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ABSTRACT

The use of various Diele-Alder reactions in
possible routea for the synthesis of batrachotoxinin A
gnalogues has been studied . Model studies involving
3=-vinyl-2-cyclohexen~]l~ol and 3%-vinyl-2-cyclohexen~l-~
-one hava bcen done ,

A study of relecvant derivatives of 1,3-diones has been
carried out
The mannich reaction of an enamino ﬁetone and an umisual

cyclication are reported .,
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v © RESUNE

Ia pogsibilitd d'ullliser dlverses réactions
de Diela-Alder dona la aynindse d'annlogues de la
batrachotoxinin A a ét¢ étudiée . Dos rdéactions de
Dicls,-ﬁ:].dw, avee c;mme ditacs les compocés roddles o
vinyl=J-cyclohliic-2=~01l-1 ¢t vinyl-J-cyclqicicim=g=-ol=1
ct avec comme ditnophilen divers didnophiles, sy=
méiriguen et disoymétriques ont ¢té faites, et leg
récul tais obtemas interprétds .

Une étude de d¢riviés de diones=l,3 a ¢ié falto .
La rvénection de lonnich d'wus énamino cétone ¢i une

cyclicatfon inhabltuelle cont ‘déeritos .
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" INTRODUCTION «

Studies conducted by Witkop and coworkers (1,2), in
1963-65, omr the potent venom from yhe colgmbian arrow poi-
son frog "Phyllobates bicolor" (3), have shown the presence
of three major alkaloids :

batrachotoxin

batrachotoxinin A

batrachotoxinin B
Batrachotoxin,;the major alkaloid isolated is the strongest
cardiotoxin known. | ' €

The structure of batrachotoxinin A was determined
by Witkop and coworkers in 1968 by x-ray diffraction (4)
using an O-p=-bromobenzoate derivative and was found to be
3d,9l~ epoxy- 149,lBﬂépoxyethano-N-methylamino]—Se—
pregna~7,16-diene~3p,11d,ZOd- triol (I)

Oy

HOn
‘“‘I \ :
) Ho* °
‘.‘ ..O' ( : ’

Along with its biological activity, batrachotoxinin A exhi=-

bits unusuel features: It is not only an alkaloid derived
from an animal source, but it is also a precursor of choli-

ne.
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The following work deals with a study of Diels-Alder

rcactions possibly applicable to the synthesis of batracho-

toxinin A analogues.

The general ascheme is shown below. - -
Scheme T
R
- [ R
‘| kt t §
. 0,
’ * [ » ll
TR T ™ ]
Reachon ° v R

Ho

] [} ] ¢

. “-..Q-=*

The keto group in position 7 could be used at this stage to
introduce the A7’8double bond (cf reference 5 for this particu-~ -

lar point).
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Study of aome derivatives of 1,3-diopes.
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In the above scheme, R,,R}-,R,,Ry groups are suitable pre-

'-curgors of the propellane part of the desired analogues of

batrachotoxinin A t
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In this'chaptery a first route, using derivatives
¥
of 1,3~diones was investigated. The scheme involving the
Diels-Alder reaction of‘;;;\bicyclic compound (IT) with

the suitable diene (I), to give the adduct (III), was
congidered . d

Scheme a

w

——

o , “~_
(1) ()

+ Lsomery

(mx)

Subsequent modifications of the dohb;e bond and
carbonyl group of (III) (6,7) would then permit the synthe-

sis of compounds related to batrachotoxinin A.
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Though this route was giving rise to many problems,
its main advantage was to give the propellane strupture di-
rectly.

A model sfﬁa;”;bs then undertaken, involving a
Diels-Alder reaction between 3-vinyl—2—cyclohe¥en-l-one and

the bicyclic compound (V).

SN

() (v)

(V) was chosen as a model compound because of the availabi-
lity of the starting compound cyclohexane-1,3-dione, com=- -

pared to cyclopentane-1l,3-dions.

Synthesis of 3-vinyl-2-cyclohexen-l-ona (IV)

(IV) was easily obtained by reaction of vinyl'li- “
thium on 3-ethoxy-2-cyclohexen-l-one, in anhydrous condi-

tions, f'ollowed by dehydration in acidic medium.,

0 . (o]
1) et L
1) e
—-—————-.—-—’ ‘
£s-90%,
Okt / 4
' Gv) ,




5-Alkoxy-2-cyclohexen-l-one derivatives are known
to react &ith alumiﬁium hydride (8) and lithium acetylide
(9,10) in particular.

The diene was obtained as a colorless liquid, in
good yiela, and the separation (column chromatography or

thin layer chromatography) was easy.

¢

Attempted synthesis of the bicyclic enol gther (V)

1) Preliminary considerations

The enol ether part of (V) could be theoretically

conceived as deriving from the corresponding 1,3-dione (11) .

R » + R
RoW , H -

o - %0 or’

The ¥~-amino ketone pé}t is usually obtained (12)
from the corresponding ketone, using the Mannich reaction.
If the Mannich base (VI) could be obtained, the formation
of (V) could possibly be reached by subsequent intermnal

reaction of the alcohol function on the dione system.
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(v)

(Vi)

However, some 1,3-diones sre known to give very unstable _

Mannich baaes (13). The Mannich reaction with cyclohexane-
-1,3~dione and N-tiethylethanolomine wngs tried, and a crys-

talline compound, identified as the cyclohexane-1l,3-dione-
-formaldehyde adduct (VII a) was obtalned along with a small
amount of another crystalllne compound the physical data

of which are consistent with the structure (VII b).

=

Y '
+ CHaO 4+ HWN
— e L
(s _\__0“ o OoH
\ . . o
- 0D
o o

(vita) . (vab)
$$% ta%

(VII a) i3 kuown to rcsult from the interaction of cyclo-

hexane~1,3-dione and formaldehyde (14). :




In the case of the attempted Mannich reaction, two
types of mechenisms can be thought of to explain the for—
mation of the adduet (VII a).
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The mechanism (2) invoives the formation of an uns-
table Mannich base; the mechanism (1) implies Oﬁ}y interac-
tion of cyclohexane-l,3-dione and formaldehyde .

Two points may be noticed here :

t) The adduct (VIIa) may be possibly be stabilized by hydro-
gen bonds, as seen from IR spectrum (15) . ‘

1) Cyclohexane-1,3-dione 1is well known to be a good nucleo-
phile (16) .

WWith these considerations in mind, a modification
involving the reaction, in anhydrous conditions of cyclo-
hexane-1,3-~dione and 3-mecthyl oxazolidine (VIII) was tried.
3-Methyl oxazolidine was easily obtained by interaction of
N-methyle thanolamine and tformaldehyde, followed by distil-
lation .

It was hoped that if the reaction between cyclo-
heénne-l,B—dione and (VITI) was more rapid than the attack
of cyclohexane-1,3-dione on the unstable base (VI), (VI)
could be isolated . ’

The reaction between cyclohexane-1,3~dione and
3-me thyl oxazolidine afforded a solid compound, which could
re purified by scveral reprecipitantions in benzene . The
physical data of this compound (IX) agreed with the mentio=-
ned structure, that is a (I:I)’?dduct of (VIIa) and N-methyl-

ethanolamine . This was further confirmed by washing carefully




Vg -10-

a solution of (IX) with an aqueous acidic solution and iso-

lating (VII a) .

0 1

Ty l
N N <
v () o L
oM 0 OH o]}
\ (o] OH
\
! ,lHN—-‘
0
o1 OH

(W)

ii) Attemnts of internal lMannich reactions

As seen previously the desired Mannich base (VI) of
cyclohexane-1,3-dione could not be isolated; the results
obtained then suggested that a derivative of the 1,3-dione,
and not the dione itself, should be used,

The study of the possibility of an internal ¥annich
reaction oun the enol ether (X), 3—(N—methy1~(P—ﬂmino)ethoxy)—

-2=-cyclohexen-1-one, was undertaken.
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CHy

o CH
M AW n’
I cH 0 )
o ()
(X) v

However, difficulties were cxperienced in the attempted

synthesis of (X) .

1ii) Attempted synthesis of 3—(N~methyl-(efaminq)ethoxx)—

==¢yclohexen=1-one (X)

Cyclohexane~l,3-dione analogues are known to react
readily with alcohols (11) to give the corresponding 3-alko-
xy-2-cyclohexen-l-one, However, they have been reported too
to react readily with amines (17,18,19) .
.“} The rcaction of cyclohexane-1,3-dione with the hydro- I
chfbridc salt of N-methyletharolamine, with removal of the
water formed by azeotropic distillation, gave a compound iden-
tified as N-methyl, N—(P-—ethunol) 3-amino 2-cyclohexen-l-one

(XI) along with a small quantity of a compound identified as
(x11)
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( x1) (xu)

(XII) may posaibly be formed by further reaction of (XI)
and cyclohexane-l,3~dione.

