperhydroquinazo lin-2-one (2.7)

75

2-Arnino-5,6,7,8-tetrahydroq uinazoline
(hydrochloride) ( 2 . 6 0)

2-Iminoperhydropyrimidine (hydrochloride)

Tetrodotoxin (1.1)

>250

16

175

0.013
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Table 4.2
Saxitoxin Analogues
Minimum lethal doses for male mice ( i ntraperitoneal ly)
Appro x imat
M.L.D.

cis-2,8-Diiminoperhydropurin e
-(disulphate)

(mg/I<:g )

(3.62)

+ 2-imino-5-guanidinium-1,6-d ihydropyrimidine

(disulphate)

(3.61) (1:1)

cis-1,7,9-Trimethyl-2,8-diim inoperhydropurine
-(dihydrochloride)
(3 .63 )

400

300

2-Imino-5-guanidiniumperhyd ropyrimidin-4-one
(dihydrochloride)
(3.56)

>500

6-Hydroxy-2, 8-diaminopurine (sulphate)

>500

(3. 46)

1,7,9-Trimethyl-2,8-diamino purine diiodide (3.65)

>500

cis-2,8-Dioxoperhydropurine (3.8)

>500

cis-1,3,9-Trimethyl-2,8-diox operhydropurine (3.30)

>500

cis-4-Acetoxy-2,8-dioxoperhy dropurine (3.12)

>100

cis-4,6-Diaza-5-iminoperhyd roindene
-(hydrochloride) (3.44)

170

2-Iminoimidazoline (hydrochloride) 68

250
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c.

Saxitoxin Analogues

The minimum lethal doses for these compounds are
illustrated in Table 4.2.

The diimino compounds wer e

less toxic than the 2-iminoperhydroquinazolines and
the dioxoperhydropurines had no toxicity for doses
below 500 mg/Kg.
In conclusion, it appeared that the cyclic
guanidinium moiety was in fact responsible for the
tetrodotoxin- and saxi t oxin-like toxicity of these
perhydroquinazoline and perhydropurine analogues above.
Also, any structural feature (e.g. conjugation, presence
as a zwitterion) which affected the saturated cyclic
guanidinium group appeared to decrease the activity of
the analogue.
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PART

V

A STUDY OF THE BIOGENESIS OF TETRODOTOXI
A.

Introdu ction
o

Most of the 40 species of puffer fish which are known
be tetrodo toxic belong to the family Tetraod ontidae , of the
suborde r, Gymnod ontes.

These fish are found in all the warm

seas of the world and are omnivor ous.

The Japanes e puffer

fish (e.~. Spheroi des rubripe s) has been most closely s tudied
since it is eaten as a delicac y in Japan and results in many
14
.
.
The highest concen trations of
cases o f poisoni ng.
tetrodo toxin are found in the liver and gonads of these fish
during the spawnin g season, and there appears to be a clos e
associa tion of gonadal activit y with the level of toxic ity .

14

The eggs produce d are also toxic, presuma bly for protect i on
against predato rs.
The origin of the toxin found in puffer fish is unkn o~m ,
14 that either it or a prealthoug h Halstea d has suggest ed
cursor is present in some form of marine food which is
ingeste d.

However , this. seems unlikel y since tetrodo tox ic

fish are so widely spread that their eating habits must v a ry
markedl y.

In additio n, the embryos and eggs of the fresh-w ate r

3
salaman der or newt, Taricha torosa also contain tetrodo toxin.
This animal is only distant ly related to the puffer fish and
does not consume any food in common with the latter.

It

seems more probabl e , therefo re, that these animals act ively
biosynt hesize tetrodo toxin from simple precurs ors rath er than
by ingestin g the toxin, or a toxin precurs or.
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Thus the present work was undertaken in order to
determine whether or not the toad-fish, Spheroides liosomus,
which is prolific on the south coast of ~ew South Wales,
actively synthesizes tetrodotoxin in its liver or ovaries
from simple precursors.

B.

The tetrodotoxicity of the toad-fish, Spheroides
For a study of tetrodotoxin, it was essential to find an

easily accessible source of live toad-fish with high leve ls
of the toxin in their livers and gonads.

There appeared,

however, to be no available data regarding the toxicity or
otherwise of various species of Australian toad-fish.

There-

for, samples of the latter were collected from two places on
the south eastern New South Wales coast which were reasonably
accessible from Canberra, namely Ulladulla and Tuross Lakes.
Large numbers of the toad-fish, Spheroides liosomus and a
species of porcupine fish, Dicotylichthys Myersi were foun d
in the latter region (an estuary) (See Fig. 5.1).

Both o f

these small fish (10-20 cm long) were readily caught in
shallow water (1-2 m) by luring them to the surface with
prawn bait and then trapping them with a hand net.

They were

kept alive in a wire cage which was submerged in the water.
The fish were then kept alive during their transportation to
Canberra by placing them in large plastic bags full of seawater which were kept cool with ice.

Fish which were not

required for biosynthetic studies but were required for an
estimation of toxicity were transported to Canberra out of
water but on ice.

Immediately on arrival, the fish we re

Figure 5.1
(See plate over page)

Toad-fish

Porcupine-fish

(Spheroides liosomus)

(Dicotylichthys Myersi)

I---'

w

u,
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incised ventrally and the livers, ovaries and testes
removed, weighed separately, chopped and suspended in
water at 20°c (containing

14 c-labelled precursors for th e

biosynthetic study - See Part D. below).

These suspens io ns

were allowed to stand for 2-3 days and were then either
filtered or decanted to give a solution often containing
a large amount of dissolved protein.

This was removed by

boiling the solution briefly, whereupon the coagulated

*
protein was filtered off.

The aqueous solution was then

freeze-dried and this residue tested for toxicity by
intraperitoneal injection into mice (See Part IV).

The

amount of toxin present was determined on the basis that the
minimum lethal dose of tetrodotoxin for mice is ~l0µg/Kg .
Of all the toad-fish (i.e. Spheroides liosomus) which were
caught only ~5% were males.

The testes of these fish were

readily distinguished from the ovaries of the females by
their smooth, white appearance.

The ovaries, on the other

hand, were pink, highly vascular and had a granulated appearance, and were swollen with eggs during the spawning season
(November).

The liver and ovaries of the female fish were

always toxic although the degree of toxicity varied markedly
with the season of the year (See Fig.5.2).

Thus during the

spawning season, the ovaries and eggs were extremely toxic and
contained more than 3 mg of toxin or ~a .OS % of the ovary weight.

* This important purification step was successfully employed

by Goto et al in the isolation of pure tetrodotoxin from
puffer-fish ovaries

69 and relies on the relative stability

of the toxin in water at 100°c for a short time.
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;E'i9ure 5.2

(a.)

Seasonal variations in the ovary tetrodotoxin content
(mg/fish) and ova.ry wei9ht (9/~ish} of the Toad-fish,
Spheroides liosomus .
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Figure 5.2

Seasonal variations in the liver tetrodotoxin content
(~g/fish) and liver weight (g/fish) of the Toad-fish,
S heroides liosomus .
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The livers contained onl y ~ 0. 001% tetrodotox in , but this
value compares favourabl y wi th the estimated tetrodotoxin
content o f the ovaries o f the Japanese puffe r- fi s h ,
Spheroides rubripes (0.00 1 -0.0 0 2%) . 69
All the porcupine fish caught on t h e o t h er h a nd, were
males and their organs were non-tox i c.

These fi sh,

therefore, were not used for biosynthet i c stud i es.

C.

The synthesis of 2-amino-6-methoxyqu inazoline
The method chosen to study the biosynthesis of tetr odo -

toxin involved the addition of 14 c labelled precursors to
in vitro preparations of toad-fish livers and ovaries,
followed by the isolation of a tetrodotoxin degradation
product, and measurement of its radioactivity (See Part D.
below).

If biosynthesis of the toxin was occurring in

either of these preparations, then 14 c label should be
incorporated into the tetrodotoxin molecule and hence i n t o
an isolable tetrodotoxin degradation product.

The acid

degradation product, 2-amino-6-hydroxyquinazolin e (5.2) 69
was chosen for this work because it contains eight of the
eleven carbon atoms of the toxin and its methyl ether (5. 3 )
had been synthesized unambiguously from 2-nitro-5-methoxybenzaldehyde.69
. 69 o f t h e
Goto and cowor k ers reporte d t h e synt h esis
quinazoline (5.3) which required the catalytic hydrogenat ion
of 2-nitro-5-methoxybenzaldehyd e (5.4) to 2-amino-5methoxybenzaldehyde (5.5), followed by cyclization of the
crude product with guanidine.

The yields from these two
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Me

R

)_

CHO

R

H2

( 5 . 1)

R = H

( 5. 4)

R =

( 5. 2)

R = OH

( 5. 5)

R

( 5. 3)

R = OMe

(5 . 8)

R=H

02

= NH 2

H

C= OH

R

(5 .6)

R

R=H

(5 .7) R

=

OMe

(5 . 9) R

MeO

-.0

)
(5 . 10)

= OMe

140

reactions were not stated and attempts to repeat the
synthesis did not give a crystalline product .

Therefore,

other approaches to the synthesis of the quinazoline (5 . 3)
were investigated.
The oxime of 2-aminobenzaldehyde (5.6) 72 and 2-ami no 5-methoxybenzaldehyde (5 .7) 72 were prepared, and cyclization to the 2-aminoquinazoline-3-oxides ((5.8) and (5.9),
respectively) were attempted with S-methylisothiouroniurn
sulphate, cyanamide or guanidine, but all were unsuccess ful .
Attempts to prepare 2-amino-6-methoxyquinazolin e-3-oxide
(5.9) directly by the addition of hydroxylamine to
6-methoxyquinazoline-3-oxid e (5.10) 70 ' 71 ' 72 were also
unsuccessful.
The successful preparation of 2-aminobenzaldehyde in
70 % yield from 2-nitrobenzaldehyde by a ferrous sulphate. 73
ammonia reduction has been reported by Smith and Opie.
A similar reduction of 2-nitro-5-methoxybenzaldehy de (5.4)
gave only 20% yield of pure 2-amino-5-methoxybenzaldehy de
(5. 5).

Cyclization of this latter compound with guanid in e

in decalin 74 gave the desired 2-arninoquinazoline (5.3)
56 % yield.

This result suggested that the catalytic

reduction of 2-nitro-5-rnethoxybenzaldehy de mentioned earlier
had given only a very poor yield of the desired 2-aminobenzaldehyde (5.5), and hence only a small yield of the
quinazoline (5.3).

D.

Attempted in vitro 14 c labelling of tetrodotoxin
Biosyntheses can be investigated in the whole animal,

or in vitro with tissue slices.

The use of an isolated

1 1

biological system such as tissue slices has the importan
advantage that side-react io ns in which a labelled precurs or
d

might be involved in the who le animal , are often elimin
o

and thus a considerable savin g in the amount of isotope
be used can be effected.
lOOµCi of

14

c

75
.~
that if
Thus PopJak showed

in the form of acetate-

14

c

were added to 10

of rat liver slices in vitro, about lOµCi of

14

c contai ned

in 25mg of cholesterol was obtained after 5 h of incubati on .
If this cholesterol was diluted with 100 g of unlabelled
compound, the specific activity of the diluted material was
14 c
sufficiently high for accurate determination of the
content of each carbon atom.
The choice of the toad-fish liver and ovaries for the
study of the biosynthesis of t etrodotoxin was an obvious one
since these organs were gener a lly the most toxic.

However ,

the precursors in the biosynt h esis are unk nown, although
Woodward

8 has surmised that t h e molecule could be constru cted

by an unusual variant of the f amiliar poly acetate scheme.
The unusual structure of the molecule (1.1) however, does
not preclude the possibility of its biosynthesis from other
compounds such as malonate, mevalonate and arginine.
the choice of

14

Thus

c labelled precursors for this study was

ar b i·t rary an db ot h acetate-

14

. i. ne- 14 C were use d
Can d argin

together.
Since the level of toxicity of the toad-fish ovaries and
liver was at a peak during the spawning season, it appear ed
that tetrodotoxin biosynthesis was occurring at a greater
rate during this period.

Presumably this rate diminish ed

1 2

considerably after spawning and so the toxicity of the
organs also diminished.

Therefore, the following

labelling experiments were only performed during the
spawning season when the rate of biosynthesis and hence
incorporation of

14

c into the tetrodotoxin molecule shoul d

be optimal.
The live toad-fish were placed on ice on their arri r 1
in Canberra and the ovaries and liver immediately remov ed .
The organs were weighed, chopped and suspended in water a
14 C ( See
. .
14 Can d arginine. .
o
2 O C containing acetate-

experimental) and allowed to stand for 2 days.

The aqu eous

solutions were then decanted, boiled and filtered and th
filtrate freeze-dried

The amount of tetrodotoxin pres en

was determined by the toxicity of the residue to mice
I
'

I

Part B. above).

(See

This crude residue was then treated with

concentrated sulphuric acid, followed by diazomethane by
69 to convert any tetrodotoxin present
the method of Goto
into 2-amino-6-meth oxyquinazoline (5.3).

Attempts to

detect this small amount of quinazoline by u.v.

spectra and

liquid phase chromatography were unsuccessful.

Unlabell ed

quinazoline

(5.3) was then added and the mixture

recrystallized to give pure 2-amino-6-meth oxyquinazoline
which was further recrystallized to constant specific activi y.
The results for these experiments are illustrated in
I

Table 5.1.

Clearly, no

14

C labelled quinazoline

present in the recrystallized material.
I

Thus either the

tetrodotoxin present in the crude residue above was not
degraded to the quinazoline

It

(5.3) wa s

(5.3), or the biosynthesis of

1 43

TABLE 5 . 1
Attempted in vitro

14

c labelling of tetrodotoxin

Spheroides liosomus livers and ovaries

Specific act ivity (c . p . m. per m. g . ) of
2-amino-6-methoxyquinazoline .

EXPERIMENT I
(Fish collected on 10/12/74)
Livers
1st Recrystallization

263

( ±17)

2nd Recrystallization

67

(±15)

3rd Recrystallization

6

( ± 9)

Ovaries

EXPERIMENT II *
(Fish collected on 19/1/75)
Livers

Ovaries

1st Recrystallization

39 ( ±10)

144 ( ±12)

2nd Recrystallization

10 ( ±7)

41 ( ±14)

* See

experimental.

111

1

tetrodotoxin from acetate or arginine in the l i v e r and
ovaries was negligible under the cond i tions emp loyed.
Since the fish from the two experiments were collected nP r
I

I

the middle and end of the spawning season, it is possib l
that the biosynthesis of tetrodotoxin was already compl
Therefore, further experiments should be performed prio r
14 C labelled
to the spawning season and a wider range of
precursors used.
It is also possible, although unlikely, that rather
than tetrodotoxin, another toxin is present in these
toad-fish which is not degraded to 2-amino-6-methoxyquinazoline in the same way as tetrodotoxin.

I

I

_I

'I

I
'

I

14 5

E.

Experimental
For analyses and general information , see
pages 21 and 22.
2-Amino-6-methoxyquinazo line (5.3) . - 2 - Nitro - 5 -

methoxybenzaldehyde (5.4)
method of Smith and Opie

69

73

(2.2 g) was reduced by the
to give 2-amino-5-methoxybenz-

aldehyde (5.5) (350 mg, 19 %) ; v max. 3500, 3485 (NH stretc h),
1
2860, 1670 (CO), 1604, 1569, 1500, 1247, 1169, 1042 cm- .
The amino compound (5.5) (350 mg) was suspended in decal in
(700 mg)

(10 ml) containing guanidine nitrate

carbonate (260 mg) and refluxed for 30 min.

and sodium
The solution

was cooled and the quinazoline (5.3) (226 mg, 56 %) filte red
off; m.p. 191-194

0

.

(lit.

74

0

m.p. 193-194); o((CD 3 ) so))
2

(s, aromatic-H), 6.23

7 . 20 and 7.00

Attempted

14

(s, OMe).

(s, NH ), 3.74
2

c labelling of tetrodotoxin.--One exampl e

of the experimental procedure used in the study already
outlined in the text above is given below:

The livers

(21 g) were removed from 8-?toad-fish (Spheroides liosomus)
a n d were chopped, and suspended in water (30 ml) containing
sodium acetate-2-

14

c (10µ Ci) (Radiochemical Centre,

Amersharn) and arginine hydrochloride-S-[guanido-

14

cJ (5 µ Ci)

(Radiochemical Centre, Amersham) and the suspensions allowed
to stand for 2 days.

The aqueous layer was decanted and

t h e residue washed with water

(10 ml)

and the total ext racts

boiled for 60 sec., cooled and filtered.
freeze-dried

(at 0.1 rnmHg)

The filtrate was

leaving 2.2 g of residue of which

2 0 mg was the minimum lethal dose for mice (40 g) .
t h e livers contained ~ 0.0002 % tetrodotoxin by weight.