5o, apparently, the nucleophilicity os/the AMino
fgroup, even with the amine in the salt form, prevented the .
formation of the desired enol ether in appreciable amount.

Another route to get (X) was tried; this route in-
volved the attack of N-methylamine on the bromo derivative
(XI1I), 3~(o~—bromoethoxy)-2-cyc10hexen—1-one .
However, cnol cthers derivatives of cyclohexane-1,3-dione
have been rcported to undergo ensily displacement reactions
when reacted with nucleophiles (8,10).

S0, two products mipght be obtained here, depeﬂding ‘
upon the relative ease of the displacement of the alkoxy
part compared to the displacement of the bromine, in the reac=-

tion with N-methylamine .
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A"
/ (X)
‘ J/ -+ (‘.H JNWa

0\ NH-CWHy

( xiw)

The bromo derivative (XIII), was easily obtained by reaction

of cyclohexane-1,3-dione and 2-bromoethanol .

When (XIII) was treated with methylapine, only
3—-(N-me thylaminoe)-2-cyclohexen~-l-one (XIV) was obtained .

The study of the reaction by UV spec@rosc0py was
done too, showing a progressive decrease 6f the UV absor-
ption at 249 mp (enol ether system) and increase at the

sam¢ time of the UV absorption at 290 mp (enamine system).




/

This was an indication that either no &mino derivative ¢
(X) is formed at all or that it reacts rapidly once

formed and cannot be isolated .

S /
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Other studies of some derivatives of 1,3-diones

These studies have becn done in relation with sche-

mes not mentioned here,

(1) _ synthesis of 3-( N-methyl, N-formyl-( ?-nmino)ethoxy)-

-2=cyclohexen~l-one (XV)

The compound (XV) was obtained by the following

route.,

My S
y |

: ﬁ“s
NH ‘.’. N—CHo
~jr— + (M= M =0 =t=H i
Ho HoO
o
o f @
"'“\.0 J/
o Ho s

(Xv)
(XV) wag purified by preparative thin layer chromatogra-
phy. The low yield of (XV), compared to the formation of
other 3-alkoxy-2-cyclohexen-l-ones, may be due to the higﬁ
polarity of (XV). \n appreciable amount of (XV) may be in
efr'ect lost during the work-up.,

i) Study of the Mannich reaction of an enamino ketone

We were interested to know if compounds such

' 3-(N,N-diethylamino) -2-cyclohexen-l-onc (XVI) could react

in a Mannich reaction and what would be the resulting
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product. More precisely, we were interested to know if the
subatitution would be in position 2 or not, in the case where

the Mannich reaction would be possible.

o ;0 ‘ ' o N
\.__ Cenely) )

A0-4c% (xXwi)

[

—

Lo ’q~\___ \
+ HW=tHi=(Hi~=O0H <+ CHi0 ——» XVI|

(XVI) was obtained in good yield by reaction of cyclohexane-
-1,3-dione and diethylamine in chloroform . ‘

A product (XVII).was isolated in the Mannich reaction
mentionned above, and could be separated easily by thin layer
chromatography. Its spectral prdpertiés indicated that (XVII)
was a Mannich basge resulting {rom th; reaction of (XV1), but

that the substitutien had not been effected in position 2 .

o]

(Xvu) % o~
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Conclusion of the study of the derivatives oq 1,3-diones

The reactivity of some enol ether derivatives of
‘cyclohexane-1,3-dione in a Diels-Alder reaction, under the
usual conditions, was tested. It was found that thesq deri-
vatives reacted poorly and afforded mixtures not easilfﬁge—'

" parated. The study of this Dikls-Alder reactian under other
' reaction conditions (solvent, catalyst) was not undertaken
because of the difficulty in getting the desired dienophile,
as seen previouslg in the attempt to obtain the bicyclic enol

- ether (V) starting with cyclohexane-1,3-dione, and as dedu-

ced from what is reported in the literature concerning the

’ chemistry of the derivatives of cyclopentane-l,3-dion
The work described in the following chapters takes
83

account of these results, in the selection of possible routes

for the aynthesis of analogues of batrachotoxinin A.

e SRR
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Study of the /Die'la-—Alde; roaction with 2-cyano- : ,
-1~éyclopentane-1-cbpboxylic acid ethyl ester.
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Preliminary considerations

o 0 o) i 0 L]
oLty . 0Lt | A 4

CanN CEN CEN
(v a) (xvwb) (xvwic)

The use of- the dienophiles (XVIIIa,b,c¢) gives a means -
to avoid two difficulties met previously:

Ydifficulty of the synthesis of the desired deriva-
tives of 1,3-diones.

Jpoor reactivity of the derivatives in Diels-Alder
reactiops.
As shown in the following scheme, the ester group in the
co?pounds (XVIII) could allow the introduction of en amide
moiety, precursor of the amine part, )
The cyano group could posgaibly be uscd after the Diels-
Alder addition, for the introduction of a double bond
conjugated with the ketone group of the Dlels—Alder adduct (20).

The formation of the ether link of the propellane structure

(26,27) is based on a Michael addition (21).

-~ \
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—= wto

+  xzc

The emide part, obtained by attack of ester group by

. fl~icbhylethanolanine 1s a convenlent precursor of the ani-
ne group (22). "his amide group permits to avoid the pos-
sible side-reactions duc to the nucleophilicity of the

NN

amine group, for several critical steps.

¢
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Preparation of 2-cyano-l-cvclepentene-l—-carboxvlic acid

ethyl easter (XVITIa)

(XV{ITa) was prepared by dvhjdrntlon of the cyanohydrin

of ethyl a—oxocyclopentnne carboxylate., Several dehydration
reactions were studied, taking accouni of the particular
unstebility of the counsidered cyanohydrin, The most conve-
nient reaction’fonnd wvas the reaction with 80012—pyridine
(25). The cyanohydrin was prepared according to the proce-
dure given in reference (24). The overall yield for the
preparation of 2-cyano-l-cyclopentene-l-carboxylic acid

cthyl ester was S50 %

)

(W] 0 o .
@)\ ! T I
\OU';

75 ‘Io 657 (3YIA\T\Q’
(’015""’ Wa )

Reaction of (XVIIIa) and 3-vinyl-2-cycloh2rxen-1l-one

o &Q&D

Qv) (3 a)) X)) o

3-Vinyl-2-cyclohexen-1-one (IV) and 2-cyano-l-cyclopentenec-



-1—carboxylic‘acid ethyl ester were heated in a sealed tube,
in a ratio (1:1.3),at 1€0-175°€¢ for 20 hours. The thin layer
chromatography of the reaction mixture showed only one spot
besides the spot due to the starting material (XVIIIa). The
compound that was obtainéd gave a positive test with 2,4~
dinitrophenyl hydrazine on thin layer chromatography. It
could be easily isolated by thin layer chromatography on
silica gel. /

The physical data (NMR: singlet at §: 5.6(1H); singlet at

§: 3.4(10); multiplet at 8: 1.5-2,6(17H), UV:Npwi: 242 mis,
£wl2,500) suggest for this compound the formula (XIX) or
(kX), that is to say a dimer of 3-vinyl-2-cyclohexen-l-one
produced in a Diels~Alder condensation. (XVITIa) was recto-
vered quantitatively. The yield for the dimerisation was
32%, after isolation on silica gel.

The Diels-Alder reactions with compounds (XVIII)

were not investigated further. .
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Diels-Alder reactions with dimethyl acetylenedicarboxylate .

-

¢
. 2
-5
. B
s
o e - 3
i e v} . y L S T 7 o
. F N P Y SRS TR T Y P or




-0

Preliminary considerations

Acyclic dienes and acelylenic compounds undergo
cycloaddition to give 1,4-dihydroaromatic derivatives with
varying ease; these 1,4-dihydroaromatic derivatives may in
turn be used as dienophiles themselves, The Diels-Alder
renctions of acetylenes have been reviewed adequately (28),

In this chapter, the possibility of using Diels-Alder
reactions with dimethyl acetylenedicarboxylate has been
gtudied ,

Two points, more particularly, seemed wotth to be
considered

a) firast, the possibility of obtaining the deaired
1,4-dihydroaromatic dervivatives in good yield,

b) secondly, the possibility of differentiating be-
tween the two ester pgroupssin the adduct .
If one could answer positively to these two points, one
could then devise a series of reactions leading to a com-
pound (XXI), with a chain terminated by an alcohol function
and having a leaving group in the proper placeg; in other
words, one would have a way to obtain some attractive inter-
mediates analogous to those the synthesis of which has been

attempted in the preceding chapter .