Thus,

-

i

1 46

The residue (2 g) was treated with cone . sulphuric acid (2 ~l)
and allowed to stand for 3 days at 20°c.

69

The mixture

was then diluted with ice-water (10 ml) , neutralized wit h
I

I

aqueous barium hydroxide and filtered .

,,

brought to pH 4 with aqueous hydrochloric acid and
evaporated.

The filtrate wa s

The residue in methanol was treated with a

large excess of diazomethane in ether for 3 h and then
evaporated.

This residue was extracted with methanol

and the extracts evaporated, giving 690 mg of residue t o
which 2-amino-6-methoxyquinazolin e (5.3) (20 mg) was added
and the quinazoline recrystallized from methanol to con stant
specific activity (See Table 5.1).
ated into the amino-quinazoline.

IJ
'1,1

,
I

I

l

(
"

No label was incor por-

-

I

l
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Quinazolines. Part XX. 1 Synthesis and Stereochemistry of N-Methylcis-perhydroquinazolin-2-ones and N-Methyl-cis-perhydroquinazoline s;
a New Conformation for cis-perhydroquinazolines
By Wilfred L. F. Armarego • and Phillip A. Reece, Medical Chemistry Group, John Curtin School of Medical
Research, The Australian National University, Canberra, A.C.T., Australia

Catalytic hydrogenation of 3.4.5.6.7.8-hexahydroquinazolin-2(1 H)-one (1) and its 1- and 3-methyl derivatives
[ (2) and (3)] gave exclusively the cis-perhydro-derivatives (9). (11). and (10). respectively. The structures of
the last two compounds were confirmed by syntheses from cis-2-p-tolylsulphonylaminocyclohexanecarboxylic
acid (22). 1-Benzyl- (12) and 1.3-dimethyl-cis-perhydroquinazolin-2-one (1 3) and 1 -methyl- (36). 3-methyl(37). and 1.3-dimethyl-cis-perhydroquinazoline (38) were also synthesised. 1 H N.m.r. spectra showed that
in solution 3-methyl-cis-perhydroquinazolin-2-one (10) and 3-methyl-cis-perhydroquinazoline (37) exist
predominantly in the conformadon type (14). whereas the previously unobserved conformation type (19) was
strongly favoured by 1-methyl- (11 ). 1-benzyl- (12). and 1.3-dimethyl-cis-perhydroquinazolin-2-one (13).
The spectra also implied that 1-methyl- (36) and 1.3-dimethyl-cis-perhydroquinazoline (38) existed mainly in
the conformation (40) [==(19)].

hydrogenation of 3,4,5,6,7,8-hexahydroquinazolin-2(1H)-one (1) was found to be stereospecific, giving a quantitative yield of cis-perhydroquinazolin-2-one (9). We then examined the reduction
of the N-methyl derivatives (2) and (3), and found that
these reactions also proceeded with high cis-stereospecificity.
The preparation of 3,4,5,6,7,8-hexahydro-3-methylCATALYTIC

W. L. F. Armarego and B. A. Milloy, J .C.S. Perkin I, 1973,
2814.
1

--

--

quinazolin-2(1H)-one (3) in 40% yield from 2-hydroxymethylcyclohexanone (5) and N-methylurea has been
reported. 2 Although the I-methyl derivative (2) could
have conceivably been formed, the structure of the
product was not rigorously established. In our hands,
and under a variety of conditions, the yield of this
product was never better than 11 % and the unused
N-methylurea was recovered. Spectroscopic data were
1

G. Zigumer, V. Eisenreich, and W. Immel, Monatsh., 1970,

101, 1745.

2314

J.C.S. Perkin I

consistent with a hexahydroquinazolin-2-one structure
but did not differentiate between N-methyl isomers.
Catalytic hydrogenation of this compound gave a

OC-1:'
Rl

1

( 5) R = OH

1

( 6) R = Cl
I 7 l R = 0 · SO2Me

( 1 l R = R2 = H
(2) R = Me, R2 = H
1
(3) R = H, R 2 = Me
(4) R 1= CH 2Ph, R2= H

I 8) R = OAc

H
I

~ N R2
4N_,lO
H R1
(9)R 1 =R 2 =H

1

(14) R

0
R2 = H

= Me.

1
(10) R = H,R 2: Me

(11) R1 = Me,R 2: H
(12 ) R1 :CH 2 Ph,R 2 =H
(13) R1 = R2 = Me

CX'

(17) with sodium borohydride in water, ethanol, or
1,2-dimethoxyethane gave a mixture of the isomeric
octahydroquinazolin-2-ones (2) and (18), which was
sometimes contaminated with the perhydroquinazolin2-one. Catalytic hydrogenation over platinum oxide
in ethanol, on the other hand, gave the octahydroquinazolin-2-one (2) free from the isomer (18) but
always contaminated with a little perhydro-compound.
Catalytic reduction of these mixtures in acetic acid
was complete and gave l-methylperhydroquinazolin2-one. The 1 H n.m.r. spectrum of this product was
different from that of its isomer (10) in that one of the
C-4 protons had two large coupling constants and that
a broad band envelope was observed for protons at
positions o-8 (see Table). The position of the
N-methyl group in this case also could not be deduced
from the spectrum, which could be due to either a
cis-perhydroquinazolin-2-one structure in the conformation (19) or a trans-perhydroquinazolin-2-one.
Hydrogenation
of
l-benzyl-3,4,5,6,7,8-hexahydroquinazolin-2(1H)-one (4) gave the perhydro-compound
(1 2), which had a similar 1 H n.m.r. spectrum.

aCQRI
l;i

H

N·CO·NHR 2
Rl

NHR 2

( 17)

( 24)
(25)

(16 ) R1 = Me, R 2= H

(26)
(27)

I

2

'

2

2

R1 = OH, R2 =Ts
I 2 9) R1 =NH 2 R 2 =Ts
( 3 0) R1 = NHMe , W= Ts
(28)

R1 = NHMe, R = H
R1 = OH R2 = CO ·CH Ph
1

COR 1

aNMeR 2
H

( 21 l R1 = OH I R2 = H
(22 l R1 = OH I R2 = Ts
( 23 l R1 = NHMe,R 2 :Ts

0

( 15) R1 = H , R2= Me

~

2

( 31)
(32)

R1 = NH2 , R2 = H
R1 = NH Me , R2 = H

R = NH . R = co 2 CHlh
R1 = NH Me R2 = CO2·CH 2 Ph
I

R1 N
11 S)

H
I

a-1.:6: NR
1

ct)R'

2

I

I 19) R = Me , R = H

(20) R1= CH2Ph, R'= H

high yield of what was later shown to be 3-methylcis-p rhydroquinazolin-2-one (10). The 1 H n.m.r.
spectrum showed that it was a cis-perhydroquinazoline
in the conformation (14) (the pattern of signals was
similar to that observed before 3•4) but again gave no
information regarding the position of the methyl
group. In an alternative synthesis, 2-hydroxymethylenecyclohexanone was condensed with N-methylurea
to give the ureido-compound (15). The 1 H n.m.r.
spectrum of the product revealed two methyl signals
and two olefinic doublets (ratio 1 : 2) each showing
coupling to NH; this suggested the presence of two
conformer and ruled out contamination with the
isomeric ureido-compound (16). Compound (15) was
cycli d in high yield to l-methyl-5,6,7,8-tetrahydroquinazolin-2(1 H )-one (17). Reduction of compound

N

H R1

2

(33) R1 = NH 2 • R2 = Me
(34) R1 = NHMe, R2 = H
(35)

R1 = NHMe,

1

R2=

Me

(36) R 1 = Me,
(37) Rl = H,

R2 : H
R2 = Me

(38) R1 :R 2 =Me

NR 2

R N~

(39)