~4
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The two dicnes chosen for a model study were 3-vinyl- 2-cy-
clohexen-1-one (IV) and 3-vinyl-2-cyclohexcen-l~ol (XXII).

bl
o

Diela=Alder reaction with 3-vinyl-2-cyclohoxen-1-ol

(1) Synthesig of 3-vinyl-2-cyc)ohexen-1-ol

Aluminium hydeide has been used (29,30) to convert
various unnaturated carbonyl groups 1o the corresponding
unasnturated alcohols, Thus, cinnamaldehyde and ethyl cinnama-
te could be reduced smoothly (29), in e¢xcellent yield.
Nethyl phenylpropiolate was converted to phenylpropargyl
alcohol.
M useful comparative study of differcnt hydrides has been
done (30); it has been found that aluminium hydride, lithium
tri-t-butoxyaluminium hydride and sodium borohydride reduce

specifically the carbonyl group, the double bord, and both the

-

) )
.
’




carbonyl group and the double bond respoctively, of a ¢onju-
gated cyeclopentenone

Wo found that All,, was convenient to convert 3-vinyl-2-cy-

3
clohaxan-l-one into d-vinyl-2-cyclohoxan-l-ol. Appnrently,

only one major product was obtninad (1 gpot on the thin layer

chromntosraphy on nilica gel of the venction mixture).
Aluminium hydride was employed nn gonerutéd in aitu,

from 1i thiun alnmin{um hydride following the atoichiometry:

3 Li/\l“4 tALCL, = AALN,, FILICL

3 3
The conjusnted nlcohol (XXIT) could be ennily purified by

proparative thin layer chromaloernphy on siliea el .

r
= e

AlHy
OH

|
{w) (xXxi)

(ii) Diela-Alder venction of 3-vinyl-"-cyclohexen-l-0l and

Aimethyl ncetlylonedicnrboxylate

The Diela-Alder adduct (XXII1I) of J-vinyl-2-
—cyclohexon-1-0l (XXIT) and dimethyl acetylenedicarboxylate
wng obtainad by heating the two reagents, in a ratio 1:2,

in a scaled tube, for 12 hours at 110°-140°¢. Thin layer
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chromatography on silica gel of the reaction mixture showed
ogly one spot beaides the spots co?responding to the starting
materials. The yicld of isolated adduct was 60-65%. The re-
action conditions were not fully investisated at this otapge
and it is poosibly that milder conditions, lower temperature
and shorter time, could be found. Such a study of the rcaction
conditions might be useful in the casc of the synthesis of

a closely related analogrue of batrachotoxinin A, starting

with a diene more fragile than 3-vinyl-2-cyclohexen-1-ol.

C?o i
F | one 0ONe
c m
- . ONe
-+ ‘l‘: Hon—‘to “ » o(
oM Loo 6o-6¥Y "n. 6H\
H None

Hy (%¢xw)

The determination of the stereochemistry of the
two hydrosen atomas Ha and Hy, in the adduct (XXITI), wnas
attempled without succeass.

Tt was felt that the knowledpge of this configuration
might be useful, at the stage of a second Diels-Alder reac-
tion using (XXITI) as dienophile, for the b%ilding of the
D ring.
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The attempt of determination of the relative posi-

tions ol these two hydrogen'atoms consisted basically in:

(i) burlding the molecular models of tiie possible

igomers, calculating the angle H,~C-C-H, and studying the
NMR spectrum of the obtained compound.

(i1) preparing a derivative of (XXII) such as the
acctate, doing the Diels-Alder reaction with this derivative
and dimethyl acetylenedicarboxylate, and comparing the ?d'
duct obtained with the corresponding derivative of (XXIII).
This study would have pgiven nn indication of the factors
affecting; the slercochemistry of the reaction. Unfortunately,
the attompts to prepare various suitable derivatives of
3~vinyl-2-cyclohexen-1-0l were not successful.

(iii) comparing by vapor phase chromatocraphy the

silyl derivative of the adduct (XXIII), and the reaction
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' mixture of the Diels-~Alder reagtion of the corresponding
volatile derivative of the dienic alcohol (XXII) and di-
methyl acetylenedicarboxylate, This study S& VPC was not
conclusive and the results obtained seem to indicate that
the volatile deriyative of (XXIII) undergoes a retro

Dicls~Alder reaction under the conditions used .

L

(i1i)_sludy of the 1 clonisition reaction of the Dicls-Alder

adduet CGEAITL)
The furmation of a five-menbered lactone fromn the
Di~1s=Alder adduct (AXIIT) scer:d to be an attractive possi-
. bility. It was Telt, in effect, Lhat 1€ nn appreciable dif-
Torence in veactivily between 1 ig five-merberced lactone and
the rennaining cster ,r,roup/conm be showvn, one could use a
aeries of reactions Lo transform this lactone ring into a

lenving group and on alcohol function in the proper places;

such a seriey of reaclions is described in the following

scheme.
LY ? A
B Y
o "“”““’;I:: 5 __ T o-xg-au
0 W oy oter &) o




~28

In this scheme, the first step, the opening of the
five-membered lactone to give the corresponding keto alcohol
might go done using a suitable Grignard reaction (32). The
use of other organometallic reagents could be also considered

(33).

The cyclisation of hydroxy esters leading to the
formation of five membered lactones is known to occur under
acidic conditions.The lactonisation of the Diels-Alder ad-
duct (XXTIT) was tricd under various reactio; conditions.,

In particular, the azeotropic distiltlation with toluene,
with p~tolucnesulfonic acid as cntalyat , seemed promising,
and the lactone formntion with Lhese conlditions wns followed
By thin layer chromatography on silica gel and intra-red
spectroscopyn.After 8 hours, the thin layer chromalography
of the reaction mixture showed the presence of only one new
spot, the R, of which was greater than tht R, of the star-
ting waterial (XXITI). The infra-red spectrum of this reac-
tion mixture showed the presence of a new band corresponding
to the expected lactone band along with the ester band pre-
sent in the infra-red spectrum of the hydroxy ester (XXIII).
The intensities of these two vandg were approximatively in
the ratio 3:5, respectively.

1

These data strongly support the formation of the
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/
lactone (XXIV); (XXIV) however was not separated at this sta-
. /

ge.-

0 \ ¥
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(xxm) Otxv)

Dicls~-Alder reaction with 3-vinyl-2-cyclohexen-l-one

J The Dicls—Aldoer reaction with 3-vinyl-2-cyclohexen-
~l-one and dimethyl acctylenecdicarboxylate was undertaken
in order to sel the corresponding 1,4-dihydroaromatic
adduct (XXV).'This adduct is attractive since it could be
used in modifications of the preceding schemej one would
condense the ester function and a group derived from the
keto groué, for exanple Sxime or amine, to lecad to a five or
a six-membered cycle. This.would greatly increase the pos-
sibility of distinguishing between the two ester groups in
the Diels-AlQer adduct obtained; in effect, this would mean
to compare the reactivities of the five or six-membered

'

cycle and the remaining ester group towards reagents such

as Grignard reagents in the case where the opening of the




L

cycle is relatively easier, or reagents such as secondary

amines in the other case .

z” c¢°
A
| Sone
C
-+
m ‘——qi
Q f . o!

<o I * (xxv)
b < *
~ one to'¢c
%o, one

However, the Diels-Alder reaction of 3-vinyl-2-cy-
clohexen-l-one (IV) and dimethyl acetylenedicarboxylate.
led to the aromatic compound (XXVI), the formation of
wh%ch can be explained by aromatisation of the cyclo-
adduct (XXV). (XXVI) was isolated on thin layer chroma-
tography on silica gel; the yield was 40%, after separa-

tion
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Reactions with dimethyl maleic anhydride

The possibility of intramolecular Diels-~Alder reac-
tions applicable to the synthesis of anélogues of batracho-
toxinin A was considered. Intramolecular Diels-Alder reac-
tions could be very attractive. The suitable choice of the
nunber and type of atoms bridging the diene and dicnophile
moieties could give a means to control the stereochemistry

)
of the reaction, and obtaining only the desired adduct. The
favorable entropy factor offered by intrasmolecular processes
could facilitate the reaction; in effect, the low activation
entraopy values observed for Diels-Alder reactions support
a transition state in which the diene and dienophile are
rather rigidly orieniod wilh respect to one another (35, 36,
37). '
Severnl cases of intramolecular Diels-Alder reactions have
Leen reported (38-42). An iﬁteresting study has been done
by U.0. House and T.H. Cronin (43), who studied the thermal
cyclisntion of trans, trans and c¢is, trang isomers of me-
thyl 2,u,8-nonatriencate and of methyl 2,7,9-decatrienoate
(Ceheme T,n).
Another interesting cace bas been reported by D. Bilovie (44).
By mixing maleic anhydride and (2-furfuryl) aniline at room
temperature, a precipitate of N,N-furfurylmaleamic acid was

obtained which by further heating or by solution in ethanol
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Scheme 1
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underwent an intramolecular reaction to give the Diels-Alder.
adduct (Scheme I,b). /

Lxamples of recactions possibly applicable to the
synthesis of analogues of batrachotoxinin A are Jdescribed
belov, ‘

It must be noticed that the choice of the bridpe bet-

ween the dicne and the dienophile parts must be conditioned

not only by the stereochenistry of the Biels-Alder raaction,

but also by the feasibility of furiher cleavage of this

bridge lexding to compounds analogous of (XXT) of Chapter

IIT.

[N

L

{xxx)
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(i) $fudy of the opening of dimethyl maleic anhydride by

l-nethyleihanolamine

To prepare the compound (XXX), one can use a sequen-
ce of reactions such as the one below.

3
J

I (o] ‘ N

o |
HN ‘
S .
oR oH
Q l g .
oR

NN

S

The first step involves the opening of the anhydri-
de group by M-methylethanolamine., This reaction was thought,
for Vhriéﬁs theoretiﬁnl reasong, to be'xossibly more diffi-
cult than the corresponding opening of maleic anhydride.

A wodel study to determine the conditions of this
first step was thus undertakén, using dimethyl maleic anhydri-
de.

Dime thyl maleic anhydride was heated, usually for
12 hours, in various solvents, with aﬁ oxcess (4 to 6 fold)

of MN-methylethanolamine ., After removal of the amine, a

solid compound, which precipitafed upon addition of anhy-
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drous ether to the reaction mixture, was obtained in rela-
tively low yield (10-15%). This compound was hygroscopic,
Its physical data agreed with those of the monoacid (XXXIV).
For further identification, (XXXIV) was treated with
acetic anhydride in pyridine, at room temperature, for 1S5
hours. The resulting compound, identified (NkKR, mass spec-
trometry, IR) as the cyclic compound (XXXV), was obtained in

good yield (70-80%).

o o
oM o

- )
" \

o ) o tH,

( Xxx\W) ' (X2xV)

" The yield and the mild conditions for the formation

of this eight-mcmbered cycle were somehow surprising.

(ii) Study of the opening of dimethyl maleic anhydride by

the sodium salt of 3-vinyl-2-cyclohexen-l-ol

o / 0 _1_\
0O Na

y - (o]

o (o Nq* - o
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The opening of dimethyl maleic anhydride by thé
sodium salt of 3-vinyl-2-cyclohexen-l-ol was attempted.
After work-up, no monbacid could be isolated.. The poor re-
sults of this reaction may be explained by the possibility
for the monoacid to give back dimethyl maleic anhydride
during the work-up. ‘

Heating the reaction mixture, after addition of the
sodium salt of 3-vinyl-2-cyclohexen-1-0l, overnight failed

to give the expected adduct.



LXPERIVENTAL

Tho meltine points were tnlren on a Gallentamp
nel ting point apparatus in open end capillavy tubes and
were uncovrected, The analysis were carried out by Dr.
Dresaldé, Fontrenl, zud C.Beller, Gotiinqen, Geraany.
Infrared cyectra vere fto'ca on n Terkin--Nlez 537, 257
and Imfreacord prC'L:COI'.lC'LO'L‘S veing 1 nillireter sodiun
chlorid: cella . Ulldraviolet gpeclya were measured in
c¢thanol and pcnmf‘xc on a Beclawvn DXL recording snveciro-
photeueter ond on a hdenn S2P-800 spectrophotoneter
Proton ragnetle raeooranee specira wera recorded on a2
Varian A-50 and A--GO0A Incrranent at 60 mepneyeles uning
carbone nwrachloride, chlorotom-d,,as colvendts .

Thin layer plates (2020 cin) for preparative separa-
tlong were made Tyon Verek usiliea gel G, HY 254, and
were 0.75 mn thicl. Oualitative t.1l.e¢. vog ucually
crurled out on microscope slides contad to a 1hdckness

of 0.50 nm .

The followinz abbreviations have been used in the desecrip-

tion of the apectira we: weak ; m,: medium ; str,:

N

atrong 3 sh.: sharp ;3 br.: broad .
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Cyclohexanc-1,3-dione: The product from Aldrich company

(stabilized with 3% sodium chloride, 97%), was dissolved
in benzene; the solution was filtered and concentrated.
Cyclohéxane—l,a-dione precipi tated readily and was recrig=-
tallized from benzehe., It wng sublimed when neccusary gi-

ving a white solid.

3-Lthoxy-2-cyclohexcn-1-one:From Aldrich company (99%),
L

and distilled before use,

or : Prepnred according to the procedurve given in reference
(8), with similar results (yield: €5-75%, b.p. : 115-121°%/
11 mm). The obtained product wns compared by NMR and IR

with an nuthentic sample.

3-Vinyl-2-cyclohexen-1l-one (IV): To 8 ml of a golution 2,9 M

vinyl lithium in teteahydrofuran, 2.71 g of 3-ethoxy-2-cyclo-

hexen-1l-one in 5 ml anhydrous ether wag ndded, dropwice,
with viforous stirring at OOC, under nitrogen. nfter stan-
ding; at room temperature 20h., the mixture was refluxed for
2 1/2 h.. The flansk was then cooled wilh ice-cult and 7 ul

~

distilled water wns added dropwise; then at GOC—IOOC, S5 ml

of an aqucous solutivn of sulfuric acid (1 volume concenlrated

sulfuric ~cid-2 volumes water) wns added dropwise. The two

phases were mixed vigorously for 2 h.. The agucous phase was



,,,3% - .{ ' //7

7

The combined ether phases were washed three tiwes with

gseparated and extracted once with 15 ml of ether,

7 ml 55 aqueous sodium carbonnte, four times with 7 ml
distllled water. Tther was cvaporated under vacwum, ziving
3.7 g of a yellow liquid.
The product was geparated on column chromatography (alu-
mina activity II) or on preparntive t,l.¢, for smaller
quantitics (silico gel, solvent : CHCIB—EtZO 70:30) .
3-Vinyl- 2-cyclohexen-l-one was obtained as a colorless 1li-
quid (yield : £5-0C7¥); it had to be kept in an etheral go-
lution, under OOC, protected from direct light. Other-
wise, 1t duconposed, piving a yellow solid,
MR (CDCLQ) two quartets: §: 6.6 (1L H), ¥: 5.7 (3 H)
(olerinic ¥), and a nultiplet at §: 1.8-2.7 (6 H).
W oz A1 205 mp, Lwls 000.
IR (liquid £iln) v: 2030, 2800, 1670 (sh, at 1675 cm b
1070, 1405, 1120 cm L.

Atteanted fonnieh s 2liva with cyclohernne-1,3-dione and

Ne: ) sthicolamina; obtention of (VIT a) and (VIT b):

To a solution of 261 rg of formalin in 15 ml 957 ethanol, vas
added o mixture of 753 mg of l-methylethanolamine and 2.5 ml of
hydrochloric acid , and then 1,05 g of cyclohexane—l,B—dione .
After standing at room temperature for 14 h., the mixture was re-
fluxed for 2 Lh.. The flask was then cooled and kept under (°C




overnight; 275 mg of white cristals (55%) (VII a) were
collected. The solution was washed with ether, neutralized
to p,8, with an aqueous 15% ammonium hydroxide solutdion.
The solution was extracted with chloroform. By'conce;krating
the solution, 56 mg of white cristals (VII b) Qere obtained,
which could be cristallized from ether (12%). ]
(VII a); m.p.: 123-128°C ( m.p. for the adduct cycléhe-
xane-1,3-dione-formaldehyde reported to be: 132°¢ (14).) "
NR (CDCl,) : §:2.8 (2 H), singlet.
:2.6-1.8 (12 H), multiplet. \
IR e v i 1600 ( C=0 ), 1575 em™t( c=C ).

. +
mass spectrometry: m/e: 236 (M+), 124 (possibly (6539 e

(VIT b): m.p.: 146-150C, after two recristallizations

from ether, m,p.: 160-162"C,

MR (CDCl,) @ §: 3.0 (21), singlet.

: 2,6-1.8 (12 H), multiplet. =

IR Vi 1600 ( C=0 ), 125 em L( C=C ).

m/e : 218 (M') .
These data supsest that (VII b) is 1,8-dioxo octahydro-
xanthene; (VII b) was then compared (mixed m.p.: 160-2°C)
with an authentic sample prepared according ?o the procedure

¥

given in reference (68) .
/
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3-Methyl oxazolidine (VIII) : was ‘prevared according to

the procedure given in reference (69), by interaction of
N-methylethanolamine and formaldehyde .