Unambiguous syntheses of 1- and 3-methyl-cisperhydroquinazolin-2-one were undertaken in order to
3 W. L. F . Armarego,
J. CJ.em . Soc. (C), 1971, 1812 .
' W . L. F . Armarego and T. Kobayashi, J. Chem. Soc. (C),
1971 , 3222.
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establish the structures of the foregoing methylquin- ones, 3, 6 a 2-thione, 6 and 2-amino-cis-3,4,4a,5,6,7,8,8aazolin-2-ones. The reaction of hexahydroanthranilic octahydroquinazolines 6 in CDC13 , (CD3) 2S0, or D 20 at
esters with alcoholic ammonia or methylamine was 33° reported previously showed that these compounds
sluggish and gave low yields of the required amides. 6• 6 existed predominantly in the cis-conformation of type
To improve the method we needed to protect the amino- (14) [=(39)]. The criteria used for assigning this congroup; thus cis-hexahydroanthranilic acid (21) was formation were the small values of ]4,4a (] 3-5 Hz) and
converted into its N-p-tolylsulphonyl derivative (22) the narrow band envelope (Wt 15-20 Hz) correspondwhich was the common intermediate. Treatment of ing to the protons at positions 5-8. In contrast, the
this with oxalyl chloride followed by methylamine trans-perhydroquinazolines have one small (3-6 Hz)
gave good overall yields of the methylamide (23). The and one large ]4,4e. value (10-12 Hz) (in addition to the
p-tolylsulphonylamino-acid (22) was also methylated large }gem) and a broad H-5-8 band envelope (Wt
in alkaline medium to give cis-2-N-methyl-p-tolyl- 40-70 Hz). 4• 7 There is little doubt that the cissulphonylaminocyclohexanecarboxylic acid (28), which compounds contain a very small amount of the other
was converted into the acid chloride and thence into the extreme conformer type (40) because the quartet from
amide (29) and the methylamide (30). All three the C-2 protons in cis-decahydroquinazoline collapsed
sulphonamides [(23), (29), and (30)] were detosylated to a singlet when the temperature was raised. 7
The spectrum of 3-methyl-cis-perhydroquinazolinby sodium in liquid ammonia to give the respective
cis-2-aminocyclohexanecarboxamides [(24), (31), and 2-one shows that it is in the conformation (14), like all
(32)]. Preliminary attempts at a synthesis from cis- the above-mentioned cis-hydroquinazolines. I-Methyl-,
2-benzyloxycarbonylaminocyclohexanecarboxylic acid 1-benzyl-, and 1,3-dimethyl-cis-perhydroquinazolin(25) were abandoned because the intermediate steps 2-one, on the other hand, are in the previously unproved less satisfactory. The acid (25) could not be observed cis-hydroquinazoline conformation type (19).
The major confonner of cis-decahydroquinoline was
converted into the acid chloride without considerabie
debenzylation, but was converted into the amide also shown to be of type (:39) [=(14)],8 but more recently
(26) and methylamide (27) by use of the mixed an- it was found that some N-ethyl-cis-decahydroquinolines
hydride method followed by treatment with ammonia and existed in the other conformation type (40) [ (19)]. 9
methylamine, respectively. Also, reduction of cis-2- In the quinazoline series, unlike the quinoline series,
these two conformers can be distinguished clearly by the
benzyloxycarbonylaminocyclohexane-N-meth ylcarboxamide (27) with lithium aluminium hydride resulted in loss pattern of the C-4 proton n.m.r. signals because these
of the benzyloxycarbonyl group and gave cis-l-methyl- protons are deshielded by N-3. In the conformer type
amino-2-methylaminomethylcyclohexane (32), i.e. the (19) the torsion angle between the axial C-4 proton
benzyloxycarbonylamino-group was converted into a and H-4a is _close to 180°, resulting in a large coupling
constant, and the angle between the equatorial C-4
methylamino-group and benzyl alcohol.
Reduction of all three amides (24), (31), and (32) proton and H-4a is ca. 60° which gives the small J
with lithium aluminium hydride gave the corresponding value observed. In this conformer 1,4-diaxial intercis-aminomethylcyclohexylamines (33)-(35) in high actions between the protons in the separate rings
yields. Examination of all products showed no evi- may be the cause for the broad H-5-8 band envelope.
dence of epimerisation, i.e. all compounds retained The spectrum of the I-methyl compound (14) in (CD3) 2the original cis-configuration of the hexahydroanthranilic SO was the same as in CDC13 , but when the former
acid (21). Cyclisation of the amines (33) and (35) with solution was heated the triplet from H-4 (axial) gradually
phosgene in the presence of alkali gave authentic disappeared and the spectrum at 135° was similar to
I-methyl (11) and 1,3-dimethyl-cis-perhydroquin- that of the 3-methyl compound. Dreiding stereoazolin-2-one (13). cis-2-Methylaminomethylcyclohexyl- models show that the I-methyl group of 1-methylamine, on the other hand, gave mainly intractable ma- and 1,3-dimethyl-cis-perhydroquinazolin-2-one is very
terial with phosgene, but with NN' -carbonyldi-imid- close to H-7 (axial) and H-8 (equatorial) in the conformer
azole it gave the desired 3-methyl-cis-perhydroquin- type (14). The resulting repulsive interactions are
azolin-2-one (10). The I-methyl (11) and the 3-methyl probably responsible for the displacement of the equilicompound (10) were identical with the products obtained brium towards the conformer type (19), where these
from 2-hydroxymethylenecyclohexanone and 2-hydroxy- interactions are absent.
The spectrum of 3-methy]-cis-decahydroquinazoline
methylcyclohexanone, respectively. The amines (33)(35) also gave the corresponding I-methyl- (36), 3-methyl- (37), like that of the oxo-compound (10), showed two
(37), and 1,3-dimethyl- (38) cis-perhydroquinazolines small J4,4a values in addition to the large Jgem, inwhen condensed with formaldehyde.
dicating that the conformer (39; R 1 = H, R 2 = Me)
Proton Magnetic Resonance.-The spectra of cis- predominated. The spectra of I-methyl- (36) and
cis-perhydroquinazolin-2- 1,3-dimethyl-cis-perhydroquinazoline (38) on the other
perhydroquinazolines, 3• 6· 7

=

6 W. L. F. Armarego and T. Kobayashi,
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hand are quite different, as in the case of the corresponding cis-perhydroquinazolin-2-ones (11) and (13). In
these examples, however, the difference in chemical
shifts between the two C-4 protons is too small to show
clearly the coupling with H-4a, but as in the 2-oxocompounds the signal from H -8a in the I-methyl
(36) and 1,3-dimethyl compounds (38) is about 0·6
p.p.m. upfi ld from that of H-8a in the 3-methyl derivative (37). By analogy, the former compounds
lH

ex-proton, however, is smaller than that observed
for H- a: compare the chemical shift difference between the two C-2 protons of cis-decahydroquinazoline
(t>.8 0·36 p.p.m.) with those of the N-methyl derivatives
(36)-(38) (t>-8 0·72, 0·71, and 0·82, respectively) (see
Table). This effect is not, however, solely caused by
the N-methyl group; the orientation of the nitrogen
lone electron pair may be another contributing factor.
In the cis-decahydroquinazoline cations the difference

.m.r. spectra of hydroquinazolines (8 values; Me,Si internal standard)
H-4a

H-4
30 (s)

H-2

Hydroquinazolin-2 -( lH)-one
1-Methyl-5,6, 7,8-tetral ·Denzyl-:i. 6, 7,8-tetra-

8·35 (s)

1-Methyl-3,4, j,6, 7,8-hcxa•
1-Benzyl·3,4,5,6, 7,8-h xa-

3·76 (s)
3-83 (s)

3- I thyl-3,4,5,fl,7, -h xa•
1-Mcthyl·CIS·per-

3-68 ()
3·42 (t,
],,, -11·0,
J., ,. 11·0)
11([ 3·0 (q,
].,, -11·0,

1-Dcnzyl•Cls·p r-

a.r 3 4

{I .\'

J,,,a

NH

NCH,
3·52 (s)

5·30 (s,
7·29 (s,

2·2

(mi

ca. 3·1 (m)

5·43br(s)
5·6Ubr (s)

3 06

4 29br( s)

2· 6 (s)
2·92 (s)

a

H -5,6,7,8
2·63br (s),
1· 4br (s)
CH1 Ar), 2·57br (s)
1·69br (s)
Ph)
1·50-2·4br (m)
CH 1 Ar), 1·4-2·2vbr (d)
Ph)
l•'ijbr (m)
1-1-2·0 (m)

Other H

4·86 (s,
7-29 (s,

Solvent
CDCl,b
CDCl,b

CDCl 3 b
CDCI,•
CDCI, b
CDC!, i,•

5·0)

(t,
],,. -11·3,
J,,,a 11·3)
,q . 08 (q,
J.,. -11·:l,
J,,,a r, 6)
tq 3-36 (q,
J,,, -11·8,
J,, ,a 4·3)
ar 2·9i (q,

3-~kt hyl-cis-pe r-

H- a

ca. 2·2 (m) • ca. 3 1 (m) •

j•i0 (SJ

5·14, 4·00 (2d,
]gem -16·0,

1·0-2 3 (m)

CDC!,

rl-f

CH,Ar)

7-26 (s, Ph)

ca. Hl (m) • 3·60 (m)

Ml4 ls)

1·1-2-1 (m)

CDCl, rl-f

2•2.j1n

2·

~

1·2-1·9 (m)

CDCl 1

1-1-2·0 (m)A

CDC1 1 ' · '

J, ,, -11·8

J ,,,a 3·8)

3·48 (t,
],,, -11 ·2,
J,,,a 11·2)
eq 3·00 (q,
],,, -11·2),

1, 3-Dimethyl-cis-per-

Unsubstituted cisd1catlon (as diplcrate)
1-~l cthyl-cis<lica tion
3-'\lrthyl ,ris•

Q.\'

eq 4·01: (<l),g
a.r :)•66 (d) V

Uv,m

J,,,a 5·1)

eq 3· i l (<l).v
ax 2·90 (d) v
({ g,m -11·2)

:)•0!! (m)

3·5fibr (·)
2·81 (s),
2·78 (s)

:J·20(m)
2·20 (m)

2 12 (s)

M-2·2(m)A
1 2-2·0 (m) fl

(CD 3 ) 1 SO 4,f

2·!l4br (s)

3-18 (s)

1·3-2·ii (m)

CF1 ·CO1 H~

2·83 (s)

2·08 (s)

1·2-1·0 (m)

4·00br (s)

3·01 (s)

1·4-2·4 (m)

3 7tl (s),
3·91 (s)
eq 2-6;, (q,

ar !!·91 (d)

],,, -1 H\

D

l,:l •D1mcthyl-, is-

1-82 (s)

2·90Lr (s)

h

CDCl 3 4,o

CDCl 1 , , .

J,,,o.

Hl)
a~ 2·2d (q,

J,., -11·1!,
J,,,a. 3·0)
's)

rl,e

2-91 (t, Jl-7)

eq :1-r,;, (d),g

4 •\J:l ()

i•!!

:s)

-lN>)

•1-40 (<;)

(Jqem -1U·8)

<licatiun

ca. 2·0 (m) •

:i-65 (s),

'.Vi;;br (s)

il-if> (s)
%3()

CF1 -CO 1 H

~

tq 3·49 (d),D
2·17 (s)
1·2-2·0 (m) A
2-20(m)
CDCl 3 •••
a~ 2·60 (d) D
2·2 6 (s)
2-63 (s)
(],,.,. -9·2)
.i-;:; (s),
CF1 -CO1 H~
d ication
1-3-2·4 (m)
3·19 (s),
4·02br (s)
3-i 5 (s),
2·90br (s)
4-91 (s) J
3·28 (s)
3·88 (s)
a J Values are in Hz and lvem values are assumed negative.
b 60 MHz at 33 °. • Approximate because signal ls partly obscured by the other signals. d 100 MHz at 44°.
• Contains a dro~ of D, O. f Values taken from ref. 1 for comparison; see Discussion section. , Signal due to eq~torial proton is broader than that of axial proton because
of W -typc coup iog with equatorial H -4. fl Inc ludes H -4a signal. , Values taken from ref. 7 for comparison. J The' wings' of these signals are very weak but indicate a
/gem value of ca. -12 Hz.

arc moc;t probably in the cis-formation of t ype (40)
f (19)] with the tabilising effect as described above
for the 2-oxo-compounds.
The d1fferenccs in chemical shift of H-8a in the two
set of compound may be attributed partly to the
C( a)-H bond being equatorial (with respect to the
carbocyclic ring) in one case [i.e. (39)] and axial in the
other [i .e. (40)]; compare the H -8a signal of cisdecahydroquinazoline (39; R 1 = R 2 = H) at o 3·02
with that of trans-cl cahydroquinazoline (rigid conformation with H- a a.·ial) at 8 2·20. 7 Another factor
which may contribute to this differ nee is the presence
or absence of a methyl group on N-1. The effect
of the -methyl group on the chemical shift of the

=

in chemical shift between the two C-2 protons is less
than 0· 16 p.p.m., in contrast with the trans-cations 6
(~o 0·44--0·58).
The f uem values for the C-2 protons of cis-decahydroquinazolines are in the order: unsubstituted (-12·5
Hz)> I-methyl (-11·5 Hz)> 3-methyl (-10·8 Hz)
> 1,3-dimethyl (-9·2 Hz), comparable with that
observed in trans-decahydroquinazolines: unsubstituted
(-12·6 Hz)> I-methyl
(-11·3
Hz) ~ 3-methyl
(-11·3 Hz)> 1,3-dimethyl (- 9·4 Hz). 6 This close
resemblance could be fortuitous, the cis-3-methyl
compound being in a different conformation from the
other two, or 1t could be that the stereochemistry of
the pyrimidine rings (i.e. orientation of the nitrogen

1974
lone electron pair and N-methyl groups) in the corresponding cis- and trans-isomers is the same, and that
the situation is unaffected by the stereochemical relationship with the fused carbocyclic ring.

EXPERIMENTAL

Elemental analyses were determined by the Australian
National University Analytical Services Unit. The
instruments used are described in ref. 7. All i.r. assignments (KBr discs for solids and films for liquids) are
tentative, and C-H stretching vibrations near 3000 cm-1
are not included. All extracts were dried with Na 2SO,
and evaporations were carried out below 30° and at ca.
18 mmHg. N.m.r. spectra were run at 60 MHz and 33°
with Me 4 Si as internal standard unless otherwise stated;
J values are in Hz.
3,4,5,6, 7,8-Hexahydro-3-methylquinazolin-2(1H)-one
(3)
(with B. A. MILLOY) .-2-Hydroxymethylcyclohexanone 10
(25 g; b.p. 93-95° at 6 mmHg) in xylene (50 ml) was added
to a hot solution of N-methylurea (44 g) in xylene (300 ml)
and the mixture was refluxed under a Dean--Stark trap
until water elimination appeared complete. The solution
was evaporated to a small volume and acetone was added.
The solid was collected, washed with water, and recrystallisc<l from acetone to give the quina zolin-2-one (3·9 g,
ll <1~J, m.p. 194° (lit., 2 yield 40 %, m.p. 194°). In attempts
to discover a more active starting material, experiments
with the derivatives (6) and (7) failed, but heating 2-acetoxymethylcyclohexanone (8) 10 (1·28 g; b.p. 91° at 0·7
mmHg; vmax. 1712 and 1738 cm-1 ) with N-methylurea
(2 g) at 160° for 4 h, followed by a.ddition of water, gave
the quinazolinone (3) (10%) (Found: C, 64·6 ; H, 8·5;
N, 16·5. Cale. for C9HuN 2 O: C, 65·0; H, 8·5; N, 16·8%);
vmnx. 1660 cm-1 .
2-N'-Methylureidomethylenecyclohexanone (15) (with B. A.
MILLOY).-2-Hydroxymethylenecyclohexanone 11 (8·4 g)
was added to a hot solution of N-methylurea (5·42 g, l·l
mol. equiv.) in acetic acid (20 ml). After 3 days at 25°
the solid was collected and recrystallised from water to
give the ureido-ketone (7·0 g, 59%), m.p. 196-196·5°
(Found, after drying at 100° for 18 h: C, 59·3; H, 7·7;
N, 15·5. C9 H 14 N 2O 2 re_q uires C, 59·3; H, 7·7; N, 15·4% );
vmax. 1720 (CO) and 1663 (urea CO) cm-1 ; o [(CD 3 ) 2 SOJ
8·50 {d, NH, J 12), 7·71 (d, C=CH, J 12, major isomer),
7·10 {d, C=CH, J 12, minor isomer), 7·45br (m, NH),
2·65 {d, NCHs, J 5, major isomer), 2·60 (d, NCH 3 , J 5,
minor isomer), 2·0-2·5 (m, 3- and 6-H 2 ). and 1·4-1·9 (m
4- and 5-H 2).
Similar!y 2-N '-benzylureidomethylenecyclo hexa none, m. p.
206° (from dioxan), was obtained in 80% yield (Found:
C, 69·9; H, 7· l; N, 10·9. C15 H 18N 2 O 2 requires C, 69·7;
H , 7·0; N, 10·85%), vmax. 1722 and 1665 cm-1 .
5,6, 7,8-Tetrahydro-1-methylquinazolin-2(1H)-one (1 7).2-N'-Ureidomethylenecyclohexanone (1 g) was refluxed
with aqueous N-sodium hydroxide (30 ml) for 4 min. The
solution was cooled and extracted with chloroform (4 x
100 ml). Evaporation of the dried extract gave the
quinazolin-2(1H)-one as a hygroscopic, low melting
solid (0·82 g) which could not be recrystallised; vmax.
1667 and 1560 (amide) cm- 1 , o (CDC1 3 ) 8·30 (s, H-4), 3·52
1