The purity of the liquid (b.p.:100-4°C, 1itt. b.p.:100%C )
was confirmed by NMR ( ¥:4.3 (2i1),sinclet, N-Cli,-0; ¥:3.07

(2i), triplet, -0-Cl,~Cli,=N ; 3:2.97 (2H), triplet,-N-Cll,~CH,;

2
9:2.5 (3i), M-Cily ) and by ViC .

e

{I¥) from cyclohexane-1l,3-dione and 3-methyl oxuzolidine :

To €72 mg of 3~methyl oxazolidine (1072 mole), distilled before
use, 1in 30 ml anhydrous benzene, was ndded in several portions,
with stivring, £35 mg (7.bA10-3mole) of sublimed cyclohexnne-
-1,3-dione. The mixture wnsg refluxed tor about 1 h., and

became polden yellow. ‘The solution was evaporated. A solid

(1.3 g) was obtained which was washed with 10 ml petroleum
ether. The solid was purified by several precipitations f'rom
benzene; 614 mg of a white yellow solid (IX) wns obtained (804).

(Ix): NMR (ChCl 3 : 3.8 (2H), triplet .

3)
¥: 3,15, sinrlet; T: 3,0, multiplet (total :SH)

J:'2.16, sinplet, §: 2.5, multi_.let (total :16 H).
W AW:“ 258 mu , £uwl 000,

IR : Y : 3350 {(broad), 1600 cm-l(sharp) .
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OBN : C, 3,71 H, 8,095

nass spectrometry : /e : 236 (C
/ “

Analysis: Calculated forr CLGH23

N, 4.50.

found: C, 61.71; H, 7.98; N, 4.35, -

-

s > A -~ . \'
Confirmntion of the ctructure of (TX) : A =olution was nnde

by discolving 168 mg of (IX) in 15 ml zilorofora. Whis

solution was washed with 1 ml\g.l N hycrochloric acid solu-—
thon, then with distilled vinter. The or-anic colution was

dried over sodium sulfate and evaporated ; white cristala (98ug)
of (VIT a) were obtained (yield of the ogeration: 77.5).

MR 9

e

15 (2 H), Lrond singlet

2.9 (2 H), sinplet .

2.6-1.8 (12 H), multiplet.

t=methiyl, = p-ethrnel) 3-anino 2-cyclicexon-l-one (XI)
Shul WS LAl AL LNISE Y i L0 sLkzont \!

and N,C0-Bis (2-¢yclohixen-l-onc-3-yl )-l-riethylethanolacine (XII)

chloride: Cvelohexane-1,3-dione (750 ~~, 5.7 waeles) and
N-methyle shanolas ine hydrochloride (1.5 g, 1?* wmoles) were
Q

refluxed in 20 ml anhydrous chloroTcrm for 20 b, with re-

moval of the =mter formed, Another 30 1 chloroform wns

added and the golution was washed sever»l tines with a 20

" aqueous Jodium bicartonate solution, then with distilled

water. The organic soiution was dricc over majnesium sulfuite and

A}
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evaporated, and 1.02/5 of residue was obtained. One part

of this residue (300 mé) was separated by th{n\layer chro-
matosraphy (silica gel HF 254+366, solvent: CHClS-MeOH'IS:Z),
end (XI)- (198 mg, 700) was obtained as a colorless liquid,
along with a small quantity of (XII) (34 mg, 15%) which was

obtained as a colorless glass .

(XI): NMR (CDClB) . § : 5.2 (1H), singlet (olefinic proton)
1434 (1H), broad signal (-OH)
: 3.65 (4i), quartet (N-CH,<CH,-0)
: 3.05 (3H), singlet ( N-CH;)
2.8-1.8 (6I1), multiplet (CU,'s of
the ring)
uv N 297 B, tn 21 X 10t .
IR : V : 3300 (br.), 1540 cm-l(with shoulder'at
1560 cm-l, str., sh., enaminoketone system)-
m/e : 169 (M), 138, 125, 124, 95 .
+A possible breakage is suszested below :

0

CH,

!
N
\[ C“j. C“;.-‘O“
“f/ ‘/ 18

" Analysis: Calculated for C, 1O N:C, 63.88; H, £,94; N, 6.28 .

Found : €, ¢€3.29; ',£.98; N, 8.10 .




(XII): NMR (CDCly): §: 5.4 (1H), singlet, and §.25 (1H),
. F singlet (olefinic protons).
: 3.9 (4H), quartet (= N-CLIZ-C_H_H-O)
¢ 3.06 (3H), singlet (N—cgs).

: 2.8-1.8 (12H), multiplet (Cg{_z's of the ring).

uv NoE 249 mp e: 1.69 . 10%
¢ (enol ether system)

and N : 296 mps ¢: 2.92 ., 10%

trou (enamine system)

IR

v: 3300 (br.), 120 (str., sh., with

shoulder), 1550, 1130 cm T,

Preparation ot 3-( e -bromoethoxy)-2-cyclohexen-l-one (XIII):

‘ Cyclohexane-1,3~dione and 2-bromocthanol, in a ratio 1l:1.1 ,
were refluxcd in benzene with a catalytic amount of p-tpluene-
sulfonic acid, for 20 h., with removal of the water formed.

The solution was washed with a sodium bicarbonate solutibn,
then with distilled water. The organic phase was dried over
warnesium sulfate and concentrated. After .purification by thin
layer ct?romutogmphy on silica gel, 3-((3—bromoetkloxy)—z—cyclo—

hexen-1-one (XTTI) wns obtained as a colorless liquid (yield: 82%).
/

MNVR | ((1!)(313) : 8. 5.4 (1H), singlet (olefinic proton)
: 4.27 (21), triplet
i 3.07 (2i), triplet
. ) : 2.7 - 1.9 (61), multiplet.



uv : N 048 m ¢: 2.4 x 10%
[ ] “.wJ )‘ ’ * L]

IR : v: 3350, 28685, 1710 ( str., sh., with shoulder
at 1650 ), 1075 cm .

Analysis : Calculated for CqHy10,Br : C, 43.88;
H, 5.06 ; Dr, 36.48. /

Found : C, 44,01; H, 5.11; Br, 36.12.

3~(Nethylamino)=-2-cyclohexen-l-one (XIV) from

3—(?‘-bromoethoxx)-2-cyclohexen-1—one and methylamine :

Methylamine hydrocﬁloridc (540 mg. 8 mnoles) was added

10 3—(F;—bromoethoxy)~2—cyclohexen-l—one (307 e 1.4 mmoles)
in 20 ml absolute ethanol. A usaturated sodium bicarbonate
solution wan adled at room temperature to make the solution
basic, and the mixture was kert at room temrcernture, with
atirring, overnight. The mixture was concentrated and ex—
tracted with chloroform, The or anic phase was .dried over
anrhydrous mrnesium sulfale anl evoporated.

The residue was separated by thin layer_chromntosraphy
(silica rel IIF 254+ 3C6, solvent: CHCl,~LeCl 70:10), and
(X1V) (114 g, 65p0) was obtained as n colorless liquid and
compared (tle, M) with a sample prepared according td

the procedurc given in reference (71) .
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TR (CD013)

<3b

. $: 5.22 (1H), singlet (ol:Tinic H)

(3i), sinalet (N-Clig)

2.2 = 1.8 (6l), multizlet (Cii,'s of the ring.)

uv: N1 260 e ¢ : 2.01 x 10%.
L R4

»

N-Formyl, N-rothylethnnolarsine: In a 2 sk protected from

moisture, were plac:d 15.4g of N-gethy? .t> rolJanmina (0.2 mole)
and 20.6g (0.28 mole) of eothyl forwate was adled dropwice.,
The mixture whs nlloved to worm up to roem tesperature, ve-
fluxed for 10 min. anl kept at room te. ~erature ovcrnlﬂhp.

e ~ A v 1ay o MR AVEYETANG e e - MR M ¢ -
'he reartion ixtnee v oo conecntrate? Y Lhe resicue diatilled

ander rednecd presanrs (b.p, DA3SSIG57C) and 14.44

7”(AM“'8
of liquic (70.5) were cbitained.

MR (CUTlg) d: e.2 (1)

..

H ‘.‘:75 (1 ),‘ \J'-l JJ"' "("‘C"‘}__{_)s
2 3.65 (4H), - iolet (= H=Cli, - Clin-0)
: 3,05 and 3..), (total 34H),2 singlats,

(~2-C2 )

=3
IR : Y 1 83200 (str., sh.), 2900 (7., sh.), 1660
(str.,sh,, carbonyl stretchir ; ribration), 1090 cn—l,

The purity of the liumid so obtained was’checked by VPC

(carbowax 20 colurn, t: 230°0) . 2




Preparation of 3-( N-methyl, N~formyl-( ? -amino)ethoxy) -

~-2—-cyclohexen~l-one (XV)

In a flask protected from moisture, were placed 1.03 g

(9.18 mmoles) of cyclohexane-1,3-dione, 930 mg (9.03 mmoles)

of N-formyl, N-methylethanolamine and 150 mg of p-toluenesul-
fonic acid monohydrate in 40'ﬁl anhydrous benzene, The mixture’
was refluxed for 12 hours with removal of the water formed.

The mixture was allowed‘to cooi to room temperature and was
washed twice with € ml é N sodium carbonate solution, then
with digtilled water, The organic phase was dried over magne-
sium sulfate, evaporated, and 1.78 g of residue were obtained.
After separation by thin layer chromatosgraphy (silica gel HF

254 + 306, solvent: CHCl.,-MeOH €0:10), 452 mg (25%4) of (XV)

3
were oblained ag n colorless liquid .

MR (CDCL,) : 8 : 8.23 (1), singlet (-C{3 )
: 5,47 (1H), singlet (olefinic proton)
: 3.€0 (4H), multiplet ( 0-CH,~Cil,=N<)
: 3.05 and 3.15 (total: 3H), 2 singlets

( N-Cliy )
: 2.£5-1.65 (1), multiplet (CIL,'s of
the ring)
W X:E 247 mp , £ 2.5 x 104
.
IR : V: 3350, 2870, 1715 (str., sh., with shoulder

at 1650), 1660 em™t (str.,. sh.)
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m/e = 197 (MY), 149, 139, 126, 125, 96, 95.
’ ] , 1

A posaible bresknye pattern is suppested below =

o
‘ \
[ 4
0 --CtH ,c\o
ay AL
he )¢ ‘:\)vﬂ\cm i

Proparation of 3-(M Nadiclhylamino }-2=cyclohexen=1-one (XVI)(75):
In flack protected from morature were placed 4,48 g (4.10“2m010)
of' cyeclohernne-1,3=-dione and b1 w1l anhydrous ehloroflornm,
Dicthylamine ( M.6 g, 042 mole) wan slowly wided al room
tmupm"\(nr;’; the mixture was refluxed for & h.and slowly
concenleated, The residue obtonined ntter evaporation nnder
vacuum was di:‘anl‘mﬁ in 1o ml chlorofform. Thy solution was waghad
twice with 30 ml water ana dreied over magsnesiun asulfate,

i

AMler f/(m. oration undepr vacoum, 6.7) 2 of vesidue wag ob-

H

taineds A part (Up ) of thio residue was purifisd by column \

chrontopraphy (ahwainn activity 111, solvents : cehloroform- \

methnnol) and Loel ¢ {(‘.?lm) o (XV1) waa. oblained ag a co-

Jortesa 1ignid, l\m'\(‘:‘«‘m-un:'. on thia Iayer chromtosraphy plate,

Vel (()l)()l‘.’): ) X: D3 (1), ainclet (oletinic i)

3,845 (41D, quartet (N~C§_lz-CH.3)

.e

Do =175 (uil), muliliplet (CI_I_Z'S of

the ring)

T o o
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: 1.03 (6H), triplet (J: 8 lz), ( N-Cil,~CH,)
uv : X7 270 mp,  %: 2.0 x 107
Kerrae .
IR : V: 3310 (br.), 1545 ( with shoulder at 1580), 1135 em Y,

(XVII) from the lannich vreaction of 3-(MN,N-diethylamino)-

-o—cyclohexen~l-one and N-methanolamine

In a 100 ml flask protected {rom moisture and fitted with

a condenser and a magnetic stirrer, 4¢6 mg (6.5 mmoles)

of N-mathylethanolamine and 484 mg (5.8 mmoles) of 40% for-
maldehyde solution, in 5 ml abgolute ethanol were added to

935 mg (5.6 mnoles) of 3-(N,N-diethylamino)-2-cyclohexen-1-
-one in 10 ml abaolute ethanol. The mixture wag refluxed for

two days, the reaction being followed by thin layer chromato-
graphy. ‘1he mixture wasg evaporated under vacuum And 1.63 g of
residue (liquid) were obtained., This residue wag dissolved in-
to CO ml of chlorofiorm; this solution was waghed with 15 ml dis-
tilled water, The nqueous ;hngse was cxtracted with the ssme vo-
lﬁme of chloroform, The organic phasca were cowbined, dried over
anhydrous magnesium sulfate and evaporated, giving 1.3 g of
residue . A part( 650 my;) of this residue was separated Ly

thin layer chromatography ( cilica gel HF 254 + 366, solvent :
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CHClB-MeOH 20:15), and 533 mg of (XVIT) were obtained as
h colorless liquid (754).
NMR (CDC1lg)s 8@ 5.22 (W), singlet (olefinic H)
: 3.068 (2f), quartet (J= b,5 Hz),(—C@z-O-)
t 3.50 (1H), broad signal
: 3.33 (i), quartet (J= 5.6 Hz),()N—C@z-)
1 2,9-2 (totalt 10i), multiplet with
singlet at 2.4 ppm,
1.27 (6i), triplet (J= 5.6 lz), triplet
( N-CH,,~¢lHg).

uv X304 mp £: 1.98 x 104
Yon
IR . Vv : 3300 (br., OH stretching), 2920, (sh.,m.),

2900 (m.,sh,), 1500 (str., sh.,) and 1540

(str., sh.),(enﬁpinoketone syatem), 1135 em™L
(m., sh.).

m/e : 254 (7)), 1sl, 125, 110, 108, 107, £8 .

A possible breakase pattern is described below

¥y

‘ /C“ 2
/ N
SSHa—en
HO

Annlysis : Calculatled for Cmﬂuplﬂl : C, €6,10 H, 10.30

Found ¢ C, ¢6,03 i, 10.14 .



Preporation of the cyanohydrin of ethyl 2-oxocyclopentane-car-

boxylate: The cyanohydrin of ethyl 2-oxocyclopentane-carboxylate '
was rrepared according to the procedure sgiven in reference (24),
. t" O
(bePeis pn ¢ 105-110 C).
Analysis : Calculated for CyH g04N ¢ C, 59.00; H, 7.15;
I‘I, 70650

Found: C, 09.00; I, 7.,14; N, 7.,0l.

Preparation of 2-cynno-l-cyelopentene-1-carhoxylic acid

cthvl ester (XVITIan) :In a dry flask protected from moisture,
was placed 8 g of the cynnohydrin of ethyl 2-oxocyclopentane-
carboxylate, freshly distilled, in 200 nl ot dry pyridine,
The mixture was cooled with an ice-salt bath and thionyl
chloride (10 ml) war added dropwise., The mixture was then kept
at roon tem,.eralure overnight., After evaporation of the
cyridine, the reaidue was distilled under vacuum, and (XVITI a)
was obtained as n colorless liguid (4.7 g, €5%), (b.p., = :108-
111°0).
.

MYRO(CDCLy) @ §: 4uld (M), quartet ((F: 7Mz)

2.88 (2i), triplet

-~ N
€18 ¢

(41), triplet -~

(a1

1 1.43 (7)), Lriplet (T : 6Hz)

uv N 242 e &: 6.2 x 107,
Ston
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IR (liquid film) : V¥ : 2680 (m.), 2325 (w., sh., C:N),

-

1700 (str., sh., with shoulder at 1605, C=0), 1245, 1110 cu

Analysis : Calculated for C9H1102N : C, 65.43; H, 6.71;

N, 8.48 .
Found : C, 65.47; H, 6.69; N, 8.52 ,

Attempted Diels-Aller reaction of 2-cyano-l-cyclopentene=-

-1l-carhboxylic acid et yl ester and 3-vinyl-Z-cyclohexen~

-l-one: 3-Vinyl-2-cyclohexen~l-one and 2-cyano-l-cyclopen-
&yne—l—carboxylic acid ethyl ester (XVIITa) (in a ratio 1:1.3)
were heated in a sealed tube, at 160-175°C¢ for 20 hours.
The residuc that was ‘obtained was separated Ly thin layer chro-
matoprapny on silica el (yield : 30w, after separation),
and a colorless g lass was obtained.
MR-: & : 5.6 (1), singlet
: 3.4 (1), singlet
: 1.5-2.6 (17H), multiplet.
)/ S -V P T, £ w1250,