° C. Mannich and W. Brose, Ber.,
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(s, NCH 3 ). 2·63 (m, 5- and 8-H 2), and 1·84 {m, 6- and
7-H 2). The picrate had m.p. 180° (decomp.) (from MeOH)
(Found: C, 45·8; H, 3·8; N, 17·6. C18H 15N 6 O8 requires
C, 45·8; H, 3·8; N, 17·8%).
Similarly 1-benzyl-5, 6, 7, 8-tetrahydroquinazolin-2 ( lH)-one
picrate, m .p. 165° (from EtOH) (Found: C, 53·5; H, 4·1;
N, 15·2. C21H 21 N,.O 8 requires C, 53·5; H, 4·5; N, 14·9%),
was prepared from 2-N'-benzylureidomethylenecyclohexanone.
Hexahydro-l-methylquinazolin-2(1H)-one (2) (with B. A.
MILLOY) .-2-N'-Methylureidomethylenecyclohexanone (2
g) was refluxed with N-sodium hydroxide (60 ml) for 4 min.
The mixture was then cooled, sodium borohydride {1·6 g)
was added, and the solution was stirred for 2 h. The
pH was adjusted to 8 and the solution was extracted with
chloroform. Evaporation of the extract gave hexahydrol-methylquinazolin-2-one, b.p. 174° at 1·5 mmHg (1·3 g,
71%) (Found: C, 64·8; H, 8·8; N, 16·4. Cale. for
C9H 14N 2O: C, 65·0 ; H, 8·5; N, 16·8%); vmax. ;3200br
(NH), and 1665 and 1510 (amide) cm-1 • The 1H n.m.r.
spectrum indicated that it was a ca. 2: 1 mixture of
3,4,4a,5,6, 7- (18) [o (CDC1 3 ; 100 MHz) 3·04 {d, 4-H 2),
5·69 (d, H-8), and 2·87 (s, NCH 3)] and 3,4,5,6, 7,8-hexahydro- (2) [o (CDC1 3 ; 100 MHz) 3·76br (s, 4-H 2) and
2·89 (s, NCH 3)] derivatives; and the mixture prior to
distillation also contained ca. 10% of l-methylperhydroquinazolin-2-one.
l-Methyl-3,4,5,6, 7,8-hexahydroquinazolin-2(1H)-one (2), free from its isomer, was obtained
by hydrogenating the tetrahydro-compound (preceding
preparation) over 5% Pd-C in ethanol and stopping the
reduction after absorption of 1 mol. equiv. of hydrogen.
The product could not be obtained analytically pure;
it was always contaminated with a little ( < 5%) perhydroquinazoline and/or starting material.
1-Benzyl-3;4,5,6, 7,8-hexahydroquinazolin-2(1H)-one.1-Benzyl-5,6, 7,8-tetrahydroquinazolin-2(1H)-one (212 mg)
in ethanol (25 ml) containing PtO 2 (50 mg) was hydrogenated at atmospheric pressure (uptake 1 mol. equiv.) to
give the hexahydroquinazolin-2-one (169 mg, 81 %), m.p.
158·5° (from MeOH) (Found: C, 74·2; H, 7·4; N, 11·5.
C15 H 18N 2 requires C, 74·3; H, 7·5; N, 11·6%), vmax. 3250,
3090 (NH), 1707 (CO), 1670 (C=C), and 1492 (NH bend)
cm-1 •
cis-Perhydroquinazolin-2-one (9).-3,4,5,6, 7,8-Tetrahydroquinazolin-2(1H)-one 3 (0·8 g) in acetic acid (50 ml)
containing PtO 2 (100 mg) was shaken with hydrogen at
5 atm and 20° for 5 h. Filtration and evaporation gave
compound (9) (780 mg, 97%), m .p. 233-235°, identical
with authentic material.6 No reduction occurred with
5% Pd-C in ethanol as catalyst. The picrate had m.p.
146-147° (from MeOH) (Found: C, 44·1; H, 4·5; N,
18·3. C14H 17 N 5 O 8 requires C, 43·9; H, 4·5; N, 18·3%).
Similarly l-benzyl-3,4,5,6, 7,8-hexahydroquinazolin-2-one
(12) was reduced. The product was purified by chromatography over alumina (B.D.H.) (gradient elution with
0-10% ethanol-benzene). The latter fractions were
evaporated and the residue sublimed (160° at 0·5 mmHg)
to give 1-benzyl-cis-perhydroquinazolin-2-one (56%) as
a glassy solid (Found: N, 1 t ·5. C15 H 20 N 20 2 requires
11·5%), vmax. 1662 (CO), 1517 (C=C), and 1458 (NH
bend) cm-1 . The picrate, m.p. 125--126° (from EtOH),
separated (3 days) from aqueous picric acid (Found:
C, 53·3; H, 5· l; N, 14·8. C21 H 23 N 5 O 8 requires C, 53·3;
H, 4·9; N, 14·8%).
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cis-2-Benzyloxycarbonylaminocyclohexanecarboxyli c Acid
(25).-To a stirred solution of cis-2-aminocyclohexanecarboxylic acid 11 (4·29 g) in aqueous 2N-sodium hydroxide
(15 ml) at Q.0 were added simultaneously 0·46M-benzyl
chloroform.ate in toluene 11 (15 ml, 2·3 mol. equiv.) and
aqueous 4N-sodium hydroxide (8 ml) during 15 min.
The mixture was stirred for 2 h, then extracted with ether
(discarded), and the aqueous layer was cooled (to 0°) and
acidified to pH 2 with 11·3N-hydrochloric acid. The
carboxylic acid (5·86 g, 74%) had m.p. 130-131° (from
EtOH) and sublimed at 140-150° and 1 mmHg (Found:
C, 65·0; H, 6·9 ;
, 5·0. C16 H 19 O, requires C, 65·0;
H, 6·9;
, 5·05%); "inaL 1711 (CO 2 H) and 1672 (CO)
cm- 1 .
cis-2-B enzyloxycarbonylaminocyclohexane- -methylcarboxamide (27) .-To the acid (25) ( l ·4 g) and triethylamine
(0·7 ml, l mol. equiv.) in ethanol-free chloroform (25 ml)
at -5°, ethyl chloroformate (0·5 ml, l mol. equiv.) was
added. After 2 h at - 5°, l · lM-methylamine in chloroform
(5 ml, 5·5 mol. equiv.) was added (CO 2 evolved), and the
mixture was set aside for 4 h. It was then washed with
2N-sodium hydroxide and 2N-hydrochloric acid, dried,
and evaporated to give the -methylamide (l ·03 g, 71 %),
m.p. 137·5-138° (from EtOH-H 2 O, 4: l) (Found: C,
65·7; H, 7·4 ;
, 9·5. C18H 22 2 0 8 requires C, 66· l;
H, 7·6;
, 9·6%), "max. 3300 ( H ), and 1680 and 1650
(amide) cm- 1 .

cis-2-p-Tolylsulphonylaminocyclohexanecarboxylic

Acid

(22).-cis-2-Aminocyclohexanecarboxylic acid (5·8 g) in
2N-sodium hydroxide (22 ml, 1·02 mol. equiv.) mixed
with toluene-p-sulphonyl chloride (15·2 g, l mol. equiv.)
in ether (40 ml) was shaken for 1 h. A further three additions of 2N-sodium hydroxide (20 ml) were made at
1 h intervals, and the mixture was then shaken for 6 h.
The ether was separated and the aqueous layer was filtered
and acidified to yield the acid (10·6 g, 90%), m.p. 172°
(from 1 : l H 2 O-MeOH) (Found: C, 56· l; H, 6·4; N,
4·5. CuHu O,S requires C, 56·1; H, 6·4; N, 4·7%),
"inax. 1702 (CO) cm-1 .