Wtoly

TR ¢ V : 2930, 2830, 1670 ( shoulder at 1675), 1620,

1120 em L,
Analysis : Calculated for Cy6Ho000 ¢ C, 76.62; H, 8.25

Found : C, 77.96; H, 8,35 ,
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3-Vinyl-2-cyclohexen-1-0l (XXII): In a dry 500 ml round-

bottom flask fitted with a magnetic stirrer, was placed,
under nitrogen, 532 mg of lithium aluminium hydride in 120 ml
of dry ether. The flask was cooled in an ice bath and 540 mg
of aluminium chloride was added slowly. The mixture was
warmed to room temperature, and 1.2 g of 3-vinyl-2-cyclo-
hexen-l-one in 25 ml of dry ether was then added. The reaction
was allowed to proceed at room temperature for 30 min. The
mixtire was then cooled and water (or methanol) was added slow;
ly. The organic, phase was filiered and dried over sodium
sulfate. After evaporation of the solvent, 456 mg of residue
was obtained. The residue was separated by thin layer chro-
matography on silica gel, and 297 mg (25%) of (XXIII) was
obtained.
NLR : (UDCIB) two quartets: §: 6.2 and 3: 5.5 (total:
4 H)(olefinic H).
: 3,00 (FH), nultiplet,
1.8=2,.7 (éd).
IR : %»f 3320, 2030, ce25, 1610 (with shoulder at 1uS50),
1805, 1120 .
m/e : 124, 103 .
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(XXITI) from 3-vinyl-2-cyclohexen-1-ol and dimethyl acetyle-

lencdicarboxylate: A mixture of 3-vinyl 2-cyclohexen-l-ol

(1285 mg) and dimethyl acetylenediearboxylate (282 mg) was
heated, in = sealed tuba, for 12 hours at 110°-140°C.
The reaidue obtained waas disnolvud’in chloroform. The solu-
tion wae washed with dintil)ed water, and dried over masne-~
aium aulfate. After evaporation ot the solvent, 3508 mg of
residue wao obtained. After aeparation by thin layer chro-
mito enphy on siliea gel, the Diels-Aldor adduct (XK1TI)
(175 myp, ©hy), wne obtnined ng a colorless liquid,
NA R (CDCla) : 3 5.6 (L), singslet (olefinic proton).
P “ : 3.0 (1D, multiplot ( ~c<§” )
3.6 (CH), ainglet (~C§:)
3.10 (N1, ainglet
2.05 (1), broad sipgnnl
PruA=1.3b (bH), wultiplet,
™R+ ¥ & 3470 (br., m,), 2000, 2030, 1725 (str,., ah,,

]), 11440, 1110 e L,

, shoulder at 1ti0 em”
we o o6 (M) wenk), PGh, N4, 263, 234, nan, 218, 175
{ . LU vy 'ASRAY. gy Ly [N ® y L g g ey » ’ 7,

L4, 173, 162,

b4

~.

N

T




Y —54 -

Possible breakage patterns are described below =

o
' “one “cmv- OtMe
one ONL
o <
-—-—-——-’ .______,_,
oW o

1 166 :LGS 234
| o
l*ol'\e, kom “Ot'\b
0 n“ o
o — .

P N

' 691?—% '

1’ r20

©
(o]
o
Ao,
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Lactonisation of the Jiels-Alder adduct ({ATIT) of

3~-vinyl-2-cyclohexen-l-ol and dimethyl acetylenedi-

cachoxvlata: Thée Diels-Alder adduct (XXTIT) (32 mg)

was dissolved in anhydrous tolunne (30 ml) containing a
small amount (w3 mg) of p-toluenesulfonic acid, and the
solution was submitied to azeotvopic distillation till
the volume was about 10 ml; toluene was added, and the
previous opcratlion wos repeated four times. The solution
was then rofluxed, with removal of the water formed, for
8 hours. A3 explained p.28-29, the formntion of the ex-
pecied lactone was indieated bty thin layer chromatography
and by the IR spectrun of the ceaction mixture ( 1725 and

~1
17338 cm (); however, the lactone was not separated .

(AW D)_o'ron J-vinyl-2-cvcloheicn-l-one and dimethyl ncety-

lenedicnrbovolate: A wixture ot 3-vinyl-2-cyclohexen-l-one

(139 m3) end dinmethyl acatylencdicarborylate (278 my) was

o

heated, in a sealed tube, vor 13 hours at 130°-140°.
The residue wag saparmted by tuin layer chrownalo-rachy
on silice gel, and (Y1) (103 g, 40 o), was obtainsd as

a colorless liquid .

o (CDClg): Y. e.30-7.33 (2:1), sultiplet (avematic

protons).

. 3.83 (01), singlet (-0-cY

3)

=2



\\“\
\—o\ '
—_—
T
o
: 3.13 (2H), triplet (- CH, —8—)
! 2.73-2.15, (411) multiplet.
TR (liquid film) v 2970, 1716 (str.,br.),
1605 (otr., br.); 1275 en™ T, .
m/e t 200, 231, 217, 2lb, 122,
Attempted orening of Jdimethyl maleic anhydride by Lhe_sodium
silt of 3J-vinyl-f-cyclohuxen-l-ol® Tn a dry 100 ml round-
-boltom flask, fitled with a masznetic stirrer, was placed,
undar nitrosen, o2 mg of sodium hydride, which was washed - :

threa times with dry pentane. Then, 30 m} of dry toluune, .

and iﬂo nyr of 3-vinyl-2-cyclohe:en-l-ol in 2 ml of dry

tolnene, were added, The mixture was keopt at room temperature o
{for onve hour, A solution of -00L0 mg ot dimMethyl maleic
nnhydridog¥h 5 ml of dry tolucne wns then added slowly, and

the mixture was refluved for lb hours. The reaction was followed
by’fhin Jayer chfomqtography; uo new product could be detected,
Kater (2 m1) was added Lo the wixture, iﬁ small portions.

The organte phase was dried over sodiwa sulfate. The solvent

[aIEIPR

wag evaporated and C40 myy of diftcthyl maleic anhydride was re-

AV
k

covered.. .
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Prgpar&EIBH‘Bf“ﬁ~methyl N-(ﬂ~hydroxyethyl)—eroclnchonamlc

acid (XXXIV) = To 400 mg (3. 2 mmoles) of dry dimethyl malelc

anhydride in~12 ml anhydrous chloroform, was added 1.02 g
(13.6 xpmoles) of N-methylethanolamine. The mixture, pro-
tected (rom moistuge (calcium chloride tube, nitropgen
atmosphere), was refluxed overnight., The rcaction mixture

was allowed to cool doyn to room temperature, and €0 ml of
chloraoform was added, The solution was washed twice w1th

20 ml 3way\aqueous hydrochloric acid solution, then with
disntilled water, dried over magnesium sulfate and filtered.
Upon addition of dry ether, 400 myg; of N-methyl, N—“%-hydroxy-
~ethy1)—pyrocinchonamic acid (XXXTV) (62%) was obtained, as

a white, hygroscopie precipitate, (m.p.= 58-€2 00).

.

NLR O (CDCLg) = §: 4.3 (2H), multiplet (CHy-O-H) s

34

3.70 (1), broad signal

3.62 (2H), multiplet (Cﬁ?-Ni-)

<

2.70, broad signel arnd 2.33, singlet,
(total: 3H) (N- CH,).
: 1,05 (6H), singlet ()»==m-< )

/ N CH&

IRt V @ 3380 (str., br.), 2970, 2000, 15860
(str., br., with shoulder at 1630), 1300 em™%,

s




¢
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Analysis: Calculated for CjlysNO, ¢ Cy 83072 5 H, 7.51 .

Tound : C, 83.21; H, 7,60 .

me : 201 (M), 190, 13, 102, 181, 104, -1€2, 152, 137, 136,
124, 117 ]

A posaible breankage is susgested below :

?B 0 .
N~ N '
10 ~ >
v HO AeCHO o \( ’w/
't o o
381 . 153, 22—
\eq

\

(XXXV) from the cyclisation of MN-methyl, N-(p-hydroxyethyl)-
= i

14

:g*fovi@chonamic acid (XXXTV) : Acetic anhydride (1.42g,
13,9 mmoles) was ndded dropwine to 381 me (1.9 mmoles) of
N-mﬂthyl,N~(P-hydroxyethyl)—pyrocinchonamic actd (XXXIV)

in 6 ml anhydrous pyridine, at C-boc, in a tlask protected

“from moisture . ‘The mixture was stirred at room temperature

overnisht. After evaporation of the pyridine, the residue wna
washed with dry cther and separated by thin lnyer chrorato-
rraphy (oilien pel i 264 + 36, solvent : CHCL 4=leCH 70:10);

(XXXV) wng obtained -as a colorless licnid (208§ mpy, 76%) .

MR O(CDCL,) 1 ¥r 4,27 (211, multiplet (=Cif,-0-)
: EEPS (2i), multiplet (=Cif,~N{)




P - 5q-

?: 2.9, multiplet, and J: 2.33 , singlet
(total: 3'H) ( N-CH,) '

' : 2.16, singlet, and J: 1,93, singlet
tal: 6 H . '
(total ) ( éaf==%;3
IR : Vv : 2960, 1720 ( str., sh., ester), 1680 ( str.,

sh,, amide), 1580, 1280 . /

m/e :° 183 (M"), 182, 153, 140, 139, 138, 124 .

Q



BIBLIOGRAPHY




o i

(1) P.r8rki and B.Wiikop, Experientia 19, 239 (1963).
(2) J.W.Daly, B,Vitkop, P.Rommer and K.Biemann, 7T, Am,
Chen, Soc, 07, 124 (1965). :
(3) T, Doly and C.W.l'yers, Science 156, 97C (1967).
(4) T.Toku,anma, J.W.Mly, B.W.tikop, T.T.Karle, J.Karle,
J. fAn, Chem. Socs 90, 1977 (1968).
(5) O.Wiatcrsiciner and !M.l'oove, J. Am. Chem. Soc, 65,
1107, 1507 (1943).
(6) J.HM.Caunders, Org., Syn. A0, 14 (1960).
(7) veSdevman, J. Au. Chen. Soc. 75, 4740 (1953%).
(3) Vi.P.Gannon and 1.0,Nouse, Ovpg. Syn. 40, 14 (1960).
(9) A Eschenmoser, J.Schretber and S.A.Julla, I'elv, 36,
432 (1953).
(10) C.P.Yoods and T.VW.Tuc'ter, J. Am. Chem, Soc.,70,- 2174 (1048)
(11) w.™.Ganneon and 1.0,I'oure, Org. Syn. 40, ﬁl (1960).
(12) C.'aandieh and %.Xrocehe, Arch., Pharm,, ggg,‘647 (10m2).

(17) K,Aldexr awd K.lelmbaclk, Ghem. Tev., 56, 1712 (1953).

(14) “ollstein, 7, §94; 7, 087 & 7 T———
(15) R.S.2asauscen and R,P.Prattaln, J. Am. Chem, Soé., 171,
1665 (1949). o
(16) N stetter aud ?,Tauterbach, Ann, 652, 40 (1962) ..

(17) J.Reisch, Tramazie 21, 170 (1966) .

(13) B.lpern, T.D.Janes, Nature 202, 592 (1964) .



(23)

(24)
(25)

(27)

(28)

-G\~

JeK,Slille and R,Frtz, J.,Am‘AChem. Soc. 86(4), 661
(1964). \

.0.House, "!'odern Synthetic Reactions'", Second qutiOn,
pe 6253 W.A.%enjamin, Venlo Yark, Californla (1972),
E.Winterfeld and W, Preuss, Chem. Rer. 99, 450 (1966).
(foBUchi, P.Kulsa, K,Ozasawara and R,T.Rosatl, J. Am,’
Chem. Zoc.; 92(4), 999 (1970). ;

E.E.Smtssmnh, JeTeSuh, ¥,0xman and R.Daniels, J. Am;
Cheus Soce. 04, 1040 (1962).

S.C. Scn Gupta, J. Ind, Chem, Soc. 17, 183 (1940).

W.R.Vaughah, C.T.Coctochel and C.L.Varren, J. Am., Chem,.

" Soc. 05, £202 (1963).
(26)

D.Ginsburg,*d.kltman and E.Babad, Tettahedron 24, 975
(1.063),

DLGinshurg, JJ.Altman and D.Recker, Tetrahedron Tetters,
757, (1967).

.G .Viche, "Chemisiry of acetylenes", n.477; Marcel

(29

(z0)

(31)

(?2)
(53)
(34)

Delricor, New York (1969).

Vi.ToDi1)ing nnd W.A.Tlopys, Cherie Conri, 1969, 437
.C.hrown and K.V, Iess, T, Org. -Chem. 74, 2206 (1969).
. J.Jorgenson, Tetrahedron Tetltlers, 559, (1962).

H, O and 7, Takahashi, J, Org. ,Cheﬁ. y 3, 72 (1972)4 |
J.Séhuidltn and A.Wettstcin,wﬁolv. 46, 2799 (196%),
T.G.Johnson, ReGL.Christlansen and R.E,Ireland, J. An,

Chen, Soc. 792, 1995 (1957).



-61- ' .

\\
(75) R.1,%oodword and T.J.Katlz, Tetrahedron 5, 76 (19590

J.ABerson and AJRemnnick, J. Aae Chem, Soc. 83, 4947

C.Walling and HoJ.Scehngar, T Am, Chem, Soc.. 85, 607
(196’5)0 i

XeALlder and X,.['elmback, Chem. TBer, 86, 1312 (1.953).

B.T.leBee, J.0.5toffer and H.P,Braendlin, J. Au, Chen,

H.I.,Vasserman and A.R, Dourmaux Jr, J. A Chem, éoc. 84,
G'Eﬁljntbn, R.ARaphnel, ROG.Wfllis and J.A.Zabkicw&gz,

D. Devaprabhakara, C.¢.Cardenas and FiD.Cavdéner, J. Am,
,0.ouse and T.H.Cronin, J. Ove. Chen. 26(4), 1661 (1965).

D.,"”ilovie, Croat. Chen, Acta 40, 15-22 (1968); CA GO

56 4Bl e o B —

CoeDoVWels , J. Ovg. Chens 23, 74 (1963) .
K. Alder and € H.Backendorf, Gher. Ter. 71, 2199 (1938),

HePeSopov aad V,.S,I'iklashevokaya, Zhur. Obshchel $him,

16, 1914 (195G); €A Sl 4960 A .

0.Dicls aud K.Alder, Ann, 478, 137 (1970); 490, 236

J.oauer, Anueﬁ. Chea. Inker. Ed., 5, 211 (1966).

‘®
~(36)
(1o61)
(37)
(z8)
(39)
Soes 84, 4540 (1962).
(40)
4611 (1962).
(41)
J. Cher., S;o.,2597 (1.964),
", (42) ,
Chen, Soc. 85, 1553 (1963) .
(13) |
(14)
(45)
(46)
(47) ¥
(48)
(1931).
(19) 4.
(50)

J.Snuer, Anew. Chem. Tnter. Rd. G, 16 (1967).



(51)

(52)
(53)

(54)

(56)
(57)
(58)

(59)

(60)

-3 -

.G ,Viehe, "Chemistry of acetylenes"™, 1,515; 'arcel Dekker,
Tew York (1969).

Yu A, Titov, Russ. Chem. Reve Enpl. Transl, 31, 267 (1962).
B.G.Katacv, V,E.Vat'kova, Uchenye Zapiski Xazan, Gosuda-
rote 'nive in, V.1, ULl'yanovaTenina, “him. 115, (2), 21
(1955); CAz52: 2967 b, “

J.S5.Meek, BR,1T,Poon, R,T.Vercvow and S.J.Cristol, \I. Am.,
Chem. Soc. 74, 2060 (1950), . .
S.'urahachlh, J.85uto and V. Kawasak , Chlem. Zentr, 1957,
10167 .

I.C. Barvett ond . Betchi, J. An. Chem. Soc. &9, 5665
(1967).

JodVarshall and M, Ve Iike, J. Orge Chem, 33, 434 (1963).
C.Hoﬂeqtﬁcocgnnnd T.R,Kelly, Tetrahedron 24, 3753 (1968),
D, Je Dunbian and R,G,Tawton, J. Am. Chen, Soc, 9%, 2@75

(o).

-

(61)
(62)
(6%)
(64)
(65)
(66)

(67)

T A0 l011 ond T, Varne;diy, Twhﬁfﬁf’é', 1’78/(]_971).
II.C,.Ting owd C,Djeraned, J; An, Chem, Soe, 97, €019 (1970).
Politeland nnd &' eecher, lelv, Chin, Acta 33, 2215 (1.950).
C,T\,(}:R();,c(q snd J,o0hibelwrat, T, Chew, Soc., 2650 (1960),
S PePathay and G.17, nlkarnl, Chem. Ind., 213 (1268), ’

T oreh, Tetrohedron Tetiters, 61 (1963),

LR, Cavitl ond 2,1, S0lonem , T, Chbtn. Socs, 4426 (1955),
G,Biehi, P,U,Meleeon and .Tf'.'y'."ﬂc’:w.‘m;},’{\.nhi, J. Am, Chem. Soc.

B3 907 (1961 ), - L




(68)
(69)
(‘70)
()

(72)

(73)
(74)

(75)

ey

D.Vorl#nder and F.Kalkow, Ann. 309, 359 (1899) .
L.Knorr and H.Matthes, Chem. Ber., 34, 3488 (1901)
D.Vorl#inder and F.Kalkow, Chem., Ber., 30, 1802 (1897).
F.Zymalkowski nnd J.Rimek, Naturwissenschaften 47,
83 (1960); CA: 54: 15,385 g.

S.Danishefsky and R.Cunningham, J, Org, Chem. 30,
3676 (1965) .

“.Bohlmann and 0.Schmidt, Chem, Ber. 90, 1652 (1966),
S.Hﬂn/ig and H.Kahanek, Chem. Ber, 90, 238 (1957) .,
F.Hoffmann-La Roche & Co, A:G. CGer, 614,195 June
1935; CA: 29: P 59933 .