cis-2-p-Tolylsulphonylaminocyclohexane-N-methylcarboxamide (23) . -The acid (22) (14·8 g) in oxalyl chloride (60 ml)
was stirred at 25° for 1 h, then at 40-45° for 15 min.
The solution was evaporated and the residue was treated
with aqueous 40% methylamine (100 ml) at 0°. After
15 min, the excess of methylamine was removed in vacuo
and the precipitate was filtered off, dried, and recrystallised from benzene to give the methylamide (12 g, 78%),
m.p. 151° (Found: C. 57·9; H, 7·2; N, 8·9. C16 H 22 N 2 O 8 S
requires C, 58·0; H, 7·1; N, 9·0%) , "maL 3400 and 3200
(NH), 1665 (CO), and 1320 and 1160 (SO 2 NH) cm-1 •
Similarly
cis-2-(N-methyl-p-tolylsulphonylamino)cyclohexanecarboxamide (29), m .p. 169° (from benzene) (sublimed
at 170° and 0· 15 mmHg), was obtained from the N-methyl
acid (see below) and an excess of ammonia (d 0·880) in
84% yield (Found: C, 57·7; H, 7·0 ; N, 8·7. C111 H 21i.0aS requires C, 58·0; H, 7·1; N, 9·0%); "maL 3400
(NH) 1660 and 1400 (amide), and 1330 and 1160 (SO 2NH)
cm-1 .
cis-2-( -Methyl-p-tolylsulphonylamino)cyclohexane-Nmethylcarboxamide (30) . -The acid (22) (7·4 g) in 2N-sodium
hydroxide (75 ml) and methyl iodide (20 ml) was heated
at 65-88° with vigorous stirring in a sealed bomb for
40 min. The mixture was cooled, acidified (pH 3) with
llN-hydrochleric acid, and extracted with chloroform.
The extract gave cis-2-(N-methyl-p-tolylsulphonylamino)-

cyclohexanecarboxylic acid (7·6 g) as a glassy solid which
was treated with oxalyl chloride and then methylamine as
above. The crude methylamide was dissolved in benzene;
the solution was extracted with !ON-sodium hydroxid
and the organic layer was dried and evaporated. R ecrystallisation of the residue from benzene gave the
N-methylcarboxamide, m.p. 133--134° (Found: C, 59·3 ;
H, 7·6;
, 8·5. C11 H 10 N 1 O 3 S requires C, 59·2; H, 7·5 ;
N, 8·6%) , "m&L 3360 (NH), and 1648 and 1556 (amide)
cm-1 ; 8 (CDC1 8) 7·57 (q, aromatic H), 6·18br (s,
H ),
3·85br (m, H-1), 2·73 (s, TsN·CH 1 ), 2·75 (d, j 5, CO· H·CH8), 2·43 (s, aromatic CH 8 ), and 1·80br (m, alicyclic H).
cis-2-Methylaminocyclohexanecarboxamide
(31) .-The
amide (29) (1·2 g) was dissolved in liquid ammonia (25 ml)
and sodium was added until the blue colour persisted for at
least 10 min. After 20 min, ammonium chloride was added
and the ammonia evaporated off. The residue was dissolved in 2N-sodium hydroxide (50 ml) and extracted
with chloroform. The extract gave the carboxamide
(590 mg, 92%), m.p. 95-96° [from 1 : 10 benzene-light
petroleum (b.p. 40-60°)] (Found: C, 61·7; H, 10·3;
N, 18·0. C8 H 18 N 2 O requires C, 61·5; H, 10·3; N, 17·9%),
"max. 3370 and 3220 (NH), 2810 (NCH 8), and 1670 (CO)
cm-1 , 8 (CDC1 8 ) 9·08br (s, NH), 6·05br (s, NH 2), and 2·42
(s, NCH 8).
cis-l-Aminomethyl-2-methylaminocyclohexane (33).-The
amide (31) (1·7 g) in benzene (200 ml) was added to lithium
aluminium hydride (5· l g) in dry ether (70 ml). The
mixture was refluxed with stirring overnight, cooled,
decomposed with saturated aqueous potassium carbonate
(20 ml), and refluxed for 30 min. The solution was filtered,
and the filtrate evaporated to yield the diamine (1·43 g,
93 %), b .p. 40-42° at 2·5 mmHg (Found: C, 67·6; H,
12·7; N, 19·9. C8 H 18 N 2 requires C, 67·6; H, 12·8; N,
19·7%), vmaL 3300 (NH), 2800 (NCH 3), and 1590 (NH
bend) cm- 1 , 8 (CDC1 8 ) 2·38 (s, NCH 8). The dipicrate had
m.p. 212·5-213° (from MeOH) (Found: C, 40·0; H,
4·4; N, 18·5. C 20 HuN 8 Ou requires C, 40·0; H, 4·0;
N, 18·7%).
cis-1-A mino-2-methylaminomethylcyclohexane (34) .-Detosylation of the amide (23) with sodium in liquid ammonia
as above gave cis-1-aminocyclohexane-N-methylcarboxamide, "max. 3320 (NH), and 1650 and 1570 (amide) cm-1,
8 (CDC1 8 ) 2·77 (d, NCH 8 , J 5). The crude amide (5 g) in
benzene (300 ml) was reduced with lithium aluminium
hydride (14·6 g) in ether (100 ml) as before and gave the
cis-diamine (3·9 g, 86%), b.p. 58° at 0·7 mmHg (Found:
C, 67·7; H, 12·8; N, 19·8. C8 H 18N 2 requires C, 67·6;
H, 12·8; N, 19·7 %),
3320 (NH), 2800 (NCH 8), and
1590 (NH bend) cm- 1 , 8 (CDC1 8) 2·40 (s, NCH 3 ). The dipicrate had m.p. 206-210° (from MeOH) (Found: C,
40·1; H, 4·4; N, 18·3. C 20 HuN 8Hu requires C, 40·0;
H, 4·0; N, 18·7%) .
cis-1-Methylamino-2-methylaminomethylcyclohexane (35) .
-Crude cis-2-methylaminocyclohexane-N-methylcarboxamide [prepared from the tosylamide (30) as above; "maL
1645 and 1565 (amide) cm- 1 , 8 (CDC1 3) 2·77 (d, J 4 CH·NH·CH8) and 2·38 (s, NCH 3)] was reduced with lithium
aluminium hydride as above and gave the cis-diamine
(93%), b.p. 48° at 0·2 mmHg (Found: C, 69· l; H, 12·7;
N, 17·6. C9 H 20 N 2 requires C, 69·2; H, 12·9; N, 17·9%),
vlll&L 3360 (NH), 2830 (NCH 3 ) and 1560 (NH bend) cm- 1 ,

"Illl\L

H. Plieninger and K. Schneider, Chem . Ber. , 1959, 92, 1594.
H. Carter, R. Frank, and H. Johnston, Org. Synth ., 1955,
Coll. Vol. 3, p. 167.
11

11

1974
8 (CDC13 ) 2·43 (s, NCH 3 ) and 2·40 (s, ~CH 3 ). (This diamine was also obtained by a similar reduction of cis2-benzyloxycarbonylaminocyclohexane-N-methylcarboxamide.) The dipicrate had m.p. 220·5---221·5° (from
MeOH) (Found: C, 41·3; H, 4·4; N, 18·2. C 21 H 26 N 8 O 14
requires C, 41·0; H, 4·3; N, 18·2%).
l-Methyl-cis-perhydroquinazolin-2-one (11).-(a) (with
B . A. MILLOY). The mixture of 3,4,4a,5,6, 7- and 3,4,5,6, 7,8hexahydro-l-methylquinazolin-2(1H)-one was reduced with
PtO 2 in acetic acid as for the unsubstituted compound (1)
and gave l-methyl-cis-perhydroquinazolin-2-one (91 %), b.p.
170° at 2 mmHg, as a hygroscopic oil (Found: C, 63·7;
H, 9·7; N, 15·9. C 9H 16 N 2 O,¼H 2 O requires C, 63·4; H,
9·6; N, 16·4%), which crystallised after 1 week. It was
sublimed at 100° and 3 mmHg; m.p. 76° (Found: C,
64·5; H, 9·65; N, 16·6%; Af+, 168. C9 H 16N 2O requires
C, 64·3; H, 9·6; N, 16·65%; M, 168), vmax. 3303, 3205,
and 3060 (NH), 1660 and 1530 (amide), 1455, 1405, 1290,
1280, and 760 (all strong) cm-1 .
(b) To cis-l-aminomethyl-2-methylaminocyclohexane (71
mg) suspended in water (0·5 ml) at 0° were added simultaneously with stirring a solution of phosgene in toluene
(0·65 ml, 12%; 2 mol. equiv.) and aqueous 2N-sodium
hydroxide (0·7 ml, 4 mol. equiv.). The mixture was
stoppered and stirred for 2 days, then extracted with
chloroform. The extract was dried and evaporated to
yield a thick oil (40 mg, 48%), identical with the product
from (a).
3-Methyl-cis-perhydroquinazolin-2-one (10).-(a) (with
B. A. MILLOY). 3,4,5,6, 7,8-Hexahydro-3-methylquinazolin-2(1H)-one was reduced catalytically as above and gave
a thick oil, b.p. 150° at 1·5 mmHg (80%), which slowly
solidified. T.l.c. showed a small amount of impurity
which was not observed in the u.v. (i.e. no absorption),
i.r. and 1 H n.m.r. spectra but could be removed by
formation of the picrate, m.p. 125---126° (from MeOH
and H 2O) (Found: C, 45·5; H, 4·9; N, 17·4. C15 H 19 N 5 O 8
requires C, 45·3; H, 4·8; N, 17·7%). Decomposition of
this with ION-sodium hydroxide gave pure 3-methyl-cisperhydroquinazolin-2-one, m.p. 122° [from light petroleum
(b.p. 80--100°) followed by sublimation at 110° and 1·5
mmHg] (Found: C, 64·2; H, 9·7; N, 16·6. C9H 16 N 2O
requires C, 64· l; H, 9·9; N, 16·6%), vmax. 3320, 3240,
and 3090 (NH), 1655 and 1527 (amide), 1410, 1318, 1294,
1090, and 763 (all strong) cm-1 .
(b) cis-l-Amino-2-methylaminomethylcyclohexane (71 mg)
and NN'-carbonyldi-imidazole (90 mg, 1 mol. equiv.) in

dry tetrahydrofuran (2·5 ml) were stirred at 20° for 12 h
and then refluxed for 4 h. The solution was evaporated
and the residue was dissolved in chloroform which was
then washed with 2N-hydrochloric acid, dried, and evaporated to give compound (10) (17 mg, 20%), identical with
that from (a) . When phosgene was used, only a trace
of perhydroquinazolinone was sublimed out of the intractable residue.
l,3-Dimethyl-cis-perhydroquinazolin-2-one (13) . -The diamine (35) (156 mg) was treated with phosgene in toluene
as above and gave compound (13) as a thick oil which
was distilled onto a cold finger in 65 % yield (Found:
C, 65·7; H, 9·9; N, 15·6. C10 H 18 N 2O requires C, 65·9;
H, 9·9; N, 15·4%), vmax. 1640 (CO), 1516, 1452, 1402, 1275,
1238, and 1046 cm-1 . An attempted preparation of this
compound from diethyl 2-oxo-cis-perhydroquinazoline-1,3dicarboxylate [b.p. 120° at 0·5 mmHg (Found: C, 56·4;
H, 7·7; N, 9·7. C14H 22 N 2O 5 requires C, 56·4; H, 7·4;
N, 9·4%), vmax. 1787 and 1740 (CONCO), and 1200 (COC)
cm-1 , prepared by boiling cis-perhydroquinazolin-2-one in
ethyl chloroformate] by reduction with lithium aluminium
hydride gave cis-perhydroquinazolin-2-one.
l-Methyl-cis-perhydroquinazoline Picrate.-cis-l-Aminomethy1-2-methylaminocyclohexane (142 mg) was mixed
with aqueous 37% formaldehyde (95 mg, 1·2 mol. equiv.)
and kept at 20° for 2 days. Saturated aqueous picric acid
was added and the dipicrate separated (608 mg, 99%),
m.p. 171-173° (from MeOH) (Found: C, 41·4; H, 4·3;
N, 18·2. C21H 24 N 8O 14 requires C, 41·2; H, 4·0; N, 18·3%).
The dipicrate was decomposed with ION-sodium hydroxide
and gave the free base (122 mg, 86%), which was spectroscopically pure, vmax. 3315 and 1540 cm-1 .
Similarly 3-methyl-cis-perhydroquinazoline dipicrate, m.p.
173-174° (Found: C, 41·3; H, 4·0; N, 18·3. C21 HuN 8O 14 requires C, 41·2; H, 4·0; N, 18·3%), and 1,3-dimethyl-cis-perhydroquinazoline dipicrate, m.p. 186-187°
(Found: C, 42·1; H, 4·6; N, 17·6. C 22 H 26 N 8O 14 requires
C, 42·2; H, 4·2: N, 18·0%), were obtained in 90% yields.
They gave the respective free bases, with ION-sodium
hydroxide, as oils in > 80% yields, which were spectroscopically pure but the quantities (83 and 112 mg) were
too small for adequate distillation.
We thank Dr. D. J. Brown for discussions, and one of us
(P. A. R.) acknowledges a Commonwealth Postgraduate
award.
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TWO FACILE c 4 -N 9 BOND CLEAVAGES IN PURINES AND THE METHYLATION OF
2,3,7,8-TETRAHYDR0-2,8-DIOXOPURINE
Wilfred L.F. Armarego* and Phillip A. Reece
Medical Chemistr y Group, JCSMR, The Australi an National Univers ity,
Canberra , A.C.T., 2600, Austral ia.
(Received in UK 9 December 1974; accepted for publioati on 6 January

1975 )
Among the few known reaction s in which the c -N bond of purines is
4 9
cleaved without degrada tion or rearrang ement are the oxidativ e cleavage

of

uric acid and its N-methyl derivati ves (Cl /AcOH) which gave 5-chloro
2
2,4,6-tr io xo-5-ure idohexa hydropy rimidine s1, and the electro lytic reductio
n
of uric acid to 'tetrahy drouric acid' for which the structur e l(a) was
proposed . 2

We now report that catalyti c hydroge nation of 2,3,7,8- tetrahyd ro-

RNX+-\

RN~N HCON HR

o~N,, .lo

0.(N~ N

ROA!

R
l( a ) R=H
- ( b ) R=Me.

2,8-diox opurine

2

O

3 (a ) R=H

- (b) R=Me .

~

in aqueous hydroch loric acid (Pt0 ), but not in neutral
2
medium, gave quantita tively a dihydro compou,1d: (m.p. 214-215° ) identica
l
with that recorded by Tafel 2 for l(a). The structur e was confirme d
by elemental analy s i s , i.r. (vmax 1780 and 1713 cm- 1 ), n.m.r. and m.s. It
appears
that cleavage of the c -N bond of the interme diate 1,6-dihy dropurin e
occurs
4 9
readily in the presence of acid because the reduced purine could not
be
obtained by altering the work-up conditio ns. The only successf ul attempt
to
cyclise the ur eido compound l(a) was by boiling in acetic anhydrid ~
which
gave 4-acetox y-2, 8-dioxo~ erhydrop urine l(a) (m.p. 295°c decamp. ).
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Methylation of 2,8-dioxopurine £ (MeI-DMF) gave 2,3,7,8-tetrahydro-l,3,9trimethylpurine iodide

in quantitative yield.

1.r.

When this iodide was hydrogenated

The 4-acetoxypurine l(b) (oil) was also obtained by
Cis stereo-

chemistry at c 4 and c 5 for l(a) and l( b ) was deduced from the similarity of
the n.m.r. pattern of signals from H6 and the pattern from the corresponding
protons in cis-5, 7-diaza-6-oxoperhydroindene (m.p. 156°C); and the small
vicinal coupling constants.
A second c 4 -N 9 bond cleavage was observed when the iodide 4 was trea ted
with one molar equivalent of aqueous sodium hydroxide and 1,2,3 , 4-tetrahy dro1,3-dimethyl-2,4-dioxo-5-~1-methylureidopyrimidine

i

(m.p. 23 5° and 332°c ,

This reaction could not be reversed by acid.

The methylation pattern in the iodide 4 was elucidated fro m he fo llowing: (a) i.r., n.m.r., m.s. and elemental analyses are cons ist ent with the

j

form

and:
requi
this
perhJ
(b.p.
mmlrequi
and :
1090,

(b)
and

(m.p. >360°C).

cyclisation of the ureidopyrimidine l( b ) in acetic anhydride.

a thi

solid:
whic

i

catalytically (Pt0 2 -H 2 0), one molar equivalent of hydrogen was absorbed, the
solution became acidic and the ureido compound l(b) (m.p. 218°C) was obtained

dimorphic) was formed.

lin-2

5

structure, (b ) does not form an anhydro-pseudobase, (c) its reduction product

l(b) showed in the n.m.r. one methyl signal as a doublet due to coupling with

NH

o2o

and (d ) the synthesis of 5
from authentic 5-amino-1,2,3,4-tetrahydro-1,3-dimethyl-2,4-dioxopyrimidine 4
which collapsed to a singlet on addition of

and ~.~ 1-dimethylurea.
1. H.
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